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Abstract

Background: Advanced non-small cell lung cancer (NSCLC) has a high mortality
rate and poor prognosis. However, outcomes have gradually improved after the intro-
duction of novel immunotherapies, including immune checkpoint inhibitors (IClIs).
Although programmed death-ligand 1 (PD-L1) expression in tumor tissues is a
known biomarker for guiding ICI treatment of NSCLC, challenges such as difficulty
of liquid biopsy and heterogeneous results during treatment persist. This study evalu-
ated the potential of miR200b as a surrogate biomarker for PD-L1 expression.
Methods: We used the human lung cancer cell lines H226, H460, H520, A549,
and H1975. miR200b expression in blood and bronchoscopy specimens of
NSCLC patients was evaluated using reverse-transcription-quantitative PCR.
Using flow cytometry, PD-L1 expression in vitro, as well as in tumor tissues, was
evaluated after transfection with a mimic miR200b or siRNA.

Results: miR200b expression negatively correlated with PD-L1 expression in all
cell lines. The induction or knockdown of miR200b also altered PD-L1 expres-
sion in vitro. The patient group with a PD-L1 tumor proportion score = 50%
had significantly lower miR200b expression in the bronchoscopy specimens
(P = 0.025) and serum-derived exosomes (P = 0.022) than that with PD-L1
tumor proportion score < 50%.

Conclusions: miR200b can regulate PD-L1 expression in lung cancer cells, and
miR200b expression in clinical specimens negatively correlated with PD-L1
expression. Thus, miR200b may be a useful surrogate biomarker for PD-L1
expression in lung cancer patients.

Key points

Significant findings of the study

« High PD-L1 expression was linked to low miR200b expression, whereas low
PD-L1 expression was linked to high miR200b expression in human lung can-
cer patients. Thus, miR200b overexpression or silencing can control PD-L1
expression in cancer cells.

What this study adds

o We demonstrated the potential of miR200b as a surrogate biomarker for PD-
L1 expression in lung cancer patients.
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Introduction

The poor prognosis of non-small cell lung cancer (NSCLC)
is largely attributed to the unresectable, advanced status of
most patients at the time of diagnosis. In these advanced
cases, the administration of therapeutic agents is the main-
stay of treatment. Recently, immunotherapy with an
immune checkpoint inhibitor (ICI), together with molecu-
lar targeted therapy, has improved the prognosis of
advanced NSCLC."”®

Although IClISs are effective in cases with high tumor muta-
tion burden and high programmed death-ligand 1 (PD-L1)
expression, the establishment of biomarkers that can more
accurately predict treatment outcome is necessary as ICls
potentially have serious adverse events and are costly.'’
Among biomarkers for predicting treatment outcome, the
most established is PD-L1 expression assessed using the tumor
proportion score (TPS) in tumor tissues.”® Nevertheless, a
high PD-L1 TPS (=50%) has only been associated with a
44.8% response rate to pembrolizumab monotherapy, indicat-
ing that the PD-L1 TPS alone is an insufficient biomarker.®
Furthermore, using PD-L1 expression to guide ICI treatment
is limited as PD-L1 expression can vary according to the
biopsy site, even for the same tumor,'” '* and changes before
and after chemotherapy.”>™'® Finally, an optimal liquid biopsy
method has not yet been established.

MicroRNAs (miRNAs) are single-stranded, small non-
coding RNAs composed of approximately 22 bases and are
involved in the post-transcriptional regulation of gene
expression in eukaryotes. Furthermore, miRNAs can be use-
ful biomarkers for various diseases as they are stably present
in bodily fluids, including the blood, urine, and saliva.'® Sev-
eral studies have indicated that some miRNAs are related to
PD-L1 expression in cancer patients.'” '® Particularly,
miR34a, miR200b, miR197, miR513, miR570, and
miR138-5p'** may be potential surrogate biomarkers for
PD-L1 expression, although we focused on miR200b because
our preliminary data indicated that only miR200b is nega-
tively correlated with PD-L1 expression in NSCLC cell lines
and clinical specimens from lung cancer patients (data not
shown). Low miR200 expression in tumor tissues has been
associated with poor differentiation, a greater likelihood of
lymph node metastasis, and resistance to docetaxel and
gefitinib, highlighting the relationship between low tumor
miR200 expression and poor prognosis among NSCLC
patients.”>*” Several reports have described the associations
between PD-L1 expression and various miRNAs. However,
to the best of our knowledge, the association between
miRNAs and PD-L1 expression using clinical specimens has
not yet been investigated. Therefore, this study evaluated the
potential of miR200b as a surrogate biomarker for PD-L1
expression in lung cancer patients.
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Methods

