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RATIONALE 

Cancer represents one of the largest unmet medical needs of western societies. This results 

partly from the aging of our populations as well as from the therapeutic advances of the 

recent decades, which have modified the nature of most cancer indications from rapidly 

progressing illnesses to chronic, relapsing, rarely cured, conditions. Over the last decades, 

improvements in molecular profiling techniques have led to the identification of distinct 

molecular subtypes, for which biology-driven targeted therapies can be harnessed (1). 

Despite these novel therapies, clinical anti-tumor responses remain of limited duration and 

are only observed in a minority of patients (2). Hence, chemotherapy remains the backbone 

of treatment in solid malignancies, but is often associated with therapy resistance and 

intolerable side effects, underscoring the need for new therapeutic strategies. 

Immunotherapy in which the patient’s immune system is used selectively towards cancer 

cells is considered a very promising candidate in this regard and may lead to a paradigm 

shift in current standard of care (3). A major breakthrough in cancer immunotherapy was 

the discovery of immune checkpoint proteins, which function to effectively inhibit the 

immune system (4). Immune checkpoint inhibitors have shown impressive activity in 

different tumor types such as melanoma and lung cancer but also left room for 

improvement (5, 6).  

 

This study will focus on the CD70-CD27 signaling pathway as an interesting new 

immunotherapeutic target. CD70 is absent from normal tissue, but was found 

overexpressed on malignant cells in different tumor types (7). This makes CD70 an 

interesting target to specifically attack the tumor cells, leaving normal cells unaffected. 
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CD70 has also emerged as an immunotherapeutic target that can enhance anti-tumoral 

immune responses opening a new therapeutic window, which will be further explored 

throughout this thesis (8).  

AIMS AND OUTLINE OF THE STUDY  

The general aim of this thesis was to investigate the role of CD70 in oncology. Thereby, 

we wanted to identify novel tumor types for anti-CD70 therapy and explore promising 

combination strategies. 

 

To start with, chapter 2 provides an overview on the known facts of the CD70/CD27 

pathway in cancer. In this chapter, we discuss the physiology of CD70/CD27 in normal 

conditions as well as its role in immune evasion in the tumor microenvironment. In 

addition, different clinical applications targeting the CD70/CD27 pathway are discussed 

and an interesting view on combination strategies for CD70-targeting therapies is given.  

 

To identify potentially interesting tumor types for anti-CD70 therapy, we started this 

dissertation by testing the expression patterns of CD70 in an entire range of malignancies. 

Thereby, different interesting tumor types for anti-CD70 therapy were identified in solid as 

well as hematological malignancies. In the further course of this thesis, we focused on the 

role of CD70 in solid malignancies with a particular emphasis on non-small cell lung cancer 

(NSCLC) and colorectal cancer (CRC). 
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In the first section, we unlocked the potential of CD70 as an immunotherapeutic target for 

NSCLC (Figure 1.1). In chapter 3, we provide an overview on the expression patterns of 

CD70, and its receptor CD27 in tumor resections of NSCLC patients. We deliver 

interesting data on the role of CD70 in immunosuppression and show in vitro data of the 

CD70-targeting agent, ARGX-110, in NSCLC cell lines. Finally, the potential of soluble 

CD27 (sCD27), the membranous part of the CD27 receptor, as a blood-based biomarker 

is discussed. Although we believe that anti-CD70 therapy holds great promise as single 

treatment modality, we have also investigated combination strategies for anti-CD70 therapy 

in NSCLC to see if the number of responsive patients could be increased, as well as the 

strength of the anti-tumor response.  

In chapter 4, we display our results on the combination of ARGX-110 with the first-line 

chemotherapeutic agent, cisplatin. Thereby, the synergism between cisplatin and anti-CD70 

therapy was extensively studied as well as the effects of this chemotherapeutic agent on 

CD70 expression levels in vitro and in vivo. Finally, we also investigated the potential of this 

combination regimen under hypoxic conditions. In order to conclude on the ideal agent to 

combine with anti-CD70 therapy, we have evaluated two other potentially interesting 

chemotherapeutic agents with cisplatin: oxaliplatin and cyclophosphamide. We have 

examined the effects of each compound on CD70 expression levels and their role in 

immune escape. In light of recent publications on the different aspects of chemotherapy in 

stimulating the anti-tumor immune response, we have also assessed the immunogenic 

effects of these agents. As such, chapter 5 completes our research on the ideal match for 

anti-CD70 therapy in NSCLC. 
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Figure 1.1. Overview of the outline of the first part of this thesis. Abbreviations: CDDP, cisplatin; 
CPA, cyclophosphamide; CTL, cytotoxic T cell; DAMPs, damage-associated molecular patterns; DC, 
dendritic cell; ICD, immunogenic cell; NK, natural killer cell; NSCLC, non-small cell lung cancer; OX, 
oxaliplatin; TC, tumor cell. 
 

In the second section, we have focused on the potential of targeting CD70 in CRC. Despite 

the clinical successes of immunotherapy in NSCLC, efficacy in CRC remains limited to a 

small subset of patients. In chapter 6, we review the ongoing clinical trials on immune 

checkpoint blockade and discuss potential explanations for the scarce effects seen in CRC.   

To identify other interesting immunotherapeutic targets for CRC, we have tested the 

expression patterns of CD70 in this tumor type not just focusing on the malignant cells, 

but taking the tumor microenvironment into account. In chapter 7, we describe almost no 

expression of CD70 on the tumor cells. Instead, high expression of CD70 was seen on the 

cancer-associated fibroblasts (CAFs) in the tumor microenvironment. We depict the 

potential use of CD70-positive CAFs as a prognostic factor and its role in immune escape. 

We further describe the role of CD70-positive CAFs on migration and invasion. Hence, in 
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this chapter we provide a strong rationale for investigating the use of anti-CD70 therapy in 

CRC.  

 

Figure 1.2. Overview of the outline of the second part of this thesis. Abbreviations: CAF, cancer-
associated fibroblast; FAP, fibroblast activating protein; nTreg, naturally occurring regulatory T cells; 
SMA, smooth muscle actin a; TC, tumor cell.  
 

Finally, in chapter 8, these research results are discussed and future perspectives are 

specified.  
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ABSTRACT 

Over the last decades, advances in the knowledge of immunology have led to the 

identification of immune checkpoints, reinvigorating cancer immunotherapy.  Although 

normally restricted to activated T and B cells, constitutive expression of CD70 in tumor 

cells has been described. Moreover, CD70 is implicated in tumor cell and regulatory T cell 

survival through interaction with its receptor, CD27. In this review, we summarize the 

targetable expression patterns of CD70 in a wide range of malignancies and the promising 

mechanism of anti-CD70 therapy in stimulating the anti-tumor immune response. In 

addition, we will discuss clinical data and future combination strategies.  
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INTRODUCTION 

The mutual and interdependent interaction between the cancer cells and their 

microenvironment is increasingly considered a crucial domain of investigation in cancer 

research. In this regard, immunotherapy represents a promising therapeutic modality in 

oncology, as evidenced by its election as Science’s Cancer Breakthrough 2013 (1). Recently, 

much interest has been generated by the clinical results associated with inhibition of 

immune checkpoint proteins by antibodies directed against cytotoxic T lymphocyte 

antigen-4 (CTLA-4) and programmed death (ligand) -1 (PD-1/PDL-1) (2). In this review, 

we will focus on the CD70-CD27 signaling pathway, emerging as an interesting new field 

of study to enhance anti-tumoral immune responses. Indeed, the discovery of CD70 

expression on multiple tumor types of hematological origin and also on several types of 

solid tumors makes this molecule an attractive target for antibody-based immunotherapy.  

CD70 belongs to the tumor necrosis factor (TNF) superfamily of molecules, consisting of 

over 20 membrane-bound and secreted protein ligands. This protein is a type ɪɪ 

transmembrane glycoprotein, comprised of 193 amino acids with a molecular mass of 

50kDa. Sequence homology with other TNF superfamily members predicted the 

appearance of CD70 as a homotrimer leading to the understanding that interaction with 

CD27, its unique receptor, may involve three CD27 homodimers (3). Upon interaction with 

CD70, cytoplasmic residues of CD27 are bound to TNF receptor-associated factors 

(TRAFs), such as TRAF2 and TRAF5, thereby activating NFκB and c-Jun kinase pathways, 

leading to proliferation, survival and differentiation (3). Additionally, a role of CD27 in 

caspase-mediated apoptosis is suggested via the receptor-associated death domain-

containing adaptor protein Siva (see Figure 2.1) (4). As new insights into the CD70-CD27 
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pathway have been gained over the last decade, we will discuss novel approaches to target 

this pathway in human malignancies.  

CD70-CD27 PHYSIOLOGY   

The TNF receptor superfamily member CD27 is a tightly regulated costimulatory molecule, 

activated through its unique ligand CD70, enabling activation of innate and adaptive 

immunity. In humans, expression of CD27 is detected on thymocytes and naïve T cells, 

upregulated upon T cell activation and diminishing after effector T cell differentiation (5). 

CD27 is also found on central memory T cells, residing in secondary lymphoid organs (6). 

Despite these expression patterns, CD27-deficient mice have normal T cell development 

in the thymus and similar numbers of naïve T cells in secondary lymphoid organs as 

opposed to wild-type controls. However, depletions in the effector T cell pool and impeded 

memory T cells are observed (6, 7). These studies indicate that CD27 triggering is neither 

required nor sufficient to induce effector T cell formation, but contributes to the formation 

of the effector T cell pool by efficient priming of T cells and the subsequent promotion of 

T cell survival (8). The role of the CD70/CD27 axis in the priming of T cells was also 

demonstrated in a variety of immunization and infection models (8, 9). CD70-CD27 

interactions were shown to induce proliferation and cytokine production by both CD4+ 

and CD8+ T cells and promote development of cytotoxic T cell responses (10). 

Nonetheless, CD70 knock out mice show normal CD4 T cell responses and memory CD8 

T cell generation after lymphocytic choriomeningitis virus infection (11). Instead, persistent 

signaling of CD27 upon lymphocytic choriomeningitis virus infection induces 

immunopathology and suppression of neutralizing antibodies, indicating CD27 activity 
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should be carefully controlled in order to prevent collateral damage (12). This is established 

by the strict control of CD70 expression under physiological conditions: transiently 

upregulated on antigen-activated T and B cells, waning following the removal of the 

antigenic stimulus and mainly detected in primed effector lymphocytes (13). In mature 

dendritic cells (DCs), CD70 expression is upregulated upon triggering of CD40 or Toll-like 

receptors (3). Thereby an intrinsic pool of CD70 is transported towards the immunological 

synapse with MHC-II molecules, ensuring optimal T cell stimulation (14, 15). Besides its 

effect on T cell development, CD27 is upregulated on B cells through antigen receptor 

triggering and is maintained after activation, making it a typical marker for memory B cells 

(16). Despite the fact that triggering of the CD70/CD27 axis stimulates immunoglobulin 

production by the promotion of plasma cell differentiation, CD27 is not absolutely required 

for adequate B cell responses, since deficiency does not affect isotype switching, somatic 

hypermutation or antibody production (17, 18). Moreover, in mice that constitutively 

express CD70 on B cells, T cells or DCs, a demise of B cells in the bone marrow and 

secondary lymphoid organs is seen due to the chronic activation of CD27 (8). In these 

mouse models, the expression of CD70 by B cells even resulted in exhaustion of the naïve 

T cell pool, depletion of T cells from lymph nodes and death from opportunistic infection 

(19). As for B cells and T cells, CD27 is highly regulated on natural killer (NK)-cells, the 

key mediators of innate immune defense mechanism. Evidence indicates that NK cells 

upregulate CD27 in their final developmental stage before leaving the bone marrow. 

However, on circulating NK cells CD27 is absent, implicating that CD27 is turned off when 

these cells acquire their highest effector cell potential (20). The impact of the CD70-CD27 

pathway on human NK cells is still largely unknown since CD27-deficient mice show 

normal amounts of NK cells with adequate function properties (20). However, in mice that 
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constitutively express CD70 on B cells, continuous CD70-CD27 interactions result in a 

severe reduction of NK cell numbers (21). Overall, CD70-CD27 interaction is crucial for 

the regulation of the cellular immune response leading either to improved T cell function 

or T cell dysfunction, whereby timing, context, and intensity of these costimulatory signals 

determine the functional consequence of their activity (8). In this regard overexpression of 

CD70 can be observed in different auto-immune diseases, such as rheumatoid and psoriatic 

arthritis and lupus (3, 22-24). In the next section, we will discuss the role of the 

CD70/CD27 axis in tumor biology as it is becoming clear that CD70 can also serve as a 

target for cancer immunotherapy.  

 

 

 

 

 

CD70-CD27 IN TUMOR BIOLOGY 

EXPRESSION PATTERNS  

In addition to the transient expression of CD70 on antigen-activated T and B cells and 

mature DCs, recently constitutive expression of CD70 has also been found on a unique 
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population of antigen presenting cells, exclusively localized in the gut lamina propria (8, 15, 

25). Beyond this, CD70 is generally absent from non-lymphoid normal tissues (26). 

Contrarily, constitutive CD70 expression on many types of hematological malignancies and 

solid carcinomas has been observed. High rates of CD70 expression are particularly found 

in lymphomas, renal cell carcinoma (RCC), nasopharyngeal carcinoma, as well as in 

Epstein-Barr virus-induced carcinomas (Table 2.1) (3, 27, 28). In B cell lymphoma, RCC 

and breast cancer, CD70 expression is associated with poor prognosis (29-31). Interestingly, 

next to its expression on primary tumor-biopsies, stable CD70 expression is also found on 

patient-derived metastatic tissue in up to 100% of cases (32, 33). In literature, different 

methods to detect CD70 expression have been described, including real-time PCR, western 

blot and immunohistochemistry (IHC) (34). To date, IHC remains the most frequently used 

method to determine CD70 expression due to its simple and rapid detection of protein 

expression. However, in literature, discrepancies in the percentage of CD70-positive cases 

are seen within identical tumor types. As shown in Table 2.1, these dissimilarities could be 

caused by different antibodies and cut-off values which show the need for one uniform and 

validated methodology. In this regard, testing the methylation status of the CD70 promoter 

region could be an interesting option. Indeed, constitutive expression of CD70 in patients 

with large B cell lymphoma, as well as auto-immune diseases, has been associated with 

demethylation of the CD70 promoter region (22, 29, 35). Likewise, epigenetic aberrations 

of the CD70 promoter region in breast cancer cells have also been demonstrated to affect 

CD70 expression (30, 36). However, further research is mandatory to unravel whether de-

methylation of the CD70 promoter could be an alternative for CD70 IHC. 

In addition to the constitutive expression of CD70, many of the hematopoietic lineage 

tumors also express CD27, which might implicate a possible role for CD27-CD70 
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interactions in the regulation of tumor cell expansion and survival (37, 38). Nilsson A. et 

al. found such co-expression on a high proportion of leukemic cells in acute lymphoblastic 

lymphoma samples (39). Moreover, using a CD70 blocking antibody, proliferation of the 

leukemic stem cells could be reduced substantially. Likewise, the coordinated expression of 

CD70 and CD27 has been suggested to stimulate activation and proliferation of Sézary 

cells, a variant of cutaneous T cell lymphoma (40). 

Table 2.1: Overview of CD70 expression by immunohistochemistry on hematological and 
solid malignancies. IHC, Immunohistochemistry; FFPE, formalin-fixed paraffin embedded; Fr, 
frozen; mAb, monoclonal antibody; n.s., not specified; CAEBV, chronic active Epstein-Barr virus 
infection; NPC, nasopharyngeal carcinoma. Continued on p22.  

 

Malignancy Reference IHC method CD70 Antibody CD70 expression 
CD70+/total        % CD70+ 

Threshold for 
CD70 positivity 

Hematological malignancies 

Non-Hodgkin lymphoma 

 (51) 
(52) 

IHC-FFPE 
IHC-FFPE 

mAb SG-21.1 C1 
n.s. 

71/119 
82/107 

60% 
77% 

n.s. 
n.s. 

Diffuse large B cell lymphoma (37) 
(53) 

IHC-Fr 
IHC-Fr 

mAb 2F2 
mAb HNE5.1 

15/21 
4/6 

71% 
67% 

20% 
n.s. 

Follicular lymphoma (37) 
(53) 

IHC-Fr 
IHC-Fr 

mAb 2F2 
mAb HNE5.1 

6/18 
0/8 

33% 
0% 

20% 
n.s. 

Mantle cell lymphoma (37) IHC-Fr mAb 2F2 1/4 25% 20% 
Burkitt lymphoma (37) IHC-Fr mAb 2F2 1/4 25% 20% 

CAEBV associated T cell 
lymphoma (54) IHC-FFPE n.s. 1/1 100% n.s. 

Hodgkin lymphoma 

 (55) 
(51) 

IHC-? 
IHC-FFPE 

n.s. 
mAb SG-21.1 C1 

n.s. 
23/24 

96% 
97% 

n.s. 
n.s. 

Leukemia 

B-cell chronic lymphocytic 
leukemia 

(37) 
(53) 

IHC-Fr 
IHC-Fr 

mAb 2F2 
mAb HNE5.1 

3/6 
0/2 

50% 
0% 

20% 
n.s. 

Multiple myeloma 

 (51) IHC-FFPE mAb SG-21.1 C1 9/22 41% n.s. 
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Malignancy Reference IHC method CD70 Antibody CD70 expression 
CD70+/total    % CD70+ 

Threshold for CD70 
positivity 

Solid malignancies 

Renal cell carcinoma 

 (51) 
(52) 

IHC-FFPE 
IHC-FFPE 

mAb SG-21.1 C1 
n.s. 

14/20 
111/127 

70% 
87% 

n.s. 
n.s. 

Clear cell 

(56) 
(34) 
(53) 
(32) 
(57) 
(31) 

IHC-Fr 
IHC-Fr 
IHC-Fr 
IHC-Fr 
IHC-FFPE 
IHC-ISH 

mAb HNE5.1 
mAb HNE5.1 
mAb HNE5.1 
mAb 2F2 
1C1/5D12Ab 
n.s. 

41/41 
10/10 
16/20 
71/131 
189/230 
113/232 

100% 
100% 
80% 
54% 
81% 
49% 

n.s. 
n.s. 
n.s. 
25% 
1%. 
v>20.1 

Papillary 

(56) 
(53) 
(32) 
(57) 
(31) 

IHC-Fr 
IHC-Fr 
IHC-Fr 
IHC-FFPE 
IHC-ISH 

mAb HNE5.1 
mAb HNE5.1 
mAb 2F2 
1C1/5D12Ab 
n.s. 

1/9 
0/3 
9/23 
4/8 
9/46 

5% 
0% 
39% 
50% 
19% 

5% 
n.s. 
25% 
1% 
v>20.1 

Chromophobe (56) 
(32) 

IHC-Fr 
IHC-Fr 

mAb HNE5.1 
mAb 2F2 

1/5 
0/6 

20% 
0% 

n.s. 
25% 

Oncocytomas 
(56) 
(53) 
(31) 

IHC-Fr 
IHC-Fr 
IHC-ISH 

mAb HNE5.1 
mAb HNE5.1 
n.s. 

0/3 
0/1 
1/20 

0% 
0% 
5% 

n.s. 
n.s. 
v>20.1 

Sarcomatoid (53) 
(31) 

IHC-Fr 
IHC-ISH 

mAb HNE5.1 
n.s. 

0/1 
6/11 

0% 
10% 

n.s. 
v>20.1 

Brain carcinoma 

 (53) 
(57) 

IHC-Fr 
IHC-FFPE 

mAb HNE5.1 
1C1/5D12Ab 

0/1 
6/59 

0% 
10% 

n.s. 
1% 

Glioblastoma (58) IHC-Fr n.s. 5/12 42% n.s. 
Astrocytoma (58) IHC-Fr n.s. 3/4 75% n.s. 
Nasopharyngeal carcinoma 
 (57) IHC-FFPE 1C1/5D12Ab 18/82 22% 1% 
EBV-associated NPC (28) IHC-Fr Ki24 16/18 89% n.s. 

Mesothelioma 

 (41) IHC-Fr mAb HNE5.1 0/2 0% 1% 

Hepatocellular carcinoma 

 (53) IHC-Fr mAb HNE5.1 0/1 0% n.s. 

Esophagus carcinoma 

 (41) IHC-Fr mAb HNE5.1 0/5 0% 1%. 

Pancreatic carcinoma 

 (57) IHC-FFPE 1C1/5D12Ab 35/140 25% 1% 
Colon carcinoma 

 (53) 
(57) 

IHC-Fr  
IHC-FFPE 

mAb HNE5.1 
1C1/5D12Ab 

0/2 
17/194 

0% 
9% 

n.s. 
1% 

Breast carcinoma 

 (53) 
(57) 

IHC-Fr  
IHC-FFPE 

mAb HNE5.1 
1C1/5D12Ab 

0/11 
5/204 

0% 
2% 

n.s. 
1% 

Ovarian carcinoma 

 (59) 
(57) 

IHC-FFPE 
IHC-FFPE 

LP-28809 
1C1/5D12Ab 

10/10 
37/241 

100% 
15% 

0.1% 
1% 

Thyroid carcinoma 

 (53) IHC-Fr  mAb HNE5.1 0/1 0% n.s. 

Lung carcinoma 

 (41) 
(53) 

IHC-Fr  
IHC-Fr 

mAb HNE5.1 
mAb HNE5.1 

0/17 
1/19 

0% 
5% 

1% 
n.s. 

Adenocarcinoma (33) 
(57) 

IHC-FFPE 
IHC-FFPE 

4B12 
1C1/5D12Ab 

3/32 
17/172 

9% 
10% 

10% 
1% 

Squamous carcinoma (33) IHC-FFPE 4B12 4/15 27% 10% 

Neuro-endocrine carcinoma (33) IHC-FFPE 4B12 1/1 100% 10% 

Thymic carcinoma 

 (41) IHC-Fr  mAb HNE5.1 8/27 30% 1% 
Melanoma 

 (53) 
(57) 

IHC-Fr  
IHC-FFPE 

mAb HNE5.1 
1C1/5D12Ab 

0/1 
15/96 

0% 
16% 

n.s. 
1% 
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Contrarily to its presence in hematological malignancies, CD27-expressing tumor cells in 

solid malignancies have not been demonstrated to date (28, 41). Nonetheless, in the tumor 

microenvironment persistent CD27 signaling can occur through the expression of CD27 

on tumor-infiltrating lymphocytes (TILs) which have been shown to communicate with 

CD70+ carcinoma cells (28). The importance of tumor and T cell interaction through the 

CD70/CD27 axis will be discussed below.   

Upon binding of CD70 to CD27, soluble CD27 (sCD27), the extracellular domain of 

membrane-bound CD27, is cleaved from the cell surface by metalloproteinases (Figure 2.1) 

(42-44). This 32kDa protein has been detected by enzyme-linked immunosorbent assay in 

serum, plasma and urine samples from healthy individuals, and at increased levels in 

hematological malignancies and auto-immune diseases (38, 45). In addition, measuring 

sCD27 levels in healthy individuals as opposed to patients infected with human 

immunodeficiency virus (HIV) demonstrated elevated serum sCD27 levels in the HIV+ 

subset. Moreover, sCD27 levels were particularly elevated in HIV+ patients who developed 

AIDS-associated non-Hodgkin lymphoma (NHL) (46). The soluble form of CD27 has also 

been linked to poor outcome in various hematological malignancies, such as Waldenström’s 

macroglobulinemia (WM), an indolent B cell malignancy characterized by bone marrow 

infiltration with lymphoplasmacytic cells (LPCs) (47). Ho et al. showed LPC-mediated 

secretion of sCD27, with statistically significant elevated levels in WM patients in relation 

to healthy donors. This study also demonstrated the utility of sCD27 as a surrogate marker 

of disease burden (47). Moreover, it was demonstrated that sCD27 could induce 

upregulation of TNF family ligands on mast cells, providing survival signals to the tumor 

cells. Additional data indicated a possible role of matrix metalloproteinase-8 (MMP-8) in 

sCD27 release by cleavage of CD27, since higher transcription levels of this proteinase were 
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found in WM cells and MMP-8 inhibitors resulted in the blocking of sCD27 release (48). 

Elevated serum concentrations of sCD27 were also found in patients with acute 

lymphoblastic leukemia, chronic lymphocytic leukemia and large B cell lymphoma, 

predicting poor outcome in the latter and correlating with CD27 expression on lymphoma 

cells (38, 39, 43, 49). Contrarily to its correlation with outcome in hematological 

malignancies, no effect on overall survival was found in patients with prostate cancer. 

Moreover, these patients presented a lower pool of serum sCD27 compared to healthy 

donors (50). Notably, sCD27 did show potential as a prognostic marker in non-small cell 

lung cancer whereby elevated sCD27 levels correlated with reduced overall survival and 

progression free survival (33). In order to evaluate the potential use of sCD27 as a 

diagnostic biomarker for prognosis more research on a wide range of human malignancies 

is mandatory.  

SIGNALING IN THE TUMOR-MICROENVIRONMENT  

Tumor cells are able to evade detection and elimination by the host immune system through 

distinct mechanisms of action. As a result, lymphocytes either seem to be absent from the 

tumor-microenvironment or incapable of controlling or rejecting the tumor completely 

(60). Inhibition of T cell function can be triggered by tumor-derived inhibitory cytokines, 

such as tumor growth factor-β (TGF-β). Furthermore, an immunosuppressive environment 

can be created through downregulation of NK cell activators, reduced expression of class 

ɪ MHC proteins by the tumor cells, T cell anergy or activation of immunosuppressive 

regulatory T cells (Tregs) (2). One interesting player in this regulation of immune escape is 

the CD70-CD27 signaling pathway, acting through the expression of CD27 on regulatory 

T cells.  
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Naturally occurring CD4+CD25+ Tregs (nTreg), arising in the thymus, have been shown to 

impede the anti-tumor response in different murine models (61). Tregs can also be induced 

(iTreg) outside the thymus from CD4+CD25- naïve cells upon T cell receptor (TCR) 

stimulation, or stimulation by Interleukin-2 (IL-2) and TGF-β. Thereby, the expression of 

transcriptional factor forkhead box P3 (FOXp3) has been shown to be crucial in the 

development and immunosuppressive function of Tregs (62). In biopsy specimens from 

patients with NHL, Yang et al. demonstrated significant amounts of intratumoral iTregs, 

inhibiting cytokine production of CD4+ and CD8+ T cells (63). Interestingly, increasing 

amounts of iTregs were particularly seen in the presence of CD70-expressing malignant 

cells. Moreover, blockade of the CD70-CD27 pathway abrogated the induction of FOXp3 

expression in intratumoral CD4+CD25- T cells (64). Likewise, chronic lymphocytic 

leukemia cells, carrying high CD70 surface expression, were shown capable of inducing 

Tregs in a CD70 dependent manner (65). This was also seen in solid tumors, where Claus 

et al. demonstrated that CD70-CD27 interactions augmented the frequency of Tregs, 

reduced tumor-specific T cell responses and promoted tumor growth in solid tumor-

bearing mice (66). Furthermore, CD27 was responsible for a decrease in nTreg apoptosis 

and the production of IL-2, a key player in Treg survival (66-68). In lung tissue, expression 

of CD27 on CD4+ T cells was shown to differentiate between Tregs and effector T cells. 

Thereby, CD27 correlated with the expression of FOXp3 in Tregs and their 

immunosuppressive activity (69). Only recently, CD70 was suggested as an inducer of Tregs 

in non-small cell lung cancer (NSCLC). Indeed, increased FOXp3 expression and higher 

CD4/CD8 ratios were found, surrounding CD70+ tumor cells in surgically resected 

specimens (33). In addition to its effect on Treg survival, another mechanism of immune 

escape in the tumor-microenvironment has been attributed to the CD70-CD27 pathway 
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leading to apoptosis in lymphocytes. This ability of CD70-expressing tumor cells to induce 

immunosuppression through tumor-induced apoptosis of T cells was demonstrated in 

RCC, glioma and glioblastoma cells (58, 70, 71). Thereby, the apoptotic protein Siva, 

binding the cytoplasmic tail of CD27, was assumed to mediate apoptosis through caspase 

activation (4, 71). Notably, this induction of apoptosis could be reduced by anti-CD70 

antibodies (70).  

 

Figure 2.2: CD70-CD27 signaling in the tumor-microenvironment. Four different mechanisms of 
immune escape, mediated through the constitutive expression of CD70 on the tumor cells, are 
illustrated. A: proliferation of naturally occurring Tregs; B: induction of FOXp3 expression in 
CD4+CD25- Tregs; C: caspase-mediated apoptosis of T cells through the cytoplasmic binding of Siva; 
D: induction of T cell exhaustion. nTreg, naturally occurring regulatory T cell; iTreg, induced regulatory 
T cell. 

 

A final mode of action why cancer cells hijack CD70 to escape immune surveillance is the 

induction of T cell exhaustion. In CD70-positive RCC, Wang et al. demonstrated a 
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significant phenotype shift in TILs towards a much more differentiated profile than seen 

in CD70-negative melanoma, leading to the failure of these lymphocytes to destroy the 

tumor. Thereby, tumor-expressed CD70 was suggested as the inducer of this proliferative 

exhaustion in TILs (72). Another role of the pathway in T cell exhaustion was shown in B 

cell NHL. Yang et al. phenotypically characterized intratumoral T cells, isolated from 

specimens of follicular lymphoma patients. Thereby, CD70+ T cells appeared to express 

high levels of CD45RO, a marker of memory T cells, as well as PD-1 and TIM-3. 

Furthermore, these CD70+ T cells exhibited an exhausted phenotype, similar to exhaustion 

driven by TGF-β. More importantly, by blocking CD70 they were able to improve the 

viability of CD4+ T cells treated with TGF-β (73). 

In summary, the constitutive expression of CD70 by tumor cells can facilitate evasion of 

the immune system by three important mechanisms: increasing the amount of suppressive 

Tregs, induction of T cell apoptosis and skewing T cells towards T cell exhaustion (Figure 

2.2).  

TARGETING CD70 

CLINICAL ADVANCES 

With respect to CD70 targeting in cancer, three concepts are of particular relevance (3). 

First, the constitutive overexpression of CD70 on tumor cells and its absence on normal 

tissue can be exploited by applying antibody-dependent cellular cytotoxicity (ADCC)-

inducing antibodies or antibody-drug conjugates (ADC) to the malignant cells. In 

developing ADCs, an anticancer drug is coupled to a CD70-targeting antibody. Upon 

internalization, ADCs can release their cytotoxic compound and eradicate the CD70-
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positive cell. On the other hand, ADCC-inducing antibodies require an effector cell, such 

as an NK cell, to bind their Fc fraction and trigger cell death in the target cell.    

