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Tumor-infiltrating macrophages are
associated with metastasis suppression



ABSTRACT

PURPOSE: High-grade osteosarcoma is a malignant primary bone tumor with a peak incidence
in adolescence. Overall survival of patients with resectable metastatic disease is approximately
twenty percent. The exact mechanisms of development of metastases in osteosarcoma
remain unclear. Most studies focus on tumor cells, but it is increasingly evident that stroma
plays an important role in tumorigenesis and metastasis. We investigated the development
of metastasis by studying tumor cells and their stromal context. EXPERIMENTAL DESIGN:
To identify gene signatures playing a role in metastasis, we performed genome-wide gene
expression profiling on prechemotherapy biopsies of patients who did (n=34) and patients
who did not (n=19) develop metastases within five years. Immunohistochemistry was
performed on pre-treatment biopsies from two additional cohorts (n=63 and n=16), and on
corresponding post-chemotherapy resections and metastases. RESULTS: 118/132 differentially
expressed genes were upregulated in patients without metastases. Remarkably, almost half of
these upregulated genes had immunological functions, particularly related to macrophages.
Macrophage associated genes were expressed by infiltrating cells and not by osteosarcoma
cells. Tumor-associated macrophages (TAMs) were quantified with immunohistochemistry
and were associated with significantly better overall survival in the additional patient cohorts.
Osteosarcoma samples contained both M1 (CD14/HLA-DRa. positive) and M2 type TAMs (CD14/
CD163 positive and association with angiogenesis). CONCLUSION: In contrast to most other
tumor types, TAMs are associated with reduced metastasis and improved survival in high-grade
osteosarcoma. This study provides a biological rationale for the adjuvant treatment of high-
grade osteosarcoma patients with macrophage-activating agents, such as muramyl tripeptide.



INTRODUCTION

High-grade osteosarcoma is a malignant bone tumor characterized by the production of
osteoid. The highest incidence is in adolescent patients, with a second peak in patients over
40 years of age [214]. Despite wide-margin surgery and intensification of chemotherapeutic
treatment, overall survival rates have reached a plateau at about sixty percent [13;24;141]. Novel
treatment modalities are needed, but data on critical biological mechanisms allowing the
development of novel therapeutic agents are scarce for this relatively rare tumor. In addition
to conventional chemotherapeutic agents, recent trials have explored immunostimulatory
strategies. The ongoing EURAMOS-1 trial randomizes for treatment with interferon (IFN)-o
in patients with good histological response to neo-adjuvant chemotherapy [160]. A recently
published clinical trial has shown improved overall survival for osteosarcoma patients treated
with the macrophage activating agent muramyl tripeptide (MTP) added to the standard
chemotherapy regimen [170]. However, only limited information on macrophage infiltration
and activation in osteosarcoma is available [126].

Tumor-associated macrophages (TAMs) may promote tumorigenesis through
immunosuppression, expression of matrix-degrading proteins and support of angiogenesis. In
numerous cancer types, high numbers of M2 or ‘alternatively activated” TAMs are associated
with a worse prognosis [93;112;138;146;266;273]. M2 macrophages have important functions
in wound-healing and angiogenesis, express high levels of the immunosuppressive cytokines
IL-10 and TGF-f3 and express scavenger receptors such as CD163 [210;237]. ‘Classical activation’
of macrophages by interferon-y or microbial products results in polarization towards M1 type
macrophages. M1 macrophages express high levels of pro-inflammatory cytokines such as
interleukin (1L)-12, IL-1, and IL-6 and have potent anti-tumor efficacy, both by reactive oxygen
species and cytokine-induced cytotoxicity and by induction of natural killer (NK) and T cell
activity [188]. Rarely, high numbers of TAMs are associated with better prognosis [73;122]. In
these cases, TAMs are presumably polarized towards an M1 phenotype, although macrophage
subtypes were not reported in these two studies. Alternatively, macrophages may directly
phagocytose tumor cells, as has been demonstrated in acute myeloid leukemia [109].

To investigate the role of stroma and stroma-tumor interactions important in metastasis
of osteosarcoma, we investigated the development of metastasis by studying tumor cells
and their stromal context. Using genome-wide expression analysis, we showed that high
expression of macrophage-associated genes in pre-treatment biopsies was associated with a
lower risk of developing metastases. In addition, we quantified and characterized TAMs in two
independent cohorts, including pre-treatment biopsies, post-chemotherapy resections, and
metastatic lesions. In contrast to the tumor-supporting role for TAMs in most epithelial tumor
types, higher numbers of infiltrating TAMs correlated with better survival in osteosarcoma.
Our findings suggest that macrophages have direct or indirect anti-osteosarcoma activity
and provide a possible explanation for the beneficial effect of treatment with macrophage

activating agents in osteosarcoma.
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MATERIALS AND METHODS

Patient cohorts

Genome-wide expression profiling was performed on snap-frozen pre-treatment diagnostic
biopsies containing viable tumor material of 53 resectable high-grade osteosarcoma
patients from the EuroBoNet consortium (http://www.eurobonet.eu) (cohort 1). For
immunohistochemical validation a tissue microarray containing 145 formalin-fixed paraffin-
embedded (FFPE) samples of 88 consecutive high-grade osteosarcoma patients with primary
resectable disease (cohort 2) and 29 FFPE samples of a cohort of 20 consecutive high-grade
osteosarcoma patients with resectable disease were used (cohort 3), including material
from pre-treatment biopsies, postchemotherapy resections, and metastatic lesions [183].
Clinicopathological details can be found in Suppl. Table 4.1. All biological material was handled
in a coded fashion. Ethical guidelines of the individual European partners were followed and

samples and clinical data were stored in the EuroBoNet biobank.

Cell lines

The nineteen osteosarcoma cell lines HAL, HOS, HOS-143b, IOR/MOS,IOR/OS10, IOR/OS14, IOR/
OS15, IOR/OS18, IOR/OS9, KPD, MG-63, MHM,MNNG-HOS, OHS, OSA, Saos-2, SARG, U20S, and
ZK-58 were maintained in RPMI 1640 (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal
calf serum and 1% Penicillin/Streptomycin (Invitrogen) as previously described [199].

RNA isolation, cDNA synthesis, cRNA amplification, and Illumina
Human-6 v2.0 Expression BeadChip hybridization

Osteosarcoma tissue was snap-frozen in 2-Methylbutane (Sigma-Aldrich, Zwijndrecht, the
Netherlands) and stored at -70°C. Using a cryostat, 20 pm sections from each block were cut
and stained with hematoxylin and eosin to ensure at least 70% tumor content and viability. RNA
was isolated using TRizol (Invitrogen), followed by RNA clean-up using the QIAGEN Rneasy mini
kit with on-column DNAse treatment (Venlo, the Netherlands). RNA quality and concentration
were measured using an Agilent 2100 Bioanalyzer (Santa Clara,CA, USA) and Nanodrop
ND-1000 (Thermo Fisher Scientific, Waltham, MA, USA), respectively. Synthesis of cDNA, cRNA
amplification, and hybridization of cRNA onto the Illumina Human-6 v2.0 Expression BeadChips
(San Diego, CA, USA) were performed as per manufacturer’s instructions. Reverse transcriptase
quantative polymerase chain reaction (RT-qPCR) RT-qPCR analysis of selected target genes was
performed as previously described [220]. Each experiment was performed in duplicate using
an Automated Liquid-Handling System (Tecan, Genesis RSP 100, Mannedorf, Switzerland).
Data were normalized using geometric mean expression levels of three reference genes, i.e.
SRPR, CAPNST, and TBP using geNorm (http://medgen.ugent.be/~jvdesomp/genorm/). Primer

sequences can be found in Suppl. Table 4.2.

Enzymatic and fluorescent immunostainings
Enzymatic and fluorescent immunostainings were performed on 4 pm sections of FFPE tissue

as previously described [183]. Details regarding antibodies and procedures can be found in



Suppl. Table 4.3. In case of double immunohistochemistry (IHC), incubation with anti-CD45
and development with DAB+ (Dako, Glostrup, Denmark) occurred first, followed by a second
antigen retrieval before incubation with either anti-CD163 or anti-HLA-DRa and development
using the alkaline-phosphatase substrate Vector Blue (Vector Labs, Burlingam, CA, USA). In case
of double immunofluorescent (IF) stainings, primary antibodies were co-incubated overnight.
As a positive control normal and formic acid decalcified tonsil was used, as a negative control
no primary antibody was added. Tissue microarray slides were scanned using the MIRAX SCAN
slide scanner and software (Zeiss, Mirax 3D Histech, Hungary). Numbers of positively stained cells
and vessels were counted using ImageJ (National Institutes of Health, Bethesda, Maryland, USA)
and averaged per 0.6 mm core. IF and double IHC images were acquired using a Leica DM4000B
microscope (Wetzlar, Germany) fitted with a CRI Nuance spectral analyzer (Cambridge Research
and Instrumentation Inc., Woburn, MA, USA) and analyzed using the supplied co-localization tool

to determine percentage of single and double positive pixels per region of interest.

Microarray data analysis

Gene expression data were exported from BeadStudio version 3.1.3.0 (Illumina) in GeneSpring
probe profileformatand processed and analyzed using the statisticallanguage R[211]. AsIllumina
identifiers are not stable and consistent between different chip versions, raw oligonucleotide
sequences were converted to nulDs [59]. Data were transformed using the variance stabilizing
transformation algorithm to take advantage of the large number of technical replicates
available on the Illumina BeadChips [145]. Transformed data were normalized using robust
spline normalization, an algorithm combining features of quantile and loess normalization,
specifically designed to normalize variance stabilized data. All microarray data processing was
carried out using Bioconductor package lumi [60;84]. Quality control was performed using
Bioconductor package arrayQualityMetrics [119]. MIAME-compliant data have been deposited
in the GEO database (www.ncbi.nlm.nih.gov/geo/, accession number GSE21257).

Statistical analysis

Differential expression between patients who did (n=34) and did not (n=19) develop metastases
within five years from diagnosis of the primary tumor was determined using Linear Models
for Microarray Data (LIMMA),[240] applying a Benjamini and Hochberg False Discovery Rate
adjusted P-value cut-off of 0.05. Other univariate statistical analyses were performed using
GraphPad Prism software (version 5.01, La Jolla, California, USA). Multivariate survival analyses
were carried out according to the Cox proportional hazards model in SPSS (version 16.0.2,
Chicago, lllinois, USA). Two-sided P-values <0.05 were determined to be significant; P-values
between 0.05 and 0.15 were defined to be a trend.
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RESULTS

High expression of macrophage-associated genes in osteosarcoma
biopsies of patients who did not develop metastases within five years
from diagnosis (cohort 1)

Comparison of genome-wide gene expression in tumors of patients who did and did not
develop metastases within five years resulted in 139 significantly differentially expressed (DE)
probes, of which 125 corresponded to 118 upregulated and 14 to downregulated genes in
patients who did not develop metastases. A summary of DE genes and detailed descriptions
of all probes can be found in Table 4.1 and Suppl. Table 4.4, respectively. Two DE genes were
specific for macrophages (CD74 and MSRT) and 30/132 of the DE genes were associated with
macrophage functions such as antigen processing and presentation (e.g. HLA-DRA and CD74)
or pattern recognition (e.g. TLR4 and NLRP3). Overall, approximately 20% of the upregulated
probes corresponded to genes which were associated with macrophage function and
development and an additional 25% of the upregulated probes corresponded to genes with
other immunological functions, such as cytokine production and phagocytosis. Four genes
were selected for validation of the microarray data using RT-qPCR: CD14, HLA-DRA, CLEC5A,
and FCGR2A. Expression levels as determined by RTGPCR correlated well with expression levels
obtained by microarray analysis (Suppl. Fig. 4.1). Metastases-free survival curves of the same
cohort, generated using median expression of the probe of interest as a cut-off determining
low and high expression, are shown in Fig. 4.1b and in Suppl. Fig. 4.2. Cox proportional hazards
analysis revealed expression of macrophage-associated genes CD14 and HLA-DRA to be

independently associated with metastasis free survival (Suppl. Table 4.5).

