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Abstract 

Sarcomas are malignant tumors emerging from mesenchymal tissues including bone, 
cartilage, adipose tissue and muscle. Sarcomas are rare, accounting for only 2 to 3 percent of all adult 
cancers. Underlying pathogenic mechanisms are slowly beginning to be understood and in about a 
third of sarcomas include unique chromosomal translocations that generate fusion genes, which 
encode fusion proteins most of which function as aberrant transcription factors. However, two thirds 
of sarcoma harbor complex genetic alterations that preclude clear assessment of their pathogenesis. 

Numerous studies suggest that the immune system has an important role in the control of 
tumor progression. It is documented that patients with tumors having a strong cytotoxic T cell 
infiltrate have a better overall survival rate than those with tumors that do not. It is also well known 
that cancer can evade the host immune defenses. Thus it seems important to characterize tumor 
immune infiltrates and determine their precise role with regard to tumor growth. Unlike other types 
of cancer, immune infiltrates in sarcomas have been little studied. 

The aim of this study is to characterize the phenotype of immune cell populations infiltrating 
different types of sarcomas. Samples of seven types of sarcomas have been analyzed. Following 
tumor dissociation, immune infiltrates were analyzed by flow cytometry. Our preliminary results 
show myeloid cells to be the dominant population, followed by small amounts of T cells. The myeloid 
population is heterogeneous and is composed of different cell subsets, including macrophages 
(HLADR+CD11b+) and cells displaying HLADR- plus a combination of CD11b+ CD15+ and CD33+ 
phenotypes. These cells could correspond to myeloid-derived suppressor cells (MDSCs), which are 
strongly immunosuppressive and promote tumor growth and metastasis. Different T cell 
subpopulations have also been found. The dominant subset consists of CD4+ T cells, typically 
associated with helper functions. Samples with high levels of CD4+ T cells and CD25+Foxp3+ T cell 
(that correspond to regulatory cells) had low counts of CD4-/CD8+ T cells that are associated with 
cytotoxic functions. 

Immune cell infiltrates in sarcomas are poorly described in the literature. A better phenotypic 
and functional characterization of these cells could probably help in the development of new 
therapeutic strategies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: cancer, sarcomas, immune infiltrate, fluorescence-activated cell sorting, myeloid-derived 
suppressor cells. 
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Introduction 

 Cancer is a genetic disease that affects people of any age, gender and race. According to the 
World Health Organization, cancer figures among the leading causes of death worldwide, accounting 
for 8.2 million deaths in 2012. Cancers are traditionally classified into multiple categories depending 
on the identity of the affected tissue (carcinomas, sarcomas, leukemias) and their histopathological 
characteristics (local invasiveness, mitosis, pleomorphic cell nuclei). However, they are now 
increasingly categorized according to the genetic mutations they bear and associated epigenetic 
modifications of the genome. Thus, our view of cancer is rapidly changing from a largely descriptive 
toward a much more functional classification based on rational parameters that underlie the 
mechanisms according to which they develop and progress. Cancer generally arises from a single cell. 
One or more mutations are needed in specific genes (proto-oncogenes, tumor suppressor genes, 
DNA repair genes) to transform a normal cell into a tumorigenic one. Although some genetic 
mutations are inherited, most cancers arise as a result of the accumulation of new mutations caused 
by environmental factors including, among others, UV light, radiation, infection, diet and chemicals 
(Wogan et al., 2004). Tumorigenesis is the process which may occur following transformation of a 
cell, depending on how the cell responds to transforming agents. Transformation that leads to 
tumorigenesis provides the cell with multiple new properties such as evading apoptosis, self-
sufficiency in growth signals, insensitivity to anti-growth signals, tissue invasion and metastasis, 
limitless replicative potential and sustained angiogenesis (Hanahan & Weinberg, 2000).  

 Sarcomas are malignant tumors emerging from mesenchymal tissues, including bone, 
cartilage, adipose tissue and muscle. Sarcomas are quite rare, accounting for only 2-3% of all adult 
cancers but up to 15% of pediatrics ones. Although new multidisciplinary therapeutic approaches are 
increasingly applied, the overall survival rate of five years remains strongly compromised if surgery is 
not curative. Gradually, underlying pathological mechanisms are beginning to be understood, chief 
among which are unique chromosomal translocations that give rise to fusion proteins, most of which 
appear to function as aberrant transcription factors or transcriptional regulators as illustrated in 
Ewing and synovial sarcoma (Riggi et al., 2007a; Riggi et al., 2007b; Suva et al., 2007). But for the vast 
majority of sarcomas (leiomyosarcoma, high-grade spindle cell sarcoma, myxofibrosarcoma, 
pleomorphic sarcoma, dedifferentiated liposarcoma and undifferentiated myxofibrosarcoma) 
underlying pathogenic mechanisms still remain unclear and classification remains primarily based on 
morphology. According to the French Fédération Nationale des Centres de Lutte Contre le Cancer 
(FNCLCC), the grade of a sarcoma is based on a score - including tumor differentiation, mitotic rate 
and amount of tumor necrosis. The grade is a sign of how likely the cancer will spread. For example 
low-grade sarcomas contain well-differentiated cells and tend to disseminate less. Higher-grade 
sarcomas tend to grow and spread faster than lower-grade counterparts. 
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Figure 1. The primary tumor microenvironment (Joyce and Pollard, 2009) 
The microenvironment surrounding tumor cells is composed of diverse 
types of cells including hematopoietic cells such as macrophages, 
lymphocytes, myeloid-derived stem cells and a variety of stromal cells 
ranging from differentiated myofibroblasts to mesenchymal stem cells.  

