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Abstract
Wilms tumor (WT) is the most common renal cancer and the most prevalent abdominal cancer in children. Children with recur-

rent or progressive forms of WT could benefit from novel immune-targeted approaches. While the immune status of these

patients, especially the immunosuppression of peripheral T cells, was rarely reported. The present study enrolled a consecutive

series of 14 Chinese WT children and 14 age- and gender-matched healthy controls. We demonstrated that plasma extracellular

vesicular (EV) PD-L1 levels significantly increased in WT patients than in healthy controls. EV PD-L1 significantly inhibited the

activation of human CD8+ T cells by down-regulating the cell surface CD69 expression and the intracellular IFNγ and TNFα
production in vitro. In peripheral CD8+ T cells of WT patients, the intracellular IFNγ and TNFα production significantly

decreased than healthy controls. The level of plasma EV PD-L1 significantly correlated with the intracellular TNFα production

in peripheral CD8+ T cells of WT patients. In conclusion, the significantly increased plasma EV PD-L1 in WT patients contributed

to the immunosuppression of peripheral CD8+ T cells. Monitoring the level of plasma EV PD-L1 will be helpful for the selection

of immune-targeted therapies for WT patients.
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Introduction
Wilms tumor (WT), also known as nephroblastoma, is the most
common renal cancer and the most prevalent abdominal cancer
in children.1,2 Although 90% of WT being demonstrated as
“favorable” histology and respond well to effective treatments,
recurrence occurs in about 15% of WT children with favorable
pathological types. And the survival rates of unfavorable histol-
ogy ranges from 84% to 38%, depending on the disease stage.2-4

Children with recurrent or progressive forms of WT could
benefit from novel immune-targeted approaches.

In recent years, immune checkpoint protein inhibitors, espe-
cially antibodies against programmed death-ligand 1 (PD-L1)
and programmed death-1 (PD-1), have proven to be a
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revolutionary therapy against many types of tumors.5-7 As a
membrane-bound ligand, PD-L1 has been reported upregulated
in almost all types of tumors and associated with poor progno-
sis.8 Tumor PD-L1 could suppress the cell proliferation, cyto-
kine secretion, and cytotoxicity of infiltrated CD8+ T cells,
through binding to the PD-1 receptor.9,10 Therapeutic antibod-
ies, by blocking the interaction between PD-L1 and PD-1, can
reactivate the anti-tumor T-cell response.11,12 However, recent
studies demonstrated that PD-L1 can also be expressed on the
surface of extracellular vesicles (EV) and EV PD-L1 (ePD-L1)
levels have been associated with tumor progression in some
types of adult cancer.13-16 Tumor-derived EVs also reported
can regulate the tumor-infiltrating lymphocytes17 and exosomes
isolated from plasma of cancer patients demonstrated immuno-
suppressive activity.18,19 For the low response rate of
anti-PD-L1/PD-1 therapy on cancer patients,20-22 the presence
of PD-L1 on plasma EVs may be one of the important reasons.
The association of EV PD-L1 with pediatric tumors is rarely
reported. And there is no report about the association of EV
PD-L1with the function of peripheral T cells in pediatric tumors.

The present study aims to demonstrate whether the plasma
concentration of ePD-L1 was increased in WT children and
the role of ePD-L1 on CD8+ T-cell activation. The function
of peripheral CD8+ T cells in WT children was also compared
with that of healthy controls. These results are helpful to reveal
the mechanisms by which tumor cells systemically suppress the
immune system in pediatric tumors, especially in WT.

Materials and Methods

Patients and Sampling
A consecutive series of 14 Chinese WT children who were
first treated at Beijing Children’s Hospital between the

years 2018 and 2019 were recruited to the study (Table 1).
At the same time, 14 age- (U= 70, P= .2050) and gender-
matched (U= 91, P > .9999) healthy Chinese children were
also enrolled in this study as controls. Peripheral blood speci-
mens (2–4 mL) were collected before treatment and centri-
fuged at 1000g for 10 min at room temperature. Plasma
samples were collected and centrifuged again for 15 min
2500g at room temperature to obtain platelet-free plasma,
which was stored in aliquots at −70 °C. This study was
approved by Beijing Children’s Hospital Ethics Committee
(2017-53). All human subjects or their parents had provided
written informed consent.

