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Abbreviations  
 
 

ACT     adoptive T cell therapy 

AEC      3-Amino-9-ethyl-carbazole   

APC     allophycocyanin 

APE     apurinic/apyrimidinic endonuclease 

CAR     chimeric antigen receptors 

CT     computed tomography  

CD83L    CD83 ligand 

cDNA      complementary DNA  

CHM1     chondromodulin 1 

cRNA     complementary RNA  

DCs     dendritic cells 

DMSO    dimethyl sulfoxide  

DN     double negative 

DNA     desoxyribonucleic acid  

DP     double positive 

EFS     event free survival 

eIF-5A9    eukaryotic initiation factor 5A 

EwS     Ewing sarcoma 

FACS     fluorescence activated cell sorting  

FBS     fetal bovine serum  

FISH     fluorescence in situ hybridization 

FITC     fluoresceinisothiocyanat 

FLU     influenza 

GCTB     giant cell tumor of bone 

GM-CSF    granulocyte macrophage colony-stimulating factor 

GvHD     graft versus host disease 

HSV-1     herpes simplex virus 1 

ICAM-1    Intercellular adhesion molecule 1  

IFNg     Interferon gamma  

Ig     immunoglobulin 

IL-1b     interleukin-1b 

IL-10     interleukin 10 
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IL-4     interleukin 4 

IL-6     interleukin-6       

imDC     immature dendritic cells 

IRF     interferon regulatory factors 

iTreg     induced regulatory T-cells 

LFA-1     lymphocyte function associated antigen-1 

mAB     monoclonal antibody 

mCD83    membrane bound CD83 

MD-2     myeloid-differentiation-factor-2 

mDC     mature dendritic cells 

MHC     multi histocompatibility 

MRI     magnet resonance imaging 

OS     overall survival 

PAMPs    pathogen associated molecular patterns 

PBS     phosphate buffered saline  

PCR     polymerase chain reaction 

PD-L1     programmed cell death ligand 1 

PD-L2     programmed cell death ligand 2 

PE     Phycoerythrin 

PET-CT    positron emission tomography - CT   

PGE2     prostaglandin E2 

PI     Propidium iodide  

rhIL-15    recombinant human interleukin 15 

rhIL-2     recombinant human interleukin 2 

RNA     ribonucleic acid 

sCD83    soluble CD83 

SD     standard deviation 

TCM     T cell medium 

TCR     T cell receptor 

TdT     terminal deoxynucleotidyl transferase 

TIL     tumor infiltrating lymphocytes 

TME     tumor microenvironment 

TNF     tumor necrosis factor 

UGD     uracil DNA glycosylase 
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VAC     Vincristine, Actinomycin, Cyclophosphamide 

VAI     Vincristine, Actinomycin, Ifosfamide  

VEGF     vascular endothelial growth factor 

VIDE     Vincristin, Ifosfamide, Doxorubicin, Etoposide 

Wt     wild type 



 7 

List of Figures  
 
Figure 1: Dendritic cell medium protocol for culturing EwS cell lines  29 

Figure 2: Flow Cytometry Data       37  

Figure 3: Heatmap demonstrating gene expression    43 

Figure 4: RNA expression obtained by Microarray analysis   44 

Figure 5: FACS analysis: CD83 cell surface expression    46 

Figure 6: FACS analysis: addition of only one cytokine    47 

Figure 7: FACS analysis: extent of difference of increase in CD83  48 

Figure 8: ELISpot and Granzyme B assay      50 

Appendix 1: FACS analyses: markers of mature dendritic cells   61 

Appendix 2: FeatureAssay Plots generated with iSEE software   62 
 

List of Tables  
 
Table 1: List of Manufacturers       22 

Table 2: List of Instruments and Technical Equipment    23 

Table 3: List of consumable supplies      23 

Table 4: List of chemicals and reagents      24 

Table 5: Flow Cytometry antibodies       25 

Table 6: ELISpot and Granzyme B Reagents     25 

Table 7: Cell Culture Media        26 

Table 8: Commercial Reagent Kits       26 

Table 9: Cell lines         26 

 



 8 

Introduction 
Paediatric Cancer 
Childhood malignancies are the most common cause of death by disease in children 

aged 12 months and older. According to data of the Mainz Krebs Register in Germany, 

childhood malignancies have an annual incidence of approximately 160 cases per 

1.000.000 children with varying incidence numbers among age groups for specific 

malignancies. The most common childhood malignancies are leukaemia, brain tumors, 

lymphomas, neuroblastomas, soft tissue sarcomas, nephroblastomas and bone 

tumors.  

Contrary to adult malignancies, endogenous factors such as genetics play a major role 

in the aetiology of paediatric cancer when compared to exogenous factors.  

Despite advances of therapeutic strategies over the past decades, childhood 

malignancies remain a major cause of death. Hence, further understanding of the 

underlying pathologies and novel treatment options are required.  

 

Ewing Sarcoma  
Ewing Sarcoma (EwS) is a highly malignant small round cell tumor of bone and soft 

tissue. Following osteosarcoma, Ewing sarcoma is the second most common 

paediatric bone tumor accounting for 10-15% of all primary bone tumors in children 

and adolescents with an annual incidence of 0,6/100000 children[13]. The median age 

of onset is between 10-20 years and the male to female ratio is 1.5:1. The vast majority 

of cases is seen in Caucasian patients while Afro-Caribbean and Asian populations 

are considerably less affected. EwS most commonly arise from bone tissue, especially 

long or flat bones of the lower extremities and the pelvis, yet approximately 10% arise 

from soft tissue[98].  

 

Genetics 

EwS are characterized by the chromosomal rearrangement of the EWSR1 gene 

located on chromosome 22 and a gene of the ETS family of transcription factors 

located on chromosome 11[71]. The most frequent chromosomal rearrangement 

occurring in 85% of cases is the reciprocal translocation t(11;22)(q24;q12) which 

results in the fusion of the ribosomal binding protein EWS to the transcription factor 

gene FLI 1 [56, 84, 91, 94]. A fusion of EWS-ERG is seen in 5% of cases while fusions 
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of EWS to other genes of the ETS family of transcription factors, including ETV1, ETV4, 

and FEV is found in 3% of cases [59, 64]. 

 

The EWS protein is an RNA binding protein incorporating a transcriptional activation 

domain and an RNA recognition domain at its N-and C-terminus, respectively. The 

transcriptional activation domain suggests that EWS may act as a transcription factor. 

Several features of the EWS protein such as its ubiquitous expression, its stability 

during the cell cycle and the long mRNA half-life suggest that the encoding EWSR1 

gene is a housekeeping gene[64].  

FLI1 belongs to the ETS family of transcription factors which inherit DNA binding 

regions at their carboxy termini and can activate specific target genes such as 

oncogenes or tumor suppressor genes by binding to the corresponding DNA 

sequence. This group of genes thereby controls a vast number of cellular processes 

and functions.  

The resulting fusion oncogene EWS-FLI1 has been shown to be a major driver of tumor 

genesis which acts by regulating the expression of genes involved in cancer 

progression and is highly specific to EwS [29]. 

 

Histologically, ESFTs are characterized by small round blue cells. To date, the distinct 

cell of origin responsible for ESFT has not been identified[91]. However, ESFT gene 

expression patterns suggest a primitive neural crest-derived progenitor as the cell of 

origin, as ESFT show similarities to foetal, neuronal and endothelial tissues[76, 90]. It 

was demonstrated that the neuro-ectodermal differentiation of this progenitor cell is 

blocked by the overexpression of histone methyltransferase enhancer of Zeste 

homolog 2 (EZH2) [76, 91]. EZH2 is part of the multiprotein polycomb repressive 

complex 2 (PRC2) and is known to be highly upregulated in EwS as a direct 

consequence of the EWS/FLI fusion oncogene[52, 97]. EZH2 is expressed only on 

proliferating cells and exerts its oncogenic function within the PRC2 complex by 

methylating lysine 27 on histone 3 (H3K27) and thereby silencing target genes[76, 94]. 

By suppressing EZH2 expression on established Ewing tumor cell lines, a delay in 

tumor growth in vivo as well as inhibition of metastatic spread could be demonstrated, 

most likely to due the resumed cell differentiation [76]. Given its central role in EwS 

tumor genesis, EZH2 is a prime target in EwS therapy.  
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Clinical Presentation  

Most commonly, the presenting complaint is a diffuse swelling and pain over the 

affected area which is worse on exertion and may sustain throughout the night. 

According to the tumor site and size, patients can experience loss of function of the 

affected limb or joint. In severe cases, patients present with pathological fractures of 

the affected area. Symptoms also include fever, malaise, and unintentional weight 

loss[8].  

 

Although EwS can arise in any bone or soft tissue, the site of primary malignancy most 

frequently involves the pelvis (26 %), the long tubular bones of femur (20%) and tibia 

(10%) and the chest wall (16%) [8]. Bones that are less frequently affected include 

spine (6%), bones of the upper extremities (9%) and the skull (2%) [8]. Approximately 

10% of EwS arise from soft tissue such as kidneys, breast, GI tract, prostate, 

endometrium, lungs, adrenal glands and meninges [8]. 

 

Due to EwS rapid growth and predisposition to metastasize, about 25% of patients 

present with metastatic spread at the time of diagnosis, most commonly affecting bone, 

bone marrow, lung and lymph nodes [8, 41].  

 

Diagnosis 

Among others, initial diagnostics include a range of imaging using sonography, 

computed tomography scans, magnet resonance tomography and positron emission 

tomography CT. The latter plays a vital role in diagnosis of metastatic disease. 

Furthermore, baseline diagnostics include a full blood count, differential white blood 

count and a bone marrow biopsy for conventional cytology and histology. Distinct 

diagnosis is based on immunohistochemical analysis of a biopsy most commonly 

obtained via open biopsy of the primary tumor. The presence of small blue round cell 

tumor and expression of CD99 are considered confirmatory markers for EwS. CD99 is 

a widely used biomarker which shows a high sensitivity for EwS even though its low 

specificity render it unreliable as a sole diagnostic marker [3, 84]. Due to common 

histologic and immunophenotypic features shared with other small round-cell 

paediatric tumors, extensive immunohistochemical testing may be required for definite 

diagnosis [8]. In addition, molecular genetic testing is performed to detect the 
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pathogenic EWS-FLI1 fusion oncogenes using polymerase chain reaction (PCR) or 

fluorescence in situ hybridization (FISH) [3]. Further tumor staging along the treatment 

course is conventionally obtained by imaging [17].  

 

Treatment  

Following the definite diagnosis and staging of the tumor, multidisciplinary treatment 

commences with the goal of patient cure. Multimodal therapeutic regimes comprise 

systemic chemotherapy and local treatment such as surgery, irradiation or a 

combination of both in individual cases. Evidence suggests that combined modality 

treatment has a beneficial impact on event free survival, especially in primary 

disseminated EwS [41].  

