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Background and purpose: To evade immune defense, cancer cells can employ extracel-
lular vesicles (EVs) to inhibit the anti-tumor activity of lymphocytes in the tumor micro-
environment. However, the mechanisms and key molecules that mediate the effects of EVs
on lymphocytes are unclear.

Patients and methods: We used Quantibody® Human Cytokine Antibody Array 440 to
determine the tumor immunity-related cytokine profile of peripheral blood lymphocytes
(PBLs) stimulated with EVs derived from peritoneal washes or malignant ascites. We
detected 21 upregulated and 27 downregulated proteins, including the immunosuppressive
receptors Siglec-10, SLAM, PD-1, and TIM-3.

Results: Flow cytometry analysis of PBLs or ovarian cancer ascites suggested that Siglec-10
expression on CD3+ T cells was higher in ovarian cancer patients than in healthy controls and in
the malignant ascites of ovarian cancer patients than in their blood. Moreover, the expression of
CD24, the Siglec-10 ligand, was associated with tumor stage and cancer cell metastasis. Finally,
compared to the benign peritoneal wash-derived EVs, the malignant EVs significantly upregu-
lated Siglec-10 expression on Jurkat T cells, inhibited the protein kinase C activity induced by
phorbol 12-myristate 13-acetate and ionomycin, and impaired the phosphorylation of the
tyrosine kinase ZAP-70 activated by crosslinking with an anti-CD3 antibody.

Conclusion: The EVs secreted by malignant ovarian cells upregulated Siglec-10 expression
on T cells and impaired T cell activation in the tumor microenvironment. We believe that a
comprehensive understanding of the regulation of Siglec-10 and CD24 by malignant EV's has
clinical importance, as it will aid in the development of better immunotherapeutic strategies
for ovarian cancer.
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Introduction

Ovarian cancer remains the leading cause of death among gynecological malignan-
cies; it is the fourth most common cause of cancer-related death among women.'
Continuous crosstalk between cancer cells and components of the immune system in
the tumor microenvironment is required for cancer cell elimination and reinstatement
of equilibrium, but also for tumor escape from immune surveillance.”* Although this
dynamic interaction between the immune system and ovarian cancer has been widely
recognized as important for cancer progression in recent years,*> we know little
about the nature of the crosstalk between ovarian cancer cells and immune cells in the
tumor microenvironment.
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Accumulating evidence indicates that extracellular vehi-
cles (EVs), novel vehicles for communication in the tumor
microenvironment, play important roles in crosstalk; they
directly stimulate target cells with their membrane mole-
cules and facilitate the direct transfer of their contents,
and miRNA/mRNA/DNAs,
between cells.*’” Since many populations of lymphocytes,

including proteins, lipids,
including T, B, and NK cells, can be important components
of the tumor microenvironment,®’ ascertaining the effects
of the malignant EVs on lymphocytes will allow us to
understand the underlying molecular mechanisms that gov-
ern anti-ovarian cancer immunity.'” Our previous results
showed that exosomes (40- to 150-nm-in-diameter EVs)
derived from ovarian cancer suppress lymphocyte-mediated
anti-tumor immunity and enhance tumor invasion, angio-
genesis, and metastasis via the interferon and NF-xB signal-
ing pathways.'" However, there is currently little evidence
of the specific molecules and mechanisms that mediate the
effects of malignant exosomes on immune cells.

Sialic acid-binding immunoglobulin-type lectins
(Siglecs), a group of cell surface transmembrane receptors
expressed on immune cells, can regulate immune balance
in autoimmune diseases and cancer.'>'? Siglec-10 is an
inhibitory receptor that is broadly expressed on B cells, T
cells, dendritic cells, and macrophages; it inhibits the anti-
tumor activity of T cells by impairing the formation of
major histocompatibility complex class I-peptide com-
plexes and the phosphorylation of the T cell receptor-
associated kinases Lck and ZAP-70.1371° However, there
has been no report about the expression levels and regu-
lated mechanisms of Siglec-10 on immune cells in the
tumor microenvironment.

In this study, we investigated the different molecules
mediated by EVs derived from the peritoneal washes of
benign ovarian cyst patients or the malignant ascites of
ovarian cancer patients using Quantibody® Human
Cytokine Antibody Array 440, and determined that EVs
secreted by malignant ovarian cells upregulated Siglec-10
expression on T cells and impaired T cell activation in the
tumor microenvironment, which will aid in the develop-
ment of better immunotherapeutic strategies for ovarian

cancer.

