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Inducible T-cell co-stimulator (ICOS) and ICOS ligand are novel
players in the multiple-myeloma microenvironment
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Introduction

Summary

The inducible T-cell co-stimulator (ICOS) is a T-cell receptor that, once
bound to ICOS ligand (ICOSL) expressed on several cell types including
the B-cell lineage, plays a decisive role in adaptive immunity by regulating
the interplay between B and T cells. In addition to its immunomodulatory
functions, we have shown that ICOS/ICOSL signalling can inhibit the activ-
ity of osteoclasts, unveiling a novel mechanism of lymphocyte-bone cells
interactions. ICOS and ICOSL can also be found as soluble forms, namely
sICOS and sICOSL. Here we show that: (i) levels of sICOS and sICOSL are
increased in multiple myeloma (MM) compared to monoclonal gammopa-
thy of undetermined significance and smouldering MM; (ii) levels of sSICOS
and sICOSL variably correlate with several markers of tumour burden; and
(iii) sICOS levels tend to be higher in Durie-Salmon stage II/III versus
stage I MM and correlate with overall survival as an independent variable.
Moreover, surface ICOS and ICOSL are expressed in both myeloma cells
and normal plasma cells, where they probably regulate different functional
stages. Finally, ICOSL triggering inhibits the migration of myeloma cell
lines in vitro and the growth of ICOSL" MOPC-21 myeloma cells in vivo.
These results suggest that ICOS and ICOSL represent novel markers and
therapeutic targets for MM.

Keywords: inducible T-cell co-stimulator (ICOS)/ICOS ligand (ICOSL)
system, multiple myeloma, sICOS and sICOSL.

hypercalcaemia, and renal failure, which constitutes the clas-
sical CRAB clinical presentation (hyperCalcaemia, Renal fail-

Multiple myeloma (MM) is a plasma cell neoplasia resulting
from monoclonal expansion of long-lived myeloma cells in
the bone marrow (BM), leading to production of mono-
clonal immunoglobulins (M protein), mostly IgG or IgA.
Multiple myeloma tends to develop from premalignant
monoclonal gammopathy of undetermined significance
(MGUS), possibly going through a stage known as asymp-
tomatic smouldering multiple myeloma (SMM)."* Both
MGUS and SMM do not display the end organ damage typi-

cal of MM, consisting of osteolytic lesions, anaemia,

© 2021 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2022, 196, 1369-1380

ure, Anaemia, Bone disease).*®

In MM, active osteolytic lesions are promoted by osteoclasts
(OC) stimulated by high levels of receptor activator of nuclear
factor kappa-B ligand (RANKL) expressed on the surface of
myeloma cells, BM stromal cells, T helper (Th) cells (mainly
Th-17 cells), and soluble RANKL (sRANKL) in the serum.®

We have recently shown that novel players in bone meta-
bolism are the inducible T-cell co-stimulator (ICOS) and its
ligand (ICOSL), both with a well-established role in activa-
tion of Th cells and T-/B-cell interaction.” ICOS (CD278)
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belongs to the CD28 family and binds ICOSL (also known as
B7h, CD275, B7H2, B7-RP1, or GL50), a member of the B7
family.'® 2 ICOS is mainly expressed on activated T cells,
but weak levels have been detected also on dendritic cells
(DC)."? ICOSL is expressed not only on a wide variety of cell
types, including B cells, macrophages, and DC, but also on
non-haematopoietic cells, such as vascular endothelial cells,
epithelial cells, fibroblasts, and many cancer cell types.'* 7

The main biological function of ICOSL is triggering ICOS,
which acts as a costimulatory molecule for activated Th cells
by modulating their cytokine secretion.'®?' Moreover, the
ICOS/ICOSL axis can elicit a bidirectional signal acting on
ICOSL-expressing cells.”»** In DC, ICOSL triggering by
ICOS-Fc, a recombinant soluble form of ICOS composed of
the extra-cellular portion of ICOS fused to the IgG; Fc
portion, modulates cytokine secretion, potentiates cross-
presentation of endocytosed antigens on class I MHC
molecules, and inhibits cell adhesiveness and migration.
Moreover, ICOS-Fc inhibits adhesiveness and migration of
endothelial cells and tumour cell lines in vitro as well as
metastatic  dissemination of tumour cells in vivo.**
Recently, we have shown that ICOS-Fc encapsulated in bio-
compatible and biodegradable nanoparticles inhibits the
growth of established B16-F10 melanoma by decreasing
tumour vascularization and inhibiting regulatory T cells.””

