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Abstract: Lung cancer is a common cause of cancer-related death globally. The majority of lung cancer patients initially

benefit from chemotherapy and immunotherapy. However, as the treatment cycle progresses and the disease evolves, the

emergence of acquired resistance leads to treatment failure. Many researches have shown that non-coding RNAs

(ncRNAs) not only influence lung cancer progression but also act as potential mediators of immunotherapy and

chemotherapy resistance in lung cancer, mediating drug resistance by regulating multiple targets and pathways. In

addition, the regulation of immune response by ncRNAs is dualistic, forming a microenvironment for inhibits/

promotes immune escape through changes in the expression of immune checkpoints. The aim of this review is to

understand the effects of ncRNAs on the occurrence and development of lung cancer, focusing on the role of ncRNAs

in regulating drug resistance of lung cancer.

Introduction

Lung cancer is a common cause of cancer-related deaths
globally, with 2 million people diagnosed and 1.76 million
dying from the disease each year [1]. The histological
classification of lung cancer is mainly divided into non-
small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC) according to its growth and spreading mode [2].
With the advancement of research, immunotherapy alone or
in combination with chemotherapy can significantly
improve the survival of patients with advanced lung cancer
[3,4]. Immunotherapy targets immune checkpoints with
immune-checkpoint inhibitors (ICIs) to activate T cells and
exert anti-tumor immunoreactivity [5,6]. Immune
checkpoints that mediate tumor immune escape mainly
include Programmed cell death protein 1 (PD-1),
Programmed death-ligand 1 (PD-L1), and Cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4) [7]. The
combination of PD-1 and its ligand PD-L1 inhibits the
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attack of CD8" T cells, which eventually induces tumor cells
to evade immune surveillance. Similar to PD-1, CTLA-4
directly obstructs the activation of CD8" T cells by
competitively binding to its ligand CD80/CD86, thereby
enhancing immune resistance [8-10]. Chemotherapy is the
standard treatment of choice for all stages of NSCLC, with
cisplatin (DDP) and taxanes as common drugs [11]. For
patients with late-stage NSCLC, platinum-containing two-
agent chemotherapy (cisplatin  or carboplatin in
combination with paclitaxel and docetaxel) is a commonly
used first-line treatment option. In some clinical studies, the
objective remission rate (ORR) has been in the range of
20%-40% [12]. In immunotherapy, for patients with high
PD-L1 expression (TPS = 50%), anti-PD-L1 inhibitor
monotherapy may result in an ORR of 44.8%. However, for
patients with low PD-L1 expression (TPS < 49%), anti-PD-
L1 inhibitors may be used in only 15%-25% of cases [13].
Drug resistance is the main cause of adverse reactions to
chemotherapy and immunotherapy [14-16], significantly
limiting treatment efficacy.

Although ncRNAs don’t encode a protein, they act as
regulators in various cancers, regulating cell proliferation,
invasion, and metastasis at the transcriptional, translational,
and post-translational levels [17-20]. Many studies have
shown that the mechanisms by which aberrantly expressed
ncRNAs mediate drug resistance are extremely complex. For
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example, NcRNAs can reduce the sensitivity of the organism
to chemotherapeutic drugs by regulating a number of
cellular signaling pathways [21]. NcRNAs with miRNA
binding sites function as sponging miRNAs, thereby
mediating chemotherapy and immune resistance [22]. The
involvement of ncRNAs in lung cancer drug resistance may
also be through the regulation of mRNA expression of
specific genes [23].

PD-1/PD-L1 and CTLA-4 are targets of ncRNAs.
NcRNAs promote/block the binding of PD-1 to PD-L1 by
up-regulating/down-regulating the expression of PD-1/PD-
L1 on cells, resulting in the formation of tumor
microenvironment that promotes/suppresses immune
escape. An increasing number of ncRNAs have been found
to be involved in lung cancer-related pathways, which have
potential significance in lung cancer treatment. Therefore, it
is necessary to have a more comprehensive understanding
of the effects of ncRNAs on lung cancer. This review briefly
introduces the regulatory functions of ncRNAs in lung
cancer genesis and progression and systematically describes
the mechanisms by which ncRNAs regulate drug resistance
in lung cancer.

Impact of ncRNAs on Lung Cancer Progression

The meaning and classification of ncRNAs

Protein-coding genes make up a small portion of the human
genome, and a majority of genes are transcribed into
ncRNAs [24]. NcRNAs are divided into different categories
according to their size: small ncRNAs mainly include
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(tsRNAs), and PIWI-interacting RNAs (piRNAs) [25],
miRNAs are a class of 21-25 nucleotide-long ncRNAs that
mainly interfere with the translation of messenger RNAs
(mRNAs) and promote the degradation of mRNAs through
base-pairing with the complementary sites of mRNAs of
target genes, finally altering the expression of genes [26].
NcRNAs greater than 200 nucleotides in length are long
non-coding RNAs (IncRNAs), including subclasses such as
circular RNAs (circRNAs) [25]. LncRNAs can affect gene
expression by targeting transcription factors, mRNAs, and
DNA double-stranded [27,28]. CircRNAs can serve as
sponges for miRNAs and RNA-binding proteins (RBPs) and
regulate transcription and splicing, playing a key role in
gene expression [29,30].

NcRNAs regulate lung cancer progression

NcRNAs associated with cancer can be broadly classified into
two categories: cancer-suppressive ncRNAs and carcinogenic
ncRNAs [31,32]. The function of ncRNAs depends on their
specific targets. If the target of ncRNAs is an oncogene,
ncRNAs can be considered a tumor-inhibiting factor; if the
target of ncRNAs is a tumor suppressor gene, ncRNAs can
be considered an oncogenic factor [33-35]. Cancer
development is usually associated with over expression of
oncogene and insufficient expression of tumor suppressor
gene. There is increasing evidence that ncRNAs can be
involved in lung cancer development and act as an
oncogenic factor or tumor-inhibiting factor, positively or
negatively regulating the proliferation, invasion, metastasis,
angiogenesis, glycolysis, and autophagy of lung cancer cells

microRNAs (miRNAs), tRNA-derived small RNAs (Table 1 and Fig. 1).
TABLE 1
NcRNAs positively or negatively regulate lung cancer development

NcRNAs Location Mechanisms Functions Reference

MiR-224 NSCLC cells Directly target the caspase-3 and caspase-7 Promote lung cancer cells proliferation [36]
3’UTR, down-regulate the expression of and metastasis
caspase-3 and caspase-7

MiR-20a NSCLC cells Directly target EGR2 3’'UTR, down-regulate the Promote lung cancer cell proliferation, [37]
expression of EGR2 invasion, and metastasis

MiR-18a-5p NSCLC cells Directly target IRF2 3’'UTR, down-regulate the Promote lung cancer cell proliferation, [38]
expression of IRF2 invasion, and metastasis

MiR-221-3p NSCLC cells Directly target p27 3’UTR, down-regulate the Promote cell cycle progression in lung  [39]
expression of p27 cancer

MiR-210 NSCLC cells Directly target LOXL4 Promote lung cancer cell proliferation, [40]

invasion, and metastasis
MiR-186-5p NSCLC cells Directly target PTEN Promote lung cancer cell proliferation, [41]
invasion, and metastasis

MiR-143 NSCLC cells Reduce CXCR4, Vimentin, MMP-1, Snail-1, c- Inhibit lung cancer cell proliferation, [42]
Myc expression level, and increasing E- invasion, and metastasis
cadherin expression levels

MiR-30c NSCLC cells Inhibit Epithelial-mesenchymal transition Inhibit lung cancer cell proliferation, (43,44]

(EMT) through down-regulation of MTDH

invasion, and metastasis

and HMGA?2 expression, EMT mediates the
development of malignant tumor metastasis

(Continued)
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Table 1 (continued)

NcRNAs Location Mechanisms Functions Reference

MiR-30a-30p NSCLC cells Negatively regulate CNPY2 expression to Inhibit lung cancer cell proliferation, [45]
inhibit EMT invasion, and metastasis

MiR-199a-5p NSCLC cells Down-regulate HIF-1a-STATS3 signaling Inhibit lung cancer cell proliferation,  [46]
pathway expression invasion, and metastasis

MiR-7 NSCLC cells Directly target BCL-2 3’'UTR, down-regulate  Inhibit lung cancer cell proliferation, [47]
the expression of BCL-2 invasion, and metastasis

MiR-374a NSCLC cells Directly target TFGA 3°UTR, down-regulate  Inhibit lung cancer cell proliferation, (48]
the expression of TFGA invasion, and metastasis

MiR-590-5p NSCLC cells Directly target GAB1 Inhibit lung cancer cell proliferation, [49]

and invasion

MiR-141 SCLC cells  Directly target KLF12 Promote lung cancer cell angiogenesis  [50]

MiR-4739 NSCLC cells Activation of Wnt/fB-catenin pathway Promote lung cancer cell angiogenesis  [51]
transduction

MiR-497 NSCLC cells Directly target Vascular Endothelial Growth  Inhibit lung cancer cell angiogenesis [52]
factor-A(VEGF-A)

MiR-199a-5p NSCLC cells Directly target SLC2A1 Inhibit lung cancer cell proliferation and [53]

glycolysis

LncR-LET NSCLC cells Inhibition of Notch signaling pathway by Inhibition of lung cancer cell [54,55]
down-regulating Notch 1 proliferation and malignancy

LncR-00115 NSCLC cells Promote the expression of ITGB1 via sponging Promote lung cancer cell proliferation, [56]

miR-607
LncR-AC020978
expression

LncR-FAMS83A-AS1
directly

LncR-MCM3AP-
AS1

LncR-PANDAR

Lung cancer

cells expression

LncR-NBAT1

LncR-01559 NSCLC cells Sponge miR-1343-3p

LncR- FAMS83A-
AS1

CircR-GFRA1

AMPK activation
NSCLC cells
pathway

CircR-WHSC1 NSCLC cells

expression

CircR-0001777 NSCLC cells

expression

NSCLC cells Up-regulation of PKM2/HIF-1a axis

NSCLC cells Promotion of HIF-1a transcriptional activity
Sponge miR-340-5p to down-regulate KPNA4
NSCLC cells Up-regulation of BECNI expression

NSCLC cells Inhibition of ATG7 transcriptional activity

NSCLC cells Up-regulation of MET expression to inhibit
Sponge miR-188-3p to activate the PI3K/AKT
Sponge miR-590-5p to up-regulate SOX5

Sponge miR-942-5P to promote PRICKLE2

invasion, and metastasis

Promote lung cancer cell proliferation  [57]
and glycolysis

Promote lung cancer cell proliferation  [58]
and glycolysis

Promote lung cancer cell angiogenesis  [59]

Activation of autophagy in lung cancer [60]
cells

Inhibit autophagy in lung cancer cells  [61]

Promote autophagy, proliferation and  [62]
metastasis of lung cancer cells

Inhibit autophagy and promote cells [63]
proliferation in lung cancer

Promote lung cancer cells proliferation [64]

Promote lung cancer cells proliferation, [65]
invasion and metastasis

Inhibit lung cancer cells proliferation,  [66]
invasion and metastasis and glycolysis

The Role of PD-1/PD-L1 in the Tumor Immune
Microenvironment

The tumor immune microenvironment is mainly composed of
cells such as CD8" T cells, CD4" T cells, dendritic cells (DC),
natural killer cells (NK), myeloid-derived suppressor cells
(MDSCs), tumor-associated macrophages (TAMs) and
regulatory T cells (Tregs) [67,68]. In particular, the number
and status of CD8" T cells tend to be positively correlated
with the tumor immune response. The current research on
immune checkpoints focuses mainly on PD-1 and its ligand
PD-L1. PD-1 is a co-inhibitory receptor cell expressed on

the surface of T cells after antigen stimulation [69]. PD-L1
is a transmembrane protein that is abundantly expressed in
almost all types of cancer cells. The combination of these
two proteins can significantly inhibit CD8" T cell activation,
creating an immunosuppressive tumor microenvironment
[70,71].

Effect of ncRNAs on the Expression of PD-1/PD-L1
Increasing evidence suggests that ncRNAs not only have

oncogenic or tumor-suppressive function, but also alter the
expression of PD-1/PD-L1 to influence anti-tumor immune
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FIGURE 1. Dual regulation of lung cancer development by non-coding RNAs.

response. Tumor-suppressive ncRNAs enhance anti-tumor
immune response and promote immune surveillance, but
oncogenic ncRNAs can inhibit anti-tumor immunity and
promote immune escape [72]. NcRNAs act as
immunomodulatory factors (illustrated in Figs. 2 and 3) that
promote or inhibit tumor immune escape through

modulating downstream signaling pathways or directly acting
Tables 2 and 3

on PD-1/PD-L1 mRNA expression levels.
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Immune

briefly summarize the mechanisms of action of ncRNAs to
promote or inhibit immune escape in lung cancer.

NcRNAs Mediate Resistance to Other Drugs by Regulating
PD-1/PD-L1 Expression

PD-1/PD-L1 not only modulates tumor immune escape, but
also mediates resistance to chemotherapy and targeted
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FIGURE 2. NcRNAs promoting tumor immune escape and their mechanisms of action.
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FIGURE 3. NcRNAs inhibiting tumor immune escape and their mechanisms of action.

TABLE 2

NcRNAs promoting tumor immune escape and their mechanisms of action

NcRNAs Location Mechanisms Functions Reference
CircR-002178 Exosomes of Sponge miRNA-34a and miRNA-28-5p Up-regulate PD-1/PD-L1 expression to  [73]
plasma promote tumor immune escape
CircR-001678 NSCLC cells Sponge miR-326 to enhance the expression Up-regulate PD-L1 expression to [74]
of ZEBI transcription, ZEB1 positively promote tumor immune escape
correlates with PD-L1 expression
CircR-HSP90A NSCLC cells Sponge miR-424-5p Up-regulate PD-L1 expression to [75]
promote tumor immune escape
CircR-0068252 NSCLC cells Sponge miR-304-5p Up-regulate PD-L1 expression to [76]
promote tumor immune escape
CircR-FOXK2 NSCLC cells Sponge miR-485-5p Up-regulate PD-L1 expression to [77]
promote tumor immune escape
CircR-0014235 NSCLC cells Down-regulate the target miRNA-146b-5p Up-regulate PD-L1 expression to (78]
to promote the expression of YAP, which promote tumor immune escape
positively regulates PD-L1 expression
CircR-0000284 NSCLC cells Sponge miR-377-3p Up-regulate PD-L1 expression to [79]
promote tumor immune escape
CircR-CHST15 Cytoplasm of lung Sponge miR-155-5p and miR-194-5p Up-regulate PD-L1 expression to [80]
cancer cells promote tumor immune escape
LncR-FDG5-AS1  NSCLC cells Sponge miR-454-3p to promote ZEB1 Up-regulate PD-L1 expression to [81]
transcription promote tumor immune escape
LncR-SChLAP1 NSCLC cells Block AUF1 binding to the PD-L1 3UTR Up-regulate PD-L1 expression to [82]
promote tumor immune escape
LncR-OIP5-AS1  NSCLC cells Sponge miR-34a Up-regulate PD-L1 expression to [83]
promote tumor immune escape
LncR-OIP5-AS1  Cancer-associated Sponge miR-142-5p Up-regulate PD-L1 expression to [84]
fibroblasts promote tumor immune escape
(CAFs)-derived
exosomes
LncR-SNHGI12 NSCLC cells Promote USP8 expression by binding to ~ Up-regulate PD-L1 expression to [85]
HUR, and USP8-mediated promote tumor immune escape
deubiquitination can enhance the stability
of PD-L1 expression
LncR-PSMA3-AS1 NSCLC cells Negatively regulate miR-17-5p Up-regulate PD-L1 expression to [86]
promote tumor immune escape
LncR-MALAT1 NSCLC cells Negatively regulate miR-140a-3p Up-regulate PD-L1 expression to (87]

promote tumor immune escape

(Continued)
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Table 2 (continued)

NcRNAs Location Mechanisms Functions Reference
LncR-01140 Cytoplasm of lung Negatively regulate miR-377-3p and Up-regulate PD-L1 expression to [88]
cancer cells miR-155-5p promote tumor immune escape
LncR-ZFPM2-AS1 NSCLC cells Positively regulate JAK-STAT3 and PI3K- Up-regulate PD-L1 expression to [89]
AKT signaling pathways promote tumor immune escape
MiR-301a-5p Membrane and ~ Negatively regulate downstream PDIA3 Up-regulate PD-1/PD-L1 expression to  [90]
cytoplasm of lung promote tumor immune escape
adenocarcinoma
cells
TABLE 3

