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Abstract 
Immune Check-Point Inhibitors (ICIs) have shown remarkable promise in treating tumors, including non-small cell lung cancer (NSCLC). 
Nevertheless, the treatment response rate is low. Studies have found that the high expression of exosomal PD-L1 is one of the reasons for the 
low treatment response. Therefore, this study focused on the relationship between the exosomal PD-L1 and the clinical response to immuno-
therapy in NSCLC patients to evaluate whether it could be used as a biomarker to predict the efficacy of ICIs. In this study, clinical information 
and blood samples of 149 NSCLC patients receiving ICIs were collected. The expression level of exosomal PD-L1 was detected by enzyme-
linked immunosorbent assay method, and the relationship between exosomal PD-L1 and the efficacy of ICIs was explored. Overall, our study 
found that the expression level of exosomal PD-L1 was lower at pre-treatment, or the max fold increasing change higher at 3–6 weeks had a 
higher disease control rate and longer progression-free survival. It revealed that the exosomal PD-L1 was associated with the treatment re-
sponse of patients using ICIs and provided a new tool for the evaluation of clinical efficacy of lung cancer immunotherapy.
Keywords: lung cancer, Immunity, Exosomes, PD-L1
Abbreviations: CR: complete response; CTLA-4: Cytotoxic T-lymphocyte associated protein 4; DCR: disease control rate; ELISA: enzyme linked immunosorbent 
assay; ICIs: immune checkpoint inhibitors; NSCLC: non-small cell lung cancer; NTA: nanoparticle tracking analysis; PBS: phosphate buffered saline; PD: 
progression disease; PD-1: programmed cell death-1; PD-L1: programmed cell death ligand 1; PFS: progression-free survival; PR: partial response; SD: stable 
disease; TEM: transmission electron microscopy; WB: western blot.

Introduction
Lung cancer is still a common malignancy with an incidence 
rate of 11.4% and ranks as the leading cause of cancer-related 
death accounting for 18% of the total deaths worldwide [1]. 
Immune checkpoint inhibitors (ICIs), especially antibodies 
targeting the programmed cell death-1 (PD-1)[2–6]/pro-
grammed cell death ligand 1 (PD-L1) [7, 8] pathways, have 
revolutionized the treatment of non-small cell lung cancer 
(NSCLC). However, taking nivolumab, for example, the pa-
tient response rate in NSCLC is still low [9]. Studies have 
found that the high expression of exosomal PD-L1 is one of 
the reasons for the low response rate of patients [10].

Exosomes, with a diameter of about 30–150 nm in lipid 
bilayer membrane structure, are widely present in biological 
fluids, such as blood, tears, urine, saliva, breast milk, ascites, 
and pleural fluid [11]. They contain nucleic acids (including 
mRNA, tRNA, microRNA, lncRNA, circRNA, and so on), 
transmembrane proteins, and cholesterol. The surface markers 
mainly include CD63, CD9, CD81, HRS, ALIX, TSG101, and 
HSP27 [12–14]. They have been studied in cancer diagnostics 

because tumor-derived exosomes play an important role in 
metastatic cascades, such as invasion, migration, and the 
priming of metastatic niches [15–17].

PD-L1 is found on the surface of the exosomes and can bind to 
PD-1 through its extracellular domain to inactivate T cells [18]. 
In 2018, scientists found that PD-L1 on metastatic melanoma-
derived exosomes can suppress the function of CD8+ T cells 
and facilitate tumor growth, and these effects are disrupted by 
anti-PD-1 antibodies [19]. In addition, exosomal PD-L1 was as-
sociated with anti-PD-1 response in melanoma [19].

In this study, we aimed to analyze the relationship between 
exosomal PD-L1 and the efficacy of ICIs to provide a new 
tool for the evaluation of the clinical efficacy of lung cancer 
immunotherapy.

Materials and methods
Patients and specimen collection
A total of 149 non-small cell lung cancer patients were en-
rolled for treatment with immune check-point inhibitor 
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monotherapy or combination therapy (chemotherapy, tar-
geted therapy, or immunotherapy) (Supplementary Table S1). 
The study was approved by the Ethics Committee of Shanghai 
Chest Hospital (Number KS1732). All patients were informed 
of the study and consented to the enrollment. All the proced-
ures were conducted in accordance with the Declaration of 
Helsinki. Peripheral blood was obtained in sodium heparin 
tubes before each therapy every 2 weeks (Nivolumab therapy) 
or every 3 weeks (other therapies) for 12 weeks or until the 
progression disease (PD).

