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Abstract

Multiple myeloma is an incurable cancer of antibody-producing plasma cells. Hepatocyte
growth factor (HGF), a cytokine aberrantly expressed in half of myeloma patients, is involved in
myeloma pathogenesis by enhancing myeloma growth and invasiveness, and may play a role in
myeloma bone disease by inhibiting osteoblastogenesis. In this study, we investigated whether
extracellular vesicles (EVs) may play a role in HGF signaling between myeloma cells and
osteoblast-like target cells. EVs from the HGF-positive cell line JJIN-3 and the HGF-negative cell
line INA-6, and from bone marrow plasma and primary human myeloma cells, were isolated
using sequential centrifugation techniques and the presence of HGF on the EV-surface was
investigated with ELISA. EVs from both cell lines were added to an established bioassay where
HGF is known to induce interleukin-11 secretion in osteoblast-like cells. Our results show that
HGF was bound to the surface of JIN-3-derived EVs, while INA-6-derived EVs were negative for
HGF. Only JIN-3-derived EVs induced IL-11 secretion in osteoblast-like recipient cells. When
osteoblast-like cells were preincubated with a specific HGF-receptor (c-Met) inhibitor, no
induction of interleukin-11 was observed. Downstream c-Met phosphorylation was
demonstrated by immunoblotting. EVs isolated from bone marrow plasma and primary
myeloma cells were HGF-positive for a subset of myeloma patients. Taken together, this work
shows for the first time that HGF bound on the surface of myeloma-derived EVs can effectuate
HGF/c-Met signaling in osteoblast-like cells. Myeloma-derived EVs may play a role in myeloma

bone disease by induction of the osteoclast-activating cytokine interleukin-11 in osteoblasts.
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Introduction

Multiple myeloma (MM) is an incurable cancer of antibody-producing plasma cells. Hepatocyte
growth factor (HGF) is involved in myeloma pathogenesis by enhancing tumor cell proliferation,
motility and migration (1-4). The pleiotropic effects of HGF are initiated upon binding to its
proto-oncogenic c-Met receptor, which is expressed by several malignant as well as non-
malignant cell types, including myeloma cells and osteoblasts (5-7). HGF serum concentrations
are elevated in approximately half of MM patients, conferring a poorer prognosis (8, 9). HGF
may also play a role in the pathogenesis of myeloma bone disease (MBD), a condition
characterized by increased osteoclast activity combined with osteoblast dysfunction, by
antagonizing bone morphogenic protein-induced osteoblastogenesis (10). Furthermore, HGF
expression in the bone marrow microenvironment of MM patients is correlated with the extent

of bone disease (11).

While the interplay between myeloma cells and osteoblasts has been thoroughly investigated
(12, 13), the role of extracellular vesicles (EVs) as signaling mediators in myeloma-osteoblast
interactions is largely unexplored. Exosomes are small EVs (30—120 nm in diameter) originating
from endocytic multivesicular compartments. They are released upon fusion of these
compartments with the plasma membrane (PM), keeping many of the PM-associated factors in
the same orientation on EVs as on the PM (14, 15). While sharing many of its characteristics
with exosomes, microvesicles are more heterogenic in size (50-1000 nm in diameter) and are

released from the cell surface by a budding process from the PM (16, 17). The abundance of



signaling proteins and adhesion molecules at the EV surface facilitates EV-mediated

intercellular communication, both in physiological and pathological conditions (18-22).

Myeloma-derived EVs have been reported to express both HGF and the proteoglycan syndecan-
1 on their membrane surface (23). HGF is known to bind to proteoglycans such as syndecan-1
through heparan sulfate binding domains (HSBD) (24, 25). In this study, we hypothesize that
EVs derived from HGF-secreting myeloma cells harbor HGF bound to proteoglycans at the EV
surface and that EV-bound HGF can effectuate c-Met signaling in osteoblast-like recipient cells.
In this work, we suggest a novel mechanism for signaling between myeloma cells and
osteoblasts. Improved understanding of myeloma signaling may enable the development of

more targeted therapies.



