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Abstract

Osteosarcoma is a rare primary bone cancer characterized by cancer cells producing calcified
osteoid extracellular matrix and inducing lung metastases with a high frequency. The local
microenvironment defined several tumor niches controlling the tumor growth and cell
extravasation. The immune infiltrate composes one of these niches. The immune environment
of osteosarcoma is mainly composed by T-lymphocytes and macrophages but also contains
other subpopulations including B-lymphocytes and mast cells. Osteosarcoma cells control the
recruitment and differentiation of immune infiltrating cells and establish a local immune
tolerant environment favorable to the tumor growth, drug resistance and the occurrence of
metastases. Osteosarcoma cells are able to affect the balance between M1 and M2
macrophage subtypes and so could control the T-lymphocyte responses via the PD-1/PDL-1
system. In addition, mesenchymal stem cells may also contribute to this immune tolerance
and strengthen the immune evasion. The present review gives a brief overview of the immune

components of osteosarcoma and their most recent therapeutic interests.
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Introduction

Osteosarcoma is the main primary bone malignant entity affecting adolescents and young
adults [1,2]. Osteosarcomas are bone-forming tumors characterized by the presence of an
extracellular osteoid matrix produced by cancer cells and associated with a very complex
local environment including bone cells, blood vessels, stromal cells and immune infiltrates [3-
6]. The osteosarcoma cell is the tumorous counterpart of osteoblast. This cell with a
mesenchymal origin is the consequence of an initial oncogenic event altering for instance p53
or Rb and occurring during the commitment of a mesenchymal cell toward osteoblast [7,8].
The oncogenic process leading to the establishment of an osteosarcoma is characterized by
numerous complex events and requires multiple cellular partners. Based on genome
sequencing analyses, a model of the natural history of osteosarcoma has been proposed
recently [9]. These authors theorized that the disease may be initiated by a mutation of TP53
and/or Rb1 which show a very high recurrence in osteosarcoma. These cells that exhibit a
high chromosomic instability lead to secondary genetic aberrations and to the emergence of
new cancer cell clones from the initial monoclonal disease. The main consequence of all these
events is the development of a complex disease characterized by a very high number of
genetic alterations. Indeed, osteosarcoma is one of the most heterogeneous cancer types from
a genetic point of view with, for instance, in a series of 44 samples more than 80 point
mutations and 4 deletions related to 82 different genes [10]. Despite this heterogeneity, more
than 80% of osteosarcomas evidence a signature characteristic of Breast Cancer (BRCA)

genes 1/2-deficient tumors that open new therapeutic options by using PARP inhibitors [9].

Unfortunately, the genetic alterations described above while explaining its initiation are
unable to sustain osteosarcoma development by themselves. Indeed, based on the “seed and

soil” theory of Paget, it is now well recognized that osteosarcoma, like other cancers, requires



an adequate local microenvironment for its development [11,12]. This microenvironment can
provide all metabolites and factors for the control of proliferation, drug resistance,
dissemination or/and dormancy of osteosarcoma cells [5,13-15]. Then, the pressure exerted by
microenvironment may be responsible for a specific selection of osteosarcoma cells with

predominant specificities such as a high quiescent or a proliferative profile.

Thus, a combination between genetic aberrations and an adequate microenvironment can
summarize the full history of osteosarcoma. The present review will give a brief overview of
the main components of the osteosarcoma microenvironment with a more specific focus on
immune infiltrates, their role in the pathogenesis of osteosarcoma and their therapeutic

implications.

Cellular heterogeneity of the osteosarcoma microenvironment: key role of immune
infiltrates