Macrophage-associated genes are expressed by infiltrating
hematopoietic cells and not by tumor cells

The most probable source of expression of the differentially expressed macrophage-associated
geneswere infiltratingimmune cells and not osteosarcoma cells. To confirm this, we performed
qRT-PCR of CD14 and HLA-DRA on osteosarcoma cell lines (n=19) and biopsies (n=45, a subset
of cohort 1). CD14 and HLA-DRA expression was variable in osteosarcoma biopsies, but
almost undetectable in cell lines. This indicates that these macrophage-associated genes
were not expressed by tumor cells but by infiltrating cells, since only osteosarcoma biopsies
contain macrophage infiltrate, whereas RNA from cell lines is exclusively from tumor cells
(Fig. 4.1a, P-value Mann-Whitney U test <0.0001). In addition, we performed double IHC for
the hematopoietic cell marker CD45, which is not expressed by osteosarcoma tumor cells, and
the macrophage marker CD163 or the macrophage-associated protein HLA-DRa (Fig. 4.1c). We
chose this approach because no reliable osteosarcoma markers are available (1). Our results
confirmed that infiltrating, hematopoietic cells were the source of the macrophage-associated
gene expression levels. Together, these data show that osteosarcoma tumor cells do not
express macrophage-associated genes, neither in vitro nor in vivo.
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Fig. 4.1 Macrophage-associated genes are not expressed by osteosarcoma tumor cells. a, RT-qPCR of
osteosarcoma cell lines and biopsies of CD74 and HLA-DRA demonstrating lack of expression by osteosarcoma

ek

cells. P-value Mann-Whitney U test <0.0001 noted as b, high expression of macrophage associated
genes was associated with a better metastasis-free survival (cohort 1, Kaplan-Meier curve, P-value obtained
using logrank test, patients with metastasis at diagnosis have an event at t=0. These patients are included,
because patients who develop metastases later on may as well have micrometastases at time of diagnosis.
Metastasis-free survival curves for HLA-DRA, CLECS5A, and FCGR2A can be found in Supplemental Figure 2.
¢, double immunohistochemical staining of CD163 with the hematopoietic cell marker CD45 was performed
with haematoxylin counterstain (H) and analyzed using spectral imaging microscopy. The pseudo-
immunofluorescent image (pseudo-IF) shows CD163 positive cells in red, CD45 positive cells in green and co-
localization of both markers in orange. Lack of expression of CD163 and CD45 on surrounding tumor cells (dark
blue) and some single positive CD45 cells can be noted.



Macrophage numbers in osteosarcoma biopsies correlate with

CD14 gene expression levels and are positively associated with
localized disease and better outcome (cohorts 2 and 3)

To confirm the presence of TAMs in osteosarcoma we stained a tissue microarray containing 145
samples of 88 patients for the macrophage marker CD14 and counted the number of positive
cells per tissue microarray core (cohort 2, Fig. 4.2a). CD14 was chosen as opposed to CDé68
because the latter marker is not expressed by monocytes and often shows cross-reactivity with
mesenchymal tissue (data not shown). Number of CD14 positive cells per tissue microarray
core correlated significantly with CD74 mRNA expression levels (14 samples overlap with gene
expression analysis, Spearman correlation coefficient 0.64, P-value = 0.01). Similar to the gene
expression data, there was a trend for patients with primary localized disease to have higher
numbers of macrophages in pre-treatment diagnostic biopsies than patients with metastatic
disease at presentation (mean number of macrophages per core 55 vs. 27, Mann-Whitney U
test P-value 0.09). Also, patients with high macrophage counts at diagnosis tended to be less
likely to develop metastases within five years (%2 P-value 0.13). We subdivided this cohort into
four quartiles based on numbers of CD14 positive cells in order to determine the group with
the best overall survival. No significant differences were found between quartiles 2-4, but
patients beloning to this group had better overall survival as compared to patients with low
CD14 counts (lowest quartile, or less than 12 CD14 positive cells per tissue array core, Fig. 4.2b,
P-value log-rank test = 0.02). In another cohort of 16 patients, IF staining of CD14, CD163 and
HLA-DRa was performed, again confirming a potential prognostic value of high macrophage
numbers (cohort 3, Fig. 4.3, P-value log-rank test = 0.01 and Suppl. Fig. 4.3).

Macrophages in osteosarcoma have both M1 and M2 characteristics

To determine the phenotype of macrophages present in osteosarcoma, we performed
double IHC with CD14 and either the Ml-associated marker HLA-DRa. or the M2-associated
marker CD163. Not all CD163 and HLA-DR positive infiltrating cells expressed CD14 (Fig. 4.3a
and Suppl. Fig. 4.3a). The total number of macrophages as determined by quantifying CD14
positive macrophages was associated with good survival (Fig. 4.3b), but the phenotype of the
macrophages (CD14/CD163 double positive versus CD14/HLA-DRa. double positive) was not
(Suppl. Fig. 4.3b and data not shown). Another M2 characteristic is support of angiogenesis.
The number of CD14 positive macrophages correlated with the number of CD31 positive vessels
(Fig. 4.2a and Fig. 4.4), but vascularity did not correlate with prognosis (data not shown).

Macrophage numbers in diagnostic biopsies may predict histological
response to chemotherapy and macrophage number increases
following chemotherapy treatment

There was a trend for high macrophage count (highest three quartiles or >12 CD14-positive
cells per tissue array core) in pre-chemotherapy diagnostic biopsies of the primary tumor to
predict for good histological response to neoadjuvant chemotherapy (defined as more than
90% non-vital tumor tissue upon final resection), since 46% of patients with high macrophage
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Fig. 4.2 a, example of representative stainings of high-grade osteosarcoma with high (left panels) versus low
(right panels) levels of macrophage infiltration (CD14 staining) and vascular density (CD31 staining). b, high
numbers of infiltrating macrophages (left panel, defined as the three upper quartiles, or more than twelve CD14
positive cells per tissue array core) are associated with better overall survival (right panel, P-value logrank test =
0.02, cohort 2). Q1, lowest quartile; Q2, 3, 4, three highest quartiles.

numbers and 18% of patients with low macrophage numbers had a good histological response
(cohort 2; y2 P-value 0.09). The prognostic benefit of macrophage counts in osteosarcoma was
not independent of histological response using Cox proportional hazard analysis. Macrophage
numbers were higher in post-chemotherapy resections of the primary tumor as compared to
the pre-chemotherapy biopsies (Suppl. Fig. 4.4). Moreover, gene expression analysis showed
upregulation of macrophage-associated probes in post-chemotherapy resections (n=4) as
compared with pre-chemotherapy biopsies (n=79, data not shown).
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Fig. 4.3 a, osteosarcoma samples are infiltrated with CD14 and CD163 single and double positive macrophages.
Spectral imaging was used to reduce auto-fluorescence of osteosarcoma cells. In the composite image,
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double positive cells are represented in yellow. Background auto-fluorescence of tumor cells is represented
in grey. b, in an independent cohort of 16 patients (cohort 3), high macrophage infiltration as determined by
immunofluorescent CD14 staining was associated with significantly improved overall survival. P-values obtained
using logrank test, cut-off at the median.

DISCUSSION

Overall survival of high-grade osteosarcoma patients with resectable metastatic disease is poor at
about twenty percent [32]. Mechanisms for the development of metastases in osteosarcoma are
elusive. To identify genes that play a role in this process, we performed genome-wide expression
profiling on pre-chemotherapy biopsies of osteosarcoma patients. We compared patients who
developed clinically detectable metastases within five years with patients who did not develop
metastases within this time frame (cohort 1). About 20% percent of genes overexpressed in
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Fig. 4.4 Macrophage infiltration as determined by CD14 positive cell count correlated with vascularity as
determined by CD31 positive vessel count. Data of all osteosarcoma samples (pre- and post-treatment primary
tumor and metastatic samples, cohort 2) is shown. Q1, lowest quartile; Q2, 3, 4, three highest quartiles. Kruskal-
Wallis test P<0.0001, Dunn’s post-test P-values <0.05 noted as *, <0.001 noted as ***.

patients without metastases were macrophage-associated, while an additional 25% percent of
genes had other immunological functions (for example in phagocytosis, complement activation
or cytokine production and response) but could still be attributed to macrophages (Table 4.1
and Suppl. Table 4.4). Thus, in total almost half of the differentially expressed genes belonged to
one specific process, i.e. macrophage function. Macrophage-associated genes were expressed
by infiltrating hematopoietic cells and not by osteosarcoma tumor cells (Fig. 4.1), indicating
a possible role for macrophages in preventing metastasis in osteosarcoma. To confirm these
findings, we quantified infiltrating macrophages in two additional cohorts (cohort 2 and 3) and
found an association with better overall survival in both cohorts.

The anti-metastatic effect of TAMs in osteosarcoma is remarkable, since TAMs support
tumor growth in a substantial number of other cancers, which are mostly tumors of epithelial
origin. For example, macrophages are associated with the angiogenic switch in breast cancer
[144]. We find an association between macrophage infiltration and higher microvessel density,
which suggests that the influx of macrophages may support certain aspects of tumor growth
in osteosarcoma as well. However, in the case of osteosarcoma, direct or indirect anti-tumor
activity of macrophages apparently outweighs their possible tumor-supporting effects.
Macrophages can alter their phenotype from M2 to M1 and become the tumor’s foe instead
of its friend, given the right circumstances [35;92;239]. The TAMs that were identified in this
study in osteosarcoma had both M1 and M2 characteristics. The expression of CD163 and
the association with angiogenesis are M2 characteristics [144;195]. Some of the differentially
expressed genes, such as MSRT and MS4A6A are specific for M2 macrophages in vitro [161].
Others, such as the pro-inflammatory cytokine IL1B are more indicative of an M1 phenotype



[188]. How macrophages inhibit osteosarcoma metastasis and if a balance between M1 and M2
type functions is responsible, is unknown.

Inamultivariate regression model, the survival benefit of high TAM numbers was at least partly
dependent on histological response to chemotherapy. Chemotherapy can cause “immunogenic
cell death” of cancer cells, resulting in the release of endogenous danger signals [129;288]. The
binding of these danger signals to pattern recognition receptors on macrophages can skew
polarization of M2 to M1 type TAMs. The interaction between dying tumor cells and resident
TAMs may facilitate clearance or inhibit outgrowth of metastatic tumor cells. However, patients
with localized disease at diagnosis tended to have a larger macrophage infiltrate than patients
with metastatic disease at diagnosis (mean number of macrophages per core 55 vs. 27). At this
point, patients have not undergone chemotherapeutictreatment yetand aninteraction between
chemotherapy and macrophages can therefore not be responsible for the anti-metastatic
effect of macrophages. Perhaps the anti-metastatic effect of TAMs in these patients is due to
the constitutive presence of macrophages with an M1 phenotype. Alternatively, the presence
of macrophages might be a reflection of a microenvironment not conducive for metastasis.
Although preliminary analysis of a clinical trial investigating the effect of treatment with the
macrophage activating agent MTP yielded conflicting results, subsequent analysis revealed that
treatment with MTP improved six-year overall survival from 70 to 78% in a cohort of patients
with primary localized disease [169;170]. Similar results were obtained in canine osteosarcoma
[134]. MTP is a synthetic derivative of muramyl dipeptide (MDP), a common bacterial cell wall
component. Muropeptides bind to intracellular pattern recognition receptors of the nucleotide-
binding and oligomerization domain (NOD) like (NLR) family, expressed by macrophages [82].
In our study, five genes associated with NLR family signaling and the associated ‘inflammasome’
were highly expressed in pre-treatment biopsies of patients who do not develop metastases.
The differentially expressed genes NLRP3, NAIP, NLRC4 and PYCARD are components of the
inflammasome, LYZis a lysozyme which processes bacterial cell wall peptidoglycan into muramyl
dipeptide, a ubiquitous natural analogue of MTP and IL1B is the downstream effector cytokine
of the inflammasome pathway. Further research is needed to clarify if only patients with high
numbers of TAMs benefit from MTP treatment, or if MTP treatment is effective regardless of
macrophage number or activation status pre-treatment. Also, it is unknown if treatment with
agents promoting macrophage migration or with other macrophage activating agents like
toll-like receptor ligands or interferons have a similar beneficial effect on outcome.

