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ABSTRACT

Background Limited response to programmed

death ligand-1 (PD-L1)/programmed death 1 (PD-1)
immunotherapy is a major hindrance of checkpoint
immunotherapy in non-small cell lung cancer (NSCLC). The
abundance of PD-L1 on the tumor cell surface is crucial
for the responsiveness of PD-1/PD-L1 immunotherapy.
However, the negative control of PD-L1 expression and the
physiological significance of the PD-L1 inhibition in NSCLC
immunotherapy remain obscure.

Methods Bioinformatics analysis was performed to profile
and investigate the long non-coding RNAs that negatively
correlated with PD-L1 expression and positively correlated
with CD8+T cell infiltration in NSCLC. Immunofluorescence,
in vitro PD-1 binding assay, T cell-induced apoptosis
assays and in vivo syngeneic mouse models were used

to investigate the functional roles of LINC02418 and
mmu-4930573I07Rik in regulating anti-PD-L1 therapeutic
efficacy in NSCLC. The molecular mechanism of
LINC02418-enhanced PD-L1 downregulation was explored
by immunoprecipitation, RNA immunoprecipitation

(RIP), and ubiquitination assays. RIP, luciferase reporter,
and messenger RNA degradation assays were used to
investigate the m6A modification of LINCO2418 or mmu-
4930573107Rik expression. Bioinformatics analysis and
immunohistochemistry (IHC) verification were performed
to determine the significance of LINC02418, PD-L1
expression and CD8+T cell infiltration.

Results LINC02418 is a negative regulator of PD-L1
expression that positively correlated with CD8+T cell
infiltration, predicting favorable clinical outcomes for
patients with NSCLC. LINC02418 downregulates PD-L1
expression by enhancing PD-L1 ubiquitination mediated
by E3 ligase Trim21. Both hsa-LINC02418 and mmu-
4930573I07Rik (its homologous RNA in mice) regulate
PD-L1 therapeutic efficacy in NSCLC via Trim21, inducing
T cell-induced apoptosis in vitro and in vivo. Furthermore,
METTL3 inhibition via N6-methyladenosine (m6A)
modification mediated by YTHDF2 reader upregulates
hsa-LINC02418 and mmu-4930573I07Rik. In patients

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Understanding the underlying mechanisms of pro-
grammed death ligand-1 (PD-L1) regulation in
non-small cell lung cancer (NSCLC) is helpful for
improving the clinical benefit of programmed death
1 (PD-1)/PD-L1 blockade therapy. However, how
the expression of PD-L1 is tightly controlled still re-
mains elusive. Currently reported long non-coding
RNAs (IncRNAs) are positive regulators of PD-L1 ex-
pression. However, IncRNAs that negatively regulate
PD-L1 expression and their biological implications in
response to PD-1/PD-L1 blockade therapy in NSCLC
remain unclear.

WHAT THIS STUDY ADDS

= LINC02418 functions as a newly discovered up-
stream negative regulator of PD-L1, enhancing the
response to PD-L1 immunotherapy through its inter-
action with Trim21.

= In NSCLC samples, the expression of LINC02418
was negatively correlated with PD-L1 expression
and positively correlated with CD8+T cell infiltration.

= These mechanisms elucidate the potential benefits
of incorporating LINC02418 or Trim21 to enhance
the therapeutic sensitivity of PD-1/PD-L1 blockade.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study highlights the crucial role of LINC02418
in immune evasion in NSCLC.

= This study highlights the importance of LINC02418,
which exerts synergistic effects with PD-L1 mono-
clonal antibody (mAb) to promote T-cell killing in
tumors, indicating a favorable clinical prognosis
and offering potential implications for clinical tumor
treatment.
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with NSCLC, LINC02418 expression is inversely correlated with PD-L1
expression and positively correlated with CD8+T infiltration.

Conclusion LINC02418 functions as a negative regulator of PD-L1
expression in NSCLC cells by promoting the degradation of PD-L1 through
the ubiquitin-proteasome pathway. The expression of LINC02418 is
regulated by METTL3/YTHDF2-mediated m6A modification. This study
illuminates the underlying mechanisms of PD-L1 negative regulation and
presents a promising target for improving the effectiveness of anti-PD-L1
therapy in NSCLC.

BACKGROUND

Lung cancer is one of the most common malignancies
and the main cause of cancer mortality around the world.
Non-small cell lung cancer (NSCLC) accounts for the
majority of lung cancer cases, a large number of which are
diagnosed at the advanced stage, indicating therapeutic
difficulty and poor prognosis.' In recent years, immune
checkpoint inhibitors have revolutionized the treatment
landscape and greatly improved outcomes for numerous
malignancies including NSCLC.? * Programmed death
1 (PD-1) is a crucial immune checkpoint in NSCLC.
It is found on the surface of T cells and interacts with
programmed cell death ligand 1 (PD-L1), which is
commonly present on tumor cells. This interaction gener-
ates an inhibitory signal that suppresses T-cell responses,
facilitating the evasion of tumor cells.* Blockade of the
PD-1/PD-L1 interaction enhances the immune recogni-
tion and T-cell attack to tumor cells, exhibiting tremen-
dously improved clinical outcome for the treatment of
advanced NSCLC. However, a substantial proportion of
patients fail to respond to PD-1/PD-L1 blockade therapy
initially and many primary responders relapse over time,
leading to limited clinical application and treatment
failure.”® The expression of PD-L1 has been suggested to
be one of the critical factors for the applicability of PD-1/
PD-L1 blockade.”® Thus, understanding the underlying
mechanisms of PD-L1 regulation in NSCLC is helpful for
improving the clinical benefit of PD-1/PD-L1 blockade
therapy. However, how the expression of PD-L1 is tightly
controlled still remains elusive.

Long non-coding RNA (IncRNA) is a major class
of non-coding RNAs with a length of more than 200
nt.” LncRNAs exert their functions by regulating gene
expression in epigenetic modulation, transcription (or
post-transcription), and translation.'” ' Accumulating
evidence has confirmed the roles of IncRNAs in regulating
PD-L1 expression in NSCLC. Wei et al demonstrated that
in NSCLC tissues, MALAT1 upregulates the expression of
PD-L1 by controlling the miR-200a-3p/PD-L1 axis.'* Chen
et al demonstrated that the IncRNA SOX2-OT upregu-
lates PD-L1 expression through the mammalian target
of rapamycin (mTOR) signaling pathway, promoting
the progression and immune escape of NSCLC cells.”
However, currently reported IncRNAs are positive regu-
lators of PD-L1 expression. To the best of our knowledge,
IncRNAs that negatively regulate PD-L1 expression and
their biological implications in response to PD-1/PD-L1
blockade therapy in NSCLC remain unclear.