Osteosarcomas are bone-forming tumors developing in a natural bone environment. Bone
remodeling is controlled by two main cell types called osteoblasts and osteoclasts, which are
responsible for bone formation and resorption, respectively [16,17]. The crosstalk between
these cell types is tightly regulated by cytokines and growth factors. Among these mediators,
the Receptor Activator NFkB Ligand (RANKL)/RANK/Osteoprotegerin (OPG) system has
merged as a key molecular triad controlling the bone remodelling [18]. RANKL expressed by
stromal/osteoblastic cells as a membranous and/or a secreted form binds to RANK, a
transmembranous receptor expressed by myeloid osteoclast precursors. Their interaction leads
to the induction of specific signal transduction pathways integrating NFxB transduction
factor, which leads to the activation of osteoclastic genes (e.g. NFATc1, cathepsin K, TRAP)

and then to the osteoclast differentiation and bone resorption. Osteoclastogenesis is possible



thanks to co-factors such as M-CSF that allows the proliferation and survival of osteoclast
precursors. OPG acts a soluble decoy receptor produced by stromal/osteoblastic cells. It is
able to bind to RANKL and to interrupt the RANKL binding to RANK [19]. OPG is then a
strong inhibitor of osteoclast differentiation/activation and bone degradation. Whether
RANKL is mandatory to osteoclastogenesis as revealed by the marked osteopetrotic
phenotype of RANKL-deficient mice [20], M-CSF can be substituted by various other soluble
mediators defining a M-CSF-dependent canonical and a M-CSF-independent non-canonical
pathway of osteoclastogenesis [21,22]. However, the RANKL/RANK/OPG system is not
restricted to the bone tissue and is also involved in the control of angiogenesis and immune
system [19]. Indeed, RANKL up-regulates the property of dendritic cells to stimulate the
proliferation and survival of naive T-lymphocytes [23]. Furthermore, the survival of dendritic
cells is up-modulated in the presence of RANKL [24]. These observations led to the
development of a concept in which bone and immune tissues were functionally interconnected
and it is at the origin of the “osteoimmunology” [25,26]. The RANKL/RANK/OPG system is
associated to the pathogenesis of osteosarcoma [27-29], directly through RANK on the
osteosarcoma cell surface [30] and indirectly by regulating osteoclast activities [31] and the
tumor vascularization [32]. Based on this observation, a fully humanized antibody able to
block specifically RANKL binding to RANK and to inhibit the RANKL-induced signalling
has been developed and called Denosumab [33]. Recently, a complete remission in a patient
suffering from a progressive osteosarcoma and treated but a combination sorafnib and
denosumab [34] and a phase II clinical trial has been initiated same year incluiding aone arm
with denosumabd therapy after complete resection of all sites of metastatic disease
(NCT02470091, « Denosumab in treating patients with recurrent or refractory

osteosarcoma ») [6].



During bone resorption, many factors trapped in the extracellular matrix are released
and may modulate the behavior of cancer cells and/or the quality of their microenvironment.
The role of osteoclasts in the pathogenesis of osteosarcoma is still controversial and whether
the number of osteoclasts seems to correlate with the aggressiveness of the disease [35], some
authors described a protective role of osteoclast against the development of lung metastases
[36]. The hypothesis is that osteoclasts may play a differential function in osteosarcoma
according to the stage of the disease with a pro-tumoral function in the early stage and with
the destruction/reorganization of bone niches in the later stage. The loss of osteoclast could
then allow the cancer cell spreading [36]. The role of osteoclasts in immune response has
been recently strengthened [37]. Ibanez et al. demonstrated that osteoclasts should be
considered as immune-modulators and that they can induce immunogenic CD4" T cell
responses upon inflammation. In this context, according to the stage of the osteosarcoma
development, associated local inflammation may impact the T-cell responses almost partly
through osteoclasts [37]. Consequently, osteoclasts can be considered as important regulators

of osteosarcoma growth through either their resorptive or their immune functions.

Bone and bone marrow environments are rich in mesenchymal stem cells that are closely
located to osteosarcoma cells. Therefore, dialogs between these cells are possible [13]. In
2010, Perrot et al. reported a case of a late local recurrence of osteosarcoma occurring more
than 10 years after the initial pathology and 18 months after a "lipofilling” procedure [38]. In
complement of this observation, the co-injection of purified mesenchymal stem cells
promoted the osteosarcoma development in a murine model, then underlying a functional
interaction between osteosarcoma cells and mesenchymal stem cells. Knowledges on this
dialog will be described in details in the following chapter. Bone marrow microenvironment

is also mainly associated with the hematopoietic homeostasis and consequently is enriched in



