ONCOIMMUNOLOGY
2023, VOL. 12, NO. 1, 2246322
https://doi.org/10.1080/2162402X.2023.2246322

Taylor & Francis
Taylor &Francis Group

ORIGINAL RESEARCH

8 OPEN ACCESS ’ M) Check for updates

TNBC-derived Gal3BP/Gal3 complex induces immunosuppression through CD45

receptor

Annat Raiter

2, Julia Lipovetsky®, Asaf Stenbac?, Ido Lubin?, and Rinat Yerushalmi®®

aFelsenstein Medical Research Center, Tel Aviv University, Faculty of Medicine, Petach Tikva, Israel; PInstitute of Oncology, Davidoff Cancer Center,

Rabin Medical Center, Petach Tikva, Israel

ABSTRACT

A preliminary study investigating immunotherapy strategies for aggressive triple negative breast cancer
(TNBC) revealed an overexpression of genes involved in the release of extracellular vesicles (EVs). Proteins
expressed by EVs play a role in reprogramming the tumor microenvironment and impeding effective
responses to immunotherapy. Galectin 3 (Gal3), found in the extracellular space of breast cancer cells,
downregulates T-cell receptor expression. Gal3 binds to several receptors, including CD45, which is
required for T-cell receptor activation. Previously, we reported a novel tumor escape mechanism, whereby
TNBC cells suppress immune cells through CD45 intracellular signals. The objective of this study was to
determine the potential association of Gal3 with TNBC-secreted EVs induction of immunosuppression via
the CD45 signaling pathway. EVs were isolated from MDA-MB-231 cells and the plasma of patients with
TNBC. Mass spectrometry revealed the presence of Gal3 binding protein (Gal3BP) in the isolated small EVs,
which interacted with TNBC secreted Gal3. Gal3BP and Gal3 form a complex that induces a significant
increase in T-regulatory cells in peripheral blood mononuclear cells (PBMCs). This increase correlates with
a significant increase in suppressive interleukins 10 and 35. Blocking the CD45 receptor in PBMCs cultured
with tumor-derived EVs impeded the immunosuppression exerted by the Gal3BP/Gal3 complex. This led
to an increase in IFN-y and the activation of CD4, CD8 and CD56 effector cells. This study suggests a tumor
escape mechanism that may contribute to the development of a different immunotherapy strategy that
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complements current therapies used for TNBC.

Introduction

Triple negative breast cancer (INBC) is an aggressive tumor
which predominantly affects young women. TNBC is often
diagnosed at a more advanced stage and lacks targeted
therapies."”> Currently, treatment strategies are comprised of
conventional chemotherapy (taxanes, anthracycline and plati-
num), immunotherapy and surgery. Multiple reports suggest
the use of immunotherapeutic strategies for aggressive meta-
static TNBC, attesting to its high immunogenicity compared
with other subtypes of breast cancer. The increase in ongoing
clinical trials investigating checkpoint inhibitors for the treat-
ment of TNBC, reflects a great interest in finding effective
therapies. However, in the case of metastasis, the efficacy of
these agents is limited and may not prevent death.’

CD45 is a transmembrane protein tyrosine phosphatase recep-
tor type C expressed exclusively in leukocytes, with opposing
effects on T-cell receptor (TCR) activity.*> Our group recently
reported a new mechanism whereby TNBC inhibits the CD45
molecular pathway involving the Src family of tyrosine kinases,
weakening TCR activity and resulting in tumor escape. An
immune modulating peptide (C24D) that binds to CD45 recep-
tors on immunosuppressed leukocytes was found to reactivate the
immune response and lead to specific tumor cell killing.*”

Galectin 3 (Gal3) is a protein found in breast cancer cells. It
plays a role in the metastasis and evasion of immune surveil-
lance through the killing of activated T cells.* Extracellular
Gal3 induces T-lymphocyte apoptosis by binding to CD45,
while intracellular Gal3 inhibits the apoptotic process by bind-
ing to the bcl-2 protein.'® Gal3 downregulates TCR expression
and interferon gamma (IFN-y) secretion in both CD4 and CD8
T cells."' Emphasis has been placed on CD8 + T cells and their
critical involvement in immunotherapy.'?

A preliminary study by our group revealed that immune
cells derived from patients with metastatic TNBC overexpress
genes involved in the tumor secretion of small extracellular
vesicles (sEVs, exosomes). sEVs contain proteins involved in
immunosuppression.> EV's are enclosed in a flat or spherical
phospholipid bilayer membrane, ranging from 30 to 150 nm in
diameter. They contain biologically active molecules, such as
DNA, RNA, lipids and proteins, that significantly contribute to
intercellular communication and reprogramming of the tumor
microenvironment and impede the effective response to cancer
immunotherapy.'*"> Our first thought was that Gal3 is
expressed by sEVs like in hepatocellular carcinoma to induce
immunosuppression by a possible mechanism involving integ-
rin/FAK/SRC pathway.'®
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The study aimed to highlight TNBC-mediated immune
evasion in order to identify ways to exploit the CD45 pathway
as a novel strategy for effective targeted immunotherapy. Thus,
we evaluated the association of Gal3 with tumor-derived sEVs
in the induction of immunosuppression through the CD45
receptor.

