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Introduction: Lung adenocarcinoma (LUAD), which is the most important and common
subtype of non-small cell lung cancer (NSCLC), is highly heterogeneous with a poor
prognosis and poses great challenges to health worldwide. MicroRNAs (miRNAs) are
regulators of gene expression with recognized roles in physiology and diseases, such as
cancers, but little is known about their functional relevance to CD8" T cell infiltration
regulation in the tumor microenvironment (TME) of NSCLC patients, especially LUAD
patients.

Methods: Bioinformatic analysis was used to analyze TCGA data. RT-PCT, Western blot,
luciferase assay and immunohistochemistry were used to detect the expression levels and
bindings of genes and miRNA. ELISA and cytotoxic assay were used to evaluate CD8" T
cell function.

Results: In this study, bioinformatic analysis unveiled the miR-505-3p/NET1 pair as a CD8"
T-tumor-infiltrating lymphocyte (TIL) regulator. Then, we confirmed the bioinformatic
results with LUAD patient samples, and NET1 was shown to be a direct target of miR-
505-3p in a luciferase assay. Functional experiments demonstrated that miR-505-3p
enhanced CD8" T-TIL function, while NET1 impaired CD8" T-TIL function and partly
reversed the effects of miR-505-3p. The observed effects might be exerted via the regulation
of immunosuppressive receptors in T cells.

Discussion: Our study may provide novel insights into LUAD progression related to the
TME mechanism and new possibilities for improving adoptive immunotherapy.
Keywords: lung adenocarcinoma, miR-505-3p, NET1, CD8" T-TILs, TME

Introduction

Lung cancer is a malignant disease with high morbidity and mortality, and 80% of
lung cancer cases are non-small cell lung cancer (NSCLC). It is estimated that the
number of deaths from lung cancer will rise to 10,000,000 by 2030.' NSCLC is the
most common type of lung cancer and is further classified into adenocarcinoma
(LUAD), squamous cell carcinoma, and large-cell carcinoma, and LUAD is the
most important and common subtype, with an increasing incidence both globally
and in China.” Lung cancer is usually discovered in late stages; thus, despite
improvements in therapeutic treatment and novel tumor biomarker detection, the
prognosis of patients with NSCLC remains poor, with only a 1.0% 5-year survival
rate for advanced patients.”* Currently, standard treatment of lung cancer is still
surgical resection, with or without adjuvant chemotherapy. But with immunother-
apy emerging, overall survival of lung cancer patients significantly increased
accepting immunotherapy plus surgery.”® In the last few years, definitive proof
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for direct microRNA (miRNA) contributions to the initia-
tion and progression of LUAD has been established. The
oncogenetic basis of lung cancer is related primarily to
changes in the profile of miRNAs. miRNAs are massively
dysregulated during lung carcinogenesis and may be pro-
posed as an early diagnostic tool in cancer to identify high-
risk subjects and cancer in early stages by liquid biopsy.”*

miRNAs are crucial, endogenous non-protein-coding
RNAs and posttranscriptional regulators of multiple target
genes in several cell types.” By affecting finely tuned
protein expression levels, miRNAs can provide quantita-
tive control of gene output. The cooperative interactions of
miRNAs with target mRNAs can influence various critical
biological programs, such as cell senescence, metabolism,
control of tumorigenesis and immune responses.'’
Therefore, miRNA functions in tumor development are
not limited to regulating cancer cell behavior. Despite the
focus on genetic aberrations in tumor cells, it has been
increasingly noticed that cancer cells exhibit a range of
dependence on interactions with the nonmalignant cells
and stromal matrix of the tumor microenvironment
(TME)."!