Clinical response was determined as 180 days of efficacy 
evaluation based on RECIST1.1 [20] using unidimensional 
measurements. Responders included those with complete re-
sponse (CR) or partial response (PR) or stable disease (SD) 
lasting at least 6 months. Non-responders were patients with PD 
for 6 months [21]. The assessment of clinical responses for pa-
tients was performed independently in a double-blind fashion.

Exosome isolation
Venous blood from NSCLC patients was centrifuged at 2000g 
for 10 min at 4°C to obtain cell-free plasma. Then, 2 ml of the 
obtained plasma was centrifuged at 10 000g for 30 min. The 
collected supernatants were centrifuged at 100 000g for 70 min 
at 4°C to pellet the exosomes. The pelleted exosomes were di-
luted with PBS and collected by ultracentrifugation at 100 000g 
for 70 min at 4°C again, and finally resuspended in PBS.

Transmission electron microscopy (TEM)
An aliquot of 5 μl of purified exosomes dissolved in PBS were 
dropped on a copper grid. After sedimentation for 1 min, the 
remaining liquid was absorbed by the air-laid paper. Then 5 μl 
of 2% uranyl acetate solution (Merck) was applied to the same 
copper grid for negative staining for 1 min. Then the staining 
solution was removed with air-laid paper. Finally, the samples on 
the copper grid were imaged on a TecnaiG2 spirit Biotwin TEM.

Nanoparticle tracking analysis
Exosomes were measured by nanoparticle tracking analysis 
(NTA), using the ZetaView instrument (Particle Metrix, 
Germany). The exosomes were suspended in PBS at proper 
ratios. The size distribution and concentration of puri-
fied exosomes were analyzed by the software (ZetaView 
8.03.04.01).

Western blots
Exosomal proteins were separated by 10% SDS–PAGE gels 
and transferred to nitrocellulose membranes (Millipore) 
through a semi-dry electrotransfer method. After being 
blocked in tris-buffered saline and Tween-20 (TBST) con-
taining 5% non-fat milk, the membranes were incubated 
overnight at 4°C with the following primary antibodies: 
CD9 (CST), Calnexin (CST), PD-L1 (CST), HRS (CST), and 
GAPDH (CST). The membranes were washed with TBST and 
incubated with HRP-conjugated secondary antibodies (CST) 
at room temperature for 1 h. The blots on the membranes 
were developed with ECL detection reagents (Pierce) and 
visualized by Imaging LabTM software (Bio-Rad).

Flow cytometry
Collected samples stained with standard antibody mix. 
Surface markers: human CD3: BV510 (564713), human 
CD8: PE-Cy7 (557746), human CD45RO: FITC (555492), 

and human CD27: APC-Cy7 (560222). Stained cells were 
acquired on a BD Biosciences LSRFortessa and analysed by 
FlowJo software.

ELISA
An Invitrogen human PD-L1 ELISA Kit was used to measure 
the concentration of PD-L1 on exosomes. Each sample, 
standard, blank, and optional control sample, should be as-
sayed in duplicate. First, 100 μl of standard dilution was 
added to the microwell plate in duplicate and 100 μl of 
sample diluent was added to the blank wells in duplicate. An 
aliquot of 50 μl of sample diluent and 50 μl of sample were 
applied to the sample wells in duplicate. Plates were covered 
with microwell strips and incubated for 2 h at room tempera-
ture (18–25°C) on a microplate shaker. Then, 100 μl of di-
luted Biotin-Conjugate was added to all wells and the plates 
were incubated for 1 h. Next, 100 μl of diluted Streptavidin-
HRP was added and the plates were incubated for 30 min. 
Also, 100 μl of TMB substrate solution was added and 
the plates were incubated in the microwell strips for about 
30 min protected from light. Finally, 100 μl of stop solution 
was added to all wells and the plates were read at 450 nm.

Results
The patients’ demographics
The blood samples were collected from 29 June 2019 to 
14 July 2020 in Shanghai Chest Hospital, and the subjects 
were followed up till 15 January 2021. A total of 149 pa-
tients were enrolled in our study (Supplementary Fig. S1). 
Their basic characteristics are summarized in Table 1. There 
were 100 patients with the history of smoking. Four patients 
were in stage II, 34 patients in stage III, and 111 patients in 
stage IV of lung cancer according to the TNM classification 