Material and methods
Cell lines and cultures

Breast cancer cell lines MDA-MB-231, MCF7, BT474 and
the normal breast cell line MCF-10A, were obtained from
the ATCC and cultured following ATCC instructions.
A large stock of cells was prepared to maintain their homo-
geneity and tumorigenicity. Cells were not used beyond
passage 5 and were examined for mycoplasma
(Mycoplasma Detection Kit, Biological Industries) at least
once every 6 months.

Isolation of peripheral blood mononuclear cells (PBMCs)

PBMCs were isolated from the blood of ten healthy adult
female donors obtained from the Blood Bank of Israeli
National Blood Services, Magen David Adom. Samples were
isolated by Ficoll - Hypaque density gradient centrifugation
(Ficoll-Paque Plus, GE Healthcare). PBMCs were incubated in
a complete RPMI medium supplemented with 5% human
serum type AB.

Plasma from ten treatment-naive patients with metastatic
TNBC was obtained from the Davidoff Cancer Center of the
Rabin Medical Center. All samples were procured according to
the protocol approved by the Institutional Review Board of the
Rabin Medical Center (0667-14-RMC).

Isolation of EVs from cell cultures and plasma of patients
and healthy volunteers

The isolation and characterization of sEVs were performed by
ultracentrifugation, according to the MISEV2018 guidelines.'”
Appropriate culture and harvesting conditions, such as the cell
passage number and seeding confluence, were used for vesicle
isolation. The sEVs isolated from MDA-MB-231 cells (tumor-
derived exosomes, TEX) and MCF10-A cells (EX) were used in
subsequent experiments. sEVs derived from plasma were pur-
ified using a similar procedure.

Characterization of sEVs

The presence of protein markers specific to sEVs, namely
CD81, CD9 and CD63, was determined by fluorescence-
activated cell sorting (FACS) analysis. sEVs (40 ul:48 x 107)
were incubated with 4 pum aldehyde/sulfate latex beads 4% w/v
(Invitrogen) according to the manufacturer’s instructions.
sEV-depleted fetal bovine serum (FBS) was added to the iso-
lated sEVs. Anti-human CD81-APC, anti-human CD63-APC,
anti-human CD9-APC and isotype control IgG1-APC
(Miltenyi Biotec) antibodies were added to the samples for
30 minutes. The samples were run on a Navios flow cytometer,

and the data were analyzed using Kaluza software (Beckman
Coulter).

The concentration and particle size distribution of the pur-
ified sEVs were determined using a NanoSight NS300 nano-
particle tracking analyzer (Malvern Panalytical), equipped with
a 405 nm laser. Once properly diluted, each sample was tracked
for 60 seconds with the detection threshold set at the maxi-
mum. The vesicle size distribution and estimated concentra-
tion of nanoparticle tracking analysis (NTA) profiles were
obtained from the given raw data files.

To confirm the characterization of sEVs, the sEV suspen-
sion (10 pl) was diluted, fixed in 2% paraformaldehyde,
adsorbed on formvar/carbon-coated electron microscopy
grids for 20 minutes, stained with 2% aqueous uranyl acetate
for 5 minutes and washed with DDW. The samples were exam-
ined using a JEM 1400plus transmission electron microscope
(Jeol, Japan).

Proteomics in exosomes by mass spectrometry

sEVs derived from MDA-MB-231 and MCF10-A cells and
plasma from healthy donors and TNBC patients underwent
mass spectrometry at the Smoler Proteomic Center (Technion,
Haifa). The proteins were cleaved with trypsin and analyzed by
LC-MS/MS using a QE HF mass spectrometer (Thermo
Scientific). The data were identified using MaxQuant 1.5.2.8,
against UniProt and decoy databases, to determine the false
discovery rate. Statistical analyses were performed using the
Perseus software. Missing proteins were imputed at 17 (log2).
The identified proteins were filtered with an FDR < 0.01. The
log2 intensities can be observed in the label-free quantification
(LFQ)-normalized intensities.

Identification of sEVs expressing Gal3 binding protein
(Gal3BP)

FACS analysis was performed using anti-CD81-APC, CD9-
FITC (Miltenyi Biotec) and anti- Gal3BP (Novus Biological)
antibodies, as described above.