NcRNAs inhibiting tumor immune escape and their mechanisms of action

NcRNAs Location Mechanisms Functions Reference
MiR-17-5 NSCLC cells Down-regulate 6-phosphofructo-2-kinase Down-regulate PD-1/PD-L1 expression [91]
(PFKFB3) expression, which is positively to inhibit tumor immune escape
correlated with PD-1/PD-L1 expression
MiR-197 NSCLC cells Inhibit STAT3 phosphorylation, the activation of Down-regulate PD-L1 expression to [92]
STATS3 is positively correlated with PD-L1 inhibit tumor immune escape
expression
MiR-4458 NSCLC cells Directly target STAT3 Down-regulate PD-L1 expression to [93]
inhibit tumor immune escape
MiR-197 NSCLC cells Negatively regulate the target CKS1B to down- ~ Down-regulate PD-L1 expression to [94]
regulate STAT3 expression inhibit tumor immune escape
MiR-155-5p NSCLC cells Directly bind to the PD-L1 3’UTR Down-regulate PD-L1 expression to [95]
inhibit tumor immune escape
MiR-140 NSCLC cells Directly bind to the PD-L1 3’UTR Down-regulate PD-L1 expression to [96]
inhibit tumor immune escape
MiR-20b-5p Lung cancer Directly bind to the PD-L1 3’°UTR Down-regulate PD-L1 expression to [97]
cells inhibit tumor immune escape
MiR-let-7 Lung cancer Directly bind to the PD-1/PD-L1 3’'UTR Down-regulate PD-1/PD-L1 expression [98,99]
cells to inhibit tumor immune escape
MiR-138-5p NSCLC cells Directly bind to the PD-L1 3’UTR Down-regulate PD-L1 expression to [100]
inhibit tumor immune escape
MiR-200c NSCLC cells Directly bind to the PD-L1 3’UTR Down-regulate PD-L1 expression to [100]
inhibit tumor immune escape
MiR-142-5p NSCLC cells Directly bind to the PD-L1 3’UTR Down-regulate PD-L1 expression to [84]
inhibit tumor immune escape
MiR-377-3p Cytoplasm  Directly bind to the PD-L1 3’°UTR Down-regulate PD-L1 expression to (88]
of lung inhibit tumor immune escape
cancer cells
MiR-34 NSCLC cells Directly bind to the PD-L1 3’UTR Down-regulate PD-L1 expression to [101]
inhibit tumor immune escape
MiR-200 NSCLC cells Inhibit ZEB1 expression, which is positively Down-regulate PD-L1 expression to [102]
correlated with PD-L1 expression inhibit tumor immune escape
LncR-02418 NSCLC cells Facilitate TRIM-21-mediated ubiquitination of =~ Down-regulate PD-L1 expression to [103]
PD-L1 inhibit tumor immune escape
LncR-NKX2-AS1 Lung cancer Negatively regulate the transcriptional activity of Down-regulate PD-L1 expression to [104]

cells the PD-L1 promoter inhibit tumor immune escape
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drugs. It has been shown that PD-L1-rich exosomes derived
from NSCLC cells reduce the sensitivity of some NSCLC
cell subsets to cisplatin by inducing cancer stem cells (CSCs)
to maintain their heterogeneity [105,106]. Blocking PD-L1
expression restored the sensitivity of ncRNAs to DDP [106].
Alteration of PD-1/PD-L1 expression is achieved by
ncRNAs sponging miRNA and modulating the expression
of downstream target genes. DDP is an alkylating agent that
cross-links with the DNA of NSCLC cells to form DNA
adducts, inducing DNA damage and leading to cell death
[107]. CircR-CPA4 sponges miR-let-7 to up-regulate PD-L1
expression in NSCLC, which not only promotes tumor
immune escape but also induces DDP resistance [106].
Activated signal transducer and activator of transcription 3
(STAT3) is regulating PD-L1 expression, miR-526b-3p
inhibits STAT3 phosphorylation to down-regulate PD-L1
expression, thereby inhibiting immune escape and
increasing the sensitivity of the organism to DDP [108]. The
opposite of miR-526b-3p is miR-3127-5p, which upregulates
PD-L1 expression by promoting STAT3 phosphorylation,
induces immune escape and ultimately leads to DDP
resistance [109]. LncR-FGD5-AS1 sponges miR-142 to
promote PD-L1 expression and subsequently increase DDP
resistance [110]. MiR-197 down-regulates STAT3 by
negatively regulating the target CDC28 protein kinase
regulatory subunit 1B (CKS1B), which inhibits the
expression of PD-L1 and increases the sensitivity of the
organism to DDP [94]. Furthermore, it has been found that
activation of the Phosphatidylinositol 3-kinase-Akt (PI3K-
AKT) pathway increased PD-L1 expression and promoted
DDP resistance in NSCLC [111], but there is limited
research on the upstream mechanisms that regulate the
PIK3-AKT/PD-L1 axis. Epithelial growth factor receptor
(EGFR) is a transmembrane protein with tyrosine kinase
activity, and NSCLC patients with mutations or
overexpression of the EGFR kinase structural domain can be
targeted by EGFR-tyrosine kinase inhibitor (EGFR-TKI),
such as gefitinib [112]. Previous research has shown that
PD-L1 expression is significantly increased in gefitinib-
resistant tumor cells [113]. Zhang et al. found that PD-L1-
promoted resistance to gefitinib in NSCLC cells was induced
by activating the transforming growth factor-B (TGF-B)/
Smad pathway to induce Epithelial-Mesenchymal Transition
(EMT) [114]. In NSCLC, cells that have not undergone
EMT are usually more sensitive to gefitinib than those that
have experienced EMT [115]. NcRNAs increase gefitinib
resistance by activating the PI3K/AKT and Mitogen-
activated protein kinase kinase/Extracellular signal-regulated
kinase (MEK/ERK) signaling pathways downstream of
EGFR [116]. Recent studies have revealed that ncRNAs can
also regulate PD-L1 expression to induce gefitinib resistance.
CircR-0014235 negatively regulates the target miR-146b-5p
to up-regulate Yes-associated protein (YAP) and thereby
promotes the expression of PD-L1, which promotes immune
escape in NSCLC, and also mediates resistance to gefitinib
[78]. Similarly, circR-0091537 induces gefitinib resistance in
NSCLC through regulating the miR-520h/YAP/PD-L1
axis [117].

NcRNAs Mediate Resistance to Anti-PD-1/PD-L1
Inhibitors

Anti-PD-1/PD-L1 inhibitors reduce the expression level of
PD-1/PD-L1 or promote the degradation of PD-1/PD-L1 to
block the binding of PD-1 with PD-L1, restoring the body’s
immune system to recognize and attack tumor cells again
[118]. A proportion of patients initially respond to anti-PD-
1/PD-L1 therapy, but as time progresses, the tumor
recurrence or metastasis, suggesting that the patient has
acquired immune resistance [119]. Anti-PD-1/PD-L1
inhibitors resistance is a major cause of immunotherapy
failure. Therefore, the research on the molecular mechanism
of anti-PD-1/PD-L1 inhibitor resistance is important for
improving the prognosis of patients. The mechanisms by
which ncRNAs modulate anti-PD-1/PD-L1 inhibitors
sensitivity involve miRNA sponge effect, changes in the
expression levels of specific genes and signaling pathways
that are closely associated with lung cancer development
(such as the Transforming growth factor-/SMAD family
(TGF-B/SMAD) and Phosphatase and tensin homolog
(PTEN) signaling pathways). CircR-CELF1 plays an
important role in lung cancer development and anti-PD-1
inhibitor resistance. CircR-CELF1 enhances NSCLC cell
proliferation, metastasis and invasion by sponging miR-491-
5P and promoting EGFR expression. Moreover, the
expression of circR-CELF1/EGFR is negatively correlated
with CD8" T cells in NSCLC, and the up-regulation of
circR-CELF1 facilitates the tumor immune escape and
resistance to anti-PD-1 inhibitor through reducing the
number of CD8" T cells [120].

CircR-ASCC3 plays an oncogene role in NSCLC and is
upregulated in anti-PD-1 inhibitor-resistant NSCLC cells.
CircR-ASCC3 sponges miR-432-5p to promote Complement
component 5a (C5a) expression, high C5a expression
promotes EMT transformation and M2 type macrophage
(M2-type) tumor-associated macrophages expression through
depletion of CD8" T cells, and ultimately enhances NSCLC
progression and immune escape [121]. It has been shown
that cytokine secretion by M2-type tumor-associated
macrophages induces immune resistance to drugs [122].
Therefore circR-ASCC3 promotes anti-PD-1  inhibitor
resistance through shaping the tumor immunosuppressive
microenvironment. Coactivator-associated arginine
methyltransferase 1 (CARM1), as a negative regulator of anti-
tumor immunity, was found to down-regulate the expression
of CD8" T cells, dendritic cells (DCs) and natural killer cells
(NK cells) and inhibit y-interferon (IFN-y) signaling, leading
to tumor immune escape and immune drug resistance [123].
In NSCLC, circR-HMGB2 up-regulates the expression of the
downstream molecule CARM1 by sponging miR-181a-5p
[124]. Thus, the overexpression of circR-HMGB2 induces an
immunosuppressive microenvironment in NSCLC and
mediates anti-PD-1 inhibitor resistance [124].

CircR-0000190 is significantly overexpressed in anti-PD-
L1 inhibitor-resistant NSCLC cells. PTEN is a target of miR-
142-5p, circR-0000190 improves PTEN expression and
inhibits the PI3K/AKT signaling pathway through
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down-regulation of miR-142-5p, which ultimately enhances
the immune escape and immune resistance of PD-LI-
mediated NSCLC cells [125,126].

MiR-326 is considered as a tumor suppressor, which is
significantly down-regulated in anti-PD-1 inhibitor-resistant
lung cancer cells. Polio virus receptor-related protein 1/
Necl-5 (CD155) is an adhesion molecule that contributes to
the proliferation, invasion and metastasis of tumor cells
through multiple pathways, and also mediates the body’s
immune response [127]. CD155 binds to T cell
immunoreceptors (TIGIT) on NK cells and CD8* T cells,
which can inhibit the activity of NK cells and CD8" T
cells, resulting in tumor immune escape [127-129]. The
IFN-y-activated miRNA-326 binds directly to the CD155
3’UTR to negatively regulate CD155 expression, indicating
that miR-326 restores the activity of NK cells and CD8" T
cells, and increases the sensitivity of lung cancer cells to
anti-PD-1 inhibitor [130].

CircR-DENND2D is up-regulated in anti-PD-1/PD-L1
inhibitor-sensitive NSCLC cells. Serine/threonine kinase 11
(STK11) acts as a tumor-inhibiting factor in NSCLC to
inhibit lung cancer progression through regulation of cell
metabolism and proliferation [131]. Lack of STKI11
expression enhances neutrophil recruitment that inhibits
CD8" T cells and increases the expression of tumor
cytokines, which reduces the efficacy of CD8" T cells in
anti-tumor immunity, and eventually promotes resistance to
anti-PD-1/PD-L1 inhibitor [132,133]. CircR-DENND2D
down-regulates miR-130b-3p to promote STK11 expression,
leading to enhancement of CD8" T cells activity, inhibition
of tumor immune escape, and reduction of anti-PD-1/PD-
L1 inhibitor resistance in NSCLC [134].

CircR-FGFRI1 is overexpressed in anti-PD-1 inhibitor-
resistant lung cancer cells. Circular RNA related to
fibroblast growth factor receptor 1 and C-X-C chemokine
receptor type 4 (CircR-FGFR1/CXCR4) expression is
negatively correlated with CD8" T cells [135]. CircR-FGFR1
sponges miR-381-3p to up-regulate the expression of
CXCR4, thereby decreasing the number and activity of
CD8" T cells, and promoting tumor immune suppression
and resistance to anti-PD-1 inhibitors [135].

CircR-0003222 is regarded as an oncogenic factor. MiR-
527 adversely modulates the TGF-B/SMAD signaling pathway
and inhibits NSCLC proliferation and invasion with EMT
[136].  CircR-0003222  directly up-regulates PD-L1
expression and sponges miR-527 to activate the
Transforming growth factor-p/SMAD family (TGF-f/
SMAD) signaling pathway, ultimately promoting lung
cancer progression and anti-PD-L1 inhibitor resistance [137].

LncR-XIST is regarded as an oncogenic factor with a
promotive role in lung cancer development. Long non-
coding RNA X-inactive specific transcript (LncRNA-XIST)
down-regulates the target miR-34a-5p to increase the
expression of PD-L1 and inhibit the immune function of
CD8" T cells, which promotes the growth, migration and
invasion of lung cancer, possibly mediating the resistance to
anti-PD-L1 inhibitors [138].

LncR-02418 acts as a negative regulator of PD-L1
expression and promotes Tripartite motif-containing protein
21 (TRIM-21)-mediated ubiquitination of PD-L1, which
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results in up-regulation of CD8" T cells expression and
increased sensitivity of NSCLC cells against PD-L1
inhibitors [103].

Lung cancer stem cells have been shown to possess the
biological properties of stem cells, such as self-renewal and
differentiation, and have potential significance for tumor
immune escape and drug resistance [139]. High expression
of IncR-AC026356.1 positively correlates with T cells
depletion that maintains NSCLC cancer stem cell (CSCs)
properties through activation of the Wnt/p-catenin signaling
pathway, with the result of inhibiting NSCLC cell sensitivity
to anti-PD-1/PD-L1 inhibitors [140,141]. With similar effect
to IncR-AC026356.1 is IncR-PKMYT1AR, which sponges
miR-485-5p to up-regulate the expression of protein kinase
PKMYT1. PKMYT1 inhibits Beta-transducin repeat-
containing protein 1 (B-TrCP1)-mediated ubiquitination of
catenin proteins, leading to the maintenance of the
properties of CSCs in NSCLC, and the promotion of
immune escape and drug resistance [142]. Interestingly, it
was shown that miR-34a acts very distinctly from IncR-
ACO026356.1. MiR-34a acts as a tumor suppressor, directly
targeting Cluster of differentiation 44 (CD44) to inhibit the
growth of NSCLC cells and CSCs, and may suppress the
occurrence of immune resistance [143].

MiR-125b-3p expression is markedly up-regulated in
anti-PD-1 inhibitor-resistant NSCLC cells. The high
expression of miR-125b-3p as a negative regulator of T cells
significantly inhibits T cell activation, which may confer
immunological resistance to NSCLC cells [144].

Studies have shown that aberrant expression of ncRNAs
is associated with drug resistance. NcRNAs are involved in the
decrease of cytotoxic T cells (CTLs), the lack of sensitivity of
IFN-y signaling, overexpression or loss of PD-1 on the
surface of T cells and PD-L1 on the surface of tumor cells,
resulting in the development of immune drugs resistance in
the organism. There are significant differences in the
expression levels of ncRNAs in immune-resistant cells and
immune-sensitive cells in lung cancer. Therefore, ncRNAs
can be used as a target to regulate immune sensitivity.

Effect of ncRNAs on the Expression of CTLA-4 Immune
Checkpoint

CTLA-4 is a negative regulator of T cells activation [145],
which improves regulatory T cells (Tregs)-mediated
immunosuppression by suppressing CTLs immune function,
eventually inducing tumor immune escape and drug
resistance [146-148]. NcRNAs directly or indirectly regulate
the expression of CTLA-4, which significantly affects the
immunotherapy efficacy. Anti-CTLA-4 immunotherapy
mainly enhances anti-tumor immune response through the
elimination of Tregs [149,150]. In colorectal cancer, up-
regulation of phosphoglycerate translocase-1 (PGAM1) by
circR-QSOX1 leads to over-catalysis of aerobic glycolysis
and lactate accumulation, resulting in the promotion of Treg
cell-mediated immune suppression and anti-CTLA-4
immune resistance [151]. In prostate cancer, miR-9-3p
positively regulates CTLA-4 expression [152]. LncR-
MIR22HG inhibits CTLA-4 through down-regulation of
miR-9-3p, thereby improving the efficacy of immunotherapy
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[152]. It has been found that NSCLC patients with high
CTLA-4 expression have a poor prognosis, indicating that
CTLA-4 may be a potential target for tumor
immunotherapy [153]. MiR-33a and CTLA-4 expression are
negatively correlated in lung cancer, high expression of
miR-33a can inhibit CTLA-4 to improve lung cancer
survival apparently [154].

NcRNAs and DDP Resistance

DDP, as the most fundamental chemotherapeutic drug in the
treatment of lung cancer [155], can inhibit DNA replication,
destroy the structure of cell membrane and promote
apoptosis of tumor cells [156], which is widely used in the
treatment of lung cancer [157]. However, DDP resistance
leads to tumor progression and recurrence and is a major
cause of chemotherapy failure [16]. Mechanisms leading to
DDP resistance are influenced by multiple factors [158].
Research has found that the expression levels of ncRNAs
varies according to their DDP treatment efficacy. Hu et al.
found that the expression of 1543 IncRNAs and 1713
mRNAs differed in DDP-sensitive NSCLC cells compared
with DDP-resistant NSCLC cells [159]. NcRNAs regulate
the expression of genes with specific functions (for example:
DNA damage repair, cancer cell stemness, apoptosis,
autophagy, EMT), and cancer development-associated
Mitogen-activated protein kinase/Snail family transcriptional
repressor 2 (MAPK/Slug), PI3K/AKT, and Wnt/B-catenin
signaling pathways to alter the therapeutic effect of DDP.
Mechanisms that involved ncRNAs and DDP resistance are
shown in Table 4 and Fig. 4.

Up-regulated ncRNAs in DDP resistance

LncR-HOTAIR is significantly upregulated in DDP-resistant
NSCLC cells. P21, a cell cycle protein-dependent kinase
inhibitor, is overexpressed in response to DNA damage,
leading to cell cycle arrest and inhibition of proliferation
[178]. Repair of DNA damage in tumor cells is a cellular
phenotype mediating DDP resistance [179]. LncR-HOTAIR
down-regulates p21 expression to repair DNA damage,
inducing DDP resistance [160]. LncR-NNT-AS1 is
overexpressed in DDP-resistant NSCLC cells. LncR-NNT-
ASI1 activates the MAPK/Slug pathway to suppress apoptosis
and enhance cell cycle progression and proliferation,
resulting in DDP resistance [161]. LncR-BC200, as an
oncogenic factor, is up-regulated in DDP-resistant NSCLC
cells. Aberrant activation of PI3K/AKT pathway promotes
NSCLC cell proliferation, invasion and metastasis, and is
closely related to DDP resistance [180]. LncR-BC200
positively regulates the PI3K/AKT pathway, suggesting that
IncR-BC200 mediates DDP resistance [162]. CircR-0014235
is notably upregulated in NSCLC progression and DDP
resistance. Cyclin-dependent kinase 4 (CDK4) promotes
NSCLC cell cycle progression and suppresses apoptosis
[181]. CircR-0014235 enhances DDP resistance and
malignant behavior in NSCLC cells via upregulation of
CDK4 expression [166]. Tumor cells with stemness are
resistant to DDP treatment and are associated with DDP
resistance. CircR-0005909 is overexpressed in DDP-resistant
NSCLC cells. CircR-0005909 induces DDP resistance
through sponging miR-338-3p to upregulate the expression
of SOX4 [167]. Studies have shown that in various cancers
SOX4 activates the TGF-P signaling pathway to induce the

TABLE 4

NcRNAs that regulate DDP resistance

NcRNAs Location Genes and pathways Functions Reference
LncR-HOTAIR NSCLC cells p21 DDP resistance [160]
LncR-NNT-AS1 NSCLC cells MAPK/slug pathway DDP resistance [161]
LncR-BC200 NSCLC cells PI3k/AKT pathway DDP resistance [162]
LncR-SNHG7 NSCLC cells PI3K/AKT pathway DDP resistance [163]
LncR-01140 NSCLC cells miR-4742-5p/TACCI pathway DDP sensitivity [164]
LncR-CASC2c NSCLC cells ERK1/2 and f-catenin pathway DDP sensitivity [165]
CircR-0014235 NSCLC cells miR-520-5p/CDK4 pathway DDP resistance [166]
CircR-0005909 NSCLC cells miR-338-3p/SOX4 pathway DDP resistance [167]
CircR-RNF121 NSCLC cells miR-646/SOX4 pathway DDP resistance [168]
CircR-0010235 NSCLC cells miR-379-5p/E2F7 pathway DDP resistance [169]
CircR-PRMT5 NSCLC cells miR-4458/REV3L pathway DDP resistance [170]
CircR-0030998 NSCLC cells PDCD4 DDP sensitivity [171]
MiR-181c NSCLC cells WIF1 DDP resistance [172]
MiR-186-5p NSCLC cells SIX1 DDP sensitivity [173]
MiR-133b NSCLC cells GSTP1 DDP sensitivity [174]
MiR-138-5p NSCLC cells ATG7 DDP sensitivity [175]
MiR-206 NSCLC cells MET, PI3k/AKT pathway DDP sensitivity [176,177]
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DDP resistance

DDP sensitivity

EMT of cancer cells, thus maintaining the stemness
characteristics of cancer cells [182-185]. CircR-RNF121
enhances DDP resistance in NSCLC cells via the miR-646/
SOX4 axis [168]. LncR-SNHG7 is highly expressed in
NSCLC cells. Knockdown of IncR-SNHG7 promoted
apoptosis and inhibited cell proliferation through down-
regulation of the PI3K/AKT pathway, indicating that the
PI3K/AKT pathway mediated IncR-SNHG7-induced DDP
resistance [163]. CircR-0010235 is overexpressed in DDP-
resistant lung cancer cells. E2F transcription factor 7 (E2F7)
is considered to be an oncogene that inhibits apoptosis and
promotes proliferation and metastasis of lung cancer cells
[186,187]. CircR-0010235 sponges downstream miR-379-5p
to improve E2F7 expression, resulting in tumor growth and
DDP resistance [169]. CircR-PRMT5 is obviously up-
regulated in DDP-resistant NSCLC cells, which accelerates
tumor growth and reduces the sensitivity of NSCLC cells to
DDP. It has been shown that knockdown of DNA
polymerase zeta catalytic subunit (REV3L) expression can
enhance DDP-mediated DNA damage in NSCLC cells,
thereby increasing DDP sensitivity [188]. CircR-PRMT5
sponges miR-4458 to upregulate REV3L, inducing DDP
resistance in NSCLC cells [170]. The abnormal activation of
Wnt/B-catenin signaling pathway facilitates tumor growth
and inhibits the killing of tumor cells by chemotherapy
[189,190]. MiR-181c acts as an oncogenic factor and
activates the Wnt/B-catenin pathway by targeting Wnt
inhibitory factor 1 (WIF1), which subsequently promotes
DDP resistance in NSCLC cells [172].