Over the past decades, the treatment regimens and compositions of chemotherapy 

directed against EwS have vastly developed but have demonstrated rather gradual 

improvement of survival rates. One of the most striking advantage was observed upon 

the incorporation of adjuvant chemotherapy to radiotherapy and surgery as this 

systematic approach tackled metastatic disease which previous treatment approaches 

did not[37]. The treatment protocol currently applied along Europe is the Euro Ewing 

2012 and reeCur protocol. This protocol entails a primary induction chemotherapy 

comprised of six cycles of a combination of Vincristine, Ifosfamide, Doxorubicin and 

Etoposide (VIDE). After the fifth VIDE cycle, a disease evaluation using MRI, CT and 

PET-CT scans is performed to re-asses tumor progress and plan further local 

therapeutic action such as surgery, which is conventionally performed following the 

sixth cycle of VIDE. After that, a randomization into one of three risk groups is 

performed and the patient receives a further cycle of chemotherapy comprised of either 

eight cycles Vincristine, Actinomycin and Ifosfamide (VAI) or Vincristine, Actinomycin 

and Cyclophosphamide (VAC)[8, 105]. In individual cases of the high risk group, e.g. 

patients presenting with metastatic spread at diagnosis, the treatment with Busulfan-

Melphalan high dose chemotherapy followed by autologous stem-cell rescue (BuMel) 

has recently been subject of investigation, however, so far this treatment option has 

not shown a distinct advantage when compared to other treatment regimes  [25, 31]. 

Radiotherapy may furthermore be applied prior to surgery or among the courses of 

VAI/VAC[54]. Histopathological response is determined using the Salzer-Kuntschik 

Score.  
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Throughout the past decade, the novel treatment approach of allogenic and autologous 

stem cell transplantation has been subject of investigation in EwS patients. Studies 

have shown an improvement in event free survival (EFS) when combining high dose 

chemotherapy and stem cell transplantation, especially in the subgroups presenting 

with multifocal disease or relapsed patients [15, 53]. These findings have 

demonstrated that stem cell transplantation in combination is a feasible yet ineffective 

option in treatment of EwS. Further investigations and improvements are required, 

especially regarding toxicity and minimization effects of graft versus host disease 

(GvHD).  

 

Prognosis 

EwS have a five year overall survival (OS) rate of 70-80%, which is significantly 

reduced to 15% in cases with multifocal primary disease or early relapse (i.e. within 24 

months of diagnosis) [91, 96]. The Euro-Ewing clinical trial has reported a 3-year EFS 

rate of 57-69% and 8-year EFS rates of 47-61% [91]. Prognostic factors include tumor 

volume, tumor site, patient age, response to initial chemotherapy and metastasis at 

the time of diagnosis, the latter being the most relevant risk factor  [41, 105]. Patients 

initially diagnosed with isolated pulmonary metastasis have a three year EFS 

prognosis of >50% compared to a much poorer ten year event free survival prognosis 

of <10% in patients initially diagnosed with bone or bone marrow metastasis [14]. 

Despite therapeutic advances and multimodal approach of systemic chemotherapy 

and local treatment, the relapse rate remains at 30-40%. Early relapse within the first 

two years of initial diagnosis have a poorer 5 year survival rate of 4% – 8.5% when 

compared to later recurrence with a 23% – 35% 5 year survival rate [8].  

 

 

Cancer immunotherapy 
T cells form part of the adaptive immune system which major function is to recognize 

pathogens by binding of the T cell receptor (TCR) to pathogen specific peptides bound 

to the multi histocompatibility (MHC) complex of antigen presenting cells and 

thereupon initiate an immune response. Depending on the cell surface protein co-

receptor expressed, T cells are categorized into CD4+ T cells (T-helper cells) or CD8+ 

T cells (cytotoxic T-cells).  
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T cells originate from bone marrow stem cell precursors that migrate to the thymus 

where they further mature into CD4- CD8-  double negative (DN) T cells before they 

undergo proliferation and differentiation into double positive CD4+ and CD8+ (DP) T-

cells[36]. In the next step, DP T cells undergo positive selection mediated by self-MHC 

molecules expressed within thymal tissue by binding to the TCR with low affinity and 

mature into single positive CD4+ or CD8+ T cells [30, 36]. If the TCR is unable to bind 

to MHC molecules, the cells will undergo death by regret. Likewise, if the TCR binds 

to MHC with high affinity, the cells will undergo programmed cell death initiated by  

negative selection as they potentially exhibit autoreactive properties (negative 

selection) [36]. Following positive and negative selection, only about 5% of DP T cells 

are allowed to transit to the periphery [36]. These T cells are self–MHC restricted which 

enables them to recognize self-MHC molecules encountered during their thymic 

development. In addition, they are capable of alloreactivity which allows them to 

recognize allogenic peptide-MHC complexes that have not yet been encountered 

during their maturation and initiate severe reactions when encountering these non-self 

MHC complexes which may clinically manifest as graft versus host disease [30].  

 

In the past decades, cancer immunotherapy and especially adoptive T cell therapy 

(ACT) with transfusion of tumor infiltrating lymphocytes (TIL) or genetically modified T 

cells have become an increasingly important factor in oncological therapeutics.  

Billingham was the first to describe the process of adoptively acquired immunity in 

1954 and thereby laid the groundwork for the novel therapeutic approach[9]. In his 

work he demonstrated that by infecting a healthy host with tissues from an immunized 

donor, the healthy host will gain immunity against the transferred tissues. Upon a 

second exposure to the transferred tissues, the infected host behaved as if it itself has 

been actively immunized [9]. Hence, the conclusion could be drawn that adoptively 

acquired immunity can be achieved by transferring immunologically activated tissues 

such as regional lymph nodes to healthy donors.  

This treatment approach was picked up quickly and applied to other medical fields, 

including oncology. In 1956, Barnes demonstrated improved survival in leukaemia 

murine models by combining total body irradiation with the transplantation of bone 

marrow from healthy donors[4]. In 1965, Mathé confirmed the efficacy of anti-leukemic 

immunotherapy despite lacking essential knowledge regarding donor selection or 

transplant rejection[66].  
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Several successful treatment attempts which direct immune responses to recognize 

and attack tumor cells have been demonstrated [23]. Transferral of haematopoetic 

cells conjoined with conditioning and immunosuppressive treatment is now an 

established regime in leukaemia as well as other solid tumors such as melanoma and 

has yielded great treatment responses[55]. Based on findings of Rosenberg et al. in 

1988, the use of TILs is a highly effective treatment option for metastatic melanoma 

patients[26, 79]. Rosenberg succeeded in establishing tumor regression in those 

patients by expanding lymphocytes extracted from tumor biopsy in vitro with IL-2 and 

re-infusing these TILs [79].  

Apart from infusion of TILs, another form of ACT was introduced which is based on the 

generation of genetically engineered antigen-specific T cells directed against proteins 

overexpressed by various tumoral tissues. Initially designed to address the issue of 

viral infection following bone marrow transplantation, genetically modified virus-

specific T cells generated showed clinical efficacy by mediating antiviral as well as anti-

tumoral activity[79]. Studies have satisfactorily demonstrated that the transferred 

highly specific tumor-reactive T cells were capable of proliferation in vivo that 

maintained their function and were able to migrate to tumor sites [26].  

 

The success of TIL re-infusion as seen in other malignancies is difficult to apply directly 

to EwS. One aspect diminishing the efficacy of TIL transplantation in EwS is the fact 

that EwS, as a paediatric cancer, exhibits a very low number of somatic mutations 

which is associated with few alterations in cell surface marker expression on tumor 

cells such as MHC class I marking cells as ‘self’  [38]. In addition, EwS is known as an 

‘immunologically cold’ tumor (see tumor microenvironment) as it shows little infiltration 

with tumor infiltrating lymphocytes when compared to other paediatric malignancies. 

Furthermore, the use of TIL and virus-specific lymphocytes is limited by the presence 

of alloreactive T cells which may lead to mild or severe forms of graft versus host 

disease following transplantation.  

In regard to those limitations of TIL therapy in EwS patients, the generation of peptide-

specific allorestricted T-cells, that have proven their efficacy in other in other paediatric 

malignancies such as leukaemia, has been applied to EwS and have yet yielded 

successful results in vitro and in vivo (see discussion) [1, 10, 95]. To date, there are 

two mechanisms by which genetically modified T cells are generated, T cells 

expressing novel T cell receptors (TCR) or chimeric antigen receptors (CAR) [78]. For 
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TCR, T cells are isolated in vitro and genetically modified to express TCR that are 

specific to tumor antigens. It is of note, that a distinct overexpression of that antigen 

expressed on tumor cells is associated with an increased efficacy of TCR antigen-

specific T-cells. However, the expression of MHC class I on tumor cells is required for 

T cell recognition which poses a limitation to its use as several tumors downregulate 

the expression of MHC class I over time as an ‘immune escape mechanism’ [35, 83]. 

On the other hand, CAR modified T cells are able to exert their anti-tumoral function 

without MHC class I expression by displaying artificially modified CAR molecules that 

recognise tumor specific antigens [78].  

 

Tumor Microenvironment  
The tumor microenvironment (TME) surrounding tumor tissue has a great impact on 

tumor genesis and progression. Tumor cells have the ability to manipulate and 

reprogram their microenvironment by the release of several peptides such as 

cytokines, chemokines and growth factors which ultimately leads to an environment 

that favors tumor sustainment and growth[43, 50]. It has become evident that immune 

cells also add to the composition of TME. Studies imply that these immune cells are 

altered by cytokines secreted by the TME in order to dampen their immune response 

directed against tumor progression[28, 43].  

Monocyte derived macrophages, which are found within the TME, can be divided into 

a pro-inflammatory M1 subtype and an immuno-suppressive M2 subtype. By secreting 

IL-4 and triggering STAT6 signaling in monocyte derived macrophages, the TME 

promotes the expression of M2 macrophages[43]. M2 macrophages exhibit their 

immuno suppressive functions by expressing anti-inflammatory cytokines and thereby 

initiating an inhibitory effect on CD8+ T-cells. In addition, M2 macrophages together 

with neutrophils are able to promote carcinogenic processes while simultaneously 

inhibiting anti-tumoral immune responses [91].  

Furthermore, by the secretion of immune-suppressive cytokines such as vascular 

endothelial growth factor (VEGF), interleukin 10 (IL-10), and prostaglandin E2 (PGE2) 

dendritic cells (DCs) are hindered in their maturation into mature dendritic cells (mDC) 

and their T cell priming function is impaired[43].  

 

Although the TME of paediatric sarcomas has not been fully explored, it has become 

evident that the infiltration of inflammatory cells differs among individual sarcomas[50]. 
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Compared to osteosarcoma, undifferentiated pleomorphic sarcoma, and giant cell 

tumor of bone (GCTB), EwS showed a relatively small infiltration with tumor-infiltrating 

lymphocytes suggesting a diminished vulnerability towards immunomodulatory 

therapy [50]. Furthermore, Stahl et al. was able to investigate the composition of the 

TME of EwS via immunoprofiling analysis and demonstrated that the majority of TILs 

in EwS are immunosuppressive M2 macrophages (43%) and T cells (23%) [34, 50, 

91]. Other immune cells such as B-lymphocytes, plasma cells, and neutrophils were 

contributed only to a small number of TILs. Further investigations have demonstrated 

that the majority of T cells infiltrating tumor tissues are CD8+ T-cells[6]. The increased 

amount of M2 macrophages was associated with a significantly decrease in EFS of 

15.3 months compared to a median EFS of 47 months whereas the increased amount 

of T cells was associated with an improved OS and EFS[91].  

 

The TME is a complex construct orchestrated by the tumor to dampen any immune 

response directed against tumor progression. Given the many cells involved in the 

maintenance of the TME, a multitude of cells may be identified as target cells with the 

common goal of understanding and reversing the immune suppression and 

reprogramming the immune system to re-establish their immunogenic potency.  