Previous genome-wide expression profiling studies in osteosarcoma focused on identifying
genes that predict histological response to neo-adjuvant chemotherapy [153;176;194;229]. As a
consequence, the importance of macrophages in controlling metastases was not recognized.
However, we previously compared gene expression profiles of osteosarcoma biopsies and
cultured mesenchymal stem cells and determined which genes are expressed by tumor stroma
and not by tumor cells [47]. There is considerable overlap between the stromal genes identified
in our previous study and the macrophage-associated genes identified in the present study
(including HLA class Il genes as the most prevalent differentially expressed group of genes and
the macrophage-associated genes MSRT, MS4A6A, and FCFGR2A).
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In conclusion, we demonstrated the presence and clinical significance of TAMs in pre-
treatment samples of high-grade osteosarcoma. TAMs in osteosarcoma are a heterogeneous
cell population with both M1 anti-tumor and M2 pro-tumor characteristics. Although the exact
mechanism by which macrophages exert their anti-metastatic functions is still unknown, this
study provides an important biological rationale for the treatment of osteosarcoma patients
with macrophage activating agents.
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Suppl. Fig. 4.2 High levels of HLA-DRA, CLECSA and FCGR2A as determined using genome-wide expression
profiling was associated with significantly improved metastases free survival. P-values obtained using logrank
method, cut-off at the median (cohort 1).
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Suppl. Fig. 4.3 a, osteosarcoma samples are infiltrated with CD14 and HLA-DRa single and double positive
macrophages. Spectral imaging was used to reduce auto-fluorescence of osteosarcoma cells. In the composite
image, CD14 positive cells are represented in green, HLA-DRa. positive cells are represented in red, and CD14/
HLA-DRa double positive cells are represented in yellow. Background auto-fluorescence of tumor cells is
represented in grey. b, in 16 patients treated according to the EURAMOS-1 protocol (cohort 3), there was a trend
for high macrophage infiltration as determined by immunofluorescent HLA-DRa and CD163 to be associated with
improved overall survival. P-values obtained using logrank test, cut-off at the median.
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Suppl. Fig. 4.4 In post-chemotherapy samples, macrophage numbers increased (post-chemotherapy resections
of the primary tumor vs. pre-treatment diagnostic biopsies, cohort 2). Kruskal-Wallis test P-value = 0.0094,
Dunn’s post-test P-value <0.05 noted as *.
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Suppl. Table 4.1 Clinicopathological data of osteosarcoma samples and patient characteristics. Treatment

regimens containing high-dose methotrexate (M), doxorubicin (A), cisplatin (P) and/or ifosfamide (1) were used. ]
Patient characteristics Cohort1 Cohort2 Cohort 3 2
Samples used for: Microarray analysis Tissue microarray: CD14  Immunofluorescent staining
and CD31 staining of CD14, CD163, HLA-DRot 3
Total nr of samples 53 (of 53 patients) 145 (of 88 patients) 29 (of 20 patients)
pre-treatment biopsies 53 (of 53 patients) 73 (of 73 patients) 16 (of 16 patients)
of primary tumor
post-chemotherapy resections 0 45 (of 45 patients) 13 (of 13 patients) T
of primary tumor
metastatic lesions 0 24 (of 15 patients) 0 B 767 77777
Year of diagnosis 1986-2006 1984-2003 2007-2008 7
Institution
LUMC, Netherlands 27 all all 8
IOR, Italy 7
LOH, Sweden 2 _ ,8,( ,,,,,
Radiumhospitalet, Norway 1 _
WWUM, Germany 16 g
Treatment regimens MAPI, MAP, PIA, AP AP, PIA MAP g’
Location of primary tumor n (%) n (%) n (%) g
Femur 27 (50.1) 45 (51.1) 18(62.7) 3
Tibia/fibula 17 (327) 31(352) 6(207) Es
Humerus 8.(151) 10 (11.4) 5(17.2) @
Axial skeleton 0(0) 100 0(0) S
Hand 0(0) 100) 0(0) 2
Unknown/ other 101.9) 0(0) 1(3.4) %
Histological subtype é
Conventional osteosarcoma 2
- osteoblastic 32 (60.4) 59 (67.0) 19 (65.5) ?,_D,
- chondroblastic 6(11.3) 9(10.2) 3(10.3) %
- fibroblastic 5(9.4) 3(34) 1(3.4) o
- unusual 7(13.2) 8 (9.1) 2(69)
Telangiectatic 3(5.7) 6(6.8) 4(13.8)
High grade surface osteosarcoma 0(0) 1(1.0) 0(0)
Small cell osteosarcoma 0(0) 2(2.3) 0(0)

Histological response to pre-operative chemotherapy in the primary tumor

Unknown 6 (11.3) 12 (13.6) 1(3.4)

Poor response 29 (54.7) 48 (54.5) 15 (51.7)

Good response 18 (34.0) 28 (31.8) 13 (44.8)
Sex

Male 33(62.3) 47 (53.4) 14 (48.3)

65




Suppl. Table 4.2 RT-qPCR primer sequences. These sequences have been submitted to the Real Time PCR Primer
and Probe Database (http://medgen.ugent.be/rtprimerdb/). All PCR products were validated by sequencing.

Gene symbol  Productsize (bp)  Forward primer sequence (5’-3") Reverse primer sequence (5'-3")
CD14 198 GCCGCTGTGTAGGAAAGAAG AGGTTCGGAGAAGTTGCAGA
CLECS5A 128 GGCGTTGGATCAACAACTCT GATCCTGCGGTAGCTGATGT
FCGR2A 80 TATGTCCCAGAAACCTGTGG GGGAGCAGCTTGACTGTCTG
HLA-DRA 141 TGTAAGGCACATGGAGGTGA ATACCGCTGGAAAATGCTGA

Suppl. Table 4.3 Antibodies and conditions used for immunohistochemistry and immunofluorescence.

Antibody  Clone/ catalogue nr Company Methods

CD31 Ab-1, clone JC/70A  Neomarkers Fremont, CA, USA Antigen retrieval (AR): 1 mM EDTA
solution (pH 8.0). Secondary antibody
(2nd ab): Envision Horse Radish
Peroxidase (HRP) anti-mouse (Dako),
chromogen DAB+ (Dako, K3468)

CD14 Ab-2, clone 7 Neomarkers AR:10mM Tris/ T mM EDTA (pH 9.0).
2nd ab: Envision anti-mouse HRP (Dako)
followed by DAB+; Alexa Fluor-488 goat
anti-mouse 1gC2a (Invitrogen)

CD163 NCL-CD163 Novocastra, Newcastle Upon  AR: 10mM Tris/ 1 mM EDTA (pH 9.0).
Tyne, England 2nd ab: Envision anti-mouse HRP (Dako)
followed by DAB+; Goat-anti-mouse
alkaline phosphatase (AP) (Dako, nr)
followed by Vector Blue (Vector Labs);
Alexa Fluor-647 goat anti-mouse IgGl
(Invitrogen)

HLA-DRa TAL.1BS Dako AR:10mM Tris/ T mM EDTA (pH 9.0).2nd
ab: Envision anti-mouse HRP (Dako)
followed by DAB+; Goat-anti-mouse
(AP) (Dako) followed by Vector Blue;
Alexa Fluor-647 goat anti-mouse IgGl
(Invitrogen).

>
=}
[
—+
[0}
3
3
[=
2
=
~<
=
e}
%
—+
@
o
v
<}
=
(o)
o
3
[




— N O '\ 0 & Impact of macrophages on osteosarcoma metastases
‘sabeydosoew pue sa1Ado|nuelb jo uonouny
sobeydoJoew ‘se1hoo|nuesb  pue ‘Uoiennualayip ‘uonoNpPold Byl S|0JIUOD YdIym auiy0l1Ad e ‘z Jo1de) bune|nwiis Auojod
[basyal] J01dad8J aup|01AD 10} Jo1dadas d1swiposalay 8yl jo uungns eydie sy st susb siyy Aq pspodus uisloid syl vyZ4SD €/10°0 €9°0
*s9ss9201d Jo A1a1ieA e ul uoneziuebio anssiy pue uonessyijoid
[basjau] uonelsayljoid |9 ||22 4o Jore|nbal aanebau e si ydiym ‘4DO 01 paiejal si | 9j1|-Jo1dedas Jo1dey yimolb pioido  [TY4D0 €/10°0 €0
Buljeubis Joidadal
[tp1] 24 ‘uoissaiddnsounwiw| £4DD4 pPue gzynD4 spulq pue saipsadoid aaisseiddnsounwwi sey g oyj1|-usbounqiy Z104 €/10°0 wL
uoniqIyul ‘eayJJelp wnipos |e3iusbuod ul3nsas susb siy3 Ul suoelNw pue
J0128) YyIMmolb a1Ac01edsy  Jossaiddns sowny aAneind e st ausb siy] 10106} yimolb s1Ad01eday sAI10€ JO UOIIBWIO) B
[basyal] Jjossasddns Jown]  syuanaid yoiym JoleAlle 4DH siiqiyul uielosd syl 'z ‘@dAl zyiuny Jouqiyul asepiidad sulies ZINIdS €/10°0 60°L
siso1Ac06eyd ‘sjiydosinau
[basyal] ‘sobeydoioew Joydedals o4 s|iydoJsinau pue sabeydoioew Aq sisolAdobeyd ul panjoaur Joidedal 24 06| vzyDD4 1/10°0 UL
siso1A>obeyd 'sJ03dadas uoniubodal usaied onnAcobeyd
‘sobeydosoew ‘uoniubodas  oyoads-abeydosoew ase sio1dedal asay ] “Buidiids aaneusslje Aq palesauab sadAljuasayip
[8z] [bas)al] use1ed J01dadas Jabuaneds 93J41 9pnpdul yaiym ‘s101dadss Jabusneds sbeydoidew v ssepd ay3 sspodus ausb siy| LISW /100 650
s1Ac0u0W 'se1Adouow Aq paanpoud os|y “seisadosd 21x0101A
[LLzi9g] ‘A1121X0103AD ‘s|iydoulsog  pue |elsa3oeqiiue ‘[eJiAllue yiim sjiydoulsoa Aq Ajulew passasdxa ulajosd oluolied [iydouiso3  £3SYNY oLL0'0 /0
uononpoid puebi| & -yvdd ‘spuebi|-A-yvdd snousbopus jJo uononposd alelpaw pue sasuodsal AJojewweyul
‘sausliiona| ‘aseusbAxodi]  jo sedAl snowen ul pa1edljdwi usaq aABY UDIYM $311|0qeISW PIde DIUOPIYDRIR 3. S3USII10YNST]
[£97] [basyal] PIDB DIUOPIYDRIY  SISAUIUAS DUSII103N3| Jo) paJinbal si ‘aseuabAxodi|-g yum ‘Yoiym uislold e sapodus auab siyl  dvsxXOTv £€800°0 151
snJIA aNbuap ‘s15e|209150
‘sjiydosinau ‘sebeydosdew
J01dadal uonubooal 'sisauabolse|2093150 Ul 9|0J B sey e5D3 1D ‘sebeydosdew pue
[90L'65'6] usened ‘unda|adAl-)  spiydosinau sunnw ul passasdxa Alybiy si ysD31D ssnuia anbuaq spuiq yoiym unos| adAi-o  wsDITD 8£00°0 68°0
5|92 2111IpUSP plojRAW
‘sjiydosinau ‘se1Adouow 'S||92 21Ipusp plojsAw pue sjiydoiinau
[osz] ‘so1Ad0ydwA| g Jo1dadas o ‘se1Adouow ‘se1Ad0ydwA| g uo passaidxa jlnow AJolqiyul paseq-aulsolAl e yum yo4 Dbl gzyno4 S£00°0 18°0
S9OUBJ9YY spJomAa)| uondudseg  |oquAs lendlpe 2460

Juedyiubis 8q 01 pauIWIaIap SO°0> (|BAdIPR) ON|eA-d PRISNIPY "SIBSA 9AY UIYLIM $9SBISeISW L1IM Sjuaiied 01 paiedwod se saseiselaw
noyum siusned ul saybiy ase (D460)) abueyd pjoj 6oj aannisod e yum saqold "seduasajes buipnpul suondiidsap pajielap pue sauab passasdxa Ajlenuatesyid v+ 2|qel ‘|ddns