Isolation of EVs
EVs were isolated using the Total Exosome Isolation Kit
(from plasma) (ThermoFisher Scientific) according to the manufac-
turer’s instructions. Briefly, frozen platelet-free plasma was thawed
immediately before EV isolation and diluted 1:1 in PBS. The
diluted plasma samples were added 0.2 volume of Exosome
Precipitation Reagent (from plasma). The resulting mixture was
incubated at room temperature for 10 min and then centrifuged
at 10 000g for 5 min at 4 °C. The supernatant was carefully aspi-
rated and the pellet was resuspended into 50 μL of PBS.

Characterization of EVs
Morphological examination of isolated EVs was done using a
transmission electron microscope. Forty microlitres of isolated
EVs were fixed with 4% paraformaldehyde and were loaded on
a 300-mesh copper grid. After stained with 2% phosphotungstic
acid for 1 to 2 min, the EV samples were dried using an electric
incandescent lamp for 10 min. Data were acquired using a
transmission electron microscope (JEOL JEM-2100) at an
accelerating voltage of 160 kV.

The number and size of EVs were examined using a
NanoSight NS300 with a 405 nm laser instrument (Malvern
Instruments, United Kingdom), as our previously described.23

The camera level was maintained at 10 for light scatter mode.
Three videos of typically 60 s duration were taken, with a
frame rate of 30 frames per second. For optimal results, micro-
vesicle concentrations were adjusted to obtain ∼50 microve-
sicles per field of view. Data were analyzed by NTA 3.0
software (Malvern Instruments).

Immunostaining and Imaging of Plasma EVs
Platelet-free plasma samples were centrifuged first at 2500g for
10 min at room temperature, then FITC-anti-CD63 (10 μg/mL)
and PerCP-anti-PD-L1(10 μg/mL) were added into the plasma
samples for 2 h at room temperature. Then the plasma EVs
were purified using Total Exosome Isolation Kit (from
plasma) and resuspended with 20 μL PBS. The fluorescent-
stained EVs were then smeared on a glass slide and visualized
using a laser-scanning confocal microscope (TCS SP8 STED,
Leica, magnification 63× 10). The percentage of

Table 1. The clinical information of patients with Wilms tumor.

Patient’s
code Gender Age (year) Disease stage EV PD-L1 (pg/mL)

1 Female 1.5 2 40.63
2 Male 2.6 1 12.98
3 Female 4.1 3 32.05
4 Female 0.4 1 10.00
5 Male 2.7 2 10.14
6 Male 6.7 1 11.96
7 Male 2.2 1 18.34
8 Female 6.3 5 51.76
9 Female 2.1 2 28.91
10 Male 3.3 4 64.78
11 Female 0.9 1 10.00
12 Male 2.0 3 22.42
13 Female 0.8 1 27.76
14 Female 1.0 3 15.31

Disease stage was defined according to National Wilms’ Tumor Study
(NWTS).2 Plasma EV PD-L1 concentration of WT patients was performed
through ELISA.
Abbreviation: EV PD-L1, extracellular vesicular programmed death-ligand 1.
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PD-L1-positive EVs from 5 randomly selected high power
fields (magnification 4× 63× 10) was calculated.

ELISA Assay
For detection of PD-L1 on EVs, Human B7H1/PD-L1 ELISA
Kit was used according to the manufacturer’s instructions

(RayBioetch). The EVs derived from the plasma of patients
and controls were prepared using the same volume of PBS as
the plasma they were originally derived from. For samples
lower than the minimum detectable concentration of PD-L1, a
re-examination was performed using a quantity four times of
the standard dose. Then, the minimum detectable PD-L1 con-
centration was 10 pg/mL in this study.