Two aspects of the ICOS/ICOSL system are relevant for
MM. First, ICOSL is expressed on OC, and ICOS-Fc inhibits
RANKL-driven maturation and osteolytic activity of these
cells in vitro, and the development of RANKL-induced osteo-
porosis in vivo.” Second, ICOSL is also bound by osteopon-
tin (OPN), involved in bone formation. OPN is also
expressed by myeloma cells where it regulates a number of
functions, including adhesion to the extra-cellular matrix and
angiogenesis. OPN and ICOS form a complex with ICOSL
through different binding sites and elicit different, often
opposite, functional effects.*°

ICOS and ICOSL can also be secreted as soluble
forms — namely sICOS and sICOSL — which may derive
from alternative transcription of the gene, alternative splicing
of the mRNA, or proteolytic cleavage of the membrane
form.>"** Of note, the serum levels of sICOS and sICOSL
are increased in some autoimmune diseases.” >’

The aim of this study was to assess the expression of ICOS
and ICOSL in plasma cell dyscrasias to investigate the role of
this receptor system in malignant progression and end organ
damages.

Materials and methods

Patients

The study enrolled 204 patients with plasma cell dyscrasias
referred to the Hematology Division of the “AOU Maggiore
della Carita”, Novara, Italy between November 2016 and
March 2021. They were grouped in MGUS, SMM, and MM
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according to the 2017updated ESMO guidelines, referring to
International Myeloma Working Group (IMWG) diagnostic
criteria (Table 1).®

ing immunomodulatory agents, proteasome inhibitors, mon-

All MM patients received therapy, includ-

oclonal antibodies, and chemotherapy. At the time of
sampling, the median number of previous lines of therapy
was 1 (0-6). Fifty-nine healthy controls (HCs) were matched
for gender and age. The protocol was approved by the local
Ethics Committee (No. CE 33/17), and all subjects signed an
informed consent.

ICOS/ICOSL analysis

Serum levels of sICOS, sICOSL and sRANKL were assessed
by enzyme-linked immunosorbent assay (Cloud Clone Cor-
poration, Katy, TX, USA). In two samples, sICOS and
sICOSL levels were also measured after ultracentrifugation
for 1 h at 4°C at 100.000 g in both the supernatant and the
extra-cellular vesicle (EV) pellet.

Surface expression of ICOS and ICOSL was evaluated by
flow cytometry (Attune NxT, Thermo-Fisher, Waltham, MA,
USA) using fluorescein isothiocyanate (FITC)-conjugated
anti-CD38 (eBioscience, San Diego, CA, USA), PE-
conjugated anti-ICOS (R&D System, Minneapolis, MN,
USA), PE-Cyanine (Cy) 7-conjugated anti-ICOSL (BioLe-
gend, San Diego, CA, USA), PE- or APC-Cy7-conjugated
anti-CD45 (eBioscience), and APC-conjugated anti-CD56
(eBioscience) mAb.>

Cell migration assay

MOPC-21 cells (mouse myeloma) were a gift from Monash
University (Clayton, Australia); RPMI-8226 cells (human
myeloma) were purchased from ATCC (Manassas, VN, USA).

MOPC-21"“9%" cells were MOPC-21 cells that were trans-
fected with 2:5 ng of plasmid DNA coding for mouse
ICOSL, as previously reported.”

In transwell plates (Corning Inc., Corning, NY, USA),
1 x 10° cells were plated onto the upper side of each well in
serum-free medium with or without 2 pg/ml of ICOS-Fc

Table 1. Patients’ characteristics.

MGUS SMM MM Total

Patients n (%) 36 (17-6) 97 (47-5) 71 (34-8) 204
Gender Female 14 (38:9) 38 (39-2) 36 (50-7) 88 (43-2)

Male 22 (61-1) 59 (60-8) 35 (49-3) 116 (56-8)
Age (years) Median 69 72 71 71

Min 32 38 40 32

Max 83 90 84 90

Mean 652 699 69-6 68-9

SD 11 11-5 8-3 10-5

MM, multiple myeloma; MGUS, monoclonal gammopathy of unde-
termined significance; SD, standard deviation; SMM, smouldering
multiple myeloma.
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(human or murine), that is an agonist of ICOSL, or
FII9S]COS-Fe (human). Twenty percent fetal bovine serum
(FBS) was used as a chemoattractant. After 18 h, the cells
migrated to the lower chamber were counted with an
inverted microscope (magnification x100).

