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Purpose: Accumulating evidence demonstrates that long non-coding RNAs (IncRNAs) play
a vital role in the chemoresistance of gastric cancer (GC). The present systematic review
summarises the emerging role, potential targets or pathways and regulatory mechanisms of
IncRNAs involved in chemoresistance and proposes a number of clinical implications of
IncRNAs as novel therapeutic targets for GC.

Methods: Studies on IncRNAs involved in the chemoresistance of GC published until July
2020 in the PubMed and Web of Science databases were systematically reviewed and the
expression form, role in chemoresistance, targets or pathways, corresponding drugs and
potential mechanisms of relevant IncRNAs were summarised in detail.

Results: A total of 48 studies were included in this systematic review. Amongst these studies, 32
involved single drug resistance and 16 involved in multidrug resistance (MDR). The 48 studies
collected described 38 IncRNAs in the drug-resistant cells of GC, including 33 upregulated and 5
downregulated IncRNAs. Cisplatin (DDP) was the most studied drug and IncRNA MALAT1
was the most studied IncRNA related to the chemoresistance of GC. The potential mechanisms of
chemoresistance for IncRNAs in GC mainly included, amongst others, reduction of apoptosis,
induction of autophagy, repair of DNA damage, promotion of epithelial-mesenchymal transition
(EMT) and regulation of the related signalling pathways.

Conclusion: LncRNAs play a vital role in the chemoresistance of GC and are novel
therapeutic targets for the disease. Detailed chemoresistance mechanisms, translational
studies and clinical trials on IncRNAs in GC are urgently needed.

Keywords: gastric cancer, GC, long non-coding RNAs, IncRNAs, chemoresistance,
multidrug resistance, MDR

Introduction
Gastric cancer (GC) is amongst the most common malignant tumours, with over
1,000,000 new cases reported annually, and the third leading cause of cancer-related
deaths worldwide.' Radical surgical resection is the best option for GC patients in
the early stages of the disease; however, many GC patients are not diagnosed early
on account of the insidious symptoms of the disease and a lack of suitable early-
detection techniques. Besides surgical resection, advanced-stage GC is mainly
treated with chemotherapy. Unfortunately, intrinsic or acquired chemoresistance
may interfere with the clinical treatment of GC and lead to treatment failure.
Long non-coding RNAs (IncRNAs) are a class of RNA transcripts with lengths
longer than 200 nucleotides and no or limited protein-coding potential; these RNAs
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perform vital regulatory roles in many aspects of genome
function, including gene epigenetics and transcriptional
and posttranscriptional levels, as well as a variety of
biological processes related to the cell cycle, differentia-
tion, migration, angiogenesis, apoptosis, autophagy and
the immune response.” * Recent studies have revealed
that IncRNAs play an important role in the occurrence
and development of all types of cancers.” For instance,
IncRNA HOXB-AS3 could promote the proliferation and
migration of lung cancer cells by activating the PI3K-AKT
pathway.® Another study revealed that IncRNA GASS5
affects epithelial-mesenchymal transition (EMT) and the
invasion of breast cancer cells by regulating miR-216b.”
Lan et al® revealed that IncRNA OCC-1 could promote the
ubiquitination and degradation of HuR protein, thereby
inhibiting the proliferation of colorectal cancer cells.
Accumulated evidence indicates that IncRNAs modulate
the chemoresistance of GC by means of various mechan-
isms, such as reduction of apoptosis, induction of autop-
hagy, promotion of EMT, alteration of drug concentrations
and regulation of the related signalling pathways.’

In this article, we performed a systematic literature review
of IncRNAs involved in the chemoresistance of GC and their
underlying molecular mechanisms. Our findings reveal that
IncRNAs may be potential therapeutic targets of GC.

Materials and Methods

Data Source and Search Strategy

This review was conducted according to Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines.'® A systematic search of the PubMed and Web of
Science databases for IncRNAs associated with the chemore-
sistance of GC published in English up to July 2020 was
conducted. The keywords used for the search were “gastric
cancer”, “long non-coding RNA” and “chemoresistance”. So
the following search string was used across both databases:
“gastric cancer” AND “long non-coding RNA (IncRNA)”
AND “chemoresistance” OR “drug resistance” OR “multi-
drug resistance (MDR)” OR “cisplatin (DDP)” OR “oxali-
platin (OXA)” OR “5-fluorouracil (5-FU)” OR “adriamycin
(ADR)” OR “doxorubicin (DOX)” OR “paclitaxel (PTX)”
OR “vincristine (VCR)”.