67




‘UIBWIOP JUBWYINIDSI
9sedsed e SUIRIUOD UYDIYM ‘DSY/QYVIAd Ule10.d a3j1|->0ads pajeldosse-sisordode ayi yiim

abeydosoew S12BJDIUI £4YTN "€€-T1 PUB 11| “@19qL-(11) UINa|4a1ul JO UOI3a29s pue Buissadoid ayy 0}
‘81Ac0uoW ‘swosewwejul  pes| Aj@rewin|n pue |-asedsed sajeAllde ued 1eyl axa|dwod ul10idinNwW e sl SWosewwejjul
[z8/] J01da2a) I|-QON 3y "X2|dWod SWOoseWWejul €dTVN 943} JO Jaquaw e si pue 103dadal I|-GON B SIEdYTIN  EdY TN 78100 90
2ouanbas YNYW ‘€ IN-0
umouyun  -50-2-94q-173-H-IN 2UOJ2 YNQ@? suaides OWoH z4d> dvDD IDN LSIN-0-50-2-999-1Z3-H-IN €100 Lo
‘(sebeydouoew ‘s|j@2 2npuap ‘se1hdoydwA| g :Ddv) s|j@2 Bunuasaid usbiue ul passaidxe aJe
sa|ndajow || sse|D “aus buipuiq spidad syy wouy sjndsjow (spidad uleyd JuelieAul pa1eIdosse
sobeydoJoew ‘s||@d || ssepd) 41D @Y1 asesjal 01 buidjay Aq sejndsjow || sse|> DHW jo buipeo| spnidad ayy ui aj0J
[basyal] DIIJPUBP ‘s|[92 g ‘|1 SSeP vIH  [eJIuad e sAejd @ 'S3|2IsA Je|n|[@2eJul Ul paiedo| sanbojesed uleyd e19q || SSeD VIH JO Wed  VIWG-VTH £/10°0 4
aousnbas
umouyun  YNJW ‘S 88520£9:3DVWI 2UOJD ¥NQ@D suaides owoH §ZL DDW ™ HIN $5902S0L™LINODNIDY €/10'0 £90
umousjun Bojowoy | JoAe| Jo1n0 sUBIqQWSW BUIRUA  [OWA £/10°0 €0
"95U0dsal auNWWI 3y SaYSIUIWIP
pue uoleAnde ||923-1 saie|nbas Ajpanebau ¢ uieloid pajeidosse-a1A>0ydwA|-1 21x0101A0 yum
u1e104d siya Jo Buipuig *||23-1 843 jo uoneande Joj [eubis Asole|nwiisod e s uabiue gzad
s||92 L jo yum uiao.d siya jo buipuig 4 uieroid pajeidosse-21A00ydwA|-1 21x0101A0 pue usbnue
uone|NWils-0d ‘sabeydosdew 87AD ‘s||92 L JO 92eyiNs ||92 ay3 1e suie10Jd omy Joy puebi| syl st 31 pue “(sebeydosdew
[basya] ‘S||22 211JpUBP ‘S||92 g ‘S||22 211Ipuap ‘se1AdoydwA| g :Ddv) s||92 bunuasaid-uabiue Aq passasdxa si uieyoid siy | 980D £/10°0 Ll
‘(sebeydouoew ‘s|j@2 2npuap ‘se1hdoydwA| g :Ddv) s|j@2 Bunussaid usbiue ul passaidxe ase
sa|ndajow || sse|D “aus bulpuiq spidad syy woly sjndsjow (spidsd uleyd JuelJeAul Pa1eID0SSe
sobeydouoew ‘s||@d || ssepd) dI1D @Y1 asesjal 01 buidjay Aq sejndsjow || sse|> DHW jo buipeo| spnidad aya ui 9|0l
[basyal] D1IJPUBP ‘s|[92 g ‘|1 SSeP YIH  [eJIudd e sAejd wQ "S3|2IseA Je|n|[@2eJul ul paiedo| sanbojesed uleyd e19q || sseP VIH JO Wed  gWA-VTH €/10°0 €Tl
$9|Nd3jowW || ssej2 DHW uo buipeo| spindad paieipsw
[basjal] S|122.g ‘I1SSeP VIH  -WQ-VTH s91e|nbay "s||22 g ul sawososA| ul punoj sanbojesed uleyd edje || ssed y1H Jo 1ed  YOQg-VTH £/10°0 60°L
9> | Jodued  sebeydoioew pue s||ed | JO JULIDRIIIE-OWSYD "SISOIB|2S0IBYIe Y1IM Pale1dossy ‘sisouboid
[z9L10L16] ‘ssbeydoloew ‘supjowsy) poob yim s91e[21102 J92UBD UOJOD PUE [BUBJ AG 911DXD JO UoIssaidx3 "g| puebi| jnow D-x-D  917DXD €/10°0 6.0
S90UBI9Y spJomAa)| uondudseg  |oquAs lendlpe 2460|

Innate immunity in osteosarcoma

panuiuo) ¥ 2|qelL ‘|ddns




— N O '\ 0 & Impact of macrophages on osteosarcoma metastases
‘(sebeydoudew ‘s||92 o1pusp ‘se1hdoydwA| g :Ddy) S92 bunusssid usbiue Uy passsidxs ase
sabeydoJoew ‘s||9d  so|n2sjow || sse|D sule1oid Jejn|jadeixa Woly paalap sapiidad bunuasaid Aq waisAs sunwiwi
[basya1]  2npuap ‘s|192 g ‘1 ssepd vH ay1 Ul 9j0J |esIuad e sAe|d 1) 'senbojesed uieyd eydje || sseD VIH Y1 Jo U0 SIVYA-VIH  VIJ-VTH 9%Z0°0 6L
ewouldsed Jejn|j@d0ieday Jo Juswdo|ansp ayi sassasddns
[66] Jossaiddns Jownl I3V ‘Neld pue ygid Jo Joie|nbas annebau e si | uteyold Bundesaiul aseuny-g-apisouoydsoyd  [dIENId 9%20°0 690
§||22 211puUap plojpAw
‘sjiydosinau ‘sshdouow 's|[@2 2111Jpuap plojsAw pue sjiydoiinau
[os2] ‘so1AooydwA| g J01dadas 04 ‘se1Ad0uow ‘se1Ad0ydwA| g uo passaidxs jnow Aloliqiyul paseg-suisosAl e yum yo4 06| gzynod /120°0 €8°0
siso1A>obeyd
J01da29J uoiubodal usaed 's||22 211Ad>0beyd uo passaidxs ale s101dadal
[Lz1] J01dedaJ spndad [Awioy 9s9Y| "elJpPUOYD01IW pue el91deq Ul sapiidad |Awsoy asuas ssoidedal spiidad [Awso4 Z7¥d4 S1ZO'0 'L
AON 'J03da22J QON 343}
[z8] ‘[basya)]  ‘uedA|Bopndad |jem [elsaloeg  puiq ued 1eyl susuodwod ul bunynsal ‘uedA|bopindad |jem |92 |e1sa12eq saARS|D dWAZOSA] ZAT S1Z00 8L
‘sabeydosoew pue sa1Ad0|nuelb jo uonouny
sebeydoloew ‘se1hoojnuesb  pue ‘uonennualayip ‘uondnNpold 8yl $|0JIUOD YdIym auiy0I1Ad e ‘z Jo1de) bunejnwiis Auojod
[basyal] J01dadas auRj01AD Joj J01dadas dLBWIpOIRIaY Y3 Jo uNgNs eyd|e ayl st auab siy1 Aq papodus uiloid oyl WYZ4SD SLZ0'0 69°0
Buidids aaneusale  uone|suesl pue ‘Bullipas YNYW Ul paAjoAul 9q os|e Aew pue Buidids aaleusalje YNy W-a.d
[basyal] ‘ui10.d BuipuIq YNY 21e|nbays Ajjwey ureoid siy1 jo syequiaw ‘z uieyold Buipuiq vNY ‘1eadas19|diIDND  ZdgDnND /810°0 0
[basyal] umouun UMOU3UN UODUNY ‘g aXfI|-ulwbeloldeuAs  £71A4S /810°0 0
‘uonejAsoydsoyd pjy ybnoiya sjj92 Jadued a1eisold Jo
adAjouayd anissasbbe Jo suo1dUNy [BD11112 SABY UBD 3SBUIY D-)d PUB gIMd "Ajllwe) Jo3qiyul
[st] [basyas] J01qIYul 3S_UD ‘I3 ‘D aseuy| u1a1o01d Juspuadap-dWy2 241 jo Jaquiaw e st auab siyy Aq pepoous uisioid ay | anld /8L0°0 1170
PV PUe ‘(1] 9seuB| WyD) Il 9seuly| uia1oid Juspuadap-uljnpow|ed
/wnio|ed ‘(Dxd) D aseuny| uislold Joy s1eJ1sqns snousbopus ue si §l-v3d/Q3d "Wwslogelsw
DIV ‘JI9seuny WyD - 950206 pue ‘uonelayljold ‘sisordode buipnjoul ‘suoiduny JB|N||9 [eIUSWepUN) JO Jaquinu
‘Id ‘wsijoqelsw 9s0onib e ul pajedydwi ‘passasdxa Ajsnoinbign ‘se1AdoJ1se ul Ajpenoied ‘waisAs snoassu esjued
[89] [bajay] ‘uonelayijold ‘sisoxdody sy ul passaidxe Ajpueulwopald uisloid buiuieluod-(Q3g) ulewop J01daYS Yiesp e si Sl ad SIV3Id 93810°0 19°0
siso1A>obeyd 'sJ0y3dadas uoniubodas usaied onAcobeyd
‘sobeydosoew ‘uoniubodas  oydads-abeydosoew ase sio1dedal asay ] “Buidiids saneusslje Aq palessuab sadAl Juasayip
[8z] [basyaJ] uJaied J01dadal Jobuaneds 93JY1 apnjdul Ya1ym ‘ssoidadal Jabuaneds abeydosdew v ssepd ay3 soapodus auab siy | 14SW 78100 €90
EERIENETCN| spJomAa)| uondudseg  |oquAs lendlpe 2460)

panuniuo)d 'y a|qel ‘|ddns




WVNYSS ‘S|[22 1 ‘|22
YN ‘s91Ad0u0W ‘S|[92 g S||92
Jnpusp Jo1dadal uoniubodas

's||22 1 puUB s|[92 YN ‘s@1Ad0uouw ‘s||92 g ‘sD@ Se Y2Ns WalsAs sunwwi ayl

[9L] usaned Joidadal | J0 sadA1 |92 1uasayIp Jo Ala1ieA e Ul passaidxa si /Y7L WNY Papuesis o|buls saziubodal /y71 /871 9/20°0 18°0
‘UoIIeAIIDR PlRIPAW-RI9QYTId PUB UONIqIYUI paleipaw-eyd|eyld

[basyal] L-dHs ‘Buijjeubis 9> usamiaq aduejeq e ybnosyy Jn220 013ybnoyl si |-dHs eia buleubs |13 Jo joluod v¥ld 9/20°0 S50
*$158|209150 pue sabeydosdew Buipnjdul ‘s|j92 sunwwi Aq passasdx3 *Aljnow
'$158|209150 ‘sabeydooew pue yimolb ‘uoineanse ‘quawdolaasp |92 jo uone|nbas syl ul 9joJ e Aejd 1ey3 sjuans

[LL] ‘[bssyay] ‘s||92 g ‘uluedseta) uononpsuely |eubis sieipaw suisyold sy “Ajlwe)sadns 4 sueIqUBWSURI] 341 JO JaqWDBWY Yia) 9/20°0 880
‘(sebeydooew
‘s||22 21puap ‘se1hdoydwA| g :0dv) s|j22 bunuasaid usbiyue ul passasdxe ale s9|ndsjow
sabeydoJoew ‘s||@d || sse|D ‘suia101d Jejnjjadesixe wolj paalsp sapiidad Bunusssid Aq waisAs sunwwi

[basyal] 2111IPUBP ‘S[|92 g ‘|| SSe|2 Y H ay1 ul a|oJ |eJ1uad e sAejd 3y "sanbojesed uleyd eydje || Sse|2 ¥1H 9Y1 JO U0 SI IVdA-VIH  LVdd-VTH 9/70°0 Vadl
wsljoqelaw ‘s910A1e3na Ul s1sAj02A|6 sjos3u0d 1eya ajndsjow Alolenbal e ‘@1eydsoydsiq-9‘z-95010nJy

[basyal] 2502N16 ‘sISAj0dA|D Jo uonepesbap pue sisayiuAs syl y10q ul panjoaul st ausb syl Aq pspoous uisloid syl zg4M4d 9/70°0 6%°0

ssbeydosoew

‘s|[22 2111IpUBP ‘5||92 g 's9|Nd3|oW || $SB|2 DHW uo uonejuasald Joy sapindad 01 suisyold oluabiue

[basyal] ‘] sse|2 y1H ‘uisdayied Jo uonepesbap ay1 ul a1edidied Aew eyl aseuralold aule1sAd |ewososA| e si S uisdayied SS1D 9/70°0 120

#dDXD ‘vonesbiw sbeydosoew

‘sabeydosoew ‘s|jd *1012e) AJoniqiyul uonelbiw sbeydosoew puiq

[zsz sl JIIJPUSP |22 ‘ISP VIH 01 #3¥DXD YlM 10BJ91UI OS|e Aeyy “uleyd JuelseAul || sse|d ‘xa|dwod Alljigedwodoisiy Joleyy /A 9/20°0 6L
's91Ad0|nuesb

[912] sa1A20|nuesb ‘s|j9d d1IpuaQg pue s||92 2131Ipuap ploiddewse|d Ul passaidxs ybiy ‘sz buluieiuod jeadas Yo aUPNST  SZOYYT 9/70°0 /70
‘pIoe DluopIydeIe AQ pale|nwWis 8q ued
p1oe o1poulyoele 1ey3 jauueyd uado ue st auab siyl jo 1onposd sy “sutewop buiwioy-aiod omy bululeluod