 

CD83 

CD83 is a surface marker first reported in 1992 and has since been subject of intense 

investigation [39, 108]. CD83 is a transmembranous glycoprotein of the 

immunoglobulin (Ig) superfamily and is primarily known as a highly specific surface 

marker of mature dendritic cells [39]. In addition, CD83 is expressed on several other 

activated cells involved in immune responses, including B-lymphocytes, T-

lymphocytes, macrophages, and neutrophils [12]. Human CD83 is a highly 

glycosylated type 1 transmembrane protein mapped to chromosome 6p23 and made 

up of 186 amino acids. It consists of a C-terminal cytoplasmic tail, a transmembrane 

domain and an extracellular domain, which is composed of a V-type, Ig-like N-

terminal[12, 18]. To date, the transcription factor NF-kB and interferon regulatory 

factors (IRF) have been identified as responsible pathways regulating CD83 

expression upon cell activation [39, 67]. Although the definite mechanism of CD83 

processing post-transcription remains uncertain, the RNA-binding protein HuR, 

eukaryotic initiation factor 5A (eIF-5A9) and nuclear export receptor CRM1 are 
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proposed to be involved in its transportation from the nucleus [39]. Although specific 

CD83 interaction partners have been subject to debate in the past, the E3-ubiquitin-

ligases of the MARCH-family as well as GRASP5 have been identified to interact with 

CD83 presented on B-cells and mature dendritic cells, respectively [39].  

CD83 has two isoforms, membrane bound CD83 (mCD83) and soluble CD83 (sCD83). 

Both isoforms differ considerably in their function of regulating immune responses. 

Although the function of CD83 has not yet been fully understood, CD83 is attributed 

key immune regulatory functions. As a marker of mature dendritic cells, mCD83 exerts 

pro-inflammatory action and thereby play a vital role in linking the innate and adaptive 

immunity. In addition, mCD83 exerts its function as a key immunological director in 

order to prevent autoimmunity by weakening or regulating over exceeding immune 

responses [39]. 

 

Dendritic cells are derived from myeloid and lymphoid stem cells of the bone marrow 

and exert different functions according to their maturation status. They form part of the 

innate immune system and function as one of the most potent antigen presenting cells 

[22, 39]. Their major role is to initiate a pathogen-specific T cell response by priming 

naïve T-cells[18, 32].  

 

It has been established that the seven-day cultivation of human peripheral plasma 

monocytes with interleukin 4 (IL-4) and granulocyte-macrophage-colony-stimulating 

factor (GM-CSF) under the influence of tumor necrosis factor (TNF) initiates the 

differentiation into functional CD83+ myeloid dendritic cells. Furthermore, a previous 

study has demonstrated that the differentiation into functional dendritic cells can be 

triggered by IL-4 alone without GM-CSF although the derived dendritic cells show 

decreased CD1a expression, which may have a negative impact on their antigen 

presenting competence [80].  

 

One of the major functions of mCD83 is its role in thymic CD4+ T cell differentiation. In 

2002, Fujimoto et al. demonstrated in experiments with CD83 knockout mice (CD83-/-

) that CD83-/- mice exhibited reduced numbers of peripheral CD4+ T cells with normal 

numbers of CD8+ T cells when compared to wild type (wt) mice. It was illustrated that 

a bone marrow transfer from CD83-/- mice to wildtype mice resulted in normal levels of 

CD4+ T cells in wt mice. Furthermore, only a transfer of thymic epithelia cells but not 
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dendritic cells from wt mice to CD83-/- mice were efficient in rehabilitation of thymic 

CD4+ T cell differentiation [12, 33, 39, 73]. Taken together, it was demonstrated that 

sufficient CD4+ T cell differentiation is dependent on the presence of CD83 within the 

thymic microenvironment. Another study performed later demonstrated that beyond 

the decrease in quantity, the remaining CD4+ T cells also expressed a weakened 

response to immune stimulation most likely due to an altered cytokine expression [73]. 

These findings suggest that the expression of CD83 is vital for the maturation of CD4+ 

T cells and lack of the surface marker results in decreased number as well as impaired 

function of CD4+ T-cells. The mechanism of action by which CD83 regulates T cell 

selection is suggested to be the binding and inhibition of membrane-associated RING-

CH8 (MARCH-8) ubiquitin ligase by the transmembrane region of CD83 [60, 63, 104]. 

Studies have indicated that in thymic epithelial cells, expression of MHC class II is 

targeted and degraded by MARCH-8. Therefore, by antagonising MARCH-8, CD83 

stabilizes the MHC class II cell surface expression on thymic CD4, which is crucial for 

positive CD4+ T cell selection.  

 

Although CD83 has been shown to regulate CD4+ T cell differentiation, the distinct 

function of CD83 expressed on activated CD4+ T cell surface has been subject of 

debate [60]. Previous studies have attributed both immunosuppressive as well as 

immune stimulatory effects of CD83 on CD4+ T-cells. Studies have shown that CD83 

expressed on CD4+ T cells is time-dependent upon TCR activation and that the addition 

of TGFb, which is known for its potential to drive the differentiation of naïve CD4+ T 

cells into induced regulatory T cells (iTreg), maintains CD83 expression. Furthermore, 

a co-localisation of CD83 and CD25, which forms part of the IL-2 receptor responsible 

for Treg differentiation, has been observed. Hence, it has been suggested, that 

continuous CD83 cell surface expression on CD4+ T cells is a potential driver for their 

differentiation into iTreg cells [22, 39]. One mechanism of action proposed is the 

binding and inhibition of transmembranous CD83 to the transmembranous portion of 

E3 ubiquitin protein ligase of the MARCH1-family, which exerts its effect by down 

regulating surface molecules, including CD25 [22, 99].  

 

Likewise, CD83 expression stabilizes the expression of CD86 and MHC II on B-cells 

and dendritic cells by inhibiting MARCH1-driven degradation of both CD86 and MHC 

class II [39, 87]. CD83 is an established marker of B-cells and known to be involved in 
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B-cell maturation as studies have shown a reduction of B-cells in B-cell specific CD83 

knockout mice indicating the correlation between B-cell activation and CD83 

expression [12, 39].  

 

Despite being considered the most specific marker of mature dendritic cells, the 

definite function of CD83 on dendritic cells and T cells remains debatable. Early studies 

conducted in 1999 indicate one of the major functions of mCD83 on dendritic cells to 

be their supporting role during T cell activation. The study showed that immature 

dendritic cells (imDC) infected with herpes simplex virus 1 (HSV-1) expressed 

decreased numbers of CD83 on their cell surface at maturation and were impaired 

regarding their function of T cell stimulation indicating its role as T cell enhancer and 

attributing predominantly pro-inflammatory properties [58, 73, 82]. In addition, more 

recent studies demonstrated that upon activation, CD8+ T cells express a CD83 ligand 

(CD83L) on their cell surface which, when interacting with CD83 results in an increase 

of antigen-specific CD8+ T cells [46].  

However, studies obtained with dendritic cells specific CD83 knockout mice 

demonstrated an overshooting immune response towards pathogens with accelerated 

killing of bacteria when compared to wt mice most likely due to impaired iTreg 

regulation [39]. This finding indicated that mCD83 does not solely act as an immune 

response enhancing agent. In fact, experiments conducted with CD83-/- mice in 

inflammatory bowel disease expressed increased severity of colitis while an increased 

CD83 expression showed protective properties against colitis [5]. These findings rather 

suggest a regulatory role of CD83 in dendritic cell activation and maintenance of 

homeostasis. Hence, the conclusion was drawn that mCD83 expressed on dendritic 

cells exerts its immune regulatory functions by promoting T cell activation in order to 

initiate a proper immune response  as well as dampening down overshooting immune 

reactions to prevent adverse autoimmune disease [39].  

 

On the contrary, sCD83 has been attributed mainly immune suppressive properties. It 

has become evident that sCD83 dampens the immune response by inhibiting T cell 

proliferation and T-cell/dendritic cell interaction although the exact underlying 

mechanism by which it exerts its effect remains unclear. Horvatinovich et al. was able 

to identify myeloid-differentiation-factor-2 (MD-2), which forms part of the TLR4/MD-2 

receptor complex, to be the sCD83 high-affinity binding partner[47]. In general, 
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following activation by pathogen associated molecular patterns (PAMPs), the 

TLR4/MD-2 receptor complex dimerises and confers a downstream pro-inflammatory 

signalling cascade. By the binding of sCD83 to MD-2, the downward cascade is 

modified so that anti-inflammatory mediators such as IDO, IL-10 and PGE2 are 

activated which ultimately leads to T cell proliferation inhibition, unresponsive T-cells, 

and hindered IL-2 secretion  [47, 72]. Given its immunosuppressive properties, sCD83 

is a promising therapeutic target especially regarding autoimmune disease and 

transplant rejection. 
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Aims 
As previously discussed, EwS can be described as immunologically ‘cold’ tumors 

based on diminished TIL infusion within the tumor microenvironment as well as the 

predominant M2 macrophage signature detected. Regarding recent advances in 

immunotherapy in EwS, the goal of this study is to tackle the immunosuppressive TME 

and thereby enhance the efficacy of anti-tumor agents.  

Based on independently acquired previous findings by Thiel et al. and Stahl et al., we 

assume a biological similarity between EwS cell lines and myeloid cells. Hence, we 

hypothesize that, like myeloid cells, EwS cells undergo a certain degree of 

differentiation following the application of specific cytokines commonly used for the 

generation of CD14 positive myeloid derived dendritic cells. In particular, we 

hypothesize that the cytokine treatment leads to an upregulation of immunogenic cell 

surface markers such as CD83, which exhibits pro-inflammatory properties as 

previously discussed.  

 

The first aim of this study is to verify whether the upregulation of CD83 on EwS cell 

lines A673, TC71 and SBSR-AKS is reciprocal and if the cytokine application is 

associated with changes in RNA signature of the treated EwS cell lines.  

Furthermore, we attempt to identify the cytokine responsible for a CD83 upregulation 

as well as the point of time when upregulated CD83 can be detected.  