Accumulating evidences have suggested that m6A
modification, one of the major post-transcriptional
modifications of eukaryotic RNAs, participates in various
aspects of RNA homeostasis."* Importantly, dysregulated
mo6A profiles have been implicated in the carcinogenesis
and progression as well as treatment resistance of NSCLC
cells. However, the function of m6A modification and
the role of m6A-modified IncRNAs in regulating the anti-
tumor immunity of NSCLC remain elusive.

In this study, we screen and characterize an IncRNA
named LINC02418 that negatively regulates PD-L1 expres-
sion and positively correlates with CD8+T cell infiltration
in NSCLC, which is associated with good clinical outcomes.
By enhancing the interaction between E3 ligase Trim21
and PD-LI, LINC02418 contributes to PD-L1 protein
degradation, thereby downregulating PD-L1 expression.
The LINC02418-Trim21-PD-L1 axis regulates immuno-
therapeutic resistance in NSCLC by inducing the T-cell
induced apoptosis. Additionally, hsa-LINC02418 and its
homologous RNA in mouse, mmu-4930573107Rik, can
be m6A methylated by METTL3 and triggered for degra-
dation by YTHDF2. In patients with NSCLC, LINC02418
expression is negatively correlated with PD-L1 expression
but positively correlated with CD8+T cell infiltration. Our
work provides a novel negative regulator of PD-L1 and
its mechanism of immune escape in NSCLC, identifying
a promising new pharmaceutical intervention target for
patients with NSCLC receiving anti-PD-L1 treatment.

MATERIALS AND METHODS

Cell lines

Human lung cancer cell lines (A549, H1703, H226) and
Lewis lung carcinoma cells (LLCs) were obtained from
American Type Culture Collection. Human lung cancer
cell line PC-9 was purchased from Procell Biotechnology
Company (Wuhan, China). Peripheral blood mononu-
clear cells (PBMCs) were isolated from the peripheral
blood of healthy laboratory workers. A549 cells and LLCs
were cultured in dulbecco's modified eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS). PC-9,
H226, H1703 cells and PBMCs were maintained in RPMI-
1640 medium supplemented with 10% FBS. All cells were
incubated in a 37°C incubator under 5% CO.,,.

Mouse model and immunoassay

The mouse model of lung cancer was generated using male
C57BL/6 mice (aged 6-8 weeks, body weight 18-22g).
Mice were randomly divided into two groups. A total
of 2x10° LLCs carrying mmu-4930573107Rik vector or
empty vector were subcutaneously injected into the right
flank of mice. On day 7 after implantation, the mice were
pooled and each group was further randomly subdivided
into control and treatment group which were intraperito-
neally injected with IgG2b or PD-L1 mAb (5mg/kg) every
3days, respectively. Tumor sizes were measured every
3days and tumor volumes were calculated according to
the following formula: volurne:(lengthxwidthQ/Q).15 For
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the survival study, the mice were monitored with tumor
volume and mice were euthanized when tumor volume
exceeded 1,200mm”. The experiment was terminated on
the 50th day and the mice carrying tumors smaller than
1,200 mm® were considered as survivors. Statistical anal-
ysis was conducted using GraphPad Prism. Kaplan-Meier
curves and the corresponding Gehan-Breslow-Wilcoxon
tests were used to evaluate statistical differences between
groups in the survival studies. All the animal experiments
were approved and guided by the Ethics Committee of
Beijing Institute of Biotechnology (approval number
IACUC-DWZX-2022-009) and were performed following
the 3Rs’ recommendations (Reduction, Refinement and
Replacement).

Analysis of TCGA and GEO data set

The NSCLC transcriptome data can be downloaded from
the cancer genome atlas (TCGA) database. Differential
gene analysis between high-CD274 and low-CD274 expres-
sion groups was performed using the limma package.
After data sorting and merging, the expression matrices
of messenger RNA (mRNA) and IncRNA were extracted.
Heatmaps were drawn using the heatmap package. The
mRNA expression matrix was scored for immune cells by
using the CIBERSORT algorithm.'® Weighted correlation
network analysis (WGCNA) analysis of NSCLC immune
cells was performed by combining the gene expression
matrix of IncRNA and the immune cell score of each
sample. Cluster and modular analysis were performed
for each gene, and Pearson correlation coefficients were
calculated for all modules and immune cells. The TOM
heatmap was plotted for the module genes. The CERNA
network mapping was performed using Cytoscape.

Lung adenocarcinoma and transcriptome expression
data were downloaded from the TCGA database, with
a total of 579 samples. According to the expression of
Trim21, they were divided into high expression group
and low expression group. Based on the LINC02418
expression, they were subdivided into a high expression
group and a low expression group. The ratio of immune
cell infiltration in the high and low expression groups was
calculated using the CIBESORT algorithm.

Statistical analysis

SPSS V.23.0 and Prism V.8.0 (GraphPad) were used
to analyze all experiment data. Quantitative data was
presented as mean+SD and compared by using Student’s
t-test. Rates were compared by using the . The Pearson
correlation coefficient was used for multivariate correla-
tion analysis. All én vitro tests were repeated at least three
times. P value<0.05 is considered statistically significant.

RESULTS

Identification and characterization of a novel IncRNA
positively correlates with GD8+ T-cell infiltration and predicts
good prognosis in NSCLC

To identify IncRNAs that negatively regulate PD-L1
expression, we divided PD-L1 expression into high and
low groups and analyzed the differentially expressed
genes between the two groups using the TCGA lung
adenocarcinoma (LUAD) and lung squamous cell carci-
noma (LUSC) data set, which contained 932 NSCLC
tissues and 92 adjacent non-tumorous tissues (figure 1A).
By applying the criteria (llogFCI>1, p<0.05), we identified
908 dysregulated genes in the high-CD274 and low-CD274
(PD-L1) expression groups, with the top 100 dysregulated
genes being displayed in the heatmap (figure 1B). Among
these dysregulated genes, 388 were downregulated in the
PD-L1 high expression group, suggesting their potential
to negatively regulate PD-L1. To further screen candidate
IncRNAs regulating tumor immunology, we analyzed
immune infiltration scores of mRNA expression profiles
using CIBERSORT. Then, we used the resulting immune
infiltration scores and IncRNA expression profiles to build
correlation modules using WGCNA analysis (figure 1C).
Twelve modules were identified when the DissThres was
set as 0.25 after merging dynamic modules, with the
salmon module found to exhibit a significantly positive
correlation with CD8+ infiltration score (Pearson=0.76,
p=0.01) (figure 1D). By taking the intersection of the 80
hub IncRNAs identified from the salmon module and
the preliminarily identified 388 genes that are negatively
associated PD-L1, two candidate IncRNAs (LINC02418
and H19) were screened out (figure 1E). Kaplan-Meier
survival analysis further demonstrated that LINC02418
rather than HI19 had clinical prognostic significance in
NSCLC (online supplemental figure S1). Patients with a
higher expression level of LINC02418 had better overall
survival (OS) and recurrence-free survival (RFS) in both
LUAD and LUSC (figure 1F), indicating that LINC02418
could potentially be a predictor for better NSCLC
prognosis.