Western blot identification of Gal3BP/Gal3 complex on
SEVs

Isolated sEV's (27 x 107) were centrifuged and resuspended
in 40 pL of RIPA buffer followed by a 20-minute freeze-
thaw cycle. sEVs were harvested and centrifuged at
14,000 rpm (15 minutes at 4°C). The supernatant was
transferred to a new microtube for precipitation. Cell pro-
tein (50 pg/200 pl lysis buffer) from TEX or EX were incu-
bated with 15 ug biotinylated anti-Gal3BP for 1 hour at 4°C
with constant shaking. The complex was precipitated using
streptavidin magnetic beads (UMACS Streptavidin Kit;
Miltenyi Biotec) and placed in a microcolumn under the
magnetic field of a phMACS separator. The column was
rinsed and the target molecules that bonded to the biotiny-
lated probe were eluted. The eluted samples were subjected
to SDS-PAGE on a 10% gel. Western blotting was per-
formed wusing anti-mouse Gal3BP (2pg/ml; Novus
Biological) or biotinylated Gal3 (0.1 ug/ml; R&D Systems),



followed by incubation with goat anti-mouse 680RD (Li-
Cor) or streptavidin 800CW (Li-Cor) for 2 hours at room
temperature. After washing, proteins were visualized using
a Li-Cor Odyssey infrared imager. The data were normal-
ized to anti-P-actin (R&D Systems) to determine the per-
centage of protein expression.

Physical interactions between Gal3BP and Gal3

A protocol was developed based on previously published pro-
tein-protein interaction protocols.'® In brief, a 96-well plate
was coated with recombinant Gal3BP 0.5 pug/ml overnight at
4°C. The plate was washed with 0.05% Tween-20 in PBS and
blocked with 1% BSA and 0.05% Tween-20 in PBS at room
temperature for one hour. The plate was washed and Gal3
containing supernatants of TEX and TNBC plasma or EX
and plasma from healthy women (100 pl/well) were added (in
progressive dilutions) for 2 hours at room temperature or over-
night at 4°C. After intensive washing, anti-Gal3 biotinylated
antibody (2 ug/ml) was added for one hour at room tempera-
ture, followed by streptavidin-HRP for another hour. Substrate
solution (100 pl/well) was added for 30 minutes at room tem-
perature. The stop solution (HCI 1 M) was added before the
plate read at 450 nm.

FACS analysis for identification of Gal3BP/Gal3 complex
on PBMCs

Leukocytes (1 x 10°) were incubated with EX or TEX for 48
hours and GW4869 (10 uM; Sigma-Aldrich) and CD45 inhi-
bitor (2.9 uM; Calbiochem) were added. GW4869 (CAS 6823-
69-4) is an inhibitor of exosome biogenesis/release. The CD45
inhibitor (CAS 345,630-40-2, 2.9 uM; Calbiochem) is a PTPase
CD45 inhibitor and a CD45 blocking peptide.'

Cells were transferred to FACS tubes and stained with anti-
CD3-PC5.5 (Beckman Coulter), anti-Gal3-PE (R&D Systems),
anti-mouse Gal3BP (Novus Biologicals) and mouse anti-
human FITC (Jackson ImmunoResearch).

Detection of co-localization of Gal3/Gal3BP complex on
T cells by confocal microscopy

PBMCs previously incubated with EX or TEX for 24 hours
were transferred to cover slides using Cytospin 4 (Thermo
Fisher Scientific). The cells were fixed with paraformaldehyde
4% for 10 minutes and washed with PBS-0.05% Tween 20. The
slides were blocked with 1% bovine serum albumin (BSA) and
0.02% NaNj in PBS for 20 minutes at room temperature. After
washing, anti-CD3-APC (Beckman Coulter) and biotinylated-
anti-Gal3 antibody were added, followed by streptavidin-PE,
anti-Gal3BP and anti-mouse FITC for 40 minutes at room
temperature. DAPI (Invitrogen) was added to the slides, fol-
lowed by washing and mounting (Electron Microscopy
Sciences). Cells and cellular components, as well as intercellu-
lar reactions, were observed using a TCS SP5 confocal laser-
scanning microscope (Leica Microsystems). High-resolution
images (2048 pixels wide and 1536 pixels high) were captured
using a Nikon camera. All images were magnified by a factor of
40. Pictures were taken from five different slides. For
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colocalization of CD9, Gal3BP and Gal3, CD3 was replaced
by anti-CD9 (MACS).

FACS analysis for identification of activated and
suppressed immune cells

Leukocytes (1 x 10°) were incubated with EX or TEX, and
GW4869 (10 uM), CD45 inhibitor (2.9 pM) and the cell acti-
vator (ImmunoCult Human CD3/CD28/CD2, StemCell
Technologies) were added for 72 hours. Then, lymphocytes
were extracted from the co-cultures, centrifuged and resus-
pended in PBS for FACS analysis. PBMCs (0.5 x 10°/50 pl
PBS) were incubated with the following antibodies for multi-
color staining for 40 minutes at room temperature: CD3-PC5.
5, CD4- PC7, CD8-KO, CD56-PE, CD69, CD57 and CD25
(Beckman Coulter). The cells were then washed twice for 10
minutes (1200 rpm, 4°C). To determine intracellular FoxP3
expression, cells were treated with permeabilization buffer
(R&D Systems).