Table 1: NSCLC patients clinical information

 Classification Number 

Sex Male 119
Female 30

Smoking history Yes 100
No 49

Stage II 4
III 34
IV 111

Pathology Lung adenocarcinoma 94
Lung squamous cell carcinoma 47
Not specifically classified as  

non-small cell lung cancer
8

Lines of treatment First 64
Second 50
More 35

PD-L1 expression 
level

Negative 38

1–50% 25
50–100% 26
Unknown 60

Treatment ICI monotherapy 70
ICI combination therapy 79
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of lung cancer. The number of patients with pathology lung 
adenocarcinoma, lung squamous cell carcinoma, and not spe-
cifically classified non-small cell lung cancer was 94, 47, and 
8, respectively. The number of patients for first, second, and 
more lines of treatment was 64, 50, and 35 respectively. A 
total of 26 patients were found with 50–100% level of PD-L1 
expression, 25 patients were found in the 1–50% range of 
PD-L1 expression level, while 38 patients were found nega-
tive for PD-L1 expression level. In the remaining 60 patients, 
the PD-L1 expression level was unknown. There were 70 pa-
tients receiving immune check-point inhibitor monotherapy 
treatment and 79 patients accepting immune check-point in-
hibitor combination therapy (chemotherapy, targeted therapy, 
or immunotherapy).

Isolation and characterization of exosomes derived 
from NSCLC patients
Purified exosomes from NSCLC patients were identified by 
transmission electron microscopy (TEM) [15, 22–24], which 
were spherical vesicles with a diameter of about 30–150 nm and 
bilayer membranes (Fig. 1A). Nanoparticle tracking analysis 
(NTA) displayed nanoparticles derived from NSCLC patients 
were mostly in a range of 50–200 nm in diameter (Fig. 1B). So, 
the diameter range size of isolated vesicles was basically coin-
cided with TEM and NTA. The presence of common exosome 
markers, including HRS and CD9, were observed by Western 
blot (WB) (Fig. 1C). WB also revealed the presence of PD-L1 in 
exosomes (Fig. 1C).

The level of pre-treatment exosomal PD-L1 
stratifies clinical responders and non-responders
In the mono-immunotherapy group of NSCLC patients  
(n = 70), the pre-treatment level of circulating exosomal 
PD-L1 in responders (n = 23) was lower than in non-
responders (n = 47) (P<0.001; Fig. 2A). ROC analysis 
determined that the pre-treatment level of circulating 
exosomal PD-L1 of 0.54  ng/ml stratified patients by clin-
ical response to immunotherapy (AUC = 0.889, P < 0.001,  
sensitivity = 80.9%, specificity = 95.7%; Fig. 2B). A higher 
level of circulating exosomal PD-L1 before the treatment was 
associated with lower disease control rate (DCR) (P < 0.001, 
Kappa value = 0.703; Fig. 2C) and shorter progression-free 

survival (PFS) median PFS in low group vs. high group: 238 
(166.11, 309.89) days vs. 43 (38.11, 47.89) days, P < 0.0001, 
HR: 0.20 (0.11, 0.36; Fig. 2D). In the combination im-
munotherapy group (n = 79), we obtained the same conclu-
sion. The pre-treatment level of circulating exosomal PD-L1 
in non-responders (n = 37) was higher than in responders  
(n = 42) (P < 0.001; Fig. 2E). ROC analysis showed 
that the pre-treatment level of circulating exosomal 
PD-L1 stratifying patients by clinical response to im-
munotherapy was 0.55  ng/ml (AUC = 0.796, P < 0.001,  
sensitivity = 67.6%, specificity = 90.5%; Fig. 2F), which 
was similar to the value in the mono-immunotherapy. 
Furthermore, the lower pre-treatment level of circu-
lating exosomal PD-L1 had a higher DCR (P < 0.001,  
Kappa value = 0.563; Fig. 2G) and longer PFS (median PFS in 
low group vs. high group: 311 (225.14, 396.87) days vs. 56 
(42.58, 69.42) days, P < 0.0001, HR: 0.26 (0.13, 0.50); Fig. 2H).

The level of the maximum fold increasing change 
of exosomal PD-L1 stratifies clinical responders 
and non-responders
To investigate the level of circulating exosomal PD-L1 under-
going immunotherapy, the NSCLC patients were followed 
up. In clinical responders, the level of PD-L1 on circulating 
exosomes was increased, mostly within 3–6 weeks of therapy 
(Supplementary Fig. S2). In the mono-immunotherapy group (n 
= 41), the responders (n = 16) showed a larger increase in the level 
of circulating exosomal PD-L1 at 3–6 weeks following the initial 
treatment (P < 0.01; Fig. 3A). ROC analysis determined that a 
fold change of 1.96 in exosomal PD-L1 at week 3–6 stratified 
patients by clinical response to immunotherapy (AUC=0.815, P 
= 0.001, sensitivity = 68.8%, specificity = 84%; Fig. 3B). A fold 
change in circulating exosomal PD-L1 greater than 1.96 at week 
3–6 had a higher DCR (P < 0.001, Fig. 3C) and longer PFS (me-
dian PFS in high group vs. low group: 195 (165.6, 224.4) days 
vs. 51 (37.94, 64.06) days, P = 0.016, HR: 0.45 (0.23, 0.89); Fig. 
3D). In the combination immunotherapy group (n = 59), we also 
observed the same conclusion. The responders (n=34) showed 
a larger increase in the level of circulating exosomal PD-L1 at 
3–6 weeks following the initial treatment (P < 0.01; Fig. 3E). 
ROC analysis determined that a fold change of 2.08 in exosomal 
PD-L1 at week 3–6 stratified patients by clinical response to 

