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Abstract 
Programmed death ligand-1 (PD-L1) is expressed on the surface of tumor cells and binds to programmed cell death protein-1 (PD1) on the sur-
face of T cells, leading to cancer immune evasion via inhibition of T-cell function. One of the characteristics of small cell lung cancer (SCLC) is its 
ineffective anti-tumor immune response and highly immunosuppressive status in the tumor microenvironment. SCLC cells have been shown 
to generate extracellular vesicles (EVs), which may play an important role in tumor progression. We thus hypothesized that SCLC EVs may be 
important mediators of immunosuppression and that PD-L1 could play a role. Herein, we showed that PD-L1 was expressed on the surface of 
SCLC-derived EVs, with the potential to directly bind to PD1. Experimentally, we further showed that EVs secreted by SCLC cells can inhibit 
CD8+ T-cell activation and cytokine production in vitro in response to T-cell receptor stimulation. Importantly, an anti-PD-L1 blocking antibody 
significantly reversed the EV-mediated inhibition of CD8+ T-cell activation. Furthermore, we performed a retrospective study of patients with 
SCLC to determine the prognostic value of PD-L1 harvested from plasm circulating EVs. The results showed that EVs containing PD-L1 was an 
independent prognostic factor and significantly correlated with progression-free survival. Together, these results indicate that EVs containing 
PD-L1 can be served as a diagnostic biomarker for predicting the effectiveness of therapy, as well as a new strategy to enhance T-cell-mediated 
immunotherapy against SCLC cancers.
Keywords: extracellular vesicles, programmed death-ligand 1, CD8+ T cell, immune suppression, clinical significance, small cell lung cancer
Abbreviations: SCLC: small cell lung cancer; HD: healthy donors; PFS: progression-free survival; ICI: immune checkpoint inhibitor; PD-L1: PD-1 ligand; EVs: 
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nFCM: nano-flow cytometer; IL-2: interleukin-2

Introduction
Small cell lung cancer (SCLC) is a major public health problem 
worldwide, accounting for ~15% of all lung malignancies. 
SCLC is highly lethal, and most patients die within 1 year of 
diagnosis [1, 2]. Despite continuing efforts to develop new 
therapies, the 5-year overall survival rate for patients with 
extensive-stage SCLC has remained at ~5% for several dec-
ades. Treatment failures have largely been attributed to the 
early development of widespread metastases leading to an ex-
tremely poor prognosis [3, 4]. Patients with advanced SCLC 
are thought to mount a weak and ineffective anti-tumor im-
mune response, which contributes to the highly immunosup-
pressive status of the tumor microenvironment and promotes 
tumor progression [5, 6].

Immune checkpoint inhibitor (ICI) targeting PD-1 ligand 
(PD-L1) has become first- or second-line treatments for the 

management of several types of cancer, particularly melanoma 
and lung cancer [7–9]. In the IMpower 133 double-blind study 
of patients with extensive-stage SCLC, the median overall sur-
vival and PFS were significantly longer for the atezolizumab 
group than the placebo group [10, 11]. Despite these prom-
ising results, the general prognosis for SCLC patients remains 
dismal [12]. A recent single-group phase 2 trial of mainten-
ance pembrolizumab in patients with extensive-stage SCLC 
failed to demonstrate longer PFS or overall survival compared 
with historical data [13]. One possible explanation for the 
variable effectiveness of ICI in SCLC patients is the lack of 
biomarkers to predict response to these drugs. Thus, there is 
an urgent need to validate novel biomarkers to identify pa-
tients who will most benefit from this immunotherapeutic ap-
proach.

Previous studies have shown that patients with lung cancer 
who have elevated levels of PD-L1 at the tumor-stromal 
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interface have especially poor outcomes [13]. However, the 
reported levels of PD-L1 expression are highly variable, due 
to differences in techniques used to quantify PD-L1 and their 
associated limitations associations [13, 14]. A recent study 
using mouse models showed that prostate cancer cells secrete 
PD-L1 in extracellular vesicles (EVs). Furthermore, removal 
of EV PD-L1-inhibited tumor growth, even in models re-
sistant to anti-PD-L1 antibodies [15]. This study suggested 
that quantification of EV PD-L1 may be a useful method for 
evaluating the efficacy of cancer treatments.