Figure 1. Significantly increased plasma EV PD-L1 of WT patients. Plasma EVs were isolated using the Total Exosome Isolation Kit.
Representative transmission electron microscope image of EV (a) and representative NTA results of a 20-fold diluted EV solution (b) were
shown. (c) Plasma EV PD-L1 (ePD-L1) concentration of WT patients and healthy controls was performed through ELISA and shown as a scatter
plot. Comparison between groups was performed using a non-parametric Mann–Whitney U-test. (d) The Spearman correlation between plasma
ePD-L1 concentration and patients’ stage was shown.
Abbreviations: EV, extracellular vesicular; ePD-L1, extracellular vesicles PD-L1; WT, Wilms tumor.
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T-Cell Suppression by EVs From WT Patients
Peripheral blood mononuclear cells (PBMCs) were isolated
from fresh whole blood of healthy donors using Ficoll gradient.
T cells (4× 105/well) were cultured with RPMI 1640 medium
(Gibco) in 48-well plates and activated with anti-CD3/
anti-CD28 antibody-coated beads (4%, StemCell
Technologies) and IL2 (150 IU/mL) for 6 h at 37 °C. The acti-
vated T cells were treated with EVs (with high PD-L1 content
from WT patients and low PD-L1 content from controls) or
PBS (as negative controls) for 24 h at 37 °C. T cells were
then harvested and cell surface marker and intracellular cyto-
kine staining for flow cytometry analysis were performed (see
below).

T-Cell Phenotype and Intracellular Cytokine Staining
Analysis by Flow Cytometry
T-cell surface marker staining and intracellular cytokine stain-
ing for flow cytometry analysis were performed as described
previously.23,24 In brief, freshly isolated PBMCs
(Ficoll-Hypaque density gradients centrifugation) from fresh
whole blood were stimulated with Phorbol-12-myristate-13-
acetate (PMA, 50 ng/mL; Sigma-Aldrich) and ionomycin
(1 μg/mL; Sangon Biotech) for 4 h. Cell surface staining was
performed for 30 min at room temperature followed by fixation
and permeabilization using an intracellular staining assay (BD
Biosciences) according to the manufacturer’s instructions. Cells
were then stained with PE-anti-TNFα (Mouse IgG1, clone
MAb11), APC-anti-IFNγ (Mouse IgG1, clone B27), or

corresponding isotype control antibodies (all from BD
Biosciences) at 4 °C for 30 min. Samples were then washed with
PBS and data were acquired using FACSymphony flow cytometry.
At least 20 000 CD3+ lymphocytes were collected for each
sample. Data analysis was performed using FlowJo software
(Tree Star). The antibodies used for surface staining included
APC-Cy7-anti-CD3 (clone HIT3a), PerCP-Cy5.5-anti-PD-1
(clone EH12.2H7), APC-anti-CD4 (clone OKT4), all from
BioLegend, and FITC-anti-CD8 (clone RPA-T8), PE-Cy7-anti-
CD8 (clone RPA-T8), PE-anti-CD28 (clone CD28.2), APC-anti-
CD69 (clone FN50), all from BD Biosciences.

Statistical Analysis
Data are presented as the median (Q1, Q3). Non-parametric
Mann–Whitney U-test was used for comparison between the
groups. Correlations between two continuous variables were
determined by Pearson’s coefficient. The correlation between
ePD-L1 and patients’ stage was determined by non-parametric
Spearman correlation. A bilateral P-value of <.05 was regarded
as significant. Statistical analyses and graphing were performed
using GraphPad Prism 8.

Results

Significantly Increased ePD-L1 Levels in Plasma of WT
Patients
Plasma EVs were isolated using the Total Exosome Isolation
Kit and identified by transmission electron microscopy

Figure 2. Immunostaining and confocal microscopy images of plasma ePD-L1 of 3 WT patients. A platelet-free plasma of 3 WT patients (with
low, intermediated, and high ePD-L1 expression, respectively, as shown in Table 1) were stained with FITC-anti-CD63 (10 μg/mL) and
PerCP-anti-PD-L1(10 μg/mL) for 2 h at room temperature, then plasma EVs were purified and resuspended with 20 μL PBS. The
fluorescent-stained EVs were then smeared on a glass slide and visualized using a laser-scanning confocal microscope (TCS SP8 STED, Leica).
The percentage of PD-L1-positive EVs from five randomly selected high power fields (magnification 4× 63× 10) was calculated. The
representative confocal microscope image (a) and quantification of PD-L1-positive EVs of these three WT patients (b) were shown.
Abbreviations: ePD-L1, extracellular vesicles PD-L1; EV, extracellular vesicles; WT, Wilms tumor.
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(Figure 1a) and nanoparticle tracking analysis (NTA)
(Figure 1b). The exosomes (smaller than 200 nm in diameter)
account for about 95.5% of plasma EVs according to the
results of NTA. The WT children exhibited significantly
higher plasma ePD-L1 concentration compared with that of
controls (U= 51, P= .0284), as shown in Figure 1c. The
plasma ePD-L1 concentration of WT patients significantly cor-
related with WT stage (r= 0.6913, P= .0083), as shown in
Figure 1d.