 

 Cancer immune surveillance, elimination and escape are old concepts that are beginning to 
be better understood in light of in-depth molecular and cellular analyses. Cancer is intimately linked 
to inflammation (Coussens & Werb, 2002), where innate immunity can play the role of a double-
edged sword. Numerous studies suggest that adaptive immunity plays an important role as well in 
the control of tumor progression (de Visser et al., 2006). It is well known that patients with tumors 
that have abundant cytotoxic infiltrates have a better overall survival rate than do those with tumors 
that do not (Sorbye et al., 2011; Sorbye et al., 2012; Galon et al., 2006; Galon et al., 2013). 
Furthermore, new functional sub-populations of immune cells continue to be described (Prendergast 
& Jaffee, 2013) and contribute to a better understanding of the notion of immune surveillance of 
tumor behavior (Hanahan & Weinberg, 2011). 

Several types of immune cells are important in immune surveillance (Figure 1). Lymphocytes 
are divided in two major functional groups: B cells and T cells. B cells are the principal effectors in 
humoral immunity, being responsible for antibody production. T cells can be grouped into several 
subpopulations: according to phenotypic marker expression, i.e. CD4+, CD8+ and according to their 
more relevant functional properties. Thus, CD8+ cells have a predominantly cytotoxic role, killing 
cells by cell-to-cell interactions. CD4+ cells or T helpers are divided into several categories, including 
Th1, Th2 and Th17. Their role is to interact with other cells of the immune system to promote 
primarily cell-mediated (Th1) or humoral (Th2) immune responses. T regulatory cells (T regs), 
discovered during the '90s, are a subset of T helper cells (CD4+), which express CD25+ and 
transcription factor FoxP3. Their principal role is to inhibit proliferation and function of activated 
cytotoxic T cells (CD8+) and activated CD4+ T cells at least in part through a cell-to-cell contact 
dependent mechanism. The ratio CD4/CD8 is important for patient survival. It has been shown that 
cancer patients with a higher rate of CD8+ cells have a better overall survival than those who do not. 
In addition to “classical” immune populations of T cells that express only CD4 or CD8, new subsets of 
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T cells have been described in literature (Thompson et al., 2006). These new populations have a 
double negative (CD4-CD8-) or double positive (CD4+CD8+) phenotype. NK cells are a small subset of 
lymphocytes that act similarly to CD8+ T cells and display cytotoxic activity toward virally infected or 
tumor cells that express low levels of major histocompatibility complex molecules. Unlike T cells, NK 
cells do not possess specific receptors for tumor antigen recognition in the context of MHC (Moretta 
et al., 2014). 

 Another important family of immune cells frequently found at the tumor site are myeloid 
cells. Monocytes are blood precursors of macrophages. Macrophages are plastic cells, capable of 
differentiation into at least two distinct populations - M1 and M2 (Martinez & Gordon, 2014). M1 are 
generally tumor suppressive, producing effector molecules (reactive oxygen species), including 
cytokines that promote a pro-inflammatory Th1 response. M2 cells promote a Th2 response, which is 
anti-inflammatory and favors tissue repair and remodeling. This capability can be used by the tumor 
to model its microenvironment according to its needs. Macrophages can undergo conditioning by 
tumor cells to become tumor-associated macrophages (TAMs). TAMs display phenotype 
characteristic of M2 macrophages (secretion of IL-10 and TGF-β) and are unable to trigger Th1-
polarized immune response (production of argininase, Zea et al., 2005) but rather induce T regs. They 
are present in well-established cancer and contribute to direct the local immune system away from 
antitumor function. TAM-derived factors promote tumor cell proliferation and survival (Chanmee et 
al., 2014). 