The TME contains a diversity of cells, including fibro-
blasts, immune cells, and endothelial cells. Recently, the
cell-autonomous significance of macrophages, T cells, and
endothelial cells and their putative implications on cancer
have begun to be revealed.'>'* In the TME, CD8" T cells
are the major immune cells that eliminate cancer cells in a
cell-cell contact-dependent manner. Tumor-infiltrating
lymphocytes (TILs) include CD8" T cells specific for
tumor cells, which are activated by antigen recognition,
proliferate and differentiate into cytotoxic T lymphocytes
(CTLs).">'® The molecular and cellular “crosstalk”
exploited by NSCLC, especially LUAD, in the TME and
thus contributing to the clinicopathological profile and the
efficacy of immunotherapy, however, has not been com-
prehensively studied.

Here, we report a facilitative role for miR-505-3p in
anti-NSCLC immunity. We performed bioinformatic ana-
lysis using The Cancer Genome Atlas (TCGA) data to
uncover prognosis-related miRNAs and CDS8" T-TIL
infiltration-related mRNAs. Combining the results of
miRNA target prediction programs, we selected the
miRNA-mRNA pair miR-505-3p and neuroepithelial cell
transforming 1 (NET1) as putative functional regulators
of CD8" T-TIL infiltration and cytotoxicity. Then, we
confirmed the bioinformatic results in LUAD patient
samples, and NET1 was shown to be a direct target of

miR-505-3p in a luciferase assay. By coculture of CD8"
T-TILs and NSCLC cell lines, we demonstrated that
NET1 in NSCLC cells influenced CD8" T-TIL function
and that its role might involve immunosuppressive recep-
tor regulation. In this study, our results may provide
novel insights into the NSCLC TME mechanism and
adoptive immunotherapy.

Materials and Methods

Data Acquisition and Preprocessing

The RNA-Seq data for 510 samples and miRNA-Seq data
for 508 samples were collected from the TCGA (http://
cancergenome.nih.gov/) project, specifically the TCGA-

LUAD cohort, via GDC Data Portal (https://portal.gdc.
cancer.gov/) on August 13, 2019. For data preprocessing,
we normalized the raw counts of RNA/miRNA expression
data by TMM applied in edgeR and transformed them by
voom implemented in limma. RNAs and miRNAs with a
count per million reads mapped (cpm) > 1 in more than
half of all samples were kept for subsequent analysis,
while low-expression mRNAs and miRNAs were filtered
out. Samples with incomplete clinical information were

also screened out.

Human Samples

The study was approved by the Institutional Review
Board of the Center for Medicine, Nantong University.
Patients with LUAD undergoing surgical resection were
enrolled in this study after providing informed consent,
and samples were collected at The Second Affiliated
Hospital of Nantong University. All studies were con-
ducted in accordance with the Declaration of Helsinki.
For PCR and Western blotting, human LUAD tissue
specimens were quickly rinsed in cold PBS, rapidly
frozen and stored in liquid nitrogen until protein or
RNA extraction. For the CD8" T-TIL functional assay,
tumor tissue samples were dissected into approximately
2-mm® fragments, plated in 24-well plate wells indivi-
dually and digested using an enzyme mix including
DNAse, collagenase, and hyaluronidase. Cells were
then cultured with 6,000 IU/mL recombinant human
IL-2 (rhIL-2) for 3 weeks until lymphocyte growth
was evident and stimulated with 1 pg/mL PHA, 3000
IU/mL rhIL2 (Proleukin, Roche) and feeders for rapid
expansion. CD8" T-TILs were positively selected using
CD8 MicroBeads (Miltenyi, Germany).
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Cell Culture, Coculture and Transfection
Human normal bronchial epithelial cell line (BEAS-2B)
and NSCLC cell lines (A549, H1975, H460, H1299, and
PC9) were obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). BEAS-2B cells
were cultured in complete medium of Lonza BEGM Kit
(USA). NSCLC cell lines were cultured in RPMI-1640
medium (HyClone, USA) containing 10% fetal bovine
serum (HyClone, USA) and 1% penicillin and streptomy-
cin (HyClone, USA) in an atmosphere of 5% CO, at 37°C.
CD8" T-TILs were separated from dissected fragments of
tumor tissues and rapidly expanded with PHA 1 pg/mL,
3000 IU/mL rhIL2 (Proleukin, Roche) and feeders. CD8"
T-TILs were cultured in the complete medium described
above supplemented with 1% L-glutamine, 25 mM
HEPES, 0.1% B-mercaptoethanol. To achieve substantial
expansion, cells were cultured in the presence of anti-CD3
and anti-CD28 antibodies bound to large particles
(Miltenyi, Germany) (bead:T cell ratio = 1:1) overnight.
Indirect coculture of tumor cells and CD8" T cells was
performed using Transwell chambers with 0.4-pm-pore
membranes. MiR-505-3p mimics and inhibitors and the
corresponding negative controls were designed and
synthesized by Genepharma (China). A specific siRNA
and recombinant plasmid for NET1 were generated and
purchased from Ke Lei Biological Technology (China).
Cell lines were transfected with Lipofectamine 2000
(Invitrogen, USA) following the manufacturer’s protocols.