Cytokines

Levels of human IFNy and IL-10 were determined with ELISA
Ready SET-Go (eBioscience) and Quantikine ELISA Human
IL-10 KIT (R&D Systems). Human IL-35 was determined with
ELISA using kits from Elabscience Biotechnology following
manufacturer instructions.

Statistical analysis

The results are presented as meantstandard deviation (SD) or
standard error (SE). To determine whether the data from the
test samples were significantly different from those of the
control samples, two-tailed students’ t-tests were performed
using GraphPad software. Analysis of variance (ANOVA)
was used for multiple comparisons. Statistical significance
was defined as p < 0.05.

Results
Isolation and characterization of sEVs

The experimental procedures for the isolation and character-
ization of sEV's were adjusted and standardized as described in
Material and Methods.'” The isolated sEVs were characterized
by morphological, dimensional and biomolecular parameters.

FACS analysis was used to evaluate the expression of three
receptors, CD81, CD63 and CD9, in sEVs derived from MDA-
MB-231 cells, normal breast MCF10-A cells. The expression of
the three receptors was evaluated in sEVs from plasma of
patients with TNBC and compared to sEVs from the plasma
of healthy female volunteers (Figure 1la, Figure SI).
A representative histogram showing the distribution of the
sEVs and the expression of each of the receptors in the differ-
ent samples is shown in Figure 1b. Overall, CD81 was
expressed by more than 90% of sEVs evaluated, with no sig-
nificant differences among samples. CD63 was expressed by
8.1+1.6% of sEVs derived from MDA-MD-231 cells and
a significantly lower percentage of sEVs from the other sources
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Figure 1. Characterization of isolated sEVs. a. FACS analysis showing the expression of CD81, CD63, and CD9 in sEVs isolated from MDA-MB-231 cells compared to
MCF10-A cells (n=6) and from plasma of TNBC patients compared to plasma of healthy female volunteers (n = 10) Results are expressed as mean=SE; p values are
shown in the figure (ANOVA). b. Gated small vesicles (a) discarding debris. Representative histogram showing the distribution of sEVs. In red, positive for CD81, CD63
and CD9 in TNBC derived sEVs. In blue, CD81, CD63 and CD9 positives sEVs derived from healthy or normal breast cells. Isotype control (IgG1-APC) c. Morphology and
size of isolated SEVs assessed with transmission electron microscopy. Scale bar = 100 nm. D. NTA results of sEVs isolated from 10 x 10° cells or from 10 ml plasma derived

from one sample of each of the sources.

(p<0.01). CD9 was expressed by 12.8 +2.4% of sEVs from
MDA-MB-231 cells compared to 5.9+ 1.7% of sEVs from
MCF10-A cells (p=0.035). CD9 was also expressed by 3.7 £
0.4% of sEV's from plasma of patients with TNBC compared to
2.5+0.47% of sEVs from plasma of healthy volunteers
(p =0.038).

The sEV diameter (40-200 mm) and typical rounded struc-
ture (Figure 1c) were determined by transmission electron
microscopy for all samples. The sample for transmission elec-
tron microscopy was diluted to obtain one vesicle per picture.
In sEVs derived from healthy volunteers or from TNBC
patients more that one sEV is observed. No differences in size
were detected in the different samples. Confirmation of the
FACS and transmission electron microscopy was assessed by
NTA. The vesicle size distribution and estimated concentration
by NTA were obtained from available raw data files and are
shown in Figure 1d.

sEVs contain Gal3BP

Following the validation and quantification of sEVs based
on the positive expression of CD81, CD63 and CD9
(Figures la & 1b), mass spectrometry analysis was per-
formed on isolated sEVs from the four groups: sEvs
derived from MCF10-A (EX), MDA-MB-231 (TEX),
healthy women volunteers’ plasma (Healthy) and plasma
of TNBC patients (TNBC). Of the 340 proteins identified,
23 that were found in at least 8/12 samples, were selected
for evaluation (Table S1). The remaining 317 proteins were

found only in one or two samples, therefore, they are not
included in the analysis. The Venn diagram showing 23
identified proteins found in at least 8/12 samples is pre-
sented in Figure 2a.