Secondly, blocking CD70 can abolish its immune inhibitory effects in the tumor-

microenvironment. Thirdly, in hematological malignancies, anti-CD70 therapy can also lead 

to blocking of survival and proliferation signals through the co-expression of CD27 and 

CD70 on malignant cells. These promising options have led to the initiation of several 

clinical studies to determine the safety and efficacy of anti-CD70 therapy. Currently, three 

CD70-blocking antibodies are being tested in these clinical trials, SGN-CD70A, AMG 172 

and ARGX-110, which will be discussed below (Table 2.2). 

SGN-75 AND SGN-CD70A  

SGN-75 is a CD70-blocking IgG1 ADC, releasing its cell-killing agent upon internalization 

into CD70-expressing tumor cells (57). In a first study by Seattle Genetics, SGN-75 was 

tested in patients with relapsed or refractory CD70+ NHL or metastatic RCC 

(NCT01015911). Patients were treated intravenously with escalation doses from 0.3 to 4.5 

mg/kg every 7 or 21 days (52). Among the 19 NHL patients and 39 RCC patients enrolled 

in the study, three objective responses (1 mantle cell lymphoma patient achieved complete 

response; 2 RCC patients with partial response) were shown. Interestingly, all 3 patients 

with objective responses had a high uniformity of CD70 expression with 95% of tumor 

cells staining positive, suggesting that there may be an association between the uniformity 

of CD70 expression and response. Furthermore, 20 patients displayed stable diseases (52). 

In all patients, substantial depletions of CD70+ peripheral blood lymphocytes, but not total 

lymphocytes, were observed after treatment with SGN-75 due to direct cytotoxicity or 

antibody effector functions. Due to toxicity concerns (2 patients with grade 4 idiopathic 
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thrombocytopenic purpura), dose escalation in the weekly schedule was terminated. Three 

patients, treated every 3 weeks had dose limiting toxicities: Grade 3 nephrotic syndrome 

(1.5 mg/kg) and Grade 4 neutropenia (4.5 mg/kg) in NHL patients, and Grade 3 

proteinuria (4.5 mg/kg) in an RCC patient (52). The maximum tolerated dose was set at 3.0 

mg/kg administered every three weeks and was used for enrollment of an additional 15 

RCC patients for the expansion cohort, no regimen was recommended for NHL patients. 

Next, a phase 1b study was set up in RCC patients to evaluate the safety profile of SGN-

75 (1-2 mg/kg every 21 days) in combination with the mTOR inhibitor, everolimus (10 mg 

daily) (NCT01677390).  However, this study was discontinued and the company developed 

SGN-CD70A, a new CD70-blocking antibody, equipped with a different cytotoxic agent 

to the SGN-70 antibody backbone. SGN-CD70A is endowed with next-generation ADC 

technology, comprising a highly potent cytotoxic agent, called a pyrrolobenzodiazepine 

dimer, stably linked to a CD70-directed antibody via proprietary site-specific conjugation 

technology (74, 75). A phase 1 dose escalation study has recently been initiated, evaluating 

SGN-CD70A in CD70-positive metastatic RCC and relapsed or refractory NHL. This 

study is designed to evaluate the maximum tolerated dose (up to 10 mg/kg) of SGN-

CD70A, administered every 3 weeks, by enrolling 95 patients.  

 AMG 172 

AMG 172 is an IgG1 ADC, linked to Maytanisoid DM1, of which binding and 

internalization into CD70-expressing tumor cells induces metaphase arrest, followed by 

cellular apoptosis and eventually tumor cell death (76). AMGEN initiated a phase 1 trial 

with this antibody for the treatment of relapsed or refractory clear cell RCC following at 

least 2 prior therapies. This study will be divided into a dose exploration part, treating 
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patients every two or three weeks to establish a maximum tolerated dose, and a dose 

expansion part, enrolling an estimated total of 82 patients. 

ARGX-110 

ARGX-110 is another CD70-blocking IgG1 monoclonal antibody (mAb) in phase 1 whose 

glyoengineered Fc domain mediates targeted killing of CD70-expressing tumor cells via 

complement-dependent cytotoxicity (CDC), antibody-dependent cellular phagocytosis 

(ADCP) properties and enhanced ADCC (77). In a first study by argenx BVBA, 26 patients 

were treated intravenously with ARGX-110 every 3 weeks with escalation doses from 0.1 

to 10 mg/kg. Here, patients were only included when expression of CD70 could be 

detected by IHC in more than 10% of the tumor cells. In this initial dose-escalation study, 

ARGX-110 demonstrated a favorable safety profile with no dose-limiting toxicities seen in 

all the patients treated. Drug-related Grade 3 adverse events (hypoxia, anorexia, fatigue) 

were observed in 2 patients, whereas no immune-related toxicities could be detected. Out 

of the 26 patients receiving ARGX-110, 5 patients had progression free survival of more 

than 6 months (renal cell carcinoma, platinum-refractory ovarian cancer, head and neck 

cancer, myoepithelial carcinoma and mesothelioma), 1 T cell lymphoma (TCL) patient (0.1 

mg/kg) achieved a complete hematological response (while skin compartment was 

stabilized) and 1 TCL patient (10 mg/kg) reached a biological response (78, 79). In addition, 

ADCC and depletion of circulating CD70+ cells were demonstrated in all patients. Saturated 

target-mediated clearance was observed starting at 1 mg/kg. Furthermore, circulating Tregs 

were reduced by ≥ 50% in most patients treated at the highest doses. Based on these data, 

argenx BVBA recently launched a phase 1 dose expansion study with an intermediate dose 

level. In contrast to the study by Seattle Genetics, solid and hematological CD70+ advanced 
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malignancies are included in the study, enrolling a total of 60 patients. Additionally, a phase 

1 study in patients with advanced CD70+ lympomas was launched, treating them with 5 

mg/kg ARGX-110 every 3 weeks. Here, a biological response was observed in 1 out of 6 

patients (79). This patient, diagnosed with angioimmunoblastic TCL, showed reduction in 

tumor size, reduction in lactate dehydrogenase, increased hemoglobin levels and the 

conversion to Coombs negativity. One other TCL patient is still enrolled in the study. 

Interestingly, all lymphoma patients with good response to therapy were marked with high 

serum sCD27 levels, prior to therapy. These results suggest a role for sCD27 as a powerful 

diagnostic tool for efficacy of the drug.  

Table 2.2: Characteristics of ongoing CD70-targeting clinical trials. 

POSSIBLE COMBINATION STRATEGIES  

Although recent therapies have shown great clinical responses as single agents, nearly 

always resistance develops. To circumvent this resistance, effective combination-based 

therapies need to be identified. Even though anti-CD70 therapy has just entered clinical 

trials as a monotherapy, in this section interesting combination strategies will be discussed. 

 

 SGN-CD70A AMG 172 ARGX-110 

Trial identifier NCT02216890 NCT01497821 NCT01813539 

Mechanism of 
action CD70 blocking; Toxin-mediated CD70 blocking; Toxin-mediated CD70 blocking; ADCP, CDC, enhanced 

ADCC 

Phase 1 1 1 

Dose  
Schedule 

Dose escalation up to 10 mg/kg 
Every 3 weeks 

Dose escalation 
Every 2-3 weeks 

5 mg/kg 
Every 3 weeks 

Inclusion 
criteria 

CD70+ malignancies (n=75) 
restricted to metastatic RCC and 
relapsed/refractory NHL 

Relapsed/refractory clear cell RCC; 
≥2 prior treatments (n=82) 

CD70+ Advanced malignancies (n=60) 
(hematological and solid malignancies) 

Internalization 
dependent Yes Yes No 

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; ADCP, antibody-dependent cellular phagocytosis; CDC, complement-
dependent cytotoxicity; RCC, renal cell carcinoma; NHL, non-Hodgkin lymphoma. 
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CHEMOTHERAPY 

Accumulating evidence suggests that tumors with a preexisting active immune 

microenvironment might have a better response to immunotherapy. In this regard, 

cytotoxic agents have shown to elicit changes in the tumor microenvironment that render 

cells more sensitive to an efficient immune cell attack. Although chemotherapy has long 

been considered immunosuppressive, recent studies have shown that in addition to its 

direct cytotoxic effects on cancer cells, chemotherapeutic agents such as 

cyclophosphamide, doxorubicin, oxaliplatin, and mitoxantrone can induce immunogenic 

cell death and activation of anti-tumor immune responses (80, 81). Wang et al. 

demonstrated that even after exposure of tumor cells to nonlethal doses of docetaxel, 

immunogenic modulation can occur, altering the tumor phenotype and also rendering cells 

more sensitive to CTL killing (82). Moreover, chemotherapy-resistant T cell lines revealed 

enhanced CTL lysis, suggesting that the combination with immunotherapy may also 

improve survival rates of patients failing chemotherapy.  

Recently, Agarwal et al. provided an additional rationale for combining chemotherapy with 

anti-CD70 therapy to overcome resistance to chemotherapy (59). By using mass-

spectrometry (MS) based proteomics, it was shown that expression of CD70 was associated 

with acquired cisplatin resistance in ovarian cancer cell lines. Most importantly, this study 

further demonstrated that antibodies against CD70 could inhibit the proliferation of 

cisplatin-resistant ovarian cancer cells in vitro. Also in vivo, the expression of CD70 was 

strongly associated with poor cisplatin-based chemotherapy responses in human specimens 

from ovarian cancer patients (83). Interestingly, an effect of chemotherapy on CD70 

expression was also demonstrated in NSCLC, whereby biopsies taken before and after 
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administration of chemotherapy revealed a strong induction of CD70 expression in the 

latter (33).  

It was demonstrated that some chemotherapeutic agents feature the ability to directly 

activate immune effectors such as NK cells (81). Because NK cells play a pivotal role in 

mediating ADCC, this can influence the efficacy of immunomodulatory antibodies. Indeed, 

in vivo studies combining Trastuzumab, a humanized mAb targeting the human epidermal 

growth factor receptor 2 (HER2), with Paclitaxel have already shown to improve the 

ADCC of Trastuzumab by rapid recruitment of NK cells (84). These studies provide a 

rationale for the exploration of chemotherapy in combination with anti-CD70 therapies, 

such as ARGX-110, equipped to induce ADCC.  

Overall, these findings suggest that chemotherapy presents an option for exploration in 

combination with immunomodulatory antibodies. Nevertheless, further research is 

required to determine appropriate dosing and treatment schedule of these agents (80).   

RADIOTHERAPY 

Radiotherapy has been proven effective in causing cancer cell death by the induction of 

irreversible DNA damage. Accumulating evidence also emphasizes the stimulatory effects 

of radiotherapy on the tumor-microenvironment, making it an ideal companion for 

combination therapies with immunotherapy. Moreover, combinations of radiotherapy with 

immunomodulatory antibodies such as CTLA-4 or PD-1 blocking antibodies have already 

shown clear synergistic potential (85). As reviewed by Shababi et al., radiotherapy can make 

tumors more immunogenic by enhancing antigen presentation, antigen uptake and the 

secretion of immunostimulatory factors (86). Furthermore, radiation has been reported to 

enhance the amount of effector T cells to the tumor site through the induction of 
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interferons and chemokines (87). In contrary to its stimulatory effects, irradiation can also 

induce immunosuppression by the increase in Tregs and induction of TGF-β (87, 88). 

Combining these observations with the aforementioned role of CD70-CD27 interactions 

on the survival of Tregs, we speculate that a combination with anti-CD70 therapy might 

increase its efficacy. 

Furthermore, in literature it has been described that upon irradiation, a large pool of 

intracellular CD70 becomes exposed onto the surface of leukemia and lymphoma cells (5, 

89). It is an interesting hypothesis that irradiation could increase the levels of CD70 in 

tumors cells. If this is the case, anti-CD70 therapy could be combined with radiotherapy to 

further maximize the chance for efficacy of this drug. Next to lymphoma cells, the radio-

inducibility of CD70 was also demonstrated on glioma cell lines whereby an increase in cell 

surface expression was demonstrated in 7 out of 8 cell lines studied (58). Up to now, the 

underlying mechanism of this CD70 induction remains largely elusive, though it seems to 

be p53-independent (58). Interestingly, CD70 induction upon radiotherapy appeared to 

play a critical role in the mediation of immune escape through the increase of apoptosis in 

peripheral blood mononuclear cells. The fact that CD70 expression also led to interference 

with immune responses, yet again suggests that this could be an ideal target for future 

combination strategies. One major challenge remaining is the identification of the ideal 

treatment schedules since various publications have demonstrated that the dose, mode of 

delivery and schedule of radiotherapy can cause substantially different effects on the 

immune response (87). 
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IMMUNOTHERAPY 

For an anticancer immune response to lead to effective killing of cancer cells, a number of 

stepwise events must be initiated and allowed to proceed and expand iteratively, as nicely 

illustrated in the cancer-immunity cycle (80).  In this cycle, neo-antigens must be captured 

and presented, resulting in the priming and activation of effector T cell responses against 

these tumor-associated antigens. Targeting multiple steps in this cancer-immunity cycle 

might therefore maximize the efficacy of the drug. One such example is the combination 

of anti-CTLA-4 with PD-1 targeted inhibition which has already demonstrated durable 

partial and complete responses in melanoma (90). Combining CD70-CD27 blockade with 

other immune checkpoint inhibitors might therefore be another way to reinvigorate and 

expand preexisting anticancer immune responses. Unfortunately, abolishing the 

suppressive factors in the tumor microenvironment is only one step in this cancer-

immunity cycle and still requires elimination of cancer by activated T cells. Therefore, 

another interesting approach could be to not only overcome immunosuppression, but also 

to combine this with enhancers of T cell activation to achieve maximum killing efficacy. 

Hence, it would be reasonable to speculate that vaccines, such as peptide-based or DC-

based vaccines, could also serve as an ideal partner for anti-CD70 therapy (91). 

Interestingly, through this augmentation of immune responses, an enhancement of ADCC 

might also be expected. Finally, certain cytokines such as IL-2, IL-15 and granulocyte 

macrophage colony stimulating factor are also known to enhance the NK cell or neutrophil 

activity, and as such, have the potential to enhance the activity of CD70-blocking antibodies 

(92, 93). The main hurdle for these sets of combinations are the immune-related toxicities, 

which necessitates preclinical studies aiming to minimize these side effects. 
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DISCUSSION: ARE WE TARGETING THE RIGHT MOLECULE?  

Biological and clinical evidence as described above support further development of CD70 

blocking antibodies for anti-tumor immunity. Nevertheless, expression of CD70 on tumor 

cells or antigen-presenting cells has also been described to have anti-tumoral effects (94-

99). This raises the question if CD70 blocking antibodies might also have the opposite 

effect on anti-tumoral immunity by blocking the stimulatory function of CD70 on antigen-

presenting cells and NK cells or by depleting activated T cells, as suggested by the CD27-

agonistic antibody, CDX-1127 (100). Although depletion of CD70+ peripheral blood 

lymphocyte could be observed after SGN-75 therapy, no difference in the total amount of 

lymphocytes was seen. Furthermore, no adverse reactions due to eradication of CD70+ 

immune cell populations by the blocking antibodies are known to date. A possible 

explanation for this might be the transient state of CD70 expression on immune cell 

populations. In addition, the prominent immunostimulatory activity of the CD70/CD27 

axis in de novo induced immune responses seems paradoxically opposite from its role in the 

established tumor microenvironment whereby CD27 triggering can lead to tumor 

progression through recruitment of CD27+ Tregs, apoptosis of lymphocytes and T cell 

exhaustion. This might possibly be explained by the overexpression of CD70 on these 

tumor cells since accessibility of CD70 appears to be a critical component for the effects 

on T cell function. Furthermore, it should be noted that the observed stimulatory effects 

of CD27 are mostly described in experiments using murine models. For example, a study 

by Kelly et al. showed NK cell mediated tumor rejection upon CD70 expression by tumor 

cells (97). This was mostly established by the interaction of CD70 with CD27-expressing 

NK cells, providing a key link between innate and adaptive immunity. Of interest here is 
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that CD27 is a constitutive marker of murine NK cells, whereas in human peripheral blood, 

only 30-40% of NK cells express CD27. Moreover, human circulating CD27+ NK cells 

seem to exert low cytolytic potential where CD27- NK cells contain high levels of perforin 

and granzyme B. Some discrepancies might also come from the setting used to study tumor 

immunology in murine models. When established by subcutaneous or intravenous injection 

of cancer cell lines, the CD70/CD27 axis seems to result in increased effector CD4+ and 

CD8+ T cell function (94, 101, 102). Conversely, an opposite outcome presented itself when 

solid tumor fragments were transplanted into mice with the promotion of tumor growth 

by CD70-CD27 triggering, which was primarily established by the increased frequency of 

intratumoral Tregs (66)(Reviewed in (67)). Although to date there is no evidence that CD70 

blocking antibodies harm the patient’s immune system in general and more specific the 

anti-tumor response, it is important to keep monitoring these potential adverse effects.  

CONCLUSION 

Over the last years, new insights into the CD70/CD27 axis have been gained, unraveling 

its unique properties in the tumor-microenvironment. Through the constitutive expression 

of CD70 on tumor cells, persistent signaling of CD27 in the tumor-microenvironment has 

been shown, mediating immune escape by T cell apoptosis, T cell exhaustion and Treg 

survival. Additionally, it is becoming clear that blocking this pathway can also abolish tumor 

proliferation, mediated through the co-expression of CD70 and CD27 on malignant cells 

of hematological lineage. The immune inhibitory effects, the constitutive expression of 

CD70 on tumor cells and the restricted expression in normal lymphoid tissue can be 

exploited to direct ADCC-inducing antibodies. Hence, blocking this pathway is currently a 
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hot topic in clinical trials and holds great potential as monotherapy. In addition, anti-CD70 

therapy offers many opportunities for rational combination strategies with conventional 

therapy as well as immunotherapy. 
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ABSTRACT 

Although normally restricted to activated T and B cells and mature dendritic cells, 

constitutive expression of CD70, a member of the tumor necrosis family, has been 

described in both hematological and solid tumors, where it increases tumor cell and 

regulatory T cell survival by signaling through its receptor, CD27. We have assessed the co-

expression of CD70 and CD27 in non-small cell lung cancer (NSCLC) by 

immunohistochemistry to explore a correlation between expression of the protein and 

tumor histologic subtype, genetic aberrations and prognosis. Furthermore, we tested the 

ability of ARGX-110, a CD70-blocking antibody, to induce NK cell-mediated cytotoxicity. 

Our results revealed CD70 expression on the surface of both primary and metastatic 

NSCLC tumor cells and in the tumor microenvironment. Moreover, CD27- expressing 

tumor infiltrating lymphocytes were found adjacent to the tumor cells, suggesting active 

CD70-mediated signaling. Finally, we have shown that ARGX-110, has potent cytotoxic 

effects on CD70+ NSCLC cell lines. 
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INTRODUCTION 

Over the last decades, a revolution in the perspective of lung cancer treatment has taken 

place. Improvements in molecular profiling techniques has led to the identification of 

distinct molecular subtypes of non-small cell lung cancer (NSCLC), for which biology-

driven targeted therapies can be harnessed. One such example is the orally administered 

targeted agents against the tyrosine kinase domain of the epidermal growth factor receptor 

(EGFR), leading to an improved progression-free survival as opposed to best supportive 

care in advanced lung cancer (1-3). Furthermore, Shaw et al. (4) showed marked anti-tumor 

activity targeting anaplastic lymphoma kinase (ALK) rearrangements in NSCLC. Despite 

these novel therapies, clinical tumor responses remain of limited duration and are only 

applicable to a minority of patients, harboring targetable oncogenic mutation in the tumor 

cells (5). As a result, NSCLC, accounting for an estimated 85% of lung cancers, retains its 

position as the most lethal type of cancer worldwide with marginally improving 5-year 

overall survival rates for newly diagnosed cases, remaining below 20% (6, 7). Hence, it is 

imperative to integrate alternative strategies to improve survival of NSCLC patients and 

therefore, rationally designed immunotherapeutic strategies are being explored.  

Recently, much interest has been generated by the clinical results associated with inhibition 

of immune checkpoint proteins by antibodies directed against cytotoxic T lymphocyte 

antigen-4 (CTLA-4) and programmed death (ligand) -1 (PD-1/PDL-1) (8, 9). This study 

will focus on the CD70-CD27 signaling pathway, as an interesting new target to enhance 

anti-tumoral immune responses in NSCLC.  

In normal conditions, CD27, a member of the TNF receptor superfamily, plays a 

costimulatory role in promoting T cell expansion and differentiation through activation of 
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the NFκB pathway (10, 11). Consequently, expression of its ligand, CD70, is tightly 

regulated and only transiently conveyed on activated T cells, B cells and mature dendritic 

cells (12). In contrast to a total lack of constitutive CD70 expression in normal tissue, 

overexpression has been documented in tumor samples of renal cell carcinoma (13), 

glioblastoma (14), and hematological malignancies (11). In the latter, CD70 overexpression 

has even been implicated in tumor cell proliferation and survival through interaction with 

CD27 (15, 16). Moreover, Claus et al. [17] demonstrated evasion of immune surveillance 

by recruiting CD27+ regulatory T cells (Treg) to the tumor site. Consequently, this surface 

factor might be an interesting and specific therapeutic target in addition to its role as 

prognostic biomarker. Furthermore, upon binding of CD27 to CD70, soluble CD27 

(sCD27) is cleaved off by metalloproteinases and has been detected in serum, plasma, and 

urine samples from healthy individuals, and at increased levels in patients with autoimmune 

diseases (17, 18). Increased levels of sCD27 have been recently linked with poor prognosis 

in various hematological malignancies (16, 19). Therefore, it is interesting to evaluate the 

potential use of sCD27 as a diagnostic biomarker for prognosis in solid malignancies. 

Monoclonal antibodies (mAbs), able to block immune checkpoint proteins, have been 

associated with objective clinical responses against various types of cancer and hold great 

promise as novel cancer therapeutics (20). The constitutive overexpression of CD70 on 

tumor cells and its absence on normal tissue, has led to the development of two different 

anti-CD70 mAbs, SGN-CD70A and ARGX-110. ARGX-110, a blocking IgG1 mAb which 

is currently in a phase 1b clinical trial, represents a combined modality approach by its 

antibody-dependent cellular cytotoxicity (ADCC) making it a potent mAb that expands 

therapeutic benefit further than simple checkpoint inhibition (21, 22). 
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To our knowledge, the immunotherapeutic potential of CD70 in NSCLC has never been 

studied before. In this study, we report the expression of CD70 on malignant cells of lung 

neoplasms and the therapeutic benefit of ARGX-110 in CD70+ NSCLC cell lines. We also 

demonstrate the expression of its receptor, CD27, in the microenvironment of the tumor 

as well as soluble CD27 in serum samples of NSCLC patients.  

METHODS 

PATIENT SELECTION AND TISSUE SPECIMEN 

Nineteen serum samples and 65 formalin fixed paraffin embedded (FFPE) specimens were 

collected from 53 NSCLC patients, of which the main characteristics are described in Table 

3.1. The median age of the patients included in this study was 64 years (age range from 38 

to 84 years). This study was approved by the Ethics committee of the Antwerp University 

Hospital and for serum samples all patients signed an informed consent. Tissue specimens 

were fixed in 4% formaldehyde for 6-18 h and paraffin embedded on a routine basis. 

Matching serum samples for 19 surgical resection specimens, collected just before excision, 

were available. For 4 patients, core biopsies or fine-needle aspiration in cell blocks were 

used.  

MOLECULAR ANALYSIS 

For EGFR mutation analysis, DNA was extracted from FFPE tissue blocks using the 

QIAmp DNA FFPE tissue kit (Qiagen, Venlo, the Netherlands), according to the 

manufacturer’s instructions. Initially EGFR mutations in exon 19, 20 and 21 were 

investigated using high-resolution melting analysis (HRMA), as described previously (23). 
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Standard sequencing was used to identify activating or inhibiting EGFR mutations. ALK 

translocations were identified by fluorescence in situ hybridisation (FISH) using the Vysis 

LSI ALK dual-colour, break-apart rearrangement probe in combination with the Vysis pre- 

and post-treatment kit IV (Abott Molecular, Des Plaines, IL, USA), according to the 

manufacturer’s instructions (24).  

Table 3.1: Patient characteristics. Overview of the clinicopathological characteristics of patients (1st 
column), biopsies (2nd column) and serum samples (3th column). 

 

IMMUNOHISTOCHEMISTRY (IHC) 

Five µm-thick sections were prepared from FFPE specimen. Sections were subjected to 

heat-induced antigen retrieval (HIER) by incubation in a high pH buffer for 20 minutes at 

97°C (PT-Link) (DAKO, Glostrup, Denmark). Subsequently, endogenous peroxidase 

activity was quenched by incubating the slides in peroxidase blocking buffer (DAK0) for 5 

minutes. Incubation with primary monoclonal antibodies anti-CD4 (Clone 4B12 ready to 

use for 20 min, DAKO), anti-CD8 (Clone C8/144b ready to use for 20 min, DAKO) and 

 Patients n=53(%) Biopsies n=65 (%) Serum n=19 (%) 
Gender 
Male 
Female  

 
34 (64%) 
19 (36%) 

 
40 (62%) 
25 (38%) 

 
16 (84%) 
3   (16%) 

Histologic Type 
Adenocarcinoma 
Squamous 
Large cell 
Neuro-endocrine 

 
36 (68%) 
15 (28%) 
1   (2%) 
1   (2%) 

 
45 (70%) 
18 (28%) 
1   (1%) 
1   (1%) 

 
10 (53%) 
8   (42%) 
1   (5%) 
0   (5%) 

Differentiation 
Weak 
Moderate 
Strong 

 
13 (25%) 
21 (40%) 
9   (17%) 

 
14 (22%) 
24 (37%) 
10 (15%) 

 
7   (37%) 
8   (42%) 
1   (5%) 

TxNxMx 
T1 
T2 
T3 
T4 

 
10 (19%) 
18 (34%) 
15 (28%) 
5   (9%) 

 
11 (17%) 
19 (29%) 
15 (23%) 
5   (8%) 

 
3   (16%) 
8   (42%) 
7   (37%) 
1   (5%) 

Relapse 
Lung 

 
4   (8%) 

 
2   (3%) 

 
0   (0%) 

Metastasis 
Lymph node 
Organ 

 
20 (34%) 
8   (15%) 

 
8  (12%) 
2  (3%) 

 
6   (32%) 
0   (0%) 

Genetic aberrations 
EGFR mutation 
Alk translocation 

 
12 (23%) 
3   (6%) 

 
15 (23%) 
3   (5%) 

 
2   (11%) 
0   (0%) 
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anti-CD70 (Clone 301731 diluted 1:40 for 20 min, R&D) was performed at room 

temperature on a DAKO autostainer Link 48 instrument using the Envision FLEX+ 

detection kit (DAKO) according to the instructions of the manufacturer. For CD70 

expression, primary incubation was followed by incubation with mouse enhanced polymer-

based linker (DAKO) for 30 minutes. Expression of CD27 (Clone 137B4 diluted 1:40 for 

40 min, Thermo fisher scientific, Nepean, Canada) and FOXp3 (Clone 237A3/E7 diluted 

1:100 for 40 minutes, Abcam, Cambridge, MA, USA) was assessed using the ultraview 

detection kit on a Ventana BenchMark ULTRA (Roche, Diagnostics GmbH, Mannheim, 

Germany) according to the manufacturer’s instructions after HIER in a high pH buffer for 

32 minutes at 95°C. Sections were counterstained with haematoxylin, dehydrated and 

mounted.  

Positive controls were included in each staining run and consisted of tonsil tissue. 

Furthermore, biopsies were checked for internal positive control. Scoring was performed 

by two independent observers as well as one pathologist, positive staining was assigned 

when at least 10% of the tumor cells, of any intensity (+, ++, +++) and any CD70 

distribution (membranous, cytoplasmic) showed specific CD70 staining. The degree of 

staining was classified as follows: no staining (0), weak (+), moderate (++) and strong 

staining (+++). 

CELL LINES AND CELL CULTURE 

The human NSCLC cell lines NCI-H1975 and NCI-H1650 were purchased from the 

American type cell culture collection (ATCC, Rockville MD, USA). Additionally, the 

multiple myeloma cell line JJN-3, kindly provided by Prof. Dr. K. Vanderkerken (VUB, 

Brussels, Belgium), was used as a positive control because of its high percentage of CD70+ 
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cells. The JJN-3 cell line was cultured in RPMI supplemented with 10% fetal bovine serum 

(FBS), 1% penicillin/streptomycin and 1% L-glutamine (Life Technologies, Merelbeke, 

Belgium). NCI-H1975 and NCI-H1650 were cultured in RPMI supplemented as described 

above with an addition of 1 mM sodium pyruvate (Life Technologies). Cells were grown as 

monolayers and were maintained in exponential growth in a humidified 5% CO2/95% air 

atmosphere at 37°C. Cell cultures were confirmed free of mycoplasma infection through 

regular testing using the MYCOALERT® MYCOPLASMA DETECTION KIT (Lonza, 

Verviers, Belgium). 

DETERMINATION OF CD70 EXPRESSION BY FLOW CYTOMETRY 

For flow cytometric analysis, 2.5 x 105 cells were washed in buffer (1x phosphate buffered 

saline (PBS), 0.5% FBS), labelled with 100 µl ARGX-110 (50µg/ml) and incubated on ice 

for 30 min. The secondary antibody, anti-human IgG1 PE antibody (diluted 1:200, 

eBioscience, San Diego, CA, USA), was applied in the dark for 30 min at 4°C. Thereafter, 

fluorescence was measured using a FACScan flow cytometer (BD, Heidelberg, Germany). 

As a negative control, cells were incubated with the secondary antibody without using the 

primary antibody.  

PURIFICATION AND ANALYSIS OF HUMAN NK CELLS  

Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Paque Plus gradient 

separation (Amersham Biosciences, Uppsala, Sweden) from buffy coat preparations of 

healthy donors, provided by the Antwerp Blood Transfusion Centre. Subsequently, 

CD56+CD3- NK cells were obtained from the PBMCs using the Human Negative Selection 

NK cell isolation kit (Miltenyl Biotec, Utrecht, The Netherlands) according to the 

manufacturer’s instructions. NK cells were analysed on a Partec CyFlow ML cytometer 
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(Partec, Münster, Germany), using FITC and PE-labelled monoclonal antibodies for CD56 

and CD3 (BD Biosciences, Erembodegem, Belgium) whereby a purity of 85.3 ± 2.3% 

(mean ± SD%, n=9) viable CD56+CD3- NK cells were obtained. NK cells were 

resuspended in RPMI or DMEM, depending on further experiments.  

XCELLIGENCE REAL-TIME CELL ANALYSIS (RTCA): CYTOTOXICITY. 