EVs are small vesicles (30–150  nm) with a lipid bilayer 
membrane that are produced and released by all cells through 
a defined intracellular trafficking route [16]. Because EVs 
are stable and not easily degraded by proteolytic enzymes, 
tumor-secreted EVs are currently emerging as critical mes-
sengers in tumor progression and metastasis and in modu-
lation of the host immune system [17–22]. In recent studies 
of cancer patients, EV PD-L1 were shown to be an effective 
predictor of anti-PD-1 therapy [23–25]. Other studies have 
shown that EV PD-L1 can inhibit T-cell-mediated killing 
of breast cancer cells and promote tumor growth in breast 
cancer models [19]. Monitoring of circulating EV PD-L1 
may also be useful to predict the tumor response to treatment 
and clinical outcome in melanoma patients [26]. However, 
whether circulating EV PD-L1 could be used as a prognostic 
factor in SCLC patients is unknown. Moreover, it is also un-
clear whether EV PD-L1 retains its ability to act as an im-
munosuppressant in SCLC.

In this study, we reported that the expression of PD-L1 was 
a significant difference between SCLC tumor cells. EV from 
SCLC cells suppressed the activation and function of CD8+ T 
cells in a PD-L1-dependent manner. It suggested that SCLC 
tumor cell-derived EVs could create an immunosuppressive 
microenvironment for SCLC progression. Subsequently, we 
investigated the association between disease progression and 
circulating EV PD-L1 levels in SCLC patients. Of clinical 
interest, our results indicated that EV PD-L1, but not total 
plasma PD-L1, correlate significantly with disease activity. EV 
PD-L1 was an independent prognostic and significantly cor-
related with PFS. Together, these findings revealed that EV 
PD-L1 exerts a crucial role in SCLC progression, and could 
serve as a diagnostic biomarker for SCLC.

Materials and methods
Study participants
This retrospective study was conducted between December 
2016 and December 2018 in the Department of Respiratory 
Oncology, Western Branch of The First Affiliated Hospital of 
the University of Science and Technology of China, China. 
Clinicopathological data from patients with SCLC (n = 70), 
including age, gender, smoking history, disease status, and dis-
tant metastasis, were collected from medical records. PFS was 
defined as the time from treatment initiation to recurrence or 
the date of censorship (date of the last follow‑up).

Cell culture
Human SCLC cell lines H82, H69, DMS273, SHP77, H446, 
and SBC-3 were purchased from the American Type Culture 
Collection (Manassas, VA, USA). The cells were cultured in 
RPMI-1640 medium (Hyclone) supplemented with 10% 
EV-depleted fetal bovine serum (Gibco) and were maintained 

at 37°C in a 5% CO2 atmosphere. All cell lines were tested for 
mycoplasma contamination.

Isolation of EVs from patient plasma and cell 
culture medium
Peripheral blood was drawn into EDTA-K2 tubes and cen-
trifuged at 3155g for 10  min. The supernatants were then 
removed and centrifuged at 3000g for 10 min, and the clari-
fied plasma was removed and stored at −80°C until further 
processing. Thawed plasma samples were differentially cen-
trifuged at 16  400g for 45  min at 4°C. The supernatants 
were removed and ultracentrifuged at 130 000g for 1 h at 
4°C (Beckman Coulter Optima L-100XP). The supernatants 
were discarded and the EV pellets were washed with 1  ml 
phosphate-buffered saline (PBS). Then, the media was fil-
tered using a 0.22-µm pore filter, followed by a second step 
of ultracentrifugation at 130 000g for 1 h at 4 °C. Afterward, 
the supernatant was discarded, and the EVs were suspended 
either in 100 µl of 1× PBS.

SBC-3 cells were resuspended in RPMI-1640 medium con-
taining exosome-depleted FBS and cultured until they reached 
80%–90% confluency. The culture supernatants were col-
lected and sequentially centrifuged at 1000g for 10 min and 
3000g for 10 min. The supernatant was filtered using a 0.22-
µm filter and then ultracentrifuged at 130 000g for 1 h at 4°C 
(Beckman Coulter, Optima MAX-XP). The supernatant was 
discarded, and the EV pellet was suspended in either 40 µl of 
1% RIPA lysis buffer or 40 µl of PBS.

Characterization of EVs
For transmission electron microscopy (TEM), 2.5 µl aliquots 
of SBC-3 cell-derived EVs in PBS were pipetted onto 200 
mesh formvar/carbon grids that had been hydrophilized for 
10  s. Samples were incubated for 90  s and then negatively 
stained with a 2% phosphotungstic acid solution. Data were 
acquired using a TEM operating at 120 keV equipped with 
an UltraScan 1000 CCD Camera (FEI). EV size was meas-
ured using a scale bar. Size distribution of SBC-3 cell-derived 
EVs was performed by nano-flow cytometer (nFCM) analysis 
[27].