Mass spectrometry analysis revealed that 43.5% of the 23
identified proteins were expressed by all four groups. Only
8.7% of the identified proteins were found in EX (sEVs from
MCF10-A cells and from healthy control plasma), and 39.1%
were found exclusively in TEX (sEVs from MDA-MB-231
cells and plasma from patients with TNBC). The remaining
8.7% of the proteins were found in a few samples in each
group. TNBC-cell-secreted Gal3BP was identified in samples
of 4 of the 5 patients and in the MDA-MB-231 samples in
contrast to other proteins that were found only in a few of
the TNBC samples. Gal3BP, identified via mass spectrome-
try, is annotated in the ExoCarta database as an sEV (exo-
some) marker (Table S1).

The percentage of CD9+ sEVs was significantly higher in
TEX than EX: 30.25 +5.4% versus 3.25+ 0.8 of the vesicles,
respectively (p =0.035). The corresponding rates for Gal3BP
were 10.25+1.5% and 1.15+0.5% (p=6.6 x 10°°)
(Figure 2b). Figure 2c presents a representative dot plot
obtained from FACS analysis showing the double staining of
CD9/Gal3BP in TEX and EX.

Gal3BP forms a complex with secreted Gal3

Gal3 has been shown to be expressed at higher levels in tumors
compared to normal cells.”” Thus, the first step to determine
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Figure 2. Expression of GalBP by TEX. a. Venn diagram depicting the percentage of 23 selected proteins revealed by mass spectrometry analysis that were expressed or
contained by sEVs isolated from MDA-MB-231 and MCF10-A cells and in plasma of healthy volunteers and TNBC patients. Gal3BP as part of the 43.5% proteins expressed
of the 23 selected proteins, was found in the samples from the TNBC groups. b. Bars showing the percentage of CD9 expression and CD9*/Gal3BP™ identified on sEVs
isolated from normal breast cells (EX) or from TNBC cells (TEX). Results are expressed as mean+SD (n=>5); p values are shown in the figure (two-tailed t test).

c. Representative dot blot showing double stained CD9*/Gal3BP* in TEX vs EX by FACS analysis.

the connection between Gal3BP and TNBC was to measure
Gal3 secretion by three breast cancer cell lines: MDA-MB-231,
MCF7, BT474 and normal breast cells. Measurement of Gal3
secretion in MDA-MB-231 cells yielded a fivefold higher value
than in two other breast cancer cell lines (MCF7 and BT474)
and normal breast cells (p < 0.003) (Figure 3a). Then, we com-
pared secreted Gal3 in plasma of TNBC patients to plasma of
healthy women. The Gal 3 in plasma of TNBC yielded
a 1.9-fold higher value than in plasma of healthy women (p =

Then, we aim to demonstrate that the secreted Gal3 inter-
acts with Gal3BP. An assay was then designed to evaluate the
physical interactions between Gal3BP and Gal3 (Figure 3b)
using recombinant Gal3BP and secreted Gal3. Gal3BP/Gal3
interactions were significantly higher for the TEX samples.
Gal3 derived from TEX binds to the recombinant Gal-3BP
and results generated a linear curve shape depending on the
sample dilution (Figure 3c).

To confirm the binding of the secreted Gal3 to Gal3BP

0.001) (Figure S1). expressed by EX and TEX to form a complex, western blot
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Figure 3. Formation of a complex of Gal3BP with Gal3. a. Gal3 secretion by MDA-MB-231, MCF10-A, ER+ MCF-7, and Her2+ BT474 cells. Results are expressed as mean
+SD (n=3) (two-tailed t test). b. An assay was developed to evaluate the physical interactions between Gal3BP and Gal3. c. Bars showing a linear curve shape,
depending on the sample dilution. Significantly higher physical interactions between Gal3BP and Gal3 derived from MDA-MB-231 and plasma of TNBC patients cells
compared to MCF10-A or plasma of healthy women in triplicate (p < 0.007). Results are expressed as mean+SD (two-tailed t-test). d. Percentage of Gal3BP protein in TEX
and EX immunoprecipitated with either anti-Gal3BP or anti-Gal3 antibodies (n = 3). Results are expressed as mean+SD; p values are shown in the figure (two-tailed
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Gal3BP (green)/Gal3 (red) complex in EX. Scale bar =50 pm. H. Immunofluorescence of PBMCs treated with TEX. Triple staining of Gal3BP/Gal3 complex on CD3 cells
(yellow). Pictures taken under confocal microscope, nucleus stained with DAPI (blue), Scale bar = 50 ym.
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analysis was performed. Immune precipitation with anti-
Gal3BP yielded a band (Gal3BP =80 KDa) in both EX and
TEX (136.0+6.6% vs 146.2+4.0% respectively, p=0.1). In
the immune-precipitated Gal3BP, Gal3 (30 KDa band) was
found exclusively in TEX (118.6 £1.7% vs 5.0 £ 0.6 in EX, p
=4.2 x 107%). As a result of immune precipitation with anti-
Gal3, Gal3BP was higher in TEX than EX (65.3 + 3.06% vs 36.2
£0.9%, p=0.01). Gal 3 was higher in TEX (168.7 £ 5.3 vs 19.2
+0.31%, p=1.06 x 107°°) (Figures 3d-f). The results validate
the presence of Gal3BP/Gal3 complex in TEX.