Study Selection

The inclusion criteria were as follows: (1) Full papers of
original research on IncRNAs related to the chemoresis-
tance of GC and (2) studies including basic information,

such as IncRNAs’ expression form, role in chemoresis-
tance, targets or pathways, corresponding drugs and poten-
tial mechanisms.

The exclusion criteria were as follows: (1) Studies
published in abstract form only, reviews, comments and
letters and (2) studies related to IncRNAs involved in
targeted drugs or non-GC chemotherapeutic drugs.

Two authors (ZL and ML) independently selected the
papers for inclusion on the basis of their titles, abstracts
and full texts. A third author (MS) evaluated all papers
with disagreement, and consensus was achieved through
discussion.

Data Extraction

Two authors (ZL and ML) independently extracted the
data of all eligible articles. The following information
from each article was recorded: (1) paper title, first author,
journal and publication year and (2) IncRNA name,
expression form, role in chemoresistance, targets or path-
ways, corresponding drugs and potential mechanisms. The
articles and their information were sorted by drug classifi-
cation, and IncRNAs were sorted in ascending order by the
first letter of their names for each type of drug. LncRNAs
related to MDR were sorted separately. The results were
checked by a third author (MS).

Results

A total of 48 studies were included in this systematic
review (Figure 1); amongst these studies, 32 involved
single drug resistance and 16 involved in MDR. A total
of 32, 5, 11, 13, 4 and 4 studies were related to the
chemoresistance of GC to DDP, OXA, 5-FU, ADR or
DOX, PTX and VCR, respectively. The 48 studies col-
lected described 38 IncRNAs in the drug-resistant cells of
GC, including 33 wupregulated and 5 downregulated
IncRNAs. DDP was the most studied drug and IncRNA
MALAT1 was the most studied IncRNA related to the
chemoresistance of GC. The potential mechanisms of che-
moresistance for IncRNAs in GC mainly involved,
amongst others, reduction of apoptosis, induction of autop-
hagy, repair of DNA damage, promotion of EMT and
regulation of the related signalling pathways (Figure 2).

LncRNAs Involved in DDP or OXA

Resistance in GC
DDP and OXA represent a class of cell-cycle non-specific
that

platinum-based chemotherapeutic drugs mainly
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Figure | Flow diagram representing the systematic review process performed according to PRISMA guidelines.
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Figure 2 Mechanism diagram of long non-coding RNAs in the chemoresistance of gastric cancer.
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promote the necrosis or apoptosis of cancer cells. Platinum
drugs are widely used in all types of cancer therapy, and
platinum-based chemotherapy is a standard treatment for
GC. A large number of IncRNAs have been reported to be
involved in DDP or OXA resistance in GC (Table 1).
LncRNA ADAMTS9-AS2 acts as a tumour suppres-
sor and could enhance DDP sensitivity in GC cells by
activating NLRP3-mediated pyroptotic cell death through
sponging miR-223-3p."" LncRNA ANRIL is highly upre-
gulated in drug-resistant GC tissues and cells and could
promote GC cell resistance to DDP by upregulating the
expression of MDR1 and MRP1."> Notch 1 could upre-
gulate IncRNA AK022798 expression and promote DDP-
resistant GC cell formation; thus, targeting this IncRNA
may provide a new means to treat terminal-stage GC.'?
LncRNA ARHGAPS5-AS1 is upregulated in chemoresis-
tant GC cells by impaired autophagy, and inhibiting this
IncRNA could reverse the chemoresistance of GC cells to
DDP.'* LncRNA ASBI16-ASI1 is upregulated in DDP-
resistant GC cells; this IncRNA could phosphorylate
TRIM37 to activate the NF-xB pathway and promote
the proliferation, stemness and DDP resistance of GC."”
LncRNA BCAR4 could regulate the expression of B-
catenin by modulating the Wnt signalling pathway and
then promote GC cell resistance to DDP.'®
Downregulation of IncRNA CASC2 contributes to DDP
resistance in GC by sponging miR-19a.'” LncRNA
CRAL could function as a competing endogenous RNA
to reverse DDP resistance in GC via the miR-505/CYLD/
AKT axis.'"® LncRNA DANCR contributes to the devel-
opment of DDP resistance by regulating P-gp and MRP1
expression.'” LncRNA FAM84B-AS is closely associated
with the differentiation level, T stage and N stage of GC;
this IncRNA offers a certain predictive function for GC
prognosis and could promote DDP resistance by inhibit-
ing FAMS84B expression.”” LncRNA GHETI promotes
DDP resistance related to the expression of Bax, Bcl-2,
MDRI and MRPI in GC.>' LncRNA HOTAIR promotes
DDP resistance in GC by downregulating miR-34a and
miR-126 and activating the PI3K/Akt and Wnt/B-catenin
signalling pathways.?***> The exosome-mediated transfer
of IncRNA HOTTIP contributes to DDP resistance in GC
cells by regulating the HMGAI1/miR-218 pathway,**
while salinomycin reduces EMT-mediated DDP resis-
tance by modifying the expression of IncRNA HOTTIP
in GC cells.? Patients with high expression of IncRNA
HULC often have low survival rates; METase could sup-
press autophagy to reduce DDP resistance in GC cells by