One last aim is to investigate whether an upregulation of CD83 is correlated with the 

enhancement of chondromodulin 1 (CHM1) TCR transgenic T cell mediated immune 

response and may therefore potentially qualify as a conditioning regime in EwS 

treatment.  
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Materials  
Table 1 – List of Manufacturers  
Manufacturers Location 
Acea Biosciences Inc. / Roche San Diego, California, USA 
Affymetrix  Santa Clara, California, USA  
AppliChem GmbH Darmstadt, Germany  
Applied Biosystems Foster City, California USA  
Autoimmun Diagnostika Strassberg, Germany  
B Braun Melsungen AG Melsungen, Germany  
BD Biosciences  San Jose, California, USA  
Carl Roth GmbH Karlsruhe, Germany  
Cayman Chemicals  Ann Arbor, Michigan, USA 
Corning Glendale, Arizona, USA 
Eppendorf GmbH Hamburg 
Genzeme Cambridge, Massachusetts, USA  
GFL Burgwedel, Germany  
Gibco, Life Technologies  Carlsbad, California, USA  
Greiner Bio-One GmbH Frickenhausen, Germany  
Heraeus GmbH Hanau, Germany 
IKA Labortechnik Staufen, Germany  
Implen GmbH München, Germany  
Integra  Biebertal, Germany  
Leica Microsystems  Wetzlar, Germany 
Mabtech Nacka Strand, Sweden  
Meditrade  Kiefersfelden, Germany  
Merck Millipore Burlington, Massachusetts, USA 
Miltenyi Biotec  Bergisch-Gladbach, Germany  
Neubauer Marienfeld, Germany 
R&D Systems  Minneapolis, Minnesota, USA  
Roth Karslruhe, Germany  
Sarstedt Nürnbrecht, Germany  
Siemens München, Germany 
Starlab  Hamburg, Germany 
Systec GmbH  Linden, Germany  
Thermo Fisher Scientific  Inc Waltham, Massachusetts USA  
TPP Trasadingen, Switzerland  
Wessamat Kaiserslautern, Germany  
Worthington Industries Columbus, Ohio, USA 
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Table 2 – List of Instruments and Technical Equipment  
Instruments Specification  Manufacturer 
Autoclave  V95 Systec GmbH 
Bag sealer FS 3604 FS 3604 Severin Elektrogeräte 

GmbH 
Cell counting chamber  Neubauer-improved 

chamber for cell 
counting 

Paul Marienfeld GmbH & 
Co.KG 

Centrifuge  Multifuge 3 S – R Heraeus GmbH 
Centrifuge  5417R Eppendorf GmbH 
Controlled-freezing box ‘Mr. 
Frosty’ 

Cryogenic freezing 
container Nalgene™ 
Cryo 1°c Freezing 
Container  

Sigma-Aldrich GmbH 

ELISpot Reader  Autoimmun Diagnostika 
Flow Cytometer  MACS Quant 10 Miltenyi Biotec 
Freezer -20°C KG28XM4 Siemens 
Freezer -80°C HLE Series Thermo Fisher Scientific 
Fridge 4°C KG28XM4 Siemens 
Ice machine  Flake-line  Wessamat 
Incubator  Hera cell 150 Heraeus GmbH  
Liquid nitrogen tank Level Controller Type Worthington Industries 
Micropipette (0,5 μl - 10 μl, 2 
-20 μl, 10 – 100 μl, 20 – 200 
μl, 100 - 1000 μl) 

Eppendorf plus Eppendorf GmbH 

Microscope  DMIL LED Leica Microsystems  
Multichannel pipette (100 μl) Eppendorf Research Eppendorf GmbH 

PCR Thermal Cycler  Eppendorf GmbH 
Photometer Nanophotometer Implen GmbH 
Pipette assistant  Pipetboy 2 Integra  
Sterile bench Hera bench Heraeus GmbH 
Thermocycler   Eppendorf GmbH 
Vortex VF2 IKA Labortechnik 
Water bath   GFL 

 
 
Table 3 – List of consumable supplies 
Material Manufacturer 
Cannulas (0,6x30mm; 0,3x12mm) B Braun Melsungen AG 
Cell culture flask (25 and 75 cm2) Greiner Bio-One GmbH 
Cell culture plates (12, 24-well) Techno Plastic Products AG 
Cell culture plates (6, 24-well) Corning Inc.  
Cell culture plates (96-well) Techno Plastic Products AG 
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Cling film  Via Carl Roth GmbH of Severin 
Elektrogeräte GmbH & Co. KG 

Conical tubes Falcon (15, 50ml) Greiner Bio-One GmbH 
Cryo tubes (1,6ml) Sarstedt AG & Co. KG 
FACS tubes Corning  
Falcon tubes  Greiner Bio-One GmbH 
Gloves (latex) Meditrade  
Multiscreen Filter plates  Merck Millipore 
Parafilm  Thermo Fisher Scientific  Inc 
Pipette tips (10, 20, 100 and 100 μl) Starlab GmbH 

Reaction tubes (0,2; 1,5; 2ml) Sarstedt AG & Co. KG  
Serological Pipettes (5, 10 and 25ml) Greiner Bio-One GmbH 
Syringe Filters (0,45µm) Omnilab Laborzentrum GmbH & Co. KG  
Syringes (Original Perfusor 50ml; 
Omnifix-F 1ml) 

B Braun Melsungen AG 

 
 
Table 4 – List of chemicals and reagents  
Chemical / Reagent Manufacturer 
AIM-V Medium Gibco, Life Technologies  
BCP (1-Bromor-3-Chloro-Propan) Sigma-Aldrich GmbH 
Bovine serum albumin ≥96% Sigma-Aldrich GmbH 
Dimethylsulfoxide AppliChem GmbH 
Dulbecco’s Phophate Buffered Saline 
(DFBS) 

Gibco, Life Technologies  

Ethanol Roth 
Ethanol ≥99,8% Carl Roth GmbH 
Fetal bovine serum (FBS) BD Biosciences 
GM-CSF Genzeme 
Human Serum Type AB Sigma-Aldrich GmbH 
IFNg R&D Systems 
IL-1b R&D Systems 
IL-4 R&D Systems 
IL-6 R&D Systems 
L-Glutamine 200mM  Thermo Fisher Scientific Inc. 
MACSQuant Ò Running Buffer  Miltenyi Biotec 
MACSQuant Ò Washing Solution Miltenyi Biotec 
MACSQuant/MACSima Ô Storage 
Solution 

Miltenyi Biotec 

Penicillin-streptomycin 
10.000U/ml (100x) 

Thermo Fisher Scientific Inc. 

PGE2  Cayman Chemicals  
Propidium iodide Solution Miltenyi Biotec 
RPMI-1640 media  Gibco, Life Technologies  
TNF R&D Systems 
Trypsin-EDTA 0.5% (10x) Thermo Fisher Scientific Inc. 
Tryptan blue stain (0.4%) Thermo Fisher Scientific Inc. 
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Tween-20 Sigma-Aldrich GmbH 
X-Vivo medium  Gibco, Life Technologies  
TrizolÒ Reagent Ambion  

 
Buffer/Solution Composition 

FACS Buffer 5 % BSA in PBS  

PBS  10% DPBS (10x)  
in dH2O 

Trypsin  10% Trypsin-EDTA (10x) 
in dH2O 

 
 
Table 5 – Flow Cytometry antibodies  
Antibody Format Manufacturer 
CD80 PE Miltenyi Biotec 
CD83 APC Miltenyi Biotec 
CD83 APC-Vio770 Miltenyi Biotec 
CD86 PE Vio-Blue770 Miltenyi Biotec 
HLA-DR PE Miltenyi Biotec 
ICAM-1 PE Miltenyi Biotec 
Isotypes FITC/PE/APC-Vio770/Vio-

Blue 
Miltenyi Biotec 

MHC class I APC Miltenyi Biotec 
MHC class II APC Miltenyi Biotec 
Mouse IgG1 FITC/PE/APC BD Biosciences, San 

Jose, California, USA 
PD-L1 FITC Miltenyi Biotec 
PD-L2 APC-Vio770 Miltenyi Biotec 
Propidium Iodide Solution PerCP-Vio700 Miltenyi Biotec 

 
 
Table 6 – ELISpot and Granzyme B Reagents  
Antibody Specifictaion  Manufacturer 

Capture Antibodies  
Anti-human IFNg mAb 1-D1K, purified Mabtech 
Anti-human granzyme B mAb GB10 Mabtech 
Detection Antibodies  
Anti-human IFNg  mAb 7-B6-1, biotinylated  Mabtech 
Anti-human granzyme B  mAb GB11-Biotin Mabtech 
Enzymes and Buffers 
Streptavidin-HRP  Mabtech 
3-Amino-9-ethyl-
carbazole (AEC) 

 Sigma-Aldrich GmbH 

Peptides 
Gene Sequence Sequence 
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CHM1 FF302154/1 Thermo Scientific 
Influenza  FF334577/1 Thermo Scientific 

 
 
Table 7 – Cell Culture Media  
Medium Composition  
Cell culture medium  RPMI-1640 

10% FCS 
1% P/S 
1% Glutamine 

Dendritic cell medium X-Vivo 15 
1% human serum type AB 

Standard freezing medium  90% FCS 
10% DMSO 

T cell medium  AIM V Medium  
5 % human serum type AB 
2 mM L-glutamine 
100 U7ml Pen Strep  

 
 
Table 8 – Commercial Reagent Kits  
Kits Manufacturers 

The AmbionÒ WT Expression Kit 
Invitrogen 

Thermo Fisher Scientific   

Direct-ZolÔ RNA MiniPrep Zymo Research  
GeneChipÒ WT Terminal Labelling Kit Affymetrix  

 
 
Table 9 – Cell lines  
Cell line Tissue of origin Source  
A673 EwS cell line (type 1 

translocation), established 
from the primary tumor of 
a 15-year-old girl, p53 
mutation 

American Type Culture 
Collection 
 

SBSR-AKS EwS cell line (type 1 
translocation), established 
from an extraosseous 
inguinal metastasis of a 
17-year old girl (new 
nomenclature SB-KMS-
KS1, originally designated 
as SBSR-AKS 

generated by our 
laboratory Labor für 
Krebskranke Kinder der 
Technischen Universität 
München 
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TC71 EwS cell line (type 1 
translocation), established 
in 1981 from a biopsy of 
recurrent tumor at the 
primary of a 22-year-old 
man with metastatic EwS 
(humerus) 

Deutsche Sammlung von 
Mikroorganismen und 
Zellkulturen 
 

T2 TAP-deficient hybrid of a T 
and B lymphoblastic cell 
line; HLA-A*02:01+, 
(ATCC CRL-1992) 
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Methods  
Cell Culturing  
All EwS cell lines were cultured in RPMI-1640 medium. Adherent EwS cells lines were 

cultured in cell culture flasks using RPMI-1640 standard medium at 37°C in a 

humidified incubator. For 75 cm2 culture flasks 10ml volume was added, for 25 cm2 

culture flasks 4 ml volume was added. The cells were split every 2 to 4 days according 

to their individual expansion rate and flask confluence. For detaching the tumor cells, 

the RPM-1640I medium was removed and cells were washed once using 5 ml 

phosphate buffered sodium (PBS) before incubating them with at 37°C with 3 ml of 

Trypsin for 3 minutes. The detached cells were then re-suspended with 7 ml of RPMI-

1640 medium and centrifuged at 1300 rpm for 5 minutes before being placed in new 

cell culture flasks with the respective volume of RPMI-1640 medium.  

Suspension cells were cultivated in X-vivo at 37°C. They were split approximately 

every 5 days at a 1:1 ratio and were re-suspended in 25 ml fresh medium.  

To determine the cell number, cells were diluted with trypan blue at a 1:3 ratio. As 

trypan blue only stains dead cells, viable cells could be detected and counted using a 

Neubauer counting chamber under a light microscope. Cell concentrations could then 

be calculated using the following formula:  

 

Cells [number / ml] = number of cells counted x 104 x dilution factor [ml] 

 

Freezing and thawing 
EwS cell lines were preserved in standard freezing medium at concentrations between 

1 x 105 and 1 x 107 at -80°C. For freezing, the cell lines were centrifuged and the RPMI 

medium was removed. The cell lines were then re-suspended in 1 ml standard freezing 

medium and transferred to previously cooled cryovials which were then placed into the 

controlled freezing boxes for 24 hours before storing them at -80°C.  

For thawing, the cryovials were removed from the freezer and stored at 37°C for 5 

minutes. The content was washed with RPMI medium, centrifuged, and re-suspended 

in RPMI medium before being transferred to cell culture flasks.  
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Culturing tumor cell lines in dendritic cell medium  
Three EwS cell lines, A673, SBSR-AKS, and TC71, were cultured in dendritic cell 

medium. Cells cultured in dendritic cell medium are later termed ‘supplememted cells’. 