Protein Extraction and Western Blotting
To extract proteins, frozen tissue samples were pulver-
ized with a mortar and pestle under liquid nitrogen con-
ditions, and the cultured cells were rinsed 3 times with
precooled PBS. Then, the cells were lysed with RIPA and
PMSF at 4°C for 30 minutes and centrifuged at 14,000 x
g at 4°C for 30 minutes. The precipitate was discarded,
and the protein extracted in the supernatant was quanti-
fied with the BCA Protein Assay Kit (Thermo Fisher
Scientific, USA). Proteins were separated by 8% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, fol-
lowed by transfer to polyvinylidene difluoride mem-
branes (Millipore, USA). The membranes were blocked
with 5% skim milk dissolved in Tris-buffered saline
Tween 20 (TBST) for 1 h at room temperature.
Subsequently, the membranes were rinsed with TBST 3
times and incubated with primary antibodies at 4°C over-
incubated with HRP-

night. The membranes were

conjugated secondary antibodies, and immunoreactive
bands were detected and analyzed. The primary antibo-
dies used were anti-NET1 (Biorbyt, orb49116), anti-f3-
actin (Abcam, ab179467), anti-LAG3 (Abcam, ab40465),
anti-GAPDH (Abcam, ab181602), anti-PD1 (Abcam,
ab243644), anti-TIM3 (Abcam, ab47997), and anti-CD§
(Abcam, ab4055).

Total RNA Extraction and Real-Time PCR
(RT-PCR)

Total RNA was isolated from primary and transfected
cells with TRIzol reagent (Invitrogen, USA) following
the manufacturer’s protocols. Total RNA was reverse
transcribed using the PrimeScript RT Reagent Kit with
gDNA FEraser (Takara, Japan), while miRNAs were
reverse transcribed individually with specific reverse
transcription primers and the One Step miRNA ¢cDNA
Synthesis Kit (HaiGene Bio Inc., China). Quantitative
real-time polymerase chain reaction (qQRT-PCR) was
performed with the SYBR Premix Ex Taq Reverse
Transcription PCR Kit (Takara, Dalian, China) and
carried out on an ABI QuantStudio 6 (USA). GAPDH
was used as a housekeeping gene control for mRNA
analysis. U6 RNA was used as an endogenous control
for miRNA analysis. Each sample was tested in tripli-
cate. Data were analyzed using the 22" method. The
primer used were as follows: NETIl: 5°-GCGCTT
GAATGCCTACAGAG-3’ (F) and 5’- ACATCAGGG
TGCTCTTTTGG-3" (R); PD1: 5’-CCAGGATGGTTC
TTAGACTCCC-3’ (F) and 5’-TTTAGCACGAAGCTC
TCCGAT-3" (R); TIM3: 5’-AGACAGTGGGATCTACT
GCTG-3’ (F) and 5’-CCTGGTGGTAAGCATCCTTG
G-3* (R); LAG3: 5°-GCGGGGACTTCTCGCTATG-3’
(F) and 5’-GGCTCTGAGAGATCCTGGGG-3" (R);
GAPDH: 5’-TCAAGAAGGTGGTGAAGCAGG-3’ (F)
and 5’-TCAAAGGTGGAGGAGTGGGT-3" (R); miR-
505-3p: 5’-TCTCCTGCGTCAACACTTGC-3" (F) and
5’-CACTTCCTCAGCACTTGTTGGTAT-3> (R); U6:
5’-CAGCACATATACTAAAATTGGAACG-3’ (F) and
5’-ACGAATTTGCGTGTCATCC-3" (R).