Down-regulated ncRNAs in DDP resistance
LncR-01140 is downregulated in DDP-resistant NSCLC cells.
MiR-4742-5p acts as an oncogenic factor that stimulates cell

miR-4742-5p/TACCI H LncR-01140 I

= promote or activate

invasion and suppresses cell apoptosis [164]. LncR-01140
upregulates TACCI expression through sponging miR-4742-
5p to restrain NSCLC progression and DDP resistance
[164]. LncR-CASC2c exerts a tumor suppressor role that is
significant in inhibiting tumor progression and DDP-
resistant NSCLC cells. LncR-CASC2c¢ inhibits NSCLC cells
proliferation and metastasis by down-regulating ERK1/2 and
B-catenin pathways and increases DDP sensitivity of NSCLC
cells [165]. CircR-0030998 is low expressed in DDP-
resistant NSCLC cells. Programmed cell death 4 (PDCD4)
serves as a tumor suppressor in NSCLC that enhances the
sensitivity of NSCLC cells to DDP [191,192]. CircR-0030998
increases PDCD4 expression to inhibit DDP drug resistance
[171]. The research found that Aurora kinase B (AURBK)
plays a role in enhancing the repair of DNA damage, miR-
486-5p down-regulated AURBK to suppress DNA damage
repair and attenuate the resistance of NSCLC cells to DDP
[193]. MiR-186-5p is low expressed in NSCLC. The elevated
miR-186-5p expression inhibits NSCLC cell proliferation,
invasion, metastasis and resistance to DDP via targeting
Sine oculis homeobox homolog 1 (SIX1) [173]. Similarly,
miR-133b can directly target Glutathione S-transferase pi 1
(GSTP1) to reverse DDP resistance [174]. Autophagy is an
important mechanism involved in chemotherapy resistance
[194,195]. Tripartite motif-containing protein 65 (TRIM65)
plays an important role in cellular autophagy [175]. The
expression of miR-138-5p is markedly reduced in DDP-
resistant NSCLC cells. Knockdown of TRIM65 can elevate
the expression of miR-138-5p to target Autophagy-related
protein 7 (ATG7), resulting in the inhibition of cellular
autophagy and enhancement of DDP sensitivity in NSCLC
cells [175]. MiR-206 acts as a tumor-inhibiting factor and is
obviously down-regulated in DDP-resistant NSCLC cells.
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MiR-206 targets met proto-oncogene receptor tyrosine kinase
(MET) and suppresses its activation of the downstream PI3K/
AKT signaling pathway to reduce the incidence of EMT and
DDP resistance [176,177].

NcRNAs and Taxanes Drugs Resistance

Taxanes drugs a first-line treatment option for patients with
advanced NSCLC [196,197]. The most common taxanes
drugs are paclitaxel (PTX) and docetaxel (DTX), but
resistance to taxanes drugs is a major obstacle in the
treatment of lung cancer [21,198]. Tian et al. found that
PTX-resistant NSCLC cells showed a >3-fold difference in
the expression of 1154 IncRNAs and 1733 mRNAs when
compared to PTX-sensitive NSCLC cells [199]. In lung
cancer, ncRNAs have been shown to be a key target for
inducing resistance to PTX and DTX. NcRNAs mediating
taxanes sensitivity focus on the regulation of cancer cells
proliferation and apoptosis. The ncRNAs associated with
modulating the sensitivity of lung cancer to taxanes drugs
are summarized in Table 5 and Fig. 5.

NcRNAs and PTX drug resistance

PTX is an anti-microtubule drug, its cytotoxicity by binding to
microtubules and inhibiting microtubule depolymerization,
thus inhibiting mitosis and promoting apoptosis in tumor
cells [211,212]. CircR-0011292 can function as a sponge for
miR-379-5p. TRIM65 acts as an oncogenic factor, promotes
NSCLC cells proliferation, metastasis and cycle progression,
as well as inhibits cells apoptosis [213]. CircR-0011292 leads
to PTX resistance in NSCLC by reducing the inhibition of
TRIM65 expression caused with miR-379-5p [200].
Likewise, circR-DNER sponges miR-139-5p to upregulate
Integrin subunit beta 8 (ITGB8) expression, which
contributes to lung cancer progression and PTX resistance
[201]. CircR-0092887 is notably upregulated in PTX-
resistant NSCLC cells. Knockdown of circR-0092887 down-
regulates UBE2T expression, resulting in PTX-resistant
NSCLC cells regaining the PTX sensitivity [202]. LncR-
NEATT1 is high expressed in PTX-resistant NSCLC cells and
mediates PTX resistance through activation of the Protein
kinase B/mammalian target of rapamycin (Akt/mTOR)
pathway [205]. In addition, circR-0030998 serves as a tumor

TABLE 5

NcRNAs that regulate PTX and DTX drugs resistance

NcRNAs Location Genes and pathways Function Reference
CircR-0011292 NSCLC cells miR-379-5p/TRIM65 pathway PTX resistance [200]
CircR-DNER Lung cancer cells miR-139-5p/ITGB8 pathway PTX resistance [201]
CircR-0092887 NSCLC cells UBE2T PTX resistance [202]
CircR-0030998 NSCLC cells miR-558 PTX sensitivity [203]
CircR-0003998 NSCLC cells miR-136-5p/CORO1C pathway DTX resistance [204]
LncR-NEAT1 NSCLC cells Akt/mTOR pathway PTX resistance [205]
LncR-LOC85009 NSCLC cells USP5/USF1/ATG5 DTX sensitivity [206]
LncR-CCAT1 NSCLC cells let-7¢/Bcl-xl pathway DTX resistance [207,208]
LncR-MAPCKSLI-2 NSCLC cells SUZ12/HDAC1/miR-200b pathway DTX sensitivity [209]
MiR-451 NSCLC cells c-Myc DTX sensitivity (210]
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suppressor and is low expressed in PTX-resistant NSCLC
cells. CircR-0030998 acts as a sponge for miR-558 and
down-regulates miRNA-558 expression to inhibit tumor
deterioration and PTX resistance [203].

NcRNAs and DTX drug resistance

DTX is an analogue of PTX, which shows greater affinity for
the binding site of microtubule proteins compared to PTX
[214]. DTX binds to the B-subunit of microtubule proteins
to interrupt the mitotic cycle and cause cells death
[215,216]. More and more studies show that autophagy is a
potential target for reversing chemotherapy resistance [217-
219]. Autophagy-related protein 5 (ATGS5) is associated with
autophagy. Knockdown of ATG5 inhibits autophagy,
leading to up-regulation of Vpr-binding protein (VPRPB)
expression [220]. LncR-LOC85009 is low expressed in DTX-
resistant NSCLC cells. LncR-LOC85009 competitively binds
to ubiquitin-specific peptidase 5 (USP5) in order to
destabilize the upstream transcription factor 1 (USF1)
protein, which inactivates ATGS5 transcription, inhibits
autophagy and reverses DTX resistance in NSCLC cells
[206]. MiR-451 is markedly down-regulated in DTX-
resistant NSCLC cells. MiR-451 targets c-Myc to induce the
transformation of NSCLC cells with EMT phenotype into
mesenchymal-epithelial ~ transition = (MET) phenotype,
resulting in the restoration of DTX sensitivity in NSCLC
cells [210]. EMT-mediated metastasis has been shown to be
involved in chemotherapy resistance [221-223]. LncR-
CCAT1 is regarded as an oncogenic factor and is noticeably
up-regulated in DTX-resistant NSCLC cells. Long non-
coding RNA colon cancer-associated transcript 1 (LncR-
CCAT1) induces NSCLC cells to acquire an EMT
phenotype in association with DTX-resistance by sponging
let-7c to promote B-cell lymphoma-extra large (Bcl-xl)
[207,208]. LncR-MAPCKSL1-2, considered a tumor-
inhibiting factor, is decreased in expression in DTX-resistant
NSCLC cells. The knockdown of miR-200b enhances cells
proliferation and induces DTX resistance [224]. LncR-
MAPCKSLI-2 promotes Suppressor of zeste 12 homolog
(SUZ12) binding to Histone deacetylase 1 (HDACI) to
repress HDACI transcription, eventually upregulates miR-
200b expression and attenuates DTX resistance in NSCLC
cells [209]. CircR-0003998 is overexpressed in DTX-
resistant NSCLC cells. CircR-0003998 acts as a sponge for
miR-136-5p, leading to the overexpression of Coronin 1C
(CORO1C), which inhibits apoptosis and promotes DTX
resistance [204].

Conclusions

With the continuous advancement of research, ncRNAs have
become a hot topic in recent years. Previous studies have
shown that ncRNAs are involved in  various
pathophysiological changes in lung cancer as oncogenic or
tumor-inhibiting factors [225-227], but also as diagnostic
biomarkers for lung cancer [228], and have been shown to
have meaning in predicting the efficacy of immunotherapy
[229]. As mentioned earlier, ncRNAs mediate resistance to
immunotherapy and chemotherapy by modulating multiple
targets and pathways. Therefore, targeted ncRNA therapies
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are also gradually demonstrating therapeutic potential. The
therapies can be used to inhibit lung cancer progression and
improve treatment efficacy through miRNA sponges, ASO,
CRISPR/Cas9 gene editing, exosomes and more [230-232].
Although this review focuses on the induction of drug
resistance by ncRNAs through sponge miRNAs,
experiments have been conducted to show that ncRNAs can
act as competing endogenous RNAs (ceRNAs) to reverse
drug resistance and improve therapeutic efficacy, including
circRNA-0002483 [233], circRNA-LDB2 [234]and so on. It
has been found that anti-PD-1/PD-L1 immuno-resistant
cancer cells usually have metabolic changes from oxidative
phosphorylation to glycolysis [235]. The excessive lactic
acid, as the metabolite of glycolysis in cancer cells, can
suppress the function of CD8" T cells, thereby promoting
immune escape and anti-PD-1/PD-L1 immuno-resistance
[236]. However, metabolic changes occur not only in cancer
cells, but also in cancer-associated fibroblasts (CAFs). CAFs,
as the essential component of the tumor microenvironment
(TME), produce large amounts of lactic acid through
aerobic glycolytic metabolism and deliver it to cancer cells,
thereby inducing drug resistance [237]. Immunotherapy is a
double-edged sword. In clinical trials for lung cancer, anti-
PD-1/PD-L1 immunotherapy has been shown to
significantly improve survival [238]. Multiple studies have
shown a positive correlation between PD-1 mRNA level and
the efficacy of anti-PD-1 immune checkpoint inhibitor
[239]. Simultaneous inhibition of CTLA-4 and PD-1/PD-L1
pathways results in complementary anti-tumor phenomena,
and anti-PD-1 combined with anti-CTLA-4
immunosuppressants clearly prolongs the overall survival of
patients with advanced NSCLC [240,241]. However, the
upregulation of PD-1 expression may promote the
occurrence of tumor immune escape and immune
resistance. Some patients develop hyper-progressive disease
(HPD) with accelerated tumor growth within a short period
of anti-PD-1/PD-L1 treatment [242,243]. Tumor with HPD
show reduced immunogenicity, increased
immunosuppressive cells, mutations in cancer suppressor
genes, and activation of ERK/MAPK, PI3K/AKT, TGF-p,
and Insulin-like growth factor 1 (IGF-1) pathways, when
compared to tumor without prior HPD [244]. The upstream
regulatory mechanism of PD-1/PD-L1 is still largely
unknown [120]. With the development and depth of
immunotherapy, it is believed that more systematic and
comprehensive studies on the regulation mechanisms of
PD-1 and PD-L1 will be carried out in the future [71,245].
The abnormal expression of ncRNAs mainly regulates
cell proliferation and apoptosis through PI3K/AKT, MAPK
and Wnt/p-catenin pathways, which eventually alters the
sensitivity of lung cancer cells to chemotherapeutic drugs.
PI3K/AKT signaling pathway is aberrantly activated in
various cancer types and regulates cancer cells proliferation,
metastasis, angiogenesis and metabolism [246,247]. The
mTOR, as a common downstream effector molecule of the
PI3K/AKT pathway, promotes cells growth and protein
synthesis, and phosphorylates the autophagy-related
proteins Unc-51 like autophagy activating kinase 1/2
(ULK1/2), resulting in the inhibition of cellular autophagy
[195,248,249]. Studies have shown that regulating the
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activation of the PI3K/AKT/mTOR pathway usually affects
the sensitivity of NSCLC cells to DDP [250-252].
Additionally, a variety of anaerobic bacteria are present in
the lower respiratory tract of lung cancer patients, and they
upregulate the PI3K/AKT pathway to promote the
development of lung cancer [253]. There is growing
evidence that the microbiota is strongly involved in a
number of tumors, including lung cancer [254]. Microbiota
and its metabolites modulate cancer-related signaling
pathways and ncRNAs to influence autophagy-mediated
chemotherapy resistance and tumorigenesis. Fusobacterium
nucleatum is prevalent in feces and tumor tissues of
colorectal cancer patients [255,256], which suppresses the
expression of miR-18a* and miR-4802 through activation of
the Toll-like receptor 4/Myeloid differentiation primary
response protein 88 (TLR4/MYDS88) signaling pathway,
leading to the wup-regulation of autophagy-associated
proteins ULK1 and ATG7, eventually activating autophagy
and inducing chemotherapy resistance [257]. In gastric
cancer, inhibition of autophagy reduces the sensitivity of
gastric cancer cells to DDP, miR-21 enhances the activation
of PI3K/AKT/mTOR pathway to inhibit autophagy with
DDP sensitivity [258]. Helicobacter pylori is considered an
important carcinogen in the pathogenesis of gastric cancer
[259]. When the organism is infected with Helicobacter
pylori, the autophagy is suppressed through activating the
PI3K/AKT/mTOR pathway, which promotes the growth
and proliferation of gastric cancer cells [260,261]. Therefore,
miR-21 and Helicobacter pylori together activate the PI3K/
AKT/mTOR pathway, with possible synergistic effects in
promoting gastric cancer cells proliferation, inhibiting
autophagy and inducing DDP resistance. Studies have
shown that ncRNAs (for example, IncR-BC200 [162], IncR-
SNHG7 [163]) upregulate the expression of PI3K/AKT to
promote DDP resistance in lung cancer. Then, whether
ncRNAs can interact with anaerobic bacteria enriched in the
lower respiratory tract of lung cancer patients to promote
the proliferation, invasion and DDP resistance of lung
cancer cells? Not only that, Ge et al. found that HPV-
encoded circRNA-E7 could promote immune escape from
head and neck squamous cell carcinoma by down-regulating
the expression of the immune checkpoint Galectin-9 [262].
EBV is associated with the development of several cancers.
In gastric cancer, EBV-encoded miRNA-BARTS5-5p activates
the PIAS3/pSTAT3/PD-L1 axis to significantly enhance PD-
L1 expression, leading to an immunosuppressive tumor
microenvironment [263]. Similarly, EBV-encoded miRNA-
BART11 enhances immune tolerance by up-regulating PD-
L1 expression in nasopharyngeal carcinoma cells [264].
Perhaps, in later studies we can focus on the effect of
ncRNAs encoded by lung cancer-associated viruses on the
immune response.

In summary, ncRNAs, as the regulators of lung cancer
drug resistance, play an important role in the process of
lung cancer drug resistance by regulating various targets and
pathways. Therefore, targeted ncRNA therapies can increase
the sensitivity of lung cancer to drugs and further improve
patient survival. Many clinical trials of targeted ncRNA
therapies are currently underway, but there are still great
challenges for clinical application due to safety.

Acknowledgement: None.

Funding Statement: This work is supported by the
collaborative research and development of MUC4 antibody
at the First Affiliated Hospital of Soochow University,
China. The project number is H221020.

Author Contributions: The authors confirm their
contribution to the paper as follows: study conception and
design: Zhengyuan Yu, Lingzhi Wu; draft manuscript
preparation: Jiahui Wang; review and editing: Jiahui Wang,
Zhengyuan Yu; visualization: Hongcheng Ge; supervision:
Lingzhi Wu, Zhengyuan Yu. All authors reviewed the results
and approved the final version of the manuscript.

Availability of Data and Materials: Data sharing is not
applicable to this article as no new data were created or
analyzed in this study.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of
interest to report regarding the present study.

References

1. Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung
cancer. Lancet. 2021;398(10299):535-54. do0i:10.1016/S0140-
6736(21)00312-3.

2. Lemjabbar-Alaoui H, Hassan OU, Yang YW, Buchanan P. Lung
cancer: biology and treatment options. Biochim Biophys Acta.
2015;1856(2):189-210.

3. Arbour KC, Riely GJ. Systemic therapy for locally advanced and
metastatic non-small cell lung cancer: a review. Jama. 2019;
322(8):764-74. doi:10.1001/jama.2019.11058.

4. Doroshow DB, Sanmamed MF, Hastings K, Politi K, Rimm DL,
Chen L, et al. Immunotherapy in non-small cell lung cancer:
facts and hopes. Clin Cancer Res. 2019;25(15):4592-602.
doi:10.1158/1078-0432.CCR-18-1538.

5. Byun DJ, Wolchok JD, Rosenberg LM, Girotra M. Cancer
immunotherapy—immune  checkpoint ~ blockade  and
associated endocrinopathies. Nat Rev Endocrinol. 2017;13(4):
195-207. doi:10.1038/nrendo.2016.205.