All experiments were carried out using the xCELLigence RTCA DP instrument (Roche 

Diagnostics GmbH, Mannheim, Germany), located in a humidified incubator at 37°C and 

5% CO2. Cytotoxicity experiments were performed using modified 16-well plates (E-plate, 

Roche Diagnostics GmbH) (25). Primarily, 100 µl of cell-free growth medium was added 

to the wells. After 30 min of incubation at room temperature, the background impedance 

for each well was measured. Thereafter, cells were harvested by a standardized detachment 

procedure using 0.05% Trypsin-EDTA (Life Technologies, Merelbeke, Belgium) and 

counted automatically with a Scepter 2.0 device (Merck Millipore SA/NV, Overijse, 

Belgium). Fifty µl of the cell suspension, containing 10,000 cells, was seeded into the wells, 

left at room temperature for 30 min and locked in the RTCA DP device. From then on, 

the impedance value of each well was automatically monitored every 15 min by the 

xCELLigence system and expressed as a cell index value (CI). In each test, two replicates 

of the same condition were used and run in parallel with NK cells of three different donors. 

Twenty-four hours after cell seeding, 10 µl of ARGX-110 (0.5 µg/ml, final concentration) 

diluted in PBS was added to each well. Human immunoglobulin G1 (IgG1), lambda 

purified from myeloma plasma (Sigma, I5029), was used as an isotype control. Afterwards, 

20 µl cell-free medium or effector CD56+CD3- NK cells were added to each well at E:T ratios 
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of 0:1, 1:1, 5:1 or 10:1. Three days after the start of treatment with ARGX-110, CI 

measurement was ended. 

SCD27 LEVELS: ELISA 

Serum soluble CD27 levels were measured using the PeliKine Enzyme-Linked 

Immunosorbent Assay (ELISA) kit (Sanquin Reagents, Amsterdam, the Netherlands). 

Assays were carried out according to the manufacturer’s instructions. Briefly, serum sCD27 

was measured after binding to a monoclonal CD27 antibody coated to a polystyrene 

microtiter plate. After rinsing, a biotinylated second monoclonal CD27 antibody was added. 

After 30 min, excess biotinylated antibody was removed by washing, followed by addition 

of horseradish peroxidase (HRP) conjugated streptavidin. Following 30 min of incubation, 

non-bound streptavidin-HRP conjugate was removed by washing and substrate solution 

was added to the wells. After termination of the reaction by the addition of a stop solution, 

absorbance was measured at 450 nm (Biorad Microplate reader, Temse, Belgium). 

STATISTICAL ANALYSIS 

Prognostic relevance of sCD27, CD27 and CD70 was assessed by survival analysis. The 

date of diagnostic confirmation for NSCLC was used as the index date for survival time 

calculation. Overall survival (OS) was calculated from the index date to the date of last 

information/death. For progression-free survival (PFS), the months of observation were 

calculated from the index date to the first date of progression or the date of last information. 

The Kaplan-Meier method was used for estimation of survival probability. Differences 

were analysed with the log-rank test. Furthermore, possible associations with 

clinicopathological parameters of NSCLC were examined using the Χ2-test or Fisher's exact 

test (when appropriate) for categorical variables and using Student T-test or Mann–Whitney 
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U-test (when appropriate) for continuous variables. Statistical significance for in vitro 

experiments was determined by a one-way ANOVA test, followed by Tukey’s post hoc 

test. All analyses were conducted using SPSS version 22 (SPSS Inc., Brussels, Belgium) 

Significance for all statistics was reached if P<0.05 (two tailed).  

RESULTS 

CD70 PROTEIN EXPRESSION IN PRIMARY NSCLC. 

A total of 49 surgically resected lung cancer specimens were analysed for CD70 expression. 

Overall, 8 (16.3%) cases were scored positive for CD70 (Table 3.2, Supplementary Table 

3.1). IHC analysis showed specific anti-CD70 mAb binding to NSCLC cells, while adjacent 

normal lung tissue did not show CD70 staining, demonstrating the absence of CD70 

expression in non-malignant cells. Furthermore, different distribution patterns of CD70 

expression were found in NSCLC cells including cytoplasmic (55% of cases) as well as 

membranous expression (45% of cases) with differences in intensity. Representative 

examples for the different types of expression are given in Figure 3.1(A-E). 

The potential relationship between CD70 expression and histological subtype or disease 

status was analyzed. From the 8 patients with CD70+ tumor cells, positivity was found more 

frequently in squamous NSCLC (26.7% CD70+) in comparison to adenocarcinoma (9.4% 

CD70+). Remarkably, the biopsy from a large cell neuro-endocrine carcinoma was also 

CD70 positive (Fig 1F). The NSCLC not otherwise specified (NOS) biopsy, showed no 

detectable CD70 expression. IHC analysis suggested preferential expression of CD70 in T4 

stage lung cancer (2 out of 5 T4NxMx biopsies (40%) with >10% CD70 positivity). 

Moreover, 75% of cases with CD70+ tumor cells showed poor response to first-line 
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treatment with a progression-free survival of less than 1 year (data not shown). Although 

trends were set with current samples analyzed, no statistically significant associations could 

be found between CD70 expression and clinicopathological factors. An overview is given 

in Table 3.2. 

Table 3.2: Relation between sCD27 levels or CD70 expression and clinicopathological features. 
Data about CD70 expression was available for 49 patients, except for information about tumor-
infiltrating lymphocytes which was only available for 42 patients.  

 

For two patients, biopsies taken before and after administration of platinum-based 

chemotherapy, were analyzed for CD70 expression to determine whether the addition of 

 sCD27 levels CD70 expression 

 Positive Negative P-value Positive Negative P-value 

Gender 
Male 
Female  

 
3   (20%) 
1   (25%) 

 
12 (80%) 
3   (75%) 

 
1.000 

 
6   (18%) 
2   (13%) 

 
28 (82%) 
13 (87%) 

 
1.000 

Smoking habit 
No smoker 
Smoker 
Unknown 

 
1   (33%) 
3   (23%) 
0   (0%) 

 
2   (67%) 
10 (77%) 
3   (100%) 

 
0.576 

 
3 (27%) 
4 (13%) 
1 (13%) 

 
8   (73%) 
26 (87%) 
7   (87%) 

 
0.536 

Histologic Type       
Adenocarcinoma 
Squamous 
Large cell 
Neuro-endocrine 

 
2   (20%) 
2   (22%) 
NA 
NA 

 
8   (80%) 
7   (78%) 
NA 
NA 

 
1.000 

 
3   (9%) 
4   (27%) 
0   (0%) 
1   (100%) 

 
29 (91%) 
11 (73%) 
1   (100%) 
0   (0%) 

 
0.054 

Differentiation 
Weak 
Moderate 
Strong 
Unknown 

 
2   (40%) 
0   (0%) 
0   (0%) 
2   (33%) 

 
5   (60%) 
8   (100%) 
1   (100%) 
1   (67%) 

 
0.094 

 
3   (23%) 
4   (19%) 
1   (11%) 
0   (0%) 

 
10 (77%) 
17 (81%) 
8   (89%) 
6  (100%) 

 
0.507 

TxNxMx 
T1  
T2 
T3 
T4 

 
0   (0%) 
2   (22%) 
2   (29%) 
0   (0%) 

 
2   (100%) 
7   (78%) 
5   (71%) 
1   (100%) 

 
0.790 

 
3   (30%) 
3   (16%) 
0   (0%) 
2  (40%) 

 
7   (70%) 
16 (84%) 
15 (100%) 
3   (60%) 

 
0.096 

Lymph node 
N0 
N1 
N2 
Unknown 

 
2   (15%) 
2   (67%) 
0   (0%) 
NA 

 
11 (85%) 
1   (33%) 
3   (100%) 
NA 

 
0.090 

 
6   (20%) 
2   (17%) 
0   (0%) 
0  (0%) 

 
24 (80%) 
10 (83%) 
5   (100%) 
2  (100%) 

 
0.645 

Stage 
   I 
   II 
   III 
   IV 

 
0   (0%) 
4   (44%) 
0   (0%) 
NA 

 
6   (100%) 
5   (56%) 
4   (100%) 
NA 

 
0.122 

 
4   (29%) 
2   (11%) 
2   (17%) 
0   (0%) 

 
10 (71%) 
17 (89%) 
10 (83%) 
3   (100%) 

 
0.594 

TIL  
<10% 
10-50% 
>50% 

 
0   (0%) 
0   (0%) 
4   (25%) 

 
2   (100%) 
1   (100%) 
12 (75%) 

 
0.622 

 
1   (13%) 
5   (18%) 
0   (0%) 

 
7   (87%) 
23 (82%) 
6   (100%) 

 
0.557 

CD70+ TIL 
<10% 
10-50% 
>50% 

 
3   (60%) 
1   (8%) 
0   (0%) 

 
2   (40%) 
12 (92%) 
1   (100%) 

 
0.044 

 
3   (12%) 
3   (20%) 
0   (0%) 

 
23 (88%) 
12 (80%) 
1   (100%) 

 
0.671 

CD27+ TIL 
<10% 
10-50% 
>50% 

 
2   (2%) 
2   (15%) 
0   (0%) 

 
0   (0%) 
11 (85%) 
4   (100%) 

 
0.012 

 
0   (0%) 
0   (0%) 
6   (18%) 

 
4   (100%) 
4   (100%) 
28 (82%) 

 
0.499 
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chemotherapy could influence the expression pattern of this molecular marker. Results 

shown in Table 3.3 reveal a chemotherapy-mediated induction of CD70 expression in in 

more than 50% of the tumor cells. 

Figure 3.1: CD70 staining in primary NSCLC. Representative sections of a NSCLC tumor classified 
as strong (A) and weak (B) for CD70 expression based on dye intensity. A CD70 negative NSCLC 
sample is shown in (C). Membranous (D) and cytoplasmic (E) accentuation of CD70 expression in 
NSCLC specimens. CD70 expression in a neuro-endocrine NSCLC primary biopsy (F). Magnitude is 
depicted in the lower right corner.  

 

Table 3.3: Influence of chemotherapy on CD70 expressing tumor cells in NSCLC. Percentage 
of CD70-expressing tumor cells in specimens of the same patient, before and after administration of 
chemotherapy.  

	

CD70 PROTEIN EXPRESSION AND GENETIC ABERRATIONS   

Of the 53 cases analyzed for EGFR mutations, 10 activating EGFR mutations (19del, 

L858R), 2 resistance EGFR mutations (20ins) and one acquired resistance mutation 

(T790M) were found. In addition, three biopsies with an ALK translocation were included 

 Pre-biopsy Post-biopsy 

N° Intensity % CD70+ TC Distribution Intensity % CD70+ TC Distribution 

1 NS 0% - + 60% C 

2 NS 0% - + 80% C 

*Abbreviations: NS, no staining; +, weak staining intensity; C, cytoplasmic accentuation; TC, tumor cells 
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in the study. Although no expression of CD70 was found in biopsies showing ALK 

translocations and (resistant or activating) EGFR mutations, analysis of the biopsy with a 

T790M mutation revealed CD70 expression in the tumor cells. Results are shown in Table 

3.4. 

Table 3.4: Correlation of CD70 expressing tumor cells with genetic rearrangements in NSCLC.  

STABILITY OF CD70 PROTEIN EXPRESSION DURING COURSE OF 

THE DISEASE 

For 10 samples, matched tissue from metastatic sites was available, including 8 lymph nodes 

(LN), 1 small intestine and 1 pleural fluid biopsy. Moreover, the LN were taken at time of 

primary resection. Results, shown in Table 3.5, demonstrate stable patterns of CD70 

expression between primary and metastatic tissue in 80% of the matched samples. Staining 

of CD70 was also equally intense in a primary adenocarcinoma of the lung and a small 

intestine metastasis of the same patient, with clear membranous accentuation in the two 

biopsies and at least 90% CD70-positivity in both tumoral tissues (Figure 3.2). On the 

contrary, only 6 out of 8 LN biopsies showed corresponding expression patterns of CD70. 

 

 

Genetic aberration CD70 expression 

 Positive Negative 

Alk translocation 0   (0%) 3   (100%) 

EGFR mutation 
20INS 
19DEL 
L858R 
T790M 

 
0   (0%) 
0   (0%) 
0   (0%) 
1   (100%) 

 
2   (100%) 
5   (100%) 
5   (100%) 
0   (100%) 

Wild type 8   (22%) 29 (78%) 

TOTAL 9/53 44/53 
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Table 3.5: CD70 protein expression levels in paired primary and metastatic NSCLC tissue. 

 

 

 

 

 

 

 

	

Figure 3.2: Stable CD70 protein expression in paired primary and metastatic NSCLC tissue. 
CD70 protein expression in primary NSCLC tissue (A) and small intestine metastatic tissue (B) of the 
same patient. Magnitude x200. 

CD70/CD27 EXPRESSION AND TUMOR INFILTRATING 

LYMPHOCYTES (TILS) 

CD70 and CD27 expression in the tumor microenvironment were analyzed in 42 primary 

NSCLC samples. Overall, 38% of samples (16 out of 42) were found to have more than 

10% CD70+ TILs in the tumor microenvironment. Subsequently, we assessed the 

expression of CD27 in these primary NSCLC specimens. Although, CD27+ tumor cells 

could not be found, over 90% of specimens (38 out of the 42) showed expression of CD27 

on lymphocytes in the microenvironment of the tumor. Moreover, these CD27+ TILS were 

 Primary Metastasis 

N° Intensity % CD70+ TC Distribution Tissue Intensity % CD70+ TC Distribution 

1 +++ 90% M Intestine +++ 100% M 

2 ++ 80% M LN NS 0% - 

3 NS 0% - LN + 80% C 

4 NS 0% - LN NS 0% - 

5 NS 0% - LN NS 0% - 

6 NS 0% - LN NS 0% - 

7 NS 0% - LN NS 0% - 

8 NS 0% - LN NS 0% - 

9 NS 0% - Pleura NS 0% - 

10 NS 0% - LN NS 0% - 
*Abbreviations: NS, no staining; +, weak staining intensity; ++, moderate staining intensity; +++, strong staining intensity; M, membranous 
accentuation; C, cytoplasmic accentuation 
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found to be adjacent to the tumor cells. Nonetheless, this was not necessarily associated 

with the presence of CD70 expression on the tumor cells (Figure 3.3). 

 

Figure 3.3: Representative IHC on serial cuts showing the expression of CD70, CD27 and 
FOXp3. From left to right: CD70 expression on the tumor cells of a primary NSCLC section, CD27 
expression and FOXp3 expression on immune cells in the tumor micro-environment. Magnification: 
100x. 

Subsequently, the phenotype of CD27+ lymphocytes was investigated in serial cuts of 

CD70+ and CD70- tumor samples. A trend towards more FOXp3+ lymphocytes infiltration 

was seen in CD70+ samples in comparison to CD70- biopsies cells (Figure 3.3). In addition, 

expression of CD4+ and CD8+ lymphocytes were studied in a subset of 5 patients with 

CD70+ or CD70- biopsies, demonstrating an increased CD4/CD8 ratio in biopsies 

containing CD70+ tumor cells (data not shown).  

SERUM SCD27 LEVELS AND OVERALL SURVIVAL 

Nineteen serum samples were analyzed showing median sCD27 levels of 263 U/ml (range 

174-1331 U/ml). The cut-off value for sCD27 was established at 407 U/ml by ROC 

analysis (sensitivity, 0.75; specificity, 0.067). Follow up data and clinicopathological 

characteristics were available for all patients. No relation was observed between high 

sCD27 levels and gender, smoking habit, histology, differentiation, lymph node invasion, 

or tumor staging. We did find a significant relation with increasing age (P-value: 0.033). 

Subsequently, the relation between pre-treatment sCD27 levels and prognosis in NSCLC 
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was investigated. Univariate analysis revealed a significantly shorter OS and PFS in patients 

with high sCD27 levels (P-value < 0.00001 and P-value: 0.024, respectively) (Figure 3.4). 

The mean OS was reduced from 2497 ± 173 days in the sCD27low group to 66 ± 15 days 

in the sCD27high group. Furthermore, high serum sCD27 levels were significantly associated 

with low amounts of CD27-expressing TILs (P-value: 0.012) and low levels of CD70+ TILs 

(P-value: 0.044). No relation between sCD27 levels and CD70 expression on the tumor 

cells could be detected (Table 3.2). Patients with high sCD27 levels and CD70 expression 

on tumor cells did show a significantly shorter OS (P-value: 0.000002) and PFS (P-value: 

0.002) compared to high sCD27 levels alone (data not shown).  

 

 

 

 

 

 

 

 

Figure 3.4: Kaplan-Meier curves for overall survival and progression-free survival based on 
sCD27 levels in 19 NSCLC samples. Correlation of sCD27 levels with overall survival (OS) (left) 
and progression free survival (PFS) (right) in patients with high (green) and low (blue) sCD27 levels. 
P-values are giving in the right corner. 

 

QUANTIFICATION OF CD70 EXPRESSION BY DIFFERENT METHODS 

To investigate whether CD70 expression detected by IHC is a reliable biomarker for 

binding of the therapeutic antibody ARGX-110, IHC-based CD70 expression analysis was 

compared to flow cytometric analysis using a fluorescently-labelled ARGX-110 mAb. Two 

lung cancer cell lines (NCI-H1650 and NCI-H1975), as well as one positive control cell line 
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(JJN3), were tested. As shown in Figure 3.5, similar percentages of CD70 expression 

between both methods were observed, indicating that the amount of CD70 expression, 

detected by IHC, is representative for binding of ARGX-110 to CD70.  

Figure 3.5: Comparative analysis of CD70 protein expression measured by flow cytometry and 
IHC. Upper row: Representative sections of CD70 IHC on NCI-H1650, NCI-H1975 and JJN-3 cell 
lines. Magnification: 100x. Below: Dot plots showing expression of CD70 on NCI-H1650, NCI-H1975 
and JJN-3 cell lines, using ARGX-110 coupled to anti-human IgG1 PE antibody. Debris was excluded 
from the analysis based on forward (FSC) and side scatter (SSC). 

 

ANTI-CD70 THERAPY FOR NSCLC IN VITRO 

Next, the ADCC potential of ARGX-110 was evaluated. ADCC is efficiently mediated by 

binding and activation of NK cells through Fc-domain/FcγRIIIa interactions. Therefore, 

peripheral blood NK cells, obtained from healthy volunteers, were spiked into cell lines 

(NCI-H1975; NCI-H1650; JJN-3) and monitored using the xCELLigence system in the 

presence of ARGX-110 or an isotype control. Cell lines with high levels of CD70 

expression (NCI-H1975, JJN-3) showed a maximum ADCC-based killing efficacy of 
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ARGX-110, in comparison to the isotype control. Conversely, the CD70-negative NCI-

H1650 cells did not respond to ARGX-110 therapy. Figure 3.6 & 3.7 indicate that addition 

of NK cells alone had only minimal effect on cell lysis of NCI-H1975 cells, but adding 

ARGX-110 induced a significant decrease in cell index. After 24h of treatment with a 

combination of NK cells and ARGX-110, a decrease in cell survival of 60% could be 

detected, which was reserved up to 72h post-treatment.  

Furthermore, the difference in cell lysis between ARGX-110 and the isotype control was 

examined 24h post-treatment. Incubation at an effector (NK) to target (ARGX-110) (E/T) 

ratio of 5/1 induced a significantly greater cell lysis in the JJN-3 (34.69%) and NCI-H1975 

(50.66%) cell lines compared to the isotype control (Figure 3.7A and B). In addition, a 

significant increase in cytotoxicity mediated by ARGX-110 was detected using a higher E/T 

ratio (1/1 – 5/1 – 10/1) (Figure 3.7C).  

 
Figure 3.6: ADCC-induced cytotoxicity of ARGX-110 in NCI-H1975 cells. Mean percentage of 
cell survival up to 72h after treatment as compared to ARGX-110 deprived from NK cells, set at 100%. 
From left to right: ARGX-110; Isotype control + NK 1/1; ARGX-110 + NK 1/1; NK 5/1; Isotype 
control + NK 5/1; ARGX-110 + NK 5/1. In each test, two replicates of the same condition were used 
and run in parallel with NK cells from three different donors. Graph represents mean±SD. 

 

6h 12
h

24
h

36
h

48
h

60
h

72
h

0

50

100

%
 C

el
l  

su
rv

iv
al

ARGX-110 NK 0/1
hu IgG1 NK 1/1
ARGX-110 NK 1/1

PBS NK 5/1
hu IgG1 NK 5/1
ARGX-110 NK 5/1



½     CHAPTER 3  69 

Figure 3.7: ADCC-induced cytotoxicity of ARGX-110. A: Percentage of cell survival 24h after 
treatment compared to the isotype control (set at 100%). Bars represent the mean±SD (n=3). *p< 
0.05: significant decrease in cell survival by ARGX-110 in comparison to isotype control with identical 
E/T ratio. B: NCI-H1975 cells were incubated with ARGX-110 (red), NK cells (5/1) in combination 
with isotype control (blue) or ARGX-110 (Green). The well impedance, expressed by the cell index as 
a measure of viability, was analysed using the xCELLigence system as described in the material and 
methods section. Cell indexes were normalized with the last point before compound addition, as 
indicated by the arrow. Graph represents mean±SD. C: Percentage cell survival of CD70+ (NCI-
H1975) and CD70- (NCI-H1650) NSCLC cells, 24h after treatment with ARGX-110 using different 
ratios of NK cells (1/1 – 5/1 – 10/1). *P<0.05: significant decrease in cell survival in comparison to 
E/T ratio of 1/1. For all experiments, two replicates of the same condition were measured and run in 
parallel with NK cells from three different donors. 

DISCUSSION 

The promising role of immunotherapy in NSCLC patients has been recently demonstrated 

by clinical successes with mAbs targeting CTLA-4, PD-1 and PDL-1 (9). Successful cancer 

immunotherapy requires specific cancer cell-related targets to elicit a strong tumor immune 
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response, without the induction of auto-immune diseases (26). In this study, we are the first 

to reveal the immunotherapeutic potential of CD70 in NSCLC. We demonstrate CD70 

expression by IHC in the two most common histological NSCLC subtypes with stable 

protein expression in 80% of metastatic tissue samples. Interestingly, no associations 

between CD70 expression and targetable gene arrangements in NSCLC specimens were 

found, pointing towards a new subset of patients, eligible for alternative therapies. We also 

show the presence of its receptor, CD27, on TILs in the microenvironment of the tumor. 

Finally, our in vitro data show a maximum NK cell mediated killing efficacy of ARGX-110, 

a CD70-blocking antibody in CD70 IHC positive cancer cells. 

The lack of CD70 expression in normal lung tissue, the near absence of CD70 expressing 

lymphocytes in the circulation and the constitutive presence of CD70 in 16% of NSCLC 

patients suggests a significant therapeutic window for anti-CD70 targeted therapy. 

Moreover, we show particular CD70 expression on tumor cells in stage T4 (40% of cases) 

NSCLC as well as in squamous cell carcinoma (27% of cases). Thereby, we did not find 

concurrent expression of CD70 in biopsies with ALK translocations or activating EGFR 

mutations. The absence of specific treatment options for these patients necessitates the 

discovery of new, rationally-designed targeted therapies. Based on these results, CD70 

might be a promising new target for therapy and thus merits further study. In addition, 

CD70 expression was assessed in biopsies taken before and after administration of 

chemotherapy. Although this could only be tested in 2 patient samples, a clear upregulation 

of CD70 protein expression by platinum-based chemotherapeutic treatment was seen. It is 

an interesting hypothesis that chemotherapy could stimulate the expression of CD70 in 

malignant cells. If so, sequential combination regimens of anti-CD70 mAb therapy with 

conventional NSCLC treatment might induce a synergistic treatment effect. Although the 
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role of chemotherapy on the induction of CD70 expression is still largely unknown, our 

findings are similar to recent experiments in ovarian cancer, showing associations of 

increased CD70 expression with clinical resistance to cisplatin-based chemotherapy (5, 27). 

Furthermore, in this report the expression of CD27, the receptor for CD70, was examined 

in tumor cells and their microenvironment. In normal conditions, expression of CD27 is 

linked to naïve T and B cells and some memory T cells. However, recent studies in lung 

cancer have shown that CD27 expression on human CD4+CD25+ Tregs positively 

correlates with their suppressive activity in vitro and the expression of FOXp3 (28). 

Moreover, Claus et al. (29) demonstrated that CD70-CD27 interactions increased the 

frequency of Tregs in the tumor microenvironment, reduced tumor-specific T cell 

responses and promoted tumor cell growth when CD70 was expressed on TILs. In this 

study, CD70 expression was detected on NCSLC cells (16%), in addition to its presence on 

TILs in the tumor microenvironment (38%). As a result, suppression of the anti-tumor 

response might easily be established through binding of these CD70+ cells with CD27+ 

Tregs, leading to a new immune escape mechanism in NSCLC. In this regard, we detected 

infiltration of CD27+ lymphocytes in 90% of NSCLC specimens. Furthermore, tumor 

infiltrating lymphocytes, surrounding CD70+ tumor cells, showed a trend towards 

increasing FOXp3 expression and higher CD4/CD8 ratios. This expression of CD27 on 

regulatory T cells warrants further investigation to elucidate its role in hosting the anti-

tumor response in NSCLC. It is noteworthy that in glioblastoma CD70 expression has also 

been implicated in tumor evasion of immune surveillance (14).  

 It has been described that CD27, upon activation, can release a soluble part by differential 

splicing of the receptor protein or shedding from the cell surface by metalloproteinases 

(18). We are the first to reveal the potential role of soluble CD27 as a prognostic marker in 
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NSCLC. High serum sCD27 levels were found to be significantly associated with poor OS 

and PFS and even though sCD27 levels did not show potential as a blood-based biomarker 

for CD70 overexpression on tumor cells, dual positivity of CD70 and sCD27 marked an 

even worse prognosis. The use of sCD27 as a prognostic marker is in agreement with other 

investigations in hematological malignancies that have demonstrated the use of sCD27 as 

a prognostic factor in diffuse large B cell lymphoma and Waldenström macroglobulinemia 

(30-32). Further studies are needed to establish the potential role of sCD27 as a prognostic 

biomarker in solid malignancies.  

ARGX-110, a human monoclonal antibody which is currently undergoing phase I clinical 

testing, has been developed to strongly antagonize CD70/CD27 signaling and target CD70-

expressing tumor cells for destruction through enhanced ADCC properties (21). Two lung 

cancer cell lines, as well as one control cell line, were used in this study to analyze ADCC 

killing by ARGX-110. Our data show that a low dose of ARGX-110 (0.5µg/ml) induced 

efficient NK cell based tumor lysis in CD70 expressing cell lines, indicating the importance 

of CD70 expression patterns for an efficient ADCC activity. Finally, in this study, a positive 

correlation between IHC and flow cytometric analysis of CD70 levels was established, 

implying that IHC is a suitable predictive marker to assess a tumor sample for ADCC 

activity of ARGX-110.  

In conclusion, we are the first to demonstrate the immunotherapeutic potential of targeting 

CD70 in NSCLC with a maximum NK cell mediated cytotoxicity of ARGX-110 in CD70 

expressing lung cancer cell lines. In contrast to the near absence of CD70 in normal tissue, 

paraffin-embedded NSCLC biopsies revealed constitutive overexpression of CD70 in 

tumor cells. Moreover, this study has exposed a possible role of CD70/CD27 in immune 
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escape in NSCLC since 90% of biopsies revealed infiltration of CD27+ lymphocytes in the 

microenvironment of the tumor and a trend towards increased FOXp3 expression and 

higher CD4/CD8 ratios surrounding CD70+ tumor cells. Finally, serum sCD27 levels, 

which can be easily measured in clinical practice, show potential as a significant prognostic 

marker for NSCLC. 
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 SUPPLEMENTARY TABLES 

Supplementary Table 3.1: Details of CD70-positive resection specimens.
N° Intensity % CD70+ TC Distribution 

1 +++ 10 C 

2 +++ 90 M 

3 ++ 20 C 

4 ++ 80 M 

5 +++ 100 M 

6 ++ 30 M 

7 + 60 C 

8 + 20 C 

Abbreviations: +, weak staining intensity; ++, moderate staining intensity; +++, strong staining intensity; M, membranous accentuation; 
C, cytoplasmic accentuation; TC, tumor cells.  
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Preclinical data on the combination of 

cisplatin and anti-CD70 therapy in non-

small cell lung cancer as an excellent match 
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ABSTRACT 

In contrast to the negligible expression of the immunomodulating protein CD70 in normal 

tissue, we have demonstrated constitutive overexpression of CD70 on tumor cells in a 

subset of primary non-small cell lung cancer (NSCLC) biopsies. This can be exploited by 

CD70-targeting antibody-dependent cellular cytotoxicity (ADCC)-inducing antibodies. 

Early clinical trials of these antibodies have already shown promising results in CD70-

positive malignancies.  

In this study, we explored the potential of cisplatin to induce CD70 expression in NSCLC. 

Using real-time measurement tools, we also assessed the efficacy of a combination regimen 

with cisplatin and anti-CD70 therapy under normoxia and hypoxia. We identified an 

induction of CD70 expression on lung cancer cells upon low doses of cisplatin, 

independent of oxygen levels. More importantly, the use of cisplatin resulted in an 

enhanced ADCC-effect of anti-CD70 therapy. As such, this combination regimen led to a 

significant decrease in lung cancer cell survival, broadening the applicability of CD70-

targeting therapy. 

 This is the first study that proves the potential of a combination therapy with cisplatin and 

CD70-targeting drugs in NSCLC. Based on our data, we postulate that this combination 

strategy is an interesting approach to increase tumor-specific cytotoxicity and reduce drug-

related side effects. 
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INTRODUCTION 

Non-small cell lung cancer (NSCLC) retains its position as the most lethal type of cancer 

worldwide with around 1.3 million deaths each year and a marginally improving 5-year 

overall survival rate which remains below 20% (1). These data point towards the continued 

need for new therapeutic modalities. Recent insights into the biology of the immune 

response have led to a wave of clinical trials involving immunotherapy for lung cancer. 

Nonetheless, the immunosuppressive and heterogeneous nature of this tumor generates 

variable success rates of immunotherapy in NSCLC patients, leaving room for 

improvement.           

The expression of CD70, a member of the tumor necrosis factor family (TNF), is normally 

restricted to activated T and B cells and mature dendritic cells (2). In contrast, we have 

previously revealed constitutive overexpression of CD70 on malignant cells in 16% of 

NSCLC tumor specimens (3). Since CD70 is absent on normal epithelial tissue, the 

overexpression on tumor cells can be safely exploited by CD70-targeting antibody-

dependent cellular cytotoxicity (ADCC)-inducing antibodies, such as ARGX-110 (4). 