Figure 1: Characterization of exosomes derived from the NSCLC patients. A, Electron microscopy image of purified exosomes from the NSCLC 
patients. Scale bar = 100 nm. B, The particle size of purified exosomes was measured by nanoparticle tracking analysis (NTA). C, Western blot for 
exosome markers and PD-L1 in exosomes from the NSCLC patients.
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immunotherapy (AUC = 0.832, P < 0.001, sensitivity=64.7%, 
specificity = 92%; Fig. 3F). High max fold change in exosomal 
PD-L1 group had a higher DCR (P < 0.001, Fig. 3G) and longer 
PFS (median PFS in high group vs. low group: 313 (294.54, 
331.46) days vs. 117 (72.96, 161.05) days, P = 0.0001, HR: 0.36 
(0.19, 0.67); Fig. 3H).

Exploration mechanism of pre-treatment exosomal 
PD-L1 and immunotherapy
We explored the mechanism of pre-treatment exosomal 
PD-L1 and immunotherapy. Flow cytometry showed 
there was no difference between CD8+ T cells in the high 
and low pre-treatment exosomal PD-L1 groups (Fig. 4A, 
Supplementary Fig. S3). CD8+ T effector cells were higher in 
the low pre-treatment exosomal PD-L1 group than in the high 
pre-treatment exosomal PD-L1 group (Fig. 4B). Correlation 
analysis indicated that CD8+ T effector cells were negatively 
correlated with pre-treatment exosomal PD-L1, but the cor-
relation was very weak (Fig. 4C). Sadly, there was also no 
difference between CD8+ T central memory cells, CD8+ T ef-
fector memory cells, and CD8+ T naïve cells (Fig. 4D–F).

Discussion
In the past few decades, immunotherapy has shown tremen-
dous progress and plays an important role in the treatment of 
cancer. Scientists thought immunotherapy could be broadly 
divided into two different types: somatic immunotherapy and 
immune checkpoint inhibitor treatment [25]. Immune check-
point inhibitor treatments mainly included anti-CTLA-4 
antibodies [2], anti-PD-1 antibodies, and anti-PD-L1 anti-
bodies [26]. Though the PD-1/PD-L1 pathway blockaded 
could activate T cells [27], little is known about the role of 
exosomal PD-L1 in anti-PD-1/PD-L1 therapy [28]. In 2018, 
a study showed exosomal PD-L1 harbored an active defense 
function to suppress T cells and promote tumor growth in 
breast cancer [18]. Another study displayed exosomal PD-L1 
could contribute to immune suppression and was regulated 
by ALIX [29]. Furthermore, scientists found exosomal PD-L1 
inhibited the activation of CD8+ T cells and facilitated tumor 
growth, and was associated with anti-PD-1 response in mel-
anoma [19].

We believe that exosomal PD-L1 is vital because exosomes 
are widespread, attach to their target cells easily and act as 