immune cells. The part of immunity and associated inflammation in the control of
osteosarcoma is not yet fully understood. However, Liu et al. analyzed a cohort of 162
osteosarcoma patients and found a correlation between immune markers (e.g.
Glasgow prognostic score, neutrophil-lymphocyte ratio), the occurrence of metastases and the
overall survival [39]. Similarly, lymphocyte/monocyte ratio appeared associated to the overall
survival of patients strengthening the role of immune cells in osteosarcoma development [40].
Immune infiltrates composed by heterogenous cell populations such as myeloid and lymphoid
cells, which play a role in innate and adaptive immunity, have been detected in osteosarcoma
[41,42] (Figure 1, Figure 2). Whether myeloid (monocytes, macrophages, dendritic cells) and
T-lymphocytes are the main populations represented, few B lymphocytes and rare mast cells
have also been identified and may be related to tumor growth [41]. CD20" B lymphocytes
cells showed a modest disseminated infiltrate [42], and mast cells (CD117", tryptase”) are
modestly detected in the tumor mass [41,42], and mainly observed at the bone-tumor interface
where osteolysis was occurring [41]. Osteosarcoma cells maintain mast cell viability and
activities [43], which could be a source of RANKL [44]. The involvement of mast cells in
bone biology has been recently identified [45]. These authors demonstrated the crucial role of
mast cells in the triggering of local/systemic inflammation and the recruitment of immune
cells following bone injury. In this context, mast cells could control the osteoclastogenesis

process and then appear as actors of tissue repair [45].

Mesenchymal stem cells control osteosarcoma development: potential immuno-
regulation activities

Several studies have confirmed that mesenchymal stem cells promote the proliferation of
osteosarcoma cells both in vitro and in vivo [38, 46-49]. Mesenchymal stem cells, the low
differentiated precursor of various cell-types including osteoblast [16], in contrast to

differentiated osteoblasts appear unable to communicate with osteosarcoma cells through the



establishment of functional gap junctions [50]. Whatever, several groups have demonstrated
that extracellular vesicles represent an important way of communication between
mesenchymal stem cells and osteosarcoma cells [51,52]. Under stress environment such as
local acidosis associated to tumor growth and peritumoral osteolysis, mesenchymal stem cells
could secrete extracellular vesicles carrying proteins, mRNA and microRNA modulating
osteosarcoma cell proliferation and stemness [14,51,52]. Acquired stemness properties (e.g.
ability to form sarcospheres, expression of stem-associated genes such as Nanog and Oct4) by
osteosarcoma cells appeared mediated by the secretion of IL-6 by mesenchymal stem cells
[52]. Interestingly, Torreggiani et al. demonstrated recently the spontaneous transfer of
multidrug  resistance (e.g. MDR- 1, Pgp) from isolated  doxorubicin-
resistant osteosarcoma cells to sensitive cells underlining the multiple functional activities of
extracellular vesicles [53]. The dialog between osteosarcoma cells and mesenchymal stem
cells is bilateral, and mesenchymal stem cells can be educated by tumor-secreted extracellular
vesicles [54]. Osteosarcoma extracellular vesicle-educated mesenchymal stem cells contained
IL-6 and TGF-B[Jand were able to promote the tumor progression in a preclinical model. This
tumor growth was blocked by administration of an anti-IL6 receptor antibody [54].

Activated mesenchymal stem cells can exhibit immunomodulatory properties [55-57]. In this
context, IFN-y synergizes with TNF-o and/or IL-1p for activating mesenchymal stem cells
which become immunosuppressive and then can inhibit T cell proliferation [56].
Mesenchymal stem cells act similarly toward B and NK cells [55]. Overall, these data
revealed a marked crosstalk between osteosarcoma cells, mesenchymal stem cells and

immune cells in favor to the tumor development and metastatic process.