regulating the HULC/FoxM1 pathway.’*?” LncRNA
MALAT] contributes to the DDP resistance of GC cells
by increasing the level of ATG12, regulating the PI3K/
AKT, miR-30b/ATG5 and miR-30e/ATGS pathways,
increasing autophagy and reducing apoptosis.*® '
LncRNA PCAT-1 contributes to DDP resistance in GC
by epigenetically silencing PTEN via recruitment of
EZH2 and modulating the miR-128/ZEB1 axis.
Knockdown of IncRNA PCAT-1 could improve DDP
sensitivity.>*~> LncRNA PVTI may promote the devel-
opment of DDP resistance by regulating the mTOR/HIF-
la/P-gp and MRP1 signalling pathways; silencing of this
IncRNA could reverse DPP resistance in GC via down-
regulation of TBLIXR1 by sponging miR-3619-5p.>*>°
LncRNA ROR could regulate cell growth, metastasis and
DDP resistance in GC via the miR-519d-3p/HMGA?2
axis.’® Overexpression of IncRNA SNHG5 could upre-
gulate Bax, MDR1 and MRP1, downregulate Bcl-2 and
increase the Bcl-2/Bax ratio in GC cells, thereby result-
ing in DDP resistance in GC.*” LncRNA UCA1 promotes
DDP resistance in GC by recruiting EZH2 and activating
the PI3K/AKT pathway; the UCA1-miR-27b pathway
has also been implicated in the regulation of chemoresis-
tance of GC cells.*®*? LncRNA XIST contributes to DDP
resistance by regulating MDR1 and MRP1; downregula-
tion of this IncRNA may promote chemotherapeutic
drug-induced apoptosis and partially reverse DDP resis-
tance in GC cells.*” LncRNA XLOC_006753 could pro-
mote DDP resistance in GC by inducing cell proliferation
and reducing apoptosis via the PI3K/AKT/mTOR
pathway.*' LncRNA ZFAS] is upregulated in GC tissues,
and silencing of this IncRNA could inhibit DDP resis-
by Dblocking the Wnt/B-catenin
pathway.*

LncRNA BLACATI epigenetically targets miR-361 to
promote ABCB1 protein expression and is involved in
OXA resistance in GC.* LncRNA DDX11-AS] facilitates
cell progression and OXA resistance by regulating the
miR-326/IRS1 axis in GC.** LncRNA HCP5 drives fatty
acid oxidation through the miR-3619-5p/AMPK/PGClo/
CEBPB axis to promote the stemness and OXA resistance
of GC.** Mesenchymal stem cells secrete TGF-B1 and
induce IncRNA MACCI1-AS1 expression in GC cells,
thereby promoting the latter’s stemness and OXA
resistance.*® LncRNA MALAT1 contributes to OXA resis-
tance in GC cells by downregulating miR-22-3p and upre-
gulating ZFP91.%

tance signalling
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LncRNAs Involved in 5-FU Resistance in
GC

Similar to platinum-based drugs, 5-FU is a basic cell
cycle-specific drug commonly used to treat GC in the
clinical setting. This drug impairs DNA replication by
suppressing thymidylate synthase, thereby inhibiting the
cell cycle and inducing the apoptosis of cancer cells.
Multiple IncRNAs have been proven to be involved in 5-
FU resistance in GC (Table 2).