Subsequently, a bioinformatics network analysis
confirmed the potential link between LINC02418 and
CD274 (PD-L1), with CD274 (PD-L1) ranked as one
of the top 10 genes with the strongest association with
LINCO02418 (figure 1G). To confirm the exact role of
LINC02418 in NSCLC, we assessed the expression levels
of PD-L1 and LINC02418 in four NSCLC cell lines (A549,
PC-9, H226, H1703) (figure 1H). Interestingly, we found
that endogenous PD-L1 level and LINC02418 level were
negatively correlated. We chose the H1703 cell line,
expressing LINC02418 at the lowest level, and the A549
cell line, expressing LINC02418 at a relatively high level,
for LINC02418 overexpression and knockdown experi-
ments, respectively. Our results indicated that overexpres-
sion of LINC02418 markedly decreased PD-L1 expression
in H1703 cells, while knockdown of LINC02418 with the
specific smart pool of silencers increased the expression
of PD-L1 in Ab49 cells (figure 1I). These data collectively
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Figure 1 Identification and characterization of a novel IncRNA positively correlates with CD8+T cell infiltration and predicts a
good prognosis in NSCLC. (A) Schematic diagram of the screening process. (B) Heatmap of the top 100 dysregulated IncRNAs
in the high-CD274 and low-CD274 (PD-L1) expression groups. (C) The TOM heatmap shows the module genes obtained by
WGCNA analysis combining the INncRNA expression matrix and the immune cell score. (D) The heatmap shows the correlation
between the module genes of IncRNA and immune cells, with the upper number in each module represents the Pearson
coefficient and the lower number represents the p value. (E) Venn diagram shows the intersected genes that are negatively
associated with CD274 and positively associated with CD8+T cells. (F) Kaplan-Meier analysis of the overall survival (OS) rate
and recurrence-free survival (RFS) rate of patients with NSCLC with low or high expression of LINC02418 (http://kmplot.com/
analysis). Low or high LINC02418 expression was grouped by choosing the auto select best cut-off option. (G) Network analysis
of the IncRNA (LINC02418), mRNAs, and miRNAs intersection in (A). The orange circles represent LINC02418 and the top 10
mRNAs with the highest correlation coefficient, the light blue circles represent the other mMRNAs exhibiting a smaller correlation
coefficient, and the dark blue circles represent miRNAs. (H) Protein levels of PD-L1 and expression levels of LINC02418 in four
NSCLC cell lines. () Expression levels of LINC02418 and PD-L1 in H1703 or A549 cells following transfection of LINC02418
vector or LINC02418 smart pool of silencers. **p<0.001, ***p<0.0001 versus the corresponding controls. DEG, differentially
expressed gene; FC, fold change; IncRNA, long non-coding RNA; LUAD, lung adenocarcinoma; LUSC, lung squamous cell
carcinoma; mRNA, messenger RNA; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death ligand 1. TCGA, the
cancer genome atlas; WGCNA, weighted correlation network analysis.

suggest that there is a negative relation between LIN02418  LINC02418 dampens PD-1 binding ability and enhances T cell-

and PD-L1. In addition, LINC02418 may play a role in the  induced apoptosis in NSCLC

regulation of CD&+T cell infiltration in NSCLC. To explore the potential biologica] functions of
LINC02418 in the regulation of PD-L1 expression,
we conducted gene set enrichment analysis on RNA-
sequencing data of NSCLC from the TCGA database.
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Interestingly, the analysis revealed that higher LINC02418
expression was positively correlated with apoptosis and
the T-cell receptor signaling pathway (online supple-
mental figure S2). To verify whether LINC02418 has an
inhibitory effect on PD-L1 which locates at cell surface,
we transfected Ab49 cells with scrambled siRNA or
LINC02418 smart pool silencers, and transfected H1703
cells with empty vector or LINC02418 expression vector.
The transfected cells were incubated with allophycocy-
anin (APC) anti-human PD-L1 mAb, and the changes in
PD-L1 density and content were analyzed by immunoflu-
orescence and flow cytometric (FCM) surface staining.
The results showed that knockdown of LINC02418 signifi-
cantly increased the PD-L1 expression on the surface of
Ab49 cells, while overexpression of LINC02418 decreased
the PD-L1 expression on the surface of A549 and H1703
cells (figure 2A,B). As expected, PD-L1 can be triggered
by interferon-y. Similarly, knockdown of LINC02418
also increased the expression of PD-L1 (figure 2B). To
test whether LINC02418-mediated regulation of PD-L1
affects the binding of PD-L1 and PD-1, NSCLC cells with
LINCO02418 overexpression or knockdown were incu-
bated with recombinant human PD-1 Fc protein. FCM
assays showed that knockdown of LINC02418 signifi-
cantly increased the binding of PD-1 to the surface of
Ab49 cells, while LINC02418 overexpression decreased
the binding of PD-1 to the surface of H1703 (figure 2C).
With the alteration of PD-L1 and PD-1 binding ability, we
confirmed the sensitivity of NSCLC cells to T cell-induced
apoptosis by co-culturing NSCLC cells with the activated
human PBMGCs (figure 2D). Hoechst33342/propidium
iodide (PI) combined with annexin-V/PI double staining
demonstrated that LINC02418 increased the rate of
NSCLC cell death co-incubated with activated T cell,
indicating that LINC02418 enhances the T cell-induced
apoptosis in NSCLC (figure 2E,F). To determine whether
the effects observed following T-cell killing are direct or
indirect after adding or removing LINC02418, we treated
the indicated cells with anti-PD-L1. As anticipated, the
addition of anti-PD-L1 significantly reduced the ability of
LINC02418 to regulate the rate of A549 cell death and
apoptosis co-incubated with activated T cells, indicating
that LINC02418 directly modulates T cell-induced apop-
tosis through PD-L1 (figure 2E,F).