Figure 2: The level of pre-treatment exosomal PD-L1 stratifies clinical responders and non-responders. In a mono-immunotherapy group of NSCLC 
patients: A, Comparison of the pre-treatment exosomal PD-L1 between clinical responders and non-responders. In 70 NSCLC patients, R, responders; 
n = 23; NR, non-responders; n = 47. B, ROC curve analysis for the pre-treatment exosomal PD-L1 in clinical responders compared to non-responders. 
AUC = 0.889, P < 0.001, sensitivity = 80.9%, specificity = 95.7%, cut-off value = 0.54 pg/ml. C, Disease control rate (DCR) for patients with low and 
high pre-treatment exosomal PD-L1, Kappa value = 0.703. D, Progression-free survival (PFS) analysis for the pre-treatment exosomal PD-L1 in low 
group compared to high group. In the low pre-treatment exosomal PD-L1 group, median PFS was 238 (166.11, 309.89) days, while in the high pre-
treatment exosomal PD-L1 group, median PFS was 43 (38.11, 47.89) days, P < 0.0001, HR: 0.20 (0.11, 0.36). In combination immunotherapy group 
of NSCLC patients: E, Comparison of the pre-treatment exosomal PD-L1 between clinical responders and non-responders. In 79 NSCLC patients, R, 
responders; n = 42; NR, non-responders; n = 37. F, ROC curve analysis for the pre-treatment exosomal PD-L1 in clinical responders compared to non-
responders. AUC = 0.796, P < 0.001, sensitivity = 67.6%, specificity = 90.5%, cut-off value = 0.55 pg/ml. G, DCR for patients with low and high pre-
treatment exosomal PD-L1, Kappa value = 0.563. H, PFS analysis for the pre-treatment exosomal PD-L1 in low group compared to high group. In the 
low pre-treatment exosomal PD-L1 group, median PFS was 311 (225.14, 396.87) days, while in the high group, median PFS was 56 (42.58, 69.42) days, 
P < 0.0001, HR: 0.26 (0.13, 0.50). Dates are mean ± S.D. P values are from a two-sided unpaired t-test (A–B) or two-sided Fisher’s exact test (E–F). (*P 
< 0.05; **P < 0.01; ***P < 0.001; ****P<0.0001).
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the messenger of cell communication. In our study, we found 
exosomal PD-L1 may be related to the CD8+ T effector cells, 
but we have yet not investigated the underlying mechanism. 
To better understand the role of exosomal PD-L1 in tumor 
immunity, there is still a lot of work to be done in different im-
mune cell clusters and various immune cells, such as T cells, B 
cells, dendritic cells, NK cells, and macrophages [30]. Besides 
PD-L1, other exosomal proteins such as FasL [31], TGF-β, 
CD39, CD73, and exosomal miRNA may also contribute to 
immunosuppressive effects [32]. Although anti-PD-1/PD-L1 
therapy has already been applied to clinical studies, there are 
still a lot of questions still remain to be further explored.

Tumor PD-L1 expression is currently the most useful bio-
marker correlating with immunotherapy efficacy for NSCLC 
[33]. However, tumor PD-L1 expression may be different 
due to tumor heterogeneity, time and site of the biopsy, and 
previous therapies administered to the patient. In addition, 
a repeated biopsy is very difficult. Considering these prob-
lems, liquid biopsies are very promising because they are 
noninvasive, quickly, and convenient, can be collected at mul-
tiple time points, and can overcome the problems associated 
with tumor heterogeneity [30]. Detecting exosomes, as one of 

the ways of liquid biopsies, is very useful to guide diagnosis 
and treatment. Although we evaluated the PD-L1 expres-
sion in tissues, in the remaining 60 patients PD-L1 expres-
sion level was unknown. In the mono-immunotherapy group 
of NSCLC patients, patients with PD-L1 negative in tissue 
may have high pre-treatment exosomal PD-L1 but the sam-
ples available for analysis were small. In patients with tissue 
PD-L1 positive, no significant relationship was found with 
the exosomal PD-L1 (Supplementary Table S2). The relation-
ship between exosomal PD-L1 and PD-L1 expression in lung 
tissues needs further research.

Our study found the pre-treatment level of circulating 
exosomal PD-L1 in responders was lower than in non-
responders. Since exosomes could inhibit T cell proliferation 
and function, patients with higher pre-treatment exosomal 
PD-L1 levels are in a state of T cell exhaustion, which may 
be accounting for the poor efficacy of subsequent immuno-
therapy. The responders showed a larger increase in the level 
of circulating exosomal PD-L1 at 3–6 weeks after under-
going therapy. An increase in the level of exosomal PD-L1 
at weeks 3–6 may reflect the presence of a successful anti-
tumor immunity elicited by the immunotherapy. Although the 