Materials and methods

Cell cultures

The human osteosarcoma cell lines U20S and Saos-2 were obtained from the American Type
Culture Collection (Rockville, MD, USA). The human myeloma cell line JJN-3 was kindly provided
by Dr. J. Ball (Department of Immunology, University of Birmingham, UK). INA-6, also a human
myeloma cell line, was a kind gift from Dr. M. Gramatzki (Erlangen, Germany). JJN-3 and INA-6
cell lines were cultured in RPMI 1640 (GIBCO), supplemented with 10 % EV-depleted fetal calf
serum (FCS), 2 mmol/L glutamine, and 40 pg/mL gentamycin. As the INA-6 cell line is IL-6
dependent, recombinant human IL-6 (Sandoz, Basel, Switzerland) was added to the INA-6
medium (1 ng/ml). U20S and Saos-2 cells were cultured as described above except that only 2
% EV-depleted FCS was used in order to minimize the contribution of soluble cytokines from
FCS for the downstream HGF bioassay. Primary human MM cells were cultured in RPMI 1640,
supplemented with 10% EV-depleted human serum, 2mg/ml IL-6, 2 mmol/L glutamine, and 40

ug/mL gentamycin.

Preparation of bone marrow plasma

Bone marrow aspirates were obtained from patients admitted to the Section of Hematology, St.
Olav’s Hospital, Trondheim, Norway, after approval from the regional ethics committee and
informed consent from patients. Bone marrow aspirate was transferred to labelled CPT tubes
and centrifuged at 1500 x g at 20 °C for 30 minutes. The mononuclear cells were recognized as

a white matter just above the gel and a separate procedure was used for further processing of



these cells. The supernatant (bone marrow plasma) was pipetted into a new Falcon tube (14

ml) and frozen at -20 °C for storage.

EV isolation

Isolation of EVs from myeloma cell cultures and bone marrow plasma was performed using
sequential centrifugation and ultracentrifugation adapted from the previously reported
procedure (26). Cell lines and primary human MM cells were cultured for 24 and 72 hours
respectively, in media supplemented with EV-depleted serum before EV isolation. Cells were
first pelleted by centrifuging at 300 x g for 10 minutes and the subsequent supernatant
centrifuged at 12 000 x g for 45 minutes. The resulting supernatant was then ultracentrifuged
at 100 000 x g for 90 minutes (Polyallomer tubes, Beckman). The pellet was resuspended in ~15
ml of phosphate buffered saline (PBS) and filtered with a 0.22 um pore size filter (Millipore).
Bone marrow plasma-derived EVs were pelleted by a final ultracentrifugation step at 100 000 x
g for 90 minutes. To prevent contamination with soluble HGF, cell culture samples were
subjected to three additional ultracentrifugation/resuspension steps. Pellets were resuspended
in 250 pL of RPMI 1640 (cell culture samples) or PBS (bone marrow plasma) before being

aliquoted and stored at —80 °C. All centrifugation steps and solutions were stored at 4 °C.

Depletion of EVs from FCS

To obtain a pure myeloma cell-derived EV-fraction not contaminated by serum-derived EVs,
both FCS and human serum were subjected to differential centrifugation as described above

except that only one ultracentrifugation step was performed, overnight at 100 000 x g, for the



complete removal of EVs. The final supernatant was frozen (-20 °C) in aliquots and used as EV-

depleted serum.

Nanoparticle Tracking Analysis

The size distributions and concentrations of EV samples were determined with nanoparticle
tracking analysis (NTA) (Nanosight LM10 equipped with 40 mW laser with wavelength 638 nm,
Nanosight Ltd., Amesbury, UK). To minimize EV-aggregation, samples were vortexed for 5
seconds followed by thorough pipetting. To assure enough volume to load samples into the
measuring chamber, all samples were diluted to a volume of 300 pl using PBS. Additional
dilutions with PBS were made to match the concentration within the instrument detection
range if needed. The recording time was chosen to be 90 seconds. Automated analysis of
recorded video was performed in NTA analytical software. To ensure equal concentrations of
JIN-3 and INA-6-derived EVs for use in downstream applications, normalized stock solutions
were made by dilution of aliquots with RPMI 1640 based on concentrations as measured by

NTA, and stored at -80 °C (referred to as EV stock solutions).