To better reflect tumor specific mechanisms, we illus-
trated the effect in an antigen-specific model simulating
the T-cell receptor (TCR)-major histocompatibility
complex (MHC)-peptide interactions between T cells
and tumor cells. T cells from the spleens of OT1 mice
(#C001198, Cyagen, China) were isolated and co-cul-
tured with mouse LLC tumor cells transfected with
OVA. The results demonstrated that LLC cells over-
expressing 493Rik were more susceptible to be killed
by CD8+T cells (online supplemental figure S5A-C).
These findings suggest that LINC02418 dampens PD-1
binding ability and enhances T cell-induced apoptosis
in NSCLC.

LINC02418 regulates PD-L1 protein stability through
enhancement of the Trim21-mediated ubiquitin-proteasome
pathway

Subcellular localization assay demonstrated that
LINC02418 was mainly localized in the cytoplasm, which
was further verified by RNA fluorescence in situ hybrid-
ization (figure 3A,B). We used CHX, a protein synthesis
inhibitor, to treat Ab49 cells. After the addition of CHX,
we observed that PD-L1 protein was significantly degraded
within approximately 4hours. However, in A549 cells
with LINC02418 knocked down, the degradation of
PD-L1 was not significant. This indicates that LINC02418
plays a role in the stability and degradation of PD-L1
(online supplemental figure S3A). Interestingly, addi-
tion of the proteasome inhibitor MG132 almost blocked
LINC02418 overexpression-mediated PD-L1 degradation
in NSCLC cells, suggesting that the ubiquitin-proteasome
pathway is involved in LINC02418 modulation of PD-L1
protein stability (figure 3C). Indeed, overexpression of
LINCO02418 increased PD-L1 ubiquitination (figure 3D).

To identify the E3 ubiquitin ligase responsible for
LINCO02418 modulation of PD-LI protein stability, we
co-transfected LINC02418 and PD-L1 with some reported
E3 ubiquitin ligases of PD-L1 and observed whether
LINCO02418 affects the binding of PD-L1 and E3 ubiquitin
ligases.' ™ Interestingly, LINC02418 only increased the
interaction between Trim21 and PD-L1, which was chosen
for further study (online supplemental figure S3B). Ubiq-
uitination assay confirmed that LINCO02418 enhances
Trim2l-mediated PD-L1 ubiquitination (figure 3E).
Moreover, RNA immunoprecipitation (RIP) assays
demonstrated that LINC02418 was markedly enriched in
Trim21 and PD-L1 immunoprecipitates (figure 3F). Dele-
tion mutants of PD-L1-A259-290aa and Trim21-A16-55aa,
as determined by measuring coprecipitated RNA by quan-
titative real-time polymerase chain reaction (qQRT-PCR),
failed to interact with LINC02418 (online supplemental
figure S4A). On the other hand, co-immunoprecipitation
assays showed that LINC02418 (1101-1630 nt) interacted
with PD-L.1 and LINC02418 (2661-3211 nt) interacted
with Trim21 (online supplemental figure S4B). These
results indicated that PD-L1 and E3 ubiquitin ligase
Trim21 specifically interacted with LINC02418 in NSCLC
cells.

Next, we investigated whether LINC02418 changes
the colocalization of Trim21 and PD-L1. Overexpression
of LINC02418 markedly increased the colocalization of
Trim21 and PD-L1 (figure 3G). These data suggest that
Trim21 is involved in the regulation of PD-L1 ubiquiti-
nation by LINCO02418. Consistent with the effects of
LINC02418 on Trim2l-mediated PD-L1 ubiquitination,
LINC02418 increased the interaction between Trim21
and PD-L1 (figure 3H). Knockout of Trim21 by CRISPR/
Cas9 technique in A549 cells almost abolished the effect
of LINC02418 on PD-L1 degradation (figure 3I,] and
online supplemental figure S4C). Taken together, these
results suggest that LINC02418 regulates PD-L1 protein
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Figure 2 LINC02418 dampens PD-1 binding ability and enhances T cell-dependent toxicity in NSCLC.

(A) Immunofluorescence analysis of PD-L1 expression in A549 cells treated with the LINC02418 smart pool of silencers
(siLINC02418) or scrambled siRNA (scrambled), as well as in A549 cells or H1703 cells treated with either empty vector or
LINC02418. Scale bars represent 10pm in all panels. (B) FCM was used to detect PD-L1 expression on the surface of NSCLC
cells with different conditions. (C) FCM was used to detect the intensity of fluorescence binding to PD-1 of NSCLC cells with
different conditions. The PD-1 mean fluorescence intensity (MFI) graph was plotted. (D) Schematic diagram of the effect of
LINC02418 on tumor cells killing by PBMC. (E) Hoechst 33342/PI staining assay was used to determine the effect of LINC02418
on PBMC cytotoxicity, with histograms showing the rate of cell death. (F) Cell apoptosis assay was used to determine the
effect of LINC02418 on PBMC cytotoxicity, with histograms showing the proportion of apoptotic cells. All experiments were
conducted three times, and the results were similar. All values were presented as mean+SD, and statistical differences were
calculated using two-sided Student’s t-test. **p<0.01, ***p<0.001, ***p<0.0001 versus the corresponding control. APC,
allophycocyanin; DAPI, 4’,6-Diamidine-2’-phenylindole dihydrochloride; FCM, flow cytometric; FITC, fluorescein Isothiocyanate;
IFN, interferon; PBMC, peripheral blood mononuclear cell; PD-1, programmed death 1; PD-L1, programmed cell death ligand 1;
PI, propidium iodide; NSCLC, non-small cell lung cancer.
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Figure 3 LINC02418 regulates PD-L1 protein stability through enhancing the Trim21-mediated ubiquitin-proteasome
pathway. (A) LINC02418 expression in H1703 and A549 cells was detected using gRT-PCR. The separated nucleus and
cytoplasm fractions were assessed using western blot assays, with lamin A/C and B-tubulin selected as markers, respectively.
(B) Subcellular localization of LINC02418 (red), U6 (nuclear marker, red), and 18S (cytoplasmic marker, red) in H1703 and A549
cells was observed using fluorescence in situ hybridization. The nuclei were stained blue by 4’,6-Diamidine-2’-phenylindole
dihydrochloride (DAPI). Scale bar, 10um. (C) H1703 and A549 cells were transfected with empty vector or LINC02418 and
treated with the proteasome inhibitor MG132 (10 uM). PD-L1 expression was detected by Western blot. Histograms showed
corresponding expression levels of LINC02418 measured by gRT-PCR. (D) Effects of LINC02418 on the ubiquitination of
PD-L1 was analyzed by immunoprecipitation treated with MG132 and incubated with indicated antibodies. (E) Effects of
LINC02418 on Trim21-mediated PD-L1 ubiquitination. (F) The interaction between LINC02418 with Trim21 and PD-L1 were
assessed by an RNA immunoprecipitation assay. (G) Immunofluorescence showed the co-localization of PD-L1/Trim21 under
empty vector and LINC02418 vector transfection in A549 cells. The intensity distribution of PD-L1/Trim21 was plotted in the
middle panel, and the statistical quantification of colocalization (Pearson’s R value) was shown on the right panel. Values were
presented as mean + SD from three independent experiments, with comparison using a two-sided Student’s t-test. Scale bar,
10pum. (H) Co-immunoprecipitation was performed using lysates of A549 cells expressing Flag-Trim21 and Myc-PD-L1 with