In vivo experiments

Eight-week-old female NOD-SCID-IL2Ry—null mice (NSG)
(Charles River Laboratories, Wilmington, MA, USA) were
injected subcutaneously with 2 x 10® MOPC-21"“%" cells.
When tumours were palpable, mice were treated every four
days by intraperitoneal injection of murine ICOS-Fc loaded
in poly(lactic-co-glycolic acid) (PLGA) nanoparticles (ICOS/
PLGA, 100 pg) or empty PLGA or saline. The tumour size
was measured every four days and mice were sacrificed after
20 days.”’

Mice were bred under pathogen-free conditions in the ani-
mal facility of the Department of Health Sciences. The study
was approved by Ministero della Salute, Rome (No. 477/
2016-PR and No. 849/2016 PR).

Staining of CD31 and Ki67, and tumour microvessel den-
sity measurements were performed on tissue sections as pre-

viously described.?”*?

Statistical analyses

Correlations were determined using Spearman’s non-
parametric test. Comparisons were performed using the
Mann—Whitney test, Wilcoxon test, and paired t-test.
Survival analysis was performed by the Kaplan—Meier
method and compared between strata using the log-rank test.
The adjusted association between exposure variables and
overall survival (OS) was estimated by Cox regression.

Results

Serum levels of sSICOS and sICOSL in patients with
plasma cell dyscrasias

Serum levels of sICOS and sICOSL were measured in a
cohort of plasma cell dyscrasia patients (n = 204)
(Table I), and in 59 HCs. MM patients displayed higher
sICOS and sICOSL serum levels than those found in
MGUS and SMM patients (Fig 1A,B). Of note, the serum
levels of sICOS and sICOSL in MGUS and SMM patients
were not statistically different from those present in HCs
(Fig 1A,B). Stratification of MM patients according to the
Durie-Salmon staging system (DS; DS-I: n = 16; DS-II:
n=239; DS-III: n=16) revealed that sICOS serum
concentration was higher in DS-II and DS-III compared to
DS-I (Fig 1C,D), whereas no difference was found for
sICOSL.

© 2021 British Society for Haematology and John Wiley & Sons Ltd
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sICOS and sICOSL in Multiple Myeloma

Correlations with disease markers

Spearman’s Rho test was performed to evaluate any correla-
tions between sICOSL or sICOS serum levels and other
known serum disease markers. These included i) the tumour
burden markers PB2-microglobulin (B2M), M protein, BM
plasma cells, and haemoglobin (Hb); ii) the bone metabolism
markers calcium, sSRANKL, and OPN.

Analysis of the tumour burden markers showed that, in all
patients, sICOS correlated directly with B2M, total M pro-
tein, BM plasma cells and inversely with Hb (Fig 2A-D). On
the other hand, sICOSL correlated directly with B2M and
total M protein (Fig 2E-F). sICOS also showed a positive
correlation with BM plasma cells among MM and MGUS
patients (r = 0-731, P = 0-02), whereas sICOSL correlated
with total M protein in MM patients (r = 0-478, P = 0-0002)
(data not shown).

Analysis of bone metabolism and kidney injury markers
revealed a direct correlation between sICOSL and sRANKL
(Fig 2G).

Since MM patients display decreased levels of polyclonal
Ig, we also analyzed the correlation of serum sICOS and
sICOSL with polyclonal IgM and IgA in 50 MM patients
producing IgG M protein (IgG/MM). We found that sICOS,
but not sSICOSL (data not shown), negatively correlated with
polyclonal IgA and IgM (Fig 2H-I).