Confocal immunofluorescence microscopy was used to ana-
lyze whether Gal3 (red) was associated with Gal3BP (green),
and whether Gal3 and Gal3BP were associated with the CD3
receptor (purple). Triple staining (yellow) of CD3 with Gal3BP
and Gal3 was observed in PBMCs incubated with TEX. In
contrast, the PBMCs incubated with EX resulted in negligible
overlap (Figures 3g, h). The majority of these localized struc-
tures were positive for CD9 receptors on sEVs (Figure S2).

Gal3BP/Gal3 complex regulates the CD45 receptor
pathway on leukocytes

FACS analysis showed that the binding of Gal3BP and Gal3 to
PBMCs incubated with TEX was significantly inhibited in cells
previously blocked with a CD45 peptide. TEX added to PBMCs
showed double staining for Gal3B/Gal3 binding to gated CD45
+ cells: 28.25 +4.6% compared to 16.25 + 1.3% in EX-treated
cells (p = 0.02). Blocking the CD45 receptor significantly inhib-
ited the binding of both proteins in TEX-treated cells
(p=0.005) (Figures 4a, b). The addition of GW4869, an

inhibitor of sEV biogenesis/release (to neutralize the effect of
PBMC-secreted sEVs), did not affect CD45 blocking in TEX-
treated PBMCs (Figure S3).

The next step was to determine whether the complex down-
regulated the CD45 molecular pathway. A 2.5-fold increase in
Lck Y505 phosphorylation was observed in PBMCs treated
with TEX and the Gal3/Gal3BP complex (p < 0.05) and com-
pared to that in EX-treated PBMCs. Phosphorylation of Lck
Y394 was 1.5-fold higher in TEX-treated PBMCs than in EX-
treated PBMCs (P = 0.034). The addition of the complex to the
cells reduced Lck Y394 phosphorylation, but not significantly,
compared to EX. ZAP Y493 phosphorylation was significantly
reduced with the addition of TEX (15.9 +4.6%) or complex
(11.53 £ 6%) compared to EX (29.5 +4.2) (p < 0.05); the same
pattern was observed for VAV-1 (p <0.04) (Figure 4c). We
found that addition of TEX to PBMCs resulted in an increase
in the phosphorylation of the tyrosine (Y) 505 in the Lck
tyrosine kinase and a decrease in the phosphorylation of the
Y394 in the Lck, causing inhibition of Lck. Additionally, we
found a decrease in the phosphorylation of the Y493 in the
ZAP70 protein kinase and in the Y178 in VAV-1 resulting in
TCR de-activation. A representative FACS histogram is shown
in Figure 4d.

Gal3BP/Gal3 complex induces immunosuppression
through CD45 receptor on T cells

To assess if T-regulatory (Treg) cells are involved in the immu-
nosuppression exerted by the Gal3BP/Gal3 complex, PBMCs
were incubated with either EX, TEX or Gal3BP/Gal3 complex
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g 15
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Figure 4. Gal3/Gal3BP complex binding to CD45 and inhibiting CD45 signaling pathway in TEX. A. Percentage of T cells displaying Gal3BP/Gal3 complex with and
without CD45 blocking in EX- and TEX-treated cells (n = 3). Results are expressed as mean+SD (two-tailed t test). B. Representative dot blot of FACS analysis of CD3+
gated cells expressing Gal3BP/Gal3 complex. C. Percentage of Lck Y505, Lck Y394, ZAP-70 Y493 and VAV-1 Y174 phosphorylation in PBMCs treated with EX, TEX, or
complex (Gal3BP and Gal3 recombinant proteins). D. Representative histogram showing phosphorylation of proteins in the CD45 pathway after treatment with EX (red)

or TEX (blue).
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Figure 5. Effect of CD45 blocking on Gal3BP/Gal3 protein-induced immunosuppression. a. Percentage of Treg cells (CD4*/CD25*FOXP3*) in PBMCs treated with EX
compared to TEX or Gal3BP/Gal3 complex + CD45 blocking. Results are expressed as mean+SE (n =4) (p value by ANOVA). b. Representative dot blot of FACS data
showing percentage gated CD4 cells expressing CD25-APC and FOXP3-FITC (Treg cells) in EX- or TEX-treated cells. c. IL-10 and IL-35 were detected in supernatants of
PBMCs treated with either TEX or EX from the different experiments. IL-10 secretion by cells. Results are expressed as mean=SE (n = 6) (p value by ANOVA). d. IL-35
secretion by cells. Results are expressed as mean+SE (n = 7); (p values by ANOVA). e. IFNy secretion of lymphocytes incubated with TEX or TEX+GW4869 (an inhibitor of
exosome secretion) and with/without CD45 blocking. f. Percentage of activated T and NK cells after incubation of lymphocytes with EX or TEX with/without CD45
blocking. Results are expressed as mean=SE (n = 4); p values by ANOVA). g. Representative dot blot of FACS data.