The differential expression of PD-L1 in peripheral EVs of
WT children was further confirmed with confocal micros-
copy imaging by randomly selected 3 WT patients with

low, intermediate, and high plasma ePD-L1 concentration.
The percentage of PD-L1-positive EVs from five randomly
selected high power fields was calculated, as shown in
Figure 2.

ePD-L1 Contributes to Immunosuppression of CD8+ T
Cells In Vitro

The role of ePD-L1 on CD8+ T-cell function was assessed. The
isolated normal human T cells were activated and co-incubated
with PD-L1high (from WT children) or PD-L1low (from healthy

Figure 3. ePD-L1 inhibits the activation of human CD8+ T cells in vitro. Human PBMCs from healthy donors were isolated and cultured in a
48-well plate. The PBMCs were activated with anti-CD3/anti-CD28 antibody and were treated with EVs with high (>20 pg/mL; from WT
patients) or low (<10 pg/mL; from healthy donors) PD-L1 expression, or treated with PBS as control. Cell surface marker and intracellular
cytokine staining for flow cytometry analysis were performed. Representative histograms of flow cytometry analysis were shown (a). (b) The
percentage of CD28+, and the MFI of CD69, PD-1, IFNγ, and TNFα in CD8+ T cells of the group of control, ePD-L1 high and ePD-L1 low were
shown as scatter plots. Statistical analysis was performed using a non-parametric Mann–Whitney U-test.
Abbreviations: ePD-L1, extracellular vesicles PD-L1; MFI, mean fluorescent intensity; PBMCs, peripheral blood mononuclear cells.

Zhang et al 5



controls) EVs in vitro. The activated human CD8+ T cells dem-
onstrated upregulated surface CD28, CD69, and PD-1 expres-
sion as well as increased intracellular IFNγ and TNFα
production. Following co-culture of these T cells with
PD-L1high EVs, levels of CD69, IFNγ, and TNFα decreased
significantly (Figure 3b). The expression levels of surface
CD28 and PD-1 in CD8+ T cells had not decreased signifi-
cantly under the treatment of PD-L1high EVs (Figure 3b).
Contrary to the PD-L1high EVs, co-culture of T cells with
PD-L1low EVs did not significantly decrease the levels of
CD69, IFNγ, or TNFα (Figure 3b). These results demonstrated
that the EVs (with high PD-L1 level) of WT children are bio-
logically active in interfering with the activation of effecter
CD8+ T cells.

Plasma ePD-L1 Levels Correlated with Inhibited
Peripheral CD8+ T-Cell Function of WT Patients
The peripheral CD8+ T-cell function of WT patients was inves-
tigated by flow cytometry. Compared with peripheral CD8+ T
cells from healthy control, peripheral CD8+ T cells from WT
patients had significantly increased proportion of CD28+ cells
(U= 9, P= .0143, Figure 4a), and significantly decreased intra-
cellular IFNγ (U= 12, P= .0339, Figure 4d) and TNFα (U= 8,
P= .0103, Figure 4e) levels. The correlations of significantly
changed markers (CD28, IFNγ and TNFα) with plasma
ePD-L1 levels were then assessed, as is shown in Figure 5.
The plasma ePD-L1 levels significantly negatively correlated
with the intracellular TNFα production (r=−0.6001, P=