 A more recently identified functional population of myeloid cells is composed of myeloid-
derived suppressor cells (MDSCs), which have strong immunosuppressive activity and are frequently 
associated with tumor progression (Gabrilovitch & Nagaraj, 2009). Multiple mechanisms of action 
have been suggested. These cells can protect against autoimmunity but, on the other hand, can also 
induce tumor promoting effects through modulating the immune functions of macrophages, NK cells, 
B cells, T cells. MDSCs originate in the bone marrow as CD11b+ hematopoietic precursor cells. MDSCs 
gene expression is very variable between tumors. Although many studies have been carried out, it is 
very difficult to identify a unique phenotype of markers. Moreover, mechanisms leading to 
accumulation of MDSCs in bone marrow and blood of patients are incompletely understood, as well 
as the direct correlation between MDSCs, chronic inflammation and immunosuppressive state. 

 Unlike carcinomas, the immune infiltrate in sarcomas has been little studied. In this work, 
with a selected panel of markers we analyzed the main immune cell populations infiltrating tumor in 
samples from patients before any treatment. 
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Materials and methods 

Tumor samples and enzymatic dissociation 

Eight different tumor samples were included in this study: a leiomyosarcoma (HGS8), a high-
grade spindle cell sarcoma (HGS17), a myxofibrosarcoma (HGS18), a pleomorphic sarcoma (HGS19), a 
dedifferentiated liposarcoma (HGS21), an undifferentiated myxofibrosarcoma (HGS23), a Wilms 
tumor, even though it is not a sarcoma, and a synovial sarcoma. Approval was obtained form the 
Ethics Committee of the Canton de Vaud, protocol number 260/15. To obtain a bulk of single cells, 
fresh samples were put in Petri dishes containing IMDM medium (Gibco) supplemented with 1% of 
penicillin/streptomycin (PS) antibiotics (Gibco) and mechanically dissociated using a scalpel. Samples 
were incubated at 37°C for two hours with collagenase type II and IV (0.5 mg/ml, Sigma) and DNase I 
(100 ng/ml, Roche). To obtain a single cell suspension, dissociated samples were passed through a 70 

m cell strainer. Single-cell bulk samples (tumorigenic cells, immune infiltrate and dead cells) were 
then frozen and stored in liquid nitrogen. Each sample contained an average of 107 cells that were 
used for FACS staining. 

Antibody staining and data acquisition 
 Stainings have been performed on frozen samples after thawing. Samples underwent 
multiple washes in IMDM + 1% PS medium followed by resuspension in MACS buffer (PBS 1x-0.5% 
BSA-EDTA 2mM). To block all unspecific Fc-gamma receptors thus reducing unspecific fluorescence, 
cells were incubated 20 minutes at 4°C with FcR blocking reagent (human, Myltenyi). Then, they 

were washed and stained for 30 minutes (4°C) with specific antibodies in a total volume of 30 l on a 
96 V-well-plate. 7AAD and DAPI were used as markers of cell viability. 

 

Molecules Fluorochrome Dilution Purchase from 

CD33 eFluor450 1:20 eBioscience 

CD11b APC-eFLuor780 1:20 eBioscience 

CD8 Pacific Orange 1:25 exBio 

CD16 PerCP-Cy5.5 1:20 BD Pharmingen 

CD3 PC7 1:20 Beckman Coulter 

CD19 FITC 1:40 eBioscience 

CD15 PE 1:20 Beckman Coulter 

CD56 ECD 1:40 Beckman Coulter 

CD45 Alexa700 1:20 BD Pharmingen 

HLADR APC 1:20 BD Pharmingen 

CD4 PE 1:40 BD Pharmingen 

FoxP3 FITC 1:1 eBioscience 

CD25 APC 1:100 eBioscience 

7AAD ECD NA eBioscience 

DAPI NA 1:10000 NA 

Table 1. List of antibodies and working dilutions 
 

Four different antibody mixes were used to stain the samples (Joyce & Pollard, 2009). Table 1 
shows the list of antibodies, corresponding dilutions previously established in the laboratory and 
associated fluorochromes. The different antibody combinations are reported in figure 2. Around 106 
cells per condition were incubated. Mix 1 (CD19, CD14, CD56, CD16, CD3, HLADR, and CD45) was 
used to characterize the proportions of T cells, NK cells, B cells and macrophages. Mix 2 (CD15, CD3, 
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HLADR, CD45, CD11b and CD33) was used to characterize myeloid cells (Mirza et al., 2006). T cell 
subpopulations were analyzed using Mix 3 (CD4, CD56, CD3, CD45 and CD8) and Mix 4 (FoxP3, CD4, 
CD3, CD25and CD45). For Mix 4, containing antibodies targeting the FoxP3 nuclear protein, cells were 
permeabilized using the FoxP3 kit following manufacturer instructions (eBioscience, Anti-Human 
FoxP3, FITC staining set). A condition without FoxP3 antibody was used as control. Cells stained with 
anti-CD45 and live/dead markers were used as negative controls (Figure 2).  