Furthermore, it has been described that tumor-specific upregulation of CD70, through its 

unique receptor CD27, can facilitate immune evasion by increasing the proliferation of 

suppressive regulatory T cells, inducing T cell apoptosis and skewing T cells towards a T 

cell exhaustion profile (5-8). Although we believe that anti-CD70 therapy holds great 

potential as monotherapy, this strategy would only be applicable to patients with CD70-

positive tumors. Recently, the immunomodulatory properties of chemotherapy in 

combination with immunotherapy have been demonstrated (9). Although chemotherapy 

has long been considered immunosuppressive, recent studies have shown that in addition 
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to its direct cytotoxic effects on cancer cells, certain chemotherapeutics can elicit changes 

in the tumor microenvironment that render cells more sensitive to an efficient immune cell 

attack (10).  

In the present study, we have valuated a new combinatorial strategy of cisplatin (CDDP), 

first-line treatment in NSCLC, and anti-CD70 therapy. We have examined the induction of 

CD70 expression upon CDDP treatment in vitro and in vivo. We have further evaluated the 

ADCC effect and immunostimulatory potential of anti-CD70 therapy (aCD70) upon 

sequential treatment with low-doses of CDDP. Finally, we have assessed the therapeutic 

efficacy of this combination regimen under hypoxic conditions as regions within the tumor 

with different oxygen levels often characterize therapy resistance.  

METHODS  

CELL LINES AND CELL CULTURE 

The human NSCLC cell lines NCI-H1975, NCI-H1650, HCC827, LUDLU-1 and A549 

were purchased from the American type cell culture collection (ATCC, Rockville MD, 

USA). The A549 cell line was cultured in DMEM supplemented with 10% fetal bovine 

serum (FBS), 1% penicillin/streptomycin and 1% L-glutamine (Life Technologies, 

Merelbeke, Belgium). NCI-H1975, NCI-H1650, HCC827 and LUDLU-1 cells were 

cultured in RPMI supplemented as described above with addition of 1mM sodium pyruvate 

(Life Technologies). Cells were grown as monolayers and were maintained in exponential 

growth at 5% CO2/95% air in a humidified incubator at 37°C to obtain normoxic 

conditions and in a humidified Bactron IV anaerobic chamber (Shel Lab, OR, USA, 1% 
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O2, 5% CO2, 95% N2) to obtain hypoxic conditions. Cells used for experiments under 

hypoxic conditions were first grown overnight under normoxia to allow the cells to attach 

to the bottom. Cell cultures were regularly tested for absence of mycoplasma using the 

MYCOALERT® Mycoplasma detection kit (Lonza, Verviers, Belgium). 

PURIFICATION OF HUMAN NATURAL KILLER (NK) CELLS 

Human peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Paque Plus 

gradient separation (Amersham Biosciences, Uppsala, Sweden) from buffy coat 

preparations of healthy donors, provided by the Blood Transfusion Centre of Red Cross-

Flanders (Mechelen, Belgium). Primary NK cells were negatively isolated from PBMCs 

using the NK cell isolation kit (Miltenyi Biotec, Utrecht, The Netherlands; CD56+CD3- 

cells, purity 88.1 ±4.7%) as previously described (3). In all experiments, NK cells of 3 

different healthy donors were used.   

CYTOTOXICITY ASSAYS 

SULFORHODAMINE-B (SRB) ASSAY. To evaluate cytotoxicity of CDDP, cells were 

seeded in 96-well plates, incubated overnight and treated for 24h with CDDP (0-20 µM) as 

single agent. Forty-eight hours after treatment, cell monolayers were fixed with 10% 

trichloroacetic acid for 1h at 4°C and stained with 100 µl 0.1% SRB, as previously described 

(11). The IC20, IC40 and IC60 value, the concentration of the drug that leads to 20%, 40% 

and 60% growth inhibition respectively, was calculated using the WinNonlin software 

(Pharsight, CA, USA). All experiments were performed at least in triplicate.  

XCELLIGENCE. Real-time monitoring of cell viability was performed using the 

xCELLigence RTCA DP instrument (ACEA, Biosciences, San Diego, USA) as previously 
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described (12). Shortly, target cells (T) were seeded at 3.5x103 cells/well, incubated 

overnight and exposed to 7 µM CDDP (IC40-value of CDDP in A549 cell line) or vehicle 

(phosphate buffered saline (PBS)) for 24h. One day after CDDP treatment, cells were 

treated with ARGX-110, further mentioned as aCD70 (argenx BVBA, Zwijnaarde, 

Belgium, 0.5 µM) or isotype control (I5029, Sigma-Aldrich, 0.5 µM) in combination with 

effector (E) NK cells (E/T=5/1). Real-time measurements ended 6 days after initiation of 

the experiment. In each experiment, 2 replicates of the same condition were used and run 

in parallel with NK cells from 3 different donors.  

CD70 EXPRESSION ANALYSIS 

FLOW CYTOMETRY. Cells were treated with 7 µM CDDP or vehicle for 24h. 

Membrane CD70 expression was assessed by flow cytometry as previously described (3). 

For experiments performed under hypoxic conditions, cells were fixed in 4% formaldehyde 

(10 min) prior to primary antibody incubation. The signal for aspecific binding (anti-human 

IgG1 phycoerythrin (PE)-conjugated antibody, eBioscience, San Diego, USA) was 

subtracted from the measured fluorescence intensities (=∆MFI). Dead cells were excluded 

from analysis by staining with PI. 

IMMUNOFLUORESCENCE. Cells were treated with 7 µM CDDP or vehicle for 24h. 

Cells were fixed in methanol, blocked with 1% BSA/PBS for 1h and incubated overnight 

with anti-CD70 (Clone 301731, 1/40, R&D systems, Abingdon, United Kingdom) at 4°C. 

Goat anti-mouse IgG secondary antibody, Alexa Fluor 555 conjugate (1/800, Thermo 

Fisher Scientific, Nepean, Canada) was used for 1h as secondary antibody. Slides were 

counterstained with DAPI and mounted. Acquisition was performed by Evos Cell Imaging 

system (Thermo Fisher Scientific). 
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IMMUNOHISTOCHEMISTRY (IHC). Twenty-seven tissue specimens were fixed in 

4% formaldehyde for 6-18h and paraffin embedded on a routine basis. CD70 IHC (Clone 

301731 diluted 1/40 for 20 min, R&D) was performed at room temperature on a DAKO 

autostainer Link 48 instrument using the Envision FLEX+ detection kit (DAKO) as 

previously described (3). Scoring was performed by a pathologist, positive staining was 

assigned when tumor cells of any intensity and any CD70 distribution (membranous, 

cytoplasmic) showed specific CD70 staining. 

CD70 MRNA LEVELS  

REAL-TIME PCR (RT-PCR). Cells were treated with 7 µM CDDP or vehicle for 24h. 

RNA was isolated after 24h of treatment using the TRIzol® method (Life Technologies). 

Total RNA-yield and quality were measured using the NanoDrop® ND-1000 (Thermo 

Fisher Scientific) and samples were stored at -80°C. RT-PCR was performed using the 

Power SYBR Green RNA-to-CT-Step kit (Applied Biosystems, Ghent, Belgium) on the 

LightCycler480 (Roche, Vilvoorde, Belgium) according to the manufacturer’s instructions 

with a total of 20ng RNA. The optimal number and type of housekeeping genes (GAPD, 

RPLA13 and SDHA-1) were determined using the qbasePLUS software (Biogazelle, 

Zwijnaarde, Belgium) (11).  

IN VIVO A549 XENOGRAFT MODEL. Female CD-1 athymic nude mice (N=48, 

Charles River Laboratories, Calco, Italy) were purchased at an age of 6 weeks. Animals were 

group-housed in individually ventilated cages (3-8/cage) under specific pathogen free 

conditions with a 12h day/night cycle and food and water ad libitum. A549 cells were 

harvested and resuspended in sterile PBS at a concentration of 4x107 viable cells per ml. 

CD-1 nude mice were inoculated with 100 µl of cell suspension in the right hind leg. 
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Experiments were initiated when tumors reached a volume of approximately 100 mm³, ± 4 

weeks after inoculation. Tumor-bearing mice were randomly divided into 3 groups (N=3) 

based on different treatment doses. CDDP was dissolved in PBS and applied 

intraperitoneally at low (2.5 mg/kg) or high (5 mg/kg) doses on day 0 and day 7. The vehicle 

group (0.9% NaCl) and drug treatment groups were housed separately. To evaluate the 

expression of CD70 during treatment, tumor-bearing mice were sacrificed at different time 

points (day 2, day 7, day 9) and tumors were embedded in paraformaldehyde for the 

assessment of CD70 IHC, as described above. The experimental protocol was approved by 

the Ethical Committee for Animal Testing (N° 2016-29) and all applicable institutional and 

European guidelines for the care and use of animals were followed. 

STATISTICAL ANALYSIS 

Statistical significance for the in vitro experiments was determined by a one-way ANOVA 

test, followed by Tukey’s post hoc test whereby a P-value less than 0.05 was considered 

significant (two tailed). All analyses were conducted using SPSS version 23 (SPSS Inc., 

Chicago, IL, USA). 

RESULTS 

DOSE-RESPONSE ANALYSIS OF CDDP IN NSCLC CELL LINES  

The cytotoxicity of CDDP monotherapy was assessed in a panel of five NSCLC cell lines, 

varying in genetic aberrations and histological subtype (Supplementary Table 4.1). Cells 

were treated with CDDP (0-20µM) for 24h and chemosensitivity was assessed by the 

Sulforhodamine-B assay. LUDLU-1 (IC50: 5.46 µM ± 0.93 µM) was most sensitive to 
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treatment, followed by NCI-H1650 (IC50: 6.51 µM ± 0.46 µM). NCI-H1975 (IC50: 19.34 

µM ± 1.72 µM) and HCC827 (IC50: 15.95 µM ± 1.37 µM) cells were most resistant to 

CDDP treatment (Figure 4.1). Because dose-response analysis of A549 cells (IC50: 10.04 

µM ± 0.72 µM) was in-between our panel of NSCLC cell lines, we considered the doses 

equivalent to 20% (3.5 µM), 40% (7 µM) and 60% (13 µM) of CDDP-induced growth 

inhibition in the A549 cells as respectively low, medium and high doses.  

 

 

 

 

 

 

 

 

Figure 4.1: Dose-response curve of CDDP in NSCLC cell lines. Survival curve after 24h of 
treatment with CDDP (0-20 µM) in the NCI-H1975, HCC827, A549, NCI-H1650 and LUDLU-1 cells.  

 

CDDP INDUCES/INCREASES CD70 EXPRESSION ON PROTEIN AND 

MRNA LEVEL 

To analyze the impact of CDDP treatment on CD70 expression, 3 NSCLC cell lines (NCI-

H1650, A549, NCI-H1975) were selected out of the panel of NSCLC cell lines, based on 

their aberrations in CD70 expression levels (CD70-, CD70+ and CD70++) by flow 

cytometry and screened for membrane CD70 expression levels in response to CDDP 

treatment. Cells were treated for 24h with vehicle (0 µM), low (3.5 µM), medium (7 µM) or 

high (13 µM) doses of CDDP. Thereafter, CD70 protein levels were assessed at different 
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time points (1h, 6h, 24h, 48h) in a propidium iodide (PI)-negative cell subset. As shown for 

the A549 cells, the highest induction of membrane CD70 was seen 24h and 48h after 

treatment with 7 µM of CDDP (Figure 4.2A). CD70 protein levels were also significantly 

upregulated in a very strong (NCI-H1975) and very weak (NCI-H1650) CD70-expressing 

cell line (Figure 4.2B). In line with these results, immunofluorescence demonstrated a 

marked induction of CD70 protein levels after treatment with CDDP compared to vehicle 

(Figure 4.2C). To demonstrate that the observed effect was attributed to increased 

transcription of CD70, CD70 mRNA levels were screened after treatment with vehicle or 

CDDP. Twenty-four hours after treatment, an average 1.4-, 4.3- and 4.0- fold increase of 

CD70 mRNA could be detected in CDDP-treated NCI-H1975, A549 and NCI-H1650 

cells, respectively (Figure 4.2D). To examine whether changes in DNA methylation 

contributed to CDDP-induced CD70 overexpression, methylation of 4 CG pairs, located 

between 581 and 288 base pairs upstream of the TNFSF7 locus, was analyzed using 

bisulphite-converted genomic DNA in NCI-H1975 cells treated with vehicle or 7 µM 

CDDP (Supplementary methods and Supplementary Table 4.1). As shown in 

Supplementary Figure 4.1, the induction of CD70 protein levels could not be attributed to 

variations in the methylation status of the CD70 promotor region in NCI-H1975 cells. In 

summary, these data indicate that CDPP treatment induces CD70 expression by increased 

levels of CD70 mRNA. 
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Figure 4.2: Changes in CD70 protein and mRNA expression levels in response to CDDP-
therapy. A: A549 cells were treated with vehicle or CDDP (3.5µM, 7µM or 13µM) for 24h. CD70 
expression levels were determined 1h, 6h, 24h and 48h after treatment. Graph represents ∆mean 
fluorescence intensity (∆MFI) of three independent experiments; B: NCI-H1975, A549 and NCI-
H1650 cells were treated with vehicle or CDDP (7 µM) for 24h. Graph represents ∆MFI of three 
independent experiments. In addition, representative histogram plots of vehicle- and CDDP-treated 
cells are displayed; C: CD70 expression was measured by immunofluorescence (red) after treatment 
with vehicle or CDDP (7 µM) for 24h in the A549 cells. Nuclei were stained by DAPI (blue); D: CD70 
mRNA levels were determined 24h after treatment with vehicle or CDDP (7 µM). Graph represents 
relative mRNA levels in comparison to vehicle-treated cells. *P<0.05, significant increase compared to 
vehicle.  

 

INCREASED TUMOR-SPECIFIC CD70 PROTEIN LEVELS AFTER 

INDUCTION CHEMOTHERAPY  

Next, the CDDP-induced expression of CD70 was examined in vivo using A549 tumor-

bearing CD1 nude mice to verify the expression upon CDDP-treatment and the effects of 

multiple treatment regimens. Therefore, tumor-bearing mice were treated with vehicle 

(NaCl), low (2.5 mg/kg) or high (5 mg/kg) doses of CDDP at day 0 and day 7. As shown 

in Figure 4.3, a high dose of CDDP (5mg/kg) resulted in a peak in CD70 expression two 

days’ post-treatment. On the other hand, CD70 overexpression upon low doses of CDDP 
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was only observed seven days’ post-treatment. Interestingly, at day 9 we could observe 

stable CD70 overexpression upon low dose of CDDP (2.5 mg/kg) whereas a decrease was 

seen in the high-dose group. These findings indicate that the post-therapy increase in CD70 

expression was slightly delayed in the low treatment group but more stable over time.  

	

Figure 4.3: In vivo CD70 protein analysis upon CDDP-treatment. CD-1 nude mice were 
inoculated with A549 cells in the right hind leg. Tumor-bearing mice were randomly divided into 3 
groups and treated intraperitoneally with vehicle (0.9% NaCl), low (2.5 mg/kg) or high (5 mg/kg) doses 
of CDDP on day 0 and day 7. Mice were sacrificed at different time points (day 2, day 7, day 9) to 
evaluate the expression of CD70 by IHC. Figure shows representative sections of CD70 expression 
levels in all conditions. Mean CD70 percentages (N=3; *N=2) are depicted in every right corner. 
Magnitude 10x and 100x. 

COMBINING CDDP WITH ARGX-110 SIGNIFICANTLY DECREASES 

TUMOR CELL PROLIFERATION DUE TO INCREASED ADCC 

We hypothesized that the significant accumulation of membrane CD70 upon CDDP-

treatment could lead to an enhanced ADCC-effect of aCD70. To confirm this hypothesis, 

the ADCC potential of aCD70 in this combination regimen was evaluated in real-time 
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using the xCELLigence RTCA system. Twenty-four hours after treatment of the cancer 

cells with medium doses of CDDP (24h, 7 µM), NK cells (E/T=5/1) were co-cultured 

with the cancer cells and treated with aCD70 (48h, 0.5 µM) or isotype control (48h, 0.5 

µM). In the CD70- cell line, NCI-H1650, the anti-proliferative effect of aCD70 in single 

treatment regimen was negligible as compared to isotype control (Figure 4.4A). Treatment 

with CDDP + isotype (CDDPi) on the other hand resulted in 26.34 ± 3.09% cell survival 

after 48h as opposed to untreated cells. Interestingly, the combination of aCD70 with 

medium doses of CDDP decreased proliferation significantly with an additional 12.99 ± 

0.36% compared to CDDPi. In the weak CD70+ A549 cells, the ADCC-effect of aCD70 

in monotherapy was more pronounced, resulting in only 69.28 ± 0.02% and 81.09 ± 1.71% 

cell survival 24h and 48h post-treatment, respectively (Figure 4.4B). Yet again, the most 

significant decrease in cell survival was seen in the sequential combination regimen of 

CDDP and aCD70 (36.02 ± 0.25% (24h) and 25.26 ± 0.04% (48h) cell survival). In 

comparison to the other cell lines, the ADCC-effect of aCD70 in monotherapy was most 

pronounced in the strong CD70+ NCI-H1975 cells with only 36.87 ± 4.68% cell survival 

48h after treatment (Figure 4.4C). Even so, sequential administration of CDDP and aCD70 

resulted in a clear additional decrease in cell survival of 20.72 ± 3.34% and 43.51 ± 3.34% 

compared to single treatment of aCD70 or CDDP, respectively. To confirm cell death, the 

combination strategy in the NCI-H1975 cell line was also examined by the evaluation of 

caspase 3/5, using the incuCyteTM as displayed in Supplementary Figure 4.2. Here, cell death 

was most pronounced in the combination therapy, supporting our previous results. In 

conclusion, we have revealed strong efficacy of a combination regimen with medium doses 

of CDDP and aCD70 in all cell lines tested. 



½     CHAPTER 4  91 

 

Figure 4.4: Combining CDDP with aCD70 significantly decreases tumor cell proliferation due 
to increased ADCC. NCI-H1650, A549, and NCI-H1975 cells were treated with vehicle or CDDP 
(24h, 7 µM, 1st arrow). Cells were washed (2nd arrow) and aCD70 (0.5 µM) or isotype control (0.5 
µM) was added to the medium in combination with NK cells (E/T=5/1) from healthy volunteers (3rd 
arrow). Cell survival was assessed up to 48h after sequential treatment in 5 conditions: Vehicle, isotype 
control (red), aCD70 (green), CDDP + isotype control (blue), CDDP + aCD70 (Purple). Left: Figure 
shows the well impedance of 1 representative donor, expressed by the cell index as a measure of 
viability, analyzed using the xCELLigence RTCA system. Cell indexes were normalized with the last 
point before compound addition. A-B-C: Experiments were assessed under normoxic conditions. D: 
Cells were seeded overnight under normoxic conditions. Thereafter experiments were assessed in an 
anaerobic chamber (O2: 0.1 – 1%). Lines represent the mean ± SEM. Right: Percentage of cell survival 
12h, 24h and 48h after sequential treatment. Bars represent the mean ± SEM. For all experiments, two 
replicates of the same condition were measured and run in parallel with NK cells from three different 
donors. *P<0.05: significant decrease in cell survival compared to vehicle; **P<0.05: significant 
decrease in cell survival compared to all other conditions. 
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STRONG EFFICACY OF CDDP IN COMBINATION WITH aCD70 

UNDER HYPOXIC CONDITIONS  

Hypoxia is an important contributor to the heterogeneity of the tumor microenvironment 

in solid tumors, driving adaptations which are essential for the survival and metastatic 

capabilities of tumor cells (13). Therefore, experiments were also conducted under hypoxic 

conditions. Interestingly, we noticed a higher CD70 baseline expression under hypoxic 

conditions in all cell lines tested (data not shown). Likewise, our IHC data on an in vivo mice 

model demonstrated a strong CD70 overexpression on hypoxic regions of the tumor, as 

shown in Figure 4.5.  

Figure 4.5: In vivo CD70 protein expression at hypoxic regions. Tumor-bearing CD1-nude mice 
were sacrificed to evaluate CD70 expression levels. Figure shows high CD70 expression levels in 
hypoxic regions surrounding necrotic areas. Magnitude 10x (left) and 100x (right). 

 

Nonetheless the increased baseline CD70 expression under hypoxia, in vitro experiments 

demonstrated a similar induction of membranous CD70 levels 24 hours’ post-treatment 

with CDDP (24h, 7 µM). In a final set of experiments, the ADCC potential of aCD70 after 

CDDP treatment was evaluated in the NCI-H1975 cell line using the xCELLigence RTCA 

system under reduced oxygen conditions (0.1-1% O2). In comparison to the treatment of 

the cells with CDDPi under normoxic conditions, the anti-proliferative effect was much 
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less pronounced under hypoxia (Figure 4.4D). Forty-eight hours’ post-treatment, the 

greatest decrease in cell survival was seen after sequential treatment of CDDP and aCD70 

with an additional decline of 41.44 ± 5.33% and 18.19 ± 5.33% compared to single 

treatment of CDDP or aCD70, respectively. Hence, we can conclude that even under 

hypoxic conditions the use of CDDP can increase membrane CD70 expression levels and 

enhance the ADCC-potential of aCD70.  

DISCUSSION 

In this study, we are the first to demonstrate the induction of CD70 expression on the 

membrane of NSCLC cell lines upon CDDP treatment, a key drug for NSCLC treatment, 

even when administered at low doses. More importantly, the provision of CDDP treatment 

resulted in enhanced NK cell mediated cellular cytotoxicity of ARGX-110, a CD70-specific 

mAb, in all cell lines tested.  

Previous studies of our group have demonstrated overexpression of the tumor antigen, 

CD70, on malignant cells in 16% of NSCLC patients and its absence on normal lung tissue, 

making it an attractive target for antibody-based therapies (3). Although our results 

demonstrated the potential of anti-CD70 therapy in NSCLC, this strategy would only be 

applicable to patients with CD70-positive tumors. However, here we have shown the 

increase of CD70 levels upon CDDP treatment, both on protein and mRNA level, thereby 

expanding the therapeutic window of anti-CD70 antibody treatment. Furthermore, we 

observed this overexpression in cells that survived CDDP treatment and therefore the 

induction of CD70 expression might also be linked with CDDP-resistance in NSCLC. In 
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advanced ovarian cancer, Liu N et al. (14) described a similar phenomenon, with increased 

CD70 expression levels in patients resistant to CDDP-based adjuvant chemotherapies. 

However, the underlying mechanism of this overexpression was not investigated. In 

literature, it has been stated that the methylation status of CG pairs, located between 581 

and 288 base pairs upstream of the TNFSF7 locus can influence CD70 transcription (15). 

Because CDDP treatment can influence epigenetics, we have investigated these CG pairs 

upon CDDP treatment, but we did not notice any deviations in methylation status. As such, 

it is very likely that CDDP is affecting the regulation of transcription factors that bind to 

the CD70 promotor region such as activating protein-1 (AP-1) (16, 17). Of note, CD70 

upregulation was observed in cell lines with various p53 status, pointing towards a p53-

independent mode of action. This is in line with previous experiments by Wisschusen et al. 

who demonstrated that radioinducibility of the CD70 gene did not require wild-type p53 

activity and that this was not a response to genotoxic stress (18). According to this study, 

the induction of CD70 upon irradiation was driving immune escape by the induction of 

apoptosis in peripheral blood mononuclear cells (PBMCs). The observed CDDP-mediated 

CD70 expression might also pave the way towards immune escape as the CD70/CD27 axis 

has been linked with increased regulatory T cell counts in NSCLC specimens (3). Therefore, 

our findings suggest that CD70-targeted therapies might be an interesting treatment choice 

to combine with CDDP to release the brakes on the immune system. It was recently 

demonstrated that some chemotherapeutic agents feature the ability to directly activate 

immune effectors such as NK cells (19). In a clinical setting, such a synergistic combination 

therapy has already been proven effective with paclitaxel and trastuzumab (20). 

Interestingly, CDDP treatment has previously shown to upregulate important ligands for 

NK cell-mediated eradication of tumor cells, including androgen receptor-UL16-binding 
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protein 2 (ULBP2) and MHC class I chain-related molecule A and B (MICA A/B) in 

hepatocellular carcinoma and NSCLC, respectively (21, 22). NK cells also play a pivotal 

role in mediating ADCC, whereby binding of their FcγRIII receptors to Fc portions of 

antibody-coated target cells stimulates the release of cytotoxic molecules to kill the target 

cells. As such, we hypothesized that due to the favorable effects on NK cells and the 

increase in CD70 expression upon CDDP treatment, the sequential administration of 

CDDP and aCD70 could increase antibody-coverage and improve NK-mediated lysis of 

the tumor cells (4). In this study, we revealed an enhanced efficacy of aCD70 upon 

treatment with low doses of CDDP by an increase in ADCC leading to tumor cell 

apoptosis. Moreover, by the induction of de novo CD70 expression upon CDDP 

treatment, significant reduction in cell survival was also seen in cells that did not show any 

response to aCD70 in monotherapy. Finally, this combination of aCD70 with low doses 

of cisplatin shows potential to increase tumor-specific cytotoxicity and reduce drug related 

side effects. 

Hypoxia readily occurs in the majority of solid tumors, including NSCLC, and has been 

proven to contribute to tumor progression, metastasis and therapy resistance (23). In 

addition, the natural killing capability of NK cells is compromised in a hypoxic 

microenvironment mediated through downregulation of important activating receptors 

(24). Nevertheless, ADDC activity of NK cells is preserved under hypoxia (24). Hence, our 

combination strategy of aCD70 and CDDP treatment was also explored under reduced 

oxygen levels. Firstly, a higher baseline CD70 expression was observed in vitro and in vivo 

under reduced oxygen levels in all cell lines. Likewise, it was recently described that CD70 

expression is driven by hypoxia-inducible factor a in clear renal cell carcinoma (25). We 
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also found a strong induction of membrane CD70 expression upon CDDP treatment, 

which was similar to the effect of CDDP under normoxic condition. Finally, we could 

trigger efficient NK cell mediated killing following treatment of CDDP and aCD70 

indicating that hypoxia is not a limiting factor for this promising combination strategy.  

In conclusion, we have identified a novel mechanism to treat patients with non-small cell 

lung cancer. The administration of CD70-targeted therapy with the first-line 

chemotherapeutic agent, cisplatin, showed a strong synergistic effect, even when 

administered at low doses. Therefore, this combination regimen has the exciting potential 

to increase tumor-specific cytotoxicity and reduce drug-related side effects in patients with 

very little therapeutic options. Finally, due to the expression patterns of CD70, this study 

might also pave the way for improved treatment options in other tumor types.  
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SUPPLEMENTARY MATERIAL & METHODS 

METHYLATION STATUS OF CD70 PROMOTOR REGION 

PYROSEQUENCING. Cells were treated with vehicle or 7 µM CDDP for 24h. DNA 

was isolated 24h post-treatment using the ‘GenElute™ Blood Genomic DNA Kit’ (Qiagen, 

Venlo, The Netherlands). Bisulphite conversion was achieved using Epitect Fast DNA 

bisulphite kit (Qiagen), following the instructions of the manufacturer. Bisulphite-

converted DNA was then used as a template for PCR. The primer sequences and PCR 

conditions are summarized in Supplementary Table 4.2. Amplification was carried out using 

the PyroMark PCR kit (Qiagen), following the instructions of the manufacturer. Next, 

biotin-labeled PCR products were captured with Streptavidin Sepharose beads (GE 

healthcare, UK) and made single stranded using a pyrosequencing vacuum prep Tool 

(Qiagen). Pyrosequencing was performed on a PyroMark Q24 instrument (Qiagen) and 

cytosine methylation was quantified using the Pyromark Q24 software. 

CYTOTOXICITY ASSAYS 

INCUCYTETM. Real-time measurement of ADCC was performed using the incuCyteTM 

(Essen Bioscience, Hertfordshire, United Kingdom). NCI-H1975 cells were seeded at 

5x103 cells/well, incubated overnight and exposed to 7 µM CDDP (IC40-value A549 cell 

line) or vehicle for 24h. One day after treatment, medium was aspirated and replaced with 

medium containing the IncuCyteTM Caspase-3/7 Apoptosis Reagent (Essen Bioscience). 

Cells were treated with aCD70 (ARGX-110, argenx BVBA, Zwijnaarde, Belgium, 0.5 µM) 

or isotype control (I5029, Sigma-Aldrich, Diegem, Belgium, 0.5 µM) in combination with 

effector (E) NK cells (E:T=5:1) and cell-death was assessed for 18h. 
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SUPPLEMENTARY FIGURES 

 

 

 

 

Supplementary Figure 4.1. Aberrations in DNA methylation of the CD70 promotor region post-
treatment. Percentage DNA methylation of NCI-H1975 cells, 24h after treatment with vehicle (0 µM) 
or CDDP (7 µM) at 4 different CpG sites in de the CD70 promotor region. Pyrosequencing was 
performed on a PyroMark Q24 instrument and cytosine methylation was quantified using the Pyromark 
Q24 software.  

 

Supplementary Figure 4.2. ADCC-effect of ARGX-110 or the combination strategy. Top: Cells 
were treated with vehicle or CDDP (24h, 7 µM). Cells were washed and aCD70 (0.5 µM) or isotype 
control (0.5 µM) was added to the medium in combination with NK cells (E/T=5/1) from healthy 
volunteers. Apoptosis was assessed 6h, 12h and 18h after sequential treatment in 4 conditions: Isotype 
control, aCD70, CDDP + isotype control, CDDP + aCD70. Apoptotic cells, labelled by the 
IncuCyteTM Caspase 3/7 fluorescent reagent, are quantified in real time using the IncuCyte® ZOOM 
live-cell analysis system. Two replicates of the same condition were measured and run in parallel with 
NK cells from three different donors. Bars represent the mean±SEM. Bottom: Representative 
IncuCyte™ images (10x) of NCI-H1975 cells, 12h after treatment with Isotype control, aCD70, 
CDDP + isotype control and CDDP + aCD70. Apoptotic cells are indicated by a blue mask.  
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SUPPLEMENTARY TABLES 

Supplementary Table 4.1. Cellular characteristics of NSCLC cell lines and IC50-values of CDDP 
monotherapy. Data on genetic aberrations retrieved from Cell Lines Project (COSMIC). 

 

Supplementary Table 4.2. CpG pyrosequencing primers. 