6. Naimi A, Mohammed RN, Raji A, Chupradit S, Yumashev AV,
Suksatan W, et al. Tumor immunotherapies by immune
checkpoint inhibitors (ICIs); the pros and cons. Cell Commun
Signal. 2022;20(1):44. doi:10.1186/5s12964-022-00854-y.

7. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012;12(4):252-64. doi:10.
1038/nrc3239.

8. Walunas TL, Lenschow DJ, Bakker CY, Linsley PS, Freeman GJ,
Green JM, et al. CTLA-4 can function as a negative regulator of
T cell activation. Immunity. 1994;1(5):405-13. doi:10.1016/
1074-7613(94)90071-X.

9. Beyersdorf N, Kerkau T, Hiinig T. CD28 co-stimulation in T-
cell homeostasis: a recent perspective. Immunotargets Ther.
2015;4:111-22.

10. Van Coillie S, Wiernicki B, Xu J. Molecular and cellular
functions of CTLA-4. Adv Exp Med Biol. 2020;1248:7-32.
doi:10.1007/978-981-15-3266-5.


http://dx.doi.org/10.1016/S0140-6736(21)00312-3
http://dx.doi.org/10.1016/S0140-6736(21)00312-3
http://dx.doi.org/10.1001/jama.2019.11058
http://dx.doi.org/10.1158/1078-0432.CCR-18-1538
http://dx.doi.org/10.1038/nrendo.2016.205
http://dx.doi.org/10.1186/s12964-022-00854-y
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1016/1074-7613(94)90071-X
http://dx.doi.org/10.1016/1074-7613(94)90071-X
http://dx.doi.org/10.1007/978-981-15-3266-5

1046

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Min HY, Lee HY. Mechanisms of resistance to chemotherapy in
non-small cell lung cancer. Arch Pharm Res. 2021;44(2):146-
64. doi:10.1007/s12272-021-01312-y.

Lahiri A, Maji A, Potdar PD, Singh N, Parikh P, Bisht B, et al.
Lung cancer immunotherapy: progress, pitfalls, and promises.
Mol Cancer. 2023;22(1):40. doi:10.1186/s12943-023-01740-y.

Riely GJ, Wood DE, Ettinger DS, Aisner DL, Akerley W,
Bauman JR, et al. Non-small cell lung cancer, version 4,
NCCN clinical practice guidelines in oncology. ] Natl Compr
Canc Netw. 2024;22(4):249-74.

Galluzzi L, Senovilla L, Vitale I, Michels ], Martins I, Kepp O,
et al. Molecular mechanisms of cisplatin resistance.
Oncogene. 2012;31(15):1869-83. doi:10.1038/0nc.2011.384.

Scheff R], Schneider BJ. Non-small-cell lung cancer: treatment
of late stage disease: chemotherapeutics and new frontiers.
Semin Intervent Radiol. 2013;30(2):191-8. doi:10.1055/
s-00000068.

Sosa Iglesias V, Giuranno L, Dubois L], Theys J, Vooijs M. Drug
resistance in non-small cell lung cancer: a potential for NOTCH
targeting? Front Oncol. 2018;8:267. doi:10.3389/fonc.2018.
00267.

Castro D, Moreira M, Gouveia AM, Pozza DH, De Mello RA.
MicroRNAs in lung cancer. Oncotarget. 2017;8(46):81679-85.
doi:10.18632/oncotarget.v8i46.

Yu WD, Wang H, He QF, Xu Y, Wang XC. Long noncoding
RNAs in cancer-immunity cycle. J Cell Physiol. 2018;233(9):
6518-23. doi:10.1002/jcp.v233.9.

Chi Y, Wang D, Wang J, Yu W, Yang J. Long non-coding RNA
in the pathogenesis of cancers. Cells. 2019;8(9):1015. doi:10.
3390/cells8091015.

Zhang Y, Yang M, Yang S, Hong F. Role of noncoding RNAs
and untranslated regions in cancer: a review. Medicine.
2022;101(33):€30045. doi:10.1097/MD.0000000000030045.

Wang M, Fu Y, Zhong C, Gacche RN, Wu P. Long non-coding
RNA and Evolving drug resistance in lung cancer. Heliyon.
2023;9(12):€22591. doi:10.1016/j.heliyon.2023.622591.

LiJ, YangJ, Zhou P, Le Y, Zhou C, Wang S, et al. Circular RNAs
in cancer: novel insights into origins, properties, functions and
implications. Am J Cancer Res. 2015;5(2):472-80.
MacDonagh L, Gray SG, Finn SP, Cuffe S, O’Byrne KJ, Barr MP.
The emerging role of microRNAs in resistance to lung cancer
treatments. Cancer Treat Rev. 2015;41(2):160-9. doi:10.1016/j.
ctrv.2014.12.009.

Mattick JS, Makunin IV. Non-coding RNA. Hum Mol Genet.
2006;15(suppl_1):R17-29. doi:10.1093/hmg/ddl046.

Slack FJ, Chinnaiyan AM. The role of non-coding RNAs in
oncology. Cell. 2019;179(5):1033-55. do0i:10.1016/j.cell.2019.
10.017.

Frydrychowicz M, Kuszel £, Dworacki G, Budna-Tukan ]J.
MicroRNA in lung cancer-a novel potential way for early
diagnosis and therapy. J Appl Genet. 2023;64(3):459-77.
doi:10.1007/s13353-023-00750-2.

Salviano-Silva A, Lobo-Alves SC, Almeida RC, Malheiros D,
Petzl-Erler ML. Besides pathology: long non-coding RNA in
cell and tissue homeostasis. Noncoding RNA. 2018;4(1):3.
Fernandes JCR, Acuiia SM, Aoki JI, Floeter-Winter LM, Muxel
SM. Long non-coding RNAs in the regulation of gene
expression: physiology and disease. Noncoding RNA. 2019;
5(1):17.

Huang S, Yang B, Chen BJ, Bliim N, Ueberham U, Arendt T,
et al. The emerging role of circular RNAs in transcriptome
regulation. Genomics. 2017;109(5-6):401-7.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

JIAHUI WANG et al.

Panda AC, Grammatikakis I, Munk R, Gorospe M,
Abdelmohsen K. Emerging roles and context of circular
RNAs. Wiley Interdiscip Rev RNA. 2017;8(2):e1386. doi:10.
1002/wrna.2017.8.issue-2.

Xie W, Yuan S, Sun Z, Li Y. Long noncoding and circular RNAs
in lung cancer: advances and perspectives. Epigenomics. 2016;
8(9):1275-87. doi:10.2217/epi-2016-0036.

Mollaei H, Safaralizadeh R, Rostami Z. MicroRNA replacement
therapy in cancer. J Cell Physiol. 2019;234(8):12369-84. doi:10.
1002/jcp.v234.8.

Asghariazar V, Sakhinia E, Mansoori B, Mohammadi A,
Baradaran B. Tumor suppressor microRNAs in lung cancer:
an insight to signaling pathways and drug resistance. J Cell
Biochem. 2019;120(12):19274-89. doi:10.1002/jcb.v120.12.

Ali Syeda Z, Langden SSS, Munkhzul C, Lee M, Song SJ.
Regulatory mechanism of MicroRNA expression in cancer.
Int ] Mol Sci. 2020;21(5):1723. doi:10.3390/ijms21051723.

Li L, Wei H, Zhang YW, Zhao S, Che G, Wang Y, et al
Differential expression of long non-coding RNAs as
diagnostic markers for lung cancer and other malignant
tumors. Aging. 2021;13(20):23842-67. doi:10.18632/aging.
v13i20.

Cui R, Kim T, Fassan M, Meng W, Sun HL, Jeon Y], et al.
MicroRNA-224 is implicated in lung cancer pathogenesis
through targeting caspase-3 and caspase-7. Oncotarget. 2015;
6(26):21802-15. doi:10.18632/oncotarget.5224.

Wei L, Ran F. MicroRNA-20a promotes proliferation and
invasion by directly targeting early growth response 2 in non-
small cell lung carcinoma. Oncol Lett. 2018;15(1):271-77.
Liang C, Zhang X, Wang HM, Liu XM, Zhang XJ, Zheng B, et al.
MicroRNA-18a-5p functions as an oncogene by directly
targeting IRF2 in lung cancer. Cell Death Dis. 2017;8(5):
€2764. doi:10.1038/cddis.2017.145.

Yin G, Zhang B, Li J. miR-221-3p promotes the cell growth of
non-small cell lung cancer by targeting p27. Mol Med Rep.
2019;20(1):604-12. doi:10.3892/mmr.2019.10291.

Xie S, Liu G, Huang J, Hu HB, Jiang W. miR-210 promotes lung
adenocarcinoma proliferation, migration, and invasion by
targeting lysyl oxidase-like 4. J Cell Physiol. 2019;234(8):
14050-57. doi:10.1002/jcp.28093.

Feng H, Zhang Z, Qing X, French SW, Liu D. miR-186-5p
promotes cell growth, migration and invasion of lung
adenocarcinoma by targeting PTEN. Exp Mol Pathol.
2019;108:105-13. doi:10.1016/j.yexmp.2019.04.007.
Asghariazar V, Mansoori B, Kadkhodayi M, Safarzadeh E,
Mohammadi A, Baradaran B, et al. MicroRNA-143 act as a
tumor suppressor microRNA in human lung cancer cells by
inhibiting cell proliferation, invasion, and migration. Mol Biol
Rep. 2022;49(8):7637-47. doi:10.1007/s11033-022-07580-1.
Suh SS, Yoo JY, Cui R, Kaur B, Huebner K, Lee TK, et al. FHIT
suppresses epithelial-mesenchymal transition (EMT) and
metastasis in lung cancer through modulation of microRNAs.
PLoS Genet. 2014;10(10):¢1004652. doi:10.1371/journal.pgen.
1004652.

Wang G, Xu D, Zhang Z, Li X, ShiJ, SunJ, et al. The pan-cancer
landscape of crosstalk between epithelial-mesenchymal
transition and immune evasion relevant to prognosis and
immunotherapy response. npj Precis Oncol. 2021;5(1):56.
doi:10.1038/s41698-021-00200-4.

Wang H, Kanmangne D, Li R, Qian Z, Xia X, Wang X, et al.
miR-30a-3p suppresses the proliferation and migration of


http://dx.doi.org/10.1007/s12272-021-01312-y
http://dx.doi.org/10.1186/s12943-023-01740-y
http://dx.doi.org/10.1038/onc.2011.384
http://dx.doi.org/10.1055/s-00000068
http://dx.doi.org/10.1055/s-00000068
http://dx.doi.org/10.3389/fonc.2018.00267
http://dx.doi.org/10.3389/fonc.2018.00267
http://dx.doi.org/10.18632/oncotarget.v8i46
http://dx.doi.org/10.1002/jcp.v233.9
http://dx.doi.org/10.3390/cells8091015
http://dx.doi.org/10.3390/cells8091015
http://dx.doi.org/10.1097/MD.0000000000030045
http://dx.doi.org/10.1016/j.heliyon.2023.e22591
http://dx.doi.org/10.1016/j.ctrv.2014.12.009
http://dx.doi.org/10.1016/j.ctrv.2014.12.009
http://dx.doi.org/10.1093/hmg/ddl046
http://dx.doi.org/10.1016/j.cell.2019.10.017
http://dx.doi.org/10.1016/j.cell.2019.10.017
http://dx.doi.org/10.1007/s13353-023-00750-2
http://dx.doi.org/10.1002/wrna.2017.8.issue-2
http://dx.doi.org/10.1002/wrna.2017.8.issue-2
http://dx.doi.org/10.2217/epi-2016-0036
http://dx.doi.org/10.1002/jcp.v234.8
http://dx.doi.org/10.1002/jcp.v234.8
http://dx.doi.org/10.1002/jcb.v120.12
http://dx.doi.org/10.3390/ijms21051723
http://dx.doi.org/10.18632/aging.v13i20
http://dx.doi.org/10.18632/aging.v13i20
http://dx.doi.org/10.18632/oncotarget.5224
http://dx.doi.org/10.1038/cddis.2017.145
http://dx.doi.org/10.3892/mmr.2019.10291
http://dx.doi.org/10.1002/jcp.28093
http://dx.doi.org/10.1016/j.yexmp.2019.04.007
http://dx.doi.org/10.1007/s11033-022-07580-1
http://dx.doi.org/10.1371/journal.pgen.1004652
http://dx.doi.org/10.1371/journal.pgen.1004652
http://dx.doi.org/10.1038/s41698-021-00200-4

NON-CODING RNAS AS POTENTIAL MEDIATORS OF RESISTANCE TO LUNG CANCER IMMUNOTHERAPY 1047

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

lung adenocarcinoma cells by downregulating CNPY2. Oncol
Rep. 2020;43(2):646-54.

Yang X, Zheng Y, Tan J, Tian R, Shen P, Cai W, et al. MiR-199a-
5p-HIF-1a-STAT3 positive feedback loop contributes to the
progression of non-small cell lung cancer. Front Cell Dev
Biol. 2020;8:620615. doi:10.3389/fcell.2020.620615.

Xiong S, Zheng Y, Jiang P, Liu R, Liu X, Chu Y. MicroRNA-7
inhibits the growth of human non-small cell lung cancer
A549 cells through targeting BCL-2. Int J Biol Sci. 2011;7(6):
805-14. doi:10.7150/ijbs.7.805.

Wu H, Liu Y, Shu XO, Cai Q. MiR-374a suppresses lung
adenocarcinoma cell proliferation and invasion by targeting
TGFA gene expression. Carcinogenesis. 2016;37(6):567-75.
d0i:10.1093/carcin/bgw038.

Xu BB, Gu ZF, Ma M, Wang JY, Wang HN. MicroRNA-590-5p
suppresses the proliferation and invasion of non-small cell lung
cancer by regulating GAB1. Eur Rev Med Pharmacol Sci.
2018;22(18):5954-63.

Mao S, Lu Z, Zheng S, Zhang H, Zhang G, Wang F, et al.
Exosomal miR-141 promotes tumor angiogenesis via KLF12
in small cell lung cancer. J Exp Clin Cancer Res. 2020;39(1):
193. doi:10.1186/513046-020-01680-1.

Cen W, Yan Q, Zhou W, Mao M, Huang Q, Lin Y, et al. miR-
4739 promotes epithelial-mesenchymal transition and
angiogenesis in driver gene-negative non-small cell lung
cancer via activating the Wnt/p-catenin signaling. Cell Oncol.
2023;46(6):1821-35. doi:10.1007/s13402-023-00848-z.

Jeong K, Yu YJ, You JY, Rhee WJ, Kim JA. Exosome-mediated
microRNA-497  delivery for anti-cancer therapy in a
microfluidic 3D lung cancer model. Lab Chip. 2020;20(3):
548-57. doi:10.1039/C9LC00958B.

Xu Y, Chai B, Wang X, Wu Z, Gu Z, Liu X, et al. miRNA-199a-
5p/SLC2A1 axis regulates glucose metabolism in non-small cell
lung cancer. J Cancer. 2022;13(7):2352-61. doi:10.7150/jca.
67990.

Licciulli S, Avila JL, Hanlon L, Troutman S, Cesaroni M, Kota S,
et al. Notchl is required for Kras-induced lung adenocarcinoma
and controls tumor cell survival via p53. Cancer Res. 2013;
73(19):5974-84. doi:10.1158/0008-5472.CAN-13-1384.

Li S, Zhao H, Li J, Zhang A, Wang H. Downregulation of long
non-coding RNA LET predicts poor prognosis and increases
Notch signaling in non-small cell lung cancer. Oncotarget.
2018;9(1):1156-68. doi:10.18632/oncotarget.23452.

Wu B, Xue X, Lin S, Tan X, Shen G. LncRNA LINC00115
facilitates lung cancer progression through miR-607/ITGB1
pathway. Environ Toxicol. 2022;37(1):7-16. doi:10.1002/tox.
23367.

Hua Q, Mi B, Xu F, Wen ], Zhao L, Liu J, et al. Hypoxia-induced
IncRNA-AC020978 promotes proliferation and glycolytic
metabolism of non-small cell lung cancer by regulating
PKM2/HIF-1a  axis. 2020;10(11):4762-78.
doi:10.7150/thno.43839.

Chen Z, Hu Z, Sui Q, Huang Y, Zhao M, Li M, et al. LncRNA
FAMBS83A-AS]I facilitates tumor proliferation and the migration
via the HIF-la/glycolysis axis in lung adenocarcinoma. Int J
Biol Sci. 2022;18(2):522-35. doi:10.7150/ijbs.67556.

Li X, Yu M, Yang C. YY1-mediated overexpression of long
noncoding RNA MCM3AP-ASI accelerates angiogenesis and
progression in lung cancer by targeting miR-340-5p/KPNA4
axis. J Cell Biochem. 2020;121(3):2258-67. do0i:10.1002/jcb.
29448.

Theranostics.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Zhang L, Wang Y, Xia S, Yang L, Wu D, Zhou Y, et al. Long
noncoding RNA PANDAR inhibits the development of lung
cancer by regulating autophagy and apoptosis pathways. ]
Cancer. 2020;11(16):4783-90. doi:10.7150/jca.45291.

Zheng T, Li D, He Z, Feng S, Zhao S. Long noncoding RNA
NBAT1 inhibits autophagy via suppression of ATG7 in non-
small cell lung cancer. Am J Cancer Res. 2018;8(9):1801-11.
Zhao Z, Wan ], Guo M, Yang Z, Li Z, Wang Y, et al. Long non-
coding RNA LINC01559 exerts oncogenic role via enhancing
autophagy in lung adenocarcinoma. Cancer Cell Int. 2021;
21(1):624. doi:10.1186/s12935-021-02338-4.

Zhao H, Wang Y, Wu X, Zeng X, Lin B, Hu S, et al. FAM83A
antisense RNA 1 (FAMS83A-AS1) silencing impairs cell
proliferation and induces autophagy via MET-AMPKa
signaling in lung adenocarcinoma. Bioengineered. 2022;13(5):
13312-27. doi:10.1080/21655979.2022.2081457.

Yao J, Xu G, Zhu L, Zheng H. circGFRA1 Enhances NSCLC
Progression by Sponging miR-188-3p. Onco Targets Ther.
2020;13:549-58. doi:10.2147/OTT.

Wu B, Wang X, Yu R, Xue X. CircWHSC1 serves as a
prognostic biomarker and promotes malignant progression of
non-small-cell lung cancer via miR-590-5p/SOX5 axis.
Environ Toxicol. 2023;38(10):2440-9. doi:10.1002/tox.23879.
Zhu L, Liu Y, Tang H, Wang P. Circular RNA Circ_0001777
Suppresses lung adenocarcinoma progression in vitro and in
vivo. Biochem Genet. 2023;61(2):704-24. doi:10.1007/
$10528-022-10284-7.