[basyal] ‘|]2uueyD WNISSe10d suia0.d [suueyd wnisselod Jo Ajjweysadns syl JO SJoqUISW S JO SUO SepodUS 3Usb SIyL  ELINDY 9/70°0 €0
‘(sebeydoudew ‘s||92 21pusp ‘se1AdoydwA| g :Ddy) S92 bunusssid usbiue Uy passaidxs ase
sabeydoJoew ‘s||9>  so|ndsjow || sse|D sule1oid Jejn||9oeJixa Woly paalap sapiidad bunuasaid Aq waisAs sunwiwi

[basyal] J11JPUSP ‘S[[92 g ‘|1 SSe|2 VIH ay1 ul oj0J |esauad e sAed 1) 'senbojesed uieyd e19q || SSBJ2 vH Y1 01 sbuojeq 19da-VIH  L9dd-VTH 9/20°0 $8°0

EERIENETCN] spJomAa)| uondudseg  |oquAs lendlpe 2460)

Innate immunity in osteosarcoma

panunuo)d 'y a|qel ‘|ddns

70




— N O '\ 0 & Impact of macrophages on osteosarcoma metastases
‘sieubis o1101dode-11ue sa1eIpaW YdIym ‘Z JOIDR) Pa1eIDOSSE
-101d923J-4N L Jo uonepesbap pue uoneuninbign sy Aq sisoidode psonpui-4N L a1einusiod
011ybnoya si |dy-2 Jaramoy ‘umousun st Buljjeubis Jo3dadai-4N L Ul sS4V JO uo1dUNy
uninbign g3 ssessod Ya1ym ‘zdv|-2 pue |dv|-2 ‘sulejold onnoidode-nue
‘sisordode 0M1 JO JUBWIINIDSI 3] Sa3eIpaw 1ey) xa|dwod01918Yy e Wioy | J0xdadas-4N L pue ulalold
[basyal] ‘Ajweyjsadns Jo1dadas-4NL siyL Ajiweysadns Jo1dedsi-4N L 841 Jo Jaquisw e st ausb siy1 Aq pspodus uisloid syl gi4SYINL //20°0 6,0
sebeydosoew
[8szi/52] ‘s||92 |eljaylopua ‘sisauabo|nasen pue ‘uollonpsuely |eubis ‘UoIIBAIIDE [|9D [eljaY10pUa sa1e|nbas
‘[basyal] ‘U0J9}J91UI ‘saup0lAD  pue sabeydoidew pajeallde Aq passaidx3 ruosayiaiul pue saujolAd Aq paonpui siausb syl IV 9/20°0 L
‘sod11ew abe|11Jed Ul s91A201pUOYD JO [eAIAINS pue JusWdo|aAap Y] Ul 9joJ e Aejd Aew
Juswdojansp s1Ad0spuoyd  uizioid papodua ay] sisesoswoy 250on|6 Buluieulew i sjos Juedyiubis e Aeid Ajiwey siyl jo
[basjau] ‘Jodsuesy asoon|n sJaquiay ‘Ajlwey Ja1sodsuel) 9502n|6 9AI1RY|1DB) \YZDTS 941 JO Jaquiaw e sepodua auabsiyl  gvzD1S 9/20°0 9¢°0
UOI1DUNY JO1D3YD 'SUOI1DUNY JO1D3Y9 JO UoNISINbIe pue ‘Uoieluasaylp ‘Wuswdojarsp a1A00ydwA| Ul s3|0J
||22 sunwwi ‘uswdo|snsp |e211102 Aed ssoidepe jo Ajiwey 4S pue s101dedal Jo Ajlwe) WS ‘dvS @|ndsjow Joidepe
[zsL] ‘[basyal] 21A20ydwA| ‘4vs ‘Wv1S 341 yum s1oeJ91ul pue sJo1dadal Asojenpowounwiwi jo Ajlwe) Wy 1S @41 01 sbuojaq sA1 6A1 9/20°0 9¢°0
sa1A20|nuesb
‘sojAdouow ‘else1deq
‘J01da2aJ uonubodal ‘uolduNny a1Ad0uoW
[basyal] usened ‘unda) adAl-D pue 21A20|nuelb jo sorejnbas aanebau e s ausb siy1 Aq papodus unds|adAl-D 9yl vzID3 1D 9/70°0 950
‘UMOU3UN UOdUNy
[££] s||92 o1e1odojewaH ‘s11591 pue s||92 213alodoleway ul passaldxa ‘| Jaquiaw Ajlwejsadns 9 sUBIqWSWSURL]  [{SOIN/L 9/20°0 550
suie1osdodi| [elsaioeq
J01da2aJ uonubodal ‘sutaroidodi |ela1deq
[basyal] uJsenied J01dadas B|i|-||0L 031 8suodsal Je|n||ad 91elpaw 01 7 J01dadals a3|1|-||01 Yum s1desaiul Ajjleuonouny Joidadal siy | oY7L 9/70°0 89°0
siso1Ad06eyd ‘sjiydosinau
[basyas] ‘soabeydoioew Joidadal o4 s|iydoJsinau pue sebeydoioew Aq sisolhdobeyd ul panjoaur Joidedal o4 061 vzynD4 9/70°0 SUL
EERIENETCN| spJomAa)| uondudseg  |oquAs lendlpe 2460|

panuiuoD 't @|qeL ‘jddng




UOI1eIIUSIBYIP  "UOIBIIUSJSYIP 15820150 Joj Aemyied buijeubis payons-THNVY 841 ul Jusuodwod Asy e s|
1581209150 ‘suiajosd Buneainde yoLSHY ‘sulelosd D dlsWIII01918Y Jo s1ungns eydie D Joj (SdvD) suleroid buieande ased 1D
[eg7] ‘[basyo)]  esed LD ‘Buijjeubis uieroid-o  se1oe1eyl sojndsjow Asole|nbay ale syaquisw Ajiwey (SOY) Buljeubis uieloid H jo sole|nbay 01SDY 2€€0°0 290

‘sauab uoxa-buipod s|buis woly Buisiie (YDdD) sJo1dedas pajdnod-uieioid-o Jo Ajiwey
Jo1dsdas Asoroejjo  abue| e Jo siaquisw ase suieloid Joidadal Asoldejjo sy *|jsws e Jo uondadiad syl sssbbu11eyy

[basyal] ‘sj01dadaJ pa|dnod-ule10id-n  asuodsal [eUOINSU B 31e11IUl O ‘9SOU U3 Ul S3|NJ3|OW JUBJOPO )M 10eJa1ul $J101dadal AJO1DRJO  SIHYO 26€0°0 I'o
uiajoid
Bunenoe-ased1n o1|-oyy
‘s||@2 o13@1odolewsy ‘uabiue 's||22 onalodolewsay
Kazdl Aujignedwodoisiy Joulw 01 pa1o11sas usbnue Ayjiqiedwodoisiy Jouiw ‘uislold buijeainde-ssed D ayI|-oyy  [VHIWH 72600 9%°0
‘suewny ul sswAzus Juepixonue
JuepIxoljue juelsodwi 1soW ay) Jo dUO S| pue ‘apixosad uabolpAy Jo UOIIEDYIXOISP B3 Ul SUOIIDUNY
[basyal] ‘asepixosad uoneyin|n  asepixosad suolyiein|n "Ajiwey ssepixosad suoiyiein|b syl jo Joquisw e sspodus ausb siy| IXdD €00 /10

'gL-11 pue z1-11 2Je sauab 19bue1 51| "ewweb-N4| AqQ 8|qIaNpUl SI 84Y| JO
uolssaidx3 'e19g-N4| pue eydje-N4| Ajpweu ‘sN4| | dA1 Aq palejnwiis sausb jo uoissaidxe

[basyal] uoJa)Iau| 21e|nbaJ pue (FYS|) UaWa|2 asuodsal pale|NWIs-N4| oY1 01 puiq suiaoid Ajiwes 43| 9y L 8431 7700 L
‘(sebeydoioew
‘s||22 2111Ipuap ‘se1AdoydwA| g :Ddv) s||92 bunuasaid usbijue ul passaidxe aJe sa|ndsjow
sabeydosoew ‘s|j@d || SSe|D “su1a10Jd Jejn||9oeJ1xa WoJj paAlsap sapiidad bunuasaid Aq waisAs sunwwi ayy

[basal] J1IPUSP ‘S[[92 g ‘|1 SSe|D VIH U1 9j0J eJ3uad e shejd 3 “sanbojesed uleyd e19q || sse|d vH @Y1 01 sbuojeq »aya-vIH »gya-v1H £0£0°0 9l

"U019123(503A2 B3 JO UOIIDUNY 3y Yum 1Jodsuesy
SUBJqWAW 31BUIPJOOD ABW 11 PUB ‘U013|23SOIAD UIIDE 33 JO uoileziuebioal pue solweuAp
3WOSOPUS U PaA|oAUl S| 3] “Ajlwepsadns ased 1D [|BWS dY3 JO JaquaW e S| pue 410 spuiq auab
[EHEY) "U013|3S0IAD ‘BSBd1D OUY  SIY1Aq papodus ula10id 8y "UOIIRIIUBIBHIP 9|2SNW Ul 3j0J [e21td e Aejd AsyL ‘@sed1D ouy 0SdvDHYY 68700 780

‘(@dw3) aseasip s,19bed Alewwewesxs Jo sisausbouldied

ay1 Ul panjoaul aq Aew pue (D11WD) DL @dA1 aseasip yloo]-aliey-102JeyD asned ausb

siy1 Ul suoneinyy ‘Aemyied onoydode paonpul-gsd ayl Ul paiedijdwi usaq sey pue £5d
Josaiddns sowny Aq paonpul st auab siyi jo uondiosuesy ay] “auab eydie-4NL ay1 jo uoibal

Aemyied onjoydode Jajowoud ay3 01 Buipuiq 19aJ1p Aq uoissaidxa eydje-4N1 oyl d1eIpaw Ued pue uielold

paonpul-gsd ‘eyde-4NL  Bulpuig-yNQ e si yaiym Jo1oej eydje-4NL padnpul-aplieyddesAjododi) sapoous auab siy

‘ssbeydoloew ‘serhdouow ‘sjolelpaw Asojewuweljul Jaylo pue (eydie-4N 1) eyd|e-J031de} SISOID9U JOWN] JO UOIIRII3S
[basyal] ‘Buijjeubis uoubosal usalled Buisned ‘ssabeydoioew pue sa1Adouow jo Jole|nwils Jua10d e s| aplieyddesAjododi] i 08200 650
EERIVENETEN] spJomAa)| uondudseg  |oquAs lendlpe 2460)