Materials and methods

EV purification and characterization
We extracted EVs from the malignant ascites of epithelial
ovarian cancer (EOC) patients or peritoneal washes from

benign ovarian cyst patients by differential centrifugation at
4 °C based on previously described methods with slight
modifications.'®'” In brief, the ascites (50 mL) or peritoneal
washes were subjected to centrifugation at 2,000xg for
30 min, then 10,000xg for 30 min to remove debris and
apoptotic bodies, followed by centrifugation at 100,000xg
for 2 h (Optima™ XE-90, Beckman Coulter, Brea, CA,
USA). Subsequently, the EV pellets were re-suspended in
sterilized phosphate-buffered saline (PBS) and washed by
centrifugation at 100,000xg for 2 hrs. Finally, we re-sus-
pended the EV pellets in PBS (500 pL) to measure their size
distribution with a Malvern Zetasizer Nano ZS90 and quan-
tify their total protein concentrations using a Bradford assay
(Pierce™, Thermo Fisher Scientific, Waltham, MA, USA).
We stored the samples at —80 °C until use. The EV pellets
were observed under a transmission electron microscope
(TEM; JEM-1010, Jeol, Tokyo, Japan) at 80.0 kV. Images
were captured with a digital camera.

Co-incubation of lymphocytes with EVs

PBLs were extracted from the whole blood of 4 healthy
female volunteers by a density gradient centrifugation
method using Ficoll-Paque (TBD Science, Tianjing,
China) according to the manufacturer’s instructions.''
Subsequently, lymphocytes were sorted with an anti-
CD45-PE antibody, then re-suspended in Gibco®
CTS™ AIM-V™ serum-free medium (Thermo Fisher
Scientific). The purified lymphocytes from each volun-
teer were randomly assigned to 7 groups and separately
6-well (2x10°  cells/well).
Lymphocytes were then separately treated with PBS

plated into plates
control (n=1) or malignant or benign isolated EVs
(n=3 for each EV group, 1x10° EV particles/mL) for
48 h at 37 °C. Finally, the lymphocytes were collected,
total protein was extracted in cell lysis buffer containing
an optimized mixture of protease inhibitors, and the
total protein contents of the 4 samples in each group
were pooled to eliminate individual differences and
analyzed using the Quantibody® Human Cytokine
Antibody Array 440 Kit (Catalog number: QAH-CAA-
440, RayBiotech, Norcross, GA, USA).

Human cytokine microarray analysis

To evaluate the effects of malignant EVs on lymphocytes from
healthy donors, we assayed the levels of 440 tumor immunity-
related cytokines in the total protein extracts of lymphocytes
using the Quantibody™ Human Cytokine Antibody Array
Q440 (RayBiotech).'® In each lysed lymphocyte preparation,
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we quantified the concentration of total proteins using a
Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific),
which we adjusted to 500 pg/mL by dilution with buffer, then
performed the experimental procedure in accordance with the
manufacturer’s instructions. Briefly, the completely air-dried,
pre-coated antibody array glass slides were blocked with coat-
ing buffer for 30 min. Then, standard cytokine solution
(100 pL) or sample (500 pg/mL total protein) was added to
each well; the plates were incubated overnight at 4 °C. After
incubation, we washed 5 times (5 min/wash) with Wash Buffer
I with gentle rocking at room temperature, then incubated the
membranes with the detection antibody cocktail at room tem-
perature for 2 h. After washing 5 times (5 min/wash) with
Wash Buffer I, then twice with Wash Buffer II with gentle
rocking at room temperature, we added Cy3-equivalent dye-
conjugated streptavidin (80 pL) to each well and incubated the
plate at room temperature for 1 h in a dark room. Finally, after
completely washing the plate, we visualized the signals with
an Axon GenePix® laser scanner equipped with a Cy3 wave-
length filter (green channel). We performed densitometric
analyses of the spots with microarray analysis software,
including GenePix, ScanArray Express, ArrayVision, and
MicroVigene.