To determine PD-L1 expression on the surface of the 
EV, single EVs were analyzed by confocal fluorescence 
microscopy. SBC-3 cells-derived EVs were incubated with 
anti-human PD-L1 antibody (ab213524) or anti-human 
anti-CD63 (H5C6) antibody (Novus; NBP2-42225) at 1:200 
dilution at room temperature for 2  h and then ultracentri-
fuged at 130 000g for 1 h at 4°C. The supernatants were re-
moved and the EV pellets were incubated with Alexa Fluor 
647-conjugated or Alexa Fluor 488-conjugated secondary 
antibodies at room temperature for 1 h in the dark. The sam-
ples were then ultracentrifuged as indicated above. The super-
natants were removed, and the EV pellets were washed with 
PBS and ultracentrifuged as indicated above. The pellet was 
resuspended in PBS and applied to a microscope slide pre-
coated with poly-lysine to enable capture of individual EVs. 
Expression of PD-L1 and CD63 were analyzed using a Nikon 
Eclipse TI microscope (Nikon 100 × 1.49 NA objective lens 
model) equipped with a NEO-5.5-CL3 camera. Fluorescence 
intensity was measured using ImageJ software. Half-height 
width analysis was performed using MATLAB with a specific 
analysis code.
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Peripheral blood mononuclear cell isolation and 
functional assays
Peripheral blood mononuclear cells (PBMCs) were isolated 
from blood samples obtained from healthy donors by cen-
trifugation on Ficoll-Hypaque gradients then and cultured 
in RPMI-1640 medium supplemented with 10 mM HEPES 
buffer, 5 × 10−5 M β-mercaptoethanol, 10% FBS, and 1% 
penicillin/streptomycin. Aliquots of 5  ×  105 PBMCs per 
well were plated in 96-well U bottom plates and incubated 
with anti-CD3 monoclonal antibody (10 μg/ml; BioLegend, 
#317326), anti-CD28 antibody (2 μg/ml; BioLegend, 
#302933) and EVs derived from SBC-NC, SBC-3-PD-L1, 
DMS273-NC, or DMS273-PD-L1 cell lines. EVs were 
pretreated with isotype control or 20 mg/ml of anti-PD-L1 
antibody (B7-H1) (BioXcell, BE0285) overnight at 4°C. The 
cells were incubated for 48 h. The PBMCs were harvested 
and incubated with FITC-conjugated anti-CD8 antibody 
(BioLegend, #300906) and APC-conjugated anti-CD69 
antibody (BioLegend, #310904). The cells were analyzed 
on an LSRFortessa flow cytometer (BD Biosciences) with 
gates set on CD8+ T cells. Data were analyzed with FlowJo 
software.

PBMC culture supernatants collected at the end of the 
48 h incubation were analyzed for cytokines using human 
cytokine Multi-microsphere flow immunofluorescence 
(RAISECARE) according to the manufacturer’s instruc-
tions.

Cytotoxic potential assay
PBMCs were isolated from blood samples obtained from 
healthy donors by centrifugation on Ficoll-Hypaque gra-
dients. Aliquots of 5 × 105 PBMCs per well were placed in 
96-well U bottom plates and incubated with anti-CD3 mono-
clonal antibody (10 μg/ml; BioLegend, #317326), anti-CD28 
antibody (2 μg/ml; BioLegend, #302933) and EVs derived 
from SBC-NC or SBC-3-PD-L1 cell lines. The PBMCs were 
harvested after incubated for 24  h. The levels of intracel-
lular granzyme B and perforin in CD8+ T cells were evaluated 
by staining cells with antibodies against human granzyme 
B or perforin according to the manufacturer’s instructions 
(RAISECARE, #210905) and analyzed by flow cytometry 
(RAISECARE).

Quantitative reverse-transcription PCR (qRT-PCR)
Total RNA was isolated from cultured cells using TRIzol re-
agent (Invitrogen, #15596-026) and reverse-transcribed using 
HiScript II Q-RT SuperMix (Vazyme, #R222-01). Real-time 
PCR was conducted using a Roche LightCycler 480 system. 
Gene-specific primers were designed using Primer 5 soft-
ware as follows: PD-L1: 5ʹ-GGCATTTGCTGAACGCAT-3ʹ 
(forward) and 5ʹ-CAATTAGTGCAGCCAGGT-3ʹ (reverse); 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH): 
5ʹ-AACGGATTTGGTCGTATTG-3ʹ (forward) and 
5ʹ-GGAAGATGGTGATGGGGAT-3ʹ (reverse).

Cell viability assay
Cell viability was measured using a Cell Counting Kit 8 
(CCK8; Beyotime Biotechnology). In brief, cells were plated 
at 4 × 103/100 µl/well in 96-well plates and incubated for 24, 
48, or 72 h. CCK-8 reagent was added at 10 μl/well and the 
plate was incubated for 2 h at 37°C. Absorbance at 450 nm 
was read using a Tecan Reader system.