(Figure 5a) and the percentage of CD4+/CD25+/FOXP3+
(Treg) cells was determined by FACS analysis.

Extracellular Gal3 is known to induce T lymphocyte apop-
tosis via stimulation of CD45°°. Therefore, the next phase of
the study was aimed at validating Gal3BP/Gal3-complex
induction of immunosuppression through the CD45 molecular
pathway.

FACS analysis showed that the percentage of T regulatory
(Treg) cells increased significantly when PBMCs were incu-
bated with TEX or Gal3BP/Gal3 complex compared to EX (p =
0.04; Figures 5(a, b). Blocking the CD45 receptor leads to the
depletion of Treg cells. The percentage of CD4+/CD25
+/FOXP3+ (Treg) decreased from 12.8 £2.5% to 6.25+2.3%
in the TEX-treated PBMCs (p = 0.02) and to 6.0 + 1.2% in the
complex-treated PBMCs (p = 0.012).

According to the percentage of Treg after addition of TEX
or the complex to PBMCs, a significant increase of the immu-
nosuppressive IL-10 and IL-35 cytokines was observed, com-
pared to the addition of EX (p < 0.01, and p < 0.02, respectively)
(Figures 5c¢, d). Blocking CD45 drastically inhibited the secre-
tion of IL-10 (p <0.004) and IL-35 (p <0.00014) in PBMCs
treated with TEX or complex.

IFNYy secretion was inhibited when TEX was added to the
PBMC:s (Figure 5e). IFNy levels in activated PBMCs incubated
with EX were 6.1-fold higher than those in PMBCs incubated
with TEX (P =0.02). Blocking CD45 receptors in activated

PBMC:s restored IFNy secretion (p =0.0004). The addition of
GW4869 had no effect on the cytokine secretion. Furthermore,
we evaluated IFNy secretion by activated PBMCs treated with
sEVs isolated from plasma of TNBC patients. Compared to the
effect of EVs derived from plasma of healthy women, those
derived from TNBC patients significantly inhibited IFNy
secretion (p =0.0006, Figure S4). Blocking the CD45 receptor
in the activated PBMCs pre-treated with sEVs derived from
plasma of TNBC patients recovers the levels of IFNy similar to
those secreted by PBMCs treated with sEVS derived from
plasma of healthy women.

FACS analysis was used to identify the activated subpopula-
tions recovered from immunosuppression exerted by TEX
after CD45 blocking. Of the 11 leukocyte subpopulations ana-
lyzed, only 4 were activated after CD45 was blocked (Figure 5f).
The percentage of CD4+/CD69+ cells, which decreased signif-
icantly with the addition of TEX (p=0.0002), was restored
from 22.75 + 3 to 32.2 + 3.8 (p = 0.04) after the CD45 blocking.
The percentage of CD8+/CD56+ cells increased from 37.3 +
10.2 after TEXtreatment to 72.5 + 8.5 in CD45-blocked PBMCs
(p=0.017). In NK subpopulations, the percentage of CD56
+/CD69 rose from 20.75 £ 5.5 with TEX treatment to 80.5 +
5.2 in CD45 blocked cells (p <0.04), and the percentage of
CD56+/CD57+ rose from 21.6 £2.4 to 68.6 +12.3 (p <0.04).
A representative FACS dot plot of the four experiments is
shown in Figure 5g.
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Discussion

Innovative immunotherapeutic strategies are critical for TNBC
because of its poor prognosis and resistance to conventional
treatments.”

In a previous publication, we found that a novel peptide
binding to CD45 on immunosuppressed lymphocytes reversed
TNBC immunosuppression, resulting in specific tumor
killing®. To elucidate this escape mechanism, we explored the
involvement of potential molecules secreted by TNBC cells.