Cell lines and cultures

Human lung cancer cell lines H226, H460, H560, and
A549 were obtained from the American Type Culture Col-
lection, whereas H1975 was obtained from the Japanese
Cancer Research Resources Bank. All cell lines were cul-
tured at 37°C and 5% CO, in RPMI 1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10% fetal
bovine serum (Biowest, Maine-et-Loire, France) and 1%
Pen/Strep (Gibco, Waltham, MA, USA). All chemical
reagents and antibodies were obtained from Cell Signaling
Technology (Danvers, MA) unless otherwise stated.

Western blotting

The cultured cells were lysed using a cell lysis buffer (1:10
dilution) supplemented with protease/phosphatase inhibi-
tor cocktail (1:100). After homogenization, the total protein
concentration was quantified using a Nanodrop 2000 sys-
tem (Thermo Fisher Scientific, Waltham, MA, USA). After
20 pg of protein was heated at 95°C for five minutes, the
samples were separated using electrophoresis and 10%
sodium dodecyl sulfate-polyacrylamide gel (BIORAD, Her-
cules, CA, USA) and subsequently transferred onto poly-
vinylidene difluoride membranes (Invitrogen, Carlsbad,
CA, USA). The membranes were blocked for one hour
using 5% nonfat dry milk in Tris-buffered saline and
Tween 20 (1:10) and then probed overnight at 4°C with
primary antibodies targeting PD-L1 (1:1000) and p-actin
(1:1000). The membranes were washed and incubated for
one hour at room temperature with HRP-linked secondary
antibodies (1:2000), and the band intensities were quanti-
fied using an Image Quant LAS 500
(GE Healthcare, Chicago, IL, USA).

system

Flow cytometry

The cultured cells were harvested using 1.0 mM EDTA
and washed twice in ice-cold phosphate-buffered saline
supplemented with 10% fetal bovine serum. The cells were
incubated for 30 minutes at 4°C with APC-conjugated
antibodies targeting human PD-L1 or APC-conjugated
isotype control antibodies (1:20; BioLegend, San Diego,
CA, USA). Flow cytometry was performed using a FACS
Celesta system (BD, Franklin Lakes, NJ, USA), and data
analysis was performed using the FlowJo software (v10,
BD, Franklin Lakes, NJ, USA).

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Immunofluorescence staining

Each cell line was cultured for 48 hours, and the cells were
fixed on chamber slides using 4% paraformaldehyde for
10 minutes and permeabilized using 100% ice-cold metha-
nol for 10 minutes. After blocking the cells with 3% bovine
serum albumin for 60 minutes, the slides were stained
overnight at 4°C using primary antibodies targeting PD-L1
(1:200). Next, secondary antibodies targeting rabbit IgG
(1:1000) were added for 60 minutes. Staining was per-
formed using the Antifade Reagent with DAPI (Cell Signal-
ing Technology, Danvers, MA), and the cells were
observed under a Keyence BZ-X800 fluorescence micro-
scope (Osaka, Japan).

Total RNA isolation and reverse-
transcription

Total RNA from the cell lines and bronchial brush cytol-
ogy specimens was extracted using an RNeasy mini kit
(QIAGEN, Hilden, Germany) according to the manufac-
turer’s instructions. Total RNA was also extracted from the
conditioned medium and serum-derived exosomes using a
miRNeasy serum/plasma advanced kit (QIAGEN). The
purity and the concentration of the extracted total RNA
were measured using the Nanodrop 2000 system (Thermo
Fisher Scientific). cDNA was reverse-transcribed using
10 ng of total RNA, a TagMan MicroRNA Reverse-
Transcription Kit (Applied Biosystems, Foster City, CA,
USA), and the primers from TaqgMan microRNA assays
(Applied Biosystems, Foster City, CA, USA).