On day 0, tumor cells were cultured in 75cm2 flasks using RPMI medium at a 

concentration of 5 x 105 and 7,5 x 105 for A673/SB-SRAKS and TC71, respectively.  

On day 1, the RPMI medium was removed and 10 ml of dendritic cell medium 

containing 9,89 ml X-Vivo, 100µl 1% human serum type AB,100µl interleukin-4 (IL-4) 

and 10µl granulocyte macrophage colony-stimulating factor (GM-CSF). The dendritic 

cell medium was renewed at the same concentrations on day 3. On day 6, the dendritic 

cell medium was removed and a maturation cocktail containing 9,89 ml X-Vivo, 100 µl 

1% human serum type AB, 20µl interleukin-6 (IL-6), 100 µl interleukin-1b (IL-1b), 10 µl 

TNF and 10 µl prostaglandin E2 (PGE2) was added (see concentration in Figure 1). 

One day following the addition of the maturation cocktail, the cells could be utilized for 

further experiments.  

 

 
Figure 1 - Dendritic cell medium protocol for culturing EwS cell lines  in vitro using different cytokines 
to yield upregulation of certain surface expression markers 

 
ELISpot and Granzyme B 
On day 0 of the ELISpot, all adherent tumor cell lines were treated with 100 U/ml 

interferon gamma (IFNg) according to the protocol.  
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On day one, 96-well Multiscreen plates were coated overnight using 10 µl/1ml 

monoclonal antibody (mAB) 1-D1K (detection of IFNg) for ELISpot plates and GB10 

(detection of granzyme B) for Granzyme B plates.  

On day two, previously generated T2-cells were harvested and counted to a 

concentration of 0,4 x 106 T2-cells per 1ml TCM medium. For negative and positive 

control, 0,5 µl influenza peptide and CHM1 peptide was added to 0,4 x 106 cells, 

respectively. The probes were then vortexed every 15 minutes over two hours while 

being incubated at 37°C.  

The Multiscreen plate was washed using 200 µl PBS and being placed at 4°C for ten 

minutes after every washing step. This process was repeated four times before the 

Multiscreen plate was blocked by adding 150 µl T cell medium (TCM) to each well and 

incubation at 37°C for one hour. In the meantime, T cells were harvested and washed 

three times with TCM at 1500 rpm for 5 minutes. The T cells were then counted and 

brought to a concentration of 10.000 or 5.000 cells per 50 µl for the ELISpot. For 

Granzyme B, we choose the following effector to target ratios: 2.5:1, 0.625:1, 0,156:1 

and 0:1. For every ratio, triplicate experiments were performed. After the Multiscreen 

plate has been blocked, 50 µl with the respective concentration of T cells was added 

to each well and the plate was incubated for 30 minutes at 37°C. After pulsing of the 

T2-cells, they were washed twice using TCM and resuspended in 1 ml of TCM. The 

T2-cells were brought to a concentration of 10000 cells per 50 µl and were stored at 

37°C.  

The target cell lines were harvested and washed twice using TCM before being 

counted and being brought to a concentration of 20000 cells per 50 µl.  

After incubation of the Multiscreen plate, influenza (FLU) and CHM1 T2-cells and target 

cells were added carefully to the respective well without manipulating the previously 

applied T cell volume. The plate was then incubated at 37°C for 20 hours.  

On day three, the plate was washed six times using PBS + 0.05% Tween. After 

thorough removal of PBS + 0.05% Tween, 2 µl/ml detection antibody 7B61-Biotin 

(ELISpot) and GB11 (Granzyme B) was added prior to incubation at 37°C for two 

hours. The plate was washed again six times using PBS + 0.05% Tween and incubated 

with 200 µl streptavidin at room temperature shielded from light exposure for one hour.  

The plate was washed three times using PBS + 0.05% Tween followed by washing the 

plate three times with PBS only which was thoroughly removed. 100 µl of development 

solution containing 3-Amino-9-ethyl-carbazole (AEC) was then added to each well. The 
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reaction was halted after five to ten minutes by washing the plate using cold water. 

After drying the plate, the plate was analyzed using the ELISpot reader.  

 

Flow Cytometry  
Flow cytometry was performed to analyse the expression of cell surface proteins and 

detect changes in cell morphology.  

Prior to FACS analysis, cell lines were harvested and counted as described previously. 

The samples were brought to a concentration of 3 x 105  in 200 µl PBS per cell line per 

staining. 200 µl containing the required cell concentration was pipetted to each well of 

a new 96-well plate, which was centrifuged at 1500rpm for 5 minutes. In the meantime, 

a master mix containing FACS buffer and the respective FACS isotypes and antibodies 

was prepared. The cells were resuspended and stained with the according 

fluorophore-labelled monoclonal antibody in a final volume of 50 µl before being 

incubated for 30 minutes at 4°C. For every sample a cell sample was stained with the 

respective isotype control.  

After the incubation period, the samples were washed twice with 200 µl FACS puffer 

and were brought to a final concentration of 200 µl. The samples were then analyzed 

using the FACS flow cytometry. Dead cells were identified by adding 1 µl of propidium 

iodide solution (PI) staining seconds prior to FACS analysis.  

 

RNA Isolation and Microarray Analysis  

RNA Isolation using Zymo Research Direct-zolÔ RNA MiniPrep Kit  

Ribonucleic acid (RNA) isolation from both thawed and frozen cells was performed 

using the Zymo research Direct-zolÔ RNA MiniPrep Kit according to the 

manufacturer’s instructions (P/N 9051563).  

At first, the cells were harvested, counted and brought to a concentration of 5 – 6 x 106 

cells diluted in 1ml of TRI ReagentÔ Solution and were mechanically crushed using a 

23G sized needle before being and incubated at room temperature for five minutes. 

Per 1ml TRI ReagentÔ Solution 100 µl Chloroform was added and probes were 

incubated at room temperature for 10 minutes before being centrifuged at 4°C at 

13000rpm for 20 minutes.  

The newly formed clear aqueous RNA phase was then transferred into a Zymo-SpinÔ 

Column provided by the kit and 400µl of 100% ethanol was added before the probes 

were centrifuged. The probes were then treated with a mastermix containing DNase 



 32 

and DNA Digestion Buffer and were centrifuged again. Next, the probes were washed 

twice using Direct-zolÔ RNA PreWash followed by centrifugation before the addition 

of RNA Wash Buffer and the elution step using DNase/RNase-Free Water.  

The concentration and quality of the isolated RNA was then obtained by measuring the 

absorbance of 1 µl of isolated RNA at 260nm using the photometer.   

 

Microarray using AmbionÒ WT Expression Kit 

Alterations in gene expression by cultivating tumor cell lines in dendritic cell medium 

were detected using microarray analysis.  

As described prior, RNA was isolated using the Zymo research Direct-zolÔ RNA 

MiniPrep Kit and the RNA concentration was measured using a photometer at 260nm. 

If sufficient RNA concentration and RNA quality have been established, the isolated 

RNA was prepared for whole transcriptome microarray analysis using the AmbionÒ 

WT Expression Kit according to the manufacturer’s instructions (P/N 900671).  

In the first step, single stranded complementary desoxyribonucleic acid (cDNA) was 

synthesized from total RNA. 200ng of isolated RNA was resuspended in 3 µl H2O and 

added to 5 µl of specific engineered primers that contain a T7 promoter sequence 

before an incubation period using the Eppendorf Cycler of 60 minutes at 25°C, 60 

minutes at 42°C and 2 minutes at 4°C. Next, the generated single-stranded cDNA was 

transformed to double-stranded cDNA by adding a mastermix containing DNA 

polymerase to generate the double-stranded cDNA and RNase H to degenerated RNA 

followed by incubating the probes for 60 minutes at 16°C, 10 minutes at 65°C and 2 

minutes at 4°C. The double-stranded cDNA then served as a template for antisense 

cRNA generation and amplification by adding T7 RNA polymerase followed by an 

incubation period for 60 hours at 40°C. Afterwards, the generated complementary RNA 

(cRNA) was purified and stabilized by treating the probes with a mastermix containing 

Nucleic Acid Binding Beads to magnetically separate cRNA from other chemical 

compounds and then eluting the cRNA from Nucleic Acid Binding Beads by adding 

elution solution. The amount and quality of the obtained cRNA was measured using a 

photometer at 260 nm. If sufficient amount and quality was ensured, cRNA would serve 

as a template for synthesising sense-strand cDNA by reverse transcription using 

random primers. The probes were then incubated as follows: 5 minutes at 70°C, 5 

minutes at 25°C, 2 minutes at 4°C, 10 minutes at 25°C, 90 minutes at 42°C, 10 minutes 

at 70°C, 2 minutes at 4°C. After cDNA has been synthesized, the cRNA template was 
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degraded by adding RNase H followed by incubating the probes for 45 minutes at 

37°C, 5 minutes at 95°C and 2 minutes at 4°C. The second-strand cDNA was then 

purified and stabilized as described prior using Nucleic Acid Binding Beads and elution 

solution. The amount and quality of the purified single-stranded cDNA was again 

measured using a photometer at 260nm.  

 

cDNA fragmentation and labeling using AffymetrixÒ GeneChipÒ WT Terminal 

Labeling and Hybridization  

The fragmentation and labelling of the generated and purified single-stranded cDNA 

was performed using the AffymetrixÒ GeneChipÒ WT Terminal Labelling and 

Hybridization Protocol according to the manufacturers instruction (P/N 702808).  

In brief, for fragmentation of the cDNA, a master mix containing RNase-free water, 

cDNA fragmentation buffer, uracil DNA glycosylase (UGD) and apurinic/apyrimidinic 

endonuclease (APE) was added to 5,5 µg of cDNA followed an incubation period of 60 

minutes at 30°C, 2 minutes at 93°C and 2 minutes at 4°C. The generated fragmented 

single-stranded DNA was then labelled by adding a master mix containing terminal 

deoxynucleotidyl transferase (TdT), TdT buffer and DNA labeling reagent to the 

fragmented single-stranded DNA and incubating the reactions for 60 minutes at 37°C, 

10 minutes at 70°C and 2 minutes at 4°C. Next, a hybridisation cocktail was prepared 

containing 27 µl of fragmented and labelled DNA, control oligonucleotide B2, 

hybridisation mix, DMSO and nuclease free water. The hybridisation cocktail was 

incubated for 5 minutes at 95°C and 45°C, respectively, before injecting 80 µl of the 

sample into the GeneChipÒ Probe Array. The arrays were placed in the preheated 

hybridization oven for 17 hours at 45°C at 60rpm.  

 

Wash step using AffymetrixÒ GeneChipÒ Expression Wash, Stain and Scan P/N 

702731  

The final washing, staining and scanning step of the microarray probes was performed 

according to the User Guide by AffymetrixÒ GeneChipÒ Expression Wash, Stain, 

Scan Protocol (P/N 702731).  

At first, sample files with the according names for every given experiment were set up 

and registered in the AffymetrixÒ GeneChipÒCommand Console. The washing and 

staining step was performed using the Fluidics Station 450/250 and following the 

instructions on the LCD window.  
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After priming the fluidics station, the previously inserted hybridization cocktail was 

removed and the probes were refilled with 100 µl of a wash buffer (wash buffer A). 

Next, the stain reagents were prepared by aliquoting 600µl of each staining cocktail 

one and two and 800µl of array holding buffer and placing the reagents in the according 

sample holders. After running the washing and staining protocol, the probe cartridge 

was ejected and inspected for any bubbles and air pockets.  