Luciferase Reporter Assay

Luciferase reporter plasmids containing h-NET1-3’UTR-
wild type (wt) or h-NET1-3’UTR-mutant (mut) were pur-
chased from and constructed by Hanbio (China). Wild-
type or mutant vectors were cotransfected with miR-505-
3p mimics or the appropriate negative control into NSCLC
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cells using Lipofectamine 2000 (Invitrogen, USA). The
sequences are shown in Figure 1D. The cells were lysed
48 hours later, and luciferase activity was measured using
the Dual-Luciferase Reporter Assay System (Promega,
USA) according to the manufacturer’s instructions.

Immunohistochemistry (IHC) and Scoring
IHC was performed on formalin-fixed, paraffin-embedded
(FFPE) tissue sections. Each FFPE sample was sliced (3
pm) onto a charged glass slide and heated at 60°C for 30
minutes. The slides were deparaffinized in three consecu-
tive xylene baths for 3 minutes each, rehydrated with a
graded series of ethanol with 5-minute incubations, and
then washed in distilled water for 5 minutes. Intrinsic
blocked with 3% H,0,
(Zhongshan Jingiao Biotechnology Co., China) at 37°C

peroxidase activity was
for 15 minutes. The slides were then rinsed three times
with PBS. To block nonspecific antibody binding, the
sections were incubated with goat serum in a humidified
chamber at 37°C for 60 minutes. The slides were washed
with PBS and then incubated with either an anti-NET1 or
anti-CDS8 primary antibody overnight at 4°C. After the
incubation, the sections were washed with PBS and then
incubated with a goat anti-rabbit monoclonal secondary

antibody (Zhongshan Jingiao Biotechnology Co., China)
at 37°C for 30 minutes. Finally, the specimens were
stained with DAB and counterstained with hematoxylin
(Beyotime Institute of Biotechnology, China).

For each patient’s specimen, slides were scanned at
low magnification (10x magnification) first and 10 non-
overlapping selected fields at high magnification (400x
magnification) were assessed. At least two investigators
trained in lung cancer blindly assessed the immunohisto-
chemical staining and a final consensus was achieved. For
scoring NET1 expression, staining intensity was categor-
ized into 0 (no expression), 1 (weak), 2 (moderate) and 3
(high); and the percentage of NET1-positive cells was
scored as 1 (positive cells <25%), 2 (25%< positive cells
<50%), 3 (50% < positive cells <75%) and 4 (positive
tumor cells >75%). The evaluation of histochemical score
(H-score) was achieved by multiplying the staining inten-
sity and the percentage of positive cells, ranging from 0 to
300. The mean of H-score was considered as the cut-off
point and the samples were classified as low (H-score
<180) or high (H-score >180) NET1 expression.'” ' For
scoring CD8" T-TILs, any cell with CDS8 staining was
counted as CD8" T-TIL."” CD8" T-TILs were counted
manually in each high-power field and scored as follows:
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Figure | NETI was negatively associated with CD8" T-TILs. (A) Representative IHC images of LUAD specimens showing a negative correlation between NET | expression
and CD8" T cell infiltration. (B) Western blot analysis of NET| expression levels in LUAD patients. (C) RT-PCR and linear regression analysis of miR-505-3p and NET]|

mRNA levels in LUAD patients.
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0 (none), 1 (1-2 CD8" T-TILs), 2 (3—-19 CD8" T-TILs), 3
(>20 CD8" T-TILs).”” NET1 and CD8 expression was
analyzed with nonparametric tests.