Figure 4. Inhibited peripheral CD8+ T cells of WT patients. PBMCs from WT patients or healthy controls (plasma ePD-L1 <10 pg/mL) were
isolated and stimulated with Phorbol-12-myristate-13-acetate and ionomycin for 4 h. Cell surface markers (CD28, CD69, and PD-1) and
intracellular IFNγ and TNFα staining for flow cytometry analysis were performed. Representative histograms of flow cytometry analysis were
shown. The percentage of CD28+, and the MFI of CD69, PD-1, IFNγ, and TNFα in CD8+ T cells of WT patients and controls were shown as
scatter plots (a–e). Statistical analysis was performed using a non-parametric Mann–Whitney U-test.
Abbreviations: ePD-L1, extracellular vesicles PD-L1; MFI, mean fluorescent intensity; PBMCs, peripheral blood mononuclear cells; WT, Wilms tumor.
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.0233, Figure 3f) of peripheral CD8+ T cells. While the plasma
ePD-L1 levels were not correlated with the cell surface CD28
expression (r= 0.3927, P= .1648, Figure 5a) or intracellular
IFNγ production (r=−0.4218, P= .1331, Figure 5b).

Discussion
Although improved therapies have greatly increased the sur-
vival rate of WT, recurrence occurs in about half of WT chil-
dren.25 The survival rate of unfavorable histology ranges
from 84% to 38%.2-4 On the other hand, immune checkpoint
inhibitors, especially antibodies against PD-L1/PD-1, have
made great progress in cancer treatment in recent years. It is fea-
sible to treat recurrent or unfavorable-histological WT with
immune checkpoint inhibitors. Recent studies reported the asso-
ciation of plasma ePD-L1 with the low response rate of
anti-PD-L1/PD-1 therapy on cancer patients.20-22 It is interest-
ing to study the expression level of plasma ePD-L1 in WT
patients and to explore its role on T cells.

The present study demonstrated that the plasma concentra-
tion of ePD-L1 was significantly increased inWT children com-
pared with that in healthy controls. Through immunofluorescent
staining and confocal microscopy imaging, we confirmed the
expression of PD-L1 on EVs. The results of NTA indicated
that more than 95% of plasma extracellular vesicles were exo-
somes (30–200 nm in diameter). This demonstrated that
exosome PD-L1 accounts for the vast majority of plasma extra-
cellular membrane-bounded PD-L1 in WT children.

It has been reported that tumor cell-derived exosomes con-
tributed to immunosuppression through membrane
PD-L1.13,14 By investigating the role of EVs, from WT patients
(with higher PD-L1 expression) and from healthy controls (with
lower PD-L1 expression), on the activation of cultured human
CD8+T cells, we demonstrated that EVs form WT patients sig-
nificantly decreased the expression of cell surface CD69, intra-
cellular IFNγ and intracellular TNFα production. These results
indicated that increased ePD-L1 concentrations in WT patients

were involved in the inhibition of CD8+ T-cell activation. Our
results are consistent with previous findings that EVs or exo-
somes from cancer patients mediate the immune suppression
of activated T cells.13-16,23

In order to explore the immune-suppression status of periph-
eral CD8+ T cells in WT patients, we compared the function of
peripheral CD8+ T cells in WT children and healthy controls.
Results show that the peripheral CD8+ T cells of WT patients
had significantly decreased intracellular IFNγ and TNFα pro-
duction, although the expression level of CD28 was increased
in peripheral CD8+ T cells of WT patients. These results dem-
onstrated the in situ immunosuppression of plasma ePD-L1
against peripheral CD8+ T cells in WT. Our results are consis-
tent with Poggio’s report that suppression of ePD-L1 could
induce systemic anti-tumor immunity.26 In this context, the
plasma level of ePD-L1 may be associated with tumor charac-
teristics and may affect anti-PD-L1/PD-1 therapy.

Nephrectomy plus systemic chemotherapy is the routine
treatment for WT. For most patients, standard therapy can
achieve satisfactory results. But for patients with recurrence
or more aggressive disease, combination chemotherapy is
usually administered.27,28 For WT patients with poor prognosis,
considering the side effects of chemotherapy, immune check-
point inhibitors may be a feasible selection. The study of
plasma ePD-L1 in WT patients is helpful for the choice of
immunotherapy.

In summary, our results demonstrated that the significantly
increased plasma ePD-L1 levels in WT patients were biologi-
cally active in suppressing the activation of CD8+ T cells,
and were significantly correlated with intracellular TNFα pro-
duction in peripheral CD8+ T cells of WT patients. Further
studies are needed to validate their potential role in WT patients.
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