PD-L1 enzyme-linked immunosorbent assay
Total plasma PD-L1 and EV PD-L1 were measured using a 
Quantikine ELISA kit (R&D Systems, #DB7H10) according 
to the manufacturer’s instructions. In brief, 100 µl of sample 
per well was added to the enzyme-linked immunosorbent 
assay (ELISA) plate and incubated for 2 h at room tempera-
ture. The wells were washed with 400 µl Wash Buffer, 200 µl/
well human PD-L1 detection antibody was added, and the 
plates were incubated for an additional 2 h at room tempera-
ture. Substrate solution (200 µl/well) was then added and the 
plates were further incubated for 30 min at room tempera-
ture. The reaction was stopped by the addition of a 50 µl Stop 
Solution. The absorbance at 450 nm was measured using a 
microplate reader. PD-L1 concentrations were calculated 
from standard curves.

Western blot analysis
SCLC cells or EVs were incubated in RIPA lysis buffer for 
15  min and centrifuged. Lysate samples were separated by 
SDS–PAGE, and proteins were transferred to polyvinylidene 
fluoride membranes (Millipore). The membranes were blocked 
with 5% bovine serum albumin for 1 h and then incubated 
overnight at 4°C with primary antibodies specific for TSG101 
(Novus, #NBP1-80659), PD-L1 (Abcam, #ab213524), CD63 
(H5C6) (Novus, #NBP2-42225), calnexin (CST, #2679T), 
or GAPDH (Sigma–Aldrich, #A3854). The membranes 
were washed and incubated with horseradish peroxidase-
conjugated secondary antibody (Beyotime Biotechnology) 
for 1  h at room temperature. Immunoreactive proteins 
were revealed using ECL detection reagents (Beyotime 
Biotechnology). Band intensities were quantified using a 
Tanon Imaging System.

Statistical analysis
Statistical analysis was performed using Prism 5 software 
(GraphPad). Relationships between variables were examined 
using Spearman’s correlation coefficient. Results from Cox 
proportional hazards models are reported as hazard ratios 
(HRs) with 95% confidence intervals (CIs). Survival analysis 
was performed using the Kaplan–Meier method, and differ-
ences were assessed using a two-tailed log-rank test. Receiver 
operating characteristic (ROC) curve area analysis was used 
to measure the predictive power of EV PD-L1 by determining 
the area under the curve (AUC). Data are presented as the 
mean ± standard deviation (SD) from at least three inde-
pendent experiments. For normally distributed data, mean 
differences were analyzed using two-tailed paired or unpaired 
Student t-tests. A two-tailed value of P < 0.05 was considered 
statistically significant.

Results
Cultured SCLC cell lines release EVs expressing 
membrane PD-L1
To analyze SCLC tumor cell-derived EVs in more detail, we 
first selected a cell line that expressed high levels of PD-L1 
from among a panel of six SCLC cell lines (H82, H69, 
DMS273, SHP77, H446, and SBC-3) using Western blot 
analysis. As shown in Fig. 1A, PD-L1 expression was de-
tected only in DMS273 and SBC-3 cells; of these, SBC-3 
cells showed the highest expression. SBC-3 cells were cul-
tured to 80%–90% confluency and EVs were purified from 
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the resulting culture supernatant. TEM of the SBC-3-derived 
EVs revealed a saucer-like morphology (Fig. 1B), and nano-
flow cytometer (nFCM) analysis showed that the vesicles 
were approximately 60.75 nm in diameter (Fig. 1C). Analysis 
of EVs by Western blotting demonstrated that PD-L1 was 
co-expressed with TSG101 and CD63, two markers of 
EVs (Fig. 1D). Furthermore, the expression of endoplasmic 
reticulum-specific protein calnexin was negative in EVs (Fig. 
1D). Finally, we examined the localization of PD-L1 by la-
beling the EVs with anti-PD-L1 and anti-CD63 antibodies 
followed by confocal fluorescence microscopy. As shown in 
Fig. 1E, PD-L1 co-localized with the membrane marker CD63 
in EVs, indicating the presence of PD-L1 in the EVs’ mem-
brane.