Osteosarcoma cells modulate the balance between pro- and anti-tumor macrophages

Macrophages are at the crossroad of bone homeostasis and immunity and have central
functions in osteoimmunology. The role of macrophages in bone biology has been extensively
exemplified [58]. These cells are involved in bone resorption acting as osteoclast precursors
in presence of M-CSF and RANKL [59] and contributing also to bone formation [60]. Indeed,
macrophages control osteogenesis from mesenchymal stem cells, mechanism dependent on
Oncostatin M signaling. The role of macrophages present in the vicinity of tumor cells,
named “Tumor-Associated Macrophages” (TAMs), has been extensively studied [61-63].
TAMs control the local immunity, angiogenesis and regulate tumor cell migration and
invasion. In addition, TAMs participate in the seating of cancer cells at the metastatic site by
modelling the permissiveness of the host-tissues. TAMs are composed by a large variety of
sub-populations which have been classified initially in M1 and M2 subtypes according to
their differentiation and activities. M1-polarized macrophages are classified as anti-tumor
cells and M2-polarized macrophages as pro-tumor regulators [63,64]. Macrophages invade
massively osteosarcoma tissues [41,42,65] (Figure 2) and establish an immune-tolerant
environment during tumor growth [42,64]. Indeed, Buddingh et al. showed that osteosarcoma
patients contained both M1 and M2 macrophages and that the total number of macrophages
was associated with a good survival. However, the M2-phenotype was associated with a bad
prognosis [65]. Recently, Dumars et al. showed that TAMs are associated with a better
overall survival of osteosarcoma patients, and a dysregulation of the balance between M1-
and M2-TAMs in favor of M1 cells was detected in non-metastatic patients [42].
Interestingly, Han et al. revealed that the M2-TAMs number was correlated with the
frequency of suppressive TIM3"PD1" T lymphocytes in osteosarcoma and the depletion of
M2-TAMs led to an increase of T-lymphocytes proliferation and associated increase of pro-

inflammatory cytokines [66]. Patients with aggressive paediatric bone sarcomas exhibited an



increased number of peripheral CD14"HLA-DR!*"™¢ immunosuppressive monocytes as well
as an increase of Cytotoxic T-Lymphocyte Associated Protein 4 positive (CTL4") T cells and
CD14" macrophage infiltrates [67]. Tim3/Gal9 interactions between T cells and myeloid cells
could also result in an immunosuppressive response and repressed inflammation [68].
Overall, these studies point out that intra-tumor T-lymphocyte immunosuppression could be
exacerbated by M2-TAMs specifically in metastatic patients (Figure 2). In preclinical models
of osteosarcoma, M2-type macrophages were correlated to an increase of tumor growth,
vascularization and metastatic dissemination [69]. Whether on the one hand the number of
macrophages correlated with the number of blood vessels (CD317)[69] and on the other hand
CD163" M2-TAMs with CD146" perivascular cells [42], the vascular density did not
correlated with prognosis [70]. The prognostic relevance of the vascular density in
osteosarcoma is controversial. However, in a recent study, Kunz et al. observed in cohort of
131 patients that the good responders to chemotherapy evidenced a low vascular density of

their tumor mass with an improvement of survival as expected [71].

Based on these observations, therapeutic strategies targeting macrophages have been
developed. Liposome-encapsulated muramyl tripeptide (L-MTP-PE, commercialized as
Mifamurtide) is a synthetic analog of a component of bacterial cell wall which acts as a
nonspecific immuno-modulator triggering macrophages and T-cell reaction by the release of
soluble mediators [71,72]. The induction of M1-TAMs with anti-tumor activity induced by L-
MTP-PE required IFN—y [73]. While an initial clinical trial combined with chemotherapy was
in favor of a therapeutic benefit for patients with osteosarcoma, its design led to a controversy
and its therapeutic interest still remains highly questionable [6]. The potential clinical interest
of Mifamurtide is always under investigation in clinical trials in association with conventional

chemotherapy (Table 1). Targeting of M2-TAMs has been also envisaged in osteosarcoma by
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the use of all-trans retinoic acid [74] or dihydroxycoumarins [75], that inhibit the

differentiation of M2-subtypes.

Oncolytic adenoviruses which have been engineered to replicate in cancer cells and not in
normal cells were used with success in a pre-clinical model of osteosarcoma [76].
Macrophages could be used as delivery platform of specific oncolytic virus as already

demonstrated in prostate cancer [77].