Atomic force microscopy

Aliquots of EV samples were diluted 10-fold in PBS, and deposited on glutaraldehyde-
functionalized mica surface prepared as reported (27). A 15 pL aliquot of the aqueous EVs was
deposited onto the glutaraldehyde-modified mica and incubated for 30 minutes in humid
environment, subsequently rinsed with PBS and mounted for atomic force microscopy (AFM)

imaging. Vesicles were imaged employing a MultiMode 8 (Bruker AXS Inc., Madison, USA) in



ScanAsyst mode and using ScanAsyst-fluid probes (0.7 N m, resonance frequency 150 kHz).

Imaging was performed in PBS and images with 512x512 pixels collected.

Silverstaining

Protein extracts from identical volumes of JJN-3 and INA-6-derived EVs (3 puL from EV stock
solutions) were subjected to SDS-PAGE and silverstained according to the protocol of the

ProteoSilver™ Silver Stain Kit (Sigma).

Flow cytometry

To measure cell viability, cells were incubated with annexin V fluorescein isothiocyanate (FITC)
(0.2 pg/mLin 1 x annexin binding buffer) for 1 h on ice. Propidium iodide (PI) (1.4 pug/mL) was
added 5 min prior to data acquisition using an LSRII flow cytometer (BD Biosciences). Cells

negative for both annexin V and PI staining were considered viable.

HGF and IL-11 quantification

HGF protein concentrations were quantified for JJN-3- and INA-6-derived EVs using the DuoSet
ELISA Development kit (R&D Systems, Minneapolis, MN, USA). Assay was performed according
to manufacturer’s protocol in EV coated wells. HGF protein concentrations for BMP samples,
BMP-derived EVs and primary MM cells were quantified using the Human HGF ELISA kit

(ab100534; Abcam). IL-11 was measured by ELISA as previously described (28).

HGF bioassay

U20S and Saos-2 cells were split the day before the assay in 96 wells flat bottom plates (Costar)

at ~70 % confluence and cultured overnight to reach confluence at assay start (approximately



4x10% cells/well). Cells were washed with RPMI 1640 twice and given fresh media. JJN-3 and
INA-6-derived EVs were added from stock solutions in two concentrations: low dose (1 x cons)
~6 x 10° EVs/ml and high dose (3 x cons) ~1.8x107 EVs/ml. To avoid EV-aggregation, EVs were
resuspended in RPMI 1640 and filtered through a small volume 0.22 um syringe filter
(Millipore) immediately before addition to cell culture. Human recombinant HGF (hrHGF) was
added at a concentration of 200 ng/ml for U20S cells and 100, 200 and 300 ng/ml for Saos-2
cells. When a c-Met inhibitor was used, cells were incubated with 50 nM (final concentration),
PHA 665752 (Pfizer, San Diego, CA, USA) in assay media for 20 minutes before addition of EVs
or human recombinant HGF. 100 pL of ultracentrifugation supernatant was used. U20S and
Saos-2 culture media was harvested 8 hours after assay start and subsequently quantified for

IL-11 using ELISA.

Heparin treatment of bead-bound EVs

Purified EVs (excess) were prebound to anti-CD9 antibody coupled magnetic Dynal beads
(Invitrogen # 10606D). Binding was performed with 20 uL of magnetic beads that were washed
twice by adding 200 pL RPMI buffer, mixed for 30 seconds and placed on the magnet for 1
minute before discarding the supernatant. Purified EVs in RPMI was added (100 pL final
volume) to the magnetic beads and mixed well. The tube was then incubated 5 hours at 4 °C on
rotation. The tubes were then centrifuged for 5 seconds to collect the sample at the bottom of
the tube and the bead-bound EVs were washed by adding 300 uL RPMI. The samples were
mixed gently by pipetting and the tube placed on the magnet for 1 minute before discarding
the supernatant. The remaining bead-bound EVs were resuspended in 100 uL RPMI with EV-

depleted 2 % FCS. The EV-loaded magnetic beads were incubated for 5 minutes at room



temperature in a solution consisting of 40 pg/ml heparin in RPMI 1640 on rotation, then
introduced onto the magnet (DynaMag Spin). After 1 minute on the magnet the supernatant
was removed, and the beads were incubated with a second round on Heparin/RPMI 1640 on
rotation at room temperature for 5 minutes before magnetic separation. Finally, the EV-loaded
beads were washed twice using the same procedure but with RPMI 1640 only to get rid of

excess heparin.