SCLC cell-derived PD-L1+ EVs suppress CD8+ T-cell 
function in vitro
We next determined whether PD-L1 on the surface of EVs 
retained the ability to engage cell surface PD-1 and sup-
press the functions of CD8+ effector T cells. We first estab-
lished SBC-3 and DMS273 cells lines expressing empty vector 
(SBC-3-NC and DMS273-NC) or a PD-L1 expression vector 
(SBC-3-PD-L1 and DMS273-PD-L1). As shown by Western 

blot and qRT-PCR analysis, PD-L1 protein and mRNA ex-
pression, respectively, were strongly upregulated in SBC-3-
PD-L1 and DMS273-PD-L1 cells compared with negative 
control (Fig. 2A). We then determined the effect of PD-L1 
overexpression on cell proliferation in SCLC cells. As shown 
in Fig. 2B, overexpression of PD-L1 had no significant effect 
on the cell proliferation neither in SBC-3 nor DMS273 cell 
lines. Compared with the size distribution of SBC-NC EVs, 
with a median size of 60.75  nm, the particle size distribu-
tion of EVs isolated from SBC-3-PD-L1, with a median size 
was measured to be 62.75 nm (Figs. 1C and 2C). Accordingly, 
EVs secreted by PD-L1-overexpressed cells also contained 
higher levels of PD-L1 compared with EVs derived from NC 
cells in SBC-3 and DMS273 (Fig. 2D). Importantly, PD-L1 
was expressed higher in EVs derived from SBC-3-PD-L1 cells 
than EVs from SBC-3-NC cells analyzed by nFCM (12.7% vs 
9.92%) (Fig. 2E).

EV PD-L1 derived from multiple types of cancer cells 
have been shown to affect T-cell functions [19, 24, 28, 29]. 
Therefore, we next investigated the effects of SBC-3-derived 
EVs on CD8+ T-cell activation and cytokine secretion. PBMCs 
were isolated from healthy donors and incubated for 48 h with 
anti-CD3/anti-CD28 antibodies with or without EVs purified 

Figure 1: SCLC tumor cells release EVs expressing membrane PD-L1. (A) Western blot analysis of the expression of PD-L1 in multiple lung cancer cells. 
(B) A representative TEM image of purified SBC-3 cells EVs. Red arrows point to EVs. (C) Size distribution of SBC-3-derived EVs, as analyzed by nFCM. 
(D) Western blot of PD-L1 in EVs isolated from the media of SBC-3 and SBC-3 cells. CD63 and TSG101, the markers of EVs. Calnexin, the negative 
marker of EVs. (E) Representative confocal immunofluorescence microscope image showing expression levels of CD63 (EVs marker, displaying with 
green fluorescence) and PD-L1 (displaying with red fluorescence) on the surface of single EV isolated from SBC-3 cells. Arrows point to EVs.
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from NC or PD-L1 overexpressed cells. CD8+ T-cell activa-
tion status (CD69 expression) and effector function (cytokine 
secretion) were then analyzed by flow cytometry. Cells stimu-
lated in the presence of SBC-3-NC- or DMS273-NC-derived 
EVs exhibited increased CD69 expression and cytokine secre-
tion, as expected (Fig. 3A–C). However, the presence of SBC-3-
PD-L1- or DMS273-PD-L1-derived EVs significantly reduced 
the expression of CD69 and secretion of interleukin-2 (IL-2) 
(Fig. 3C). Interestingly, SBC-3-PD-L1-derived EVs increased 
CD8+ T-cell secretion of IL-10 and IL-17 (Fig. 3C), which have 
been shown to be key promoters of cancer growth via their 
effects on the activities of myeloid and T cells [30–32].

Currently, granzyme B and perforin are considered to be 
key anti-tumor effector molecules in T lymphocytes [33, 34]. 
Perforin pores facilitate granzyme B entering into the target 
cell, after which they can induce target cell death [35]. To 
determine whether PD-L1+ EVs contribute to lower CD8+ 
T-cell cytotoxic potential, we treated PBMCs with EVs de-
rived from SBC-3-NC and SBC-3-PD-L1 cells for 24 h and 
measured the intracellular expression of granzyme B and 

perforin in CD8+ T cells by flow cytometry. We found that 
the percentages of granzyme B+ CD8+ T cells and perforin+ 
CD8+ T cells were all significantly decreased following the 
EV PD-L1+ treatment compared with the NC group (Fig. 
3D). Collectively, these results suggest not only that EV 
PD-L1 is functional but also that it is able to promote T-cell 
immunosuppression.

EV PD-L1 is associated with clinicopathological 
characteristics in SCLC
To evaluate EV PD-L1 as a potential biomarker in SCLC, we 
analyzed blood samples from 30 healthy donors and 70 SCLC 
patients. The clinical characteristics of the SCLC patients are 
summarized in Table 1. The study group consisted of 55 men 
and 15 women with a median age of 65 years (range 47–79 
years). At diagnosis, 58.5% of the patients consumed tobacco. 
At study enrolment, 46 (65.7%) patients had extensive-stage 
disease and 24 (34.3%) had local-stage disease. None of the 
patients had received ICIs.