LncRNA ANRIL is highly expressed in 5-FU resistant
cells, and knockdown of this IncRNA in GC cells
increases the percentage of apoptotic tumour cells and
inhibits the development of 5-FU resistance.'> LncRNA
ARHGAPS5-AS1 contributes to chemoresistance in GC;
downregulation of this IncRNA could reverse resistance
to 5-FU, enhance drug-induced apoptosis and increase the
intracellular drug concentration.'"* LncRNA HCP5 could
abrogate the anti-tumour effect of 5-FU in in vivo assays
of nude mice, thus indicating that HCP5 may represent a
new therapeutic target for GC.*> LncRNA HOTTIP is
upregulated in 5-FU resistant cells, and downregulation
of this IncRNA could markedly reduce the 50% inhibitory
concentration of 5-FU in GC cells.”> GC patients with
high expression of IncRNA HULC often show poor prog-
nosis; silencing of this IncRNA could reverse chemoresis-
tance by inducing apoptosis in GC cells.’” LncRNA
LEIGC functions as a tumour suppressor gene by inhibit-
ing EMT and could enhance chemosensitivity to 5-FU in
the MGC-803 cell line of GC.*® Overexpression of
IncRNA MACCI1-AS1 in GC cells could facilitate clone
formation and reduce growth inhibition during treatment
with 5-FU; the expression of this IncRNA gradually
increases with increasing 5-FU concentration during the
establishment of chemotherapy-resistant cells.*® LncRNA
MALATT1 is significantly upregulated in chemoresistant
GC patients, and high expression of this IncRNA results
in poor disease-free survival and overall survival in
patients who had received 5-FU-based adjuvant therapy.?®
LncRNA PVT!1 could regulate Bcl2 expression and
enhance 5-FU resistance in GC cells. Patients with high
PVTI expression do not experience survival-related bene-
fits from 5-FU-based chemotherapy.** LncRNA UCAL is
negatively correlated with miR-27b expression in GC tis-
sues, and this IncRNA could increase 5-FU resistance in
GC cells by downregulating miR-27b.>° LncRNA
XLOC 006753 is upregulated in 5-FU-resistant cells, and
overexpression of this IncRNA could promote MDR in GC

by inducing cell proliferation metastasis and apoptosis
reduction through the PI3K/AKT/mTOR pathway.*'

LncRNAs Involved in ADR (or DOX)

Resistance in GC

ADR (or DOX) is a cell-cycle nonspecific anticancer drug
that can inhibit the synthesis of nucleic acids by embed-
ding into DNA and exert strong cytotoxic effects on cancer
cells. Several IncRNAs have been reported to be involved
in ADR resistance in GC (Table 3).