 After incubation, cells were washed, resuspended in 100 µl of MACS buffer and transferred in 
a tube containing 400 µl of MACS buffer. Cells were kept protected from light and stored at 4°C until 
FACS acquisition. Stained samples were acquired on a Gallios Flow Cytometer (Beckman Coulter) and 
FlowJo V10 software was used for analysis. 

Before data acquisition, voltages were set up using unstained cells. A minimum of 4000 

living/single cells was acquired for each sample. To set up compensations, single positive stained 
beads (BD Comp-Bead Anti-Mouse Ig, k, BD Biosciences) were used to correct for fluorochrome 
spectral overlap. Compensations were calculated using FlowJo software. 

 
 

Figure 2. Antibody staining plan 
The first line on the top depicts the filters and the corresponding wavelengths that were used in the 
Gallios Flow Cytometer. The second line indicates to which fluorochrome each antibody of the same 
column is conjugated. Following lines correspond to the nine antibody mixes used in staining 
reactions. The first column on the left represents the name of each condition. Green cell correspond 
to FoxP3 antibody, blue and purple cells are viability markers, respectively DAPI and 7AAD. 

http://en.wikipedia.org/wiki/Mu_(letter)
http://en.wikipedia.org/wiki/Mu_(letter)
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Gating strategies 

 HGS18 sample was chosen as a representative sample to show all gating strategies (Figures 3, 
4, 5 and 6). 

For all antibody combinations a common procedure was used to gate on the appropriate cell 
size and discard doublets and dead cells. Cells negative for 7AAD and DAPI stainings were considered 
as “living cells”. Immune cells were distinguished from tumor cells by their positive CD45 expression. 
These first four gating steps, “size”, “single cells”, “living cells” and “CD45+”, are critical to limit the 
non-specific fluorescence in later analysis, especially while targeting CD11b+ cell populations 
(Kuonen et al., 2010) (Figures 3, 4, 5 and 6). 

Specific gating strategies based on cell surface phenotype were then used for the analysis of 
the different immune cell proportions for each antibody mix. In figure 3, cells expressing CD3 marker 
among CD45+ cells were considered as T cells and included on “Ly T” gate. Figure 3 also depicts the 
gating strategy for B cells (red arrows), NK cells (green arrows) and CD14+ population (blue arrows). 
In the red pathway, the first gate P1, built over CD3- population, targets subpopulations expressing 
CD19+, a B cell marker. On P1 population, P2 gate discards cells expressing whether CD16 or CD14, 
which are markers of monocytes, NK cells and macrophages. “Ly B” selects cells with a CD19+CD56- 
phenotype. The green pathway represents the gating strategy for NK cells. P3 is the second gate 
build over CD3- population. It eliminates antigen-presenting cells selecting only cells negative for 
HLADR expression. NK cells were then considered as CD56+CD16+/- cells. In the blue pathway on the 
right, CD14+ cells were selected after discarding CD16-/CD14-CD56+ cells by gate P4, and looking at 
the positive expression of HLADR markers on CD14+ cells. Figure 4 shows the characterization of 
CD11b+HLADR+ macrophages and the characterization of different subsets of myeloid populations: 
HLADR-CD11b+/-, CD15+/-, and CD33+/-. The second mix of antibodies was used. Once the CD3- 
population was obtained, the first gate was built by targeting CD11b+HLADR+ over CD3- population 
(blue pathway). On the right side of the figure (green pathway), first, HLADR+ and then CD11b-CD33- 
cells were discarded (“HLADR-“, “CD11bCD33” gates). The expression of CD15 and CD33 markers was 
then evaluated on CD11b+CD33+/- cells. CD4+, CD8+, CD4-CD8- and CD4+CD8+ T cell subsets were 
analyzed on CD3+ population using the gating strategy depicted in Figure 5. Proportions of 
Foxp3+CD25+ T reg cells were analyzed using the gating strategy of Figure 6 among CD3+CD4+ cells. 
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Figure 3. Gating strategy for the analysis of B, NK and CD14+ cells  
Headers at the top of dot plots indicate from which populations 
cells were gated. Red, green and blue arrows represent 
respectively gating strategies for B cells, NK cells and CD14+ 
subpopulation. 
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Figure 4. Myeloid cell characterization: gating strategy 
Headers at the top of dot plots indicate from which populations cells were gated. Blue and 
green arrows represent respectively gating strategies of macrophages and myeloid 
subpopulations. Histograms at the bottom show the expression of CD11b, CD33 and CD15 on 
HLADR- cells (red lines). Cells stained only with 7AAD were used as negative controls (blue 
lines). 
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Figure 5. Gating strategy for the characterization of T cell subpopulation 
Headers at the top of dot plots indicate from which population cells were gated. CD4+ and 
CD8+ cell proportions were analysed among CD3+ populations. 
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Figure 6. Gating strategy for the characterization of T reg cell proportions 