Figure 2: EVs containing PD-L1+ downregulate CD69 expression on effector CD8+ T cells. (A) The PD-L1 in SBC-3 and DMS273 cells was analyzed by 
Western blot analysis after transfection with NC or PD-L1 (upper). Relative mRNA amounts of PD-L1 in SBC-3-NC, SBC-3-PD-L1, DMS273-NC, and 
DMS273-PD-L1 cells. The amounts of mRNA from the gene of interest were normalized to GAPDH (lower). (B) The effect of PD-L1 overexpression on 
SBC-3 and DMS273 cell proliferation was determined by the cell viability assay. (C) Size distribution of SBC-3-PD-L1-derived EVs, as analyzed by nFCM. 
(D) Immunoblots for PD-L1 in purified EVs from SBC-3-NC, SBC-3-PD-L1, DMS273-NC, and DMS273-PD-L1 cells. The same amounts of proteins were 
loaded for each fraction. (E) The PD-L1 in EVs harvested from SBC-3-NC and SBC-3-PD-L1 cells were analyzed by nFCM. The preparation of EVs from 
culture medium was fluorescently labeled with PE-conjugated mAbs specific to PD-L1. The percentage of phenotype-positive EVs was provided in the 
plot. 
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Figure 3: EVs containing PD-L1+ downregulate CD69 expression on effector CD8+ T cells. (A) FACS contour plots showing a frequency of CD8+CD69+ 
cells in total CD8+ T cells in the PBMCs following various treatments at day 2. Decreasing levels of CD69 expression on CD8+ T cells after co-incubation 
with PD-L1+ EVs isolated from SBC-3-PD-L1 and DMS273-PD-L1 cells. The results are representative of three independent experiments. (B) Statistical 
analysis of the difference in expression of CD69 by flow cytometry in CD8+ T cells. ∗P < 0.05. (C) Multi-microsphere flow immunofluorescence assay 
assessment for secretion of IL-2, IL-17, and IL-10 in human PBMCs (stimulated with anti-CD3/CD28 antibodies) after treatment with SBC-3-NC-derived 
EVs or SBC-3-PD-L1 cell-derived EVs for 2 days. (D) PBMCs were analyzed by flow cytometry after staining with anti-human antibodies CD8-APC, 
granzyme B-PE, and perforin-FITC. Histograms represent the mean ± SD of three independent experiments. ∗∗P < 0.01. ∗∗∗P < 0.001.
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We next assessed total PD-L1 and EV PD-L1 levels in 
plasma by ELISA. Total PD-L1 was higher in plasma sam-
ples from SCLC patients (n = 70, median 35.477 pg/ml) than 
in plasma samples from healthy donors (n = 30, median 
23.655 pg/ml) (P = 0.0011, Fig. 4A). Interestingly, an even 
more striking difference between SCLC patients and healthy 
donors was observed in the level of EV PD-L1 (median 14.07 
and 6.515 pg/ml, respectively; P < 0.0001, Fig. 4B). These re-
sults indicate that SCLC was associated with a greater change 
in EV PD-L1 than in total plasma PD-L1.

We next determined whether total or EV PD-L1 levels could 
discriminate between SCLC patients and healthy donors by 
performing ROC curve analysis. Total PD-L1 levels showed 
good discriminatory ability (AUC = 0.7236, SE = 0.071, 95% 
CI = 0.5842–0.8631; P = 0.003; Fig. 4C), but EV PD-L1 levels 
showed superior discrimination between the two groups (AUC 
= 0.8742, SE = 0.045, 95% CI = 0.7859–0.9626; P < 0.0001; 
Fig. 4D). This analysis indicated that using the optimal cut-off 
value of 9.326 pg/ml, plasma EV PD-L1 levels could identify 
SCLC patients with 75.71% sensitivity and 93.33% specificity.

Analysis of clinicopathological characteristics revealed that 
total plasma PD-L1 levels were not significantly associated 
with gender, smoking history, or tumor distant metastasis, 
whereas older age and disease status were associated with a 
significantly higher total PD-L1 level (P = 0.0101 and P = 
0.0035, respectively, Table 1). In contrast, EV PD-L1 level was 
significantly associated with age (P = 0.0282), disease status 
(P = 0.001) (Fig. 4F), and distant metastasis (P = 0.007), but 
not with gender or smoking history (Table 1). These results 
indicate that plasma EV PD-L1 may be a superior biomarker 
than total plasma PD-L1for SCLC.