Polymerase chain reaction (PCR)

A previous report has indicated that miR200b is negatively
correlated with PD-L1 expression.””> Thus, we performed
reverse-transcription-quantitative PCR (RT-qPCR) using
the reverse-transcription samples, TagMan Universal PCR
Master Mix (Thermo Fisher Scientific), and the primers
from TagMan microRNA assays (Applied Biosystems;
assay ID: 002251) on CFX96 Touch Real-Time PCR Detec-
tion System (BIORAD) according to the manufacturer’s
protocol. miRNA expression levels were normalized to U6
small nuclear RNA (Applied Biosystems; assay ID:
001973), and the differences in expression were measured
relative to the control using the 274%“Y method

(ACq = tharget - quereference)~

Mimicking and silencing miR200b

The cell lines were seeded for 24 hours before transfection
with mimic miR200b (GeneDesign, Osaka, Japan), S-TuD
miR200b (GeneDesign) as negative control (Invitrogen), or
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Stealth™ RNAi siRNAs (Invitrogen). Transfection was
performed using Lipofectamine 2000 (final concentration:
10 nM; Invitrogen) according to the manufacturer’s proto-
col and analyzed after 48 hours. The sequences used were
as follows: mimic miR200b (upstream primer, 5'-
CAUCUUACUGGGCAGCAUUGGA-3') and S-TuD
miR200b (upstream primer, 5-GACGGCGCUAGGAU
CAUCAACUCCAAUGCUGCCCAGUAAGAUGCAAGU
AUUCUGGU-3').

Patients and samples

All clinical procedures in this study were approved by the
Yokohama City University Ethics Committee (approval
number: A181129001) and conformed with the Declaration
of Helsinki. Japanese patients with suspected primary lung
cancer were prospectively recruited at the Yokohama City
University Hospital and Yokohama City University Medi-
cal Center between December 2018 and March 2020. Sam-
ples were obtained from patients who provided informed
consent for the research use of their bronchoscopy speci-
mens. We selected cases that have been histologically diag-
nosed as NSCLC and evaluated the miRNA expression of
the bronchial brush cytology and serum samples obtained
before chemotherapy (Fig 1). Before RNA extraction, the
red blood cells were removed from the bronchial brush
cytology samples using a RBC lysis buffer (Biolegend, San
Diego, CA, USA), and the exosomes were extracted from
serum samples using a miRCURY Exosome Serum/Plasma
Kit (QIAGEN). The TPS for PD-L1 expression was evalu-
ated by a pathologist based on the immunohistochemical
staining for PD-L1 (22C3 pharmDx; Dako, Carpinteria,
CA, USA).

Statistical analysis

Data were analyzed using the JMP Pro software (v12, SAS
institute, SAS Campus Drive, Cary, NC, USA). Intergroup
differences were evaluated using the Mann-Whitney U test,
and intergroup correlations were evaluated using the
Pearson’s correlation coefficient. Data are presented as the
mean =+ standard error of the mean, unless otherwise
stated, and P-values of <0.05 were considered statistically
significant.

Results

PD-L1 expression is different in human
lung cancer cell lines

We found high PD-L1 expression in the H226 and H460
cells and low PD-L1 expression in the H520, A549, and
H1975 cells using flow cytometry (Fig 1a,b) and observed

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 2977
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Figure 1 Programmed death-ligand 1 (PD-L1) expression and miRNA in human lung cancer cell lines H226, H460, H560, H1975, and A549. (a) Flow
cytometry was used to evaluate PD-L1 expression in each cell line (red, unstained; blue, isotype control; orange, APC-PD-L1). (b) PD-L1 expression
presented as the means =+ standard error of the mean (SEM) of three independent flow cytometry assays. (c) Western blotting was used to evaluate
the expression of PD-L1 and -actin. (d) PD-L1 expression was evaluated using immunofluorescence staining (green, GFP-PD-L1; blue, DAPI-cell
nucleus). The P-values were determined using the Mann-Whitney U test (*P < 0.05).

similar results using western blotting (Fig 1c). Fluorescent
immunohistochemistry also revealed high PD-L1 expres-
sion in the H226 and H460 cells and low PD-L1 expression
in the H520 and A549 cells (Fig 1d).

miR200b expression is inversely related to
PD-L1 expression

We found low miR200b expression in the H226 and H460
cells and high miR200b expression in the H520, A549, and
H1975 cells (Fig 2a). Similar results were obtained when
the conditioned medium was used for RNA extraction
(Fig 2b). These results indicate that miR200b expression is
inversely related to PD-L1 expression in human lung can-
cer cells.
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PD-L1 expression in vitro is regulated by
miR200b