 

Cell line Histological subtype Genetic aberrations IC50 CDDP(µM) 

LUDLU-1 Squamous P53 mutation 5.46 ±0.93 

NCI-H1650 Adenocarcinoma P53 intron mutation  
Activating EGFR mutation 6.51±0.46 

NCI-H1975 Adenocarcinoma P53 mutation 
Inactivating EGFR mutation 19.34±1.72 

HCC827 Adenocarcinoma Activating EGFR mutation 15.95±1.37 

A549 Adenocarcinoma KRAS mutation 10.04±0.72 

Gene PCR primersa Temp Sequencing primera 

CD70 FW:5’-TGTGTTGTGTATTGGGGATATAG-3’ 
REV:5’-Biotin-ACATAATAAAACCCCATCTCTACTAA-3’ 59°C TTAGGTTGGAGTGTAG 

a Primers were designed using the Pyromark Assay Design v2.0 software (Qiagen) 
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ABSTRACT 

Recently, the immunomodulatory properties of chemotherapy in combination with 

immunotherapy have been demonstrated. Although chemotherapy has long been 

considered immunosuppressive, studies have shown that in addition to its direct cytotoxic 

effects on cancer cells, certain chemotherapeutics can elicit changes in the tumor 

microenvironment by triggering an immunogenic mode of tumor cell death. 

In this study, we have explored the potential of different chemotherapeutics (cisplatin, 

oxaliplatin and cyclophosphamide) to induce overexpression of the immunotherapeutic 

target, CD70, on NSCLC cells. Furthermore, we have assessed the immunotherapeutic 

potential of each agent by the evaluation of immunogenic cell death and its effect on 

regulatory T cell survival.  

We identified the highest induction of CD70 expression on lung cancer cells upon low 

doses of cisplatin. Furthermore, the use of cisplatin triggered the highest release of 

calreticulin and adenosine triphosphate, two hallmarks of immunogenic cell death. This 

study concludes on the use of cisplatin as the ideal chemotherapeutic agent to combine 

with CD70-targeting drugs in NSCLC. Based on our data, we postulate that this 

combination strategy is an interesting approach to reinvigorate the anti-tumor immune 

response and specifically target the malignant cells.  

 

  



½     EVALUATION OF DIFFERENT CHEMOTHERAPEUTIC AGENTS 106 

INTRODUCTION 

The conventional treatment of cancer relies upon radiotherapy and chemotherapy, two 

procedures that theoretically mediate their therapeutic strength solely by their direct 

cytotoxic effects on cancer cells (1). However, over the past few years the involvement of 

the immune system has been suggested to have a role in their clinical efficacy whereby 

certain chemotherapeutics seem capable of eliciting changes in the tumor 

microenvironment that render cells more sensitive to an efficient immune cell attack (2). 

The concept of immunogenic cell death (ICD) has emerged as a cornerstone of therapy-

induced anti-tumor immunity and relies on the coordinated emission of a series of damage-

associated molecular patterns (DAMPs), including the exposure of calreticulin (CALR), 

release of the non-histone chromatin-binding protein high mobility group box 1 (HMGB1), 

secretion of adenosine triphosphate (ATP) and immunostimulatory cytokines (3-

5).Thereby, ICD makes the cells ‘visible’ to the immune system, in particular to dendritic 

cells (DCs), resulting in the priming of a robust antigen-specific immune response. 

Although most chemotherapeutic agents kill tumor cells through a morphologically 

indistinguishable apoptotic pathway, they differ in their capacity to stimulate immunogenic 

cell death (1). Hereby, oxaliplatin (OX) has been identified as bona fide ICD- inducers. 

Another key player in suppressing anti-cancer immune responses are the regulatory T cells 

(Tregs). It has been demonstrated that the use of low doses of the chemotherapeutic agent 

cyclophosphamide (CPA) can reduce Treg accumulation and inhibit their suppressive 

function (6, 7). Therefore, CPA has also emerged as a clinically feasible agent to combine 

with immunotherapy (8).  
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The expression of CD70, a member of the tumor necrosis factor family (TNF), is normally 

restricted to activated T and B cells and mature DCs (9). In contrast, we have previously 

revealed constitutive overexpression of CD70 on malignant cells in 16% of NSCLC tumor 

specimens (10). The absence of CD70 overexpression on normal tissue and the 

overexpression on tumor cells, makes CD70 an interesting target for antibody-dependent 

cellular cytotoxicity (ADCC)-inducing antibodies, such as ARGX-110 (11). Furthermore, it 

has been described that the overexpression of CD70, through its receptor CD27, can 

facilitate immune evasion by increasing the amount of suppressive Tregs, inducing T cell 

apoptosis and skewing T cells towards a T cell exhaustion profile (12-15). Although we 

believe that CD70-targeting therapy holds great potential as monotherapy, this strategy 

would only be applicable to patients with CD70-positive tumors. Recently, we have 

demonstrated that low doses of cisplatin (CDDP) can induce CD70 overexpression on 

NSCLC cells. Moreover, this resulted in an increased ADCC-effect of ARGX-110, 

postulating that this combination strategy is an interesting approach to increase tumor-

specific cytotoxicity and reduce drug-related side effects. 

In this study, we have evaluated three chemotherapeutic agents to conclude on the ideal 

agent to combine with anti-CD70 therapy. Therefore, we have assessed CD70 protein levels 

following treatment with CDDP, OX and CPA. We have also examined the ability of these 

chemotherapeutics to trigger immunogenic cells death in NSLC cell lines. Finally, we have 

evaluated the effect of treatment on T cells with an additional emphasis on Tregs.  
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METHODS 

CELL LINES AND CELL CULTURE 

The human NSCLC cell lines NCI-H1975, NCI-H1650 and A549 were purchased from 

the American type cell culture collection (ATCC, Rockville MD, USA). The A549 cell line 

was cultured in DMEM supplemented with 10% fetal bovine serum (FBS), 1% 

penicillin/streptomycin and 1% L-glutamine (Life Technologies, Merelbeke, Belgium). 

NCI-H1975 and NCI-H1650 cells were cultured in RPMI supplemented as described above 

with addition of 1mM sodium pyruvate (Life Technologies). Cells were grown as 

monolayers and were maintained in exponential growth at 5% CO2/95% air in a humidified 

incubator at 37°C. Cell cultures were regularly tested for absence of mycoplasma using the 

MYCOALERT® Mycoplasma detection kit (Lonza, Verviers, Belgium). 

THERAPEUTICS 

CDDP and OX were obtained from (Selleckchem, Munich, Germany). CPA must be 

metabolically converted into the active 4-hydoxylated intermediate by liver enzymes. 

Therefore, to assess effects of CPA in vitro, experiments were conducted with mafosfamide 

(MF, D-17272, NIOMECH, IIT GmbH, Bielefeld, NRW, Germany), a CPA derivate that 

rapidly generates 4-hydroperoxycyclophosphamide after aqueous dissolution. MF was 

diluted in dimethyl sulfoxide (DMSO) and stored at -20°C, further dilutions were prepared 

in phosphate buffered saline (PBS). Sterile PBS was added to control samples. 

SULFORHODAMINE-B (SRB) ASSAY. 

To evaluate cytotoxicity of the different chemotherapeutics, cells were seeded in 96-well 

plates, incubated overnight and treated for 24h with CDDP (0-20 µM), OX (0-50 µM) or 
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MF (0-50 µM), as single agent. Forty-eight hours after treatment, cell monolayers were fixed 

with 10% trichloroacetic acid for 1h at 4°C and stained with 100 µl 0.1% SRB, as previously 

described (16). The IC20, IC40 and IC50 value, the concentration of the drug that leads to 

20%, 40% and 50% growth inhibition respectively, was calculated using the WinNonlin 

software (Pharsight, CA, USA). All experiments were performed at least in triplicate.  

ANALYSIS OF MEMBRANE CD70 EXPRESSION LEVELS 

Cells were treated with the IC40-value of the chemotherapeutic agent or vehicle for 24h. 

Cells were washed and examined for membrane CD70 expression by flow cytometry using 

a PE-conjugated anti-human CD70 antibody (15 min, RT, Clone Ki-24, Becton Dickinson, 

Erembodegem, Belgium). Dead cells were excluded from analysis by staining with 7-amino-

actinomycin D (7-AAD). The signal for aspecific binding was subtracted from the 

measured fluorescence intensities (=∆MFI). Flow cytometric data was acquired on a BD 

AccuriTM C6 instrument (BD) and analyzed using FlowJo v10.1 software.  

ANALYSIS OF IMMUNOGENIC CELL DEATH 

CALR EXPRESSION. Cells were treated with the IC50-value of each chemotherapeutic 

agent or vehicle for 48h. Cells were examined for membrane CALR expression by flow 

cytometry using a AF488-conjugated anti-human CALR antibody (1/100, 40 min, 4°C, 

Clone EPR3924, Abcam, Cambridge, United Kingdom). Dead cells were excluded from 

analysis by staining with Propidium iodide (PI). Isotype control was included to encounter 

for aspecific staining. The appropriate isotype-matched controls were purchased from 

Abcam. Flow cytometric data was acquired on a BD AccuriTM C6 instrument (BD) and 

analyzed using FlowJo v10.1 software 
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ATP SECRETION. Cells were treated with the IC50-value of each chemotherapeutic agent 

or vehicle for 24h. Thereafter, supernatant was collected, centrifuged and stored at -80°C. 

ATP levels, were assessed with the ATP Bioluminescent Assay kit (Sigma Aldrich, Overijse, 

Belgium), according to the instructions of the manufacturer and measured using the 

VICTORTM X5 Multilabel Plate reader (PerkinElmer, Zaventem, Belgium).   

MULTICOLOR FLOW CYTOMETRY FOR DETECTION OF TREGS 

Peripheral blood mononuclear cells (PBMCs) were obtained by Ficoll-paque gradient 

separation from one buffy coat (Blood transfusion center, Mechelen, Belgium). Next, CD4+ 

T cells were directly isolated by immunomagnetic bead selection (Miltenyi	Biotec, Leiden, 

The Netherlands) and co-cultured with NCI-H1975 cells (Effector/target= 3/1). Twenty-

four hours later, cells were treated with the concentration of CDDP, OX or MF that 

induced 40% less cell survival in NCI-H1975 cells, as determined by SRB. After 6 days, 

flow cytometric analysis was performed to identify the amount of naturally occurring Tregs 

(nTregs) and induced Tregs (iTregs) by the following procedure: after overnight incubation 

with BD GolgiplugTM (Becton Dickinson), cells were stained with fluorophore-conjugated 

antibodies to CD3, CD4, CD25, CD127, CD27 (Becton Dickinson) and Fixable Violet 

Dead Stain (Thermo Fisher Scientific, Erembodegem, Belgium) for 20 min at RT, followed 

by fixation for 30 min at 4°C and permeabilization using the FOXp3 Transcription factor 

staining buffer set (Thermo Fisher Scientific). Thereafter, cells were stained for intracellular 

tumor growth factor-b (TGF-b) (IQ products, Groningen, The Netherlands) and 

interleukin-10 (IL-10) (Biolegend, Londen, United Kingdom). Flow cytometric data was 

acquired on a BD FACSAria II instrument (BD) and analyzed using FlowJo v10.1 software. 
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RESULTS 

DOSE-RESPONSE ANALYSIS OF CDDP, OX AND MF IN NSCLC CELL 

LINES 

The cytotoxicity of three chemotherapeutic agents was assessed in a panel of NSCLC cell 

lines, varying in genetic aberrations and histological subtype. Cells were treated with CDDP 

(0-20 µM), OX (0-50 µM) or MF (0-50 µM) for 24h and chemosensitivity was assessed by 

the SRB assay (Table 5.1 and Figure 5.1).  

Table 5.1: Inhibitory concentrations (IC) of cisplatin (CDDP), oxaliplatin (OX) and 
mafosfamide (MF) treatment in NSCLC cell lines. 

	

For CDDP treatment, NCI-H1650 (IC50: 6.51 ± 0.46 µM) cells were most sensitive to 

treatment followed by A549 cells (IC50: 10.04 ± 0.72 µM). NCI-H1975 (IC50: 19.34 ± 1.72 

µM) cells were most resistant to CDDP treatment (Figure 5.1A). Instead, OX caused the 

highest growth inhibition in A549 cells (IC50: 3.17±1.29 µM), whereas NCI-H1650 (IC50: 

30.06±3.55 µM) and NCI-H1975 (IC50: 45.97±8.77 µM) appeared significantly more 

resistant to treatment (Figure 5.1B). Treatment with MF, the active metabolite of CPA, 

resulted in comparable dose-response curves over all cell lines whereby the strongest effect 

could be observed in NCI-H1975 (IC50: 14.24±0.09 µM) followed by NCI-H1650 (IC50: 

18.27±0.47 µM) and A549 cells (IC50: 24.37±0.55 µM) (Figure 5.1C). These data 

Cell line CDDP OX MF 

 IC20 (µM) IC40 (µM) IC50 (µM) IC20 (µM) IC40 (µM) IC50 (µM) IC20 (µM) IC40 (µM) IC50 (µM) 

NCI-H1650 0.32 2.69 6.51±0.46 5.34 18.13 30.06±3.55 9.00 14.85 18.27±0.47 

A549 3.48 7.22 10.04±0.72 0.40 1.72 3.17±1.29 9.87 18.71 24.37±0.55 

NCI-H1975 8.65 15.28 19.34±1.72 3.71 22.02 45.97±8.77 6.1 11.11 14.24±0.09 
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demonstrate different mechanisms of action in all three chemotherapeutics with divergent 

sensitivity to NSCLC cell lines.  

Figure 5.1: Dose-response curves of different chemotherapeutics in NSCLC cell lines. Survival 
curve after 24h of treatment with (A) cisplatin (CDDP, 0-20 µM), (B) oxaliplatin (OX, 0-50 µM) and 
(C) mafosfamide (MF, 0-50 µM) in the NCI-H1975, A549 and NCI-H1650 cells. Graphs represent 
mean±SD (N=3).  

	

CHEMOTHERAPY-MEDIATED EFFECTS ON CD70 EXPRESSION 

LEVELS  

To evaluate the effect of each chemotherapeutic agent on membrane CD70 levels, NCI-

H1650, A549 and NCI-H1950 cells were selected based on their aberrations in baseline 

expression levels: CD70-, CD70+ and CD70++ respectively. Cells were treated for 24h with 

CDDP, OX or MF and assessed for membrane CD70 protein levels by flow cytometry. As 

displayed in Figure 5.2, CDDP induced (measured by % overton) the highest percentage 

of CD70+ cells in all cell lines tested. In the A549 cells, CDDP treatment induced CD70 
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expression in 62.8% of cells as compared to untreated cells. On the other hand, OX and 

MF only affected 23.3% and 44.2% of the cells, respectively.  

Figure 5.2: CD70 expression by different chemotherapeutics in NSCLC cell lines. Membrane 
CD70 expression levels in (A) NCI-H1975, (B) A549 and (C) NCI-H1650 cells, 24h post-treatment 
with the IC40-value of cisplatin (CDDP), oxaliplatin (OX), mafosfamide (MF) or the combination of 
CDDP with the IC20 of MF. Graph represents Overton (left) and ∆ mean fluorescence intensity (∆MFI) 
(right) of two independent experiments (mean±SD).  

 

Finally, the addition of low doses of MF to CDDP treatment did not add to the effect on 
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treatment also increased the CD70 protein levels on a per cell basis, as measured by the ∆ 

mean fluorescence intensity (∆MFI). Thereby, also the strongest increase in MFI could be 

demonstrated following CDDP treatment. OX showed the smallest increase in CD70 MFI 

levels in 2 out of the 3 cell lines. In summary, CDDP treatment provoked the strongest 

effect on membrane CD70 protein levels in NSCLC cell lines.  

EFFECT OF INDUCTION OF IMMUNOGENIC CELL DEATH 

Under certain conditions, apoptotic cells have been shown to elicit DAMPs that can 

stimulate the anti-tumor immune response. Here, we wanted to investigate these molecular 

hallmarks on chemotherapy-induced cancer cell death in NSCLC cell lines. Therefore, we 

first examined the effect of treatment on cell viability of the A549 cells by exposing them 

to increasing doses of CDDP, OX and MF (0-40 µM). As displayed in Figure 5.3A, CDDP 

treatment powerfully increased the percentage of death cells in a dose-dependent matter. 

On the other hand, the highest concentrations of OX and MF could not elicit more than 

22% and 25% cell death, respectively. We next investigated whether the three 

chemotherapeutics would be able to stimulate the release of the immunogenic cell death 

marker, CALR in pre-apoptotic cells. Despite sharing similar structures, OX but not CDDP 

has been shown to elicit exposure of Ecto-CALR on murine colon cancer cell line CT26. 

Surprisingly, in the human A549 cells, CDDP was found to be the only chemotherapeutic 

agent that could efficiently trigger CALR exposure in a dose-dependent matter (Figure 

5.3B). To more proficiently compare the effect of CDDP, OX and MF on CALR exposure, 

we treated the A549 and NCI-H1975 cells with the concentration that provoked 50% less 

cell survival as determined by the SRB assay (Fig 5.4). In the NCI-H1975 cells, CDDP as 

well as OX were capable of translocating CALR to the membrane to a similar extend. MF 
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showed significantly less marked effects on the translocation of CALR to the membrane. 

None of the three chemotherapeutic agents showed noticeable CALR exposure in the NCI-

H1650 cells (data not shown).  

 

Figure 5.3: Dose-response curves and calreticulin (CALR) exposure by different 
chemotherapeutics in A549 cells. (A) Percentage cell death and (B) CALR exposure after 48h of 
treatment with cisplatin (CDDP, 0-40 µM), oxaliplatin (OX, 0-40 µM) or mafosfamide (MF, 0-40 µM). 

	

Autophagy is also obligatory for cell death to be perceived as immunogenic and can be 

traced by the secretion of ATP. To investigate whether chemotherapeutic treatment was 

able to induce the release of ATP from NSCLC cells, a luciferase-based reaction assay was 

employed. Again, CDDP treatment could provoke the highest extracellular release of ATP 

in all cell lines tested. In conclusion, CDDP treatment could efficient trigger the release of 

two hallmarks for immunogenic cell death in NSCLC. 
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Figure 5.4: CALR exposure and ATP secretion by different chemotherapeutics in NSCLC cell 
lines. Membrane CALR expression (left) and ATP secretion (right) after 24h of treatment with the 
IC50 of CDDP, OX and MF in the NCI-H1975 and A549 cells. Graphs represent mean±SD (N=3).  

 

TREATMENT ON REGULATORY T CELLS (TREG) 

Finally, we investigated whether OX, MF and CDDP treatment could affect the induction 

or accumulation of Tregs, key players in the immunosuppressive tumor microenvironment. 

Therefore, NCI-H1975 cells were co-cultured with CD4+ T cells and subsequently treated 

with the IC40-value of CDDP, OX or MF. Six days, after start of the experiment, effects on 

CD4+ T cells were determined by flow cytometry (Figure 5.5). Interestingly, medium doses 

of MF treatment (6.1µM, as demonstrated in Table 5.1) strongly affected T cell viability, 

with only 4% of T cells surviving MF treatment. Treatment with CDDP and OX on the 

other hand had no effect on T cell viability.  
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Figure 5.5: Effect of CDDP, OX and MF on specific T cells subsets. NCI-H1975 cells were co-
cultured for 6 days with CD3+CD4+ T cells (N=1). Afterwards, T cells were analyzed with a multicolor 
panel on a BD FACSAria II system. Graphs represent the (A) percentage live T cells, (B) (naturally 
occurring Tregs (nTreg) and (C-D-E) induced Tregs (iTreg) within CD4+ T cells.  
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frequency of iTreg, only when treated with CDDP. Treatment of OX led to a strong 

increase in this subet of cells, especially within the TGF-b+ T cell subset. In conclusion, 

these results demonstrate the detrimental effects of medium doses of MF on T cell survival. 

On the other hand, these data suggest beneficial effects of CDDP treatment on the T cell 

response by the reduction of iTreg amounts.  

DISCUSSION 

In this work, we aimed to characterize the ideal combination strategy for the 

immunotherapeutic target, CD70. Recent studies have demonstrated that specific 

chemotherapeutic agents can have immunomodulatory effects, through the stimulation of 

ICD. We could demonstrate the highest capacity of CDDP treatment to trigger CALR 

exposure and ATP secretion, two hallmarks for ICD, in NSCLC cell lines. In addition, we 

reveal the strongest induction of CD70-positive cells after CDDP treatment, supporting 

the use of CDDP and anti-CD70 therapy as an interesting combination strategy for 

NSCLC. 

Recently, we have identified overexpression of the immunotherapeutic target, CD70, on 

malignant cells in primary NSCLC specimens. Moreover, CD70 appeared absent from 

normal epithelial tissue, making it an interesting molecule to specifically target the tumor 

cells with antibody-drug conjugates or ADCC-inducing antibodies directed to CD70 (17). 

Nonetheless, this would only be applicable to a small subset of patients with CD70-

expressing tumor cells. In a previous report, we demonstrated an induction of CD70 on 

the tumor cells, following treatment with CDDP, the first-line chemotherapeutic agent in 
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NSCLC (18). Here, we have compared the membrane CD70 protein levels after CDDP 

treatment with the effects of OX and MF. Interestingly, MF and OX could not increase 

CD70 expression to the same extent as CDDP. The underlying mechanism for these 

discrepancies in CD70 induction are still unknown, yet we did demonstrate that increase in 

CD70 protein levels was dependent on increased CD70 mRNA levels and could not be 

attributed to differences in the methylation status of the CD70 promotor region (18). As 

such, chemotherapy might alter the binding site for important transcription factors to the 

CD70 promotor region. It is evident that treatment with different chemotherapeutics 

results in the activation of different complex signaling cascades, resulting in the activation 

of different transcription factors. Thereby, OX induces notably different cascades than 

CDDP. One such example is activating protein-1 (AP-1). AP-1 is a family of transcription 

factors composed of heterodimers of a JUN family member and a FOX family member 

that can bind the CD70 promotor region (19). Moreover, an increase in AP-1 DNA binding 

activity has been specifically implicated in CDDP resistance (20, 21). As such, inhibiting 

AP-1 has arisen as an interesting way to overcome CDDP resistance. We postulate that the 

observed induction of CD70 expression upon CDDP treatment might therefore mark these 

CDDP resistance cells and that CD70-targeting drugs might be an alternative approach to 

overcome CDDP resistance. Supporting this hypothesis, we have previously shown that 

the sequential administration of CDDP with ARGX-110, an ADCC-inducing monoclonal 

antibody (mAb) directed to CD70, significantly increased the cytotoxic effect compared to 

single treatment regimens.  

Checkpoint blockade, including CD70-targeting therapies, can yield great clinical benefit 

against several tumor types but on their own might preferentially benefit patients whose 
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tumors are pre-infiltrated by CD8+ T cells (22, 23). As briefly described in the introduction, 

anti-CD70 therapy can directly target tumor cells and “release the brake” on our immune 

system by the reduction of Treg amounts. Nonetheless, the combination with an agent that 

can” step on the gas” and induce infiltration of T cells in the tumor microenvironment 

(TME) could be more promising. The initiation of ICD has recently been considered a very 

promising candidate in that regard. Molecularly, ICD is characterized by the induction of 

at least four distinct DAMPs: exposure of CALR on the membrane, secretion of ATP, 

release of HMGB1 and production of type I and II interferons (IFN) (24). Therefore, 

CDDP, OX and MF were evaluated on the release of DAMPs implicated in ICD. Previous 

studies reported the failure of the platinum drug CDDP to initiate ICD by itself, despite its 

similarities in structure and function to the bona fide ICD-inducer OX (25). Thereby, 

CDDP was found to efficiently trigger HMGB1 and ATP release, yet was unable to induce 

a full endoplasmic reticulum (ER) stress response needed for pre-apoptotic CALR 

exposure (26). Martins et al. revealed that CDDP failed to stimulate activation the PERK-

dependent phosphorylation of eIF2a, which is a key event to stimulate the ER stress 

response. Surprisingly, in our results, the strongest stimulation of Ecto-CALR was triggered 

by CDDP treatment which is in sharp contrast with the aforementioned results. 

Nonetheless, the absence of CALR exposure following CDDP treatment was found in the 

CT26, murine colon cancer model. Guo et al. already reported eIF2a phosphorylation in 

response to CDDP in a NSCLC background (27). Another possible explanation for the 

discrepancy between our study and the previous results on CDDP could be the secretion 

of high amounts of IL-8 by human NSCLC cell lines, such as the A549 cells (28, 29). 

Tesniere et al. found that CDDP was converted into an ICD inducer by exogenous co-

administration of Cxcl2 (ortholog of the human pro-inflammatory cytokine/chemokine IL-
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8) (25, 30). It is therefore apparent that cell-type dependent differences exist and CDDP 

does hold promise as ICD inducer, especially in the light of NSCLC.  

Similar to anti-CD70 therapy, CPA has also been implicated as an interesting agent to 

decrease the amount of suppressive T cells (31). In this study, we wanted to evaluate the 

effect of MF and the two-other chemotherapeutics on Treg amounts. Supporting 

previously reported data, our experiments revealed a decrease in naturally occurring Tregs 

following treatment with MF. However, MF significantly affected all CD4+ T cells and 

decreased cell survival with over 90%. It has been reported that the dose, timing and 

sequence of CPA plays an important role in its effect of the immune system. Thereby, high 

doses of CPA lead to apoptosis of both tumor and lymphoid cells (7, 31). On the other 

hand, low doses can enhance the immune response since Tregs don’t have the ability to 

detoxify CPA metabolites, rendering them more sensitive to its cytotoxic effects than other 

T cells (6). Therefore, in a next set of experiments, the immunotherapeutic potential of 

lower doses of CPA (i.e. IC20-value) should be investigated in NSCLC. Another interesting 

approach could be the combination of low doses of CPA, together with CDDP treatment. 

Our results demonstrated a decreased amount of induced regulatory T cells, another major 

population of Tregs, following treatment with CDDP, whereas the opposite was 

demonstrated with OX treatment. Also, the combination of CDDP and MF resulted in 

similar enhanced CD70 protein levels as single treatment with CDDP. Finally, the use of 

CDDP could induce the release of DAMPs that play an important role in immunogenic 

cell death.  

The main goal of this study was to determine the ideal chemotherapeutic agent for the 

immunotherapeutic target CD70. Based on our results regarding CD70 expression and the 
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induction of immunogenic cell death. We can conclude on the use of CDDP as the perfect 

match for anti-CD70 therapy in NSCLC. 
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ABSTRACT 

Colorectal cancer (CRC), as one of the most prevalent types of cancer worldwide, is still a 

leading cause of cancer related mortality. There is an urgent need for more efficient 

therapies in metastatic disease. Immunotherapy, a rapidly expanding field of oncology, is 

designed to boost the body's natural defenses to fight cancer. Of the many approaches, 

currently under study to improve anti-tumor immune responses, immune checkpoint 

inhibition has thus far proven to be the most effective. This review will outline the 

treatments that take advantage of our growing understanding of the role of the immune 

system in cancer, with a particular emphasis on immune checkpoint molecules, involved in 

CRC pathogenesis.  
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INTRODUCTION 

Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide, with 

almost 1.4 million new cases in 2012 (1). Patient survival is highly dependent on the tumor 

stage at the time of diagnosis. Only 40% of CRC cases are diagnosed at an early stage and 

approximately 50% of recently diagnosed patients will progress to metastatic cancer (2). 

The overall 5-year survival of CRC patients is close to 65% ranging from 90% for patients 

with localized disease to 70% and 13% for patients with localized lymph node metastases 

or organ metastases, respectively (2). Although surgery remains the cornerstone in the 

treatment of this disease, 30-40% of patients have loco-regionally advanced or metastatic 

disease that cannot be cured by surgery alone (3). Hence, patients at increased risk of disease 

recurrence and patients with metastatic disease receive adjuvant chemotherapy. Despite the 

recent progress in diagnosis and treatment, including the introduction of targeted therapies, 

the prognosis of these advanced CRC remains poor (4).  

Advances in molecular biology have helped to elucidate some of the genetic mechanisms 

leading to colorectal carcinogenesis. Most CRC cases are due to sporadic genetic and/or 

epigenetic changes, but up to 10–20% of all CRC cases have a familial component (2). 

There are three major molecular mechanisms that cause aberrant gene expression in CRC: 

microsatellite instability (MSI), chromosomal instability (CIN), and the CpG island 

methylator phenotype (CIMP) (2, 5). Accumulating evidence suggests that tumor 

progression is governed not only by genetic changes intrinsic to cancer cells but also by 

environmental factors. Hence, in addition to genetic mutations and TNM staging, a 

quantitative assessment of immune cells that infiltrate the tumor tissue and peritumoral 

areas has been proposed as an independent outcome predictor (4). Increased understanding 
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of the immune tumor microenvironment has allowed for investigation into novel immune-

based biomarkers and the development of new agents that target immune pathways for 

therapy (6). Among the most promising approaches are the blockade of immune 

checkpoint molecules to activate anti-tumor immunity (7). Therefore, this review will 

outline the treatments that take advantage of our growing understanding of the role of the 

immune system in cancer, particularly highlighting immune checkpoint blockade in CRC.  

ANTI-TUMOR IMMUNITY IN CRC 

IMMUNE SURVEILLANCE AND IMMUNOEDITING 

Through immune surveillance, the body can effectively recognize and eliminate cancerous 

cells prior to clinical expression (6, 8). In humans, the role of immune surveillance was first 

suspected with the observation of increased occurrence of cancer in patients with 

immunodeficiency. This concept of immune surveillance has long been questioned, until it 

was finally demonstrated in animal models by Shankaran et al. (9). The selection pressure 

exerted by the immune system on tumor cells allows resistant clones to escape immune 

surveillance in a process known as immunoediting (6, 8). This reciprocal relationship 

between immune cells and cancer cells occurs in three phases: the immune surveillance 

period, the latency period, corresponding to a state of equilibrium, and the phase of immune 

escape, allowing tumor progression and clinical expression (8). Hence, this complex 

interaction between tumor cells and the local immune response results in a balance between 

tumor-promoting and tumor-controlling effects and calls for a close collaboration between 

cells of the innate immune system and cells of the adaptive immune system (3). 
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INNATE IMMUNITY  

Innate immunity is the first line of defense for the anti-tumor immune system. Innate 

immune cells have specialized surface receptors that recognize tumor specific antigens on 

cancer cells. Recognition initiates an inflammatory cascade leading to antigen presentation 

by dendritic cells (DCs) and macrophages to T cells, activating an adaptive immune 

response. Basically, the innate immune system recognizes tumor specific antigens on the 

surface of cancer cells in a similar way as the recognition of non-self pathogens (6).  

Natural killer (NK)-cells are one of the key cell types involved in immune surveillance (6). 

They do not express antigen specific receptors but are able to eliminate neoplastic cells in 

the absence of certain major histocompatibility complex (MHC) molecules on target cells 

(3, 10).  NK cells may also exert a cytotoxic effect against cancer cells through other 

mechanisms such as antibody dependent cell mediated cytotoxicity (ADCC) and secretion 

of cytokines, including interferon (IFN)-γ, leading to the activation of other inflammatory 

cells, including macrophages and DCs (see below) (6, 10). In CRC, an extensive 

intratumoral infiltration of NK cells has been reported to be associated with a better 

prognosis (11, 12).  