Phospho-c-Met signaling assay

U20S cells were grown in six-well culture plates for 24 hours in serum-free media before
incubation with EVs isolated from JIN-3 and INA-6 cells, both at a concentration of ~6 x 10°®
EVs/ml. hrHGF was added at a concentration of 50 ng/ml. Cells were harvested for lysis after

eight minutes of incubation.

Immunoblotting

For western blot analysis, cells or aliquots from EV stock solutions were lysed in Complete-M
Lysis Buffer (Roche) for 20 min at 4 °C. Nuclei and cell debris were removed by centrifugation.
EVs solubilized in lysis buffer or post-nuclear lysates were quantified by Bradford assay,
solubilized in Laemmli loading buffer and analyzed under reducing conditions by SDS-PAGE. For
the phospho-c-Met signaling assay, U20S cells were lysed in RIPA buffer with 1 mM
dithiothreitol and 4x LDS sample lading buffer (Novex Bolt) was used. Proteins were
transferred to a nitrocellulose-membrane using the iBlot system (Invitrogen) according to
manufacturer’s protocol. The blot was blocked with a 5 % dry milk and 0.05 % tween-20 in tris-

buffer saline (TBST) for 45 minutes, before addition of primary antibody in TBST at the dilution



recommended by the manufacturer, overnight at 4 °C. The blot was washed 3 times for 10
minutes in TBST before incubation with the appropriate secondary IRDye-800cw-labeled
antibody for 40 minutes at room temperature. After four washes in TBST, the membranes were

developed using the Li-Cor system.

Antibodies used: a-CD9 (Abcam), a-Alix (sc-53540, Santa Cruz), a-HGF (Polyclonal goat, R&D),
o-1L-11 (R&D), a-LAMP-1 (D2D11, Cell Signaling), and a-PDI (mAb Cell Signaling), a-Phospho-
Met (mAb #3077, Cell Signaling). Secondary antibodies: Goat-anti-mouse IRDye-800cw and
Goat-anti-rabbit IRDye-800cw (both from Odyssey). All antibodies were used at the

recommendations of the manufacturer.

Statistical analysis

Statistical analysis for the ELISA analysis was performed with the GraphPad Prism software.



Results

Characterization of EVs secreted by JIN-3 and INA-6 myeloma cell lines

The size distribution of EVs was determined by NTA (Figure 1A). EVs from both cell lines showed
analogous but not identical distribution with sizes in the range 50—-350 nm. AFM analysis
revealed sizes with respect to full width at maximum height in the range 100-150 nm, and
heights from 15 to 40 nm (Figure 1B). The presence of EV-markers was assessed within EV-
isolates from both JJN-3 and INA-6 cells using immunoblotting (Figure 1C). The EV-markers Alix,
CD9 and LAMP-1 were present in EVs from both myeloma cell lines. Silverstained protein gels

showed that EVs from both cell lines had similar protein expression levels (Figure 1D).

JIN-3-derived EVs present HGF on their vesicle surface

An HGF-specific ELISA was performed to evaluate the presence of HGF in EVs from JIN-3 and
INA-6 cells (from EV stock solutions). HGF was only found to be present on the surface of JJIN-3-

derived EVs (Figure 2A).

JIN-3-derived EVs induce IL-11 secretion through the c-Met receptor in osteoblast-like

recipient cells

To assess whether JIN-3-derived EVs mediated HGF/c-Met signaling we used an established
bioassay where HGF is known to induce IL-11 secretion in osteoblast-like cells in a dose-
dependent manner (28). Equal and adequate cell viability for the two cell lines used in the
bioassay was confirmed (Figure 1E). EVs were added to U20S cells from stock solutions in two

concentrations, low dose (1 x cons) ~3x10° EVs/well and high dose (3 x cons) ~9x10° EVs/well.



JIN-3 derived induced IL-11 secretion in U20S cells, in a dose dependent manner. Incubation
with INA-6-derived EVs showed no dose-response dependency. To determine whether the
induction of IL-11 secretion was a result of activated c-Met signaling, U20S cells were
preincubated with a c-Met inhibitor before adding JJN-3-derived EVs. In the presence of the c-
Met inhibitor, IL-11 secretion was reduced to background levels (Figure 2B). To ensure that
these results were not restricted to U20S cells, we performed additional experiments in
another osteoblast-like cell line, the osteosarcoma cell line Saos-2, obtaining similar results

(Figure 2D).