Zhang H, Wang J, Li F. Modulation of natural killer cell
exhaustion in the lungs: the key components from lung
microenvironment and lung tumor microenvironment. Front
Immunol. 2023;14:1286986. doi:10.3389/fimmu.2023.1286986.
Zhang ], Liu S, Chen X, Xu X, Xu F. Non-immune cell
components in tumor microenvironment influencing lung
cancer Immunotherapy. Biomed Pharmacother. 2023;166:
115336. doi:10.1016/j.biopha.2023.115336.

Pedoeem A, Azoulay-Alfaguter I, Strazza M, Silverman GJ,
Mor A. Programmed death-1 pathway in cancer and
autoimmunity. Clin Immunol. 2014;153(1):145-52. doi:10.
1016/j.clim.2014.04.010.

Wu SP, Liao RQ, Tu HY, Wang W], Dong ZY, Huang SM, et al.
Stromal PD-L1-positive regulatory T cells and PD-1-positive
CD8-positive T cells define the response of different subsets
of non-small cell lung cancer to PD-1/PD-L1 blockade
immunotherapy. ] Thorac Oncol. 2018;13(4):521-32. doi:10.
1016/j.jtho.2017.11.132.

Jiang X, Wang J, Deng X, Xiong F, Ge ], Xiang B, et al. Role of
the tumor microenvironment in PD-L1/PD-1-mediated tumor
immune escape. Mol Cancer. 2019;18(1):10. doi:10.1186/
§12943-018-0928-4.

Eichmiiller SB, Osen W, Mandelboim O, Seliger B. Immune
modulatory micrornas involved in tumor attack and tumor
immune escape. ] Natl Cancer Inst. 2017;109(10):djx034.
Wang J, Zhao X, Wang Y, Ren F, Sun D, Yan Y, et al. circRNA-
002178 act as a ceRNA to promote PDL1/PD1 expression in
lung adenocarcinoma. Cell Death Dis. 2020;11(1):32. doi:10.
1038/541419-020-2230-9.

Tian Q, Wu T, Zhang X, Xu K, Yin X, Wang X, et al.
Immunomodulatory functions of the circ_001678/miRNA-
326/ZEB1 axis in non-small cell lung cancer via the
regulation of PD-1/PD-L1 pathway. Hum Mol Genet. 2022;
31(23):4094-106. doi:10.1093/hmg/ddac155.


http://dx.doi.org/10.3389/fcell.2020.620615
http://dx.doi.org/10.7150/ijbs.7.805
http://dx.doi.org/10.1093/carcin/bgw038
http://dx.doi.org/10.1186/s13046-020-01680-1
http://dx.doi.org/10.1007/s13402-023-00848-z
http://dx.doi.org/10.1039/C9LC00958B
http://dx.doi.org/10.7150/jca.67990
http://dx.doi.org/10.7150/jca.67990
http://dx.doi.org/10.1158/0008-5472.CAN-13-1384
http://dx.doi.org/10.18632/oncotarget.23452
http://dx.doi.org/10.1002/tox.23367
http://dx.doi.org/10.1002/tox.23367
http://dx.doi.org/10.7150/thno.43839
http://dx.doi.org/10.7150/ijbs.67556
http://dx.doi.org/10.1002/jcb.29448
http://dx.doi.org/10.1002/jcb.29448
http://dx.doi.org/10.7150/jca.45291
http://dx.doi.org/10.1186/s12935-021-02338-4
http://dx.doi.org/10.1080/21655979.2022.2081457
http://dx.doi.org/10.2147/OTT
http://dx.doi.org/10.1002/tox.23879
http://dx.doi.org/10.1007/s10528-022-10284-7
http://dx.doi.org/10.1007/s10528-022-10284-7
http://dx.doi.org/10.3389/fimmu.2023.1286986
http://dx.doi.org/10.1016/j.biopha.2023.115336
http://dx.doi.org/10.1016/j.clim.2014.04.010
http://dx.doi.org/10.1016/j.clim.2014.04.010
http://dx.doi.org/10.1016/j.jtho.2017.11.132
http://dx.doi.org/10.1016/j.jtho.2017.11.132
http://dx.doi.org/10.1186/s12943-018-0928-4
http://dx.doi.org/10.1186/s12943-018-0928-4
http://dx.doi.org/10.1038/s41419-020-2230-9
http://dx.doi.org/10.1038/s41419-020-2230-9
http://dx.doi.org/10.1093/hmg/ddac155

1048

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Lei J, Zhu J, Hui B, Jia C, Yan X, Jiang T, et al. Circ-HSP90A
expedites cell growth, stemness, and immune evasion in non-
small cell lung cancer by regulating STAT?3 signaling and PD-
1/PD-L1 checkpoint. Cancer Immunol Immunother. 2023;
72(1):101-24. doi:10.1007/s00262-022-03235-z.

Li J, Xu J, Wu G, Ren Y, Wang X, Zhang Q. Circular RNA
hsa_circ_0068252 functions in cisplatin resistance and
immune response via miR-1304-5p/PD-L1 axis in non-small
cell lung cancer. Chemotherapy. 2022;67(4):223-33. doi:10.
1159/000525231.

Zhang N, Fan ], Deng Z. CircFOXK2 enhances tumorigenesis
and immune evasion in non-small cell lung cancer by miR-
485-5p/PD-L1 axis. Anticancer Drugs. 2022;33(5):437-47.
d0i:10.1097/CAD.0000000000001287.

Niu R, Li D, Chen J, Zhao W. Circ_0014235 confers Gefitinib
resistance and malignant behaviors in non-small cell lung
cancer resistant to Gefitinib by governing the miR-146b-5p/
YAP/PD-L1 pathway. Cell Cycle. 2022;21(1):86-100. doi:10.
1080/15384101.2021.2009986.

Li L, Zhang Q, Lian K. Circular RNA circ_0000284 plays an
oncogenic role in the progression of non-small cell lung
cancer through the miR-377-3p-mediated PD-L1 promotion.
Cancer Cell Int. 2020;20:247. doi:10.1186/s12935-020-01310-y.
Yang]J, Jia Y, Wang B, Yang S, DuK, Luo Y, et al. Circular RNA
CHST15 sponges miR-155-5p and miR-194-5p to promote the
immune escape of lung cancer cells mediated by PD-L1. Front
Oncol. 2021;11:595609. doi:10.3389/fonc.2021.595609.

Xia Y, Wang WC, Shen WH, Xu K, Hu YY, Han GH, et al.
Thalidomide suppresses angiogenesis and immune evasion via
IncRNA FGD5-AS1/miR-454-3p/ZEB1 axis-mediated VEGFA
expression and PD-1/PD-L1 checkpoint in NSCLC. Chem
Biol Interact. 2021;349:109652. doi:10.1016/j.cbi.2021.109652.
Du Z, Niu S, Wang J, Wu J, Li S, Yi X. SChLAP1 contributes to
non-small cell lung cancer cell progression and immune evasion
through regulating the AUF1/PD-L1 axis. Autoimmun. 2021;
54(4):225-33. doi:10.1080/08916934.2021.1913582.

Qiao X, Zhao F. Long non-coding RNA Opa interacting protein
5-antisense RNA 1 binds to micorRNA-34a to upregulate

oncogenic PD-L1 in non-small cell lung cancer.
Bioengineered. 2022;13(4):9264-73. do0i:10.1080/21655979.
2022.2036904.

Jiang Y, Wang K, Lu X, Wang Y, Chen J. Cancer-associated
fibroblasts-derived ~ exosomes  promote lung  cancer
progression by OIP5-AS1/miR-142-5p/PD-L1 axis. Mol
Immunol. 2021;140:47-58. doi:10.1016/j.molimm.2021.10.002.
Huang Y, Xia L, Tan X, Zhang J, Zeng W, Tan B, et al.
Molecular mechanism of IncRNA SNHGI2 in immune escape
of non-small cell lung cancer through the HuR/PD-L1/USP8
axis. Cell Mol Biol Lett. 2022;27(1):43. doi:10.1186/
§11658-022-00343-7.

Cheng G, Li Y, Liu Z, Song X. IncRNA PSMA3-AS1 promotes
the progression of non-small cell lung cancer through targeting
miR-17-5p/PD-L1. Adv Clin Exp Med. 2021;30(10):1043-50.
doi:10.17219/acem/138624.

Li S, Xie Y, Zhou W, Zhou Q, Tao D, Yang H, et al. Association
of long noncoding RNA MALAT]1 with the radiosensitivity of
lung adenocarcinoma cells via the miR-140/PD-L1 axis.
Heliyon. 2023;9(6):e16868. doi:10.1016/j.heliyon.2023.e16868.
Xia R, Geng G, Yu X, Xu Z, Guo J, Liu H, et al. LINC01140
promotes the progression and tumor immune escape in lung
cancer by sponging multiple microRNAs. ] Immunother
Cancer. 2021;9(8):€002746. doi:10.1136/jitc-2021-002746.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

JIAHUI WANG et al.

Wang X, Tang J, Zhao J, Lou B, Li L. ZFPM2-AS1 promotes the
proliferation, migration, and invasion of human non-small cell
lung cancer cells involving the JAK-STAT and AKT pathways.
Peer]. 2020;8:€10225. doi:10.7717/peer;j.10225.

Gu X, Li X, Zhang X, Feng R, Zheng M, Liu L, et al. MicroRNA-
mediated high expression of PDIA3 was correlated with poor
prognosis of patients with LUAD. Genomics. 2022 Jul;114(4):
110417. doi:10.1016/j.ygeno.2022.110417.

Gu X, Li X, Zhang X, Tong L, Feng R, Liu L, et al. Noncoding
RNA-mediated high expression of PFKFB3 correlates with
poor prognosis and tumor immune infiltration of lung
adenocarcinoma. Onco Targets Ther. 2023;16:767-83. doi:10.
2147/0TT.5416155.

Sp N, Kang DY, Lee JM, Jang KJ. Mechanistic Insights of anti-
immune evasion by nobiletin through regulating miR-197/
STAT3/PD-L1 signaling in non-small cell lung cancer
(NSCLC) cells. Int J Mol Sci. 2021;22(18):9843. doi:10.3390/
ijms22189843.

Liu W, Liu R, Yuan R, Wang X. MicroRNA-4458 regulates PD-
L1 expression to enhance anti-tumor immunity in NSCLC via
targeting STAT3. Mol Biotechnol. 2021;63(12):1268-79.
doi:10.1007/s12033-021-00379-8.

Fujita Y, Yagishita S, Hagiwara K, Yoshioka Y, Kosaka N,
Takeshita F, et al. The clinical relevance of the miR-197/
CKS1B/STAT3-mediated PD-L1 network in chemoresistant
non-small-cell lung cancer. Mol Ther. 2015;23(4):717-27.
doi:10.1038/mt.2015.10.

Huang J, Weng Q, Shi Y, Mao W, Zhao Z, Wu R, et al.
MicroRNA-155-5p suppresses PD-L1 expression in lung
adenocarcinoma. FEBS Open Bio. 2020;10(6):1065-71. doi:10.
1002/2211-5463.12853.

Xie WB, Liang LH, Wu KG, Wang LX, He X, Song C, et al. MiR-
140 expression regulates cell proliferation and targets PD-L1 in
NSCLC. Cell Physiol Biochem. 2018;46(2):654-63. doi:10.1159/
000488634.

Jiang K, Zou H. microRNA-20b-5p overexpression combing
Pembrolizumab potentiates cancer cells to radiation therapy
via repressing programmed death-ligand 1. Bioengineered.
2022;13(1):917-29. doi:10.1080/21655979.2021.2014617.

Chen Y, Xie C, Zheng X, Nie X, Wang Z, Liu H, et al. LIN28/let-
7/PD-L1 pathway as a target for cancer immunotherapy.
Cancer Immunol Res. 2019;7(3):487-97. do0i:10.1158/2326-
6066.CIR-18-0331.

Zhang Q, Pan ], Xiong D, Wang Y, Miller MS, Sei S, et al.
Pulmonary aerosol delivery of let-7b microRNA confers a
striking inhibitory effect on lung carcinogenesis through
targeting the tumor immune microenvironment. Adv Sci.
2021;8(17):€2100629. doi:10.1002/advs.202100629.

Zhang Q, Pan J, Xiong D, Zheng ], McPherson KN, Lee S, et al.
Aerosolized miR-138-5p and miR-200c targets PD-L1 for lung
cancer prevention. Front Immunol. 2023;14:1166951. doi:10.
3389/fimmu.2023.1166951.

Cortez MA, Ivan C, Valdecanas D, Wang X, Peltier HJ, Ye Y,
et al. PDLI regulation by p53 via miR-34. ] Natl Cancer Inst.
2016;108(1):djv303.

Chen L, Gibbons DL, Goswami S, Cortez MA, Ahn YH, Byers
LA, et al. Metastasis is regulated via microRNA-200/ZEB1
axis control of tumour «cell PD-L1 expression and
intratumoral immunosuppression. Nat Commun. 2014;5:
5241. doi:10.1038/ncomms6241.

Sun Z, Mai H, Xue C, Fan Z, Li J, Chen H, et al. Hsa-
LINC02418/mmu-4930573107Rik  regulated by METTL3


http://dx.doi.org/10.1007/s00262-022-03235-z
http://dx.doi.org/10.1159/000525231
http://dx.doi.org/10.1159/000525231
http://dx.doi.org/10.1097/CAD.0000000000001287
http://dx.doi.org/10.1080/15384101.2021.2009986
http://dx.doi.org/10.1080/15384101.2021.2009986
http://dx.doi.org/10.1186/s12935-020-01310-y
http://dx.doi.org/10.3389/fonc.2021.595609
http://dx.doi.org/10.1016/j.cbi.2021.109652
http://dx.doi.org/10.1080/08916934.2021.1913582
http://dx.doi.org/10.1080/21655979.2022.2036904
http://dx.doi.org/10.1080/21655979.2022.2036904
http://dx.doi.org/10.1016/j.molimm.2021.10.002
http://dx.doi.org/10.1186/s11658-022-00343-7
http://dx.doi.org/10.1186/s11658-022-00343-7
http://dx.doi.org/10.17219/acem/138624
http://dx.doi.org/10.1016/j.heliyon.2023.e16868
http://dx.doi.org/10.1136/jitc-2021-002746
http://dx.doi.org/10.7717/peerj.10225
http://dx.doi.org/10.1016/j.ygeno.2022.110417
http://dx.doi.org/10.2147/OTT.S416155
http://dx.doi.org/10.2147/OTT.S416155
http://dx.doi.org/10.3390/ijms22189843
http://dx.doi.org/10.3390/ijms22189843
http://dx.doi.org/10.1007/s12033-021-00379-8
http://dx.doi.org/10.1038/mt.2015.10
http://dx.doi.org/10.1002/2211-5463.12853
http://dx.doi.org/10.1002/2211-5463.12853
http://dx.doi.org/10.1159/000488634
http://dx.doi.org/10.1159/000488634
http://dx.doi.org/10.1080/21655979.2021.2014617
http://dx.doi.org/10.1158/2326-6066.CIR-18-0331
http://dx.doi.org/10.1158/2326-6066.CIR-18-0331
http://dx.doi.org/10.1002/advs.202100629
http://dx.doi.org/10.3389/fimmu.2023.1166951
http://dx.doi.org/10.3389/fimmu.2023.1166951
http://dx.doi.org/10.1038/ncomms6241

NON-CODING RNAS AS POTENTIAL MEDIATORS OF RESISTANCE TO LUNG CANCER IMMUNOTHERAPY 1049

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

dictates  anti-PD-L1 efficacy  via
enhancement of Trim21-mediated PD-L1 ubiquitination. J
Immunother Cancer. 2023;11(12):e007415. doi:10.1136/jitc-
2023-007415.

Kathuria H, Millien G, McNally L, Gower AC, Tagne JB, Cao Y,
et al. NKX2-1-AS1 negatively regulates CD274/PD-L1, cell-cell
interaction genes, and limits human lung carcinoma cell
migration. Sci Rep. 2018;8(1):14418. doi:10.1038/s41598-018-
32793-5.

Su S, Chen J, Yao H, Liu J, Yu S, Lao L, et al. CD10*GPR77*
cancer-associated fibroblasts promote cancer formation and
chemoresistance by sustaining cancer stemness. Cell. 2018;
172(4):841-56. doi:10.1016/j.cell.2018.01.009.

Hong W, Xue M, Jiang J, Zhang Y, Gao X. Circular RNA circ-
CPA4/let-7 miRNA/PD-L1 axis regulates cell growth, stemness,
drug resistance and immune evasion in non-small cell lung
cancer (NSCLC). J Exp Clin Cancer Res. 2020;39(1):149.
doi:10.1186/513046-020-01648-1.

Sun R, Wang R, Chang S, Li K, Sun R, Wang M, et al. Long non-
coding RNA in drug resistance of non-small cell lung cancer.
Front Pharmacol. 2019;10:1457. doi:10.3389/fphar.2019.01457.
Chen KB, Yang W, Xuan Y, Lin AJ. miR-526b-3p inhibits lung
cancer cisplatin-resistance and metastasis by inhibiting STAT3-
promoted PD-L1. Cell Death Dis. 2021;12(8):748. doi:10.1038/
s41419-021-04033-8.

Tang D, Zhao D, Wu Y, Yao R, Zhou L, Lu L, et al. The miR-
3127-5p/p-STAT3  axis up-regulates PD-L1 inducing
chemoresistance in non-small-cell lung cancer. ] Cell Mol
Med. 2018;22(8):3847-56. d0i:10.1111/jcmm.13657.

Zhu F, Niu R, Shao X, Shao X. FGD5-AS1 promotes cisplatin
resistance of human lung adenocarcinoma cell via the miR-
142-5p/PD-L1 axis. Int ] Mol Med. 2021;47(2):523-32. doi:10.
3892/ijmm.2020.4816.

Zhang P, Ma Y, Lv C, Huang M, Li M, Dong B, et al.
Upregulation of programmed cell death ligand 1 promotes
resistance response in non-small-cell lung cancer patients
treated with neo-adjuvant chemotherapy. Cancer Sci. 2016;
107(11):1563-71. doi:10.1111/cas.13072.

Ma P, Zhang M, Nie F, Huang Z, He J, Li W, et al.
Transcriptome analysis of EGFR tyrosine kinase inhibitors
resistance associated long noncoding RNA in non-small cell
lung cancer. Biomed Pharmacother. 2017;87:20-6. doi:10.
1016/j.biopha.2016.12.079.

Han JJ, Kim DW, Koh J, Keam B, Kim TM, Jeon YK, et al.
Change in PD-L1 expression after acquiring resistance to
gefitinib in EGFR-mutant non-small-cell lung cancer. Clin
Lung Cancer. 2016;17(4):263-70. do0i:10.1016/j.cllc.2015.11.006.
Zhang Y, Zeng Y, Liu T, Du W, Zhu ], Liu Z, et al. The canonical
TGF-B/Smad signalling pathway is involved in PD-L1-induced
primary resistance to EGFR-TKIs in EGFR-mutant non-small-
cell lung cancer. Respir Res. 2019;20(1):164. doi:10.1186/
s12931-019-1137-4.