Lymphocytes subpopulations in osteosarcoma and therapeutic interests

T-lymphocytes constitute the second most represented cell-type infiltrate in osteosarcoma
tissues [41,42] (Figure 1). Recent estimation showed that Tumor-Infiltrating Lymphocytes
(TILs) are detectable in 75% of osteosarcoma with a peak around 86% in metastases [78].
Interestingly, CD8"/FOXP3"-ratio in biopsies prior chemotherapy allows the identification
of patients with prolonged survival confirming the results previously obtained in dogs
[79,80]. The data revealed that patients with a CD8/FOXP3"-ratio above 3.08 had an
improved survival what strengthened the key function played by T-lymphocyte infiltrates in
the pathogenesis of osteosarcoma [80]. The identification of tumor-specific lymphocytes has
led to the development of immunotherapeutic approaches based on the recovery of an
effective and sustained anti-tumor immune response in patients [81,82]. Then, it was
proposed that TIL would represent a selected population of T-cells with a higher specific
immunological reactivity against tumor cells than the non-infiltrating lymphocytes, despite of
their anergy by the microenvironment (e.g. M2-TAMs, mesenchymal stem cells) or/and by
cancer cells [78]. Based on this hypothesis, expanded T-lymphocytes loaded with tumor
antigens were initially used in melanoma with a relative success in metastatic patients [81,82].

TIL were isolated and expanded with success in osteosarcoma. However obtained levels were

11



too low in regard to the requirement for immunotherapy [83,84]. In addition, while expanded
TILs had higher cytotoxic properties against allogeneic and autologous tumor cells compared
to autologous blood peripheral lymphocytes (Figure 1A), a low expression of
immunomodulatory molecules on osteosarcoma cells or/and the secretion of suppressive
mediators may prevent activation and expansion of these TILs [78]. This local
immunosuppression has been extensively studied in the last five years. Ligands of B7 protein
family are usually expressed by antigen presenting cells and modulate T-lymphocyte
activities. This family includes three subgroups: i) B7-1, B7-2, and ICOS-L; ii) Programmed
Death Ligand 1 (PD-L1) and 2 (PD-L2); ii1) B7-H3, B7x, and HERV-H LTR-associating 2
(HHLA?2) [85,86]. Osteosarcoma cells express several members of the B7 family to escape to
the immune cells. Osteosarcoma cells express HHLA2 and PDL-1 proteins. HHLA2 levels
were not associated with the total number of TILs detectable. However, these authors
observed a positive correlation with the presence of CD3" T-lymphocytes, CD20" B-
lymphocytes, CD1a" dendritic cells and CD68" macrophages [78]. HHLA2 expression was
higher in metastatic specimens than in non-metastatic samples and was correlated with
metastatic disease and poor survival rate [78]. HHLA2 could then contribute to the local
immunosuppression in osteosarcoma. Similarly, osteosarcoma cells express B7-H3 which is
correlated with the aggressiveness of the disease and metastatic capacity [85,86]. Program
Death Ligand-1 (PDL-1) and PDL-2 were also detectable in all osteosarcoma cases [89-94].
The binding of PDL-1 and PDL-2 to PD-1 expressed by T-lymphocytes negatively regulates
activating signal initiated by T-cell receptor following the presentation of tumor peptides
associated with the major-histocompatibility system (Figure 1B). The main functional
consequence is the inhibition of their cytotoxic properties contributing to the local
immunosuppression and then tumor progression. In parallel, PD-1 was expressed in TIL [95]

and was increased in peripheral CD4" and CD8" T-lymphocytes [96]. Based on these data, the
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blockade of PD-1/PDL-1 interaction in osteosarcoma-bearing mice led to a decreased tumor
burden and an improvement of overall survival [97]. The aberrant expression in
osteosarcoma, the expression of PD-1 by TILs and the therapeutic benefit for blocking PD-
1/PDL-1 interaction in preclinical models have justified the design of clinical trials. Three
clinical trials using anti-PD1 antibody (Pembrolizumab and Nivolumab) are currently

recruiting patients with advanced disease (Table 1).