LncRNA ARHGAPS5-ASI1 is a new chemoresistance-
promoting antisense IncRNA that is upregulated in ADR-
resistant GC cells due to impaired autophagy.'* High
expression levels of IncRNA CASC9 are associated with
aggressive pathological characteristics, including deep
invasion, poor differentiation and increased lymph node
metastases. Knockdown of CASC9 in GC cells could
restore chemosensitivity to ADR.>® LncRNA D63785 is
highly expressed in GC tissues and cells. Silencing of this
IncRNA inhibits cell proliferation, migration and invasion
in a number of GC cell lines, reduces tumour volumes in
mice and increases the sensitivity of GC cells to DOX.”!
LncRNA GACAT! shows low expression in ADR-resis-
tant GC cells. Overexpression of this IncRNA inhibits
tumour growth and enhances ADR-mediated antitumour
effects in xenograft tumour models of GC.** The expres-
sion of IncRNA HOTAIR is upregulated in GC tissues.
Ectopic expression of HOTAIR promotes DOX resistance
and increases GC cell proliferation and migration by tar-
geting miR-217.%* LncRNA HOTTIP is a crucial determi-
nant of EMT-mediated ADR resistance in GC cells.
Downregulation of this IncRNA could markedly attenuate
EMT, thereby reversing ADR resistance.”> LncRNA
HULC is involved in ADR resistance in GC, and silencing
of this IncRNA could enhance chemotherapy-induced
apoptosis in GC cells.”’” LncRNA MRUL promotes
ABCBI expression in ADR-resistant GC cell lines, and
knockdown of this IncRNA in GC cells increases apopto-
sis and reduces ADR release in the presence of ADR.>
LncRNA NEAT! is highly expressed in GC cells and
functions as an oncogene that could modulate malignant
behaviours and chemoresistance to ADR in GC.>
LncRNA ROR promotes MRP1 expression and ADR
resistance in GC cells and is correlated with the poor
prognosis of GC patients.’® LncRNA UCALI is highly
expressed in GC tissues and an independent prognostic
biomarker of disease-free survival for GC patients.
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Silencing of this IncRNA could significantly inhibit GC
cell proliferation and depress chemoresistance to ADR by
upregulating PARP expression and downregulating Bcl-2
expression.”” LncRNA UCAL also increases ADR resis-
tance in GC by downregulating miR-27b. Overexpression
of this IncRNA or inhibition of miR-27b could increase
ADR-induced cell apoptosis.** LncRNA XIST contributes
to the ADR resistance of GC cells, and silencing of this
IncRNA could downregulate the related genes of MDR,
such as MDR1 and MRP1.*

LncRNAs Involved in PTX Resistance in
GC

PTX is a new type of antimicrotubule drug that promotes
tubulin polymerisation, maintains tubulin stability, inhibits
mitosis and arrests cancer cells in the G2 and M phases.
Several oncogenic IncRNAs can promote PTX resistance
in GC (Table 4).

LncRNA CASC9 is overexpressed in GC tissues and
drug-resistant cells. Because it can promote cell growth
and chemoresistance to PTX, CASC9 may be a potential
therapeutic target for GC.’* LncRNA HOTAIR is upregu-
lated in GC tissues, and higher expression of this IncRNA
is associated with a later stage of GC. Overexpression of
IncRNA HOTAIR enhances PTX resistance in GC cells by
inhibiting miR-217 expression.”® LncRNA PVTI exhibits
high expression in both GC tissues and PTX-resistant GC
cells; as such, this IncRNA may potentially be used as a
new biomarker for GC to indicate lymph node invasion.
Screening for PVT1 expression may be useful in improv-
ing early diagnosis and therapeutic effects, thereby enhan-
cing the quality of life of patients with GC.>® LncRNA
ZFASI is related to cell proliferation, invasion, migration,
EMT and resistance to chemotherapeutic reagents, such as
PTX and DDP; this finding suggests that the IncRNA may
be considered a new diagnostic marker or novel therapeu-
tic target of GC.*?

Table 4 LncRNAs Involved in PTX Resistance in GC

LncRNAs Involved in VCR Resistance in
GC

VCR is another type of antimicrotubule drug that mainly
inhibits the polymerisation of tubulin and affects the for-
mation of the spindle, ultimately leading to the mitosis
arrest of malignant cells. Some IncRNAs cited in the
included studies are involved in VCR resistance in GC
(Table 5).

LncRNA GACAT!1 suppresses tumorigenesis and alle-
viates VCR resistance by regulating the PTEN/AKT/
mTOR/S6K1 pathway in GC. Thus, upregulation of this
IncRNA could be considered a potential strategy to alle-
viate the chemoresistance of GC.”> LncRNA MALATI
acts as a competing endogenous RNA for miR-23b-3p
and attenuates the inhibitory effect of miR-23b-3p, thereby
leading to chemo-induced autophagy and VCR resistance
in GC cells.”® The expression level of IncRNA MRUL is
negatively correlated with the chemosensitivity of GC
cells; this IncRNA plays a positive role in the regulation
of ABCBI expression and is a potential target for rever-
sing VCR resistance.”® The increased expression of
IncRNA ROR in GC cells reflects the latter’s resistance
to treatment with VCR. Inhibition of this IncRNA reduces
MRP1 expression and increases apoptosis, which could
reverse the VCR resistance of GC cells.*®

LncRNAs Involved in MDR in GC

When cancer cells become resistant to a certain che-
motherapeutic drug, they may develop cross-resistance to
other chemotherapeutic drugs with different chemical
properties and mechanisms. This cross-resistance is called
MDR. The current studies included in this review revealed
that a number of IncRNAs are involved in the MDR of GC
(Table 6).