PD-L1 expression was significantly reduced by mimic miR200b
in H460 cells (with normally high PD-L1 expression), but was
increased after silencing using S-TuD miR200b in H520 and
A549 (with normally low PD-L1 expression) cells (Fig 3a-c,
P <0.05). These results indicate that miRNA200b regulates
PD-L1 expression in human lung cancer cells.

miR200b is inversely related to PD-L1
expression in specimens from lung cancer
patients

Patient characteristics are shown in Table 1, and the
immunohistochemical expression of PD-L1 was categorized

Figure 2 miR200b expression in cell lysates
and the conditioned medium of human lung
cancer cell lines with high and low PD-L1
expression. The mean + SEM of five indepen-
dent reverse-transcription-quantitative  PCR
(RT-gPCR) assays of (a) cell lysates and (b) the
conditioned medium of human lung cancer
cells. The P-values were determined using the
Mann-Whitney U test (*P < 0.05).

H226 H460 H520 A549

High Low Low

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Figure 3 Expression of PD-L1 and miR200b after transfection with mimic miR200b or miR200b siRNA. (a) Flow cytometry was used to evaluate PD-L1
expression in H226, H460, H520, and A549 cells after transfection with a control miRNA, mimic miR200b, or S-TuD. (b) PD-L1 expression based on
three independent assays. (c) miR200b expression in H520 and A549 cells after transfection with the control miRNA and S-TuD based on three indepen-
dent RT-gPCR assays. Data are presented as the mean + SEM, and the P-values were determined using the Mann-Whitney U test (*P < 0.05).

as low (<50%) or high (=50%). We observed that the specimens
with high PD-L1 expression had significantly lower miR200b
expression (Fig 4a). There was a weak negative correlation (cor-
relation coefficient: —0.37) between the PD-L1 TPS and the
miR200b expression in lung cancer tissues (Fig 4b). Further-
more, in serum-derived exosomes, significantly lower miR200b
expression was observed in patients with high PD-L1 expres-
sion (Fig 5a), and the miR200b expression exhibited a weak
negative correlation (correlation coefficient: —0.36) with PD-L1
expression (Fig 5b). Further, we investigated the concordance of
miR200b expression in lung cancer tissues and serum-derived
exosomes and found a weak positive correlation (correlation
coefficient: 0.30) (Fig 5c¢).

Relationship between miR200b and PD-L1
expression in patients without driver
oncogene mutation is also inverse

PD-L1 expression is regulated differently in epidermal growth
factor receptor (EGFR) gene wild-type and mutant cases.
Therefore, the relationship between miR200b and PD-L1
expression in patients without the driver oncogene mutation
was analyzed. Similar to the results above, a significantly lower
miR200b expression in both lung cancer tissues and serum-
derived exosomes was observed in patients with high PD-L1
expression (Fig 6a,c), (correlation coefficient: —0.44). Similar
results were obtained for each correlation in each sample type
(Fig 6b,d,e) (correlation coefficient: —0.37).

Discussion

This study revealed that miR200b may regulate PD-L1
expression in cancer cells and that miR200b expression is
inversely related to PD-L1 expression in lung cancer

Thoracic Cancer 11 (2020) 2975-2982

patients. These findings suggest that miR200b might be a
useful surrogate marker for PD-L1 expression in lung can-
cer patients, which could then be used to predict the clini-
cal efficacy of ICI treatment.

miRNAs have various functions that influence biological
processes, such as cell development, differentiation, and
proliferation, as well as the maintenance of homeostasis
and apoptosis.”® Moreover, miRNAs are useful biomarkers
for various diseases because they are stable and simple to
detect in pathological specimens, blood, urine, and saliva.'®
162939 yarious applications of miRNAs, such as use as

Table 1 Patient characteristics

n=29

Age in years, median (range)
Male sex, n (%)
Histology, n (%)
Adeno
Squamous
NSCLC
PD-L1 TPS, n (%)
0%
1-49%
>50%, n (%)
Driver mutation, n (%)
EGFR
ALK
Stage, n (%)

73 (45-86)
19 (65.5%)

16 (55.1%)
8(27.6%)
5(17.2%)

10 (34.5%)
8(27.6%)
11 (37.9%)

5(17.2%)
2 (7.0%)

(17.2%)
(10.3%)
(34.5%)
(

5
3
10
11 (37.9%)

Adeno, adenocarcinoma; NSCLC, non-small cell lung cancer; PD-L1,
Squamous, squamous cell carcinoma;

programmed death-ligand 1;
TPS, tumor proportion score.