Natural killer T (NKT) cells share characteristics of both T cells and NK cells by co-

expressing an αβ T cell receptor and a variety of molecular markers that are typically 

associated with NK cells. NKT cells recognize glycolipid antigens like α-galactosylceramide 

presented by CD1d, an MHC class I-like molecule that binds self and foreign (glycol)lipids. 

When activated, NKT cells secrete abundant pro-inflammatory cytokines (such as 

interleukin-2 (IL-2), IFN-γ, tumor necrosis factor-a (TNF-a) and IL-4) and effector 

molecules involved in cell death (such as perforin, Fas-ligand and TRAIL). Similar to NK 
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cells, increased tumor infiltration of NKT cells seems to be associated with a better 

prognosis in CRC (8).  

Recruited macrophages and DCs phagocytose tumor cells and can then present tumor-

associated antigens (TAAs) on their surface (6). DCs form a network of antigen-presenting 

cells (APCs) that shape immune responses by linking innate and adaptive immunity. In 

order to instruct naïve T cells into the required functional profile, DCs must present tumor 

antigens via MHC class I and II molecules, express costimulatory ligands, and secrete 

inflammatory mediators such as IL-12 or type I IFNs (13). Macrophages, at their turn have 

Fc receptors on their surface and mediate ADCC. Tumor infiltrating macrophages (TIM) 

can be divided into two subtypes. M1 TIM secrete high levels of nitric oxide synthase, pro-

inflammatory molecules (IL-6, IL-12, IL-13 and TNF-α) and promote adaptive immunity 

through increased expression of MHC and costimulatory molecules (8, 10). In contrary, M2 

TIM produce arginase, immunosuppressive cytokines [IL-10 and transforming growth 

factor (TGF)-β and prostaglandin E2] and promote angiogenesis via production of vascular 

endothelial growth factor (VEGF) thereby promoting tumor progression. Tumor 

associated macrophage (M2-polarized) infiltration into the tumor microenvironment is 

generally considered a poor prognostic marker in several tumor types. Conversely, their 

role in CRC is controversial with numerous studies indicating a better outcome in CRC 

patients (14-16), while others state the opposite (17). 

ADAPTIVE IMMUNITY  

Adaptive immunity is responsible for a long-term specific anti-tumor immune response, 

including immune memory related to a prior immune challenge (8, 10). Briefly touching 

upon adaptive immune cells, B cells play a major role in humoral adaptive immunity and 
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are involved in sustaining long-term immunity (3, 10). Tumor-infiltrating B cells can also 

sustain and enhance T cell responses by producing antibodies, stimulatory cytokines, and 

chemokines in addition to functioning as a local APC.  

T cells recognize the signaling complex comprised of an αβT cell receptor dimer, CD4 or 

CD8 accessory molecules and CD3 along with the peptide antigen presented in the context 

of MHC class I and II molecules (3, 10). CD4+ T cells recognize class II MHC molecules 

presented on APC whereas CD8+ T cells identify class I MHC molecules expressed on 

several cell types (10). Activation of T cells requires 3 signals: recognition of tumor cell 

antigen, activation of costimulatory molecules (CD80/CD28, CD40/CD40L), and binding 

of cytokines (IL-1, IL-2, IL-6, IL-12, IFN-γ) (8). Upon activation, CD4+ T cells can 

modulate the anti-tumor immune response. Depending on the cytokine profile produced 

by the effector cells, CD4+ T cells are subdivided in different T helper (Th) subsets, each 

secreting specific cytokines (3). Th1 cells secrete cytokines, such as IL-2 and IFN-γ that 

promote anti-tumor immune response by cytotoxic T lymphocytes. In contrast, Th2 cells 

secrete IL-4, IL-5 and IL-13, promote IgE synthesis and are believed to favor tumor growth 

(8, 10). The most recent addition to effector Th subsets is Th17 cells which develops from 

naïve CD4+ T cells in the presence of TGF-β, IL-6, and IL-1β and are maintained long-

term in the presence of IL-21 and IL-23. In addition to producing IL-17A, Th17 cells can 

produce IL-17F, IL-21, IL-22, IFN-γ, and granulocyte-macrophage colony-stimulating 

factor (GM-CSF) (18). Th17 cells play a complex and controversial role in tumor immunity, 

either promoting or suppressing tumor growth depending on the malignancy and on the 

therapeutic intervention investigated. Recent findings also point to significant alterations in 

Th17 cells due to their interplay with cytotoxic CD8+ T cells and regulatory T lymphocytes 

(Tregs) within the tumor microenvironment (19).  
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Tregs - of which the best characterized subpopulation expresses CD4, CD25 and FOXp3-

function as checkpoint regulators to maintain immune self-tolerance and suppress immune 

effects against self-antigens (8, 10). This means that TAAs themselves may induce an 

increased number of intra-tumoral Tregs in varying tumor types, including CRC, supporting 

a role for Tregs in cancer-induced immunosuppression. Hence, targeting Tregs might have 

an important impact on immunotherapeutic anti-cancer strategies and the clinical outcome 

of cancer patients (3). Activated CD8+ T cells can expand clonally and differentiate into 

“killer lymphocytes” which will recognize and lyse tumor cells using granule exocytosis and 

formation of FAS ligand. While most cytotoxic T lymphocytes (CTLs) die through 

apoptosis following effectuation of their killer function, some become long-lived memory 

cells (3). Pronounced lymphocyte infiltration has been described in CRC, is more present 

in MSI tumors and is reported to be associated with a better clinical course (20). T cell 

activation is regulated by a balance between costimulatory and inhibitory signals (that is, 

immune checkpoints). Under normal physiological conditions, immune checkpoints are 

crucial for the maintenance of self-tolerance. Conversely, tumors are capable of 

deregulating the expression of these immune checkpoint proteins as an important immune 

resistance mechanism (21). 

IMMUNE CHECKPOINTS IN CRC 

A major turning point in cancer immunotherapy came with the clinical application of 

antibodies that block immune checkpoints (22). Blockade of these inhibitory co-receptors 

and pathways, which restrain T cell functions in normal physiologic settings and are being 

exploited by tumors, might “release the brakes” on immune responsiveness leading to 
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tumor elimination (23). On the other hand, numerous immune checkpoints that enable 

“stepping on the gas” of immune responsiveness have been identified. In this section, we 

will discuss emerging immune checkpoints in CRC pathogenesis (Figure 6.1). 

 

Figure 6.1: Overview of immune checkpoint molecules involved in CRC pathogenesis. CD, 
Cluster of differentiation; COX2, Cyclo-oxygenase-2; CTLA-4, Cytotoxic T lymphocyte antigen-4; 
GAL9, Galectin-9; GITR, Glucocorticoid-induced TNFR-related protein; LAG-3, Lymphocyte 
activation gene-3; MHC, Major histocompatibility complex; PD-1, Programmed death-1; PD-L, 
Programmed death ligand; PGE2, Prostaglandin E2; TCR, T cell receptor; TIM-3, T cell 
immunoglobulin and mucin containing protein-3.   

PD-1/PD-L1 

Programmed death-1 (PD-1, also known as CD279) is a co-inhibitory receptor that is 

inducibly expressed on CD4+ T cells, CD8+ T cells, NKT cells, B cells and 

monocytes/macrophages (24). Known ligands of PD-1 include PD-L1 (B7-H1) and PD-

L2 (B7-DC). PD-L1 is constitutively expressed on a wide variety of immune cells and non-

immune cells whereas for PD-L2 this expression can be induced, depending on 

microenvironmental stimuli (25). This pathway has been implicated in tumor immune 

evasion, due to the upregulation of PD-1 on tumor-infiltrating lymphocytes (TILs) and 

increased expression of its ligands on tumor cells, leading towards suppression of tumor-
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specific CD8+ T cells. Furthermore, this pathway has been associated with T cell exhaustion 

in cancer as defined by impairment of proliferation, cytokine production and cytotoxicity 

(26). To overcome this immunosuppression, blocking monoclonal antibodies (mAbs) 

against PD-1 and PD-L1 are emerging and have shown durable responses in metastatic 

solid tumors.  

A role for this pathway in CRC pathogenesis was first shown by the correlation of single 

nucleotide polymorphisms in the PD-1 gene with CRC in a Chinese population (27), as well 

as with colon cancer in Iranians (28). Thereafter, PD-1 was shown to be markedly 

upregulated on CD8+ T cells in the tumor microenvironment of CRC specimens, in 

comparison to CD8+ tumor free lymph nodes. Moreover, these PD1+CD8+ T cells in the 

tumor microenvironment were associated with the impairment of cytokine and perforin 

production (26). Interestingly, the expression level of PD-L1 on CRC seemed to be the 

crucial player in this impairment of cytokine production (26). In addition, using 

immunohistochemistry (IHC), Hua D et al. revealed an inverse relationship between the 

expression of PD-L1 on CRC cells and T cell density in the tumor microenvironment (29). 

Next to the reduction in T cells, an expansion of Tregs could be found, marked by the high 

number of FOXp3+ cells, and a strong correlation between PDL-1+ tumor cells and worse 

prognosis (29). Also, in peripheral blood from post-surgical CRC patients, PD-1 expression 

could be demonstrated on both CD4+ and CD8+ T cells and again marked impaired T cell 

function (30). Based on these data, the blockade of PD-1/PD-L1 interaction has been 

proposed as a therapeutic strategy in CRC. Unfortunately, in a clinical setting, no objective 

clinical responses of anti PD-1 therapy (BMS936558/Nivolumab/MDX-1106) were 

observed in 19 CRC patients (31). Also in 2012, no response to therapy was seen in 18 CRC 

patients, using an antagonistic PD-L1 antibody (BMS936559/MDX-1105)(32). 
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Furthermore, a study by Droeser et al. demonstrated an association of PD-L1 expression 

with improved survival in CRC specimens (33). Moreover, a significant correlation between 

PD-L1 overexpression, infiltration of PD-1-CD8+ lymphocytes and IFN-γ gene expression 

was observed. Remarkably, this correlation could only be demonstrated in a subset of CRC 

patients, marked by mismatch-repair (MMR) proficient tumors whereas no association was 

found in MMR-deficient CRC, also known as MSI (34). The idea that immune checkpoint 

blockade could be more effective in MSI CRC was further investigated by a small phase 2 

trial of Pembrolizumab, another fully human mAb targeting PD-1. Indeed, this study 

showed that MMR status predicted clinical benefit of immune checkpoint blockade with 

Pembrolizumab, with enhanced responsiveness in MSI CRC (35). Nivolumab (MDX-1106) 

was tested in patients with advanced treatment-refractory solid tumors, including 14 CRC 

patients of which one patient achieved a complete response (CR) with no evidence of 

disease recurrence after three years (23). Likewise, further studies on the tumor of this 

patient demonstrated microsatellite instability (36). The importance of the MMR status for 

response to therapy is getting more and more clear, demonstrated by the multiple active 

clinical trials with anti-PD-1 (AMP-224, PDR001, Nivolumab, Pembrolizumab, 

REGN2810, BGB-A317, MEDI0680) and anti-PD-L1 therapy (MEDI4736, MDX-1105, 

Avelumab, MPD-L3280A) enrolling more patients with MSI status (Table 6.1). Next to the 

growing landscape of mAbs, targeting the PD-1/PD-L1/L2 axis in monotherapy, different 

combination strategies are emerging in these trials using other immune checkpoint 

inhibitors (Ipilimumab), immunostimulatory molecules (Denenicokin, RO6895882, 

Lirilumab, PF-05082566), targeted therapies (Cobimetinib, Avastin) or conventional 

therapies (Stereotactic body radiation, hypofractionated radiotherapy, cyclophosphamide) 

(Table 6.1). 
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Table 6.1: Clinical trials testing immune checkpoint modulators in colorectal cancer 
(according to clinicaltrials.gov, 19th of June 2015). PD-1, Programmed death-1; PD-L1, 
Programmed death ligand-1; CTLA-4, Cytotoxic T lymphocyte antigen-4; CD, Cluster of 
differentiation; LAG-3, Lymphocyte activation gene-3; GITR, Glucocorticoid-induced TNFR-related 
protein; CTCL, Cutaneous T cell lymphoma; CRC, colorectal cancer; mCRC, metastatic CRC; MSI, 
microsatellite instability; MSI-H, MSI-high; MSI-L, MSI-low; HIV, Human immunodeficiency virus; 
KRAS, Kirsten rat sarcoma viral oncogene; NHL, non-Hodgkin lymphoma; DLBL, diffuse large B cell 
lymphoma; IL, Interleukin; KIR, killer-cell immunoglobulin-like receptor; RT, Radiotherapy; VEGF, 
vascular endothelial growth factor; MEK, mitogen-activated protein kinase kinase; EGFR, Epidermal 
growth factor receptor; CCR4, C-C chemokine receptor type 4. 

 

	

Target	 Compound	 NCT	Tracker	 Phase	 Tumor	type	 Status	 Combination	(target)	

Antagonistic	monoclonal	antibodies		

PD-1	

AMP-224	
<Amplimmun
e	

NCT01352884	 ɪ	 Advanced	solid	tumors	or	CTCL	 Completed	 	

NCT02298946	 ɪ	 mCRC	 Recruiting	
+	Stereotactic	body	RT	
+	Cyclophosphamide	

PDR001	
<Novartis	 NCT02404441	

ɪ		
ɪɪ	

Advanced	malignancies		
incl.	only	PD-L1

+
	MSI-H	CRC		

Recruiting	 	

Nivolumab	
BMS-936558	
MDX-2206	
ONO-4538	
<Bristol-
Myers	Squibb	

NCT01629758	 ɪ	 Locally	or	metastatic	solid	tumors	 Completed	 +	Denenicokin	(IL-21)	

NCT02060188	 ɪɪ	 Recurrent	and	mCRC:	MSI-H	and	MSI-L	 Recruiting	 +	Ipilimumab	(CTLA-4)	

NCT02408861	 ɪ	 HIV-associated	solid	tumors	 Not	yet	recruiting	 +	Ipilimumab	(CTLA-4)	

NCT00836888	 ɪ	
Advanced	malignant	solid	tumors	in	
Japan	

Not	yet	recruiting	 	

NCT01714739	 ɪ	 Advanced	solid	tumors	 Recruiting	 +		Lirilumab	(KIR)	

Pembrolizum
ab	
MK-3475	
<Merck	

NCT02054806	 ɪ	 Biomarker-positive	solid	tumors	 Recruiting	 	
NCT02179918	 ɪ	 Advanced	Solid	tumors	 Recruiting	 +	PF-05082566	(CD137)	

NCT02332668	
ɪ/	ɪɪ	
	

Advanced	Melanoma;	Advanced	
relapsed	PD-L1

+
	malignancies	

Recruiting	 	

NCT01876511	 ɪɪ	 MSI-H	(non)-CRC	 Recruiting	 	

NCT02460198	 ɪɪ	
Previously-treated	locally	advanced	
unresectable/MSI-H	mCRC		

Not	yet	recruiting	 	

REGN2810	
<Regeneron	 NCT02383212	 ɪ	 Advanced	malignancies	 Recruiting	

+	Hypofractionated	RT	
+	Cyclophosphamide	

BGB-A317	
<BeiGene	

NCT02407990	 ɪ	 Advanced	cancers	 Recruiting	 	

MEDI0680	
AMP-514	
<AstraZeneca	

NCT02013804	 ɪ	 Advanced	cancers	 Recruiting	 	

NCT02118337	 ɪ	 Advanced	cancers	 Recruiting	 +	MEDI4736	(PD-L1)	
	 	 	 	 	 	 	

PD-L1	

MEDI4736	
<AstraZeneca	

NCT01693562	 ɪ/	ɪɪ	 Solid	tumors	 Recruiting	 	

NCT02227667	 ɪɪ	 Advanced	CRC	 Recruiting	 	
MDX-1105	
BMS-936559	
<Bristol-
Myers	Squibb		

NCT00729664	 ɪ	
Relapsed/refractory	solid	tumors	(incl.	
CRC)	

Active,	not	
recruiting	

	

Avelumab	
MSB0010718
C	
<MerckKGaA	
and	Pfizer	

NCT01943461	 ɪ	 Metastatic/locally	advanced	solid	tumors	 Recruiting	 	

NCT01772004	 ɪ	 Solid	tumors	 Recruiting	 	

MPD-L3280A	
MSB0010718
C	
<Roche	

NCT01375842	 ɪ	 Locally/metastatic	solid	tumors	incl.	CRC	 Recruiting	 	

NCT01633970	 ɪ	
Locally	advanced	or	metastatic	solid	
tumors	
(incl.	>10	patients	with	CRC)	

Recruiting	
+	Avastin	(VEGF)	
+	Chemotherapy	

NCT02350673	 ɪ	 Metastatic/locally	advanced	solid	tumors	 Not	yet	recruiting	 +	RO6895882	(IL-2)	

NCT01988896	 ɪ	
Metastatic/locally	advanced	solid	tumors	
incl.	KRAS-mutant	mCRC	

Not	Yet	recruiting	 +	Cobimetinib	(MEK)	

	 	 	 	 	 	 	

CTLA-4	
	

Ipilimumab	
MDX-010	
YERVOY®		
<Bristol-
Myers	
Squibb	

NCT01750983	 ɪ	 Advanced	or	metastatic	cancer	 Recruiting	 +	Lenalidomide	

NCT02239900	 ɪ/	ɪɪ	
Advanced	solid	tumors	with	spread	
to	liver,	lung	or	adrenal	gland	

Recruiting	
+	Stereotactic	body	
radiation		

Tremelimu
mab	
Ticilimumab	
CP-675,206	
<Pfizer	

NCT00313794	 ɪɪ	 mCRC	 Completed	 	
NCT01975831	 ɪ	 Advanced	solid	(incl.	CRC)	 Recruiting	 +	MEDI4736	(PD-L1)	

NCT02261220	 ɪ	 Advanced	solid	tumors	 Recruiting	 +	MEDI4736	(PD-L1)	
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CTLA-4/B7 

Another molecule involved in T lymphocyte inhibition, is Cytotoxic T lymphocyte antigen-

4 (CTLA-4), expressed on the surface of T lymphocytes. CTLA-4 has similar binding 

affinities for the B7-1 (CD80) and B7-2 (CD86) costimulatory receptors on APC and this 

interaction transmits inhibitory signals to attenuate T cell activation by competing for B7 

ligands with its homologue, CD28 (24). CTLA-4 was revealed as an interesting target to 

	

Target	 Compound	 NCT	Tracker	 Phase	 Tumor	type	 Status	 Combination	(target)	

Antagonistic	monoclonal	antibodies		

LAG3	

BMS-986016	
<Bristol-
Meyers	
Squibb	

NCT01968109	 ɪ	 Solid	tumors	 Recruiting	 +	Nivolumab	(PD-1)		

	
LAG-525	
<Novartis	

NCT02460224	
ɪ	
ɪɪ	

Advanced	Solid	tumors	(incl.	PD-L1
+	
CRC	

MSI-H)	
Not	yet	recruiting	 +	PDR001	(PD-1)	

	 	 	 	 	 	 	

CD70	
ARGX-110	
<arGEN-x	

NCT01813539	 ɪ	
refractory	or	relapsing	CD70

+
	

malignancies		
Recruiting	 	

Agonistic	monoclonal	antibodies		

CD27	
Varlilumab		
CDX-1127	
<Celldex	

NCT01460134	 ɪ	 Solid	tumors	(incl.	CRC)	 Recruiting	 	

NCT02335918	 ɪ/	ɪɪ	
Advanced	refractory	solid	tumors	(incl.	
CRC)	

Recruiting	 +	Nivolumab	(PD-1)	
	 	 	 	 	 	 	

CD134	
(OX40)	

MEDI6469	
<AgonOx	
	

NCT02318394	 ɪ	 Recurrent	or	metastatic	solid	tumors	 Recruiting	 	

NCT02205333	 ɪ/	ɪɪ	
Advanced	solid/Aggressive	B-cell	
lymphomas	

Recruiting	

+	Tremelimumab	
(CTLA-4)	
+	MEDI4736	(PD-L1)	
+	Rituximab	

MEDI6383	
<AgonOx	 NCT02221960	 ɪ	 Advanced	solid	tumors	 Recruiting	 	

MOXR0916	
RG7888	
<Genentech	
inc	

NCT02219724	 ɪ	 Metastatic/locally	advanced	solid	tumors	 Recruiting	 	

NCT02410512	 ɪ	
Locally	advanced,	recurrent	or	
metastatic	incurable	solid	tumors	

Recruiting	 +	MPL3280A	(PD-L1)	

	 	 	 	 	 	 	

GITR	

TRX518	
<Tolerx	 NCT01239134	 ɪ	 Solid	tumors/malignant	melanoma	 Recruiting	 	

MK-4166	
<Merck	 NCT02132754	 ɪ	 Solid	tumors	 Recruiting	

+	Pembrolizumab	(PD-
1)	

	 	 	 	 	 	 	

CD137	
(4-1BB)	

Urelumab	
BMS-663513	
<Bristol-
Meyers	
Squibb	

NCT01471210	 ɪ	 Advanced	solid	tumors/B-cell	NHL	 Recruiting	 	
NCT02110082	 ɪ	 CRC/Head	and	Neck	cancer	 Recruiting	 +	Cetuximab	(EGFR)	

NCT02253992	 ɪ/	ɪɪ	
Advanced	solid	tumor/advanced	B-cell	
NHL		

Recruiting	 +	Nivolumab	(PD-1)	

PF-05082566	
<Pfizer	

NCT02444793	 ɪ/	ɪɪ	 Advanced/Metastatic	solid	tumors	 Recruiting	
+	Mogamulizumab	
(CCR4)	

	 	 	 	 	 	 	

CD40	

CP-870,893	
<Pfizer	

NCT02225002	 ɪ	 Advanced	solid	tumors	 Completed	 	
NCT00607048	 ɪ	 Metastatic	solid	tumors		 Completed	 +Paclitaxel/Carboplatin	

RO7009789	
<Roche	 NCT02304393	 ɪ	 Metastatic/locally	advanced	solid	tumors	 Recruiting	 +	MPD-L3280A	(PD-L1)	

ADC-1013	
<Alligator	
Bioscience	

NCT02379741	 ɪ	 Advanced	solid	tumors	 Recruiting	 	

ChiLob	7/4	
<Southhampt
on,UK	

NCT01561911	 ɪ	 CD40+	solid	tumors/refractory	DLBCL	 Completed	 	

SEA-CD40	
<Seattle	
genetics	

NCT02376699	 ɪ	
Advanced	metastatic/unresectable	solid	
malignancies	

Recruiting	 	
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block, using monoclonal antibody treatment like Ipilimumab, which is currently FDA 

approved for first-line and second-line treatment of metastatic malignant melanoma. Here, 

Ipilimumab has been shown to reinvigorate the anti-tumor immune response by binding 

CTLA-4 and thereby preventing it from binding to its ligands and reducing the inhibition 

of CD28/B7 T cell activation. Next to the inhibition of T cell activation, this also resulted 

in the reduction of Tregs. Since Treg accumulation has been linked with poor outcome in 

CRC, this might be an interesting therapeutic strategy for CRC (37).  

Similar to PD-1, a role of CTLA-4 in CRC development was suggested by multiple groups, 

showing associations of CTLA-4 single nucleotide polymorphisms and the risk of 

developing CRC (27, 38-40). CTLA-4 49A/G polymorphism came forth as a major player 

in CRC development. It was also demonstrated that CTLA-4 is expressed at considerably 

higher levels in MSI tumors as compared to MSS (41). Here, the expression of CTLA-4 

was not only found on TILs intercalated within the epithelial component of the tumor but 

also in the surrounding tumor stroma and at the invasive front of the tumor. Of particular 

interest is also the expression of CTLA-4 on multiple subsets of Tregs. First, a significant 

increase of activated Tregs (CD45RA-FOXp3+ T cells) in peripheral blood and cancer 

tissue of patients with colon cancer was demonstrated with significantly higher levels of 

CTLA-4 (42). Second, accumulation of CCR4+CTLA-4+ regulatory T cells was found in 

colon adenocarcinomas as well as an increase in CTLA-4+ conventional T cells, susceptible 

to immune regulation in the tumor-associated mucosa (43). Finally, the presence of a potent 

suppressive CD4+FOXp3- T cell population was revealed within the colorectal tumor 

regulatory landscape by comparison of healthy colon, colorectal tumor samples and 

matched blood from CRC patients (44). These CD4+FOXp3- T cells seemed to co-express 

immune checkpoints such as LAG-3, PD-1 and CTLA-4 and were able to produce 
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immunosuppressive cytokines such as IL-10 and TGF-β. More importantly, this unique 

population was 50-fold more suppressive than FOXp3+ Tregs. The expression of CTLA-

4 on different subsets of regulatory T cells makes this immune checkpoint an interesting 

therapeutic strategy, which might lead to strengthening of the anti-tumor immune response 

in CRC (44). In this regard, Tremelimumab, a similar antibody to Ipilimumab, has been 

investigated in a phase ɪɪ study for patients with refractory metastatic adenocarcinoma of 

the colon or rectum who failed standard chemotherapy. Surprisingly, only a single patient 

received a second dose whereas the remaining 46 patients had disease progression or 

disease-related death before reaching the planned second dose at 3 months (45). Because 

these data do not support further investigation of Tremelimumab as a single agent for the 

treatment of advanced, treatment-refractory colorectal cancer, Phase ɪ trials are now 

ongoing in combination with MEDI4736, a PD-L1 antagonistic mAb, in patients with solid 

tumors. Furthermore, phase ɪ and ɪ/ɪɪ of Ipilimumab are actively recruiting patients with 

metastatic solid tumors in combination with stereotactic body radiation or Lenalidomide 

(Table 6.1). 

 TIM-3 

T cell immunoglobulin and mucin containing protein-3 (TIM-3) was discovered as a 

molecule expressed on IFN-γ producing CD4+ Th1 and CD8+ cytotoxic T cells. Through 

its ligand, Galectin-9, TIM-3 is believed to play a critical role in inhibiting Th1 responses 

and inducing cell death (46). Furthermore, animal models have revealed its role in T cell 

exhaustion due to the expression of TIM-3, together with PD-1, in the most suppressed or 

dysfunctional populations of CD8+ T cells in hematological as well as solid malignancies. 

In preclinical models, blocking TIM-3 was able to reinvigorate anti-tumor activity, 
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comparable to the effect of PD-1 blockade and with a greater efficacy through combination 

of both.  

In peripheral blood samples from CRC patients, Xu et al. demonstrated significantly higher 

levels of circulating TIM-3+PD-1+CD8+ T cells compared to healthy blood (47). Also 

peripheral blood, drawn after surgery, exposed the expression of TIM-3 and PD-1 on CD8+ 

T cells and CD4+ T cells. Moreover, the expression of both TIM-3 and PD-1 appeared to 

relate with the impaired function of these T cells (30). Likewise, an increase of TIM-3+PD-

1+CD8+ T cells was observed in CRC tissue, when compared to tissues adjacent to the 

tumor. Interestingly, distinguishing the subset of T cells by the expression of PD-1, 

demonstrated a significant lower level of IFN-γ production in the PD-1- subset. Together 

with the lack of objective responses by PD-1 blockade in a large population of CRC patients 

(as discussed above), these results suggest TIM-3 as a more dominant inhibitory receptor, 

restricting T cell responses in CRC patients. In addition, blocking this pathway might 

restore the impaired cell-mediated immunity after surgical resection. Taken together, these 

data support the development of TIM-3 inhibitors and hold great promise as single or 

combined modalities in CRC patients (48). 

LAG-3 

Another interesting target for immune checkpoint blockade is lymphocyte activation gene-

3 (LAG-3, also known as CD223), a cell surface molecule of the immunoglobulin 

superfamily. Through its interaction with MHC class II, LAG-3 has been demonstrated to 

play a pivotal role in negative regulation of T cell proliferation, enabled by its expression 

on activated T cells, NK cells, B cells and plasmacytoid DCs (48, 49). In addition, LAG-3 

appears to mitigate Treg function. Indeed, the expression of LAG-3 on CD4+CD25+ cells 
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was able to define a subset of cells endowed with potent suppressor activity (50). Together 

with CD49b, the expression of LAG-3 marks highly suppressive human type 1 regulatory 

T cells (Tregs), a subgroup of Tregs producing IL-10 (51). It was recently also revealed that 

exhausted CD8+ T cells can express LAG-3 and that the expression of multiple inhibitory 

receptors, such as the combination with PD-1, was associated with greater T cell 

exhaustion. Moreover, simultaneous inhibition of PD-1 and LAG-3, could enhance T 

effector activity as compared to either molecule alone (52). Henceforward, clinical trials 

with LAG-3 inhibitors (LAG-525, BMS-986016) are now progressing into phase ɪ studies, 

with or without the combination of PD-1 inhibitors (Nivolumab, PDR001) in patients with 

advanced solid malignancies (Table 6.1).  

Chen et al. examined 108 CRC tissues and their healthy colorectal mucosa and 

demonstrated a significant increase in the percentage of LAG-3+/CD49b+ cells as 

compared with peritumoral tissues (53). The increase of Tr1 cells in tumor tissues suggests 

a crucial role for this subset of cells in CRC progression and seems to be predictive for 

poor prognosis. It is therefore not unexpected that clinical trials with LAG-3 inhibitors 

have been designed to enroll CRC patients (Table 6.1).  

CD70/CD27 

Although expression of CD70, a member of the tumor necrosis factor family, is normally 

restricted to activated T and B cells and mature dendritic cells, constitutive expression of 

CD70 in tumor cells has been described (54). Through its ligand, CD27, the upregulation 

of CD70 by tumor cells can facilitate evasion of the immune system by three important 

mechanisms: induction of T cell apoptosis, skewing T cells towards T cell exhaustion and 

increasing the amount of suppressive Tregs, (55). Moreover, in vivo experiments 
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demonstrated evasion of immune surveillance by recruitment of CD27+ Treg to the tumor 

site (56). The role of CD70-mediated immune escape was also demonstrated in non-small 

cell lung cancer (NSCLC), were CD27+ lymphocytes were found in the tumor 

microenvironment with a trend towards increased FOXp3 expression and higher CD4/ 

CD8 ratios surrounding CD70+ tumor cells (57). Although expression of CD70 in tumor 

cells of colorectal origin have not been published to date, preliminary data of our group 

showed expression of CD70 in 6/28 CRC biopsies (Jacobs J et al. unpublished data). 

Furthermore, immunohistochemistry on colon biopsies revealed expression of CD70 in 

9% of cases (17/194) (58). 