ELISA

CD8" T cells were cocultured with A549 or H1975 cells
(effector:target (E:T) ratio = 30:1), and the cell culture
supernatant was collected and centrifuged to remove the

cell precipitate. According to the detection ranges of IFN-
v, TNF-0, and IL-2 ELISA kits (Elabscience, China), the
supernatant was diluted at the proper ratio. A standard
working solution was used to generate a standard curve
to determine the concentrations in the samples. IFN-y,
TNF-0, and IL-2 concentrations were measured by
ELISA according to the manufacturer’s protocol. Optical
density (OD) values were immediately measured with a
microplate reader at a wavelength of 450 nm.

Cytotoxic Assay

The CytoTox 96 Nonradioactive Cytotoxicity Assay
(Promega, USA) was used for the cytotoxicity assay. The
NSCLC cell line A549 or H1975 was cocultured with CD8"
T cells at an E:T ratio of 3:1, 10:1 or 30:1. LDH analysis was

performed according to the manufacturer’s protocol.
Controls for spontaneous LDH release by effector or target
cells, as well as maximum target cell release, were prepared.
The percentage of cell lysis was calculated as follows: %
Cytotoxicity=[(experimental-effector ~ spontaneous—target

spontaneous)/(target maximum-—target spontaneous)|x100%.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
software. All data are presented as the mean + SD of at
least three independent experiments. Differences between
nonparametric data were analyzed by the Wilcoxon rank-
sum test. A p value < 0.05 was considered significant. Data
were available when required.

Results
NET| Was Correlated with CD8" T-TILs
and a Potential Target of miR-505-3p

A flowchart of the bioinformatic analysis performed in this
study is shown in Figure 2A. To explore crucial miRNAs
involved in LUAD, survival analysis was performed using
Cox regression analysis. Prognosis-predicting miRNAs

A

RNA-Seq and miRNA-Seq data of over 500 samples
of LUAD patients collected from TCGA-LUAD project

Data preprocessing

miRNA-Seq data

Cox regression analysis

Poor prognosis related miRNAs (HR > 1)
Favorable prognosis related miRNA (HR < 1)

mRAN-Seq data

CIBERSORT
(p value < 0.05)

Detecting mRNAs negatively correlated
with CD8" T cells infiltration fraction

| mRNA-miRNA (HR < 1) co-expression ananlysisl

| miRNAs-mRNA pairs (r < 0, p value < 0.05) |
I
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Figure 2 Bioinformatic analysis and validation of LUAD samples. (A) Flowchart of the bioinformatic analysis. (B) Top 10 miRNAs related to LUAD patient prognosis (red,
HR>1; blue, HR<I). (C) Venn diagram of program-predicted targets of miR-505-3p. (D) The intersection between the coexpression analysis of the TCGA data and the

intersection of the predicted targets.
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with a p value < 0.05 were detected and sorted by hazard
ratios (HRs). The top 10 poor prognosis- and favorable
prognosis-related miRNAs are listed in Figure 2B. Among
the top 5 favorable miRNAs, miR-505-3p had the highest
relative abundance. Using the miRNA target prediction
software PITA, microT and miRanda, we identified 114
predicted miRNA targets of miR-505-3p (Figure 2C).
CIBERSORT, an in silico flow cytometry tool, is an emer-
ging method for characterizing fractional representations
of immune cell types in tumor tissue samples from gene
expression profiles.”’ We used the LM22 signature gene
matrix, which includes 7 T cell types, 2 B cell types,
plasma cells, NK cells, and myeloid lineage subsets. The
infiltrating fractions of immune cell types were estimated
in previously collected and preprocessed mRNA-Seq data
using CIBERSORT. Immune cell infiltration-related
mRNAs were identified with a CIBERSORT p value <
0.05. Genes with a negative correlation with the CD8"
T-TIL fraction had a great chance to be expressed in
LUAD tumor cells, which provided the possibility that
these genes could be targeted in the clinic. For coexpres-
sion analysis, we simultaneously analyzed the sequencing
data profiles of miRNAs associated with a favorable prog-
nosis and mRNAs negatively correlated with the CD8"
T-TIL fraction. For miR-505-3p, 149 potential miRNA-
mRNA functional pairs were selected with r < 0 and p <
0.01. Four final predicted immune functional targets were
identified in the intersection between the results of the
coexpression analysis and those of bioinformatic programs
(EPN2, NET1, SF1, and MAML3) (Figure 2D). Among
the targets, NET1 had the most significant r and p values,
which implied the presence of the miR-505-3p and NET1
functional pair in LUAD.