Figure 3: The level of the maximum fold increasing change of exosomal PD-L1 stratifies clinical responders and non-responders. In mono-
immunotherapy group of NSCLC patients: A, Comparison of the maximum fold increasing change of exosomal PD-L1 at weeks 3–6 between clinical 
responders and non-responders. In 41 NSCLC patients, R, responders; n = 16; NR, non-responders; n = 25. B, ROC curve analysis for the maximum 
fold increasing change of the exosomal PD-L1 at week 3–6 in clinical responders compared to non-responders. AUC = 0.815, P = 0.001, sensitivity = 
68.8%, specificity = 84%, cut-off value = 1.96. C, DCR for patients with high and low fold increasing change of exosomal PD-L1 at week 3–6. D, PFS 
analysis for high and low fold increasing change of exosomal PD-L1 at week 3–6. In the high max fold change of exosomal PD-L1 group, the median 
PFS was 195 (165.6, 224.4) days, while in the low max fold change of the exosomal PD-L1 group, the median PFS was 51 (37.94, 64.06) days, P = 
0.016, HR: 0.45 (0.23, 0.89).In combination immunotherapy group of NSCLC patients: E, Comparison of the maximum fold increasing change of the 
exosomal PD-L1 at week 3–6 between clinical responders and non-responders. In 59 NSCLC patients, R, responders; n = 34; NR, non-responders; n = 
25. F, ROC curve analysis for the maximum fold increasing change of exosomal PD-L1 at week 3–6 in clinical responders compared to non-responders. 
AUC = 0.832, P < 0.001, sensitivity = 64.7%, specificity = 92%, cut-off value = 2.08. G, DCR for patients with high and low fold increasing change of 
exosomal PD-L1 at week 3–6. H, PFS analysis for high and low fold increasing change of exosomal PD-L1 at week 3–6. In the high max fold change 
of exosomal PD-L1 group, the median PFS was 313 (294.54, 331.46) days, while in the low group, the median PFS was 117 (72.96, 161.05) days, P 
= 0.0001, HR: 0.36 (0.19, 0.67). Dates are mean ± S.D. P values are from a two-sided unpaired t-test (A–B) or two-sided Fisher’s exact test (E–F). 
(*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001).
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increasing exosomal PD-L1 could inhibit T cell function, it 
may be blocked by immunotherapy. Hence, exosomal PD-L1 
as one of the liquid biopsies may be a biomarker for clinical 
immunotherapy.

Nowadays, a combination immunotherapy is very common 
in clinical practice. In our study, in addition to mono-
immunotherapy, we also concluded that NSCLC patients with 
combination immunotherapy. In the combination immuno-
therapy group, the same conclusion was reached as in the 
mono-immunotherapy group. Furthermore, we concluded that 
patients with combination immunotherapy had a high median 
PFS than patients with mono-immunotherapy, suggesting that 
combination therapy may be favorable. In this condition, we 
could still use exosomal PD-L1 to predict the efficacy.

Supplementary data
Supplementary data is available at Clinical and Experimental 
Immunology online.
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T central memory cells between low and high pre-treatment exosomal PD-L1 in NSCLC patients. E, Comparison of the CD8+ T effector memory cells 
between low and high pre-treatment exosomal PD-L1 in NSCLC patients. F, Comparison of the CD8+ T naïve cells between low and high pre-treatment 
exosomal PD-L1 in NSCLC patients. P values are from a two-sided unpaired t-test (A–B, D–F). (*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001).
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Data availability
The original contributions presented in the study are included 
in the article/Supplementary Material. Further inquiries can 
be directed to the corresponding authors.

References
1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer 

J Clin 2020, 70, 7–30. doi:10.3322/caac.21590.
2.	 Paz-Ares L, Ciuleanu TE, Cobo M, et al. First-line nivolumab plus 

ipilimumab combined with two cycles of chemotherapy in patients 
with non-small-cell lung cancer (CheckMate 9LA): an interna-
tional, randomised, open-label, phase 3 trial. Lancet Oncol 2021, 
22, 198–211. doi:10.1016/S1470-2045(20)30641-0.

3.	 Antonia SJ, Borghaei H, Ramalingam SS, et al. Four-year survival 
with nivolumab in patients with previously treated advanced non-
small-cell lung cancer: a pooled analysis. Lancet Oncol 2019, 20, 
1395–408. doi:10.1016/S1470-2045(19)30407-3.

4.	 Mok TSK, Wu YL, Kudaba I, et al. Pembrolizumab versus chemo-
therapy for previously untreated, PD-L1-expressing, locally ad-
vanced or metastatic non-small-cell lung cancer (KEYNOTE-042): 
a randomised, open-label, controlled, phase 3 trial. Lancet 
(London, England) 2019, 393, 1819–30. doi:10.1016/S0140-
6736(18)32409-7.

5.	 Reck M, Rodríguez-Abreu D, Robinson AG, et al. Updated anal-
ysis of KEYNOTE-024: pembrolizumab versus platinum-based 
chemotherapy for advanced non-small-cell lung cancer with PD-L1 
tumor proportion score of 50% or greater. J Clin Oncol 2019, 37, 
537–46. doi:10.1200/jco.18.00149.

6.	 Gadgeel S, Rodríguez-Abreu D, Speranza G, et al. Updated analysis 
from KEYNOTE-189: pembrolizumab or placebo plus pemetrexed 
and platinum for previously untreated metastatic nonsquamous 
non-small-cell lung cancer. J Clin Oncol 2020, 38, 1505–17. 
doi:10.1200/jco.19.03136.