LncRNA  ANRIL, HCP5, MACCI-AS1 and
XLOC 006753 are involved in DDP (or OXA) and 5-FU
resistance by upregulating MDR1 and MRP1, regulating the

LncRNAs | Expression | Role in Targets or Pathways | Corresponding | Mechanisms References
Chemoresistance Drugs
CASC9 i Inducing MDRI PTX Increasing MDRI expression | 50
HOTAIR T Inducing miR-217, GPC5, PTPNI4 | PTX Inhibiting miR-217 expression | 53
PVTI il Inducing miR 1204 PTX Up-regulating miR1204 58
ZFASI T Inducing Whnt/B-catenin signaling | PTX Activating the Wnt/f- 42
pathway catenin signaling pathway

Note: 1: up-regulation of expression.
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Table 5 LncRNAs Involved in VCR Resistance in GC
LncRNAs | Expression | Role in Targets or Corresponding | Mechanisms References
Chemoresistance | Pathways Drugs
GACATI 1 Reversing PTEN/AKT/mTOR/ VCR Regulating the PTEN/AKT/ 52
S6K | pathway mTOR/S6K | signaling pathway
MALAT I i Inducing miR-23b-3p VCR Promoting autophagy by 28
sequestering miR-23b-3p and
then increasing the level of
ATGI2
MRUL i Inducing ABCBI VCR Promoting ABCBI expression | 54
ROR i Inducing MRPI VCR Increasing MRP1 expression 56
and inhibiting apoptosis

Notes: 1: up-regulation of expression; |: down-regulation of expression.

miR-3619-5p/AMPK/PGC10/CEBPB axis, promoting fatty
acid oxidation and antagonising miR-145-5p, and inducing
cell proliferation as well as reducing apoptosis through the
PI3K/AKT/mTOR pathway, respectively.'>**>#¢ LncRNA
XIST promotes the chemoresistance of ADR and DDP by
upregulating MDR1 and MRP1.** LncRNA ZFASI could
induce the chemoresistance of DDP and PTX by activating
the Wnt/B-catenin signalling pathway.*> LncRNA CASC9
and HOTAIR induce ADR (or DOX) and PTX resistance in
GC by increasing MDR1 expression and inhibiting miR-217
expression, respectively.’®>® LncRNA MRUL and ROR
induce ADR and VCR resistance by promoting ABCBI
expression, increasing MRP1 expression and inhibiting
apoptosis,”**® while IncRNA GACAT1 could reverse the
chemoresistance of DOX and VCR by regulating the
PTEN/AKT/mTOR/S6K 1 signalling pathway.”> LncRNA
ARHGAPS5-AS1, HOTTIP, HULC and UCAI could pro-
mote the chemoresistance of ADR (or DOX), DDP and 5-
FU by reducing apoptosis, downregulating miR-27b and
increasing EMT.'**>?73° LncRNA MALAT! induces the
chemoresistance of DDP, 5-FU and VCR by promoting
autophagy through sequestration of miR-23b-3p and then
increasing ATG12 levels.?®

Discussion

GC, a common malignant disease with high mortality,
threatens human health worldwide and may place a mas-
sive financial burden on society.”® The diagnosis of GC is
heavily dependent on gastroscopy plus biopsy, but the
clinical applications of these techniques are limited
their
Additionally, because of a lack of obvious and specific

because of invasiveness and inconvenience.

symptoms at the early stages of the disease, most GC

patients are diagnosed at advanced stages with poor prog-
nosis; some patients even suffer from cancerometastasis-
when they are first diagnosed. Gastrectomy with D2
lymphadenectomy is an effective treatment for GC, but
single surgical resection, even with enlarged lymphade-
nectomy, cannot effectively prolong the survival time of
GC patients.®® Chemotherapy is as important as surgical
resection for patients in advanced stages of GC. Indeed,
chemotherapy is the first-line standard and the most impor-
tant treatment method for patients who are not suitable for
surgical treatment. Unfortunately, chemoresistance occurs
frequently during the long-term chemotherapy of GC
patients and results in poor prognosis, tumour recurrence
and metastasis. Therefore, chemoresistance is a major
clinical challenge for GC treatment.