FoxP3+CD25+ cells among the CD3+CD4+ population were considered as T regs. 
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Results 

Overall results 

Eight primary tumor samples were analyzed: high-grade spindle cell sarcoma (HGS17), 
myxofibrosarcoma (HGS18), pleomorphic sarcoma (HGS19), dedifferentiated liposarcoma (HGS21), 
undifferentiated/myxofibrosarcoma (HGS23), leiomyosarcoma (HGS8), Wilms tumor and synovial 
sarcoma.  

Wilms tumor is the most common childhood malignancy. Its pathogenesis lies within the 
mutation of a tumor suppressor gene (WT1). This gene encodes a transcription factor implicated in 
normal kidney and gonadal development. With current therapies, overall survival is around 80-90% 
(Davidoff, 2012). 

Because of the heterogeneity of the samples, Wilms tumor will be compared to the average 
of the high-grade spindle cell sarcoma group (HGS), while the synovial sarcoma will be presented 
separately. Indeed, for this last sample the CD45 staining was not able to discriminate between 
immune and tumor cells, most likely because of non-specific fluorescence or aberrant expression by 
tumor cells. 

Numbers of living cells were heterogeneous among samples, varying from 33% of single cells 
(1.7x104 cells) in HGS17 sample to 83% (9x104 cells) in HGS 21 sample (Figure 7). Compared to the 
mean value in the high-grade sarcoma group (64%), Wilms tumor displayed a lower amount of living 
cells representing 40% of the single cell population (4x104 cells).  

 
 

Figure 7. Percentages of living cell population in bulk samples 

As discussed previously, CD45, a general marker of immune cells, was used to discriminate 
immune cells from other cell types, such as endothelial or tumor cells. Figure 8 shows the proportion 
of immune infiltrates among cell bulk in all samples. Immune cell infiltrates were heterogeneous. 
With the exception of Wilms tumor sample for which the immune infiltrate represented 30%, 
immune cell infiltrates were generally abundant and ranged between 43% and 83% of living cells 
(average of 56% of living cells). 
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Figure 8. Percentages of total immune cells infiltrating sarcoma 

CD3 antigen was used to further characterize T cells among immune infiltrates, whereas B 
cells, CD14+ cells, other myeloid cells and NK cells were analyzed within the CD3- population. In high-
grade sarcoma samples, CD3- population was abundant and ranged between 55.3 and 98.3% of 
CD45+ immune cells. The proportion of CD3- cells was significantly lower in the Wilms tumor sample 
(around 10%, Figure 9).  

B cell infiltrates were rare. HGS17 and HGS8 tumors showed higher proportions compared to 
the average of other samples (0.14%), respectively 0.3% and 0.4%. The Wilms tumor displayed a 
similar B cell percentage as HGS18, HGS19, HGS21 and HGS23 tumors (Figure 10A). NK cells showed a 
similar distribution, with HGS17 and HGS8 tumors harboring higher proportions than other samples 
(Figure 10B). Regarding CD14+ cells, proportions were generally low (average of 6.28%), except for 
HGS18 (38%). Wilms tumor was comparable to other samples with a CD14+ cell component of 0.9% 
(Figure 10C). Compared to other populations, T cell proportions were higher but nevertheless 
heterogeneous, with an average of 5.4%. Wilms tumor was characterized by a 10% T cell content 
(Figure 10D). 

Assessment of Wilms tumor results in more detail revealed that adding percentages of CD3+ 
cells and CD3- cells did not reach 100%. These results could be explained either by experimental 
errors (e.g. suboptimal staining) or by the fact that our gating procedure was not sufficiently 
discriminating with respect to live versus dead cells or single cells. 
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Figure 9. Percentages of CD3- population among CD45+ cells 

 

 

A 

 

C 

 
 

B 

 

D 

 
 

Figure 10. Percentages of B cells (A), NK cells (B), CD14+ cells (C) and T cells (D) among CD45+ cells 
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Myeloid cell characterization 

Myeloid cells were analyzed among the CD3- population using the antibody combination Mix 
2 (Figures 2 and 4). Two major phenotypes were characterized: HLADR- cells and CD11b+HLADR+ 
cells, which correspond to a macrophage-like phenotype. HGS18 and HGS19 samples displayed the 
highest proportion of macrophages, 58.8% and 63.6%, respectively. In Wilms tumor, the percentage 
of macrophages was 37.1%, which is slightly inferior to the average of sarcomas (45.5%). 