NETI| Correlated with miR-505-3p and
CD8" T-TILs in LUAD Specimens

To confirm the bioinformatic prediction, 60 paraffin-
embedded LUAD samples collected at diagnosis were
immunohistochemically stained with anti-NET1 and anti-
CDS antibodies. In these patient samples, high expression
of NET1 was observed with relatively few CD8-positive
cells, while NET1 expression was low when more CD8"
T-TILs were present. Accordingly, the results demon-
strated a negative correlation between NET1 expression
and the CD8" T-TIL fraction (Wilcoxon test, p <0.05), and
representative figures are shown (Figure 1A). We then
examined miR-505-3p and NET1 expression in 9 LUAD

samples by Western blotting and RT-PCR, and tumor
tissue samples exhibited higher NET1 but lower miR-
505-3p expression levels or vice versa (Figure 1B-C).
Furthermore, NET1 mRNA levels in LUAD samples
obtained from 9 patients were significantly negatively
correlated with miR-505-3p expression levels using a lin-
ear regression model (Figure 1C). The inverse correlation
between miR-505-3p and NET1 expression in LUAD
tumor cells implicated miR-505-3p as a regulator of
NETI.

NET | Was a Direct Target of miR-505-3p
To evaluate the level of miR-505-3p in NSCLC cell lines,
total RNA was harvested from a normal human bronchial
epithelial cell line (BEAS-2B) and 5 human NSCLC cell
lines (A549, H1975, H460, H1299, and PC9), and miR-
505-3p expression levels were determined by semiquanti-
tative RT-PCR (Figure 3A). Compared with BEAS-2B,
NSCLC cell lines presented downregulated miR-505-3p,
but no significant difference was observed among the 5
NSCLC cell lines. We chose the commonly used cell lines
A549 and H1975 for subsequent experiments. We further
examined NET1 expression levels in miR-505-3p mimic-
and inhibitor-transfected cells and in the corresponding
negative controls. NET1 levels were decreased with miR-
505-3p mimic transfection but increased with miR-505-3p
inhibitor transfection (Figure 3B-C). A luciferase reporter
assay was then performed to confirm the predicted binding
sites of miR-505-3p in the 3'-untranslated region (3'-UTR)
of NET1. We cloned wild-type and mutant 3’-UTRs into a
luciferase reporter vector. The predicted target sites and
relevant mutated sequences are shown in Figure 3D.
Luciferase activity was considerably decreased with over-
expression of miR-505-3p compared with negative control
transfection in cells with the wild-type 3'-UTR, while the
luciferase activity of the NET1-mutant 3'-UTR vector
remained unchanged (Figure 3E). The results demonstrate
that NET1 is a direct target of miR-505-3p.