Thomson S, Buck E, Petti F, Griffin G, Brown E, Ramnarine N,
et al. Epithelial to mesenchymal transition is a determinant of
sensitivity of non-small-cell lung carcinoma cell lines and
xenografts to epidermal growth factor receptor inhibition.
Cancer Res. 2005;65(20):9455-62. doi:10.1158/0008-5472.
CAN-05-1058.

Li S, Yu H, Zhang G. Advances in long non-coding RNAs on
resistant to EGFR-TKIs in non-small cell lung cancer.
Zhongguo Fei Ai Za Zhi. 2018;21(2):121-8.

immunotherapeutic

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Qu R, Ma J. Circ_0091537 promotes gefitinib chemoresistance
in non-small cell lung cancer by mediating the miR-520h/YAP1
network. Anticancer Drugs. 2023;34(10):1151-61. doi:10.1097/
CAD.0000000000001505.

Wu Q, Jiang L, Li SC, He QJ, Yang B, Cao J. Small molecule
inhibitors targeting the PD-1/PD-L1 signaling pathway. Acta
Pharmacol Sin. 2021;42(1):1-9. do0i:10.1038/s41401-020-
0366-x.

Restifo NP, Smyth M]J, Snyder A. Acquired resistance to
immunotherapy and future challenges. Nat Rev Cancer.
2016;16(2):121-6. doi:10.1038/nrc.2016.2.

Ge W, Chi H, Tang H, Xu ], Wang ], Cai W, et al. Circular RNA
CELF1 drives immunosuppression and anti-PD1 therapy
resistance in non-small cell lung cancer via the miR-491-5p/
EGFR axis. Aging. 2021;13(22):24560-79. doi:10.18632/aging.
203576.

Gao J, Zhang LX, Ao YQ, Jin C, Zhang PF, Wang HK, et al.
Elevated circASCC3 limits antitumor immunity by sponging
miR-432-5p to upregulate C5a in non-small cell lung cancer.

Cancer Lett. 2022;543:215774. doi:10.1016/j.canlet.2022.
215774.
Xiaoying W, Songwen Z. Research progress of M2-type tumor-

associated macrophages in lung cancer. Cancer Res Prev Treat.
2022;49(07):733-7.

Kumar S, Zeng Z, Bagati A, Tay RE, Sanz LA, Hartono SR, et al.
CARMLI inhibition enables immunotherapy of resistant tumors
by dual action on tumor cells and T cells. Cancer Discov.
2021;11(8):2050-71. doi:10.1158/2159-8290.CD-20-1144.
Zhang LX, Gao ], Long X, Zhang PF, Yang X, Zhu SQ, et al. The
circular RNA circHMGB2 drives immunosuppression and anti-
PD-1 resistance in lung adenocarcinomas and squamous cell
carcinomas via the miR-181a-5p/CARM1 axis. Mol Cancer.
2022;21(1):110. doi:10.1186/s12943-022-01586-w.

Wan J, Ling X, Peng B, Ding G. miR-142-5p regulates CD4" T
cells in human non-small cell lung cancer through PD-L1
expression via the PTEN pathway. Oncol Rep. 2018;40(1):
272-82. doi:10.3892/0r.2018.6439.

Luo YH, Yang YP, Chien CS, Yarmishyn AA, Adekunle Ishola
A, Chien Y, et al. Circular RNA hsa_circ_0000190 facilitates the
tumorigenesis and immune evasion by upregulating the
expression of soluble PD-L1 in non-small-cell lung cancer. Int
J Mol Sci. 2021;23(1):64. doi:10.3390/ijms23010064.

Molfetta R, Zitti B, Lecce M, Milito ND, Stabile H, Fionda C,
et al. CDI155: a multi-functional molecule in tumor
progression. Int J Mol Sci. 2020;21(3):922. doi:10.3390/
ijms21030922.

Blake SJ, Dougall WC, Miles JJ, Teng MW, Smyth M].
Molecular pathways: targeting CD96 and TIGIT for cancer
immunotherapy. Clin Cancer Res. 2016;22(21):5183-8. doi:10.
1158/1078-0432.CCR-16-0933.

LiuL, You X, Han S, Sun Y, Zhang J, Zhang Y. CD155/TIGIT, a
novel immune checkpoint in human cancers (review). Oncol
Rep. 2021;45(3):835-45. doi:10.3892/or.

Nakanishi T, Yoneshima Y, Okamura K, Yanagihara T,
Hashisako M, Iwasaki T, et al. MicroRNA-326 negatively
regulates CD155 expression in lung adenocarcinoma. Cancer
Sci. 2023;114(10):4101-13. doi:10.1111/cas.v114.10.

Wang L, Arras J, Katsha A, Hamdan S, Belkhiri A, Ecsedy J,
et al. Cisplatin-resistant cancer cells are sensitive to Aurora
kinase A inhibition by alisertib. Mol Oncol. 2017;11(8):981-
95. doi:10.1002/1878-0261.12066.


http://dx.doi.org/10.1136/jitc-2023-007415
http://dx.doi.org/10.1136/jitc-2023-007415
http://dx.doi.org/10.1038/s41598-018-32793-5
http://dx.doi.org/10.1038/s41598-018-32793-5
http://dx.doi.org/10.1016/j.cell.2018.01.009
http://dx.doi.org/10.1186/s13046-020-01648-1
http://dx.doi.org/10.3389/fphar.2019.01457
http://dx.doi.org/10.1038/s41419-021-04033-8
http://dx.doi.org/10.1038/s41419-021-04033-8
http://dx.doi.org/10.1111/jcmm.13657
http://dx.doi.org/10.3892/ijmm.2020.4816
http://dx.doi.org/10.3892/ijmm.2020.4816
http://dx.doi.org/10.1111/cas.13072
http://dx.doi.org/10.1016/j.biopha.2016.12.079
http://dx.doi.org/10.1016/j.biopha.2016.12.079
http://dx.doi.org/10.1016/j.cllc.2015.11.006
http://dx.doi.org/10.1186/s12931-019-1137-4
http://dx.doi.org/10.1186/s12931-019-1137-4
http://dx.doi.org/10.1158/0008-5472.CAN-05-1058
http://dx.doi.org/10.1158/0008-5472.CAN-05-1058
http://dx.doi.org/10.1097/CAD.0000000000001505
http://dx.doi.org/10.1097/CAD.0000000000001505
http://dx.doi.org/10.1038/s41401-020-0366-x
http://dx.doi.org/10.1038/s41401-020-0366-x
http://dx.doi.org/10.1038/nrc.2016.2
http://dx.doi.org/10.18632/aging.203576
http://dx.doi.org/10.18632/aging.203576
http://dx.doi.org/10.1016/j.canlet.2022.215774
http://dx.doi.org/10.1016/j.canlet.2022.215774
http://dx.doi.org/10.1158/2159-8290.CD-20-1144
http://dx.doi.org/10.1186/s12943-022-01586-w
http://dx.doi.org/10.3892/or.2018.6439
http://dx.doi.org/10.3390/ijms23010064
http://dx.doi.org/10.3390/ijms21030922
http://dx.doi.org/10.3390/ijms21030922
http://dx.doi.org/10.1158/1078-0432.CCR-16-0933
http://dx.doi.org/10.1158/1078-0432.CCR-16-0933
http://dx.doi.org/10.3892/or
http://dx.doi.org/10.1111/cas.v114.10
http://dx.doi.org/10.1002/1878-0261.12066

1050

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Koyama S, Akbay EA, Li YY, Aref AR, Skoulidis F, Herter-Sprie
GS, et al. STK11/LKB1 deficiency promotes neutrophil
recruitment and proinflammatory cytokine production to
suppress T-cell activity in the lung tumor microenvironment.
Cancer Res. 2016;76(5):999-1008. doi:10.1158/0008-5472.
CAN-15-1439.

Li A, Wang Y, Yu Z, Tan Z, He L, Fu S, et al. STK11/LKBI-
deficient phenotype rather than mutation diminishes
immunotherapy efficacy and represents STING/Type I
interferon/CD8" T-cell dysfunction in NSCLC. ] Thorac
Oncol. 2023;18(12):1714-30. doi:10.1016/j.jtho.2023.07.020.
Chen Y, Chen X, Li Z, Zhu Y, Liu F, Cai J. CircDENND2D
inhibits PD-L1-mediated non-small cell lung cancer
metastasis and immune escape by regulating miR-130b-3p/
STK11 axis. Biochem Genet. 2023;61(6):2691-709. doi:10.
1007/s10528-023-10401-0.

Zhang PF, Pei X, Li KS, Jin LN, Wang F, Wu J, et al. Circular
RNA circFGFR1 promotes progression and anti-PD-1
resistance by sponging miR-381-3p in non-small cell lung
cancer cells. Mol Cancer. 2019;18(1):179. doi:10.1186/
s12943-019-1111-2.

Huo W, Zhu XM, Pan XY, Du M, Sun Z, Li ZM. MicroRNA-
527 inhibits TGF-B/SMAD induced epithelial-mesenchymal
transition via downregulating SULF2 expression in non-
small-cell lung cancer. Math Biosci Eng. 2019;16(5):4607-21.
doi:10.3934/mbe.2019231.

Li C, Zhang ], Yang X, Hu C, Chu T, Zhong R, et al.
hsa_circ_0003222 accelerates stemness and progression of
non-small cell lung cancer by sponging miR-527. Cell Death
Dis. 2021;12(9):807. doi:10.1038/s41419-021-04095-8.

LiJ, Che L, Xu C, Lu D, Xu Y, Liu M, et al. XIST/miR-34a-5p/
PDL1 axis regulated the development of lung cancer cells and
the immune function of CD8" T cells. J Recept Signal
Transduct Res. 2022;42(5):469-78. doi:10.1080/10799893.
2021.2019274.

Raniszewska A, Vroman H, Dumoulin D, Cornelissen R, Aerts
J, Domagata-Kulawik J. PD-L1" lung cancer stem cells modify
the metastatic lymph-node immunomicroenvironment in
nsclc patients. Cancer Immunol Immunother. 2021;70(2):
453-61. doi:10.1007/500262-020-02648-y.

Duchartre Y, Kim YM, Kahn M. The Wnt signaling pathway in
cancer. Crit Rev Oncol Hematol. 2016;99:141-9. doi:10.1016/j.
critrevonc.2015.12.005.

Zhang Z, Tan X, Wu R, Deng T, Wang H, Jiang X, et al. m6A-
mediated upregulation of IncRNA-AC026356.1 promotes
cancer stem cell maintenance in lung adenocarcinoma via
activating Wnt signaling pathway. Aging. 2023;15(9):3538-48.
doi:10.18632/aging.v15i9.

He Y, Jiang X, Duan L, Xiong Q, Yuan Y, Liu P, et al. LncRNA
PKMYTI1AR promotes cancer stem cell maintenance in non-
small cell lung cancer via activating Wnt signaling pathway.
Mol Cancer. 2021;20(1):156. doi:10.1186/s12943-021-01469-6.
ShiY, Liu C, Liu X, Tang DG, Wang J. The microRNA miR-34a
inhibits non-small cell lung cancer (NSCLC) growth and the
CD44hi stem-like NSCLC cells. PLoS One. 2014;9(3):€90022.
doi:10.1371/journal.pone.0090022.

Peng X, Yu R, Wu X, Wu S, Pi C, Chen Z, et al. Correction:
correlation of plasma exosomal microRNAs with the efficacy
of immunotherapy in EGFR/ALK wild-type advanced non-
small cell lung cancer. ] Immunother Cancer. 2020 May;8(1):
€000376. doi:10.1136/jitc-2019-000376.

Intlekofer AM, Thompson CB. At the bench: preclinical
rationale for CTLA-4 and PD-1 blockade as cancer

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

JIAHUI WANG et al.

immunotherapy. J Leukoc Biol. 2013;94(1):25-39. doi:10.
1189/jlb.1212621.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. Cell. 2011;144(5):646-74. doi:10.1016/j.cell.2011.
02.013.

Wing JB, Tanaka A, Sakaguchi S. Human FOXP3" regulatory
T Cell heterogeneity and function in autoimmunity and
cancer. Immunity. 2019;50(2):302-16. doi:10.1016/j.immuni.
2019.01.020.

Gongging R, Jing Y. The application of anti-CTLA-4 and anti-
PD-1 immunotherapy in tumor treatment. J Jining Med Univ.
2021;44(5):356-61.

Wang H, Franco F, Ho PC. Metabolic regulation of tregs in
cancer: opportunities for immunotherapy. Trends Cancer.
2017;3(8):583-92. doi:10.1016/j.trecan.2017.06.005.

Ding R, Yu X, Hu Z, Dong Y, Huang H, Zhang Y, et al. Lactate
modulates RNA splicing to promote CTLA-4 expression in
tumor-infiltrating regulatory T cells. Immunity. 2024;57(3):
528-40.e6. doi:10.1016/j.immuni.2024.01.019.

Liu Z, Zheng N, Li J, Li C, Zheng D, Jiang X, et al. N6-
methyladenosine-modified circular RNA QSOX1 promotes
colorectal cancer resistance to anti-CTLA-4 therapy through
induction of intratumoral regulatory T cells. Drug Resist
Updat. 2022;65:100886. doi:10.1016/j.drup.2022.100886.
Zhang W, Shi CM, Zhu H, Gu DH, Pan XD, Chen XF, et al.
Long non-coding RNA MIR22HG regulates CTLA4 through
microRNA-9-3p to inhibit prostate cancer. ] Clin Med Pract.
2022;26(23):40-5, 54.

Horvath L, Thienpont B, Zhao L, Wolf D, Pircher A.
Overcoming immunotherapy resistance in non-small cell lung
cancer (NSCLC)—novel approaches and future outlook. Mol
Cancer. 2020;19(1):141. doi:10.1186/s12943-020-01260-z.
Boldrini L, Giordano M, Niccoli C, Melfi F, Lucchi M, Mussi A,
et al. Role of microRNA-33a in regulating the expression of PD-
1 in lung adenocarcinoma. Cancer Cell Int. 2017;17:105. doi:10.
1186/512935-017-0474-y.

Chang A. Chemotherapy, chemoresistance and the changing
treatment landscape for NSCLC. Lung Cancer. 2011;71(1):3-
10. doi:10.1016/j.lungcan.2010.08.022.

Wang L, Ma L, Xu F, Zhai W, Dong S, Yin L, et al. Role of long
non-coding RNA in drug resistance in non-small cell lung
cancer. Thorac 2018;9(7):761-68. doi:10.1111/
1759-7714.12652.

Konoshenko M, Lansukhay Y, Krasilnikov S, Laktionov P.
MicroRNAs as predictors of lung-cancer resistance and
sensitivity to cisplatin. Int ] Mol Sci. 2022;23(14):7594. doi:10.
3390/ijms23147594.

Sarin N, Engel F, Kalayda GV, Mannewitz M, Cinatl ] Jr,
Rothweiler F, et al. Cisplatin resistance in non-small cell lung
cancer cells is associated with an abrogation of cisplatin-
induced G2/M cell cycle arrest. PLoS One. 2017;12(7):
€0181081. doi:10.1371/journal.pone.0181081.

Hu L, Chen J, Zhang F, Wang J, Pan ], Chen J, et al. Aberrant
long noncoding RNAs expression profiles affect cisplatin
resistance in lung adenocarcinoma. Biomed Res Int.
2017;2017:7498151. doi:10.1155/2017/7498151.

Liu Z, Sun M, Lu K, Liu J, Zhang M, Wu W, et al. The long
noncoding RNA HOTAIR contributes to cisplatin resistance
of human lung adenocarcinoma cells via downregualtion of
p21(WAF1/CIP1) expression. PLoS One. 2013;8(10):e77293.
doi:10.1371/journal.pone.0077293.

Cancer.


http://dx.doi.org/10.1158/0008-5472.CAN-15-1439
http://dx.doi.org/10.1158/0008-5472.CAN-15-1439
http://dx.doi.org/10.1016/j.jtho.2023.07.020
http://dx.doi.org/10.1007/s10528-023-10401-0
http://dx.doi.org/10.1007/s10528-023-10401-0
http://dx.doi.org/10.1186/s12943-019-1111-2
http://dx.doi.org/10.1186/s12943-019-1111-2
http://dx.doi.org/10.3934/mbe.2019231
http://dx.doi.org/10.1038/s41419-021-04095-8
http://dx.doi.org/10.1080/10799893.2021.2019274
http://dx.doi.org/10.1080/10799893.2021.2019274
http://dx.doi.org/10.1007/s00262-020-02648-y
http://dx.doi.org/10.1016/j.critrevonc.2015.12.005
http://dx.doi.org/10.1016/j.critrevonc.2015.12.005
http://dx.doi.org/10.18632/aging.v15i9
http://dx.doi.org/10.1186/s12943-021-01469-6
http://dx.doi.org/10.1371/journal.pone.0090022
http://dx.doi.org/10.1136/jitc-2019-000376
http://dx.doi.org/10.1189/jlb.1212621
http://dx.doi.org/10.1189/jlb.1212621
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://dx.doi.org/10.1016/j.immuni.2019.01.020
http://dx.doi.org/10.1016/j.immuni.2019.01.020
http://dx.doi.org/10.1016/j.trecan.2017.06.005
http://dx.doi.org/10.1016/j.immuni.2024.01.019
http://dx.doi.org/10.1016/j.drup.2022.100886
http://dx.doi.org/10.1186/s12943-020-01260-z
http://dx.doi.org/10.1186/s12935-017-0474-y
http://dx.doi.org/10.1186/s12935-017-0474-y
http://dx.doi.org/10.1016/j.lungcan.2010.08.022
http://dx.doi.org/10.1111/1759-7714.12652
http://dx.doi.org/10.1111/1759-7714.12652
http://dx.doi.org/10.3390/ijms23147594
http://dx.doi.org/10.3390/ijms23147594
http://dx.doi.org/10.1371/journal.pone.0181081
http://dx.doi.org/10.1155/2017/7498151
http://dx.doi.org/10.1371/journal.pone.0077293

NON-CODING RNAS AS POTENTIAL MEDIATORS OF RESISTANCE TO LUNG CANCER IMMUNOTHERAPY 1051

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Cai Y, Dong ZY, Wang JY. LncRNA NNT-ASI is a major
mediator of cisplatin chemoresistance in non-small cell lung
cancer through MAPK/slug pathway. Eur Rev Med
Pharmacol Sci. 2018;22(15):4879-87.

Gao BB, Wang SX. LncRNA BC200 regulates the cell
proliferation and cisplatin resistance in non-small cell lung
cancer via PI3K/AKT pathway. Eur Rev Med Pharmacol Sci.
2019;23(3):1093-101.

Chen K, Abuduwufuer A, Zhang H, Luo L, Suotesiyali M, Zou
Y. SNHG7 mediates cisplatin-resistance in non-small cell lung
cancer by activating PI3K/AKT pathway. Eur Rev Med
Pharmacol Sci. 2019;23(16):6935-43.