EVs secreted by tumor cells are involved in immune sup-
pression as part of an immune escape mechanism.*' We first
separated and characterized isolated EVs from the plasma of
patients with TNBC and from MDA-MB-231 cells using NTA,
transmission electron microscopy and antibodies against three
known EV receptors: CD81, CD63 and CD9.>* The percentage
of CD9 cells was significantly higher in both sEV's derived from
MDA-MB-231 cells and patient plasma than in sEVs from
normal breast cells and the plasma of healthy volunteers.
CD?9 on the surface of sEVs from breast cancer cells has been
found to be essential for the uptake of sEVs by leukocytes,
which become immunosuppressed.”” The immunosuppressive
activity of sEVs occurs in part via protein mediators of inter-
cellular communication.** Using mass spectrometry, we iden-
tified Gal3BP in sEVs isolated from the plasma of patients and
MDA-MB-231 cells. The level of Gal3BP expressed in CD9"
sEVs from tumor cells was tenfold higher than that of sEVs
from normal cells. Accordingly, a National Cancer Institute
(NCI-60) proteomic study identified Gal3BP in sEVs derived
from tumor cells as a cancer-specific biomarker,*”> and we
found that those EVs expressed CD9. EVs associated with
Gal3BP have been shown to serve as key regulators of cell -
cell and cell-extracellular matrix crosstalk in metastatic breast
cancer.”**® In contrast, a strong negative correlation was
reported between the expression of Gal3BP and ErbB2 recep-
tor, a known marker of aggressive progression and poor prog-
nosis in breast tumors.”” These findings are in line with a dual
immunosuppressive/immunostimulatory role for Gal3BP, as
suggested by previous studies. The addition of Gal3BP to the

TNBC cells

Tumor derived SEVs
& '\' ;. »¥¢ Galectin 3
ae
Complex

*sEVs expressing Galectin 3
2 ¢ ,\. binding protein

culture of human PBMCs suppressed the transcriptional activ-
ity and secretion of IL-4, IL-5 and IL-13 cytokines,”**’ whereas
Gal3BP contributed to the activation of CD3" T cell-mediated
secretion of IL-2.>° In a co-culture of lymphocytes with breast
cancer cells, Gal3BP was identified as an IFN-inducible gene,
enhancing the mRNA and protein secretion of IFNa, IFNf and
IENy.”"** Given these contradictory reports, we sought to
clarify the involvement of Gal3BP in immunosuppression in
TNBC by using peripheral lymphocytes from affected patients.
We found Gal3BP in EX and also in TEX, however, Gal3 is
mostly secreted by tumor cells. In this study we demonstrated
one of the different functions exerted by Gal3BP bound to Gal3
as a complex, predominantly in TNBC, reduced the levels of
IFNy. We assumed that the secreted Gal3 may form a complex
with Gal3BP in tumor-derived EVs, similar to the process in
viral infections.””>* Some viruses, such as HIV, human T-cell
leukemia virus (HTLV), Epstein — Barr virus (EBV) or Rift
Valley fever virus (RVFV), have been reported to transmit viral
proteins, nucleic acids or genomic RNA into recipient cells
through EVs. EVs containing viral particles can be a strategy
to evade the immune response.*

The immunosuppressive activity of the Gal3BP/Gal3 com-
plex was demonstrated by an increase in the percentage of Treg
cells in correlation with the immunosuppressive cytokines IL-
10 and IL-35 when the complex was added to normal
PBMCs.”>*° We also demonstrated that the Gal3BP/Gal3 com-
plex binds to CD45 in T cells and regulates the phosphoryla-
tion of proteins involved in the CD45 signaling pathway.®
Blocking the CD45 receptor to prevent complex binding
resulted in a decrease in the percentage of Treg cells and
consequently, IL-10 and IL-35 secretion. At the same time,
blocking CD45 significantly increased IFNy secretion and the
percentage of CD4+/CD69+, CD8+/CD56+ and CD56+/CD69
+ activated effector cells®” (Figure 6).

Together, these findings confirm that the interaction
between the CD45 receptor and Gal3BP/Gal3 complex is an
essential factor in tumor immunosuppression. There is a large
amount of data in the literature on the involvement of Gal3BP
and Gal3 in breast cancer, but the roles described for both are
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Figure 6. A new TNBC immunosupressive mechanism. Gal3BP/Gal3 complex secreted by TNBC cells induces immunosuppression through the CD45 receptor on T cells.



contradictory. Moreover, the immunosuppressor mechanisms
have not been completely elucidated. In this study, we describe
a different mechanism exerted by Gal3BP and Gal3 complex
that acts via the CD45 receptor on T cells.”® We suggest this
mechanism as an immunosuppression mechanism used by
TNBC to escape the immune system, specifically in peripheral
leukocytes.”””

This manuscript expresses the importance of the immune-
suppression of peripheral blood lymphocytes, which may
imply a predictive and prognostic significance in TNBC
patients.

TNBC is a highly complex, heterogeneous disease with high
probability of disease recurrence and rapid disease progression,
despite adequate systemic treatment. Immunotherapy has
emerged as an important modality in TNBC treatment.
However, clinical results indicate that only a small proportion
of patients with TNBC actually benefit from immunotherapy.

This finding has important implications for the develop-
ment of a promising targeted strategy to improve clinical out-
comes in patients with TNBC and to treat non-responders to
existing treatments.
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