If no bubbles were detected, the probes were scanned using the AffymetrixÒ 

GeneChipÒ Scanner 3000. Prior to its use, the laser of the scanner was heated up for 

at least ten minutes and the glass surface of the probe array was cleaned. Next, 

ToughSpotsÒ were applied to both septa of the probe array to prevent fluid loss. The 

probe arrays were inserted into the scanner and were then scanned using the scan 

control software according to the protocol.  

 
 
 
Statistics  
GraphPad Prism (GraphPad Software, San Diego, USA) was used to calculate mean 

and standard deviation of the mean (SEM). Differences in means between two groups 

were determined by student’s t-test using Microsoft Excel with p-values <0.05 being 

considered statistically significant.  
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Results 
Cell culturing 
Three EwS cell lines, A673, SBSR-AKS and TC71 were cultivated in RPMI-1640 

medium alone (control group) or according to the dendritic cell medium protocol 

(supplemented group) using medium containing X-Vivo, 1% human serum type AB, IL-

4 and GM-CSF followed by the addition of a maturation cocktail containing IL-6, IL-1b, 

TNF and PGE2  for a total of seven days (see Figure 1). This regime was conducted 

prior to all experiments.  

Following the addition of the maturation cocktail, spherocyte formation and detachment 

of cells from the flask could be observed in all cell lines to varying extents. TC-71 EwS 

cells showed distinct detachment with insufficient viable cells remaining hence 

rendering the cell line unsuitable for further experiments.  

 

FACS analysis demonstrating cell surface expression 

CD83 

On day seven, we assessed the cell surface profiles of A673 and SBSR-AKS cells 

cultivated in dendritic cell medium (supplemented group) compared to A673 and 

SBSR-AKS cells cultivated in RPMI-1640 medium (control group) by flow cytometry 

analysis. We observed a marked upregulation of surface CD83 expression in both cell 

lines in the supplemented group compared to the control group (see Figure 2). For 

analysis, we used both APC fluorophore antibodies as well as APC-Vio770 fluorophore 

antibodies. The upregulation of CD83 was reciprocal and seen with either antibody 

staining.  

 

CD80, CD86, HLA-DR 

In order to evaluate a hypothetical similarity to or differentiation of EwS cells into cells 

of the myeloid department, we further evaluated other markers of mature dendritic cells 

CD80 (PE), CD86 (VioBlue) and HLA-DR (PE) and their expression on A673 and 

SBSB-AKS after cultivation in dendritic cell medium. For the SBSR-AKS cell line, our 

experiments demonstrated no marked upregulation of any of the mentioned cell 

surface markers between the supplemented group and the control group (data not 

shown). For the A673 cell line, we observed minor upregulations in CD80 and CD86 

cell surface expression and more definite upregulation of HLA-DR surface expression 
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when comparing A673 supplemented group to A673 control group (see Appendix). 

These observed increases in upregulation, however, were not as distinct as the CD83 

upregulation observed.  

 

MHC class I and II 

In both A673 and SBAR-AKS cell lines, we observed an upregulation of surface 

expression of MHC class I (APC) with supplemented groups compared to control 

groups. MHC class II upregulation could not be observed on cell surface of either cell 

line.  
 

 

ICAM-1, PD-L1 and PD-L2  

The expression of intercellular adhesion molecule 1 (ICAM-1) (PE) was upregulated in 

both A673 and SBSR-AKS cell lines in the supplemented groups compared to the 

control groups. In A673, the expression of programmed cell death ligand 1 (PD-L1) 

(PE) was only slightly upregulated in the supplemented group but not in SBSR-AKS. 

Programmed cell death ligand 2 (PD-L2) (APC-Vio770) surface expression was not 

elevated in either EwS cell line (see Figure 2). 
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Figure 2 – Flow Cytometry Data. Two groups, control group (red histogram) cultured in standard 

medium and supplemented group (blue histogram) cultured in dendritic cell medium were compared. 
Gates were set according to the IgG-isotype control (red histogram) and compared to the antibody-

labelled cells (blue histogram). A) A673 CD83, MHC class I and ICAM-1 expression is upregulated in 

supplemented (right) versus non-supplemented control cells (left). The gates were set according to 

isotype-labelled control samples. B) SBSR-AKS CD83, MHC class I and ICAM-1 expression is 

upregulated in supplemented (right) versus non-supplemented control cells (left). C) A673 PD-L1, PD-

L2 and MHC class II expression comparing control and supplemented groups. PD-L1 and PD-L2 

expressions are slightly upregulated. D) SBSR-AKS PD-L1, PD-L2 and MHC class II expression 

comparing control and supplemented groups. There was no observed upregulation observed in either 
of the three surface markers. 
 

RNA Microarray Analysis 

We performed microarray analysis of A673 and SBSR-AKS EwS cell lines comparing 

the supplemented group with the control group in order to identify possible changes on 

genomic level. Analysis and visualization of results was conducted with the iSEE 

software. The generated heatmap illustrating the difference of gene expression 

between the supplemented group and the control group demonstrates an overall 

congruency of both independently tested A673 cell lines (see Figure 3). The genes 

expressed by the heatmap represent various agents involved in immune responses. 

The most important findings are listed below (see Figure 4).  
 

CD83  

Our Microarray analysis demonstrated an increase of CD83 in both A673 and SBSR-

AKS cell lines cultivated according to the dendritic cell medium protocol when 

compared to the control groups hence supporting the data obtained by flow cytometry 

(see Figure 4). However, it has not be noted, that the increase of CD83 upregulation 

observed in A673 cell line is much more distinct than the observed upregulation in 

SBSR-AKS cell lines which differs from findings observed by flow cytometry, where the 

observed CD83 upregulation was relatively similar. The findings of CD83 upregulation 

demonstrated in the A673 supplemented group were fairly similar in two separately 

conducted measurements.   
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MHC class I and II  

In both cell lines cultivated in dendritic cell medium, we observed an upregulation of 

MHC class I on RNA level which is in line with our findings obtained by flow cytometry. 

Likewise, we could not observe an upregulated expression of MHC class II in either 

A673 or SBSR-AKS cell line (see Figure 4). 
 

ICAM-1, PD-L1 and PD-L2  

For both cell lines cultivated in dendritic cell medium, the expression of ICAM-1 is 

markedly upregulated when compared to the control group. Likewise, the expression 

of PD-L1 is upregulated in A673 and SBSR-AKS in the supplemented groups (see 

Figure 4). For A673 cell line, these findings are in line with our findings obtained by 

flow cytometry. Overall, the expression of PD-L2 is increased in both cell lines in the 

supplemented groups although to varying extents.  
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Figure 3 - Heatmap demonstrating expression of various genes involved in immune responses. This 

heatmap compares the difference in expression of two ES cell lines A673 and SBSR-AKS that were 

cultivated in standard medium (- / control) or dendritic cell medium (+ / supplemented). 
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Figure 4 - RNA expression of CD83, MHC class I, MHC class II, ICAM-1, PD-L1 and PD-L2 on A673 

and SBSR-AKS ES cell lines obtained by Microarray analysis.  This figure demonstrates the difference 

on gene expression between the control group and the supplemented group. 
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Identification of driver cytokines by flow cytometry  
In order to identify the driver cytokine responsible for the upregulation of CD83 cell 

surface expression on A673 cell lines, we performed three different experimental 

approaches which were all obtained by altering the maturation cocktail on day six of 

the dendritic cell maturation protocol (see Figure 1). In the first experiment, we added 

only one of the four cytokines of the maturation cocktail on day six (‘only one’). In a 

further experiment, we only added three out of the four cytokines that make up the 

maturation cocktail on day six (‘minus one’). Finally, we conducted an experiment 

during which we cultivated the tumor cells in single dose cytokine concentration as well 

as increasing the dose of each cytokine individually as well as the full maturation 

cocktail by five-fold.  
 

Addition of single cytokine 

The effect on CD83 expression of adding a single cytokine of the maturation cocktail 

on day six was analyzed by flow cytometer analysis. As seen in Figure 5 and Figure 
6, all groups i.e. every cytokine used as a sole mediator, demonstrates an upregulation 

of CD83 (APC-Vio770) on cell surface although to varying extent. As demonstrated in 

Figure 5, the CD83 expression was most distinctly upregulated with single use of TNF 

when compared to single use of other cytokines. When comparing the extent of CD83 

upregulation observed by use of TNF only versus use of the full maturation cocktail, 

there is no distinct difference between both treatment groups indicating similar effects 

on upregulation of CD83 surface expression.  

 

Addition of three out of four cytokines 

The effect of adding three out of four cytokines of the maturation cocktail on day 6 was 

analyzed by flow cytometry and is displayed in Figure 5. In contrast to the addition of 

a single cytokine, these findings do not distinguish one treatment group to be the most 

effective in CD83 (APC-Vio770) upregulation but a roughly similar upregulation among 

all groups.  
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Figure 5 - FACS analysis demonstrating the results of experiments evaluating CD83 cell surface 

expression after addition of only one cytokine of the maturation cocktail (upper row) and addition of three 

out of four cytokines of the maturation cocktail (lower row). A673 cells were stained for CD83 using 

CD83 APC-Vio770-labelled antibodies (blue histogram). APC-Vio770 isotype-labelled control samples 

were generated for each cytokine or cytokine group individually (red histogram). This figure 
demonstrates the extent of increase of CD83 cell surface expression. 
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Figure 6 - FACS analysis demonstrating CD83 upregulation by addition of only one cytokine of the 

maturation cocktail. This graph only shows A673 cells stained for CD83 using CD83 APC-Vio770 

labelled antibodies (red). Gates were set according to A673 cells stained with APC-Vio770 labelled 

isotype controls (blue).   
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Evaluating increased effect with increased dose of cytokines 

Comparison of CD83 expression of tumor cells treated with single dose of cytokines 

with treatment of five-fold dose of cytokines yielded no distinct difference (see Figure 
7). 

 
Figure 7 - FLOW cytometry analysis demonstrating the extent of difference of increase in CD83 cell 

surface expression between A673 cells matured in the full maturation cocktail (red histogram) and TNF 
only (blue histogram) as well as the difference between A673 cells cultivated in five-fold dose TNF (red 

histogram) compared to single dose TNF (blue histogram) (left graph). A673 cells were stained for CD83 

using CD83 APC-Vio770-labelled antibodies. 
 

Identification of point of time  
In an attempt to assess the exact point of time of CD83 upregulation, we performed 

FACS analysis of day four (d4), day six (d6) and day seven (d7) of the dendritic cell 

medium protocol. On d4 and d6, no upregulation of CD83 could be identified. On d7, 

FACS analysis demonstrated a CD83 upregulation as seen in previous experiments 

(data not shown).  

 

T cell mediated recognition and killing  
The correlation between CD83 upregulation and T cell mediated recognition and killing 

of EwS tumor cells was demonstrated by ELISpot assay and Granzyme B assay, 

respectively. As the A673 cell line is HLA-A*02:01+ whereas SBSR-AKS is an HLA-
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A*02:01- cell line, experiments were conducted with A673 only comparing A673 

supplemented groups and A673 control groups.  