Patient recruitment

Patients diagnosed with primary EOC or benign ovar-
ian cysts were recruited from June 2016 to October
2017 at Nanjing First Hospital (Nanjing, China),
China),
Jiangsu Provincial Hospital of Traditional Chinese
Medicine (Nanjing, China). All patients with EOC
were diagnosed according to the recommended criteria

Jiangsu Cancer Hospital (Nanjing, and

in the classification proposed by the World Health
Organization in 2004. We recruited 18 benign ovarian
cyst patients and 72 primary EOC patients who had
undergone debulking surgery. None of the patients had
been treated with preoperative chemotherapy or radia-
tion. We collected samples of surgical tissue, ascites,
and blood from the patients and blood samples from 30
healthy, female volunteers of a similar age. All volun-
teers with immune-related diseases or current clinical
symptoms of inflammatory diseases were excluded.
According to the criteria specified by the Nanjing
Medical University, we obtained written informed con-
sent from the patients and the healthy volunteers prior
to recruitment. This study was approved by the Human
Research Ethics Committee.

Cell preparation and flow cytometric
analysis

We assessed the levels of biomarkers on the surfaces of the
immune cells from the blood and ascites samples by flow
cytometry.'® Briefly, each specimen underwent erythrocyte
lysis with red blood cell lysis buffer, then washing with PBS.
Then, we incubated the specimens (100 pL) with either anti-
CD3-FITC, anti-CD19-percp-cy5.5, anti-Siglec-10-APC
(Catalog number: 130-103-731, clone: 5G6, Miltenyi
Biotec, Bergisch Gladbach, Germany), and anti-CD150-PE
(eBioscience, San Diego, CA, USA) or anti-PD-1-PE
(eBioscience) and anti-TIM-3-APC (eBioscience) at work-
ing concentration. Then, the specimens were incubated in the
dark at 4 °C for 20 min, re-suspended, and washed twice in
PBS. Flow cytometry was performed using a FACSCanto™
II flow cytometer (BD Biosciences, San Diego, CA, USA).
The data were analyzed with FlowJo software (Treestar, San
Carlos, CA, USA). Antigen expression is depicted as fluor-
escence intensity on dual-parameter scattergrams.

Immunohistochemistry

We determined the expression of CD24, the Siglec-10
ligand, in paraffin-embedded tissues from 37 EOC and 28
benign ovarian cyst tissues by immunohistochemistry.
Briefly, 5-um sections of tissue were prepared by extracting
the paraffin in xylene, then re-hydrating, and inactivating
endogenous peroxidase with 3% H,O, in PBS for 15 min.
Then, we treated the sections with citrate solution (10 mM,
pH 6.0; Maixin-Bio, Fujian, China) to retrieve the antigens,
incubated with 2% bovine serum albumin to block nonspe-
cific reactivity, and incubated with anti-human CD24
monoclonal antibody (15 pg/mL; catalog number:
MAB5248, R&D Systems, Minneapolis, MN, USA) over-
night at4 °C. After washing 3 times with PBS, we incubated
the sections with the Anti-Mouse HRP-DAB Cell & Tissue
Staining Kit (Catalog number: CTS002, R&D Systems,
Minneapolis, MN, USA) according to the manufacturer’s
instructions. Subsequently, the sections were counterstained
with hematoxylin, dehydrated, and mounted.

The expression levels of CD24 in the resected specimens
from 72 patients with EOC were assessed by a pathologist
who was blinded to the clinical information of the patients.
The immunoreactivity of the specimens was graded into 2
groups based on the frequency of positively stained cells: low
expression, <30% positive staining and high expression,
>30% positive staining. In addition, 5 random fields from
each section were examined at 200x magnification.
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Reverse transcription and real-time

quantitative PCR analysis

The SLAM and Siglec-10 mRNA levels in Jurkat T cells
were analyzed by Q-PCR as previously described.'! Total
RNA was isolated using TRIzol reagent (Invitrogen Life
Technologies, Paisley, UK) and reverse-transcribed using
a HiScript II 1st Strand ¢cDNA Synthesis kit (Vazyme
Biotech Co., Ltd, Nanjing, China) according to standard
protocols. Quantitative RT-PCR analysis was performed
using a AceQ Universal SYBR Green qPCR Master Mix
(Vazyme Biotech Co., Ltd, Nanjing, China) and 300 mM
primers (Table 1). After an initial 95 °C (30 seconds) hot
start, 40 cycles of 95 °C (5 seconds) and 55 °C (34 sec-
onds) were performed using an ABI 7500 Real-Time
PCR System (Life Technologies, NY, USA). The primer
sequences are as follows:

GAPDH, 5-TGAAGGTCGGAGTCAACG-3 and 5-CA
AAGTTGTCATGGATGA-3; Siglec-10, 5-CTGCTGGGCC
CCTCCTGC-3 and 5-GACGTTCCAGGCCTCACAG-3;
SLAM, 5-GTGTATGCTGGGCTGTTAGG-3, 5-AGAGGT
AAAACGAACCATTACCA-3.