After a median follow-up period of 37-6 months, 40
patients died, and the 36-month OS was 78-7%. As expected,
patients with MM had a worse OS than those with SMM or
MGUS. Stratification of all patients for the median value of
serum concentration of sICOS (27-9 pg/ml), sICOSL
(994-7 pg/ml), or sRANKL (1024-3 pg/ml) showed that
patients with sICOS levels above the median value had a
worse OS than those below this value (OS-36: 70-1% vs
89-2%, P =0-002). By contrast, levels of sICOSL and
sRANKL did not correlate with OS (Figure S1). An opti-
mized sICOS threshold of 40 pg/ml was the best cut-off for
OS, which was 67-2% for patients above this cut-off and
89-2% for those below (P = 0-00017) (Fig 3A). Multivariate
analysis showed that sICOS levels above 40 pg/ml maintained
an independent association with an increased risk of death
(HR 2-78, 95% CI 1-07-7-2, P = 0-035) when adjusted for
Durie-Salmon staging. The clinical impact of sICOS was
detected in MM, but not in SMM and MGUS (Fig 3B-D).

Surface expression of ICOS and ICOSL

Since serum levels of sICOS and sICOSL correlated with sev-
eral tumour burden markers, we next assessed the surface
expression of these receptors on myeloma cells. Flow cyto-
metry analysis of BM samples from 31 MM patients showed
that myeloma cells homogeneously expressed both ICOS
(MFI-r 3-6 £ 0-25) and, to a higher extent, ICOSL (MFI-r
7-3 4 0-66) (Fig 4A).

1371
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Fig 1. Serum levels of soluble inducible T-cell co-stimulator (sICOS) and sICOS ligand (sICOSL) are increased in multiple-myeloma (MM)
patients. (A) sICOS and (B) sICOSL were evaluated in the sera of smouldering MM (SMM) (n = 97), MM (n = 71) and monoclonal gammopa-
thy of undetermined significance (MGUS) (n = 36) patients, and 59 HCs by enzyme-linked immunosorbent assay (ELISA). *, P < 0-05, ***,
P < 0-0001 versus SMM; 3%, P < 0-01, %%, P < 0-0001 versus MGUS, ***, P < 0-0001 versus HC calculated by the Mann—Whitney non-parametric
test. (C) sICOS and (D) sICOSL levels in MM patients stratified according to Durie-Salmon staging: DS-I (n = 16), DS-II (n = 39), and DS-III
(n=16). *, P <0-05 versus DS-II, §, P < 0-05 versus DS-III calculated by the Mann—Whitney non-parametric test. Values are represented as

mean + SEM.

To investigate whether ICOS and ICOSL were also
expressed on normal plasma cells, we analyzed surface expres-
sion of these molecules in BM plasma cells from eight patients
affected from immune thrombocytopenia (ITP). We identified
two plasma cell subsets, one expressing both ICOS and ICOSL,
similar to myeloma cells, and the other expressing ICOSL but
not ICOS (Fig 4B). More specifically, the ICOS'ICOSL" and
ICOS ICOSL" subsets accounted respectively for 45 4 8-2%
and 55 + 8:3% (mean £+ SEM) of BM plasma cells.

In MM patients (n = 20), a correlation was found between
sICOS serum concentration and ICOS cell surface expression
on myeloma cells, but not between sICOSL serum concentra-
tion and ICOSL cell surface expression (Fig 5A,B).

1372

To assess whether serum sICOS and sICOSL were present
as free proteins or associated with the EVs, we analyzed
sICOS and sICOSL before and after ultracentrifugation of
the serum, which is supposed to precipitate EVs. After cen-
trifugation, sICOS and sICOSL were mainly found in the
supernatant, whereas only minimal amounts were found in
the EV pellet, suggesting that sSICOS and sICOSL are present
in the serum as free molecules (Fig 5C,D).

Effect of ICOS-Fc on myeloma cells

As we have previously shown that triggering of ICOSL with
ICOS-Fc inhibits migration of several types of tumour

© 2021 British Society for Haematology and John Wiley & Sons Ltd
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Fig 2. Correlation of serum levels of soluble inducible T-cell co-stimulator (sICOS) and sICOS ligand (sICOSL) with disease markers. Correla-
tions detected in total patients between serum levels of (A-D) sICOS and those of (A) f2-microglobulin (B2M), (B) M protein, (C) bone marrow
(BM) plasma cells (BM PC), (D) haemoglobin (Hb); and between levels of (E-G) sICOSL and those of (E) B2M, (F) M protein, and (G)
SRANKL. Panels H-I show the correlation detected in IgG/multiple myeloma (MM) between sICOS and polyclonal (H) IgA and (I) IgM. Spear-

man’s p test.