 

ELISpot Assay  

For the ELISpot assay, T2 cells pulsed with Influenza and CHM1-Peptides served as 

negative and positive control groups, respectively. CHM1319 specific TCR-transgenic 

T cells used were generated by our research group previously and were thawed and 

expanded by adding 100 U/ml recombinant human interleukin 2 (rhIL-2) and 2 ng/ml 

recombinant human interleukin 15 (rhIL-15). For the ELISpot assay, we assessed T 

cell recognition using two different effector to target ratios (10000:20000 and 

5000:20000) to illustrate the effect in more detail. As shown in Figure 8, A673 cells 

cultivated in dendritic cell medium showed a significant increase in T cell recognition 

as indicated by IFNg spots. Standard deviation and p-values are displayed in Figure 
8. 
 

Granzyme B Assay 

For the ELISpot assay, T2 cells pulsed with Influenza and CHM1-Peptides served as 

negative and positive control groups, respectively, and CHM1319 specific TCR-

transgenic T cells previously generated were used. Overall, the Granyzme B assay 

demonstrated improved T cell mediated killing of A673 tumor cells when cultivated in 

dendritic cell medium compared in all effector to target titrations. Standard deviations 

and p-values are displayed in Figure 8. In particular, it was observed that lower effector 

to target ratios yielded a bigger effect on T cell mediated killing indicating a more 

relevant effect at lower ratios.  
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Figure 8 - CHM1319/HLA-A*02:01-specific T cell mediated recognition and killing of A673 EwS cell lines and T2 pulsed 

cells in interferon-𝛾 and granzyme B ELISpot assays. Error bars indicate standard deviation of sextuplicates. A) 
Interferon-𝛾 ELISpot assays; A673 and CHM1319 peptide-loaded T2 cells are specifically recognized by CHM1319/HLA-

A*02:01-specific T cells as compared to T2 cells loaded with influenza-derived control peptides. A673 supplemented 

with DC maturation cytokines, induce a significantly higher interferon-𝛾 secretion as compared to non-supplemented 

A673 when 5.000 or 10.000 effector cells were used, respectively (both p<0.05). B) Granzyme B ELISpot assay; Dose 
dependent CHM1319/HLA-A*02:01-specific T cell mediated killing of A673 and T2 cells loaded with CHM1319 compared 

to influenza control peptide loaded T2 cells (FLU). A673 supplemented with DC maturation cytokines induce a 

significantly higher granzyme B secretion compared to non-supplemented A673 in effector to target ratios of 2.5 (p=0.04), 
0.625 (p=0.04) and 0.156 (p=0.03). 
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Methodological Difficulties  
Despite successful conduction of all experiments stated above, certain experiments 

could not be performed as expected or yielded incongruent results.  

As stated previously, the TC71 EwS cell line showed a considerable rate of 

detachment from the flask on day seven upon addition of the maturation cocktail on 

day six which was much more severe than seen in the other two cell lines. When 

counting the culture TC71 cells as described previously, very few  to none viable cells 

were visible. Several alterations aiming for improved TC71 culturing and thawing were 

attempted. We cultivated both a higher and smaller amount of TC71 cells. 

Furthermore, we decreased the time of cultivation with the maturation cocktail from 24 

hours to 12 hours. However, none of these attempts improved the cell state upon 

addition of the maturation cocktail. Hence, after thorough discussion with multiple 

members of the research group, we rendered TC71 cells unsuitable for further 

experiments and introduced the cell line SBSR-AKS instead. 

A further issue associated with flask adherence of tumor cells was encountered when 

attempting to perform a real time cell analysis (RTCA) assay, which mechanism mainly 

relies on adherence of cells [42]. It was discussed, whether results obtained by RTCA 

assay are indicative of improved T cell mediated killing, giving that a vast amount of 

tumor cells showed detachment upon addition of the maturation cocktail. Therefore, 

we decided to perform a Granzyme B assay, where T cell mediated killing is measured 

by secreted Granzyme B instead of dissociation of cell adhesion.  

Finally, one the overall four performed ELISpot assays did not show appropriate 

results. Neither positive nor negative control lines showed an increase of IFNg spots, 

indicating that the experiment was not conducted correctly. Whether this issue was 

due to false experiment performance or defective material, such as the ELISpot plates 

used, is unknown. However, further ELISpot assays performed after this assay using 

the exact same materials demonstrated sufficient results.  
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Discussion 
  
Despite recent advances in treatment of oncological disease, the prognosis for EwS 

patients, especially with refractory disease or early metastatic spread, remains poor. 

The rapidly advancing treatment option of immunotherapy is a promising approach for 

many tumor entities, including EwS. Although yielding encouraging results in other 

paediatric malignancies, immunotherapy using adoptive T cell treatment has shown a 

diminished success rate in EwS. This may partly be attributed to low mutational burden 

as well as decreased numbers of TILs within tumoral tissues observed in EwS. 

However, despite generating heterogenous results, the use of autologous stem cell 

therapy in addition to chemotherapeutic agents has produced favourable outcomes as 

presented in in recent studies and hence implied that further investigations may yield 

promising results [16, 17]. Our research group has previously succeeded in generating 

CHM1-specific TCR-transgenic T cells that showed initial anti-tumoral effects in vitro 

and in vivo. In this work, we sought to render immunologically cold EwS more 

susceptible to T cell mediated immunotherapy by altering the tumor microenvironment 

to a more inflammatory-prone state.   

 

Human CHM1 is a transmembrane glycoprotein first described by Hiraki et al. and is 

mainly found in immature and avascular cartilage. CHM1 is known to be a key regulator 

of angiogenesis during chondrocyte differentiation in endochondral bone development 

[44, 45]. Since its discovery, the role of CHM1 in disease progression such as 

osteoarthritis, but also pediatric cancers such as osteosarcoma and EwS, has been 

established [62, 110]. Although a surprising finding in malignancies, it has become 

evident that the anti-angiogenic properties of CHM1 result in hypoxic tumor tissue and 

are therefore associated with a more aggressive tumor nature and increased risk of 

metastasis [27, 94]. Our research group has demonstrated the direct link and resulting 

upregulation between the fusion oncogene EWS-FLI1 and CHM1, which is likely to 

lead to the significant overexpression of CHM1 observed in EwS.  Through various 

experiments, we were able to identify CHM1 as a responsible agent enhancing 

malignant potential as well as the capacity of metastatic spread in EwS [103]. Taken 

together, CHM1 posed an ideal target for TCR therapy as it has shown to be 

overexpressed on EwS cells in correlation to the expression of EWS-FLI1 oncogene, 

which occurs in 85% of EwS cases, without being expressed in normal tissues, as well 

as being an important driver of tumor sustainment and metastatic spread.  
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In following experiments, our research group has successfully generated HLA-

A*02:01-restricted peptide-specific CHM1319 cytotoxic T cells by priming naïve T cells 

using HLA-A02:01+ dendritic cells pulsed with CHM1-peptides. These experiments 

have yielded encouraging results by demonstrating peptide-specificity as well as 

responsiveness of EwS cells in mouse models [94]. When performing this experiment 

in an autologous setting, the generated T cells were unable to recognize and kill EwS 

cells hence rendering them less suitable for further experiments. Despite initial 

successes of this treatment approach, the complex generation yielding only low 

numbers of T cells that were quickly exhausted upon initial action rendered the 

incorporation of this approach into therapy protocols unrealistic. Hence, our research 

group generated HLA-A*02:01-restricted peptide-specific CHM1319 cytotoxic T cells by 

retroviral transduction resulting in transgenic T cells [10]. In vivo and in vitro studies 

using the generated T cells have further demonstrated satisfactory T cell recognition 

and killing of EwS cell lines. In 2017, Thiel et al. first administered the generated T 

cells to three refractory EwS patients and demonstrated encouraging results. After 

assessment of CHM1 expression on EwS tissues of the patients and establishing in 

vitro lysis of EwS cell lines by generated T-cells, HLA-A*02:01/CHM1319 -specific 

allorestricted CD8+ T cells were administered. Overall, the administration of T cells 

demonstrated slow disease progression in two patients and homing of the T cells to 

tumor sites yielding a partial metastatic regression of EwS in one patient without 

causing any signs and symptoms of graft versus host disease which suggests peptide-

specificity [95]. Also of note is the persistence of CHM1 transgenic T cells in the bone 

marrow for weeks after transfusion. Despite demonstrating partial tumor regression, 

all three patients, who presented with highly advanced tumors at the time of T cell 

administration, died within two to five months following the transfer of T-cells. However, 

a matched pair analysis, despite low number of patients, showed an increased mean 

overall survival in patients receiving adoptive T cell therapy as compared to a control 

group of the EURO-Ewing 2008 treatment regime [95]. These findings demonstrated 

the efficacy of HLA-A*02:01/CHM1319 -specific allorestricted CD8+ T cells in advanced 

EwS without causing adverse GvHD and thereby opened access to a novel therapeutic 

approach.  

 



 55 

The aim of this thesis was to further enhance the efficacy of the EwS antigen-specific 

T cells generated by our research group by upregulating the surface marker CD83 on 

EwS cell lines.  
 

Phenotype of EwS tumor cells lines matured in dendritic cell medium  
As illustrated by our results, the EwS tumor cell lines A673 and SBSR-AKS showed a 

distinct alteration of their phenotype in response to cultivation in medium 

conventionally used for the generation of mature dendritic cells.  

One of the most interesting alteration was the observed upregulation of cell surface 

marker CD83, which is a key regulator of immune response and, in its membrane-

bound form, is suggested to exert pro-inflammatory functions, mainly by T cell 

development and antagonizing MARCH-driven downregulation of surface markers 

involved in generating an immune response [33]. In the past, it has become apparent 

that CD83 is a key regulator of immune response, directing both pro-inflammatory 

signals as well as regulatory signals hampering overshooting immune responses. As 

described previously, the importance of CD83 in T cell generation, differentiation and 

activation as well as its stabilizing effect of important surface molecules has been 

thoroughly demonstrated throughout the past decades. Moreover, interesting findings 

have demonstrated the importance of CD83 on regulating the immune response. For 

one, investigations have demonstrated the adverse effect on exacerbation of colitis in 

CD83-/- mice [5]. Furthermore, overexpression of CD83 seems to be associated with 

inhibitory effects on B-cell function despite the observed increase in surface CD86 and 

MHC class II [57].  

The distinct mechanism of action by which CD83 exerts its function is not entirely 

known. However, in the literature, it has been described that CD83 exerts various 

functions by antagonization of the ubiquitin ligase MARCH-1 and MARCH-8 [63, 99]. 

Although we did not evaluate surface expression of MARCH receptors, investigation 

of RNA did not show a trend in upregulation or downregulation of either ligands with 

EwS cell lines (data not shown). Although CD83, a specific marker for mature dendritic 

cells, was upregulated in our findings, we did not observe an upregulation of other 

markers for dendritic cells such as HLA-DR, CD80 or CD86. Hence, we conclude that 

EwS cell lines upregulate the expression of individual surface markers following the 

cultivation with the specific cytokines rather than undergoing differentiation.  
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Correlation between CD83 upregulation and improved T cell function 

The upregulation of CD83 on cell surface and RNA level was correlated with and 

enhanced function of HLA-A*02:01-restricted peptide-specific CHM1319 cytotoxic T 

cells as demonstrated by increased recognition and killing of tumor cells (see results). 

Although we are not able to identify the exact mechanism underlying this correlation, 

two mechanisms pay pose potential explanations.  