vdT lymphocytes are key effectors of innate immunity by harboring TCR enabling the
recognition of non-peptidic antigens such as microbial metabolites (e.g.
pyrophosphomonoesters and alkylamines) or synthetic compounds such nitrogen-containing
bisphosphonates [98]. Internalization of nitrogen-containing bisphosphonates by peripheral
blood mononuclear cells leads to intracellular accumulation of isopentenyl pyrophosphate
(IPP). IPP then increases Vy9Vd2 T-cell proliferation (the main subtype of ydT-cells) in a
Vy9V62 T-cell receptor (TCR)-dependent manner and facilitates their expansion. Due to their
high representation into the tumor microenvironment and their cytotoxic capacity, VyoVo2 T
cells stimulated immunotherapeutic approaches in osteosarcoma [99-100]. Unfortunately,
whether this therapeutic approach was promising, there are recent emerging evidences of yo T
cell subsets with immunosuppressive activities modulated by PDL-1/PD-1 system [103].
Numerous immunotherapies were assessed to modulate the tumor microenvironment and to
reactivate a prolonged and efficient immune response [6]. Adoptive cell therapies based on
TIL as described above and generating antigen-specific lymphocytes [103-105], dendritic
cells [106-112], NK cells [113-118] were developed mostly in vitro and in pre-clinical model
of osteosarcoma. Several clinical trials are currently in progress for evaluating their

therapeutic efficacy in patients (Table 1).
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Patient-derived orthotopic mouse models of osteosarcoma as support of immunotherapy
development

Patient-derived xenograft models consist in the implantation of small tumor fragments from
sarcoma patients into immunodeficient NOD-SCID mice. The main advantage of the PDX-
models is the possibility of expanding the tumor tissues by retaining the original tumor
architecture. The expansion of tumour tissue in PDX-models can occur for several more
passages and still keep the original tumour cell/stromal architecture in place [119-121].
Several models of PDX of osteosarcoma has been described in the literature for various
assessment including epigenomic, drug testing and therapeutic development [122-126]. These
immunodeficient were very recently used for analysing the tumor-targeting amino-acid-
auxotrophic strain Salmonella typhimurium A1-R [125,126]. Salmonella typhimurium A1-R
exhibit a marked potential for infecting cancer cells and inducing cell death. More
interestingly, bacteria induced the regression of cisplatin-resistant relapsed tumors [126].
Bacteria could then enhance the immune system and decrease its permissiveness to cancer
cells. PDX models can be humanized and represent a new tool for the development of

immunotherapy [126].

Conclusions

Osteosarcomas are rare bone malignant tumors which can occur in children and adolescents
without a mature immune system. Unfortunately, the rate of therapeutic response was not
improved since decades and the survival of osteosarcoma patients remains very low,
specifically for metastatic patients. The crosstalk established between cancer cells and their
microenvironment fuels the tumor growth by inducing a local immunosuppressive
environment. Bone cells, mesenchymal stem cells, macrophages and cancer cells act in

concert to reduce the proliferation of infiltrating T lymphocyte and to limit the immune
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response. The future challenge in osteosarcoma will be to reprogram the microenvironment in

order to enhance antitumor immune responses.
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Table 1: Ongoing clinical trials in osteosarcoma based on immunotherapy