or without overexpression of LINC02418. () Schematic diagram of the construction of Trim21 knockout (KO) A549 cell lines.
(J) Immunoblot analysis of PD-L1 in A549 cells with Trim21 KO cells (Trim21 KO1, Trim21 KO2) stably transfected with empty
vector or LINC02418 vector. **p<0.01, **p<0.001, ***p<0.0001 versus the corresponding control, ns means no significance.IP,
immunoprecipitation; IB, immunoblotting; PD-L1, programmed cell death ligand 1; gRT-PCR, quantitative real-time polymerase
chain reaction; WT, wildtype.
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stability through the enhancement of the Trim21-
mediated ubiquitin-proteasome pathway.

LINC02418 downregulates PD-L1 expression and enhances T
cell-induced apoptosis dependent on Trim21 in NSCLC

To confirm whether the enhancement of LINC02418
on T cell-induced apoptosis requires the participation
of Trim21, we conducted the PD-L1 expression and T
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3

cell-induced apoptosisassayin Trim21 knockout A549 cells.
Immunofluorescence and western blot assays revealed
that LINC02418 overexpression inhibited the expression
of PD-L1 in A549 cells, while Trim21 knockout increased
PD-L1 expression (figure 4A). Importantly, Trim2l
knockout greatly attenuated the ability of LINC02418 to
regulate PD-L1 expression, suggesting that LINC02418
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Figure 4 LINC02418 downregulates PD-L1 expression and enhances T cell-induced apoptosis dependent on Trim21 in
NSCLC. (A) A549 cells with either Trim21 WT or knockout (Trim21 KO1) were transfected with either empty vector (EV) or
LINC02418, and immunofluorescence was used to analyze PD-L1 expression. The histogram displayed the fluorescence
intensity on the cell surfaces. (B) Schematic diagram showed the verification of the effect of LINC02418 on T cell-dependent
toxicity via Trim21. (C) Hoechst33342/PI staining assay was used to verify whether the effect of LIINC02418 on T cell-induced
apoptosis required Trim21 participation. The histogram showed the apoptotic rate of the indicated groups. (D) Apoptosis

test was used to verify the effect of LINC02418 on T cell-induced apoptosis in one representative clone of the A549 Trim21
knockout cell lines (Trim21 KO1). The histogram showed the apoptosis rate of the indicated groups. **p<0.01, ***p<0.001 versus
the corresponding control, ns means no significance. DAPI, 4’,6-Diamidine-2’-phenylindole dihydrochloride; FITC, fluorescein
Isothiocyanate; PBMC, peripheral blood mononuclear cell; PD-L1, programmed cell death ligand 1; PI, propidium iodide; WT,

wildtype.
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regulates PD-L1 expression dependent on Trim21 expres-
sion. Next, we investigated whether LINC02418 enhances
T cellinduced apoptosis via Trim21. As expected,
LINC02418 enhanced T cell-induced apoptosis. However,
Trim21 knockout impaired the ability of LINC02418 to
enhance T cell-induced apoptosis (figure 4B-D). Taken
together, these results suggest that LINC02418 regulates
PD-L1 expression and enhances T cell-induced apoptosis
in a Trim21-dependent manner in NSCLC.

Mmu-4930573107Rik, the homologous RNA of hsa-LINC02418
in mouse, enhances the in vivo efficacy of PD-L1 antibody
therapy in NSCLC

Based on the fact that LINC02418 enhances T cell-
induced apoptosis in vitro, we investigated the phenotype
of whether LINC02418 enhances the efficacy of PD-L1
antibody therapy in mice. Since the mouse homolo-
gous RNA of hsa-LINC02418 is mmu-4930573107Rik, we
obtained stable expression LLC cell lines infected with
mmu-4930573I07Rik or an empty vector and subcutane-
ously injected LLCs into C57BL/6 mice. Once palpable
tumors developed (on day 7), we intraperitoneally (ip)
injected PD-L1 mAb or IgG2b (as control) every 3days
(bmg/kg) (figure 5A). Although either PD-L1 mAb treat-
ment or overexpression of mmu-4930573107Rik could
slow down the growth of LLC tumors, no mice survived
for more than 35 days after tumor inoculation. Notably,
PD-L1 mAb treatment along with overexpression of mmu-
4930573107Rik remarkably inhibited tumor growth, and
2 out of 14 tumor-bearing mice survived for more than 50
days after tumor inoculation (figure 5B,C). As expected,
PD-L1 mAb treatment slightly decreased the proportion
of Ki-67 positive cells and elevated proportion of apop-
totic cells. Moreover, mmu-4930573107Rik enhanced
the efficacy of PD-L1 mAb therapy, with significantly
decreased proportion of Ki-67 positive cells and elevated
proportion of apoptotic cells compared with mono PD-L1
mAb treatment group (figure 5D). These data suggest
that mmu-4930573107Rik, the mouse homologous RNA
of hsa-LLINC02418, enhances the efficacy of PD-L1 anti-
body therapy on NSCLC growth in mice. To further eluci-
date the dependency of the in vivo response to CD8+T
cells, we generated a mouse model deficient for CD8+T
cells by ip injecting the CD8o antibody (online supple-
mental figure S5D,E). In those CD8-deficient mice,
overexpression of 493Rik failed to enhance the efficacy
of PD-L1 antibody therapy on NSCLC growth (online
supplemental figure S5F). This observation suggests that
the enhanced immune cytotoxicity conferred by 493Rik
requires the involvement of CD8+T cells.