7.	 Herbst RS, Giaccone G, de Marinis F, et al. Atezolizumab for first-
line treatment of PD-L1-selected patients with NSCLC. N Engl J 
Med 2020, 383, 1328–39. doi:10.1056/NEJMoa1917346.

8.	 Gray JE, Villegas A, Daniel D, et al. Three-year overall survival with 
durvalumab after chemoradiotherapy in stage III NSCLC-update 
from PACIFIC. J Thorac Oncol 2020, 15, 288–93. doi:10.1016/j.
jtho.2019.10.002.

9.	 Gettinger S, Rizvi NA, Chow LQ, et al. Nivolumab monotherapy 
for first-line treatment of advanced non-small-cell lung cancer. J 
Clin Oncol 2016, 34, 2980–7. doi:10.1200/jco.2016.66.9929.

10.	Yin Z, Yu M, Ma T, et al. Mechanisms underlying low-clinical 
responses to PD-1/PD-L1 blocking antibodies in immunotherapy 
of cancer: a key role of exosomal PD-L1. J ImmunoTher Cancer 
2021, 9, e001698. doi:10.1136/jitc-2020-001698.

11.	Piccin A, Murphy WG, Smith OP. Circulating microparticles: path-
ophysiology and clinical implications. Blood Rev 2007, 21, 157–
71. doi:10.1016/j.blre.2006.09.001.

12.	Pegtel DM, Gould SJ. Exosomes. Annu Rev Biochem 2019, 88, 
487–514. doi:10.1146/annurev-biochem-013118-111902.

13.	Kalluri R, LeBleu VS. The biology, function, and biomed-
ical applications of exosomes. Science (New York, NY) 2020, 
367(6478). doi:10.1126/science.aau6977.

14.	Mashouri L, Yousefi H, Aref AR, et al. Exosomes: composition, bi-
ogenesis, and mechanisms in cancer metastasis and drug resistance. 
Mol Cancer 2019, 18, 75. doi:10.1186/s12943-019-0991-5.

15.	Peinado H, Alečković M, Lavotshkin S, et al. Melanoma exosomes 
educate bone marrow progenitor cells toward a pro-metastatic 
phenotype through MET. Nat Med 2012, 18, 883–91. doi:10.1038/
nm.2753.

16.	Kahlert C, Kalluri R. Exosomes in tumor microenvironment influ-
ence cancer progression and metastasis. J Mol Med (Berlin, Ger-
many) 2013, 91, 431–7. doi:10.1007/s00109-013-1020-6.

17.	Costa-Silva B, Aiello NM, Ocean AJ, et al. Pancreatic cancer 
exosomes initiate pre-metastatic niche formation in the liver. Nat 
Cell Biol 2015, 17, 816–26. doi:10.1038/ncb3169.

18.	Yang Y, Li CW, Chan LC, et al. Exosomal PD-L1 harbors active 
defense function to suppress T cell killing of breast cancer cells and 
promote tumor growth. Cell Res 2018, 28, 862–4. doi:10.1038/
s41422-018-0060-4.

19.	Chen G, Huang AC, Zhang W, et al. Exosomal PD-L1 contributes 
to immunosuppression and is associated with anti-PD-1 response. 
Nature 2018, 560, 382–6. doi:10.1038/s41586-018-0392-8.

20.	Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalu-
ation criteria in solid tumours: revised RECIST guideline (version 
1.1). Eur J Cancer (Oxford, England: 1990) 7191 2009, 45, 228–
47. doi:10.1016/j.ejca.2008.10.026.

21.	Miao D, Margolis CA, Gao W, et al. Genomic correlates of response 
to immune checkpoint therapies in clear cell renal cell carcinoma. 
Science (New York, NY) 2018, 359, 801–6. doi:10.1126/science.
aan5951.

22.	Théry C, Amigorena S, Raposo G, et al. Isolation and characteri-
zation of exosomes from cell culture supernatants and biological 
fluids. Curr Protoc Cell Biol 2006;Chapter 3:Unit 3.22. Accession 
Number: 18228490. doi: 10.1002/0471143030.cb0322s30.

23.	Colombo M, Raposo G, Théry C. Biogenesis, secretion, and inter-
cellular interactions of exosomes and other extracellular vesicles. 
Annu Rev Cell Dev Biol 2014, 30, 255–89. doi:10.1146/annurev-
cellbio-101512-122326.

24.	Melo SA, Luecke LB, Kahlert C, et al. Glypican-1 identifies cancer 
exosomes and detects early pancreatic cancer. Nature 2015, 523, 
177–82. doi:10.1038/nature14581.