1I-11 induction is reduced after heparin treatment of JJN-3-derived EVs

Since HGF contains a HSBD, treatment of HGF-positive EVs with heparin should lead to a
displacement of HGF from the surface of EVs (29, 30). Heparin treated and non-treated HGF-
bead-bound EVs were added separately to U20S cells and IL-11 culture media level measured.
A significantly lower IL-11 secretion in U20S cells was observed with heparin-treated EVs

compared to non-treated EVs (Figure 2C).

C-Met in U20S cells is phosphorylated in response to JIN-3-derived EVs

To investigate whether c-Met was phosphorylated in response to JJN3-derived EVs, U20S cells
were incubated with JIN-3-derived EVs, INA-6-derived EV and hrHGF. Immunoblotting against c-
Met phosphorylated at the tyrosine residues 1234/1235 shows a band at 145 kilodalton for
U20S cells incubated with JIN-3-derived EVs and hrHGF, while incubation with INA--derived

EVs, ultracentrifugation supernatant failed to produce this band (Supplementary Figure 1).



HGF-positive EVs are found for a subset of myeloma patients

An HGF-specific ELISA was performed to investigate whether EVs from BMP of MM patients and
cultured primary myeloma cells express HGF (Figure 3). Additionally, ELISA was performed for
the BMP samples, of which the EVs were derived. ELISA results show that HGF-positive BMP-
derived EVs were found for a subset of patients. A partial correlation between HGF values for
BMP and BMP-derived EVs seem to be observed. Patient 9 and 21 seem to express relatively
high values of HGF for both BMP-derived EVs and BMP. However, patient 20 express high HGF
values for BMP, but only just over the assay’s detection limit of 3 pg/ml for BMP-derived EVs.
Concerning EVs isolated from cultured primary MM cells, only patient 8 express HGF values
consistently above the assay’s detection limit. The size distribution for EVs isolated from BMP

and primary myeloma cells were measured by NTA (Supplementary Figure 2B and 2C).

Discussion

HGF has previously been shown to induce IL-11 secretion in osteoblast-like cells both as soluble
and cell-surface bound factor (28). Furthermore, a complex of HGF and shed syndecan-1 found
in cell culture media, as well as in pleural effusions from myeloma patients, has been
demonstrated to induce IL-11 secretion in osteoblast-like cells through c-Met activation (31,
32). Based on the findings of the present study, we propose that EV-mediated HGF/c-Met

signaling constitute a previously undescribed signaling mechanism (Figure 4).

Our findings indicate a role for myeloma-derived EVs in the pathogenesis of MBD. As suggested

by Hjertner et al. (28), an increased IL-11 level in the bone marrow microenvironment may



favor bone degradation, as IL-11 is known to stimulate osteoclastogenesis and inhibit bone
formation in vitro (33-35). IL-11 has also been demonstrated to induce osteoclastogenesis and
osteolytic bone lesion formation in vivo (36). A role for MM-derived EVs in MBD pathogenesis
has been explored by other authors. Raimondi et al found that MM-derived exosomes induced
osteoclastogenesis as well as an increased resorbing capacity of osteoclasts (37). A recent paper
by Menu et al demonstrate that MM-derived exosomes may contribute to MBD both by
enhancing osteoclast activity and by inhibiting osteoblast differentiation (38). Other studies
have found a role for MM-derived EVs in various pathogenic processes of MM, such as
enhanced angiogenesis (39, 40), myeloma cell proliferation (41) and invasiveness (23, 42).
Additionally, EVs derived from neighboring stromal cells may modulate MM growth (43, 44).
Recently, it was shown that mesenchymal stromal cells could contribute to MM cell
proliferation through EV-mediated transfer of the long non-coding RNA LINC00461, which
relieves the inhibitory effects of microRNAs mir-15a and mirl6 on the proto-oncogene bcl-2

(45).

We were not able to show direct evidence of HGF binding on the EV surface by electron
microscopy. However, several lines of evidence indicate that HGF is bound to the surface of
myeloma-derived EVs. Firstly, our ELISA demonstrates that JIN-3-derived EVs are positive for
HGF. To minimize the chance of this being co-pelleted HGF in the EV-fraction, two additional
and sequential washing/ultracentrifugation steps were performed compared to standard EV-
isolation protocol to avoid carry-over of soluble (non-EV associated) HGF. Secondly, the
supernatant from the last ultracentrifugation step when isolating JJIN3-derived EVs did not

induce IL-11 secretion, implying that the supernatant was essentially negative for HGF.