panuiuoD vt 2|qel ‘jddng

Innate immunity in osteosarcoma

72




— N O '\ 0 & Impact of macrophages on osteosarcoma metastases R
‘(sebeydoudew ‘s||92 21pusp ‘se1hdoydwA| g :Ddy) s||92 bunusssid usbiue Uy passaidxs ase
sebeydouoew ‘s||9>  s9|ndsjow || sse|d “sule10id Jejn||adeJ1xe Woly paAlsp sapidad bunuassid Aq waisAs sunww
[basjay] J111JPUSP ‘s|[32 g ‘|1 SSe|D VY IH ay1ul ajoJ |esiuad e sAejd 1) 'senbojesed uieyds eydje || Sse|2 v H @Y1 4o suo sI lYyOA-VIH LVOJ-VTH (V€00 9l
‘swsiuebio senj@on W
sissusboydiow |je ul sissusboydiow ui ajos uesodwi ue Aejd 1eyi s1010e) uondiidsuely Jo Ajiwe) paAIasUOd
[basyau] ‘auab xoqoswoH Ajybiy e spodus sausb xoqoswoy ay] ‘sauab jo Ajjwey xoqoswoy sy 01 sbuojaqausbsiyl  FOXOH [¥€0°0 S/.°0-
‘sanssiy ploydwAjuou pue
s||92 2ne1odojewsy Buowe sussiied uoissaidxs anbiun Aedsip pue ssiiepunoq 921 ds uoxs
/UOJ1U] Je|IWIS PUB S2JN1B3J [BJNIDNJIS UOWWOD AQ paziia1deleyd aJe Ajiwe) uia10id 1usdseu
[basjay] umoudun  sIy1jo ssaquayy Ajiwey ausb vy, Buluueds-suesquaw ay3 Jo Jaquaw e s9podUs aUb SIyL  YOVESW [VE0°0 [TL
(L@v1) | 9dA1 Adusidysp uoissype 91Ad03N3| O asned syl ase ausb siyl ul
s129)9Q ‘Bul||eubls paieipaw adejins-||9d se ||am Sse uolsaype || ul a1edidised 01 umouy| ale
supbaiu| r|-oeyy ubaiul syl wioy 01 uleyd w eydie syl Yum ssuiquiod pue ‘|-y47 ulbaiul
a1 WJoj 01 uleyd 7 eyd|e syl Yum sauiquiod g e1aq ‘a|dwexs Jo4 ‘sulibajul 1usisyip ul
Buljjeubls  Bunjnsal sysued ajdiNw yum auiquod Aew uleyd usAIb v 'z e19q uleyd e1aq unbajul ayy
[basyal] ‘so1A003 N3 ‘sulbaiu| sopodua auab sy "(31ungns 4 pue ¢ Joidadal ¢ Jusuodwod Juawa|dwod) z e19q ‘Ulbaju) z901/ /7€0°0 60°L
abeydoJoew
‘@1A20uoW ‘Buosew wejul
[zs] ‘101dad31 341|-AON J01d223J 33{1|-AON dIVN [Ve0'0 o
J01dadal uonubodal
usened ‘spreydoesijododi ‘Buipuiq apipseddesAjododi| Ul 471 Y1im S91e1d0sse
[basjas] ‘sabeydoloew ‘se1hdouowy pue ‘sabeydoioew/se1Ad0uow uo passaidxe Ajjennusiajeid uieroid edepns e st y1dD +1dD 17€0°0 171
[basyal] J31jodsuesy 21n|os “Japodsuely Bnup a|qissod "1g9z Jequaw ‘Ajiwey Je1sodsuesy uojue dluebio Jspsed 9INj0s  [9ZODTS 7£€0°0 960
[basyal] umouxun INHN u1210Jd JB3|2NU PaAJSSUOD INHN 7£€0°0 €T°0-
‘PSYIIUSPI U9 SeY pide dlouNaJ Jey sNY] ‘s31eJ1sqns snousbopus Jueniodw azijogersw
01 A1 S 1SZdAD 1841 15966ns sissusboAiquia 1noybnoyl [SZdAD JO uoissaidxs ayi se |[om se
‘uonNguIsIp anssi1 snoyNbign paAJasqo sy | “(LNYV) J01e20|suel] JesanN uoqtedospAH Ay
Buljjeubis uoguedolpAy  pue (YHY) J01dedsy uogiedolpAH |Aly syl Aq patelpaw Bulsq uononpul syl ‘uixolp Aq s|qianpul
[9zz] ‘[basyal] |AJe ‘0Std @Woiy201AD SI1SZdAD "sawAzus Jo Ajlwesadns OSd 8WOoJYD01Ad 31 JO Jaquiaw e sapodus ausbsiyl  [SZdAD 7££0°0 8¢°0
EERIENETCN] spJomAa)| uondudseg  |oquAs lendlpe 2460)

panuiuoD vt o|qeL ‘jddng



U019|2>S01AD

‘@1eJ15qNS aseupy| Ajiwey asdeuAs sunwwi
[s8] 2Js ‘s||92 d119lodoleway ay11e uimjoid sordepe Asorenbai-unoe ‘| 91es1sqns uA] oyidads-||@2 doislodolewsy  [STOH £9€0°0 90'L
[basyal] umouun 0z 2uabopnasd eg|7 uie10id [ewosoqu  [$8/8€D07 19€0°0 Y740)

‘uie10Jd WyQy passaldxa-a1Ac0ydwA| e si ouab siyy Aq papoous uieioid ay |

‘sissuabounau pue ‘quswdojensp ajasnNW ‘Uonez||11sa) buipn|pul ‘suonoeISIUI XIJ1BW-||90 pue

||22-]122 Bulajoaul sessedold [ed160]01q Jo A1alien e ul pa1edijdwi usaq aAey pue ‘sulbaiulsip

se1A20ydwA|  wousa sxjeus 01 pale|al Ajjesn1onils sui@101d pasoydue-sueIqUISW 3B AjlWe) SIY1 JO SJIaquIs\y

[basyay] ‘uoidesaUl |92-|19D "Ajlwe) (Ulewop ssealosdo|jelsw pue ULBIUISIP B) WYQY 941 4O Jaquiaw e sapodus ausb siyl  gZWvYav 85£0°0 v¥'0
sixejowayd ‘sixelowayd a1Ad0ydwA| Joy s|qesuadsipul st 1eyl uisrold
[basjau] ‘s||@2 o1121odolewsH Ajiwe) W@D oyioads-|ja2 d11s1odoleway e sapodus auab (ZD0Q) T SIsaU01Ad Jo Joledipad  ZID0d 85£0°0 160

'S15B|203150
‘buijeubis uoniubooal
[o0L] usanied ‘unda| adA1-D  "w$DI 1D Se Yons ‘sunnda| adAl-D yum sa1e100sse yaIym ajndsjow buljeubis e si (OLdvd Jo) 1SDH 1SDH SS€0°0 4l
‘umouy| 10U si u1a1o.d syl Jo uonduNny 8yl pue ‘syeadas g a|dijnw
pue sulewopowoJq g suleluod uielotd siy| ‘uonenbas susb pue ‘sisordode ‘uondnpsuesy
|eubis ‘voissasboud 9242 |92 Buipn|dul ‘sassad0Jd Jejn|92 Jo Ala1eA B Ul PAAJOAUI BJB

[basjau] umouun Ajlwey sy jo sisquis\y “Ajiwey uisroid 1eadas g oY1 Jo Jaquuisw e sapodus ausb syl [gmyg 05£0°0 8t'0-
S15B|209150 'sIsousb015e|20150 Ul paAjoAul pue sabeydosdew
‘sabeydotoew ‘@suodsal Aq passaudx3 *s9559J15 |EIUSWUOIIAUD PUB ‘S2UI0IAD Asojewweljulold 01 sasuodsal |92
2u1»031A2 ‘uoildNpsuely a1 bunelpsw uononpsueJ [eubis 91 Ul POAJOAUI SI 9SBUIY SIYL "AjILUE) SSBUIY 9SBUIY dVW

[zgz][basyal] |eubis aseury| dyw a3 01 sbuojaq 1eyy aseupy uerod Aldyioads [enp e sisusb siyr Aq pspodus uteloid syl LHZdVYW [¥£0°0 z0-

-Jossaiddns Jowni aAleINg "Alljlnow pue Abojoydiow |92 a1e|nbas 0 sajndsjow buijeubis
|BJSASS Y1IM PUE ‘S3|NJ3|OW UOISSYPE [|92 YIIM ‘U019|23501A2 ay1 Jo stusuodwod yum

Jossasddns Jowns ‘buljeubis S12BJ9JUI 3 "UIBWOP MM SUO pUB UlBWOP dyD-Sey auo ‘ulewop Abojowoy ujuod|ed auo
[6/7] ‘[basyal] ‘UOISBYPE || ‘U013|3s01IAD  ‘sulewop O] 9aJy1 sulejuod uielold ay] “Ajiwe) dvDO| Y1 Jo Joquiaw e sapodus auabsiyl  zdvDOl /¥£0°0 60
EERIENETCN] spJomAa)| uondudseg  |oquAs lendlpe 2460|

panuiuo) ¥ a|qel ‘|ddns

Innate immunity in osteosarcoma




— N LN 'O ' N O & Impact of macrophages on osteosarcoma metastases
[basjau] umouun 6L U1910Jd SUBIqUIBWSURIY  4HLNVIINL 86£0°0 £€8°0
s91Ad0|nuesb 's91Ad0|nuelb jo uonenuasayip
(18] ‘s||@2 onelodojewsy Bulnp palejnbaidn si pue s||92 d13slodolewsay ul Apueulwopaid passaidxa st auab zuig sy ZNIg 86£0°0 /S0
sanbojeue apisoa|onu
‘S||22 1 ‘s||22 YN ‘s21Ad0uow
‘S||22 g ‘s||22 21lpusp
101dadaJ uoniubooal 'S||22 L PUE S||92 YN ‘s23Ad0U0W ‘S[[90 g ‘SO Se YdNS WalsAs aunwiwl ay)
[9L] usened Jo1dsdas aj|-[joL 4O sadAl ||92 JuasayIp Jo A1a1IeA e ul passaidxa si 1| “senbojeue spisos|onu saziubodal gy L QY7L 86£0°0 +9°0
*2JM|N2 Ul (sDQ) S||92 213JpUSp sulNW pue uewny
sJQ ‘s||92 Asewiid yroq ul passaldxa Ajjeiaueisqns si 31 pue ‘saul| |92 abeydosdew
[6819] 1 ‘sebeydoJoew ‘ss1Adouoyy  pue d1Ad0uUOW ‘|92 | Ul passaldxa si | 'salAdouow -9[@D ueyl +9[gD uo passaidxe saybiy LIST 06£0°0 260
‘asuodsal sunwwi syl saysiuiwip
puB UOIIBAIIDE ||92- sa1e|nbal Ajaanebau ¢ uialoid pajeidosse-21A>0ydwA|- 21x0103A0 yum
u1a04d s1y jo buipuig *[|93-1 ay1 jo uoiieAllde Joy [eubis Asolenwiisod e s| usbiue gzad
S||92 L jo yum uiaold siya jo buipuig ' uisyoid pajerdosse-s1A20ydwA|-1 21x0101A pue usbiue
uone|nwis-od ‘sabeydosdew  gzdD ‘S||92 L JO 92e4INS [|92 2y 1e suiajoid omy Joy puebi| ayi st 11 pue (sabeydosdew ‘sjja2
[basyal] ‘S||22 2111JpUSP ‘S92 g 2111JpUSp ‘sa1Ad0ydwA| g :DdY) || bunnussaid-usbnue Aq passaidxs st uisroid siy | 980D +/£0°0 +5°0
asuodsal ‘z-wi| Jo1dsdal syl ybnoiyl sssuodsal adAy [y Ajseinonied ‘sssuodsss sunwiwi ul pue
|-yL ‘ABojounwwi ‘vonesbiw juawdojansp [euosnau bulinp uonelbiw |euoxe jo aduepinb ul paAjoAul aJe sulioydewss
[£81] ‘[basjay] |euoxe ‘unjoydewss 'suje10Jd sueJquisWsUeI) PUB 3|qN|OS JO Ajlwe) ulJoydewss syl Jo Jaquisw e sI vy W3S VEvWIS ¥/£0°0 99°0
sebeydoJoew ‘s|j92
[ss] D11JPUSP ‘S[|90 g ‘|1 SSeJD VIH *2UJeJ1 YQ-V1H Jo Jorejnbas sofew e si | ($DHED) Jabuy Bul pajedosse-aueiquay  [HOYVIW 1/£0°0 S0
[basyal] umousjun 1ungns 3sabue| || asesawAjod YNy Pa123JIp-YNQ 03 JB|IWIS  0#LZ59D07 1/£0°0 80°0-
"9SeasIp UY0JD pue siiuye
plolewnayJ se yons saseas|p AJolewweljul pue ‘Asoids| pue sisojndJagni se Yons sasessip
snol12ajul 01 AJ1jIqindadsns Yiim pajeldosse uaaq aAey auab siyy ul suoneinyy ‘susboyied
U1e1J3 01 9DULISISSI 1SOY PUE WS||0GeISW UOJI Ul PAAJOAUL JaJodsuel) (asauebuew pue
UOJ1) |EISW UOIISURI] JUS|RAIP B SB suol1duny ulsjold sy uisiold sueiquaw ssed-13jnw
siso|noJagni e S9PODUD pue Ajlwey (sJa1Jodsuel) Uol |e3awW usjeAlp pajdnod-uolold) || Ajlwey Jared
[basyal] ‘sobeydosoew Js1ied 21n|0s 21N|0s a1 Jo Jaquisw e si ausb siy] *| uislosd sbeydoioew paleldosse-sduelsISal [eJNIEN  [V[[DTS 1/£0°0 60
EERITENETER spJomAay| uondudseg  [oquAs lendfpe D460

panuniuo)d ' a|qel ‘|ddng




[¥87] uonesbiw

"uonesbiw 81420 Na| Joy painbas Ajisejod |92 JO JUBWYSI|qeIS 8Y) JO§ [B1IUSSST "S1OBIUOD