miR-505-3p Facilitated Immune Function

by Regulating NET | Expression

Primary CD8" T cells were cocultured with NSCLC cells
followed by anti-CD3/CD28 Dynabeads activation, and
IFN-y, TNF-a, and IL-2 production was used to measure
effects, either direct or indirect, on T cell function.
Interestingly, miR-505-3p significantly improved cytokine
production, but miR-505-3p inhibition suppressed T cell
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Figure 3 miR-505-3p directly targeted NET| in NSCLC. (A) Evaluation of miR-505-3p levels in a normal human bronchial epithelial cell line (BEAS-2B) and 5 human NSCLC
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expression of miR-505-3p led to a decrease in the luciferase activity decrease of NET| with a wild-type 3’-UTR, while the luciferase activity of the mutant 3'-UTR was

unchanged. * indicates a significant difference. * P < 0.05; ns, no significance.

function in cocultures allowing direct contact between
CDS8" T cells and NSCLC cells (Figure 4A). However,
although miR-505-3p expression was up- or downregu-
lated in NSCLC cells, no significant differences in CD8"
T cell responses were observed in groups where tumor
cells were segregated by cell-impermeable membranes
(Figure 4B). The results implied that miR-505-3p altera-
tion in NSCLC cells influenced the immune response via
cell-surface molecules. A NET1 overexpression plasmid
(NET1-OE) was transfected into A549 cells, and NET1
overexpression was confirmed by Western blotting
(Figure 4C). We further assessed whether the CD8" T
cell regulation process was mediated by targeting NET1.
For CD8" T cell cytokine production analysis, CDS8™ T
cells were directly cocultured with A549 or H1975 cells
transfected with either the NET1 overexpression plasmid
or miR-505-3p or the corresponding scramble plasmid.
The promotive effects on CD8" T cells exerted by miR-
505-3p were partly reversed by NETI1 overexpression
(Figure 4D). We collected CD8" T cells from 4 LUAD
patients, and cell killing assays were performed using
NETI1-OE and negative control NSCLC cells. When the

highest lysis values were considered (E:T ratio = 30:1), a
significant reduction in cytotoxicity was observed in the
NETI1-OE cells (Figure 4E-F).

Immunosuppressive Receptor Expression
Was Upregulated in CD8" T Cells in the
Context of Reduced Expression of NET |
in NSCLC Cells

Considering the different results observed in the direct and
indirect coculture experiments, correlation analysis
between NET1 and PDL1 was performed with LUAD
data using GEPIA2 (http://gepia2.cancer-pku.cn). NET1
had a positive correlation with PDL1 (Figure 5A). We
then isolated CD8" T cells from 4 patients and cocultured

them with NET1-OE- or corresponding negative control-
transfected A549 cells (E:T ratio = 30:1). PD-1, LAG3,
and TIM-3 expression levels were examined by RT-PCR
(Figure 5B) and Western blotting (Figure 5C). The results
indicated that NET1 might change tumor cell functions
and impair CD8" T cell infiltration and functions by upre-

gulating immune checkpoint molecule expression.
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Figure 4 miR-505-3p enhanced the immune function of CD8" T cells by targeting NET| in vitro. (A-B) NSCLC cells were cocultured with CD8" T cells directly (A) or
indirectly (B), and cytokine levels were examined by ELISA. (C) NET| overexpression was confirmed by Western blotting. (D) The immune activity enhancement achieved
by miR-505-3p was partly reversed by NET| overexpression. (E-F) The NSCLC cell killing assay showed that NET | impaired CD8" T cell function, and statistical significance
is shown in F (E:T ratio = 30:1). * indicates a significant difference. *, P < 0.05. ns, no significance.

Discussion

Accumulating evidence indicates that miRNAs contribute
to cancer pathogenesis. As miRNAs may serve as tumor
suppressors or oncogenes, dysregulation of miRNAs is
associated with cancer initiation and progression.”*** In
the current study, miR-505-3p was selected as a favorable
prognosis-related miRNA. Moreover, both bioinformatic
analysis and a luciferase assay confirmed that NET1 is a
direct target of miR-505-3p. In NSCLC cell lines, enforced
miR-505-3p expression enhanced the function of cocul-
tured CD8" T cells, while overexpression of NET1 played
a suppressive role in cocultured CD8" T cells. In addition,
after coculture with NET1-OE NSCLC cells, PD1, TIM3

and LAG3 expression was upregulated in CD8" T cells.
These data suggested that miR-505-3p might serve as a
novel biomarker or therapeutic target in NSCLC.