High EV PD-L1 level is associated with shorter PFS
Next, we investigated the PFS of SCLC patients stratified by 
high/low total plasma PD-L1 level and high/low plasma EV 

PD-L1 level. Kaplan–Meier survival analysis indicated that 
PFS was not significantly different for patients in the total 
PD-L1low and total PD-L1high groups (P = 0.063, Fig. 5A). 
However, PFS was significantly poorer for patients in the EV 
PD-L1high group compared with the EV PD-L1low group (HR 
= 2.857, 95% CI = 1.637–4.984, P = 0.0002) (Fig. 5B). Taken 
together, these findings suggest that circulating EV PD-L1 
levels might be useful to predict clinical outcomes in SCLC.

EV PD-L1 level is a prognostic marker in SCLC
To determine whether EV PD-L1 level could act as a prognostic 
marker, we evaluated tumor progression or response to therapy 
using at least two imaging modalities at 1- to 2-month inter-
vals during treatment. In parallel, we quantified EV PD-L1 in 
plasma samples. As shown in Fig. 6A–C, patients who did not 
progress during serial monitoring exhibited decreased levels of 
circulating EV PD-L1 during treatment, and conversely, patients 
with tumor progression exhibited an increase in circulating EV 
PD-L1 levels during treatment. Thus, EV PD-L1 could be used 
as a follow-up marker and predictor of treatment response.

Discussion
EVs are small secreted membrane vesicles that are released 
extracellularly and enter the systemic circulation [36–39]. 
Tumor cell-derived EVs could reflect the molecular signa-
ture of cancer [17, 40–42]. Most studies suggest that meas-
urement of circulating EV PD-L1 levels may represent a less 
invasive method than conventional immunohistochemical 
assays for predicting the prognosis of cancer patients [29, 
43–47]. However, the clinical significance of EV PD-L1 and 
whether EV PD-L1 retained its immunosuppressive proper-
ties in SCLC were unclear.

In this study, we showed that total PD-L1 and EVs PD-L1 
levels are significantly higher in plasma from SCLC patients 
than from healthy donors; of these, the difference was greatest 
for EV PD-L1. PD-L1 expressed by tumor cells has been re-
ported to correlate with poor outcomes after ICI therapy in 
multiple cancers [24, 26, 28, 48]. In the present study, we did 
not evaluate PD-L1+ EVs in SCLC patients who were being 
treated with ICIs; rather, we evaluated changes in EVs PD-L1 
levels before and after treatment. We observed that EVs 
PD-L1 was an independent prognostic factor in SCLC and 
was significantly associated with disease status. However, the 
results presented here will need to be confirmed in prospective 
studies with larger cohorts.

Our results are consistent with a recent report that EVs 
PD-L1 correlates with disease progression in patients with 
head and neck squamous cell carcinomas [49]. We observed 
a significant association between EVs PD-L1 and advanced 
tumor stage and distant metastasis, whereas total plasma 
PD-L1 correlated only with advanced age. Moreover, PFS was 
significantly poorer for patients with high EV PD-L1 levels 
compared with low levels, indicating that EV PD-L1 might 
predict survival in the early stages of SCLC. Patients with 
high plasma EV PD-L1 also had more active and advanced 
disease than did patients with lower levels.

Previous studies have identified removal of EV PD-L1 from 
tumor microenvironment was shown to inhibit the growth of 
prostate tumors, even in the models resistant to anti-PD-L1 
antibodies [15]. This study indicated that measurement of EV 
PD-L1 levels may be useful for evaluating therapeutic efficacy. 
However, current methods of EVs analysis have not been used 

Table 1: SCLC patients’ characteristics according to the expression of 
PD-L1

Variables Number of patients(%) Total PD-L1  EVs PD-L1  

P value P value

Age (years) 
 � ≤ 65 38(54.3) 0.0101 0.0282 
 � > 65 32(45.7) 
Gender 
 � Male 55(82.9) 0.0863 0.0679 
 � Female 15(17.1) 
Smokinga

 � Ever 35(58.5) 0.1115 0.9147 
 � Never 35(41.5) 
Disease status 
 � LD 24(34.3) 0.0035 0.001 
 � ED 46(65.7) 
Distant metastasis 
 � M0 48(65.9) 0.0925 0.007 
 � MX 22(34.1) 

The p-value refers to Student’s t-test testing homogeneity of patients’ 
characteristics. Bold values indicate statistical significance(p<0.05).
LD, limited disease; ED, extensive disease; M0, no distant metastasis; MX, 
distant metastasis.
aSmoking status is based on self-reported information.
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to quantitatively investigate EVs PD-L1 in clinical samples, 
highlighting the need to develop EVs extraction methods 
amenable to use in clinical contexts.