Regarding HLADR- cells, results were heterogeneous ranging from 15.6% in HGS18 to 63% in 
HGS17. The average of all samples was slightly more than 30%. Wilms tumor showed a smaller 
proportion of HLADR- cells than the average of sarcoma samples (24%)(Figure 11). 

 
 

Figure 11. Percentages of HLADR- and HLADR+ myeloid cells populations 

We analyzed the expression of CD11b, CD15 and CD33 markers among HLADR- cells. These 
markers have been reported to be associated with MDSCs phenotypes. The vast majority of HLADR-
cells expressed CD11b (range 89.3-97.8%, average being 93.3 %)(Figure 12). Compared to sarcomas, 
Wilms tumor showed a lower proportion of HLADR-CD11b+ cells (64.1%). We then looked at CD33 
and CD15 expression among HLADR-CD11b+ populations (Figure 13). Three patterns emerge from 
these results. The largest population in HGS17, HGS21, HGS23 and HGS8 samples were cells 
expressing only CD11b (CD33-CD15)(purple bars). In these samples a smaller proportion of CD33-
CD15+ cells was also present (blue bars). The second pattern corresponds to HGS 18 and HGS 19 
samples for which proportions of CD33-CD15+ and CD33-CD15- were comparable and both close to 
50%. Wilms tumor showed a third pattern different from sarcoma samples. The largest populations 
were characterized by CD33+CD15- cells (green bar, 41%) and CD33-CD15- cells (39%). CD33-CD15+ 
cells represented almost 15% of HLADR-CD11b+ cells and a non-negligible population of double 
positive CD33+CD15+ cells (red bar) was also present. 
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Figure 12. CD11b expression among HLADR- cells 

 

 
 

Figure 13. Distribution of cells according to the expression of CD33 and CD15 among HLADR-

CD11b+ cells 

T cell characterization 

 Figure 14 represents populations of cells expressing CD4 and CD8 and gives a general 
overview of T cell characterization. With the exception of HGS17, for which CD4+ proportion was 
dominant, other samples showed similar proportions of CD4+ and CD8+ T cells. However, 
proportions of CD4+ added to those of CD8+ correspond to more than 100% (especially for HGS18 
and HGS19), suggesting the presence of double positive cells. Double positive populations will be 
analyzed more in detail through figure 15. 
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Figure 14. General proportions of CD4+ and CD8+ T cells 

It is important to highlight the observation that HGS17 displayed a unique pattern, with the 
absence of CD8+ and double positive cells. Wilms tumor displayed a similar phenotype compared to 
the average of CD4+ and CD8+ cell proportions in sarcoma samples, respectively 67% and 48%.  

Double negative lymphocytes (red bars) are dominant in HGS 17 and HGS 23, whereas double 
positive cells (purple bars) are high in HGS 19 and, to a lesser extent, in HGS 18. CD4+ single positive 
populations (green bars) are the largest in samples HGS18, HGS8 and Wilms tumor; whereas CD8 
single positive populations (blue bars) are present in all samples but totally absent in HSG17. There 
are more samples with a positive CD4:CD8 ratio (CD4 > CD8): HGS17, HGS18, HGS8 and Wilms tumor. 
Remaining samples (HGS19 and HGS 23) have a negative CD4:CD8 ratio (CD4 < CD8) or shown a high 
double positive population.  

 
 

Figure 15. Distribution of lymphocytes regarding the expression of CD4 and CD8 surface marker 

Proportions of T reg-like cells (CD4+CD25+FoxP3+) were also analyzed among CD3+ cells. 
Large proportions of T regs are present in HGS17 and in HGS18 samples (Figure 16). Proportions of T 
regs in HGS19 and HGS23 are lower and close to 5%. In other samples, T reg populations were 
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smaller. By comparing percentages of CD4+ cells to those of T reg (CD4+CD25+FoxP3+), T regs 
represented between 5% (HGS8) and 50% (HGS8). The hypothesis that T regs represented a major 
population of CD4+ can be made.  

 

 
 

Figure 16. Proportion of T regs among CD3+ population 

Synovial sarcoma 

 Synovial sarcoma showed a different pattern concerning CD45 expression for which the 
proportion was higher than 90%. It is possible that tumor cells expressed CD45 making our analysis 
difficult. For this reason, we decided to show the analysis of this sample separately. 