Since PD-1/PD-L1 inhibitors are mainly used in
patients with advanced NSCLC with local or distant
metastasis, we investigated whether mmu-4930573107Rik
could enhance the efficacy of PD-L1 mAb to harness
the metastatic phenotype of NSCLC in vivo (figure 5E).
Consistent with the findings in growth phenotype, mmu-
4930573107Rik enhanced the in vivo efficacy of PD-L1

antibody therapy in controlling the metastatic phenotype
of NSCLC (figure 5F,G).

Hsa-LINC02418 and mmu-4930573107Rik are m6A-
modificated by METTL3 and degraded in a manner dependent
on the m6A reader protein YTHDF2

To explore how hsa-LINC02418 and mmu-4930573107Rik
were regulated, we focused on m6A RNA methylation, a
predominant RNA modification that occurs in eukaryotic
cells. To verify our hypothesis, STM2457, the inhibitor of
m6A methyltransferase METTL3, and FB23, the inhibitor
of demethylase fat mass and obesity-associated protein
(FTO), were added to verify if the methylase and demeth-
ylase were responsible for regulation of hsa-LINC02418
and mmu-4930573I07Rik expression. Results showed that
METTLS3 rather than FTO was responsible for the regula-
tion of hsa-LINC02418 and mmu-4930573107Rik expres-
sion, as evident from the marked increase in their levels
following STM2457 addition, while FB23 had no effect
(figure 6A and online supplemental figure S6A). Predic-
tion of the mb6A-modification site revealed that two out
of nine m6A sites in hsa-LINC02418 and one m6A site in
mmu-4930573I07Rik sequences had adequate confidence
(http:/ /www.cuilab.cn/sramp) (figure 6B,C and online
supplemental figure S6B,C). RIP assay was conducted to
confirm the RNA and METTL3 binding, which showed
that METTL3 could bind to the predicted m6A sites of
hsa-LINC02418 and mmu-4930573107Rik, respectively
(figure 6D and online supplemental figure S6D). Next,
the wildtype (WT) and mutant luciferase reporter vectors
of the predicted m6A sites in A549 and H1703 cells as well
as in LLC cells were co-transfected with or without hsa-
METTL3 or mmu-mettl3 plasmid. The luciferase reporter
assay demonstrated that METTL3 significantly suppressed
the luciferase activity of WT plasmid with m6A binding
sites but not that of plasmid with mutated m6A binding
site (figure 6E and online supplemental figure S6E). To
further detect the stability of hsa-LINC02418 and mmu-
4930573107Rik, STM2457 was added into NSCLC or LLC
cells followed by the treatment of actinomycin D. The
results demonstrated that STM2457 prolongs the stability
of hsa-LINC02418 and mmu-4930573I07Rik, indicating
that METTL3 impairs the stability of hsa-LINC02418 and
mmu-4930573I07Rik (figure 6F,G and online supple-
mental figure S6F).

During the process from DNA to RNA, adenylate
is methylated at the sixth N position by methylation
enzymes, such as METTL3. Then, some enzymes recog-
nize the base of m6A methylation and participate in
downstream translation and mRNA degradation. It is
known that the YITHDF family, especially the YTHDF2
enzyme, participates in the mRNA degradation process.
Therefore, we tested if YTHDF2 affects the RNA stability
of hsa-LINC02418 and mmu-4930573107Rik. RIP assay
demonstrated that YIHDF2 bound to the predicted
mo6A sites of hsa-LINC02418 and mmu-4930573I07Rik
(figure 6H and online supplemental figure S6G). Impor-
tantly, knockdown of YI'HDF2 significantly increased
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Figure 5 Mmu-4930573I07Rik (493Rik), the mouse homologous RNA of hsa-LINC02418, enhances the efficacy of PD-L1
antibody therapy in vivo. (A) The experimental scheme of the in vivo study. (B) Volumes of LLC tumors carrying empty vector

(treated with IgG2b, blue lines, n=15; treated with anti-PD-L1 mAb, gray lines, n=14), or 493Rik vector (treated with IgG2b, red
lines, n=15; treated with anti-PD-L1 mAb, green lines, n=14) were plotted individually. (C) Kaplan-Meier survival curves for each
group. The p value was calculated using a two-sided Gehan-Breslow-Wilcoxon test. (D) The top two rows were representative

IHC staining of PD-L1 and Ki67 of the collected tumors. The histograms showed the 493Rik levels determined by gRT-PCR
and Ki-67 index determined by proportion of positive cell count. The lower three rows were representative Tunel staining of

the collected tumors. The histogram showed the apoptotic cell

ratio. Scale bar, 50 um. (E) The experimental scheme of the in

vivo study of lung metastasis. (F) The representative PET-CT scan images of the mice in each group. (G) Representative lung
tissue anatomy and H&E staining pictures of the mice. The histogram showed the number of tumor nodules observed under
the microscope. “p<0.05, **p<0.01, **p<0.001, ***p<0.0001 versus the corresponding control, ns means no significance. IHC,
immunohistochemistry; LLC, Lewis lung carcinoma cell; mAb, monoclonal Antibody; PD-L1, programmed cell death ligand 1;
PET-CT, positron emission tomography-CT; gRT-PCR, quantitative real-time polymerase chain reaction.

the mRNA levels and prolonged the stability of hsa-
LINC02418 and mmu-4930573107Rik, indicating that
YTHDF2 is responsible for the degradation of hsa-
LINCO02418 and mmu-4930573107Rik (figure 6I-K and
online supplemental figure S6H). Taken together, these

data suggest hsa-LINC02418 and mmu-4930573I07Rik
are mb6A-modificated by METTL3 and degraded in a
manner dependent on the m6A reader protein YTHDF2.
As expected, treatment of STM2457 markedly decreased
the level of PD-L1 expression and increased that of PD-L1
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Figure 6 Hsa-LINC02418 is m6A-modificated by METTL3 and degraded in a manner dependent on the m6A reader

protein YTHDF2. (A) The expression level of LINC02418 in A549 and H1703 cells treated with DMSO, STM2457 or FB23,
respectively. (B) The prediction score distribution along the LINC02418 sequence. (C) The specific possible position of m6A
sites in the LINC02418 sequence. (D) RIP-RT-PCR assays for detection of the two m6A sites in A549 and H1703 cell lysates
immunoprecipitated with METTL3 antibody. (E) The upper panel showed the sequence scheme of the wild-type (WT) and
mutant (Mut) luciferase reporter plasmids. The lower panel showed the luciferase activity after co-transfection of LINC02418
WT or LINC02418 Mut plasmid with myc tagged METTL3 plasmid or empty vector. (F) The mRNA levels of LINC02418 were
detected at different time points after treated with STM2457 or DMSO in A549 cells. (G) The mRNA levels of LINC02418