Assessment of protein kinase C activity

Human Jurkat T cells (purchased from Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences,
China) were cultured in RPMI-1640 medium supplemen-
ted with 10% (v/v) fetal bovine serum. After pre-treatment
with PBS or the isolated EVs (7 malignant or 7 benign,
1x10° EV particles/mL) in Gibco® CTS™ AIM-V™
serum-free medium for 24 h, the Jurkat cells (2x10°/mL)
were seeded in 6-well plates in the presence or absence of
phorbol 12-myristate 13-acetate and ionomycin (PMA

Table | Profiler protein array results for EVs-treated PBLs (Malignant EVs group vs Benign EVs group)

Protein Gene | Mean concentration (pg/ Folds | P- Protein Gene Mean concentration Folds P-

ID mg total) protein) value ID (pg/mg total) protein) value

Benign EVs Malignant Benign Malignant
EVs EVs EVs

SLAM 6504 1858+341 24146 0.013 | 0.002 | PD-I 5133 10£8 33%10 3.241 0.014
PARC 6362 69x16 0+0 0.014 | 0.004 | Dtk 7301 4+6 19+6 3.385 0.020
TIM-3 84,868 | 1511 1+0 0.066 | 0.080 | Testican 2 9806 87+44 317135 3611 0.036
SDF-la 6387 24%16 1+ 0.082 | 0.067 | FAP 2191 42+38 161+45 3.728 0.008
MCP-4 6357 9+3 0+0 0.098 | 0.016 | MCSF 1435 220+88 881146 3.988 0.001
HGF R 4233 38£10 315 0.107 | 0.003 | I-309 6346 42+38 17219 4.032 0.000
WIF-1 11,197 | 124+36 12+18 0.110 | 0.004 | LIGHT 8740 157 75%2 4.631 0.000
CDI63 9332 1503+361 194+44 0.130 | 0.005 | Siglec-10 89,790 | 24+46 136101 5.710 0.109
OPG 4982 6x| 0+0 0.141 | 0.002 | ErbB2 2064 0+0 4+2 5.802 0.042
IL-1 F5 26,525 | 54,273+10,900 | 7801+2364 0.144 | 0.003 | GASP-2 117,166 | 24+6 15621 6.069 0.001
IL-20 50,604 | 66,546+9600 10,204+1355 | 0.153 | 0.001 | TRAIL 8743 818 7110 7.608 0.000
CD48 962 11,520£2303 1976+648 0.172 | 0.002 | Axl 558 0+0 6=l 7.866 0.004
IL-17C 27,189 | 5958%1221 13324343 0.224 | 0.003 | Midkine 4192 510 54+23 8.901 0.017
IL-1 R5 8809 353+41 80+23 0.229 | 0.000 | RANK 8792 0+0 10+4 11.973 0.013
P-Cadherin | 1001 1414+158 324+54 0.230 | 0.000 | CF XV 5624 347 104+67 23.333 0.058
FGF-9 2254 1214£139 291+29 0.240 | 0.001 | HCC-4 6360 0+0 37435 38754 [ 0.123
GROa 2919 52411418 13011157 0.248 [ 0.006 | TNFRI 7132 0+0 4418 45.815 0.002
CAI5-3 4582 4+2 0.4+0.3 0.250 | 0.041 | ErbB3 2065 0+0 46+18 47.362 | 0.015
MIP-3b 6363 504x76 1365 0.273 | 0.002 | WISP-I 55,515 2+2 181+67 58.789 | 0.013
SIGIRR 59,307 | 10,477+1820 2873%350 0.274 | 0.003 | GCP-2 6372 0+0 248+135 249.570 | 0.035
TRANCE 8600 254x118 7174 0.283 | 0.047 | CEACAM-5 | 1048 0+0 511287 512.633 | 0.038
MCP-2 6355 751123 213%21 0.285 | 0.003
IL-18 3606 786x77 226%19 0.289 | 0.000
TWEAK 8742 1430+436 416x110 0.292 | 0.0l16
Syndecan-1 | 6382 138421 4116 0.303 | 0.000
Dkk-4 27,121 | 1543£101 46727 0.303 | 0.000
Prostasin 5652 353+91 107+63 0.305 | 0.006