‘[basya] 91A203N3| ‘U019|s0IAD |20} YuM pa1elDosse sule1old bulpuig-uioe aJe ‘DAY Buipnpul ‘Ajiwey) uinsed syl josisquiayy DAYV SL¥0°0 S9°0
"UNgNs Se¢ 9bJe| B pUB UUNGNS ST ||BWS B JO 1SISUOD (S9WO0S0]II0NIW) SIWOSOqH
uiejoud |BIJPUOLD0MVY "UOIIPUOYD01ILW B4 UM SIsayiuAs uiaroud U djay pue seuab Jesjpnu Aq
[basyal] [BWOSOQLJ |BIJPUOYDONYY POPODUS 3Je Sula10Jd [BLOSOGL [BLIPUOYD0M "NUNGNS S6E ‘4] Ul910Jd [BLWOSOqU [BUPUOUIONW  H1d IV SL¥0°0 62°0-
sbeydoJoew
‘@1A20uoW ‘swosewweljul
[zs] ‘J01dadas 2341|-ON Jo1dadal aI|-AON  #DYIN Sl¥0'0 lzo
*Buijeubis yo1oN SJ91Je U2IYM ‘UDION UO SINPISDI 950N} PadUl|-O JO
uonebuols 01 spes| 1ey1 Alianoe asesajsuesyjAuiwesodn|biAiede-N-¢ |-e19q dydads-asodny
e aAey sula1oid abully ‘sasesajsuell|AsodA|b Jay10 WO 1UNSIP I 9IN12NJ1S DIWouab Jisyl
9|1y “1uawdolanap diuoAiqus Bulinp salepunoq a1edsewap 01 Aemyied Joidedal yoiloN
‘9seJajsueljAsodAn ‘Buljeubis 373 Ul 12€ 18y suIe101d Pa1aId3s PAAISSUOD A|IJBUOIIN|OAS 9pOdUS || Asy ] "sausb sbully
[basyal] Aemyied Jordadal yoloN JI1eun| pue [edIpeJ sapnjaul os|e Yaiym Ajiwey susb abuiiy syl jo Jaquisw e siauabsiyl  ONIW SLv0°0 S50
Buioids anieusslje  uone|suesl pue ‘Bullips YNYW Ul paAjoAUl 9q os|e Aew pue Buidids aaneusalje yNyw-a.d
[basjas] ‘uiyoid Buipuiq YNY 21e|nbas Ajlwey uisoud siya jo sisquisw ‘gz uisrold Buipuiq yNY ‘1esdss1sidiaond  zdgond SI70°0 970
[basal] umoudun S¢ awel) buipeays uado g| swosowolyd  §5IozID SL¥0°0 0
‘uonenUaJeyIp LyL
Buiunp paienbaidn ‘suielosd Buipuig-apioa|anu Jo Ajlwesqns (NY|) 9p1ioa|onu paleldosse
[£9] ‘[basjas] |22 LyL ‘uier0id Buipuig-41D -ounwwi syl 01 pue Ajjwejsadns bBuipuig-410 oyl 01 buibuojaq uieroid e sspodus ausb siyl  HdvINID S0¥0°0 L0°L
Jo1dadal uoiubodal
usened ‘spreydoesijododi ‘elsa10eq aAnebau-welb 3sow Ul punoy spiieyddesijododi Aq paonpul
‘sabeydoloew ‘serhdouow S1UaA® uoldNpsuely eubis ul pajeddwi uaaq sey 3| "se1Ad03Na| 8y jo uone|ndodqgns
[basjal] ‘eusde|d Joidedal oji|-||oL onA>ouowojsAw sy ui pue ‘ejusde|d ul passaidxa Ajjuepunge 1sow si Jo1dadals siy L f2an S0%0°0 95°0
‘sanss|y ploydwAjuou pue
s||@2 onslodolewsay buowe sutaiied uoissaidxa anbiun Aejdsip pue salsepunoq 921|ds uoxa
/UOJIUI JB|IWIS PUB S3JN1B3J [BIJNIDNJIS UOWWOD AQ pazisaideseyd aJe Ajlwey uiiold Juadseu
[basjal] umoudun  SIy1 jo s1aquiayy “Ajiwey auab v, Buluueds-sueiquiaw ayl Jo JaqWAW B $9POdUL dUSB SIYL  YOVESW 86£0°0 6L
buljeubis usoydewss
[z1] ‘[basyad] Ajqissod ‘umousun Buijeubis upoydewss ul 9j0J e ey TyDIW ING ‘UMOUNUN UONDUNS ‘1| [BUIWISI-D TVDIW  1DTVDIW 86£0°0 9L0
EERITENETER spJomAay| uondudseg  [oquAs lendfpe D460

Innate immunity in osteosarcoma

panuniuo)d ' a|qel ‘|ddng




— N LN 'O ' N O & Impact of macrophages on osteosarcoma metastases N

‘uonepeltbap suoiyiein|b bupnp pawioy (A|6-s1q-sA2) saudA|b-sig-|AunsAs pue
‘sd1101q1ue awos Jo buls weide|-e19q ay1 ‘g auanioyna| buipnpdul ‘sspidadip jo Ayalen

[basyas] asepndadig e 9zAjospAy sswAzus ssay ] "Ajiwey ssepindadip punog-sueiquaw ayi 01 sbuojsq zd3dd zd3da SI#0°0 8%°0
‘Buijjeubis Jupn s9oUSN|HUI 0S|y *S158|GOISO OIUI S[[9D
9|2snw eay MOJJBW 3UOQ 9SNOW Jo uolenualayip Bulnp pjojaaiyl paseasoul sjaAs| 1didsues) Z1H4

[StL] ‘buljeubis um ‘s1s8|q021SO '$152|qOS1SO PUE S||92 J92UED ‘92sNW 1Jeay AqQ passaldxa ‘g sulewop W7 §[ey e pue Jno4 ZTH4 Sly0'0 v0'L
"xa|dwod anissaidas buiuieuod-undsy e jo Auanoe sy Buisessdsp Aq uonduosuely Juspusdsp
uondudsuesyjuapuadap-4D1  -4DL/UIUS1RD-BI9q UO $129J2 AJole|nWns JaL) 1Jaxa su11old 1ddy ‘UoIIPPe U] ‘SIS01AD0pUS Jo

[zie] /ulua1e2-e19q ‘sIs01Ad0pUT sda1s Ajses jo soiejnbaJ Aoy e ‘Sqey 9seq 1D [|BWS 9U1 JO JOIDBYI UB SITddY  ZTddY SL0°0 6v°0
‘aulwJads pue aulpiwiads ssujweAjod

[LLL] 25epIxo aulweA|od 10 wsijoge1ed syl Ul sawAzus Asy 8yl Jo au0 sI asepixo sulweAjod Juspuadsp-Qgv4 XOvVd Sly0'0 €0
" *$J9DURD |BJADS PUE SISOID|DSOJL IR YIIM PIRIDOSSE 94 0S| ABW pue elwIse
10 1usWIeaI1 3yl Ul pasn sBnip aualilodNa|ue 01 asuodsal paysiuiwip e 01 pes| auab siyl
JodUed ‘Bwise  Jo uolbas ajowoid oyl ul suoneInyy ‘spuebij-A-yvdd snousbopus jo uononpold ajelpaw
‘uononpoud puebi| A -yvdd pue sasuodsal Asolewwejul jo sadAl snoliea ul paiedijdwi Usaq aAeY YdIym sa1joqelaws
‘sausliodna| ‘eseusbAxodi) PI2€ DIUOPIYDRIE 31 S2USIII03NST P12 DIUOPIYDRIE WO SSUSIII0YNS| JO SISaYIUAS syl

[£92] [basyay] pIoe 2lUopIydely ul o|oJ |enp e sAejd pue Ajjwey) suab aseuabAxodi| a3 jo Joquaw e sapodus auabsiyl  SXOTV SI0°0 SLL
'S9SeU 2IAL PUB VT Jo uonejAioydsoyd
2U1s0JA1 01 spes| J01dadaJ SIY1 JO UoI1eAdY ‘Aemyied | yy/aseun-¢ |d/Z-91eJ1sqns Jo1dadal
uolssaiddnsounwwi ulinsul ayy ybnouya s|j@2 projsAw sousboud Jo |eainsns sjowold 01 palsodal st Joidedss
‘Aemyied ] yy/aseuni-g1d  SIYL $aU01Ad Asolewweyjulold JoO SISSUIUAS BU1 S1IGIYUI SNY1 pUB ‘L Unajia1ul Jo |eubis
‘sau01Ad ‘sabeydosoew aAIssaiddnsounwwi ay3 91eIpaW 01 UMOYS Uaa(q sey 1| *sJ01dadal) UoJa)Ja1ul 01 pale|al

[basyas] ‘so1Adouow ‘se1Ad03na7  Ajjesn1onuis st uielold siyl "QL UBnajaiul Jog Jordadal e st auab siyl Aq papoous uielosd ay | vyOLTl SI70°0 /0
‘s91A00ydwA| jo sueiquaw ewse|d ay3 1e sulibajul
4O ssauaAIsaype a3 sa1e|nbas pue ‘s|jed | |essydiiad pue Ja||iy |eJnieu ul passasdxa Ajybiy
subaul  siauab siyy -bupdyyesy suesquaw pue Buillos uielold jo uone|nbas oyl alelpaw o1 Jeadde

[basyal] ‘S||22 L ‘s||92 J3||] [eJnIBN  AjIWwey Siy1 JO s1aquisyy “Ajlwes dDSd oY1 Jo Jaquaw e st auab siyr Aq papodus uisloid syl (dDSd SL¥0°0 S0
*s91A003n3| Aq passaidx3 "uoiseaul
|e11210eq aAnebau-welb 01 sasuodsal AJojewweljul 150y 91e[NPOW AW HYQY "SUIXOI0pUS
's91A003 N9 |e1sa12eq jo uoibas v pidi| ayy wouy suieyd |Ade Are) (pajull-|AoeAxolAde) Asepuodas

[basjas] ‘SUIXO10pUS |e1J910eq ‘asedi] a1 sazAjospAy AjaAinos|as yoiym asedi nungns-g e si (HYOYV) 9sejoJpAy |AoeAxojAdy HYOV SI#0°0 6%°0

EERITENETEN spJomAa)| uondudseg  |oquAs lendlpe 2460

panuniuo)d ' 3|qel ‘|ddng



esojuawbid
siual ‘sisolhdobeyd

‘esojuawbid sniual aAIsse8s [eWOSOINE
40 19s5u0 pue Aemyied sisolAdobeyd (3dy) wnijayiids uswbid jeunas syl jo uondnisip
yum paleidosse usaq aney auab siyl ur suoneinyy ‘sebeydosdew Aq sjj92 o1no1dode