25.	Xie F, Xu M, Lu J, et al. The role of exosomal PD-L1 in tumor 
progression and immunotherapy. Mol Cancer 2019, 18, 146. 
doi:10.1186/s12943-019-1074-3.

26.	Wei Y, Du Q, Jiang X, et al. Efficacy and safety of combination 
immunotherapy for malignant solid tumors: a systematic review 
and meta-analysis. Crit Rev Oncol Hematol 2019, 138, 178–89. 
doi:10.1016/j.critrevonc.2019.04.008.

27.	Chen L, Han X. Anti-PD-1/PD-L1 therapy of human cancer: past, 
present, and future. J Clin Invest 2015, 125, 3384–91. doi:10.1172/
JCI80011.

28.	Zhang Y, Zhou H, Zhang L. Which is the optimal immunotherapy 
for advanced squamous non-small-cell lung cancer in combination 
with chemotherapy: anti-PD-1 or anti-PD-L1?. J ImmunoTher 
Cancer 2018, 6, 135. doi:10.1186/s40425-018-0427-6.

29.	Monypenny J, Milewicz H, Flores-Borja F, et al. ALIX regulates 
tumor-mediated immunosuppression by controlling EGFR activity 
and PD-L1 presentation. Cell Rep 2018, 24, 630–41. doi:10.1016/j.
celrep.2018.06.066.

30.	Kim DH, Kim H, Choi YJ, et al. Exosomal PD-L1 promotes tumor 
growth through immune escape in non-small cell lung cancer. Exp 
Mol Med 2019, 51, 1–13. doi:10.1038/s12276-019-0295-2.

31.	Ludwig S, Floros T, Theodoraki MN, et al. Suppression of lympho-
cyte functions by plasma exosomes correlates with disease activity 
in patients with head and neck cancer. Clin Cancer Res 2017, 23, 
4843–54. doi:10.1158/1078-0432.Ccr-16-2819.

32.	Graner MW, Schnell S, Olin MR. Tumor-derived exosomes, 
microRNAs, and cancer immune suppression. Semin Immunopathol 
2018, 40, 505–15. doi:10.1007/s00281-018-0689-6.

33.	Yarchoan M, Albacker LA, Hopkins AC, et al. PD-L1 expres-
sion and tumor mutational burden are independent biomarkers 
in most cancers. JCI Insight 2019, 4(6). doi:10.1172/jci.in-
sight.126908.

D
ow

nloaded from
 https://academ

ic.oup.com
/cei/article/208/3/316/6581492 by guest on 01 O

ctober 2023

http://academic.oup.com/cei/article-lookup/doi/10.1093/cei/uxac045#supplementary-data
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/S1470-2045(20)30641-0
https://doi.org/10.1016/S1470-2045(19)30407-3
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1200/jco.18.00149
https://doi.org/10.1200/jco.19.03136
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1016/j.jtho.2019.10.002
https://doi.org/10.1016/j.jtho.2019.10.002
https://doi.org/10.1200/jco.2016.66.9929
https://doi.org/10.1136/jitc-2020-001698
https://doi.org/10.1016/j.blre.2006.09.001
https://doi.org/10.1146/annurev-biochem-013118-111902
https://doi.org/10.1126/science.aau6977
https://doi.org/10.1186/s12943-019-0991-5
https://doi.org/10.1038/nm.2753
https://doi.org/10.1038/nm.2753
https://doi.org/10.1007/s00109-013-1020-6
https://doi.org/10.1038/ncb3169
https://doi.org/10.1038/s41422-018-0060-4
https://doi.org/10.1038/s41422-018-0060-4
https://doi.org/10.1038/s41586-018-0392-8
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1126/science.aan5951
https://doi.org/10.1126/science.aan5951
https://doi.org/10.1002/0471143030.cb0322s30
https://doi.org/10.1146/annurev-cellbio-101512-122326
https://doi.org/10.1146/annurev-cellbio-101512-122326
https://doi.org/10.1038/nature14581
https://doi.org/10.1186/s12943-019-1074-3
https://doi.org/10.1016/j.critrevonc.2019.04.008
https://doi.org/10.1172/JCI80011
https://doi.org/10.1172/JCI80011
https://doi.org/10.1186/s40425-018-0427-6
https://doi.org/10.1016/j.celrep.2018.06.066
https://doi.org/10.1016/j.celrep.2018.06.066
https://doi.org/10.1038/s12276-019-0295-2
https://doi.org/10.1158/1078-0432.Ccr-16-2819
https://doi.org/10.1007/s00281-018-0689-6
https://doi.org/10.1172/jci.insight.126908
https://doi.org/10.1172/jci.insight.126908