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Figure 4 Relationship between miR200b expression and the PD-L1 tumor proportion score (TPS) in cells from lung cancer patients. (a) miR200b
expression in human cancer cells collected via bronchoscopy was detected using RT-qPCR. PD-L1 expression was assessed immunohistochemically,
and the patients were divided into two groups with high (<50%) and low (>50%) PD-L1 expression. The P-values were determined using the Mann-
Whitney U test. (b) The correlation between miR200b expression and the PD-L1 TPS was evaluated using Pearson’s correlation coefficients.
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Figure 5 Relationship between miR200b expression in serum-derived exosomes and the PD-L1 TPS in cells from lung cancer patients. (a) miR200b
expression in serum-derived exosomes was detected using RT-gPCR, whereas PD-L1 expression was assessed immunohistochemically (<50%
vs. 250%). The P-values were determined using the Mann-Whitney U test. (b) The correlation between miR200b expression in serum-derived
exosomes and the PD-L1 TPS was analyzed using Pearson’s correlation coefficients. (c) The correlation between miR200b expression in lung cancer
tissues and that in serum-derived exosomes was analyzed using Pearson’s correlation coefficients.

diagnostic and chemoresistance biomarkers and therapeu-
tic targets, have been reported for NSCLC.'™* Particu-
larly, the miR200 family, including miR200a, miR200b,
miR200c, miR141, and miR429, regulates the epithelial
phenotype of cancer cells. In tumors, miR200b is mainly
involved in epithelial-mesenchymal transition via the zinc-
finger E-box binding homeobox 1 and helps control tumor
metastasis and plrogression.34

Several studies have indicated that the expression of
some miRNAs is related to PD-L1 expression in cancer
patients."” '® For example, PD-L1 expression is
inversely related to miR34a in acute myeloid leukemia,
miR200b and miR197 in NSCLC, miR513 in biliary
epithelial cells, miR570 in hepatocellular carcinoma,

2980  Thoracic Cancer 11 (2020) 2975-2982

and miR138-5p in colon cancer.'”** Thus, miRNAs
can be potential surrogate biomarkers for PD-L1
expression. A previous report has also indicated that
the 3’-UTR of PD-L1 contains two sites for possible
binding to members of the miR200 family (miR200a,
miR200b, and miR200c¢), and that PD-L1 expression is
directly regulated by the miR200 family based on the
results of luciferase reporter assay.””

This study revealed that miR200b expression is inversely
related to PD-L1 expression and that miR200b influenced
PD-L1 expression in human lung cancer cells, although the
underlying molecular mechanisms remain unclear. Deter-
mination of miR200b expression in serum samples might
address these limitations as these specimens are simple to

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Figure 6 Relationship between miR200b expression and the PD-L1 TPS in driver mutation-negative lung cancer patients. (a) miR200b expression in
human cancer cells collected via bronchoscopy was detected using RT-qPCR. PD-L1 expression was assessed immunohistochemically, and the
patients were divided into two groups with high (<50%) and low (=50%) PD-L1 expression. The P-values were determined using the Mann-Whitney
U test. (b) The correlation between miR200b expression and the PD-L1 TPS was evaluated using Pearson’s correlation coefficients. () miR200b
expression in serum-derived exosomes was detected using RT-qPCR, whereas PD-L1 expression was assessed immunohistochemically (<50%
vs. >50%). (d) The correlation between miR200b expression in serum-derived exosomes and the PD-L1 TPS is shown. (e) The correlation between
miR200b expression in lung cancer tissue and miR200b expression in serum-derived exosomes is shown. The P-values were determined using the
Mann-Whitney U test, and the correlations were analyzed using Pearson’s correlation coefficients.

obtain and could be collected throughout the course of Disclosure
treatment.

This study has several limitations that merit consideration.
First, we only evaluated 29 clinical specimens from two hospi-
tals. Second, we did not evaluate the relationship between the References
clinical efficacy of ICI treatment and the expression of miR200b
before or after ICI treatment because only seven patients had
been treated with ICIs. Therefore, additional studies using larger
samples are needed to examine the relationship between
serum-derived exosomal expression of miR200b and ICI effi-
cacy, as well as whether exosomal miR200b expression varies
before, during, or after ICI treatment.
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