[597] [bassay] ‘sisoydode ‘sabeydosoeyy (-o1d) jo sisorhd0beyd ul paajoaul Jo1dedal e sl aseuly| aulsolAl ausboouo-ojoid Jaw-d Y IYIW 8500 S50
‘uonedi|das pue uondidsues] [BJIA JO S|9AS| pasealdul 01 buipes|
‘apeased buijeubis JdvS/MINT 2ya pue siuswabuelieal |19]23501A ‘sebueyd [eaibojoydiow
punojouid sa1eniul sisulied asay] Jo Bulpulq pue uoissaidxa0)) *|-AlH WoJj suisloid JoaN
Jo Jaused Buipulq oyioads syl se paylluapl usaq sey 430 JejndiJed siy| "UOIIBAIIDE pUB
1uswdo|ansp ||92-g pue ||92-1 ul 3joJ e bulAeld ‘sissiodolewsy ul juesodwy st uisyold
Buijeubis NdvS/MNT ‘|92 ay] 'suiajoid Buipulq 41D o Ajlwey oyy ay3 Jo} (43D) sJoide} abueyoxa apnos|dnu
[basyal] onelodolewsay ‘ausbodup suiuenb jo Ajiwey |gQ sy jo Jaquisw e s susboduo-ojo1d siy1 Aq papodus uisiold sy | IAVA 8sv0°0 170
UMOUMUMN  25U3Nnbas YNYW ‘€ 19Z98LL:IDYWI SUO|D YNQ@D susides OWoH 1§D dvDD IDN LSZ0gzysu YEr00 I'0
‘AnswwAse
elssupisAp  Apoq 1ybii/1ys| Jo uoneziwopues pue eisausAp Asel|1> Asewiid Ui 3jnsas suoeinw zivyNg
[6¥1] AJelj1> ‘U013|33501AD ‘UIBUAQ "A|lquiasse wJe ulsUAp J21N0 JOJ [BIIUSSSS S| Z UIBYD 91eIPaWIS]ul ‘[BLWSUOXE ‘UISUAQ ZIVNG 67700 80°0-
*SN|ONU 31 Ul 9seJajsueIAYIaW YNQ e Se uolduny Aew uiajosd papodous ay | Ajiwey
[basyay] asesaysuesljAylsw yNG UIBWOP UNS/ZdON/LTON PaAJasu0d Ajlieuonn|ons syl Jo Jaquiaw e sapodua suabsiyl  SNNSN LZr0'0 L¥'0-
"T4DON4I PUe [YDNA| JO Jawiposalay e st J01dedss ewweb-uolsjisiul uewny *101dsdss
[eoL] ‘[basjay] Jo1dadas ewweb uotapaiu| uoJajsaul ewweb ays jo (eyde) uieyd buipuig-puebi| ay1 sapodua ([YDON4I) auabsiyl  [¥ON4I SI70°0 L0
21A20|nuesb so1Ac0|nuesb pue
[s8L] ‘@1A>0u0W ‘UoIsaypy s91Ac0uow Ajulew ‘s|j@2 d13slodolewsy UO passasdxa ‘@3|1|-8|Nd3joW UOISaYpPe [eUOIIDUNT  [VDIWY SO0 UL
sisoidode ‘s||92 [yl ‘sDA 's|192 1YL Aq passaidxa os|y 'sDQ pue sebeydosdew uo passaidxs
[z6l] ‘sabeydolsoew ‘sisojhdobeyq  ‘susbnue pajeidosse-||22 BulAp jo uoneiuasald-ssoud Joy a|qisuodsas Joidadal d1lAd0beYd  ZYDAVH Sly0°0 +6'0
[svz] ‘sabeydosoeyy ‘uljoysad 01 Asisadue quelsip e aseys Aew ‘| passasdxa abeydosoeyy 1DIdW Sly0°0 €0
sabeydoioew ‘sarhdouow ‘sabeydosoew pue sejAdouow Aq passasdx3 “siiuydauojniawo|b pue snsojewsayiAle
[06] [basjas] ‘375 Wswsajdwod  sndn| yum palerdosse s Aduadyaq “uleyd v ‘lusuodwodqgns b ‘| Jusuodwod Jusws|dwo) vOLD SI70°0 €l
's||92 projsAw ui syusns Buljeubis s1e|npow 01 ey ewweb 24 JO JII0W UOIIBAINDR Paseq-aulsolA)
s||92 Joidadasounwwi pajejAioydsoyd yim sa3e1nosse ‘siaylo 1sbuowy 's||92 dnslodojewsay ul
proj2Aw ‘buijeubis Joirdadal shemyied Buijeubis s|diynw jo Jojejnbas Juesodwi Ue se sUODUN pue ‘s||92 d11ejodoleway
[6/] [Dasyal] 24 ‘s||92 d1s1odolewsH ul Ajzewnud passaudxa sid1d iyl "9 9dA1 Joidadal-uou ‘eseleydsoyd auisosAl uis1o.d ONdLd SI#0°0 /8°0
S9OUBJ9)Y spJomAa)| uondudseg  |oquAs lendlpe 2460

Innate immunity in osteosarcoma

panuiuo) ¥ a|qel "|ddns




— N LN 'O ' N O & Impact of macrophages on osteosarcoma metastases
‘sa1Ad01eday ‘so1Ad01eday uewny uo (|-yode)
uewny ‘uieyosdodijode 1gH |-v uter0sdodijode 1gH Joj Jo1dadas Auyje-ybiy e si pue Qv Aq paieainde si Joidedss
[goL] ‘[besjas]  sordedal pajdnod uieyoid-o siyL ‘sso1dedas pajdnod uieyoid-o Jo Ajlwey syl 01 sbuojaq suab siyy jo 1onpoid ay L SIAYZd S/¥0°0 990
2ouaNnbas yNyW
umouxun ‘€ 85£61£2:3DVWI 2UO[2 YN@D suaIdes OWOH €GNS d¥DD ™ IDN LS IN-0-10-B-Wae-1|g-H-IN €L¥0°0 SLo-
‘ymolb 01 buipes| Aemyied uononpsuely [eubis Jejnj|92133Ul pue -eJ1Ul Ue JO UOI1eAIIDR
a3 pue uoleziiawip Joidadas 01 spea| Joidadas ayl 01 suowloy ymolb jo buipuig
[basyai] 101d923J SUOWIOY YIMOID ‘suowloy ymolb 1oy 101dsdal suesquiswsues] e sl 1ey) uisiold e sspodus susb siy JHD /%00 S6°0-
umowiun 86649001 6900 90°0-
umoudun /1440020 €9%0°0 900
UMOUXUN 22UsNbas YNYW ‘L1-9-SASLY 9UOJD YNQ@2 suaides owoH Aleiql| NG J8[NGISaA UBWINH 6569/09V SS70°0 100
158209150 ‘UOI1eWWE|jul
‘au01Ad ‘swosewwejjul *(3D1/1dSVD) L 9sedsed Aq wJioy aAnoe s11 03 passadold AjjeonAjoslold
[basjas] ‘uolleAlloe asedsed si yoiym ‘ursrosdold e se sebeydoioew paleannde Aq paonpold s suioAd siy L q17/ 9900 £€8°0
*U013|9503A2 "U28118 $9|NQNI0JDIW SJ3YM S||9D |Bl|ayide Usamiaq $10e3UOD 941 18 PUNO)
[991] ‘sUaJaype BjNUOZ  2JN1DNJIS Paseq-ullayped pazijedads e ‘sualaype e|nuoz oY) ul xa|dwod-uiaioid syl jo Wed  LvHYTTd 9%v0°0 €0
‘sebeydosoew pue sarhdoredsy Aq passaidx3 ‘uonepelbap Joj saWwososA| ayy 01 parsodsueny
sI puebi| 841 pue 92e4JNs |92 a3 01 3oeq pa|dAdal s| Jo1dedas sy usy ] "s1e100ssIp puebl| pue
Jo1dedas oy asaym s||auebio Buiios-d1pioe ue 01 $3|NGN1 PUB $3|DISSA SUBIqUISW JO $31ISS
sabeydosoew ‘sisoihdopus e elA sul@101dodA|b 8say1 s11odsuelt 1) "uoienau1d ay1 woly wayl buinowas ‘suis101dodA|b
[Lz] ‘[basyas]  ‘s||92 dneday ‘suiei0idodA|D ewse|d (|eulwlsl-jAsoioe|eb) paiejAjeissp 01 spulq Joidedas uisloidodA|Bojeise sy L 1¥DSY 9900 wo
ssaupul|q [eausbuod
9AISSDD3J [PWOSOINE *s||22 Jordadalojoyd poJ pue auod Jo Jusuodwod Asy e s pue ula10id Jole|nbas
[basjas] ‘uiy0id Jordedaloloyd  9sed| D esojuswbid siiual yum s1oessiul 1eyl uislold Joidsdasioljoyd e sopodus ausb SiyL  [d/yDdY Y00 6l'0
usbnue Ayjignedwodoisiy 's||j@2 2nalodolewsy
[z61] Joulw ‘s||92 o1321odojewaH Aq passaidxa ‘z-vH uabiiue AlljiqI1edwod0)s|Y JOUIW SB UMOUS| OS[e ‘D] UISOAW  DIOAW 3¢v0°0 19°0
sa1Ad0u0oW ‘uoi12ajul NDg Buimojjo) sa1Ad0uoW Lo parenbasumop
[osLzL] ‘s||92 g ‘buijeubis jjoL SI pue s|[92 g Ul SOLdY U1210Jd }1|-||01 81 YIIM S31eI20SSe |-UONeIUIaHIP PIOJaAW 98AT 8¢70°0 L
EERIENETCN ] spJomAa)| uondudseg  |oquAs lendlpe 2460)

panuuo)d ' a|qel ‘|ddns




UMoUNUN  2UaNbas YNYW ‘S 90ZL9E:IDVINI 2UOPD YN Suaides OWOH yHpyqZN euial saJeos 11'y06/£9z 66700 L0°0

UMOUXUN  35UaNbas YNYW ‘0ZZ5IN866dDYWI 2UOPD YN@D suaides OWOoH dHZqN ejuade|d saseos 05/ZLIXE 66700 80°0
Jadued ‘sabeydosoew 's||92 Jaoued
‘wsijogelaw pidi|  aAIssalbbe ul passaidxe A|ybiy os|y ‘senbe|d o130J9|2s0ay3e Ul sabeydoioew Aq passaidxa
[96L‘0%] ‘95e|0JPAY J9153 |0J91S9|0YD S| | 95e|0JPAY J2159 [0J91SD|OYD [BJINSU SB UMOUY| OS|e ‘| 931|-9Se|A190eap apiweladejAly  [1DVAVY 66%0°0 [S0)

's||92 o13e1odolewsay Ul AjAIsN|oxa

passaldxa ‘uta1oid oiwse|dolAd e s 1onpoid auab sy oyl "g/zdiv ‘xa|dwod buiziuebio
|B13|9%{SOIAD B pUE ‘SIUSWE|Y UIIDE JO UOIeWIO4 918|NbaJ 01 UMOUY| ‘THOPD ‘@Sed 1D ||BWS
91 1M 2181D0SSE ‘A[30J1pUl JO Aj122J1p ‘sulalod 959yl 1B} PR1BJISUOWSP SARY SIIPNIS
U929y "suta1oid 9|d13NW Y1m 1DBIIUI PUE ‘I|NWIIS JUSIDHIP JO Joquinu e Aq paie|nbas
aJe Aay1 181 515966Ns sy110W JUBIBHIP JO JOqUINU € JO 90USaId B "UOID|3SOIAD UINDR

s||22 onalodolewsay 331 01 92eJJNS || Y1 UO S101dedal Woly s|eubis Jo UOIIdNPSURI] Ul PAAJOAUL SJe pue
[basya] ‘U019|as031Ad ‘g /zdiv ‘9JN12NJ1S UIBWOP Je[Iwis aJeys su1a1od jo Ajiwey (SYAN) WOoIPUAS Yo1IP|y-1103SIM 94 L SYm 66700 60
'sIsO1Ad0puS palelpaw-uly1e|d Ul 9joJ e 1s966ns 1eJ Ul uie104d Je|IWis e Jo saIPNIS “Ajlwey
[basjas] sisojAoopugz uia0.d pajeidosse-1e0d buipuig-Jes-uidepe sy3 Jo Jaquisw e sspodua Al susb siyl  ZdvDIN 58%0°0 6%°0
‘Aauppy ‘wsijogelaw (-)(€)ODH ul ajoJ 3uertodwi ue sAejd 31 yoiym
‘9]2NsW ‘1JeaY ‘S158|2091SO ul Asupiy pue ‘a|2snw |B19]23(s ‘1Jeay ‘S15e209150 Aq passaidxe ‘1sodsuel] 91euoglediq
[stziosL] ‘Jo1J0dsuesy a1euoqiedig Ul PaA|OAU| £ Jaquiaw ‘J21J0dsues10d 91eU0qJediq WNIpos ‘v Ajlwey Ja1Jed Injos  /v#D1S 800 9€'0
siseyselaW ‘siseiselaw Jowny bunnowold snyy ‘Ajiwey z-|2g jo suisiold yum bBunoessiul Aq
[987] ‘sisoydode ‘z-104 ‘Xvg  uoie|nbas yieap |19 ul o3edidiied Aew ‘y Bulule3uod J130W JOQIYUI XY SUBIGUWISWSURL]  HIVIGVL €800 ¥5°0
abeydoJoew ‘asedsed Jo uolleAlnde ayj el shemyied buijeubis oinoydode
‘@1Ac0uow ‘swosewwepul  pue Asojewwejjul syl ul saxa|dwod buleubis abie| jo Alquiasse seieipaw eyl Ajjweysadns
[¥2] ‘[basyal] ‘uolleAlloe asedsed P|OJ-UleWwop Y1eap a|puNq X1|ay-XIs 941 JO SJoqUISW 31 SUIeWOP QYvD PUB AAd 2UL  J¥VDAd S/t0°0 680
umouun 2914010 S/¥0°0 L
ymmosb ‘ymolb snowni jo sease ul pue eixodAy Bulinp uonewwejjul JO SIS UL 9AIIOE 9q
Jown) ‘eixodAy ‘uonewwepjul - Aew 1| *AlIAIIOE 9SBUIWESP SUISOUSPE dABY pue JO1e) YImosb e se 10e Aew uieioid papodus
[sg7] ‘[basyal] ‘9SeUIWEeSP 2UISOUSpPY Sy ‘Ajlwey uis1oid sseulwesp suISOUSPe U] JO Ajlweiqns e JO Jaquiaw e sapodus ausb siy | 14230 S/¥0°0 L
S9OUBJ9YY spJomAa)| uondudseg  |oquAs lendlpe 2460

panuiuo) ¥ a|qelL ‘|ddnsg

Innate immunity in osteosarcoma
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