Furthermore, heparin treatment of EVs significantly reduced IL-11 secretion, suggesting that
HGF is at least partially bound to proteoglycans on the EV surface. It has been reported that
heparin may affect EV-cell interactions (23, 46). We argue, however, that heparin displacement
of HGF is a more likely explanation for reduced IL-11 secretion than general inhibition of EV-cell
interactions, especially considering the differences in methodology, where we have attempted
a thorough removal of excess heparin. Additionally, heparin displacement of HGF from
proteoglycans is well documented (29, 30), as demonstrated several times in the same HGF

bioassay (28, 31, 32).

Characterization of EVs from BMP and cultured primary myeloma cells has to our knowledge
previously not been performed. We investigated the presence of EVs in bone marrow plasma
from six patients suspected of MM, by NTA and immunoblotting (Supplementary Figure 1A).
We then isolated EVs from BMP from fifteen additional MM patients and an HGF-specific ELISA
showed that a subset of patients express HGF-positive EVs. We also investigated the presence
of HGF-positive EVs isolated from cultured primary MM cells for six patients. EVs derived from
one of the six patients express HGF above the assay’s detection limit. While studies for a larger
number of patients is needed, these results indicate that MM-patient-derived EVs may express

HGF, and EV-mediated HGF-signaling could potentially be operative in vivo.

Previously, EVs have been reported to mediate signaling for a limited number of cytokines,
among them interferon gamma (47), heat shock protein 70 (48), amphiregulin (49) and
transforming growth factor-beta (TGF-beta) (50). For the latter, it was shown that prostate

cancer-derived exosomes induced differentiation of fibroblasts to a proto-oncogenic



myofibroblastic phenotype through TGF-beta on the exosome surface. This finding could not be
replicated with soluble TGF-beta, highlighting the significance of EVs as mediators of TGF-beta
signaling (51). The relative importance of EV-mediated HGF signaling to previously described
signaling modalities is currently unknown. Likewise, it remains unclear whether EV-mediated
HGF signaling may lead to distinct downstream signaling patterns. Future experiments
addressing differences in the stability and potency of EV-mediated versus non-EV-mediated
HGF-signaling could further highlight the role of HGF-positive EVs during development of

myeloma.



Conclusion

Myeloma-derived EVs harbor HGF on their surface that is functional in HGF/c-Met signaling in
osteoblast-like cells. HGF-positive EVs may play a role in MBD through induction of the
osteoclast-activating cytokine IL-11 in osteoblasts. Given the emerging acknowledgement of the
role of EVs in intercellular signaling, and the abundant presence of EVs in the bone marrow, a
further understanding of EV-mediated signaling may be central in understanding myeloma

pathogenesis.
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Figure legends

Figure 1. Characterization of EVs isolated from myeloma cell lines JJN-3 and INA-6. (A) Size
distribution of EVs isolated from JIN-3 and INA-6 cells as measured by NTA (bin size 1 nm). Right upper
corners of both NTA diagrams show EVs as point scatters undergoing Brownian motion (from recorded
video). (B) AFM topographs of EVs derived from JIN-3 cells (left) and INA-6 cells (right). (C) Immunoblot
analysis of EV-markers CD9, ALIX and LAMP-1, and the cellular marker PDI, in lysates of cells and EVs. C:
total cell lysate; EV: extracellular vesicle lysate. Molecular weights are shown in kilodalton. (D) EVs
isolated from JIN-3 and INA-6 cells were analyzed with silverstained protein gels, showing similar protein
expression levels. (E) Cell status before EV isolation from JIN-3 and INA-6 cells as evaluated by flow
cytometry. The cells were analyzed by annexin V fluorescein isothiocyanate (FITC) and propidium iodide

(PI) staining, and double-negative cells were considered viable (lower left quadrants).

Figure 2. Myeloma-derived EVs mediate HGF/c-Met signaling in osteoblast-like cells.