were detected at different time points after treated with STM2457 or DMSO in H1703 cells. (H) Two m6A sites with very high
confidence were detected by qRT-PCR assay after immunoprecipitated with YTHDF2 antibody. The mRNA level of LINC02418
were detected at different time points after treated with YTHDF2 siRNAs or scrambled in () A549 cells and (J) H1703 cells,
respectively. (K) The fold change of LINC02418 in A549 and H1703 cells under YTHDF2 gene was knocked down with specific
siRNAs. (L) The mRNA level and protein expression level of PD-L1 in A549 cells which were treated by LINC02418 siRNAs or
scrambled siRNAs with or without STM2457. (M) Immunoprecipitation and immunoblotting analysis of A549 cells treated by
LINC02418 siRNAs or scrambled siRNAs with or without STM2457. (N) Apoptosis assay tested T-cell cytotoxic effect to A549
cells treated by LINC02418 siRNAs or scrambled siRNAs with or without STM2457. The histogram showed the percentage of
apoptosis cells. Data are presented as mean+SD, p<0.05, "p<0.01, "p<0.001, "p<0.0001 versus the corresponding control.
DMSO, Dimethyl sulfoxidem; FITC, fluorescein Isothiocyanate; mRNA, messenger RNA; PD-L1, programmed cell death ligand
1; RIP, RNA immunoprecipitation; gRT-PCR, quantitative real-time polymerase chain reaction.
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ubiquitination as well as T cell-induced apoptosis, and
more importantly, these effects could be attenuated when
LINCO02418 was silenced, indicating that METTL3 regu-
lates PD-L1 expression, PD-L1 ubiquitination and T cell-
induced apoptosis (figure 6L-N).

Correlations of the expression of LING02418, PD-L1 and T
immune cell infiltration in human NSCLC

The expression of LINC02418 was evaluated in 54 human
NSCLC samples by fluorescence in situ hybridization
staining and the expression of PD-L1 was evaluated by
THC staining (online supplemental figure S7). Consistent
with cultured cell assays, the expression of LINC02418
in NSCLC was negatively correlated with the expression
of PD-L1 and positively correlated with the infiltration of
CD8+T cells, with no obvious correlation with CD4+T cells
(figure 7A). In order to understand the fine-tune modu-
lation of immune infiltration by LINC02418, 521 NSCLC
samples were divided into LIN02418 high and low expres-
sion group and analyzed for the difference in both groups
for the proportion of immune cell infiltration using the
CIBESORT algorithm. For the whole NSCLC cohort, the
proportion of T immune cell infiltration demonstrated little
difference between the two groups (online supplemental
figure S8A,B). However, when the whole NSCLC cohort
was subdivided into Trim21 positive and negative group, it
was interesting to observe that CD8+T cells were markedly
increased in the Trim21 positive group with high expres-
sion of LIN02418, which demonstrated no difference in the
Trim21 negative group (figure 7B,C). These data collec-
tively indicates that in NSCLC tissue, LINC02418 enhanced
CD8+T cell immune response dependent on Trim?21 status.

DISCUSSION

Immunotherapy has become aresearch hotspotfor cancer
treatment. The PD-1/PD-L1 immune blockade therapy is
the most typical representative of immunotherapy. As a
ligand of the immunosuppressive molecule PD-1, PD-L1
can inhibit the killing ability of T cells to a large extent,
thereby promoting tumor progression.”’ Recent studies
have found that PD-L1 is not only expressed on tumor
cells (tPD-L1), but also on myeloid cells like dendritic
cells and macrophages (mPD-L1).** The expression of
mPD-L1 is considered as an important factor in inhib-
iting T cell-mediated antitumor response and promoting
immune evasion.”® However, when some research find-
ings of mPD-LI in mouse models were applied to patients
with cancer who had undergone immune therapy, the
results were not always consistent.** While some clin-
ical trials have shown that tPD-L1 expression is still the
strongest predictor of patient survival, others suggest that
combining PD-L1 expression on both tumor cells and
immune cells could be a better indicator.”” ** Neverthe-
less, the significance of tPD-L1 expression in immuno-
therapy should still be valued. PD-L1 is overexpressed in
multiple tumor cells including NSCLC and high PD-L1
level predicts poorer relapse-free and OS in patients

with NSCLC.?” *® In addition, overexpression of PD-L1
promotes cancer cell to escape from immune surveillance
in NSCLC.* * There have been several studies on the
positive regulators of PD-L1 expression in NSCLC.*'™
However, the upstream negative factors of PD-L1 and how
they regulate PD-L1 expression remain largely unknown.
As to IncRNAs, the negative regulating IncRNAs of PD-L1
expression have not been reported yet. In our current
study, we identified a novel negatively-regulating IncRNA,
LINC02418, to decrease PD-L1 expression and enhance
PD-L1 immune therapy response via Trim21. LINC02418
and Trim21 are novel upstream negative regulators of
PD-L1. In NSCLC cells, LINC02418 inhibits PD-1 binding
ability and enhances T cell-induced apoptosis depen-
dent on Trim21 both in vitro and in vivo. Mechanistically,
LINCO02418 regulates PD-L1 protein stability through
enhancing the Trim2l-mediated ubiquitin-proteasome
pathway. Moreover, in NSCLC samples, the expression
of LINC02418 in NSCLC was negatively correlated with
the expression of PD-L1 and positively correlated with the
infiltration of CD8+T cells. Thus, our data establishes the
physiological and pathological significance of LINC02418
or Trim21 in regulating PD-L1-mediated immune check-
point therapeutic response. Supplement of LINC02418
or Trim21 may be beneficial to enhancing the response
to PD-1/PD-L1 blockade therapy.