These observations, paired with the limited expression profile of CD70 in normal 

conditions, present an interesting opportunity to target this molecule in CRC. To date, three 

anti-CD70 immunoglobulins have entered clinical trial of which ARGX-110 is the only one, 

enrolling solid and hematological CD70+ advanced malignancies in the study (Table 6.1).  

Contrary to the CD70-blocking strategy, other groups focus on the immunostimulatory 

potential of a CD27-agonistic monoclonal antibody, such as Varlilumab (Table 6.1). CD27 

belongs to the tumor necrosis factor receptor superfamily (TNFRSF) and plays a key role 

in immunological processes, such as T cell survival, T cell activation and the cytotoxic 

activity of NK cells (59). Furthermore, ligation of CD27 by CD70 has shown stimulatory 

effects on T cell proliferation, expansion, and survival dependent upon IL-2 autocrine 

signaling (60, 61). As stated above, CD27 triggering may also lead to tumor progression 

through the recruitment of CD27+ Tregs, complicating the use of CD27 as a target for 

immunotherapy. However, a fully human monoclonal CD27 agonist antibody, CDX-1127, 

is being evaluated in solid malignancies, with or without the administration Nivolumab (see 
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Table 6.1) and seems able to tear apart the inhibitory and costimulatory mechanisms (60). 

Moreover, tumor shrinkage in one CRC patient has already been demonstrated in the dose 

escalation study (62).  

OX40 (CD134) 

OX40, also known as CD134, is another costimulatory immune checkpoint molecule of 

the TNFRSF, capable of stimulating therapeutic immune responses. This molecule has 

been shown to be transiently upregulated on CD4+ and CD8+ T cells after T cell receptor 

engagement and during antigen specific priming (63). Its ligand, OX40L, is presented on 

activated antigen-presenting cells as well as activated endothelial cells, epithelial cells and B 

cells (64). Furthermore, nonclinical models show OX40 cell surface expression is induced 

following activation of NK cells with enhanced NK cell activity upon ligation of OX40. 

Preclinical studies with anti-OX40 agonistic mAb show augmented T cell differentiation, 

survival, expansion and cytolytic function (65). In addition to promoting effector T cell 

expansion, OX40 agonists have the ability to directly regulate Treg cells by diminishing its 

inhibitory effects and thereby promoting anti-tumor CD8+ T cell responses, necessary to 

maintain long-term anti-tumor immune responses (63).  

OX40+CD4+ TILs have been detected in breast cancer, sarcoma, melanoma as well as CRC. 

Indeed, Petty et al., demonstrated high levels of OX40+ lymphocytes in half of primary 

CRC specimens with a significant correlation towards better survival in the latter (65). 

Moreover, OX40 expression levels were the highest inside the tumor and significantly 

decreased towards the direction of the tumor border and healthy tissue in 39 CRC patients 

(64). These results suggest a weakened immune response at the border of the tumor, making 

it an interesting target for immunotherapy in CRC.  
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In vivo, OX40 agonistic antibodies showed regression of at least 1 metastatic lesion in 12 

out of 30 patients after only 1 cycle of treatment (66). Despite these positive results, it is 

unlikely that anti-OX40 alone will be sufficient to induce complete response, since anti-

tumor immunity is directed by a dynamic constellation of signals. Therefore maximizing 

the therapeutic benefit of OX40-agonists (MEDI6469, MEDI6383, MOXR0916) will likely 

depend on the combination with antagonistic Abs, like PD-L1 (MEDI4736, MPL3280A) 

and CTLA-4 (Tremelimumab) targeting antibodies (see Table 6.1) (63).  

GITR 

Glucocorticoid-induced TNFR-related protein (GITR, also known as CD357) is a surface 

receptor molecule that has been shown to be involved in inhibiting the suppressive activity 

of Tregs and extending the survival of T effector cells. Therefore, it may hold great promise 

for the generation of agonistic antibodies. Next to the transient expression on activated 

CD4+ and CD8+ T cellls and the constitutive expression on Tregs, expression has been 

observed on DC, monocytes and NK cells (60).  GITRL, its unique ligand, is highly 

expressed on activated APCs and endothelial cells and ligation with GITR appears to 

provide costimulation of effector T lymphocytes (67). Pre-clinical studies have shown that 

GITR agonistic agents (like DTA-1) can mediate tumor regression in animal models, in part 

based on a unique mechanism causing Tregs to lose lineage stability, reducing their 

suppressive influence over the tumor microenvironment (68). T cell stimulation through 

GITR attenuates Treg-mediated suppression or enhances tumor-killing by CD4+ and CD8+ 

effector T cells. Furthermore, a synergistic effect was shown after co-administration of anti-

GITR with adoptive T cell transfer and anti-CTLA-4 mAbs, leading to eradication of more 
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advanced tumors (60, 69, 70). This latter effect was confirmed in murine models bearing 

fibrosarcoma or CRC.  

In CRC patients with liver metastasis, the tumor-specific T cell response is comprised by 

high numbers of activated Tregs, expressing high levels of GITR and inducible T cell 

costimulator (ICOS) (67). Moreover, treatment with soluble GITRL was able to inhibit 

Treg mediated suppression, preventing hypo-responsiveness of effector T cells (67). 

Although to date, preclinical data supporting the use of agonistic GITR mAb for 

immunotherapeutic interventions in CRC is scarce, two GITR agonistic antibodies 

(TRX518, MK-4166) are being investigated in a phase ɪ setting, with or without the addition 

of a PD-1 inhibitor (Pembrolizumab) (Table 6.1).  

4-1BB (CD137) 

4-1BB, also known as CD137, is a member of the TNFRSF and is widely known as a T cell 

costimulatory receptor induced after T cell antigen recognition. 4-1BB binds a high-affinity 

ligand, 4-1BBL, present on APCs to transduce signals for T cell growth and differentiation. 

Although both CD4+ and CD8+ T cells express 4-1BB at similar levels, upon activation, 

signals through 4-1BB are more biased towards CD8+ T cells (71). Besides its expression 

on T cells, 4-1BB is expressed, albeit at low levels, on a multitude of cells of the 

hematopoietic lineage including B cells, regulatory T cells, NKs, NKTs, DCs, mast cells, 

and early myeloid progenitor cells (72). Also, a number of studies showed expression of 4-

1BB on a wide range of tumor cells (71, 72). The broad range of 4-1BB expression on 

multiple cell types makes this receptor a dual-edged sword in the fight against cancer as 4-

1BB agonists might elicit strong anti-tumor responses from a myriad of cell types, however, 

sometimes at the cost of off-target immune pathology (72). 
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Cepowicz et al. studied the expression of 4-1BB in peripheral blood samples of 72 patients 

with primary CRC and demonstrated a direct correlation of 4-1BB positivity and CRC stage 

as well as invasion depth (73). Furthermore, an increase in 4-1BB (as well as CD134) was 

found in peripheral blood taken after surgical resection for CRC, which might be due to 

increased IL production after elimination of a tumor. On the other hand, expression of its 

ligand, was shown to be lower in cancerous colon tissue compared with paired normal 

tissue (74). Suppressed levels of 4-1BBL might indicate the involvement of this pathway in 

immune escape of colon tumors by the decreased interactions of T cells with tumor cells 

and macrophages. Interestingly, patients harboring this increased expression of 4-1BB were 

shown to have high soluble 4-1BB levels in their plasma (74). Interaction of this soluble 4-

1BB with 4-1BBL has been shown to control T cell function by inhibiting the ligation of 

4-1BBL with 4-1BB and therefore these results suggest a possible feedback loop to reduce 

further activation of T cells (75). Interestingly, this could not be shown in rectal cancerous 

tissue pointing towards different carcinogenesis of CRC based on the tumor location. 

Furthermore, the beneficial effects of 4-1BB agonism for the treatment of CRC with 

hepatic metastases have already been demonstrated in animal models (76, 77).   

Currently, two 4-1BB agnostic antibodies (Urelumab, PF-05082566) have entered the 

clinical setting, enrolling patients with advanced solid tumors or B cell non-Hodgkin 

lymphoma. For Urelumab, dose escalation data revealed an acceptable toxicity rate across 

a wide dose range (0.3-15mg/kg) with increasing percentages of circulating activated CD8+ 

and CD4+ T cells following a single treatment (78). Based on these promising results, a 

phase ɪɪ study was designed in patients with metastatic melanoma. Surprisingly, this study 

was terminated due to fatal hepatotoxicity. Henceforward, further trials are mainly focused 

on low-dose therapies in combination with approved mAbs (Table 6.1)(79). For PF-
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05082566, no significant elevations in liver enzymes and no dose-limiting toxicities have 

occurred to date (80). Moreover, PF-05082566 was well tolerated in a first clinical setting 

with stable disease, observed in 6 out of 27 patients treated. Although these agonistic 

antibodies hold promise in monotherapy, an interesting combination strategy of 4-1BB 

agonistic mAb with monoclonal antibodies, equipped to induce ADCC was shown (81). Of 

interest here is Cetuximab, a human mouse chimeric IgG1 mAb used to treat EGFR 

expressing, RAS wild-type metastatic CRC patients. 4-1BB is upregulated on human NK 

cells when they encounter antibody-bound tumor cells. Moreover, increased levels of 4-

1BB on circulating and intratumoral NK cells were directly correlated to an increase in 

EGFR-specific CD8+ T cells and the combination with Cetuximab marked clear synergism, 

shown by the complete tumor resolution and prolonged survival (81, 82). Also in vivo, this 

combination regimen has been launched in a clinical setting, combining Urelumab (4-1BB) 

with Cetuximab in CRC and head and neck cancer patients. Additionally, the combination 

of PF-05082566 with Mogamulizumab, another ADCC-mediating antibody targeting 

CCR4, has been initiated (Table 6.1).  

CD40 

CD40, a final member of the TNFRSF, was initially characterized on B cells and is also 

expressed on DCs, monocytes, platelets, and macrophages as well as by non-hematopoietic 

cells such as myofibroblasts, fibroblasts, epithelial, and endothelial cells.  The ligand of 

CD40, known as CD154 or CD40L, is expressed primarily by activated T cells, as well as 

activated B cells and platelets (83). CD40/CD40L interactions on activated Th cells 

enhances antigen-presentation and expression of costimulatory molecules, licensing DC to 

mature and achieve all of the necessary characteristics to effectively trigger T cell activation. 
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In murine models, engagement by CD40L promoted cytokine production and enabled 

effective T cell activation and differentiation (84). Except for its expression in cells of 

hematopoietic origin, expression of CD40 has also been demonstrated in several types of 

carcinoma cells, rendering them susceptible for apoptosis (85). Interestingly CD40 

expression seems absent on normal epithelium, suggesting that expression confers a growth 

advantage in early stages of malignant development (86). It has been suggested that 

neoplastic growth utilizes the CD40/CD40L pathway independent of the immune system 

to sustain proliferative capacity and survival. Moreover, this receptor/ligand interaction 

enables tumors to manipulate both T cell and APC compartments most likely contributing 

to the establishment of the immunosuppressive tumor microenvironment (83).  

In CRC, Georgopoulos et al. were the first to demonstrate expression of CD40 in CRC cell 

lines and colon cancer, with strong (2/17), moderate (4/17) or weak (11/17) positivity in 

the tumor cells (87). CD40L was also detected in a number of primary colorectal 

carcinomas, suggesting an important role of CD40/CD40L axis in CRC tumor immunity 

(AJ Baxendale and AG Eliopoulos, unpublished observations)(86). Contrary to the 

importance of CD40 expression in early stages of malignant development, progression of 

malignancy renders cells susceptible to direct anti-proliferative effects and CD40-mediated 

growth inhibition or apoptosis, leading to loss of CD40 expression (88). Consequently, the 

use of CD40 as a prognostic tool has been demonstrated, although further research to 

elucidate its role in CRC is mandatory (87, 89). Nevertheless, CD40+ TAM and plasma 

sCD40 in colorectal cancer tissues have already been found to be favorable prognostic 

markers (90). In addition, using membrane bound CD40L, but not soluble agonists, a 

powerful pro-apoptotic signal and pro-inflammatory cytokine production could be 
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triggered in CRC cells (87). These results suggest that CD40 is a promising therapeutic 

target for the eradication of CRC tumors.  

Preclinical investigations with CD40 agonists have been robust and highlight multiple 

mechanisms of action to overcome tolerance and drive potent T cell immunity in 

lymphoma and certain solid tumors. Initial clinical trials of agonistic CD40 mAb have 

shown clinical activity in the absence of disabling toxicity. However, overall response rates 

remain 20% or less, proposing that CD40 agonists will be most effectively used in 

combination with other modalities such as chemotherapy, radiation, vaccines or with 

negative checkpoint molecule blockers like anti-CTLA-4 or anti-PD-L1 mAbs (91). In this 

regard, the safety of CP-870, 893, a fully human CD40 agonistic mAb with carboplatin and 

paclitaxel was assessed in a Phase I study. Of the 30 evaluable patients, 6 exhibited partial 

responses, providing a rationale for Phase II studies (92).  To date, four other CD40-

agonistic antibodies (ADC-1013, RO7009789, SEA-CD40, ChiLob 7/4) are enrolled in a 

phase 1 clinical setting with or without the combination of PD-L1 blocking antibodies 

(MPD-L3280A). 

ROLE OF CANCER ASSOCIATED FIBROBLASTS IN 

IMMUNOMODULATION 

Increasing evidence has suggested that anti-tumor efficacy of cancer immunotherapies 

could be limited by the presence of cancer associated fibroblasts (CAFs). In CRC, CAFs 

are the main cellular components of the tumor reactive stroma and play a key role in CRC 

development enabling the induction of immunosuppressive factors, modulation of the 
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microenvironment to a Th2 phenotype; inhibition of antigen-specific T cell responses and 

have been considered the main determinants in metastatic progression (93, 94). A variety 

of immune cells aid in this process, for example monocytes differentiate into a distinct M2 

polarized macrophage with poor antigen-presenting capacity and further suppress Th1-

adaptive immune responses. Additionally, CAFs are also the principal cells producing 

extracellular matrix within tumor tissue, providing a physical barrier for the immune attack 

induced by immunotherapies (93, 95). Furthermore, CAFs seem able to inhibit the 

proliferation of activated T cells. Herein, the role of immune checkpoints molecules is 

becoming more and more clear, such as the expression of PD-L2 on human colonic 

fibroblasts, resulting in T cell suppression in the gut epithelial mucosa. Of special 

importance to the field of tumor immunology is the finding that not only normal 

fibroblasts, but also cancer-associated fibroblasts can constitutively express PD-L2 (25). 

Strikingly, Nazareth and colleagues found constitutively high PD-L1&2 expression in 

fibroblasts that were cultured from human NSCLC. Moreover, this expression appeared to 

be functional, since in vitro blocking studies demonstrated that the fibroblasts inhibited 

IFN-γ production in a PD-L1&2 dependent matter. The CD40-CD40L axis appears to be 

another critical pathway for fibroblast and immune system interaction (96). Indeed, 

expression of CD40 has been demonstrated on fibroblasts from human lung, orbit, thyroid, 

and gingiva. Moreover, during inflammation and in fibrotic conditions, activated T cells, 

eosinophils and mast cells displaying CD40 ligand are translocated to sites adjacent to 

fibroblasts enhancing the inflammatory process by inducing synthesis of cytokine 

mediators and adhesion molecules (96). Thereby, activation of the transcription factor NF-

kB has been shown, resulting in the secretion of high levels of IL-6 and IL-8 as well as the 

induction of pro-inflammatory prostaglandin-E2 (PGE2) synthesis by fibroblasts (Figure 
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6.1). Interestingly, PGE2 severely inhibits both the acquisition of activating receptors as 

well as the release of cytotoxic granules by NK cells, resulting in immune evasion [48]. In 

contrast to the immunostimulatory potential of an agonistic CD40 mAb, stimulating the 

CD40/CD40L axis on fibroblast might have detrimental effects on the anti-tumor 

response. Therefore, future studies should not merely focus on the expression of immune 

checkpoint molecules by tumor cells, but also take the tumor stroma into account, with a 

particular focus on CAFs. 

ROLE OF KNOWN CRC BIOMARKERS IN 

IMMUNOMODULATION 

Despite recent development and implementation of personalized cancer medicine based 

on genetic profiling of individual tumors, patient selection for CRC therapy remains 

challenging.  Lately, there has been an increasing interest in biomarkers to predict future 

patterns of CRC disease. Several promising candidate markers have been investigated for 

targeted therapies in CRC, including MSI, KRAS and BRAF mutations. Furthermore, 

Galon et al. reported that the adaptive immune response influences the behavior of human 

tumors (97). However, the factors that determine a patient’s immune phenotype are 

unclear, and few systematic analyses have investigated the somatic and germline molecular 

drivers of immune infiltration (98). Nevertheless, identification of genetic factors that 

influence the tumor microenvironment is essential to improve the effectiveness of stratified 

immunotherapy approaches (98). 

MSI  
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Lal et al. carried out a bioinformatic analysis of CRC data in The Cancer Genome Project 

involving two-dimensional hierarchical clustering to define an immune signature (98). A 

group of 28 tightly co-regulated immune-related genes were identified and termed the Co-

ordinate Immune Response Cluster (CIRC). An important feature of the CIRC signature is 

that it includes essentially all class II MHC loci, as well as CD4, whereas in contrast, 

expression of class I MHC molecules, CD8B and granzyme B are all excluded. Additionally, 

CIRC also included the major immune checkpoint molecules, including PD-L1, PD-L2, 

LAG-3, TIM-3 and CTLA-4.  One of the key aims of this study was to examine the somatic 

factors associated with the immune response in CRC. It was shown that MSI-high(H), 

which is the molecular fingerprint of a deficient DNA mismatch repair system and linked 

to a high mutational burden, is associated with a high immune infiltration characterized by 

Th cells and class II related genes, ranges of chemokines and immune inhibitory checkpoint 

molecules. Hence, MSI-H tumors may be particularly amenable to CD4+ cell expansion 

and adoptive transfer approaches, yet the coordinated expression of checkpoint inhibitor 

genes observed suggests combination checkpoint blockade therapy may be required to 

improve efficacy. Similarly, polymerase-mutant tumors, which also have a high mutational 

burden, were also associated with high CIRC expression.  

Likewise, Llosa and colleagues examined the immune microenvironment of primary CRC 

using IHC, laser capture microdissection/qRT-PCR, flow cytometry and functional analysis 

of tumor-infiltrating lymphocytes (41). It was suggested that MSI represents a classical 

example of adaptive resistance in which an active immune Th1/CTL microenvironment, 

results in a compensatory induction of checkpoints, including PD-1, PD-L1, CTLA-4, IDO 

and LAG-3, that protect the tumor from apoptosis (21, 41). However, the interface between 

MSI tumors and T cells seems to be characterized by little expression of PD-L1 on tumor 
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cells despite IFN-γ expression by the T cells.  Instead, the T cells infiltrate was interlaced 

with an abundant PD-L1 positive myeloid cell population that presumably inhibit the T cell 

response. On the basis of these findings, two clinical trials have been initiated to test PD-1 

blockade in patients with MSI-H CRC (see Table 6.1). Combinations with IDO, LAG-3, 

CTLA-4 and other checkpoints will likely follow (99). 

KRAS 

In contrast to the results on MSI, Lal and colleagues showed that RAS mutation predicts 

for a relatively poor immune infiltration and low inhibitory molecule expression. KRAS and 

NRAS mutant CRC had significantly lowered levels of CD4+ T cells (98). Thus, any 

immunology-based therapy in RAS mutant tumors should take into account this 

immunologically relatively quiescent status of the tumor microenvironment. In this setting, 

checkpoint blockade may be less efficacious, highlighting the requirement for novel 

strategies in this patient group (98). Kocian et al. also examined the correlations between 

the KRAS mutational status, patterns of tumor-infiltrating immune cells, and the presence 

of tumor recurrence in a cohort of newly diagnosed CRC patients (4). They observed a 

significantly higher proliferation rate in tumors with a codon 13 mutation, as well as a 

marked variability in the pattern of tumor-infiltrating immune cells regardless of the 

mutation type. These patients showed a low level of TILs and a high CD1a+/DC-LAMP+ 

tumor infiltrating DC ratio indicating a high risk of cancer-related death. Because the 

quantification of immune responses within the tumors indicated a strong predictive role in 

CRC patients, the combined characterization of genetic features and immune cells might 

provide the foundation to identify high-risk patients (4).  

BRAF 
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Finally, activating mutations in BRAF have been reported in 5%–15% of CRC cases and 

are frequently found in MSI-H tumors. Whereas BRAF mutation is associated with worse 

survival in MSS tumors, its role in MSI-H tumors is more controversial. It has been 

postulated that it is not the BRAF mutation itself that confers a poor prognosis but rather 

that the mutation has different effects depending on the type of genetic pathway in which 

it is produced (100). Currently, no data are available on the impact of BRAF mutation on 

the tumor immune landscape of CRC. However, recent evidence indicates that melanomas 

bearing mutant BRAF may also have altered immune responses, suggesting additional 

avenues for treatment of this patient group (101).  Significant advances in the treatment of 

melanoma have been made with BRAF-targeted therapy, leading to significant but short-

lived clinical responses in a portion of patients, but also leading to immunostimulatory 

bystander events, which then subsides with the emergence of resistance (102). Combination 

of BRAF inhibitors with new immunotherapies such as checkpoint blockade antibodies, 

might further enhance immune activation, or counteract immunosuppressive signals.  

ROLE OF IMMUNOLOGIC MARKERS 

A major turning point in cancer immunotherapy came with the clinical application of 

antibodies that block immune checkpoints. Hence, the need for clinically useful biomarkers 

to determine how best to incorporate these new agents into treatment algorithms for 

patients with specific diseases is clear (103).   

In colon cancer, T cell infiltrates in the primary tumor represent the strongest prognostic 

parameter compared to the currently used stage-defining parameters (97). However, such 

immunological parameters have not routinely been used in clinical practice yet. In addition, 
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determining which patients benefit from immune checkpoint inhibition remains a principal 

clinical question.  

The importance of tumor expression of PD-L1 as a predictive biomarker has been studied 

extensively, and while tumor expression of PD-L1 can effectively enrich cohorts of 

patients, it is not a binary predictive marker (104). Although currently one commercially 

available PD-L1 antibody (clone E1L3N) has been validated for IHC, the utilization of this 

antibody for predicting response to anti-PD-1 or anti-PD-L1 therapies remains unknown 

(105). Emerging data suggest that patients whose tumors overexpress PD-L1 by IHC have 

improved clinical outcomes with anti-PD-1-directed therapy, but the presence of patients 

with PD-L1 negative tumors that also show a robust response complicates the issue of PD-

L1 as an exclusionary predictive biomarker (104). The use of PD-L1 IHC as a predictive 

marker is confounded by multiple unresolved issues including variable detection antibodies, 

differing IHC cutoffs, tissue preparation, processing variability, primary versus metastatic 

biopsies, oncogenic versus induced PD-L1 expression, and staining of tumor versus 

immune cells (106). The utility of measuring other inhibitory components of the PD-1/PD-

L1 axis such as PD-1 and PD-L2 or the role of immunostimulatory molecules like OX40 

is still poorly understood.  It is clear that much more information must be gathered on the 

PD-1/PD-L1 axis, but also on TILs and other inhibitory/stimulatory pathways, to fully 

understand responses, primary or acquired resistance to immunotherapy. In conclusion, a 

multitude of questions remain unanswered and need to be resolved to integrate predictive 

markers for anti-PD-1/anti-PD-L1 therapies into the clinical diagnostic routine (103, 105).  
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DISCUSSION 

The FDA approval of anti-CTLA-4 for the treatment of metastatic melanoma and of anti-

PD-1 for metastatic melanoma and non-small cell lung cancer has engendered a new-found 

awareness among oncologists of the potential anti-tumor activity of immune checkpoint 

modulation. In addition, remarkable efficacy of these drugs was shown in renal cell cancer, 

ovarian cancer, and Hodgkin’s lymphoma, even upon failure to several lines of therapy. 

Despite clinical successes in a diverse range of malignancies, evidence of durable responses 

in CRC are scarce and appear restricted to MMR-deficient CRC, with its high mutational 

burden.  

In CRC, due to its complicated and close relationship between the stroma and tumor cells 

the combination of two or more therapeutic agents might be more effective than merely 

targeting a single factor. In this regard, abolishing the suppressive factors in the tumor 

microenvironment is only one step in this cancer-immunity cycle and still requires 

elimination of cancer by activated T cells. Therefore, another interesting approach could 

be to not only overcome immunosuppression, but also to combine this with agonistic 

antibodies such as GITR, CD27, CD40, 4-1BB or OX40 to achieve maximum activity of 

the anti-tumor response. On the other hand, also the combination of immunotherapy with 

targeted therapeutics, such as the synergism between 4-1BB agonistic antibodies and 

Cetuximab, is promising. Nevertheless, preclinical data of combination regimens in CRC is 

limited and still necessitates the determination of appropriate dosing and treatment 

schedules of these agents. Finally, well-established biomarker candidates and detection 

techniques need to be developed along with therapeutic strategies targeting CAFs and the 
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other components in the tumor microenvironment in order to be able to enhance 

effectiveness of immune checkpoint modulation. 
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ABSTRACT 

Cancer-associated fibroblasts (CAFs) are involved in the proliferative and invasive behavior 

of colorectal cancer (CRC). Nonetheless, CAFs represent a heterogeneous population with 

both cancer-promoting and cancer restraining actions, lacking specific markers to target 

them. Expression of the immune checkpoint molecule CD70 is normally limited to cells of 

the lymphoid lineage. Instead, tumor cells hijack CD70 to facilitate immune evasion by 

increasing the amount of suppressive regulatory T cells (Tregs). The aim of this study was 

to explore CD70 expression patterns in CRC, not merely focusing on the tumor cells, but 

also taking the tumor stromal cells into account. We have analyzed the prognostic value of 

CD70 expression by immunohistochemistry in CRC specimens and its relationship with 

well-known fibroblast markers and regulatory T cells (Treg). In addition, in vitro experiments 

were conducted to unravel the role of CD70-positive CAFs on migration, invasion and 

immune escape. We reveal prominent expression of CD70 on a specific subset of CAFs in 

invasive CRC specimens. Cancer cells show almost no expression of CD70. The presence 

of CD70-positive CAFs proved to be an independent adverse prognostic marker. 

Functionally, CD70+ CAFs stimulated migration and significantly increased the frequency 

of naturally occurring Tregs. In conclusion, we have identified the expression of CD70 on 

CAFs as a novel prognostic marker for CRC. We have found evidence of a cross talk 

between CD70+ CAFs and naturally occurring Tregs, paving the way towards immune 

escape. As such, this study provides a strong rationale for the exploration of CD70-

targeting antibodies in CRC. 

 



I    CD70-POSITIVE CAFs 170 

INTRODUCTION 

Colorectal cancer (CRC) is the fourth leading cause of cancer-related deaths, mainly 

due to the development of metastases in liver and lung, with a median survival of 2 

years (1, 2). Cancer progression and metastasis is controlled by the tumor 

microenvironment (TME) and does not depend solely on cancer cells. A dominant 

component of this TME are the cancer associated fibroblasts (CAFs), residing within 

the tumor margins or infiltrating the tumor mass and contributing to tumor progression 

by invasion, angiogenesis and manipulation of the immune response (3-6). On the other 

hand, the pro-tumorigenic role of CAFs in cancer progression has recently been challenged 

as depletion of CAFs by its general marker, a-smooth muscle actin (aSMA), led to more 

invasive tumors, associated with an immunosuppressive T cell response (7-9). This 

heterogeneity of CAFs raises the question whether we can identify distinct subsets of pro-

tumorigenic CAFs for developing stromal cell targeted therapies (10).  

Immune checkpoint inhibitors targeting the cytotoxic T-lymphocyte associated protein-4 

(CTLA-4) and programmed cell death 1 (PD-1) receptors have recently made their way into 

the clinic, producing substantial clinical benefits. Considering advanced colorectal cancer, 

the early signals of activity are largely involving microsatellite instable (MSI) tumors (11, 12). 

Unfortunately, this still leaves a great need for effective immunotherapies in the majority 

of CRC. Here, we focused on the immune checkpoint molecule CD70 as a potential new 

target in CRC. Under normal conditions, CD70, member of the tumor necrosis factor 

(TNF) family, is only transiently expressed on activated T and B cells. Instead, constitutive 

overexpression of CD70 has been described on malignant cells in a range of solid and 

haematological malignancies (13). In addition, CD70 expression has been occasionally 
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shown on certain non-immunological stromal cells (14). Through its receptor, CD27, the 

overexpression of CD70 can facilitate evasion of the immune system by three important 

mechanisms: induction of T cell apoptosis, T cell exhaustion and increasing the amount of 

suppressive regulatory T cells (Tregs) (13, 15).  

In the present study, we are the first to display the expression patterns of CD70 in CRC 

specimens. We report that CD70 expression is almost absent from tumor cells but is 

strongly present on a subset of CAFs. Moreover, CD70-positive CAFs play an important 

role as predictors for the outcome of CRC patients. Finally, our results implicate a role of 

CD70+ CAFs in cancer cell migration and Treg accumulation, designating CD70+ CAFs as 

a potential new tool in anti-cancer treatment.  

METHODS 

PATIENT SELECTION AND TISSUE SPECIMENS 

Fifty-one formalin-fixed paraffin embedded (FFPE) specimens (Biobank@UZA, Antwerp, 

Belgium; ID: BE 71030031000) were collected from CRC patients, of which the main 

characteristics are described in Table 7.1 (16). In addition, 9 adenoma samples and 7 healthy 

colon specimens were available. The average age (±SD) of the patients included in this 

study was 66 ± 11 years (age range 36 to 85 years). This study was approved by the Ethics 

Committee of the Antwerp University Hospital. A written informed consent from all 

patients regarding tissue sampling has been obtained.  
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IMMUNOHISTOCHEMISTRY (IHC)  

PROTEIN EXPRESSION. Tissue sections were prepared as previously described (17). 

MSI status was determined by 4 primary monoclonal antibodies: anti-MLH1 (clone ES05, 

RTU, DAKO), anti-MSH2 (clone FE11, RTU, DAKO), anti-MSH6 (clone EP49, RTU, 

DAKO) and anti-PMS2 (clone EP51, RTU, DAKO) incubated at RT for 30 min followed 

by the Envision FLEX+ detection kit (DAKO) on a DAKO autostainer Link 48 

instrument. The expression of aSMA (1A4, RTU, Dako) and CD70 (clone 301731, diluted 

1:40) was assessed by incubation at RT for 20 min and visualized as formerly described. 

For CD70 and PMS2, an additional step was included after antibody incubation using an 

Table 7.1. Patient and tumor characteristics. 