2526 \ve next asked whether this effect would also be true

cells,
in myeloma cells. To this end, we performed migration
assays using murine myeloma cells expressing either low
(MOPC-21) or high levels of ICOSL (MOPC-21"““%). In
addition, we carried out similar experiments using RPMI-
8226 human myeloma cells, which spontaneously express
high levels of ICOSL (Fig 6A). Cells were seeded in the upper
chamber of a transwell plate in the presence or absence of
ICOS-Fc—human or mouse, as appropriate—, and the
extent of migration was assessed in the lower chamber after
18 h, using FCS as chemoattractant." '**ICOS-Fc, a point
mutant unable to bind ICOSL, was used as negative control.
As shown in Fig 6B, ICOS-Fc inhibited the migration of both
RPMI-8226 and MOPC-21"“?%" cells but not that of MOPC-
21 cells, which migrated to a much lower extent than
MOPC-211°CST cells. As expected, FI19S1COS-Fc had no effect
on either cell line.

© 2021 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2022, 196, 1369-1380

We previously demonstrated that treatment of mice with
ICOS-Fc loaded in poly(d,l-lactide-co-glycolide) (PLGA)
nanoparticles (ICOS/PLGA) hampered the growth of estab-
lished tumours arising upon subcutaneous injection of
ICOSL" melanoma cells.”’ To assess whether this effect
would also occur in myeloma cells, we injected subcuta-
neously MOPC-21"“9%" cells in immunodeficient NSG mice
and treated them with ICOS/PLGA as soon as the tumour
was palpable. NSG mice were chosen to avoid any potential
bias due to the effect of ICOS-Fc on the anti-tumour
immune response. Control mice were treated with either sal-
ine or empty PLGA nanoparticles. Tumour growth monitor-
ing revealed that treatment with ICOS/PLGA significantly
decreased tumour growth compared to control mice (Fig
7A).

We next stained tumour sections for CD31 and Ki-67 to
assess tumour vessel formation and cancer cell proliferation,
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Fig 3. Prognostic impact of of soluble inducible T-cell co-stimulator (sICOS) levels on survival. Kaplan—Meier estimates of overall survival (OS)
of patients with sICOS above or below the 40 pg/ml cut-off. (A) All patients [multiple myeloma (MM) + smouldering MM (SMM) + mono-
clonal gammopathy of undetermined significance (MGUS)]. (B) MM patients. (C) SMM patients. (D) MGUS patients. [Colour figure can be

viewed at wileyonlinelibrary.com]

respectively. Tumours from ICOS-Fc-treated mice displayed
decreased tumour vascular density (Fig 7B) and cell prolifer-
ation rate compared to mice treated with either empty PLGA
or saline (Fig 7C). Real-time polymerase chain reaction
(PCR) analysis did not reveal any statistically significant dif-
ferences in mRNA expression levels of ICOSL, IL-10, IFN-y,
IL-6, TNF-o, IL-1B, TGF-B, and OPN among the three
groups (data not shown).

Discussion

This study shows that: i) sSICOSL and sICOS serum levels
vary across the spectrum of plasma cell disorders; ii) sSICOSL
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and sICOS serum levels correlate with several markers of
tumour burden; i) high serum levels of sICOS but not
sICOSL are an independent prognostic factor of shorter sur-
vival in patients with plasma cell disorders; iv) ICOSL surface
expression on neoplastic plasma cells may influence the bio-
logical behaviour of MM.

Here, we have applied multiple approaches to investigate
the ICOS/ICOSL status in MM, a tumour in which ICOS/
ICOSL signalling may exert multiple functions. Our results
show that MM patients display higher serum levels of
sICOSL and sICOS compared to those observed among
MGUS and SMM cases. Moreover, sICOSL and sICOS serum
levels positively correlate with the tumour burden markers

© 2021 British Society for Haematology and John Wiley & Sons Ltd
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derived myeloma cells and normal plasma cells. Representative dot plots and histograms of (A) myeloma and (B) BM samples. Plasma cells were
gated on CD38”8" (CD38""") cells displaying the expected side scatter profile. Phenotype of the myeloma cells was CD38""*/CD45~/CD56", that

of normal plasma cells was CD38" "

B2M, M protein, and BM myeloma plasma cell infiltration,
whereas they negatively correlate with Hb levels.