 By comparing figure 17 with figure 3, populations in figure 17 were not clearly distinguishable 
and discrimination between negative and positive populations was impossible. These results strongly 
suggest that the tumor may express CD45. Moreover, it is possible that the tumor also expressed 
CD56 and possibly HLADR (gates P1 and P3). Nevertheless, we tried to analyze immune cell 
subpopulations. No CD3+, NK cells, B cells or CD14+ cells were found (Figure 17). We only detected a 
small population of HLADR+CD11b+ (around 15%) as well as CD11b+CD33+ cells (approximately 33 
%), which were likely myeloid cells (Figure 18).  
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Figure 17. Synovial sarcoma: characterization of B cells, NK cells and CD14+ cells 
Headers at the top of dot plots indicate from which populations cells were gated. Red, green and 
blue arrows represent respectively gating strategies of B cells, NK cells and CD14+ subpopulation. 
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Figure 18. Myeloid cells characterization in synovial sarcoma 
Headers at the top of dot plots indicate from which population cells were gated. Blue and green 
pathways represent respectively gating strategies of macrophages and myeloid subpopulations. 
Histograms at the bottom show the expression of CD11b, CD33 and CD15 in HLADR- cells (red lines). 
Cells stained only with 7AAD were used as negative controls (blue lines). 
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Discussion and future perspectives 

 Through this study, we characterized immune infiltrates in different types of high-grade 
sarcomas and in a primary sample of Wilms tumor. Each sarcoma displayed a different pattern in 
terms of size and composition of immune infiltrate, but one common feature was that dominant 
populations in each sample were myeloid cells and T regs.  

Because of the different nature of the samples, we chose to discuss Wilms tumor separately 
and compared it to the average pattern of sarcoma samples.  Even if some results were comparable, 
Wilms tumor displayed a unique pattern. Its total immune infiltrate (CD45+ cells) as well as the 
proportion of CD3- cells was lower compared to the average of sarcomas (Figures 8 and 9, 
respectively). Moreover, it also displayed a different pattern of CD11b+HLADR- myeloid cells (Figures 
12 and 13). T cell infiltrate was higher compared to the average of sarcoma samples (Figure 10D) and 
mainly characterized by CD4+ cells. However, the proportion of T reg cells was low (Figures 14, 15 
and 16). 

 Myeloid cells are mainly composed of MDSC-like cells and macrophages. MDSCs have been 
described as immunosuppressive cells (such as interference with T cell function) (Solito et al., 2014) 
with heterogeneous phenotypes that vary among different types of cancer (Gabrilovitch & Nagaraj, 
2009). Certain markers were selected, based on available studies, which seemed recurrent and 
present in different tumors: renal cell carcinoma (HLADR-CD11b+CD15+) (Zea et al., 2005), head and 
neck squamous cell carcinoma (HLADR-CD33+)(Almand et al., 2001) and carcinomas in general 
(CD15+)(Schmielau et al., 2001). As seen in the results, it could be said that there is “a phenotype per 
sample” and it may reflect and underlie the heterogeneity and complexity of cancer biology (Smith et 
al., 2013; Young et al., 2001). Throughout this study we did not focus on the association between 
immune cell infiltrates and clinical stages of patients. It would be interesting to correlate immune 
infiltrates with clinical stage and immunohistochemistry markers on one hand and genetic patterns 
on the other, to clinical data as it has been done in some studies (Gentles et al., 2015). 

It is important to keep in mind that MDSC is a functional characterization and no functional 
tests have been performed yet. Moreover, MDSC function has been studied in carcinomas and little 
is known about MDSCs in sarcomas and even less in the sarcomas used in this study. Different sets of 
markers are probably needed to characterize MDSCs in more detail in sarcomas. From the general 
results of this study, there is an inverse correlation between T cell and CD3- cell counts (data not 
shown). This could possibly be explained by the ability of MDSCs to interfere with T cell functions. 
However, more experiments need to be conducted to prove or invalidate such hypotheses, but it is 
conceivable that these cells are MDSCs with an immunosuppressive profile. 

 Macrophages are the other important subset constituting CD3- populations. Macrophages 
have been characterized as CD14+ and HLADR+CD11b+ populations (Ruffell et al., 2012). TAMs are 
often found in large quantities in tumor microenvironments, promoting cancer growth and spread 
(Kumar et al., 2010). It has recently been shown (in mammary cancers) that macrophages have 
multiple roles in cancer. By secreting IL-10, macrophages affect the normal function of cytotoxic T 
cells. Moreover, M2 macrophages, induced by Th2 responses, have been shown to be pro-
metastatic. Research using mouse models has shown that suppressing triggers of macrophage 
differentiation could prevent metastatic states and increase T cytotoxic cell counts. These 
mechanisms are thought to act not only through secretion of IL-10 but also through mechanisms 
mediated by myeloid cells, which are not fully understood (Ruffell, personal communication, EPFL 
lecture 2014). According to the procedures and results of this study, it is not possible to conclude the 
specific polarization of macrophages towards M1, M2 or TAM. For this purpose, functional studies 
would be required. In future experiments, it would be interesting to use fresh samples and to 
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quantify the secretion of IL-10 and determine whether these mechanisms are also found in 
sarcomas. 