First, we observed an increase of MHC class I and II expression on EwS tumor cells 

cultivated in dendritic cell cell medium that was seemingly positively correlated to CD83 

upregulation. As MHC class I and II are primarily involved in T cell activation by antigen 

presentation on cell surface and priming of CD8+ T-cells, the upregulation may play a 

role in the enhanced tumor cell T cell interaction [30, 40]. As indicated previously, 

several types of cancers downregulate their cell surface MHC expression over time 

generating an ‘escape mechanism’ by which they dampen the immune response 

directed against tumor tissue [20, 35]. Experiments conducted by Berghuis et al. 

investigating the MHC class I and II expression on 67 EwS cell lines by flow cytometry 

and immunofluorescence staining have obtained heterogenous results. However, the 

research group found that the majority of EwS cell lines demonstrated a substantial 

downregulation of MHC class I expression on EwS cells, including metastatic tissues 

implying the negative effect it bears on immunotherapy[7, 68]. Further studies 

conducted by Yabe et al. demonstrated a decreased infiltration of CD8+ T cells in 

response to MHC class I downregulation which in turn resulted in a significantly poorer 

overall survival[106]. Hence, the upregulated MHC expression observed in our results 

may be an attempted reverse of that particular escape mechanism, although in order 

to confirm this hypothesis, further investigations are required. It has to be critically 

assessed, however, that prior to both ELISpot and Granzyme B assay, IFNg was added 

to the target cells according to the protocols. In the literature, IFNg is described to 

upregulate and stabilize the MHC class I surface expression by inducing genes that 

are related to MHC class I expression and its functions as an antigen presenting agent 

[102, 107]. Therefore, one may argue that the increase in surface MHC expression 

and the correlated enhanced T cell activation is caused by addition of IFNg rather than 

the dendritic cell medium. However, we observed an upregulated MHC expression by 

FACS analysis and also microarray analysis, where tumor cells have never been 

treated with IFNg. Hence, we conclude that the increase in MHC in our experiments 

are not driven by the addition of IFNg. Overall, further experiments are required to test 
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these hypotheses, in particular selective MHC blockage to assess whether MHC 

expression is responsible for enhanced T cell activation or if other underlying 

mechanisms are of higher relevance. 

 

A second mechanism which may positively influence T cell function in the observed 

co-expression and upregulation of CD83 and intracellular adhesion molecule-1 (ICAM-

1). ICAM-1, also known as CD54, is a transmembrane glycoprotein of the Ig 

superfamily and is mostly known due to its  co-stimulatory function enhancing the 

interaction between dendritic cells and T cells [92]. Upon cell activation by 

inflammatory mediators, constantly expressed ICAM-1 is upregulated through 

increased gene transcription[77]. ICAM-1 is commonly expressed on cells involved in 

the immune response although expression on tumor cell surface has been 

demonstrated. Investigation by Bailey et al. have demonstrated that ICAM-1 is able to 

promote T cell activation and T-cell/tumor cell interaction by highly specific binding of 

ICAM-1 expressed on tumor cells and the corresponding lymphocyte function 

associated antigen-1 (LFA-1 or CD11a) expressed on lymphocytes [2, 77]. Hence, 

ICAM-1 expression on tumor cells poses an option of enhanced T cell activation and 

favorable outcome which could be observed in colorectal cancer, where a correlation 

between ICAM-1 expression and improved prognosis was established[65, 75]. As 

ICAM-1 has shown to be effective in improving T-cell/tumor cell interaction in EwS, this 

might be a potential mechanism underlying the improved T cell mediated recognition 

and killing that we observed in our findings. In their research, Bailey et al. have 

established that ICAM-1 expression is induced by IFNg, however, as our experiments 

did not involve treatment of tumor cells with IFNg, another underlying mechanism is 

responsible, which has not been further explored in this work [2].  

 

Expression of PD-L1 

The programmed cell death-1 (PD-1) pathway is checkpoint pathway that has shown 

to be an established target in immunotherapy. PD-1 is a regulatory agent and is most 

significantly known for its inhibitory effect on T cell activation.  Although mostly 

expressed on cells involved in immune responses, the corresponding ligand, PD-L1, 

can be expressed by tumor cells where it has shown to have an immune-evading effect 

diminishing immunological efficacy directed against tumor cells [86, 109]. Hence, 

immune checkpoint inhibitors directed against PD-1 or PD-L1 and thereby reversing 
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the T cell tolerance have been generated and showed significant results in various 

cancer types such as melanoma or non-small-cell lung cancer [93]. However, the 

efficacy of PD-L1 checkpoint inhibitors as demonstrated in various cancer entities was 

not as encouraging in EwS patients. A phase two clinical trial treating patients with 

advanced soft-tissue or bone sarcoma with the PD-1 checkpoint inhibitor 

pembrolizumab demonstrated no response towards treatment [93]. This diminished 

efficacy is mainly attributed to the absent or low expression of PD-L1 by EwS tumor 

cells as well as the TME [68, 89, 101].  

 

TNF as most potent cytokine driving CD83 upregulation 

The exact mechanism of CD83 processing and cell surface expression is not entirely 

understood. It has been suggested that CD83 expression on T-lymphocytes is 

regulated via the transcription factor NFkB [67]. Further evidence suggests that in 

immature dendritic cells, CD83 is preformed intracellularly and is rapidly expressed on 

cell surface upon activation and maturation [18, 39]. In our experiments, we 

demonstrated upregulation of CD83 among other cell surface proteins by cultivation of 

tumor cells in presence of cytokines conventionally used in generation of mature 

dendritic cells. Although expression of CD83 on cells involved in immune response has 

been described extensively, to our knowledge CD83 expression on tumor cells and its 

role in the induction of anti-tumor responses is not considerably distinguished in the 

literature. We were not able to identify one single cytokine responsible for the CD83 

upregulation as all cytokines demonstrated CD83 upregulation when used individually. 

Nonetheless, TNF demonstrated the most considerable CD83 upregulation and may 

therefore be suggested as the most potent cytokine driver. These findings are in line 

with previous reports identifying TNF as an activating agent for increased CD83 

expression on monocyte derived dendritic cells and therefore a potent driver for 

dendritic cell maturation [72, 80].  

TNF, initially identified in the 1970s, is an inflammatory cytokine that is secreted by 

macrophages, monocytes, and T-lymphocytes upon activation and exerts mainly pro-

inflammatory actions [19]. The biological functions of TNF mainly concern activation 

and stimulation of immune cells and thrombocytes to enhance immune response upon 

pathogen encounter [49]. Given these functions, the application of monoclonal 

antibodies directed against TNF, such as infliximab, have revolutionized the treatment 

of disease with overshooting inflammatory responses such as inflammatory bowel 
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disease or ulcerative colitis [70]. The biological effects of TNF on tumor cells have also 

been investigated. It has been described in the literature that in about a third of tumors 

soluble TNF yields cell death by mechanisms including increased cellular apoptosis, 

antagonizing Treg action with correlated enhanced T cell activation or destruction of 

tumor microvasculature or promotion of M1 macrophages [48, 51, 69]. Despite these 

anti-tumor properties, investigation have also demonstrated that TNF, if dysregulated, 

is able to mediate effects that favor progression of malignancy [85]. Reversely, tumor 

cells are able to secrete TNF which then acts as an autocrine growth factor inducing 

tumor cell proliferation [85].  

The use of TNF as an anti-tumor agent has yielded heterogenous results in the past. 

On one hand, simultaneous application of TNF and other anti-cancer agents resulted 

in an increased uptake and enhanced efficacy of anti-tumor agents. On the other hand, 

TNF has shown to induce severe toxicity at doses even lower than the predicted 

efficient dose [24, 88]. Despite the limitations of use, investigations conducted by 

Lienard et al. in 1992 demonstrated that local administration of TNF, IFNg and 

melphalan by isolated limb perfusion in melanoma and soft tissue sarcoma patients 

demonstrated successful disease regression via destruction of tumor micro 

vascularization with acceptable toxicity rates [61]. Despite the successful treatment, 

patients had to receive prophylactic dopamine and hyperhydration treatment in order 

to minimize toxic effects. 
In the literature, there are several mechanisms described which result in an 

upregulation of peripheral TNF levels by induction of inflammation in EwS cell lines. 

Multiple research groups have observed an upregulation of TNF mRNA and protein 

levels in response to irradiation in a time-dependent manner in TNF producing EwS 

cell lines [21, 81, 100]. In addition, irradiation or hyperthermia has shown to lead to an 

increase in TNF transcription without causing any remarkable side-effects [11, 74].  

Taking these previous findings together, the incorporation of TNF into current 

immunotherapeutic treatment regimens such as treatment with CHM1319 specific TCR-

transgenic T cells might render EwS tumor cells more susceptible for T cells 

recognition and killing via inducing a CD83 upregulation. As there are several 

mechanisms to induce TNF secretion via the induction of local inflammation in vivo, 

this finding may offer a new therapeutic approach to improve conditioning regimes, 

especially for adoptive T cell based immunotherapy.   
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Summary  
Paediatric EwS is a tumor of bone and soft tissue that is characterized by the distinct 

genetic signature of EWS-ETS family fusion oncogene. Despite significant 

improvement of therapeutic approaches targeting EwS, immunotherapy has not yet 

yielded as encouraging results as it has in other tumor entities. It has become apparent 

that EwS harbours a low somatic mutational burden as well as small numbers of tumor 

infiltrating T cells hence suggesting a relatively low immunogenicity. Our research 

group has pursued the improvement of adoptive T cell therapy in EwS by successfully 

generating tumor antigen specific transgenic T-cells, that have demonstrated efficacy 

in vitro and in vivo. The aim of this thesis was to further enhance HLA-

A*02:01/CHM1319 -specific allorestricted CD8+ T cell function by increasing the cell 

surface expression of CD83, a glycoprotein most commonly known as a highly specific 

marker for mature dendritic cells. CD83, in its membrane-bound form, has shown to 

play a key regulatory role in generating an immune response. Specifically, CD83 has 

demonstrated its important function in T cell differentiation and activation as well as 

stabilization of surface markers on B-cells and dendritic cells.  

In this work, we demonstrated the reciprocal induction of upregulation of CD83 on cell 

surface and RNA level. Furthermore, we were able to identify a positively correlated 

upregulation of important surface markers involved in immune responses such as MHC 

class I and ICAM-1. Interestingly, the upregulation of said surface markers was in turn 

correlated with an improved recognition and killing of tumor cells mediated by HLA-

A*02:01/CHM1319 -specific allorestricted CD8+ T-cells, which may suggest an 

enhanced T cell efficacy in vivo. Although the exact mechanisms of CD83 upregulation 

remain to be investigated, we were able to identify TNF to be the most potent cytokine 

that drives CD83 upregulation when used as a single agent, although all other 

cytokines of the maturation cocktail were able to induce an upregulation when used 

alone, but to a lesser extent.  

In conclusion, this work has demonstrated that EwS tumor cells can be altered to 

become more susceptible to the effect of adoptive T cell therapy by manipulation of 

the tumor microenvironment in vitro. In the future, further investigations should be 

conducted to evaluate whether these changes can also be seen in vivo which in turn 

may suggest the incorporation of novel agents such TNF into existing treatment 

regimes.  
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Appendix 

 
Appendix 1 – Flow Cytometry Data displaying markers of mature dendritic cells CD80, CD86 and HLA-DR. Gates 
were set according to isotype control-labelled antibodies. As demonstrated, there was no distinct upregulation 
observed in either of the surface markers in either A673 nor SBSR-AKS cell line.  
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Appendix 2 – FeatureAssay Plots generated with iSEE software. The plots demonstrate the changes of mediator 
involved in an immune response on RNA level observed in control groups (cntrl / left hand columns) and 
supplemented groups (dendritic cells / right hand columns).  
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