Wang Y, Li M, Zhang L, Chen Y, Ha M. LINC01140 inhibits
nonsmall cell lung cancer progression and cisplatin resistance
through the miR-4742-5p/TACC1 axis. ] Biochem Mol
Toxicol. 2022;36(7):€23048. doi:10.1002/jbt.23048.

Tong L, Wu W. Effects of long non-coding RNA (IncRNA)
cancer susceptibility candidate 2c (CASC2c) on proliferation,
metastasis and drug resistance of non-small cell lung cancer
(NSCLC) cells through ERK1/2 and p-catenin signaling
pathways. Pathol Res Pract. 2019;215(9):152522. doi:10.1016/j.
prp.2019.152522.

Xu X, Tao R, Sun L, Ji X. Exosome-transferred hsa_circ_
0014235 promotes DDP chemoresistance and deteriorates the
development of non-small cell lung cancer by mediating the
miR-520a-5p/CDK4 pathway. Cancer Cell Int. 2020;20(1):552.
doi:10.1186/512935-020-01642-9.

Song HM, Meng D, Wang JP, Zhang XY. circRNA
hsa_circ_0005909 predicts poor prognosis and promotes the
growth, metastasis, and drug resistance of non-small-cell lung
cancer via the miRNA-338-3p/SOX4 pathway. Dis Markers.
2021;2021:8388512-5. doi:10.1155/2021/8388512.

Liu Y, Zhai R, Hu S, Liu J. Circular RNA circ-RNF121
contributes to cisplatin (DDP) resistance of non-small-cell
lung cancer cells by regulating the miR-646/SOX4 axis.
Anticancer Drugs. 2022;33(1):e186-97. do0i:10.1097/CAD.
0000000000001184.

Wang L, Wang D, Xu Z, Qiu Y, Chen G, Tan F. Circ_0010235
confers cisplatin resistance in lung cancer by upregulating E2F7
through absorbing miR-379-5p. Thorac Cancer. 2023;14(20):
1946-57. doi:10.1111/1759-7714.14941.

Pang J, Ye L, Zhao D, Zhao D, Chen Q. Circular RNA PRMT5
confers cisplatin-resistance via miR-4458/REV3L axis in non-
small-cell lung cancer. Cell Biol Int. 2020;44(12):2416-26.
doi:10.1002/cbin.114409.

Zhu C, Jiang X, Xiao H, Guan J. Circ_0030998 restrains
cisplatin resistance through mediating miR-1323/PDCD4 axis
in non-small cell lung cancer. Biochem Genet. 2022;60(6):
2434-54. doi:10.1007/s10528-022-10220-9.

Zhang H, Hu B, Wang Z, Zhang F, Wei H, Li L. miR-181c
contributes to cisplatin resistance in non-small cell lung
cancer cells by targeting Wnt inhibition factor 1. Cancer
Chemother Pharmacol. 2017;80(5):973-84. do0i:10.1007/
s00280-017-3435-1.

Liu X, Zhou X, Chen Y, Huang Y, He J, Luo H. miR-186-5p
targeting SIX1 inhibits cisplatin resistance in non-small-cell
lung cancer cells (NSCLCs). Neoplasma. 2020;67(1):147-57.
doi:10.4149/neo_2019_190511N420.

Lin C, Xie L, Lu Y, Hu Z, Chang J. miR-133b reverses cisplatin
resistance by targeting GSTP1 in cisplatin-resistant lung cancer
cells. Int ] Mol Med. 2018;41(4):2050-8. doi:10.3892/ijmm.
2018.3382.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Pan X, Chen Y, Shen Y, Tantai J. Knockdown of TRIM65
inhibits autophagy and cisplatin resistance in A549/DDP cells
by regulating miR-138-5p/ATG?7. Cell Death Dis. 2019;10(6):
429. doi:10.1038/s41419-019-1660-8.

Fumarola C, Bonelli MA, Petronini PG, Alfieri RR. Targeting
PI3K/AKT/mTOR pathway in non small cell lung cancer.
Biochem Pharmacol. 2014;90(3):197-207. doi:10.1016/j.bcp.
2014.05.011.

Chen QY, Jiao DM, Wang J, Hu H, Tang X, Chen J, et al. miR-
206 regulates cisplatin resistance and EMT in human lung
adenocarcinoma cells partly by targeting MET. Oncotarget.
2016;7(17):24510-26. doi:10.18632/oncotarget.8229.

Abbas T, Dutta A. p2l in cancer: intricate networks and
multiple activities. Nat Rev Cancer. 2009;9(6):400-14. doi:10.
1038/nrc2657.

Siddik ZH. Cisplatin: mode of cytotoxic action and molecular
basis of resistance. Oncogene. 2003;22(47):7265-79. doi:10.
1038/sj.onc.1206933.

Jiang N, Dai Q, Su X, Fu J, Feng X, Peng J. Role of PI3K/AKT
pathway in cancer: the framework of malignant behavior. Mol
Biol Rep. 2020;47(6):4587-629. doi:10.1007/s11033-020-05435-1.
Feng H, Ge F, Du L, Zhang Z, Liu D. MiR-34b-3p represses cell
proliferation, cell cycle progression and cell apoptosis in non-
small-cell lung cancer (NSCLC) by targeting CDK4. ] Cell
Mol Med. 2019;23(8):5282-91. do0i:10.1111/jcmm.2019.23.
issue-8.

Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY,
et al. The epithelial-mesenchymal transition generates cells
with properties of stem cells. Cell. 2008;133(4):704-15. doi:10.
1016/j.cell.2008.03.027.

Zhang ], Liang Q, Lei Y, Yao M, Li L, Gao X, et al. SOX4 induces
epithelial-mesenchymal transition and contributes to breast
cancer progression. Cancer Res. 2012;72(17):4597-608. doi:10.
1158/0008-5472.CAN-12-1045.

Peng X, Liu G, Peng H, Chen A, Zha L, Wang Z. SOX4
contributes to  TGF-B-induced epithelial-mesenchymal
transition and stem cell characteristics of gastric cancer cells.
Genes Dis. 2018;5(1):49-61. doi:10.1016/j.gendis.2017.12.005.
Moreno CS. SOX4: the unappreciated oncogene. Semin Cancer
Biol. 2020;67:57-64. doi:10.1016/j.semcancer.2019.08.027.
Wang C, Li S, Xu J, Niu W, Li S. microRNA-935 is reduced in
non-small cell lung cancer tissue, is linked to poor outcome, and
acts on signal transduction mediator E2F7 and the AKT
pathway. Br ] Biomed Sci. 2019;76(1):17-23. doi:10.1080/
09674845.2018.1520066.

Yuan Y, Zhou X, Kang Y, Kuang H, Peng Q, Zhang B, et al.
Circ-CCS is identified as a cancer-promoting circRNA in lung
cancer partly by regulating the miR-383/E2F7 axis. Life Sci.
2021;267:118955. doi:10.1016/j.1fs.2020.118955.

Wang W, Sheng W, Yu C, Cao J, Zhou J, Wu J, et al. REV3L
modulates cisplatin sensitivity of non-small cell lung cancer
H1299 cells. Oncol Rep. 2015;34(3):1460-8. doi:10.3892/or.
2015.4121.

Yuan S, Tao F, Zhang X, Zhang Y, Sun X, Wu D. Role of Wnt/f-
catenin signaling in the chemoresistance modulation of
colorectal cancer. Biomed Res Int. 2020;2020:9390878.
Entezari M, Deldar Abad Paskeh M, Orouei S, Kakavand A,
Rezaei S, Sadat Hejazi E, et al. Wnt/B-catenin signaling in
lung cancer: association with proliferation, metastasis, and
therapy resistance. Curr Cancer Drug Targets. 2024;24(1):94-
113. doi:10.2174/1568009623666230413094317.


http://dx.doi.org/10.1002/jbt.23048
http://dx.doi.org/10.1016/j.prp.2019.152522
http://dx.doi.org/10.1016/j.prp.2019.152522
http://dx.doi.org/10.1186/s12935-020-01642-9
http://dx.doi.org/10.1155/2021/8388512
http://dx.doi.org/10.1097/CAD.0000000000001184
http://dx.doi.org/10.1097/CAD.0000000000001184
http://dx.doi.org/10.1111/1759-7714.14941
http://dx.doi.org/10.1002/cbin.11449
http://dx.doi.org/10.1007/s10528-022-10220-9
http://dx.doi.org/10.1007/s00280-017-3435-1
http://dx.doi.org/10.1007/s00280-017-3435-1
http://dx.doi.org/10.4149/neo_2019_190511N420
http://dx.doi.org/10.3892/ijmm.2018.3382
http://dx.doi.org/10.3892/ijmm.2018.3382
http://dx.doi.org/10.1038/s41419-019-1660-8
http://dx.doi.org/10.1016/j.bcp.2014.05.011
http://dx.doi.org/10.1016/j.bcp.2014.05.011
http://dx.doi.org/10.18632/oncotarget.8229
http://dx.doi.org/10.1038/nrc2657
http://dx.doi.org/10.1038/nrc2657
http://dx.doi.org/10.1038/sj.onc.1206933
http://dx.doi.org/10.1038/sj.onc.1206933
http://dx.doi.org/10.1007/s11033-020-05435-1
http://dx.doi.org/10.1111/jcmm.2019.23.issue-8
http://dx.doi.org/10.1111/jcmm.2019.23.issue-8
http://dx.doi.org/10.1016/j.cell.2008.03.027
http://dx.doi.org/10.1016/j.cell.2008.03.027
http://dx.doi.org/10.1158/0008-5472.CAN-12-1045
http://dx.doi.org/10.1158/0008-5472.CAN-12-1045
http://dx.doi.org/10.1016/j.gendis.2017.12.005
http://dx.doi.org/10.1016/j.semcancer.2019.08.027
http://dx.doi.org/10.1080/09674845.2018.1520066
http://dx.doi.org/10.1080/09674845.2018.1520066
http://dx.doi.org/10.1016/j.lfs.2020.118955
http://dx.doi.org/10.3892/or.2015.4121
http://dx.doi.org/10.3892/or.2015.4121
http://dx.doi.org/10.2174/1568009623666230413094317

1052

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Ning FL, Wang F, Li ML, Yu ZS, Hao YZ, Chen SS. MicroRNA-
182 modulates chemosensitivity of human non-small cell lung
cancer to cisplatin by targeting PDCD4. Diagn Pathol.
2014;9:143. doi:10.1186/1746-1596-9-143.

Zhang L, Hu J, Li ], Yang Q, Hao M, Bu L. Long noncoding
RNA LINC-PINT inhibits non-small cell lung cancer
progression through sponging miR-218-5p/PDCD4. Artif
Cells Nanomed Biotechnol. 2019;47(1):1595-602. doi:10.1080/
21691401.2019.1605371.

Sun G, Ni K, Shen J, Liu D, Wang H. microRNA-486-5p
regulates DNA damage inhibition and cisplatin resistance in
lung adenocarcinoma by targeting AURKB. Crit Rev Eukaryot
Gene Expr. 2024;34(4):13-23. doi:10.1615/CritRevEukaryot
GeneExpr.v34.i4.

Wu WK, Coffelt SB, Cho CH, Wang X]J, Lee CW, Chan FK,
et al. The autophagic paradox in cancer therapy. Oncogene.
2012;31(8):939-53. doi:10.1038/0nc.2011.295.

Sui X, Chen R, Wang Z, Huang Z, Kong N, Zhang M, et al.
Autophagy and chemotherapy resistance: a promising
therapeutic target for cancer treatment. Cell Death Dis.
2013;4(10):e838. doi:10.1038/cddis.2013.350.

Razi SS, Rehmani S, Li X, Park K, Schwartz GS, Latif MJ, et al.
Antitumor activity of paclitaxel is significantly enhanced by a
novel proapoptotic agent in non-small cell lung cancer. J Surg
Res. 2015;194(2):622-30. doi:10.1016/j.jss.2014.11.004.
Shukuya T, Ko R, Mori K, Kato M, Yagishita S, Kanemaru R,
et al. Prognostic factors in non-small cell lung cancer patients
who are recommended to receive single-agent chemotherapy
(docetaxel or pemetrexed) as a second-
chemotherapy: in the era of oncogenic drivers and molecular-
targeted agents. Cancer Chemother Pharmacol. 2015;76(4):
771-6. doi:10.1007/s00280-015-2843-3.

Wang D, Ma ], Ji X, Xu F, Wei Y. miR-141 regulation of EIF4E
expression affects docetaxel chemoresistance of non-small cell
lung cancer. Oncol Rep. 2017;37(1):608-16. doi:10.3892/or.
2016.5214.

Tian X, Zhang H, Zhang B, Zhao J, Li T, Zhao Y. Microarray
expression profile of long non-coding RNAs in paclitaxel-
resistant human lung adenocarcinoma cells. Oncol Rep.
2017;38(1):293-300. doi:10.3892/0r.2017.5691.

Guo C, Wang H, Jiang H, Qiao L, Wang X. Circ_0011292
enhances paclitaxel resistance in non-small cell lung cancer
by regulating miR-379-5p/TRIM65 axis. Cancer Biother
Radiopharm. 2022;37(2):84-95. do0i:10.1089/cbr.2019.3546.
LiJ, Zhu T, Weng Y, Cheng F, Sun Q, Yang K, et al. Exosomal
circDNER enhances paclitaxel resistance and tumorigenicity of
lung cancer via targeting miR-139-5p/ITGB8. Thorac Cancer.
2022;13(9):1381-90. doi:10.1111/1759-7714.14402.

Wang L, Zhang Z, Tian H. Hsa_circ_0092887 targeting miR-
490-5p/UBE2T promotes paclitaxel resistance in non-small
cell lung cancer. J Clin Lab Anal. 2023;37(1):e24781. doi:10.
1002/jcla.24781.

Li X, Feng Y, Yang B, Xiao T, Ren H, Yu X, et al. A novel
circular RNA, hsa_circ_0030998 suppresses lung cancer
tumorigenesis and Taxol resistance by sponging miR-558.
Mol Oncol. 2021;15(8):2235-48. doi:10.1002/1878-0261.12852.
Zhang W, Song C, Ren X. Circ_0003998 regulates the
progression and docetaxel sensitivity of DTX-resistant non-
small cell lung cancer cells by the miR-136-5p/COROI1C axis.
Technol Cancer Res Treat. 2021;20:1533033821990040.
doi:10.1177/1533033821990040.

or third-line

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

JIAHUI WANG et al.

Li B, Gu W, Zhu X. NEAT1 mediates paclitaxel-resistance of
non-small cell of lung cancer through activation of Akt/
mTOR signalling pathway. ] Drug Target. 2019;27(10):1061-
7. doi:10.1080/1061186X.2019.1585437.

Yu Z, Tang H, Chen S, Xie Y, Shi L, Xia S, et al. Exosomal
LOC85009 inhibits  docetaxel resistance in  lung
adenocarcinoma  through  regulating =~ ATG5-induced
autophagy. Drug Resist Updat. 2023;67:100915. doi:10.1016/j.
drup.2022.100915.

Cui SY, Huang JY, Chen YT, Song HZ, Feng B, Huang GC, et al.
Let-7c governs the acquisition of chemo- or radioresistance and
epithelial-to-mesenchymal transition phenotypes in docetaxel-
resistant lung adenocarcinoma. Mol Cancer Res. 2013;
11(7):699-713. doi:10.1158/1541-7786.MCR-13-0019-T.

Chen J, Zhang K, Song H, Wang R, Chu X, Chen L. Long
noncoding RNA CCAT1 acts as an oncogene and promotes
chemoresistance in docetaxel-resistant lung adenocarcinoma
cells.  Oncotarget.  2016;7(38):62474-89.  doi:10.18632/
oncotarget.11518.

Jiang M, Qi F, Zhang K, Zhang X, Ma ], Xia S, et al.
MARCKSL1-2 docetaxel-resistance  of  lung
adenocarcinoma cells by recruiting SUZ12 to suppress
HDACI and elevate miR-200b. Mol Cancer. 2022;21(1):150.
doi:10.1186/512943-022-01605-w.

Chen D, Huang J, Zhang K, Pan B, Chen ], De W, et al.
MicroRNA-451 induces epithelial-mesenchymal transition in
docetaxel-resistant lung adenocarcinoma cells by targeting
proto-oncogene c-Myc. Eur ] Cancer. 2014;50(17):3050-67.
doi:10.1016/j.ejca.2014.09.008.

Teow HM, Zhou Z, Najlah M, Yusof SR, Abbott NJ,
D’Emanuele A. Delivery of paclitaxel across cellular barriers
using a dendrimer-based nanocarrier. Int J Pharm. 2013;
441(1-2):701-11. doi:10.1016/j.ijpharm.2012.10.024.

Bida O, Gidoni M, Ideses D, Efroni S, Ginsberg D. A novel
mitosis-associated IncRNA, MA-lincl, is required for cell
cycle progression and sensitizes cancer cells to Paclitaxel.

reverses

Oncotarget.  2015;6(29):27880-90. doi:10.18632/oncotarget.
4944.
Wang Y, Zhang Q. Long noncoding RNA MALATI1

knockdown inhibits proliferation, migration, and invasion
and promotes apoptosis in non-small-cell lung cancer cells
through regulating miR-515-3p/TRIM65 axis. Cancer Biother
Radiopharm. 2020;33395541.

Diaz JF, Andreu JM. Assembly of purified GDP-tubulin into
microtubules induced by taxol and taxotere: reversibility,
ligand stoichiometry, and competition. Biochemistry. 1993;32
(11):2747-55. doi:10.1021/bi00062a003.

Ringel I, Horwitz SB. Studies with RP 56976 (taxotere): a
semisynthetic analogue of taxol. ] Natl Cancer Inst. 1991;
83(4):288-91. doi:10.1093/jnci/83.4.288.

Comer AM, Goa KL. Docetaxel: a review of its use in non-small
cell lung cancer. Drugs Aging. 2000;17(1):53-80. doi:10.2165/
00002512-200017010-00004.

Pan B, Chen D, Huang ], Wang R, Feng B, Song H, et al.
HMGBI1-mediated autophagy promotes docetaxel resistance
in human lung adenocarcinoma. Mol Cancer. 2014;13:165.
doi:10.1186/1476-4598-13-165.