The mechanisms of the chemoresistance of GC cells
are complex and may include: (1) Acceleration of the drug
efflux by ATP-binding cassette transporters and reduction
of the effective drug concentration by inactivating drugs in
cancer cells; (2) promotion of EMT in cancer cells; (3)
repair of DNA damage; (4) induction of drug target muta-
tions; (5) dysfunction of apoptosis and autophagy; (6)
alteration of the tumour microenvironment, such as anoxia
and cytokines; and (7) various mechanisms of cancer stem
cells.®’ ™ The same GC cells may involve multiple or
different mechanisms, and different GC cells may have
the same mechanisms of drug resistance. Although the
mechanisms of chemoresistance in GC have been broadly
studied, details of the associated regulatory mechanisms
are not completely understood.

LncRNAs are transcripts of over 200 nucleotides that
interact with DNA, RNA and various proteins; these mole-
cules have been determined to participate in various
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Advanced
sequencing technology has revealed that numerous

physiological and pathological processes.®*

IncRNAs are aberrantly expressed in all types of cancers.
LncRNAs have been reported to act as critical factors in
the occurrence and development of cancers by regulating
angiogenesis, cell proliferation and metastasis.®’
Increasing evidence shows that many IncRNAs are related
to the clinicopathological features of GC, such as tumour
size, differentiation, TNM stage and metastasis.®®®” More
importantly, IncRNAs are widely involved in the chemore-
sistance of GC by regulating various mechanisms. These
findings provide novel insights into potential treatments
for drug-resistant GC cells.

Treatments targeting abnormally expressed IncRNAs
may potentially reverse drug resistance. The combination
of IncRNA-based targeted therapy with traditional che-
motherapy may be a promising option to address chemore-
sistance and prolong the overall survival and improve the
life quality of GC patients.®® Nevertheless, considerable
work must be done before IncRNA-based targeted therapy
can be applied in clinical applications. Firstly, the mechan-
isms of chemoresistance are complicated, the role of
IncRNAs remains poorly understood, and the selection of
critical IncRNAs from numerous candidates is challen-
ging. Secondly, the majority of the available research
involves in vitro studies; animal experiments involving
IncRNAs are relatively scarce, but effective functional
studies rely on animal experiments prior to clinical trials.
Thirdly, as the sequence conservation of IncRNAs is much
poorer than that of protein-coding genes, even with a
perfect IncRNA target, obtaining a desirable delivery
mode is difficult because of off-target effects, low trans-
fection efficacy and the short half-life of RNA.® Anyhow,
recent studies have provided sufficient data to sustain
further research on the role of IncRNAs in the chemore-
sistance of GC. LncRNAs serve as either oncogenes or
tumour suppressors and, thus, may provide promising
therapeutic targets to help GC patients overcome the pro-
blem of chemoresistance and improve survival rates in the
near future.

Conclusion

Overall, this systematic review provides compelling evi-
dence for IncRNAs as a regulator of chemoresistance in
GC. As shown in Figure 2, the underlying mechanisms of
chemoresistance for IncRNAs in GC mainly involved
degradation of drugs, reduction of apoptosis, induction of
autophagy, repair of DNA damage, promotion of EMT,

alteration of tumor microenvironment, stemness of cancer
cell and regulation of the related signalling pathways. In
conclusion, IncRNAs play a vital role in the chemoresis-
tance of GC and are novel therapeutic targets for the
disease. Detailed chemoresistance mechanisms, transla-
tional studies and clinical trials on IncRNAs in GC are
urgently needed, which may eventually improve the prog-
nosis of GC patients.
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HOX antisense intergenic RNA; HOTTIP, HOXA distal
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carcinoma transcript 1; ATG12: Autophagy related 12;
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ROR: Regulator of reprogramming; SNHGS: Small
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