Abbreviations: EVs, extracellular vesicles; PBLs, peripheral bood lymphoytes.
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+IoM; 10 ng/mL PMA and 300 ng/mL IoM) for 24 h.
Protein kinase C (PKC) activity was determined with a
PKC Kinase Activity Assay Kit (Catalog number:
ab139437, Abcam, Cambridge, UK) according to the man-
ufacturer’s instructions.?® Briefly, the cells were harvested,
washed with ice-cold PBS, then lysed in Lysis Buffer
(1 mL). After the lysates were subjected to centrifugation
at 13,000 rpm for 15 min, the supernatants were collected
and the protein concentrations were determined using the
bicinchoninic acid method. Then, PKC kinase activity was
evaluated in a solid-phase enzyme-linked immunosorbent
assay based on the phosphorylation of a specific synthetic
peptide by the PKC present in the sample after the addition
of adenosine triphosphate. A phospho-specific antibody
was used to recognize only the phospho-substrate. The
primary antibody was subsequently detected with a horse-
radish peroxidase (HRP)-conjugated secondary antibody.
The assay was finally developed with 3,3',5,5'-tetramethyl-
benzidine substrate. The color development was stopped
with an acid stop solution. The intensity of the color was
measured at 450 nm. PKC activity is expressed relative to
the total protein content.

Western blot analysis

After treatment with PBS or the isolated EVs (7 malig-
nant or 7 benign, 1x10° EV particles/mL) in Gibco®
CTS™ AIM-V™ gerum-free medium for 24 h, Jurkat
cells were activated with anti-human CD3 antibody
(50 pg/mL; clone: UCHT-1).2" We incubated the cells
for 5 min at 37 °C and stopped the activation by quickly
freezing the cells in liquid nitrogen. Then, the Jurkat
cells were lysed in buffer containing 50 mmol/L Tris-
HCI (pH 8.0), 150 mmol/L NaCl, 0.02% NaN3, 0.1%
sodium dodecyl sulfate (SDS), 100 mg/L phenylmethyl-
sulfonyl fluoride, 1 mg/L aprotinin, and 1% Triton™
X-100. For total ZAP-70 protein immunoprecipitation,
we incubated equal volumes of cell lysates on a rotator
platform at 4 °C for 2 h in the presence of the rabbit
monoclonal anti-ZAP-70 antibody (5 pL; catalog num-
ber: ab32429, Abcam, Cambridge, UK), then incubated
with protein G-coupled sepharose beads (20 pL) for 1 h.
After washing 5 times with ice-cold washing buffer, we
re-suspended the beads in 2x sample loading buffer
(100 pL) and boiled for 10 min. After centrifugation,
the supernatants were subjected to 10% SDS-polyacry-
lamide gel electrophoresis and transferred onto polyvi-
nylidene difluoride membranes (Millipore, Burlington,
MA, USA) via wet transfer. After blocking for 1 h in

PBS with TWEEN®™ 20 containing 2% non-fat dry milk,
we incubated the membranes with antibodies specific for
ZAP-70 and phospho-ZAP-70 (Y292) (Catalog number:
ab199245 Abcam, Cambridge, UK), then HRP-conju-
gated secondary antibodies (anti-rabbit). The proteins
were detected using the enhanced chemiluminescence
reaction (Beyotime, Haimen, China).

Statistical analyses

Statistical analyses were performed using GraphPad Prism
version 5 (San Diego, CA, USA). Two-tailed Student’s #-
tests were used to compare experimental groups. Statistical
significance was defined at greater than or equal to a 95%
confidence interval or a P-value <0.05. The data shown are
the mean + standard deviation of 3 repeated experiments.

Results

Production and characterization of EVs
We first removed cells and debris from the crude samples of
the ascites or peritoneal washes by differential centrifugation,
then isolated the EVs by ultracentrifugation. We identified
the EVs by TEM, which showed that EVs were membrane
bound, round, and heterogeneous in size (Figure 1A and C).
Although the 2 kinds of EVs had similar particle size ranges
(30250 nm), the vesicles from the malignant ascites were
larger than those from the peritoneal washes (mean sizes:
138.9 and 86.4 nm, respectively; Figure 1B and D). The
morphology of the EVs resembled that of exosomes.