(A) Concentration of HGF in EV-isolates obtained from HGF-secreting JJN-3 and non-HGF-secreting INA-6
cells as measured by ELISA. (B) ELISA measurement of IL-11 in U20S culture medium after incubation
with EVs from JIN-3 and INA-6 cells. Two EV-concentrations were used (1x and 3x). Induction of IL-11
secretion was observed with JJN-3-derived EVs only, in a dose dependent manner. A c-Met inhibitor was
added to U20S cells before exposure to either recombinant human HGF (hrHGF) or JJN-3-derived EVs
(3x). In the presence of c-Met inhibitor, EV-induced IL-11 secretion was reduced to background levels.
As positive control, hrHGF was used and elicited a strong IL-11 response, which was partially abrogated

with the use of c-Met inhibitor. To exclude soluble HGF as the cause of IL-11 induction, the supernatant



from the last ultracentrifugation step when isolating JJN-3-derived EVs was used and showed
background IL-11 levels. (C) IL-11 measurement after heparin treatment of bead-bound EVs. Heparin-
treated bead-bound EVs result in significantly lower II-11 culture media levels than non-treated bead-
bound EVs. Magnetic beads only were used as negative control. (D) IL-11 levels in Saos-2 culture media
as measured with ELISA. Saos-2 cells were incubated with JIN-3-derived EVs in two concentrations (1x
and 3x). Culture media from non-stimulated Saos-2 cells were used as a negative control. A c-Met
inhibitor was added to Saos-2 cells before addition of JIN-3-derived EVs (3x). As positive control, hrHGF
was used in three different concentrations. To exclude soluble HGF as the cause of EV-mediated IL-11
induction, the supernatant from the last ultracentrifugation step when isolating JJN-3-derived EVs was
used. ELISA results are based on two independent experiments, each with three parallels. Data are

presented as mean with standard deviation.

Figure 3. Schematic overview of mechanisms of HGF/c-Met signaling. (A) HGF may signal through
association to proteoglycans on the cell surface. (B) HGF may signal as soluble ligand. (C) HGF may signal
through a complex with the proteoglycan Syndecan-1. (D) As demonstrated in the present article, HGF

may also signal through association to proteoglycans on the EV surface.

Figure 4. HGF concentrations for MM-patient derived EVs and MM-patient BMP as measured by ELISA.
A) HGF concentrations for BMP-derived EV isolates for fifteen MM patients. EV-isolates for patient 10-16
and 18-19 express HGF below the assay’s detection limit of 3 pg/ml. Analyses were performed in
duplicates. (B) HGF concentrations in BMP for the same fifteen patients. Analyses were performed in
duplicates. (C) HGF concentrations for EVs isolated from cultured primary MM cells from six of the

fifteen patients. Cells were grown for 72 hours before EV-isolation. Only EVs from patient 8 express HGF



at values above the assay’s detection limit for all parallels. Analyses were performed in triplets. All data

are presented as mean with range.



Figure 1

- - e
o N A

o N A O @

Concentration (108 EVs/ml)

Length 2.0 pm

200

JIN-3 INA-6

=

400
Size (nm)

600 800

Length 2.0 pm

" 1000

Concentration (10 EVs/ml)

0 200 400 600

Size (nm)

JUN-3  INA-6

" 800

CD9 &= S ~24kD

Alix Emg® == my| ~ 95kD
LAVP e == ~ 99kD
PDI == = - 57kD

CEV CEV
JJN-3 L ™
ﬂWi ‘;
INA-6 ] i
ot

" 1000



T T T T
o) < © N

(lw/Bu) 1171

301

N
(lwy/Bu) L1~

04

T T

o o
=
|

2.0+

< (lw/Bu) 4OH

20+

Figure 2



60 5 20+
L) ] {
47 . 15
£ 401 B g
S 3]
g & ° g 10
W 'S
2
224 ¢ I 2
7 1
o . i ® LI
o ° ° %0 P
0- 0- o T T T T T T
7 8 9101112131415161718192021 7 8 9101112131415161718192021 8 9 11 19 20 21
Patient identifier Patient identifier Patient identifier
Figure 3
Previously described mechanisms Novel proposed mechanism
Osteoblast-like cell
c-Met
a
HGF
‘ $
a Proteoglycan
. 4
2%
Myeloma cell
Cell-cell Soluble HGF-proteoglycan EV-mediated

complex

Figure 4