Effector/target | Phase Title NCT Number
T lymphocytes I To evaluate the efficacy of NY-ESO-1-specific T Cell Receptor (TCR) affinity enhancing specific 03159585
T cell in solid tumors
I CR-aB+ and CD19+ depleted KIR/KIR ligand-mismatched haploidentical hematopoietic stem 02508038
cell transplant and zoledronate for pediatric relapsed/refractory hematologic malignancies and
high risk solid tumors
I A Phase | trial of the humanized anti-GD2 antibody In children And adolescents With 00743496
neuroblastoma, osteosarcoma, Ewing sarcoma and melanoma
I Activated T cells armed with GD2 bispecific antibody in children and young adults with 02173093
neuroblastoma and osteosarcoma
I A phase | trial of T cells expressing an anti-GD2 chimeric antigen receptor in children and young 02107963
Adults with GD2+ solid tumours
I iC9-GD2-CAR-VZV-CTLs/refractory or metastatic GD2-positive sarcoma/VEGAS 01953900
Il Humanized monoclonal Antibody 3F8 (Hu3F8) with granulocyte-macrophage colony stimulating 02502786
factor (GM-CSF) in the treatment of recurrent osteosarcoma
Il Dinutuximab in combination with sargramostim in treating patients with recurrent osteosarcoma 02484443
Natural killer I/l Pilot study of expanded, activated haploidentical natural killer cell infusions for sarcomas 02409576
cells Il Phase 2 STIR trial: haploidentical transplant and donor natural killer cells for solid tumors (STIR) 02100891
Dendritic cells I A phase | trial of dendritic cell vaccination with and without inhibition of myeloid derived 01803152
suppressor cells by gemcitabine pre-treatment for children and adults with sarcoma
Macrophage Il A Eurosarc study of mifamurtide in advanced osteosarcoma (MEMOS) 02441309
/11 ABCB1/P-glycoprotein Expression as biologic stratification factor for patients with non metastatic 01459484
osteosarcoma (ISG/OS-2)
Avelumab (anti- Il A Phase Il Trial of Avelumab, A Fully Human Antibody That Targets Cells Expressing PD-L1, in 03006848
PD-L1) Patients With Recurrent or Progressive Osteosarcoma
Il SARCO028: A phase Il study of the anti-PD1 antibody pembrolizumab (MK-3475) in patients with 02301039
Pembrolizumab advanced sarcomas
(anti-PD1) Il PROMO: A study of pembrolizumab in patients with relapsed or metastatic osteosarcoma not 03013127
eligible for curative surgery
Nivolumab I Nivolumab with or without ipilimumab in treating younger patients with recurrent or refractory 02304458
(anti-PD1) solid tumors or sarcomas
Nivolumab + Il A Phase |l Single Arm Study Assessing Efficacy & Safety of Nivolumab Plus Ipilimumab in 02982486
Ipilimumab Nonresectable/Metastatic Sarcoma and Endometrial Carcinoma Patients With Somatic Deficient

(anti-CTL4)
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Figure legends

Figure 1: T lymphocyte infiltration of osteosarcoma tissues. (A) Immunohistochemistry
demonstrating the CD3" infiltrate of human osteosarcoma tissues. CD3 cells are mainly
composed by CD8 T lymphocyte populations and a low number of CD4" cells. Immune local
microenvironment of osteosarcoma cells is also composed by B lymphocytes (CD20) and a
modest CD117 cell (mast cell) infiltrate. Osteosarcoma cells express PDL-1 which binds to
PD-1 and/or B7/1 expressed at the cell surface of T lymphocytes. The binding of PDL-1 to
PD-1 is associated with inhibiting downstream signaling which counterbalances the activation
signal triggered by tumor-associated antigen presented by the major-histocompatibility
system (MHC) to T cell receptor (TCR) and results in the reduction of T cell proliferation and
an increase of their apoptosis. (B) Rat tumor infiltration lymphocytes (TIL) isolated and
expanded from OSRGa Sprague Dawley osteosarcoma [79]. Expanded TILs are composed
CD4 and CDS cells which show a higher in vitro cytotoxic activity measured by chromium
release. Similar infiltrate was observed in human samples [80]. PBL: Peripheral Blood

Leukocytes; CD25: Interleukin-2 receptor alpha chain.

Figure 2: Osteosarcoma tissues are invaded by numerous macrophages controlling the
behavior of cancer cells. The number of CD68" Tumor-Associated Macrophages (TAMs) in
primary tumors prior chemotherapy is quantitatively similar in non-metastatic and metastatic
patients. However, the number of INOS™ MIl-polarized macrophages are higher in non-
metastatic than in metastatic patients leading to a dysregulation of the balance between INOS™
M1 and CD163" M2 macrophage subtypes in favor to M1 cells. Consequently, this
dysregulation leads to the establishment of a local tolerance, an increase of tumor

vascularization facilitating the metastatic process.
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