Multiple PBL-derived cytokines are

altered by exposure to EVs

We used Quantibody® Human Cytokine Antibody Array
Q440 to simultaneously measure the concentrations of 440
cancer- and immunity-related cytokines in the cell lysates of
normal PBLs exposed to benign or malignant EVs. As
shown in the heat maps (Figure 2A), in the group exposed
to malignant EVs, the levels of 48 cytokines differed (21
upregulated and 27 downregulated) from those in the
benign EV control group (Table 1). Among those cytokines,
there were marked increases in the concentrations of
CEACAM-5, GCP-2, WISP-1, ErbB3, midkine, Siglec-
10, and PD-1 and significant decreases in the concentrations
of SALM, PARC, TIM-3, SDF-la, and MCP-4 in the
malignant EV group compared to the benign EV group.
Interestingly, the expression of 4 immunosuppressive
receptors (PD-1, Siglec-10, SLAM, and TIM-3) on normal
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Figure | Characterization of EVs from peritoneal washes and malignant ascites. (A and C) EVs as observed by TEM. (B and D) Size distribution as measured with a Malvern
Zetasizer Nano ZS90. Each experiment was replicated at least 3 times with similar results.

Abbreviations: EVs, extracellular vesicles; TEM, transmission electron microscopy.

lymphocytes significantly differed in the benign and malig-
nant EV groups (Figure 2B).

Heterogeneous expression of Siglec-10
and SLAM on T lymphocyte subsets in the

ovarian cancer and control groups

To explore the molecular mechanism of tumor immune
escape facilitated by malignant exosomes, we assessed
the expression of the immunosuppressive receptors PD-
1, Siglec-10, SLAM, and TIM-3 in CD3+ T lympho-
cytes isolated from the blood of 39 EOC patients and
30 healthy controls by flow cytometry (Figure 3A). In
the peripheral blood samples, we found that the expres-
sion of Siglec-10 and SLAM on CD3+ T lymphocytes
was significantly higher in EOC patients than in
healthy controls; we did not detect significant differ-
ences in PD-1 and TIM-3 expression on CD3+ T cells
(Figure 3B) and CD19+ B cells (Figure S1). Next, we
found that the percentage of Siglec-10+ CD3+ T cells
was higher in the malignant ascites of 19 EOC patients
than in their blood (Figure 3C). Given that CD24 is the
ligand of Siglec-10,>> we further evaluated the

expression and prognostic utility of CD24 by clinical
pathology. As shown in Table 2, we found that 47% of
72 EOC patients had high CD24 expression (=30%
positive staining). Moreover, the expression of CD24
was markedly associated with advanced disease stage
(P=0.004) and cancer cell metastasis (P=0.015). No
correlation was found between CD24 expression and
any of the other clinical pathologic parameters

examined.

Malignant ascites-derived EVs upregulated
Siglec-10 expression on Jurkat T cells and

inhibited Jurkat T cell activation

Our results suggest that malignant EVs may inhibit T cell
activity to promote tumor immune escape by upregulating
the expression of the suppressive receptor Siglec-10. To test
this hypothesis, we collected EVs from the malignant ascites
of 7 EOC patients and the peritoneal washes of 7 benign
ovarian cyst patients and analyzed their effects on Siglec-10
expression on Jurkat T cells. As shown in Figure 4, treatment
with malignant EVs significantly increased the mRNA and
protein expression of Siglec-10 on Jurkat T cells compared to
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SLAM 6504 1858 + 341 24 + 46 0.013 0.002
TIM-3 84868 15+ 11 1+0 0.066 0.080
PD-1 5133 108 33+10 3.241 0.014
Siglec-10 89790 24 + 46 136 + 101 5.710 0.109

Figure 2 Human cytokine microarray analysis of the cytokine profiles of lymphocyte lysates from healthy donors after treatment with benign or malignant EVs. (A) Heat
map analysis comparing EOC malignant ascites EVs (M1-4) and benign ovarian cyst peritoneal wash EVs (B1-4). The image shows a marked increase in the expression of 21
cytokines and a significant decrease in the expression of 27 cytokines after exposure to the malignant EVs (n=4) compared to the benign EVs (n=4). Red represents
upregulated protein expression and green represents downregulated protein expression. (B) The concentrations of PD-1, Siglec-10, SLAM, and TIM-3 in the total protein

extracts of normal lymphocytes treated with the benign or malignant EVs.
Abbreviations: EOC, epithelial ovarian cancer; EVs, extracellular vesicles.

treatment with the benign peritoneal wash EVs or the PBS
negative control (P<0.05; Figure 4A and B), whereas there
was no statistical difference in the expression of SLAM
(Figure 4A and C). Although we did not observe differences
in IL-2, IL-4, IFN-y, and TNF-oo mRNA levels in the human
Jurkat T cells stimulated with the different EVs (data not
shown), we found that pre-treatment with malignant EVs, but
not benign EVs, inhibited PMA+IoM-enhanced PKC activ-
ity (P<0.05; Figure 4D). Furthermore, compared to benign
EVs, malignant EVs impaired the phosphorylation of the
tyrosine kinase ZAP-70, which mediates T cell receptor-
elicited T cell activation, in anti-CD3 activated Jurkat cells
(Figure 4E).