From a clinical standpoint, an optimized threshold of
40 pg/ml sICOS emerged as the best cut-off to split patient
survival and retain a prognostic value in multivariate analy-
sis. Although these results point to sICOS and sICOSL as
potentially useful prognostic markers of plasma cell dyscra-
sias, they await further validation in prospective cohorts of
MM patients.

Flow cytometry analysis shows that ICOSL and, at lower
levels, ICOS are expressed as surface receptors on MM cells,
confirming recent findings by mass cytometry.** The obser-
vation that the serum levels of sICOS correlate with surface
expression of ICOS in myeloma cells suggests that at least
part of sICOS may derive from the neoplastic cell popula-
tion. This correlation was not detected for sSICOSL, possibly
due to the fact that its release from myeloma cells might be

© 2021 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2022, 196, 1369-1380

/CD457/CD56™. The histograms show the overlay between control staining and ICOSL or ICOS staining.

hidden by the basally high serum levels of sSICOSL, which are
approximately one log-level higher than sICOS levels in HCs.
Moreover, increased sICOSL levels in MM may also depend
on its release from many types of non-neoplastic ICOSL"
cells inside and outside of the BM, whereas ICOS expression
appears to be restricted to only a few cell types.

The identification of two plasma cell subsets: ICOS'T-
COSL" and ICOSICOSL" in normal BM plasma cells, indi-
cates that ICOS and ICOSL expression may not represent a
specific trait of neoplastic plasma cells. The ICOS'ICOSL"
phenotype might comprise long-lived plasma cells, which are
the normal counterpart of myeloma cells. Consequently, the
ICOS ICOSL" subset may comprise plasmablasts, which
would be in line with the notion that activated B cells
express ICOSL but not 1COS.*

The possibility that ICOS/ICOSL signalling plays a role in
MM development is supported by our in vivo experiments

1375

85U8017 SUOWIWOD SAEaID 3|ceol dde 8Ly Aq peusenob a1e sejoie VO ‘85N JO Sa|n. 10) ARl TaUIUO AB|IA LD (SUONIPUOD-PUR-SLLIBI WD A8 | Im" ARe.ql1|BulJUO//:SdL) SUONIPUOD PUe SWB | 8u 89S *[6202/20/TT] U0 AkiqiTauliuo AB|IM B eIeLO sluousld e AiSAIUN A 896/T U IQ/TTTT OT/I0p/L0o" A 1M Alelq [l uO//SANY WOy papeojumoq ‘9 ‘zz0Z ‘TrTZS9sT



E. Boggio et al.

(A) =0-482, P=0-031

sICOS (pg/ml)
s 88
.

g

o

o

ICOS (MFI-r)

©

$

sICOS (pg/ml)
N w >
T < ¢

-
o
1

0 T
.
¢§° 3 i

& &
é,qé

—_
o
~

sICOSL (pg/ml)

Cl

sICOSL (pg/ml)

r=0-007, P=0-97 (not significant)
4000-
™
™
3000+
2000- . .
* e "
*
*
™
0 ’ T ‘ T ' ] ‘ 1
0 10 15 20
ICOSL (MFI-r)
4000-
30004
20004
10004
0 T
& X

& &
o

Fig 5. Serum soluble inducible T-cell co-stimulator (sICOS) and sICOS ligand (sICOSL) may be partly released by myeloma cells as free mole-
cules. sICOS serum levels (A) correlate with ICOS surface expression levels on myeloma cells. (B) The correlation between sICOSL and the
expression level of ICOSL is not significant in 20 patients with multiple myeloma (MM) (Spearman’s p test). ICOS and ICOSL expression levels
were evaluated as mean fluorescence intensity ratio (MFI-r). Levels of (C) sICOS and (D) sICOSL evaluated in the serum of a patient before
(white bars) and after (black bars) ultracentrifugation, which allowed the separation of EVs in the pellet from the supernatant. The graph repre-
sents data from one of two experiments performed with sera from two different patients.