The assessment of PD-L1 expression in circulating EVs has 
been evaluated in melanoma and head and neck cancer for 

its potential capability to guide the selection of patients to 
be treated with immunotherapy [24, 44]. It is worth noting 
that PD-L1 was also detected in microvesicles even though at 
a lower level [24]. Whether PD-L1 in microvesicles possesses 
diagnostic value or has communication with exosomal PD-L1 
is all need to be validated with further experiments. Whether 
PD-L1 in EV-depleted plasma has communication with EVs 
PD-L1 needs further experiments to confirm.

Because PD-L1 expression varies among different types 
of lung cancers, we analyzed expression levels in a panel of 
human SCLC cell lines [50]. Our data revealed that only two 
of the six cell lines expressed PD-L1, which is consistent with 
clinical studies showing that PD-L1 is expressed at low levels 
in SCLC tumor tissues [13, 51]. Moreover, this may also ex-
plain the general lack of therapeutic response to anti-PD-L1 
blockade in SCLC, which has led to less than optimistic ex-
pectations for the efficacy of ICI in this cancer.

We hypothesized that EVs PD-L1 may play a role in at-
tenuating anti-tumor immunity in SCLC, as has been dem-
onstrated in other cancers [25, 43, 52–54]. Indeed, we 
found that EVs from SCLC cells expressing high levels of 
PD-L1 induced downregulation of the T-cell activation 
marker CD69 on CD8+ T cells, and also modulated the re-
lease of various cytokines from stimulated cells. These re-
sults support the possibility that EV PD-L1 could alter the 
immune microenvironment in SCLC, similar to findings in 
other cancers [19, 55]. More importantly, suppression of 
immunity may explain the association between EV PD-L1 
and many clinicopathological characteristics of SCLC pa-
tients. However, we should note that we evaluated PBMCs, 
which contain various immune cells. In a future study, we 
will focus on exploring how EV PD-L1 may affect T cells 
and natural killer cells specifically.

Figure 4: Association of total PD-L1 or EVs PD-L1 levels with clinicopathological data in SCLC. (A) Total PD-L1 is elevated in SCLC patients (n = 70) 
compared with healthy donor (n = 30) (P = 0.0011). (B) PD-L1+ EV is significantly higher in SCLC patients (n = 70; P < 0.0001). (C and D) ROC curve 
analysis for the indicated parameters in patients with SCLC compared to healthy donors. (E) Protein concentrations of total PD-L1 show a significant 
difference in patients with extensive disease (ED) relative to those with limited disease (LD) (P = 0.0035). (F) PD-L1+ EVs are significantly elevated in ED 
patients compared with LD patients (P = 0.001). Data represent mean ± SD. Statistical analyses were performed using a two-sided unpaired t-test.

Figure 5: PD-L1+ EVs can be used as a marker of progression-free 
survival in SCLC. Kaplan–Meier estimates of progression-free survival 
(PFS) in patients according to total PD-L1 (n = 70, P = 0.063) (A) 
or exosomal PD-L1 (n = 70, P = 0.0002) (B). HR, hazard ratio; CI, 
confidence interval.
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Conclusion
To be summarized, our findings demonstrated that PD-L1 
selectively expressed on SCLC tumor cells. In our work, as 
shown in Fig. 7, EVs can be naturally released from SCLC cells 
and enriched in immunosuppressive proteins, such as PD-L1. 

Additionally, EVs containing PD-L1 efficiently blocked CD3/
CD28-stimulated T-cell activation and cytokines secretion. 
Importantly, a specific antibody of PD-L1 can significantly 
reverse the EV-mediated inhibition of CD8+ T-cell activation. 
At last, our study presents the evidence that circulating EVs 

Figure 6: Circulating PD-L1+ EVs can be used as follow-up markers in SCLC patients. Case study of the correlation between EV PD-L1 levels in plasma 
samples from SCLC patients and response to therapy. Concomitant imaging and EV PD-L1 sampling in three patients experiencing (A) response as 
observed in the hilar on CT scan; (B) tumor metastases to the brain by MRI scan; (C) initial response (at cure 1) then disease progression as detected in 
the hilar and pleura on CT scan. R: response, PD: progression of the disease. Tumor sites in the scans are indicated by a red arrow.
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containing PD-L1 could serve as a marker for cancer diag-
nosis, for monitoring therapeutic responses, and for predicting 
the prognosis in SCLC patients. Our study not only identifies 
SCLC tumor cell-derived EVs containing PD-L1 play an im-
portant role in the communication between extracellular en-
vironment and immune system, but also provides foundational 
evidence establishing the promising potential for the use of EV 
PD-L1 in the development of a novel anticancer approach.
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