Discussion
Many studies have demonstrated that malignant EV's help
tumor cells evade host immunosurveillance and develop

unchecked in the microenvironment.**** However, many
questions remain about the trigger mechanisms for cancer
immune escape.”> We aimed to clarify the effects of
malignant ascites-derived EVs on the expression of key
immunomodulatory molecules on lymphocytes, espe-
cially T cells, and to determine the clinical relevance
of EVs.

Recently, a novel mechanism of biological regulation
has attracted the attention of researchers: EVs derived from
various cells in the blood, urine, ascites, and other body
fluids can transfer bioactive molecules, including proteins
and nucleic acids, between different cell types and across
species.”*?” Depending on their biophysical properties and
biogenesis, EVs are mainly divided into exosomes (a homo-
geneous population 40—100 nm in diameter, characterized
by CD9/CD63 expression) and macrovesicles (a heteroge-
neous population 50-1,000 nm in diameter, no unique
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Figure 3 The expression levels of Siglec-10 and SLAM on CD3+ T cell in the peripheral blood or in epithelial ovarian cancer (EOC) ascites. (A) Flow cytometric analysis of the
Siglec-10 and SLAM expression levels on CD3+ T cells (B) Mean fluorescence intensity quantifications of Siglec- 10 and SLAM expression on CD3+ T cells in the peripheral blood of
EOC patients (n=39) or healthy controls (n=30). P-values represent statistically significant differences compared with the healthy controls. (C and D) Mean fluorescence intensity
quantifications of Siglec-10 on CD3+ T cells in the peripheral blood and ascites of EOC patients (n=19). Results are presented as the mean * standard deviation of 3 independent
experiments. P-values represent statistically significant differences compared with the blood. The P-values <0.05 (two-tailed Student’s t-tests) are listed for each column.

Table 2 Clinicopathological analysis of the CD24 expression in
surgically resected epithelial ovarian cancer

Variables Low (%) High (%) P-value
Histology

Serous (n=43) 12 (27.9%) 31 (72.1%) 0.219
Others (n=29) 13 (44.8%) 16 (55.2%)

FIGO stage

Nl (n=31) 17 (54.8%) 14 (45.2%) 0.004
W/ (n=41) 8 (19.5%) 33 (80.5%)1

Grade

GIl/G2 (n=27) 10 (37%) 17 (63%) 0.949
G3 (n=45) 15(33.3%) 30(66.7%)

Metastasis

No (n=18) 11(61.1%) 7(38.9%)

Yes (n=54) 14(25.9%) 40(74.1%) 1 0.015

Note: Data in bold indicates statistical significance (P<0.05).

markers).”>* In this study, the EVs ranged from 30 to
250 nm in diameter and the mean size of the malignant
ascites-derived EVs (138.9 nm) was greater than that of the

benign EVs (86.4 nm), which may indicate that they carry
different proteins and nucleic acids. Although the morphol-
ogy of the EVs resembled that of exosomes, due to the
limitations of the available techniques, we cannot exclude
the possibility of the presence of a very small proportion of
macrovesicles in the exosome samples. Therefore, we col-
lectively referred to our samples as EVs.

Microarray analysis facilitates the assessment of many
molecules simultaneously, which dramatically accelerates
the pace of discovery of key molecules, signaling path-
ways, and regulatory mechanisms.***' In this study, we
developed a cytokine profile of EV-mediated immune eva-
sion by subjecting normal PBLs that had been cultured
with benign or malignant EVs to microarray to simulta-
neously detect the concentrations of 440 cancer- and
immunity-related cytokines. We selected 4 (PD-1, Siglec-
10, SLAM, and TIM-3) of the 48 differentially regulated
genes and assessed their roles in ovarian cancer immune
escape and their potential values as prognostic indicators
for EOC by evaluating their expression in the blood and
malignant ascites samples of EOC patients and the blood
of healthy controls. We found that Siglec-10 and SLAM
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Figure 4 The effect of malignant ascites-derived EVs on the Siglec-10 expression and activation of Jurkat T cells. (A-C) The relative mRNA and protein expression of Siglec-
10 and SLAM on Jurkat T cells as analyzed by quantitative polymerase chain reaction (A) and flow cytometry (B and C). The results are presented as mean * standard
deviation of 3 independent experiments. The P-values (two-tailed Student’s t-tests) represent statistically significant differences compared with the benign EVs. (D) After pre-
treatment with benign EVs (B MVs), malignant EVs (M MVs), or PBS for 48 h, Jurkat cells were cultured with or without PMA (10 ng/mL) plus IoM (350 ng/mL) (P/l) for 24 h.
The results are presented as mean * standard deviation of 3 independent experiments. P-values <0.05 (two-tailed Student’s t-tests) are listed for each column. (E) After
incubation with PBS or isolated EVs (7 malignant or 7 benign, |x10° EV particles/mL) in Gibco® CTS™ AIM-V™ serum-free medium for 24 h, Jurkat cells were stimulated
for 5 min with anti-human CD3 antibody (50 pg/mL). After stimulation, protein extracts were immunoprecipitated (IP) with an anti-ZAP-70 antibody. The immunocom-