showing that treatment with ICOS-Fc significantly inhibits
the growth of MOPC-21"“9" tumours in mice. This effect
may be due to inhibition of tumour angiogenesis, as docu-
mented by the decreased tumour microvessel density dis-
played by tumours from mice treated with ICOS-Fc.
However, ICOS-Fc might also exert direct effects on mye-
loma cells by inhibiting their migration, since ICOS-Fc inhi-
bits in vitro migration of ICOSL" myeloma cells. Moreover,
ICOS-Fc might boost the anti-tumour immune response and
overcome immune evasion, acting as an immune checkpoint
antagonist, as suggested by our previous work on different
tumour types®”*® and several other works showing that inhi-
bition of ICOS function on T cells impairs regulatory T-cell
activity.*” This immunological effect has been underestimated
in our experimental model based on subcutaneous tumours
in immunodeficient mice, prompting studies in the
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immunocompetent BM setting, which might highlight inter-
ferences of ICOS-Fc with the complex MM niche, including
those with osteoclasts (OC), whose maturation and osteoero-
sive activity is inhibited by ICOS-Fc.’

Survival and growth of plasma and myeloma cells depend
on their bidirectional crosstalk with the BM microenviron-
ment through a complex network, also including ICOS and
ICOSL, which creates a permissive niche.**°3 Thus, the func-
tional effects of surface and soluble forms of ICOS and
ICOSL are likely to depend on the relative amounts of these
molecules in the BM niche. In this regard, our data suggest
that ICOS and ICOSL expressed on the cell surface of mye-
loma cells may transduce signals modulating neoplastic cell
behaviour, as supported by the observation that increased
ICOSL expression not only correlates with enhanced migra-
tion of MOPC-21 cells — possibly due to its interaction with

© 2021 British Society for Haematology and John Wiley & Sons Ltd
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expression in RPMI-8226, MOPC-21'°“%", and MOPC-21 cells. Each panel shows the overlay between the negative control and the positive stain-
ing. Values of mean fluorescence intensity ratio (MFI-r) are indicated. (B) Treatment with ICOS-Fc inhibits migration of RPMI-8226 (human)
and MOPC-21"“%%" (mouse) myeloma cells expressing ICOSL, but not that of MOPC-21 myeloma cells not expressing ICOSL, compared to both
untreated cells and cells treated with the inactive mutant *1'*ICOS-Fc. *, P < 0-05; **, P < 0-01 calculated by paired t-test. Values are repre-
sented as mean £ SEM (n = 3).
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glycolic acid) (PLGA) nanoparticles (ICOS/PLGA, n = 15), but not saline [control (CTR), n = 17] or empty PLGA nanoparticles (n = 14), inhi-
bits subcutaneous growth of MOPC-21"“SY" cells in NSG mice. (B) CD31 staining and (C) tumour microvessel density (TMD) measured on
CD31 expression. (D) Proportion of Ki-67 positive tumour cells. Values are represented as mean = SEM; *, P < 0-05; ***, P < 0-0001 vs CTR;
P <0-05 %%, P <0.0001 vs PLGA, calculated by the Mann—Whitney non-parametric test. [Colour figure can be viewed at wileyonlinelibrary.
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OPN — but also makes these cells susceptible to ICOS-Fc-
mediated inhibition of migration. In this context, it is also
conceivable that aberrant expression of membrane-bound
ICOSL on myeloma cells may antagonize ICOSL expressed
on other cell types of the myeloma niche, such as endothelial
cells and OC, which would make them resistant to ICOS-
mediated inhibition.

It is also unclear what the functional effects of sSICOS and
sSICOSL — present in the serum as free molecules — would
be. In general, soluble forms of membrane receptors can act
as decoy receptors able to antagonize their membrane-bound
counterparts, as shown for several cytokine receptors.”*>®
Alternatively, they may work as agonistic ligands when they
are multivalent, as reported for soluble Fas ligand (FasL) tri-
mers, which are capable of inducing cell death upon Fas trig-
gering.”>”” Both models may apply to sICOSL and sICOS,
which can function as either antagonistic monomers or ago-
nistic dimers.*®>

Overall, our findings indicate that sSICOS and sICOSL may
play a role in myeloma cell growth. Furthermore, given their
ubiquitous distribution within the tumour microenvironment
and neoplastic cell surface, these molecules may also repre-
sent attractive therapeutic targets for MM. In this context,
the ICOS/ICOSL axis might also be exploited to trigger T-ell
immunity to further reinforce the efficacy of novel
immunotherapeutic approaches.*”
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