Over the past few decades, hundreds of functional
miRNAs have been identified and revealed to be involved
in biological processes and diseases.”* miRNA dysregula-
tion has been demonstrated to affect cancer proliferation,
angiogenesis, metastasis, and drug resistance development
through interactions among malignant cells, nonmalignant
stromal cells, and noncellular components in the TME.*
In the TME, dysregulated miRNAs, such as miR-199a-3p,
can suppress tumor growth, migration, invasion and
angiogenesis;*® they can also influence the inflammatory
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Figure 5 Immunosuppressive receptor expression was upregulated in CD8" T cells. (A) Correlation analysis of PDLI and NETI in LUAD. (B-C) PDI, LAG3 and TIM3
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TME and epithelial-mesenchymal transition.?” In addition,
miRNAs interact with the TME via tumor-derived exo-
somes. miR-23a expression was found to be significantly
upregulated in exosomes from lung cancer cells under
hypoxic conditions and to increase angiogenesis and vas-
cular permeability.”® Furthermore, miRNAs regulate
immune cells in multiple ways. In LUAD, miR-31
expressed in myeloid dendritic cells results in the expres-
sion of tumor-supporting factors and increased invasive-
ness of NSCLC cells with an impact on clinical
outcomes®’ while miR-141 reduces the recruitment of
regulatory T cells (Tregs) to malignant pleural effusion
sites in NSCLC patients.>* Among the various types of
immune cells, T-TILs are one of the most important types
utilized for adoptive immunotherapy. CD8" T cells are the
major cells executing cytotoxic functions, encouraging us
to explore ways of enhancing their antitumor function.
NET1 was previously identified as an inhibitor of ERK1/
2 and PI3K/Aktl in the PyMT mouse model and was shown
to have upregulated expression in NSCLC as a biomarker
and regulate cancer cell stemness in cancer-associated
fibroblasts.*' ™ In our study, we first identified NET1 as a
suppressor of CD8" T cells with its upstream regulator miR-
505-3p, which was confirmed by a luciferase assay and
functional experiments with CD8" T cells. Accordingly, in
our bioinformatic analysis, miR-505-3p was a potential prog-
nostic marker for prolonged survival and facilitated CD8" T
cell functions. The inverse association between miR-505-3p

and NET1 and the negative correlation between NETI1
expression and CD8" T cell infiltration were both verified
in LUAD patient specimens. Remarkably, the expression of
the immunosuppressive molecules PD1, TIM3 and LAG3
was upregulated in CD8" T cells cocultured with NET1-OE
NSCLC cells, implying the probable mechanisms underlying
the immunoregulatory function of NET1.

In summary, combining bioinformatic and functional
analyses, our study demonstrated that the miR-505-3p/
NET1 axis influenced primary CD8" T cell functions, includ-
ing cytokine secretion and cytotoxicity. This study provides a
new viewpoint for understanding the roles of miRNA and
CD8" T cell functions and a potential immunoregulatory
mechanism in NSCLC. Additional pathogenesis and thera-
peutic studies concentrated on miRNAs are warranted.

Conclusion

We demonstrated that miR-505-3p was a favorable prog-
nosis-related miRNA. Moreover, in bioinformatic analysis
and a luciferase assay, NET1 acts as a direct target of miR-
505-3p. In NSCLC cell lines, enforced miR-505-3p
expression enhanced the function of cocultured CD8" T
cells, while overexpression of NET1 partially reversed this
effect and played a suppressive role. In addition, after
coculture with NET1-OE NSCLC cells, PD1, TIM3 and
LAGS3 expression was upregulated in CD8" T cells. These
data implied miR-505-3p as a novel biomarker and ther-
apeutic target in NSCLC.
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