plexes were subjected to Western blotting with anti-ZAP-70 or anti-phosphorylated ZAP-70. A representative experiment of 3 is shown.
Abbreviations: B EVs, benign extracellular vesicles; M EVs, malignant extracellular vesicles.

expression levels on CD3+ T lymphocytes in the blood
were significantly higher in the EOC samples and that
Siglec-10 levels on CD3+ T cells in the tumor microenvir-
onment were higher than the levels on the T cells in the
blood. Moreover, the expression of the Siglec-10 ligand
CD24 was associated with advanced disease stage and
cancer cell metastasis. However, due to the complicated
nature and individual variations of the immune system,
further studies should be performed with larger cohorts
to determine the clinical relevance of Siglec-10 and CD24
in the tumor microenvironment with the aim to develop
biomarkers for the evaluation of tumor immune escape.
Zhang et al reported that Siglec-10 was predominantly
expressed on NK cells,'> moderately on Kupffer cells and
B cells, and minimally on T cells and monocyte-derived
dendritic cells. In addition, the percentage of Siglec-10+
NK cells is higher in human hepatocellular carcinoma
tissues than in the surrounding non-tumor tissues. Here,

we found that the mean fluorescence intensity representing
Siglec-10 expression on CD3+ T cells was higher in the
malignant ascites samples from EOC patients than in their
blood. Furthermore, Bandala-Sanchez et al reported that
Siglec-10 expressed on the T cell surface inhibits the
phosphorylation of the T cell receptor-associated kinase
ZAP-70 and T cell activation.'**? In this study, compared
to benign EVs, malignant EVs significantly increased the
mRNA and protein expression of Siglec-10 on Jurkat T
cells, inhibited PMA+IoM-enhanced PKC activity, and
impaired anti-CD3 activated phosphorylation of ZAP-70
in Jurkat T cells. These results indicate that malignant EVs
could increase Siglec-10 expression in T cells to inhibit T
cell activation in the tumor microenvironment.

Frankly, the current study has several limitations. First,
no perfect method has been identified to isolate all exo-
somes from 30 to 150 nm in various body fluids including
ascites without any impurities. Our study is also limited by
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the methods used in this study that may also precipitate

non-exosome debris in benign washing and malignant

ascites samples. Second, as carriers for a variety of biolo-

gical signaling molecules including proteins, lipids, and

miRNA/mRNA/DNAs,

the administration of EVs

undoubtedly can trigger many regulatory mechanisms on

immune cells. Due to the lack of well-established methods

to analyze the effective ingredients in EVs, here we only

discuss the synergistic regulatory effects on T cells leaded

by benign EVs and malignant EVs in vitro.

Taken together, our findings reveal that malignant cell-

secreted EVs in the tumor microenvironment stimulate

lymphocytes to suppress anti-tumor immunity and promote

tumor progression. Importantly, malignant EVs upregulate

Siglec-10 expression on T cells to impair T cell function in

the ovarian tumor microenvironment. Moreover, CD24

expression in ovarian tumors is associated with advanced

cancer stage and metastasis. Thus, the levels of Siglec-10

and CD24 in the ovarian tumor microenvironment may

represent novel biomarkers for the evaluation of tumor

immune escape and serve as targets for the development

of better immunotherapeutic strategies.
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Figure S| Mean fluorescence intensity quantifications of Siglec-10 (A), TIM-3 (D), PD-1 (B) and SLAM (C) expression on CD19+ B cells in the peripheral blood of EOC
patients (n=39) or healthy controls (n=30).
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