 Tumor infiltrating lymphocytes are considered to be an indication of the immune reaction of 
the host and an estimation of the overall expected survival. It is well known that the presence of 
numerous CD8+ cells is associated with better survival prospects (Weinberg, 2013; Sorbye SW et al., 
2011). In samples with large CD4+ cell counts; there are also large counts of FoxP3+CD25+ cells, 
known as T regs. Under normal conditions, T regs account for 5 to 10% of total CD3- cells and can be 
augmented in some tumors (Prendergast & Jaffee, 2013). Results found in this study are close to 
those found in existing literature. T regs are known to be immunosuppressive and tissue repair 
promoting, thus enhancing tumor proliferation (Danese & Rutella, 2007). Although recent studies 
have shown that T regs are not automatically associated with poor prognosis and tumor immune 
evasion, it is recognized that a high T reg count is associated with tumor progression (deLeeuw et al., 
2012). 

 Some other populations have been characterized in past years. Double negative (CD4-CD8-) 
and double positive (CD4+CD8+) T cells have been described in recent studies (D’Acquisto & 
Crompton, 2011; Thomson et al., 2006). Although their functions remain very controversial, it seems 
that these populations could have an immunosuppressive role (Hillhouse & Lesage, 2013; Young et 
al., 2003). 

 Results of synovial sarcoma were difficult to analyze because of the diffuse expression of 
CD45 marker - either the immune infiltrate was dominant or the tumor also expressed this marker. 
According to the results of this study and the difficulties to better characterize immune cell 
subpopulations, it seems likely that the tumor is expressing CD45. This condition, although extremely 
rare, has been reported in literature under some circumstances of undifferentiated tumor or 
metastasis (Danbara et al., 2009). Other investigations (real time PCR and other FACS analysis) will be 
performed on this sample. One hypothesis might be that this mechanism of CD45 overexpression is 
implicated in tumor immune evasion, which may contribute to the poor prognosis of synovial 
sarcoma (Kerouanton et al., 2014). 

Results published early this year underline the importance of translational research and 
bringing discoveries from bench to bedside. By blocking CSF-1 (which is an activating trigger of 
macrophages) it has been shown that the tumor bulk was reduced in size and that more T cytotoxic 
cells were recruited to the tumor site (Ruffell, personal communication, EPFL lecture 2014). This is an 
example of how targeting specific populations or cytokines could provide potential future 
therapeutic options. 

For this study we used thawed primary samples that had been frozen after tumor 
dissociation. Analyses on this kind of samples are usually technically difficult because of the 
heterogeneity of the sample, abundant dead cells and auto fluorescence (Kuonen et al., 2010). In our 
samples, proportions of living cells among single cells were important (Figure 7), but bulk populations 
also contained numerous dead cells likely due to, among others, areas of necrosis, tumor dissociation 
and thawing steps. For these reasons, the first part of the gating procedure, consisting in dead cells 
removal and doublets discarding, was necessary to eliminate fragments and dead cells allowing us to 
reduce nonspecific signal in the following steps of phenotypic analysis. Moreover, to further reduce 
nonspecific staining due to non-specific binding of antibodies to cells, cells were incubated with a FcR 
receptor blocking reagent. Autofluorescence and unspecific signal could also explain in part the 
dominant CD45+ pattern we found in the synovial sarcoma sample. 
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 Despite the fact that bulk populations contain numerous dead cells, the immune infiltrate is 
prominent (> 40%). It is composed mainly of cells with an MDSC-like phenotype, macrophages and 
subsets of T cells (T regs, double negative and double positive). Other cell types are associated with 
immune infiltrate and seem to play a role in cancer but little is known about their functions 
(monocytes, Th17). 

 To complete the characterization of these populations, it would be necessary to use different 
sets of antibodies to target cells more precisely. It would be interesting, to use fresh samples to study 
the function of characterized cells and examine whether macrophages display M1 or M2 properties. 
MDSC is a functional label. Therefore, it would be also necessary to characterize more in detail 
putative MDSCs associated with sarcomas, to isolate them and confirm their immunosuppressive 
function through culturing mixed populations of T cytotoxic cells and MDSCs and reporting the effect 
of the latter on the former over time. Functionality of T reg cells should be also investigated in 
further studies. 

Although it is impossible to extrapolate our results toward functionality, it is plausible that 
immune infiltrates characterized in this study may correspond to an immunosuppressive phenotype. 
Further work obviously needs to be done to conclude with any certainty the function of these 
populations. However, if they are immunosuppressive, there may be room for therapeutic 
approaches aiming to restore the immune function in sarcomas.  
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