It has been found that PD-L1 protein has various post-
translational modifications (PTM) which play key roles in
regulating PD-L1 stability and expression level.** Devel-
oping strategies to target the PTM of PD-LI protein,
with the aim of eliminating PD-L1 from both the surface
and interior of tumor cells, will hold great potential
for enhancing the effectiveness of immunotherapeutic
approaches focused on PD-L1. Ubiquitination is an
important PTM that reduces PD-L1 expression. B-TrCP is
an E3 ligase responsible for polyubiquitination and desta-
bilization of aglycosylated PD-L1 and degrades PD-L1
protein in triple-negative breast cancer cells."” Mezzadra
et al verified that STUBI is an E3 ligase that degrades
PD-L1, and CMTMG6 protects the stability of PD-L1 by
inhibiting STUBI and preventing ubiquitination." Gao et
al found that knockdown of the cyclin-dependent kinase
CDKb5 in lung adenocarcinoma promoted the E3 ligase
Trim21 to degrade PD-L1 by ubiquitination.”’ Wu e al
demonstrated that the E3 ligase ARIHI mediates PD-L1
ubiquitination and degradation in tumors.'” In our study,
we found that the degradation of PD-L1 by LINC02418
was mainly mediated by the E3 ligase Trim21. Overexpres-
sion of LINC02418 enhanced the binding of Trim21 to
PD-L1 and the killing of NSCLC cells by activated PBMC
cells.

In the past, it was believed that a prerequisite for the
application of PD-L1 monoclonal antibody was the
expression of PD-L1, which had to be greater than 50%.
However, a recent study showed that PD-L1 expression
is not an absolutely accurate prerequisite factor for the
application of the PD-L1 monoclonal antibody. Even if
some patients with NSCLC have lower PD-L1 expression,
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Figure 7 Correlation between the expression of LINC02418, PD-L1 and T immune cell infiltration in human NSCLC. (A) The
representative fluorescence in situ hybridization staining of LINC02418 and IHC staining of PD-L1, CD4 and CD8 in tumor
sections of clinical NSCLC cases. Scale bar, 50pum. The lower three histograms showed the percentage of sections with low
or high PD-L1 displaying low or high LINC02418 levels in NSCLC specimens, the positive CD4 cell counts and the positive
CD8 cell counts. (B, C) In the TCGA database, patients with NSCLC were divided into Trim21 positive and Trim21 negative
group. The proportions of immune cells were compared under LINC02418 low or high expression status. *p<0.05, “*p<0.01
versus the corresponding control, ns means no significance. DAPI, 4’,6-Diamidine-2’-phenylindole dihydrochloride; IHC,
immunohistochemistry; NK, natural killer; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death ligand 1; TCGA,

the cancer genome atlas.

the therapeutic effects of PD-L1 monoclonal antibody will
be obvious.”® LINC02418 can reduce the expression of
PD-LI in tumor cells, thereby affecting the efficacy of the
PD-L1 monoclonal antibody. In our study, we found that
the combination of LINC02418 and low-dose PD-L1 mAb
yielded favorable effects relative to PD-LL1 mAb alone. In
vitro and in vivo experiments showed that LINC02418

and mmu-4930573I07Rik exerted synergistic effects with
PD-L1 mAb to promote the killing of T cells in tumors,
thereby providing certain applicability for clinical tumor
treatment.

METTL3 is an m6A RNA methyltransferase thatis highly
expressed in most cancers, participates in tumor prolif-
eration, differentiation, and metastasis and associates
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with poor prognosis of various malignant tumors. The
high expression of METTL3 was reported to be associ-
ated with the prognosis of various cancers, such as oral
squamous cell carcinoma, neck squamous cell carci-
noma, hepatocellular carcinoma cells and pancreatic
cancer.”™ Moreover, a highly potent METTLS inhibitor,
STM2457, exhibited effective therapeutic effect against
acute myeloid leukemia.” Besides, accompanied with the
arising of immunotherapy, the influence of METTL3 on
tumor immunity started to draw researchers’ attention. It
has been reported in various cancers, the high expression
of METTL3 facilitated the expression of immunosuppres-
sive immune checkpoint molecule, PD-L1, and negatively
correlated with the infiltration of tumor immune cells
and inhibited their activities.”*' Consequently, METTL3
inhibitor, STM2457, promoted the anti-PD-1 immuno-
therapy of cervical squamous cell carcinoma in a mouse
model."” These studies confirmed the immunomodula-
tory role of METTL3, but with detailed mechanism still
unresolved. In our research, LINC02418 was identified as
a negative regulator of PD-L1, and thus, the relationship
between METTL3 and LINC02418 brought our interests.
METTL3 was proven to trigger the degradation of hsa-
LINCO02418 and mmu-4930573I07Rik via YTHDF2. This
gave us a more specific illustration that LINC02418 is
one of the downstream effector molecules of METTLS3 to
execute the regulation of PD-LI.

LINC02418 has been reported in colorectal cancer
(CRC). Tian et al reported that LINC02418 physically
combines with miR-34b-5p and then affects the BCL2
signal pathway, resulting in the growth of CRC cells.*
Zhao et al determined that LINC02418 is significantly
overexpressed in CRC and discovered the key role of the
LINCO02418-miR-1273g-3p-MELK axis in tumorigenesis,
thereby providing a new method for clinical diagnosis of
CRC.* LINC02418 has been reported to promote tumor
cell proliferation and survival in NSCLC,* while our
study revealed a specific role of LINC02418 in immune
evasion and its potential therapeutic effectin PD-1/PD-L1
blockade treatment for NSCLC. Our study found that
overexpression of LINC02418 in tumor cells enhances T
cell-induced cell death and apoptosis. The discrepancy
between our study and Han’s paper may lie in different
focus and study model. Our study mainly investigated the
function of LINC02418 in the context of the immune
microenvironment, specifically the interaction between
tumor cells and immune cells. Therefore, our study
model involved co-culturing tumor cells and immune
cells, which affected apoptosis and other functions. In
contrast, Han’s study mainly focused on tumor cells alone
and their observed apoptosis. Our study showed that
LINC02418 promoted and enhanced the killing effects of
immune cells by reducing the PD-L1 expression on tumor
cells, thereby indirectly inhibiting the growth of tumors,
which may underlie implications for immunotherapy in
lung cancer. We not only experimentally validated the
function of LINCO02418, but also analyzed its relation-
ship to immune infiltration from the TCGA database. In

Trim21-positive cases, we found that patients with high
expression of LINC02418 expressed more CD8+T cells
than patients with low expression of LINC02418, which is
consistent with our experimental conclusions.

In conclusion, LINC02418 is a novel negative regulator
of PD-LI and plays a crucial role in immune evasion in
NSCLC. This study sheds light on the novel mechanisms
of PD-L1 negative regulation and provides a rationale for
enhancing the effectiveness of anti-PD-L1 treatment in
NSCLC.
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