Zhou C, Yi C, Yi Y, Qin W, Yan Y, Dong X, et al. LncRNA
PVTI1 promotes gemcitabine resistance of pancreatic cancer
via activating Wnt/p-catenin and autophagy pathway through
modulating the miR-619-5p/Pygo2 and miR-619-5p/ATG14
axes. Mol Cancer. 2020;19(1):118. doi:10.1186/
§12943-020-01237-y.


http://dx.doi.org/10.1186/1746-1596-9-143
http://dx.doi.org/10.1080/21691401.2019.1605371
http://dx.doi.org/10.1080/21691401.2019.1605371
http://dx.doi.org/10.1615/CritRevEukaryotGeneExpr.v34.i4
http://dx.doi.org/10.1615/CritRevEukaryotGeneExpr.v34.i4
http://dx.doi.org/10.1038/onc.2011.295
http://dx.doi.org/10.1038/cddis.2013.350
http://dx.doi.org/10.1016/j.jss.2014.11.004
http://dx.doi.org/10.1007/s00280-015-2843-3
http://dx.doi.org/10.3892/or.2016.5214
http://dx.doi.org/10.3892/or.2016.5214
http://dx.doi.org/10.3892/or.2017.5691
http://dx.doi.org/10.1089/cbr.2019.3546
http://dx.doi.org/10.1111/1759-7714.14402
http://dx.doi.org/10.1002/jcla.24781
http://dx.doi.org/10.1002/jcla.24781
http://dx.doi.org/10.1002/1878-0261.12852
http://dx.doi.org/10.1177/1533033821990040
http://dx.doi.org/10.1080/1061186X.2019.1585437
http://dx.doi.org/10.1016/j.drup.2022.100915
http://dx.doi.org/10.1016/j.drup.2022.100915
http://dx.doi.org/10.1158/1541-7786.MCR-13-0019-T
http://dx.doi.org/10.18632/oncotarget.11518
http://dx.doi.org/10.18632/oncotarget.11518
http://dx.doi.org/10.1186/s12943-022-01605-w
http://dx.doi.org/10.1016/j.ejca.2014.09.008
http://dx.doi.org/10.1016/j.ijpharm.2012.10.024
http://dx.doi.org/10.18632/oncotarget.4944
http://dx.doi.org/10.18632/oncotarget.4944
http://dx.doi.org/10.1021/bi00062a003
http://dx.doi.org/10.1093/jnci/83.4.288
http://dx.doi.org/10.2165/00002512-200017010-00004
http://dx.doi.org/10.2165/00002512-200017010-00004
http://dx.doi.org/10.1186/1476-4598-13-165
http://dx.doi.org/10.1186/s12943-020-01237-y
http://dx.doi.org/10.1186/s12943-020-01237-y

NON-CODING RNAS AS POTENTIAL MEDIATORS OF RESISTANCE TO LUNG CANCER IMMUNOTHERAPY 1053

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

Deng L, Wu X, Zhu X, Yu Z, Liu Z, Wang J, et al. Combination
effect of curcumin with docetaxel on the PI3K/AKT/mTOR
pathway to induce autophagy and apoptosis in esophageal
squamous cell carcinoma. Am J Transl Res. 2021;13(1):57-72.
Wang BS, Liu YZ, Yang Y, Zhang Y, Hao JJ, Yang H, et al.
Autophagy negatively regulates cancer cell proliferation via
selectively targeting VPRBP. Clin Sci. 2013;124(3):203-14.
doi:10.1042/CS20120270.

Ren J, Chen Y, Song H, Chen L, Wang R. Inhibition of ZEB1
reverses EMT and chemoresistance in docetaxel-resistant
human lung adenocarcinoma cell line. J Cell Biochem.
2013;114(6):1395-403. doi:10.1002/jcb.24481.

Shen Z, Zhou L, Zhang C, Xu J. Reduction of circular RNA
Foxo3 promotes prostate cancer progression and
chemoresistance to docetaxel. Cancer Lett. 2020;468:88-101.
doi:10.1016/j.canlet.2019.10.006.

Ashrafizadeh M, Mirzaei S, Hashemi F, Zarrabi A, Zabolian A,
Saleki H, et al. New insight towards development of paclitaxel
and docetaxel resistance in cancer cells: EMT as a novel
molecular mechanism and therapeutic possibilities. Biomed
Pharmacother. 2021;141:111824. doi:10.1016/j.biopha.2021.
111824.

Chen DQ, Pan BZ, Huang JY, Zhang K, Cui SY, De W, et al.
HDAC 1/4-mediated silencing of microRNA-200b promotes
chemoresistance in human lung adenocarcinoma cells.
Oncotarget.  2014;5(10):3333-49.  doi:10.18632/oncotarget.
v5il0.

Ng WL, Mohd Mohidin TB, Shukla K. Functional role of
circular RNAs in cancer development and progression. RNA
Biol. 2018;15(8):995-1005.

Ghafouri-Fard S, Shoorei H, Branicki W, Taheri M. Non-
coding RNA profile in lung cancer. Exp Mol Pathol.
2020;114:104411. doi:10.1016/j.yexmp.2020.104411.

Chen HH, Zhang TN, Wu QJ, Huang XM, Zhao YH. Circular
RNAs in lung cancer: recent advances and future perspectives.
Front Oncol. 2021;11:664290. doi:10.3389/fonc.2021.664290.
Du W, Yin F, Zhong Y, Luo M, Wang Z, Lin P, et al. CircUCP2
promotes the tumor progression of non-small cell lung cancer
through the miR-149/UCP2 pathway. Oncol Res. 2023;31(6):
929-36. doi:10.32604/0r.2023.030611.

Peng L, Chen Z, Chen Y, Wang X, Tang N. MIR155HG is a
prognostic biomarker and associated with immune infiltration
and immune checkpoint molecules expression in multiple
cancers. Cancer Med. 2019;8(17):7161-73. doi:10.1002/cam4.
2583.

Ji Y, Hocker JD, Gattinoni L. Enhancing adoptive T cell
immunotherapy with microRNA therapeutics. Semin
Immunol. 2016;28(1):45-53. d0i:10.1016/j.smim.2015.11.006.
Huang YA, Hu P, Chan KCC, You ZH. Graph convolution for
predicting associations between miRNA and drug resistance.
Bioinformatics. 2020;36(3):851-8. doi:10.1093/bioinformatics/
btz621.

Toden S, Zumwalt TJ, Goel A. Non-coding RNAs and potential
therapeutic targeting in cancer. Biochim Biophys Acta Rev
Cancer. 2021;1875(1):188491. doi:10.1016/j.bbcan.2020.188491.
Li X, Yang B, Ren H, Xiao T, Zhang L, Li L, et al
Hsa_circ_0002483 inhibited the progression and enhanced
the Taxol sensitivity of non-small cell lung cancer by
targeting miR-182-5p. Cell Death Dis. 2019;10(12):953.
doi:10.1038/541419-019-2180-2.

Wang Y, Li L, Zhang W, Zhang G. Circular RNA circLDB2
functions as a competing endogenous RNA to suppress

235.

236.

237.

238.

239.

240.

241.

242,

243.

244,

245.

246.

247.

248.

249.

250.

development and promote cisplatin sensitivity in non-
squamous non-small cell lung cancer. Thorac Cancer. 2021;
12(13):1959-72. doi:10.1111/1759-7714.13993.

Warburg O, Wind F, Negelein E. The metabolism of tumors in
the body. ] Gen Physiol. 1927;8(6):519-30. do0i:10.1085/jgp.8.
6.519.

Laubach K, Turan T, Mathew R, Wilsbacher ], Engelhardt J,
Samayoa J. Tumor-intrinsic metabolic reprogramming and
how it drives resistance to anti-PD-1/PD-L1 treatment. Cancer
Drug Resist. 2023;6(3):611-41. doi:10.20517/cdr.2023.60.

Butti R, Khaladkar A, Bhardwaj P, Prakasam G. Heterotypic
signaling of cancer-associated fibroblasts in shaping the
cancer cell drug resistance. Cancer Drug Resist. 2023;6(1):
182-204. doi:10.20517/cdr.2022.72.

Kinoshita T, Terai H, Yaguchi T. Clinical efficacy and future
prospects of immunotherapy in lung cancer. Life. 2021;11(10):
1029. doi:10.3390/1ife11101029.

Prat A, Paz-Ares L, Juan M, Felip E, Garralda E, Gonzalez B,
et al. SOLTI-1904 ACROPOLI TRIAL: efficacy of
spartalizumab monotherapy across tumor-types expressing
high levels of PD1 mRNA. Future Oncol. 2022;18(34):3791-
800. doi:10.2217/fon-2022-0660.

Hellmann MD, Paz-Ares L, Bernabe Caro R, Zurawski B, Kim
SW, Carcereny Costa E, et al. Nivolumab plus ipilimumab in
advanced non-small-cell lung cancer. N Engl ] Med. 2019;
381(21):2020-31. doi:10.1056/NEJMoal910231.

Zhou F, Qiao M, Zhou C. The cutting-edge progress of immune-
checkpoint blockade in lung cancer. Cell Mol Immunol. 2021;
18(2):279-93. doi:10.1038/s41423-020-00577-5.

Ferrara R, Mezquita L, Texier M, Lahmar J, Audigier-Valette C,
Tessonnier L, et al. Hyperprogressive disease in patients with
advanced non-small cell lung cancer treated with PD-1/PD-
L1 inhibitors or with single-agent chemotherapy. JAMA
Oncol. 2018;4(11):1543-52. doi:10.1001/jamaoncol.2018.3676.

Kim CG, Kim KH, Pyo KH, Xin CF, Hong MH, Ahn BC, et al.
Hyperprogressive disease during PD-1/PD-L1 blockade in
patients with non-small-cell lung cancer. Ann Oncol. 2019;
30(7):1104-13. doi:10.1093/annonc/mdz123.

Xiong D, Wang Y, Singavi AK, Mackinnon AC, George B, You
M. Immunogenomic landscape contributes to hyperprogressive
disease after Anti-PD-1 immunotherapy for cancer. iScience.
2018;9:258-77. d0i:10.1016/j.i5¢1.2018.10.021.

Cho JH. Immunotherapy for non-small-cell lung cancer:
current status and future obstacles. Immune Netw. 2017;
17(6):378-91. doi:10.4110/in.2017.17.6.378.

Xie Y, Shi X, Sheng K, Han G, Li W, Zhao Q, et al. PI3K/Akt
signaling transduction pathway, erythropoiesis and glycolysis
in hypoxia (review). Mol Med Rep. 2019;19(2):783-91.

He Y, Sun MM, Zhang GG, Yang J, Chen KS, Xu WW, et al.
Targeting PI3K/Akt signal transduction for cancer therapy.
Signal Transduct Target Ther. 2021;6(1):425. doi:10.1038/
$41392-021-00828-5.

He C, Klionsky DJ. Regulation mechanisms and signaling
pathways of autophagy. Annu Rev Genet. 2009;43:67-93.
doi:10.1146/annurev-genet-102808-114910.

Popova NV, Jicker M. The role of mTOR signaling as a
therapeutic target in cancer. Int ] Mol Sci. 2021;22(4):1743.
doi:10.3390/ijms22041743.

Shi H, Pu J, Zhou XL, Ning YY, Bai C. Silencing long non-
coding RNA ROR improves sensitivity of non-small-cell lung
cancer to cisplatin resistance by inhibiting PI3K/Akt/mTOR


http://dx.doi.org/10.1042/CS20120270
http://dx.doi.org/10.1002/jcb.24481
http://dx.doi.org/10.1016/j.canlet.2019.10.006
http://dx.doi.org/10.1016/j.biopha.2021.111824
http://dx.doi.org/10.1016/j.biopha.2021.111824
http://dx.doi.org/10.18632/oncotarget.v5i10
http://dx.doi.org/10.18632/oncotarget.v5i10
http://dx.doi.org/10.1016/j.yexmp.2020.104411
http://dx.doi.org/10.3389/fonc.2021.664290
http://dx.doi.org/10.32604/or.2023.030611
http://dx.doi.org/10.1002/cam4.2583
http://dx.doi.org/10.1002/cam4.2583
http://dx.doi.org/10.1016/j.smim.2015.11.006
http://dx.doi.org/10.1093/bioinformatics/btz621
http://dx.doi.org/10.1093/bioinformatics/btz621
http://dx.doi.org/10.1016/j.bbcan.2020.188491
http://dx.doi.org/10.1038/s41419-019-2180-2
http://dx.doi.org/10.1111/1759-7714.13993
http://dx.doi.org/10.1085/jgp.8.6.519
http://dx.doi.org/10.1085/jgp.8.6.519
http://dx.doi.org/10.20517/cdr.2023.60
http://dx.doi.org/10.20517/cdr.2022.72
http://dx.doi.org/10.3390/life11101029
http://dx.doi.org/10.2217/fon-2022-0660
http://dx.doi.org/10.1056/NEJMoa1910231
http://dx.doi.org/10.1038/s41423-020-00577-5
http://dx.doi.org/10.1001/jamaoncol.2018.3676
http://dx.doi.org/10.1093/annonc/mdz123
http://dx.doi.org/10.1016/j.isci.2018.10.021
http://dx.doi.org/10.4110/in.2017.17.6.378
http://dx.doi.org/10.1038/s41392-021-00828-5
http://dx.doi.org/10.1038/s41392-021-00828-5
http://dx.doi.org/10.1146/annurev-genet-102808-114910
http://dx.doi.org/10.3390/ijms22041743

1054

251.

252.

253.

254.

255.

256.

257.

signaling pathway. Tumour Biol. 2017;39(5):
1010428317697568. doi:10.1177/1010428317697568.

Liu J, Xing Y, Rong L. miR-181 regulates cisplatin-resistant
non-small cell lung cancer via downregulation of autophagy
through the PTEN/PI3K/AKT pathway. Oncol Rep. 2018;
39(4):1631-9. doi:10.3892/0r.2018.6268.

Teng X, Fan XF, Li Q, Liu S, Wu DY, Wang SY, et al. XPC
inhibition rescues cisplatin resistance via the Akt/mTOR
signaling pathway in A549/DDP lung adenocarcinoma cells.
Oncol Rep. 2019;41(3):1875-82. d0i:10.3892/0r.2019.6959.
Tsay JJ, Wu BG, Badri MH, Clemente JC, Shen N, Meyn P, et al.
Airway microbiota is associated with upregulation of the PI3K
pathway in lung cancer. Am J Respir Crit Care Med. 2018;
198(9):1188-98. doi:10.1164/rccm.201710-21180C.

He], LiH, Jia ], Liu Y, Zhang N, Wang R, et al. Mechanisms by
which the intestinal microbiota affects gastrointestinal tumours
and therapeutic effects. Mol Biomed. 2023;4(1):45. doi:10.1186/
§43556-023-00157-9.

Castellarin M, Warren RL, Freeman JD, Dreolini L, Krzywinski
M, Strauss J, et al. Fusobacterium nucleatum infection is
prevalent in human colorectal carcinoma. Genome Res.
2012;22(2):299-306. doi:10.1101/gr.126516.111.

Wang N, Fang JY. Fusobacterium nucleatum, a key pathogenic
factor and microbial biomarker for colorectal cancer. Trends
Microbiol. 2023;31(2):159-72. doi:10.1016/j.tim.2022.08.010.
Yu T, Guo F, Yu Y, Sun T, Ma D, Han J, et al. Fusobacterium
nucleatum promotes chemoresistance to colorectal cancer by
modulating autophagy. Cell. 2017;170(3):548-63. doi:10.1016/
j.cell.2017.07.008.

258.

259.

260.

261.

262.

263.

264.

JIAHUI WANG et al.

Gu Y, Fei Z, Zhu R. miR-21 modulates cisplatin resistance of
gastric cancer cells by inhibiting autophagy via the PI3K/Akt/
mTOR pathway. Anticancer Drugs. 2020;31(4):385-93. doi:10.
1097/CAD.0000000000000886.

Ahn HJ, Lee DS. Helicobacter pylori in gastric carcinogenesis.
World ] Gastrointest Oncol. 2015;7(12):455-65. doi:10.4251/
Wjgo.v7.i12.455.

Lee HJ, Venkatarame Gowda Saralamma V, Kim SM, Ha SE,
Raha S, Lee WS, et al. Pectolinarigenin induced cell cycle
arrest, autophagy, and apoptosis in gastric cancer cell via
PI3K/AKT/mTOR signaling pathway. Nutrients. 2018;10(8):
1043. doi:10.3390/nu10081043.

Yang Y, Shu X, Xie C. An overview of autophagy in helicobacter
pylori infection and related gastric cancer. Front Cell Infect
Microbiol. 2022;12:847716. doi:10.3389/fcimb.2022.847716.

Ge J, Meng Y, Guo J, Chen P, Wang J, Shi L, et al. Human
papillomavirus-encoded circular RNA circE7 promotes immune
evasion in head and neck squamous cell carcinoma. Nat
Commun. 2024;15(1):8609. doi:10.1038/s41467-024-52981-4.
Yoon CJ, Chang MS, Kim DH, Kim W, Koo BK, Yun SC, et al.
Epstein-Barr virus-encoded miR-BART5-5p upregulates PD-L1
through PIAS3/pSTAT3 modulation, worsening
outcomes of PD-Ll-positive gastric carcinomas. Gastric
Cancer. 2020;23(5):780-95. doi:10.1007/s10120-020-01059-3.
Wang J, Ge ], Wang Y, Xiong F, Guo J, Jiang X, et al. EBV
miRNAs BART11 and BART17-3p promote immune escape
through the enhancer-mediated transcription of PD-LI. Nat
Commun. 2022;13(1):866. doi:10.1038/541467-022-28479-2.

clinical


http://dx.doi.org/10.1177/1010428317697568
http://dx.doi.org/10.3892/or.2018.6268
http://dx.doi.org/10.3892/or.2019.6959
http://dx.doi.org/10.1164/rccm.201710-2118OC
http://dx.doi.org/10.1186/s43556-023-00157-9
http://dx.doi.org/10.1186/s43556-023-00157-9
http://dx.doi.org/10.1101/gr.126516.111
http://dx.doi.org/10.1016/j.tim.2022.08.010
http://dx.doi.org/10.1016/j.cell.2017.07.008
http://dx.doi.org/10.1016/j.cell.2017.07.008
http://dx.doi.org/10.1097/CAD.0000000000000886
http://dx.doi.org/10.1097/CAD.0000000000000886
http://dx.doi.org/10.4251/wjgo.v7.i12.455
http://dx.doi.org/10.4251/wjgo.v7.i12.455
http://dx.doi.org/10.3390/nu10081043
http://dx.doi.org/10.3389/fcimb.2022.847716
http://dx.doi.org/10.1038/s41467-024-52981-4
http://dx.doi.org/10.1007/s10120-020-01059-3
http://dx.doi.org/10.1038/s41467-022-28479-2

	Non-coding RNAs as potential mediators of resistance to lung cancer immunotherapy and chemotherapy
	Introduction
	Impact of ncRNAs on Lung Cancer Progression
	The Role of PD-1/PD-L1 in the Tumor Immune Microenvironment
	Effect of ncRNAs on the Expression of PD-1/PD-L1
	NcRNAs Mediate Resistance to Other Drugs by Regulating PD-1/PD-L1 Expression
	NcRNAs Mediate Resistance to Anti-PD-1/PD-L1 Inhibitors
	Effect of ncRNAs on the Expression of CTLA-4 Immune Checkpoint
	NcRNAs and DDP Resistance
	NcRNAs and Taxanes Drugs Resistance
	Conclusions
	flink11
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