Characteristics Number of patients (%) 

Gender 
Male 
Female 

 
28 (54.9%) 
23 (45.1%) 

Differentiation 
Weak 
Moderate 
Strong 
Unknown 

 
5   (9.8%) 
27 (52.9%) 
14 (27.5%) 
5   (9.8%) 

Location 
Colon 
Sigmoid 
Rectosimoid 
Rectal 

 
25 (49.0%) 
10 (19.6%) 
11 (21.6%) 
5   (9.8%) 

TxNM 
Tis 
T1 
T2 
T3 
T4 

 
6   (11.8%) 
9   (17.6%) 
10 (19.6%) 
13 (25.5%) 
13 (25.5%) 

TNxM 
N0 
N1 
N2 

Unknown 

 
25 (49.0%) 
11 (21.5%) 
14 (27.5%) 
1   (2.0%)  

TNMx 
M0 
M1 

Unknown 

 
32 (62.7%) 
15 (29,.4%) 
4   (7.9%) 

Clinical stage 
0 
I 
II 
III 
IV 

 
6   (11.8%) 
15 (29.4%) 
3   (5.9%) 
12 (23.5%) 
15 (29.4%) 

Neo-adjuvant therapy 
No 
Yes 

 
50 (98.0%) 
1   (2.0%) 

Adjuvant therapy 
No 
Yes 
Unknown 

 
25 (49.0%) 
25 (49.0%) 
1   (2.0%) 
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enhanced polymer-based linker (30 min, RT, DAKO). To evaluate FAP (EPR20021, 1:250, 

Abcam) and Tregs, dual staining of CD4 (SP35, RTU, Roche) and FOXp3 (clone 236A/E7, 

1:50, Abcam), antibodies were engaged for 36 min by the ultraView DAB detection kit 

(Roche) and/or ultraView universal alkaline phosphatase detection kit (Roche) on a 

Ventana BenchMark ULTRA (Roche). Sections were counterstained with haematoxylin, 

dehydrated and mounted. Positive controls and negative controls, consisting of tonsil 

tissue, were included in each staining run. Furthermore, biopsies were checked for internal 

positive controls.  

SCORING. For MSI analysis, loss of protein expression was scored as absence of nuclear 

staining in tumor cells despite nuclear staining in proliferating cells in normal crypts and 

stroma. Stromal staining of CD70, aSMA and FAP was assessed as 0, 1+, 2+ and 3+ as 

previously described (18). Grade 0 was defined as the near absence of expression in <1% 

of the CAFs; grade 1+ was positivity in 1%-10% of stromal cells; grade 2+ was described 

when 11% to 50% of stromal cells showed positivity; grade 3+ was positive 

immunostaining in >50% of stromal cells. In addition, positive staining of CD70 on the 

tumor cells was assigned when at least 10% of the tumor cells showed specific CD70 

staining of any intensity and any distribution (membranous, cytoplasmic) (19). For CD4 

staining, the percentage positive immune cells were scored 0 to 3+ (<5%, 5-10%, 11-50%, 

>50% of immune cells stained). Tregs were divided into 3 groups (<5%, 5-10%, >10% of 

immune cells stained). Scoring was performed by an independent observer as well as two 

experienced pathologists (PP/VS). Prior analysis, the positive internal control (or if lacking, 

an additional external positive run control) was assessed.  
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CELL LINES AND CELL CULTURE 

CAFs were isolated from primary CRC tumors and immortalized through hTERT (CT5.3-

hTERT)(20). HT29 and HCT116 CRC cells were purchased from ATCC. Cells were 

cultured in DMEM supplemented with 10% fetal bovine serum (FBS), 1% 

penicillin/streptomycin and 1% L-glutamine (Life Technologies), grown as monolayers and 

maintained in exponential growth at 5% CO2/95% air in a humidified incubator at 37°C. 

Cell cultures were regularly tested for absence of mycoplasma using the Mycoalert® 

Mycoplasma detection kit (Lonza, Verviers, Belgium). To examine specific effects of 

CD70-expressing CAFs, CT5.3 hTERT cells were sorted using a PE-conjugated anti-

human CD70 antibody (Clone Ki-24, Becton Dickinson) on a BD FACSAria II (Becton 

Dickinson) and analysed using FlowJo v10.1 software (FlowJo LLC) (Supplementary Figure 

7.1). CRC cells showed no expression of CD70 by flow cytometry.  Characterization of 

primary CAFs (unsorted, CD70high CAFs and CD70low CAFs) was performed by 

examination of Vimentin, Desmin and aSMA expression using an IHC staining protocol 

as described before with minor modifications (21).  

MULTICOLOUR FLOW CYTOMETRY FOR DETECTION OF TREGS 

Peripheral blood mononuclear cells (PBMCs) were obtained by Ficoll-paque gradient 

separation from buffy coats (Blood transfusion center) of 4 different donors. CD4+ T cells 

were directly isolated by immunomagnetic bead selection (Miltenyi Biotec) and co-cultured 

with CD70high or CD70low CT5.3-hTERT CAFs (Effector/target= 3/1). After 7 days, flow 

cytometric analysis was performed to identify the amount of Tregs by the following 

procedure. Cells were stained with fluorophore-conjugated antibodies to CD3, CD4, 

CD25, CD127, CD27 (Becton Dickinson) and Fixable Violet Dead Stain (Thermo Fisher 
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Scientific) for 20 min at RT, followed by fixation for 30min at 4°C and permeabilization 

using the FOXP3 Transcription factor staining buffer set (Thermo Fisher Scientific). 

Thereafter, cells were stained for intracellular TGF-b (IQ products, Groningen, The 

Netherlands), IL-10 (Biolegend) or FOXp3 (Thermo Fisher Scientific), acquired on a BD 

FACSAria II instrument (BD) and analysed using FlowJo v10.1 software (Supplementary 

Figure 7.2). 

INVASION AND MIGRATION ASSAY   

The IncuCyte Zoom Scratch Wound assay (Essen Bioscience, Hertfordshire, United 

Kingdom) was used to examine the migration and invasion of CD70high versus CD70low 

CT5.3 CAFs during wound closure. First, 96-well plates (ImageLock) were coated with 

Matrigel (MG, 100ug/ml, Corning) overnight at 37°C. Each well was seeded with 3x103 

CRC cells, distinguished from CAFs by fluorescent tagging using NucLight Red reagent 

(Bacmam, Essen Bioscience), together with an equal amount of either CD70high or CD70low 

CAFs. After 4h, scratches were introduced using the IncuCyte WoundMakerTM (Essen 

Bioscience), which creates wounds of equal width. To study invasion, cells were covered 

with 50µl Matrigel Basement Membrane Matrix (4mg/ml MG in normal growth medium) 

that was allowed to form a gel for 30min at 37°C. This matrix was overlaid with additional 

100µl normal growth medium. To study migration, 150µl normal growth medium was 

added to the cells. Wound confluency was monitored every 2h with the IncuCyte LiveCell 

Imaging System (Essen Bioscience) for a total of 24h (migration) or 48h (invasion). The 

IncuCyte scratch-wound analysis software allowed for quantification of the increasing cell 

confluence inside the wound using the “Relative Wound Density” metric. Scratches were 
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performed at least in triplicate and wells with inappropriate or uneven scratches were 

excluded from analysis.  

STATISTICAL ANALYSIS 

Associations between CD70, CD4 and Treg with clinicopathological parameters of CRC 

patients were investigated by χ2 analysis or Fisher’s exact test (when appropriate). Spearman 

correlation coefficients were calculated to investigate the correlation between the 

expression of CD70, CD4 and Tregs in CRC specimens. The prognostic value was 

determined by survival analysis. Thereby, progression-free survival (PFS) was defined as 

the time until disease progression. Overall survival (OS) was defined as the time until cancer 

related death occurred. Univariate OS and PFS probability were estimated using the 

Kaplan-Meier method. Statistical significance was determined using the log-rank test. 

Multivariate cox proportional-hazard model was assessed to identify independent 

prognostic markers, presented as a hazard ratio and its 95% confidence interval. For in vitro 

experiments, significant differences were analysed using Mann-Whitney U test. All analyses 

were performed using SPSS version 23 and significance was reached if P<0.05 (two-tailed). 

RESULTS 

CD70 EXPRESSION AND ASSOCIATION WITH  

CLINICOPATHOLOGICAL PARAMETERS 

Immunohistochemical analysis was performed to evaluate CD70 protein expression in 51 

CRC tumor samples, 9 adenoma samples and 7 healthy colon specimens. We found no 

expression of CD70 on adenoma samples and normal colon tissue. Expression of CD70 
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on the tumor cells could only be detected in a small subset of malignant cells in 3.9% CRC 

samples. Instead, CD70 appeared to be highly abundant on CAFs in the TME of invasive 

cancer specimens. CD70 expression on CAFs was scored as 1+ in 13 (25.5%), 2+ in 19 

(37.3%) and 3+ in 6 (11.8%) tumor specimens, as demonstrated in Figure 7.1A. Thereby 

no CD70-positive CAFs were found in normal tissue, adenoma or in situ carcinoma (Tis).  

 

 

Figure 7.1: CD70 expression determined by immunohistochemistry. A: Representative 
samples of the various categories of CD70 expression, graded as - (<1%), 1+ (1-10%), 2+ (11-
50%), 3+ (>50%). Magnitude 100x; B: Graph displaying the expression of CD70 in normal (N), 
adenoma (A), in situ carcinoma (Tis) and invasive (T1-T4) CRC specimens; C: CD70 expression 
at the invasive front of the tumor. Magnitude is depicted at the bottom right. 
 

As demonstrated in Figure 7.1B, almost all invasive tumor specimens showed CD70-

positive CAFs with 84.6% of specimens staining positive (>10% CD70+ CAFs) in T4NxMx 

stages. This could also be demonstrated when biopsies from various disease stages of the 

same patient were tested for the expression of CD70 (N=6). Here, CAFs showed increased 

positivity of CD70 with increasing TNM classification. Finally, CD70-expression could 

always be shown adjacent to the tumor cells and appeared to be more present at the invasive 

margin of the tumor (Figure 7.1C). 
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Table 7.2. Association of CD70 expression and clinicopathological parameters 

 

 

To explore clinical relevance of CD70-expressing CAFs in CRC, associations between 

clinicopathological characteristics and stromal CD70 expression were analysed in all 

patients. Thereby, CD70 was divided into a low (£10% CD70+CAFs) (grade 0 and 1+) and 

high (>10% CD70+CAFs) (grade 2+ and 3+) positive group. As described in Table 7.2, 

Characteristics Low CD70 (0, 1+) High CD70 (2+, 3+) P-value 

Age 
<69 
³69 

 
13 (50.0%) 
13 (50.0%) 

 
11 (44,0%) 
14 (56,0%) 

0.781 

Gender 
Male 
Female 

 
13 (50.0%) 
13 (50.0%) 

 
15 (53,6%) 
10 (43,5%) 

0.577 
 

Differentiation (N=46) 
Weak 
Moderate 
Strong 

 
1   (4.8%) 
10 (47.6%) 
10 (47.6%) 

 
4   (16.0%) 
17 (68.0%) 
4   (16.0%) 

0.053 

Location 
Colon 
Sigmoid 
Rectosimoid 
Rectal 

 
16 (61.5%) 
4   (15.4%) 
3   (11.5%) 
3   (11.5%) 

 
9   (36.0%) 
6   (24.0%) 
8   (32.0%) 
2   (8.0%) 

0.186 

TxNM 
Tis 
T1 
T2 
T3 
T4 

 
6   (23.1%) 
8   (30.8%) 
7   (26.9%) 
3   (11.5%) 
2   (7.7%) 

 
0   (0.0%) 
1   (4.0%) 
3   (12.0%) 
10 (40.0%) 
11 (44.0%) 

0.000 

TNxM (N=50) 
N0 
N1 
N2 

 
18 (72.0%) 
4   (16.0%) 
3   (12.0%) 

 
7   (28.0%) 
7   (28.0%) 
11 (44.0%) 

0.006 

TNMx (N=47)a 

M0 
M1 

 
19 (79.2%) 
5   (20.8%) 

 
13 (56.5%) 
10 (43.5%) 

0.125 

Liver metastasisb 

No 
Yes 

 
21 (80.8%) 
5   (19.2%) 

 
11 (44.0%) 
14 (56.0%) 

0.009 

Clinical stage 
0 
I 
II 
III 
IV 

 
6   (23.1%) 
12 (46.2%) 
0   (0.0%) 
3   (11.5%) 
5   (19.2%) 

 
0   (0.0%) 
3   (12.0%) 
3   (12.0%) 
9   (36.0%) 
10 (40.0%) 

0.001 

Desmoplasia 
No 
Little 
Moderate 
Strong 

 
6   (23.1%) 
12 (46.2%) 
4   (15.4%) 
4   (15.4%) 

 
0   (0.0%) 
7   (28.0%) 
14 (56.0%) 
4   (16.0%) 

0.005 

MSI (N=47) 
Negative 
Positive 

 
20 (87.0%) 
3   (13.0%) 

 
23 (95.8%) 
1   (4.2%) 

0.348 

CD4 (N=44) 
<5% 
5-10% 
11-50% 
>50% 

 
4   (18.2%) 
2   (9.1%) 
9   (40.9%) 
7   (31.8%) 

 
4   (18.2%) 
4   (18.2%) 
13 (59.1%) 
1   (4.5%) 

0.448 

Treg (N=44) 
<5% 
5-10% 
>10% 

 
8   (36.4%) 
4   (18.2%) 
10 (45.5%) 

 
1   (4.5%) 
2   (9.1%) 
19 (86.4%) 

0.002 

aAt time of diagnosis; bInitially and/or after progression  
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stromal CD70 expression showed a significant association with strong tumor invasiveness 

(P<0.001), nodal invasion (P=0.006), clinical stage (P=0.001) and the presence of liver 

metastasis (P=0.009). In addition, CD70 expression was mostly seen in association with 

moderate desmoplastic reactions (P=0.005). We did not find any association between the 

CD70 expression level and MSI-status of the tumor. 

CHARACTERIZATION OF CD70-POSITIVE CAFS  

To confirm the expression of CD70 on CAFs and to distinguish the CD70+ CAFs from 

other known subsets of CAFs, we examined the expression of aSMA and Fibroblast-

activation protein a (FAP) in 5 CRC specimens with negative (-), low (1+) and moderate 

(2+) CD70-positivity.  

Figure 7.2: Distribution of CD70, FAP and aSMA expression on CRC specimens. 
Representative IHC pictures of CD70, FAP and aSMA expression on serial cuts of one tissue 
sample (3 different patients). Magnitude is depicted at the bottom right. FAP, fibroblast activation 
protein; aSMA, a smooth muscle actin. 
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As displayed in Figure 7.2 and Supplementary Table 7.1, high scoring (>50%, 3+) of aSMA 

and FAP was found in all biopsies, pointing towards the presence of CAFs. On the other 

hand, CD70 characterized a specific subset within the aSMA+FAP+ CAFs. 

ASSOCIATION OF CD4 AND TREGS WITH CLINICOPATHOLOGICAL 

PARAMETERS 

Forty-four samples were available for the detection of CD4 and Tregs (CD4+FOXP3+). 

CD4 was scored as 0 in 8 (18.2%), 1+ in 6 (13.6%), 2+ in 22 (50.0%) and 3+ in 8 (18.2%) 

tumor specimens. No associations were found between the presence of CD4+ T cells and 

gender, age, tumor invasion, nodal invasion, tumor location, clinical stage, differentiation 

or metastasis. Tregs were scored as 0 in 9 (20.5%), 1+ in 6 (13.6%) and 2+ in 29 (65.9%) 

of tumor specimens. No association of Tregs with gender, age, tumor invasion, nodal 

invasion, tumor location or differentiation were found. However, a weak association was 

seen with metastasis (P=0.084), whereby presence of metastasis was associated with 

elevated amounts of Tregs in the primary resection specimens. In addition, high Treg 

scoring was associated with stage II-IV as compared to stage I (P=0.005) patients and 

progressive disease (P=0.044). 

ASSOCIATION OF CD70 EXPRESSION WITH TREGS 

We found a significant association between high Treg amounts and high (2+, 3+) CD70 

staining (P=0.002, correlation coefficient (R) = 0.45), whereby the highest scoring grade for 

Tregs was detected in 86.6% of CD70high specimens (Table 7.2). In addition, we were able 

to compare the extent of Treg invasion within CD70high versus CD70low regions in the same 

specimen of 31 patients. In 45.2% of cases, an increased grade of Treg scoring could be 

observed in the presence of CD70high regions. Identical Treg patterns between CD70low and 
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CD70high regions were seen in 48.4% of cases. The remaining 6.5% displayed a lower 

scoring of Tregs in CD70high regions.   

CORRELATIONS BETWEEN CD70, TREGS, AND SURVIVAL 

Follow-up data were available for all CRC patients. Twenty-one (41%) patients died during 

the follow-up period and 25 (49%) patients showed disease progression after a mean 

follow-up of 171months. Kaplan Meier analysis was used to assess OS and PFS probability 

for CD70, CD4 and Tregs (Figure 7.3). The mean OS was reduced from 3057 ± 273 days 

in the CD70low group to 1344 ± 213 days in the CD70high group. As such, CD70 expression 

was a significant predictor of worse OS (P=0.001). Similarly, CD70 correlated with reduced 

PFS (P<0.001). No statistically significant difference in OS and PFS was observed with 

CD4, although high CD4 scoring showed a trend towards prolonged OS (P=0.075).  

Figure 7.3: Kaplan-Meier curves for overall survival and progression-free survival. P-values are 
depicted at the top right. 

Overall survival

Progression-free survival

P=0.001 P=0.075 P=0.148

P=0.000 P=0.132 P=0.082
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In contrast, Tregs, marked by co-expression of CD4 and FoxP3, showed a trend towards 

decreased survival (P=0.082). Interestingly, colon cancer patients with high infiltration of 

CD70+ CAFs in combination with high grading of Tregs showed a significantly shorter 

PFS time compared to patients with either high Treg scoring, CD70-positive CAFs or none 

of these factors (P=0.019). In addition to univariate analysis, we fitted a cox proportional 

hazard model with CD70 as predictor for OS and accounting for potential confounders 

including age, gender, differentiation, tumor location, metastasis, stage, desmoplasia, Tregs 

and MSI status (Table 7.3). Stepwise backward model building showed that CD70 

expression (Hazard ratio (HR): 4.585; 95% confidence interval (CI): 1.008-20.853; 

P=0.049) and tumor location (HR: 4.626; 95% CI: 1.304-16.142; P=0.018) acted as 

significant, independent predictors for OS. Similarly, a cox model was fitted for CD70 as 

predictor for PFS whereby stepwise backward modelling showed that only CD70 (HR: 

3.282; 95% CI: 1.061-10.148; P=0.039) and metastasis (HR: 3.887; 95% CI: 1.446-10.448; 

P= 0.007) acted as significant independent adverse predictors for PFS. 

Table 7.3. Independent predictors of overall survival and progression-free survival.	
(Multivariate Cox Regression model) 

 

EFFECT OF CD70-EXPRESSING CAFS ON TREGS 

Tregs are key cells contributing to an immunosuppressive tumor microenvironment of 

CRC. Our IHC results revealed a significant association between high CD4+FoxP3+ cell 

Predictors HR 95% CI P-value 

Overall survivala 

CD70 
Tumor location 
Metastasis 

4.585 
4.626 
2.462 

1.008-20.853 
1.304-16.142 
0.872-6.952 

0.049 
0.018 
0.089 

Progression-free survivala 

CD70 
Metastasis 
Differentiation 

3.282 
3.887 
0.429 

1.061-10.148 
1.446-10.448 
0.163-1.127 

0.039 
0.007 
0.086 

aFactors included in the backward conditional model: Age, gender, differentiation, location, metastasis, stage, MSI, Treg, desmoplasia 
and CD70. Abbreviations: HR, hazard ratio; CI, confidence interval.  
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amounts and the presence of CD70-positive CAFs in the tumor microenvironment. To 

analyse the effect of CD70 on Tregs in more detail, CD70high or CD70low CAFs were co-

cultured with CD4+ T cells for 7 days. Afterwards, nTreg (CD4+CD25+CD127low) and 

iTreg (CD4+CD25-TGF-b+IL-10+) amounts were determined by flow cytometry.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4: Role of CD70-positive CAFs on regulatory T cell accumulation. CT5.3 hTERT CAFs 
were sorted on the membrane expression of CD70 (see also Supplementary Figure 7.1) and co-cultured 
for 7 days with CD3+CD4+ T cells. Afterwards, lymphocytes were analysed with a multicolor panel on 
a BD FACSAria II system (see also Supplementary Figure 7.2 for gating strategy). A: Representative 
dot plots showing nTregs (CD3+CD4+CD25+CD127low) frequencies after 7 days of co-culturing with 
CD70low (left) or CD70high (right) CAFs; B: Percentage naturally occurring Tregs (nTreg) (left) and 
induced Tregs (iTreg)(right) within CD4+ T cells; C: Percentage CD25+ (left) and CD25- (right) cells 
within CD27+ T cells. Bars represent the mean ± SEM. Experiments were run in parallel with PBLs 
from four different donors. *P < 0.05. 
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The presence of CD70high CAFs significantly increased the frequency of nTregs when 

compared with CD70low CAFs (9.92±1.1% vs 5.52±0.63% nTregs) (Figure 7.4AB). 

Thereby, nearly double amounts of nTregs could be detected in co-cultures with CD70high 

CAFs compared to CD70low CAFs. No differences in CD27+ T cell amounts was observed 

but a significant shift from CD25- cells to CD25+ positive cells could be detected within 

the CD27+ T cell subset in the presence of CD70high CAFs (Figure 7.4C). In contrast, we 

observed no differences in the frequency of iTregs, regardless of the CD70 positivity 

(0.08±0.0% (CD70high) vs 0.04±0.06% (CD70low) nTregs) (Figure 7.4B). In conclusion, our 

results suggest an immune evasive effect of CD70high CAFs by the accumulation of nTregs. 

ROLE OF CD70-POSITIVE CAFS IN MIGRATION AND INVASION  

The aforementioned presence of CD70-positive CAFs at the invasive margin of the tumor 

suggests a role of these CAFs in cancer cell migration/invasion. We analysed the migratory 

capacities of CD70high and CD70low CAFs by real-time analysis of wound closure in co-

culture with CRC cells. CRC cells alone were not capable of spontaneously migrating 

towards the gap (data not shown). Instead, co-culture with CAFs strongly stimulated 

migration as well as invasion of CRC cells.  

We revealed a significant increase in migration of the CD70high CAFs with a relative wound 

density of 66.03±3.08% compared to 28.33±1.72% for the CD70low CAFs (P<0.05), 12h 

after wound initiation (Figure 7.5A). In addition, a strong trend was seen towards increased 

invasion of the CD70high CAFs when cultured with the HT29 (D10.79%, 48h) or HCT116 

(D14.88%, 48h) CRC cells (Figure 7.5B). In summary, these data indicate the strong 

migratory capabilities of CD70high CAFs.  
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Figure 7.5: Role of CD70-positive CAFs on migration and invasion. CT5.3 hTERT CAFs were 
sorted on the membrane expression of CD70, co-cultured with HCT116 (represented by pictures) or 
HT29 (represented by graphs) and followed in real-time during wound closure using the IncuCyte 
ZOOM LiveCell Imaging System. Left: Graph represents the relative wound density of CD70high or 
CD70low CAFs as a function of time for migration (A) and invasion (4 mg/ml matrigel) (B). Bars 
represent the mean ± SEM of 3 experiments. *P < 0.05. Right: Representative images of migration 
(12h) and invasion (48h). Confluence mask (orange); initial wound mask (blue); CRC cells (red). 
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Numerous studies indicate that tumor progression and invasiveness are determined not 

only by the malignant cancer cells themselves, but also by the surrounding tumor 

microenvironment. We are the first study to demonstrate the expression of the immune 
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was significantly associated with poor clinicopathological parameters and served as an 

independent prognostic marker in CRC. Finally, we revealed the potential role of CD70-

positive CAFs in immune escape by the accumulation of naturally occurring Tregs and their 

increased migratory capacities. 

Over the past years, the discovery of immune checkpoint receptors such as CTLA-4 and 

PD-1 introduced a new, exciting era in cancer immunotherapy. Moreover, accumulating 

clinical evidence points toward a promising role for checkpoint blocking antibodies in a 

rapidly expanding spectrum of solid tumors (22-25). However, immunotherapy in human 

CRC is limited to a small subset of patients with MSI-positive tumors (26, 27). The rationale 

behind this observation might be the dense immune infiltrate in MSI tumors due to the 

increased antigenicity as well as the expression of targetable immune checkpoints such as 

PDL-1 (26, 28, 29). However, there also could be alternative mechanisms underlying this 

difference in responsiveness between MSI and MSS, such as the predominance of tumor 

stroma in the latter (30). Therefore, in this report, we have not merely focused on the 

expression of immune checkpoint molecules by cancer cells but also taken the tumor 

stroma into account. Unexpectedly, CD70 overexpression could only be strongly detected 

on the CAFs. Moreover, CD70 expression on CAFs acted as an independent predictor for 

OS and PFS. In addition, CD70-positivity was associated with adverse clinicopathological 

parameters and displayed no association with MSI-status, highlighting the potential of this 

target in CRC subsets that do not benefit from immune checkpoint blockade. 

The role of wound healing-associated fibroblasts is well understood, but the functional role 

of CAFs in cancer progression and metastasis is emerging as being complex and bimodal 

with both cancer-promoting and cancer restraining actions (31). For example, genetic 
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depletion of proliferating CAFs, identified through its marker aSMA, gave rise to more 

aggressive tumors with suppressed immune surveillance and increased 

CD4+FOXp3+ Tregs in pancreatic mice models (8). On the contrary, therapeutics directed 

to FAP appeared more effective as ablation of FAP+ stromal cells inhibited tumor growth 

in several cancer models. However, the importance of FAP-positive cells in the 

maintenance of normal muscle mass, lymph node homeostasis, and haematopoiesis makes 

it challenging to use FAP as a future therapeutic target (31, 32). In our series, we found the 

expression of aSMA as well as FAP in nearly all CAFs. On the other hand, CD70 marked 

a distinct subset of CAFs within these dual positive CAFs. We could also demonstrate a 

substantial increase in migratory and invasive capacities within CD70high CAFs supporting 

our IHC data on the role of CD70 in tumor progression. Although we are the first to 

describe this effect by CD70-positive CAFs, CD70 overexpression on tumor cells has 

already been linked with invasion in non-small cell lung cancer, melanoma and glioblastoma 

(33-35). In the latter, knockdown of the CD70 gene resulted in a decrease in genes 

associated with tumor epithelial-mesenchymal transition (EMT) such as CD44 and SOX2. 

Also in CRC, overexpression of CD44 has been shown to drive EMT changes (36, 37). 

One other possible mechanism of action is the activation of CD70. Recently, it has been 

described that CD70 is not only a ligand but contains an underlying signaling cascade 

whereby activation leads to MAPK activation, RhoE overexpression and cytoskeletal 

changes, driving invasion in melanoma(34) .  

It has been demonstrated that targeting the CD70/CD27 axis can release the brakes on the 

immune system (13). Increased numbers of Tregs have been particularly found in the 

presence of CD70-expressing tumor cells due the expression of CD27 on the Tregs (13, 
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17, 38). The interaction of CD70 and CD27 even promoted tumor growth in solid tumor-

bearing mice by a decrease in Treg apoptosis and the production of IL-2, a key player in 

Treg survival (15). In support of this view, we detected a significant association between 

high CD70-scoring and increased CD4+FOXp3+ T cell amounts in primary CRC 

specimens. However, this present study is the first to reveal such a crosstalk with Tregs by 

the presence of CD70 on the CAFs instead of the cancer cells. Tregs are associated with 

decreased survival in a variety of malignancies and elevated proportions are typically 

associated with unfavorable outcome (39-41). Yet, in colorectal cancer, the role of Tregs is 

ambiguous as high densities of tumor-infiltrating Tregs in CRC patients are reported to be 

correlated with both worse and better outcomes (reviewed in (42)). One important reason 

for these discrepancies are the presence of functionally distinct subpopulations of Tregs 

with different levels of immunosuppression in the TME (42-44). Jafarinia et al. recently 

demonstrated that not all FOXp3+ cells can be considered as functional Tregs. CD25-

FOXp3+ cells in CRC patients showed lower suppressive and higher effector properties in 

comparison to the CD4+CD25+FOXp3+ nTregs (45). Moreover, evidence accumulates that 

IL-10, produced by these CD25- Tregs, plays a pivotal role in preventing inflammation and 

hereditary colon cancer (42). Instead, nTregs, isolated from PBMC of CRC patients, were 

capable of inhibiting anti-tumor immune responses (46). We have demonstrated that the 

presence of CD70-positive CAFs nearly doubled the proportion of nTregs when co-

cultured with CD4+ T cells. In contrast, we did not find such effect on CD25- Tregs. 

Additionally, we have observed a significant shift within the CD27+ T cell subset from 

CD25- towards CD25+ regulatory T cells in the presence of CD70high CAFs. Recent studies 

have demonstrated that CD27 expression on CD25+ Tregs positively correlates with their 

suppressive activity in vitro and with the expression of FOXp3 (47, 48). Consequently, our 
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data strongly suggest a role of CD70-positive CAFs in immune escape by the accumulation 

of nTregs.  

Although we believe that blocking the CD70/CD27 interaction can release the effect of 

CD70-positive CAFs on the immune system, we don’t presume this hold true for its other 

pro-tumorigenic effects. Moreover, in our experiments, CD70-positive CAFs showed 

increased migratory capacities without the presence of CD27. Several antibodies targeting 

CD70 are being evaluated in clinical trials and can therefore also be beneficial to deplete 

CD70+ CAFs. Thereof, SGN-CD70A and MDX-1203 are antibody-drug conjugates that 

rely upon internalization for a toxin to exert its anti-tumor function (49, 50). On the other 

hand, ARGX-110 is an anti-CD70 antibody with a complement-dependent cytotoxicity, 

antibody-dependent cellular cytotoxicity and antibody-dependent cellular phagocytosis 

activity with no need for internalization, providing extra dimensions to the anti-tumor 

effect (51).  

Our findings clearly show an important role for CD70-positive CAFs as predictors for the 

outcome of CRC patients. Furthermore, our data suggest a function of CD70 in immune 

escape by the accumulation of nTregs and display increased pro-migratory capacities of 

CD70-positive CAFs. These results demonstrate that targeting CD70 holds great potential 

in CRC, especially in light of the limited immunotherapeutic options available in MSS 

colorectal cancer. 
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SUPPLEMENTARY FIGURES 

 

Supplementary Figure 7.1: Membrane CD70 expression of sorted CT5.3 hTERT CAFs. Figure 
displays representative dot plots (A) and histogram overlay of CD70low and CD70high CAFs. 
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Supplementary Figure 7.2: Gating of regulatory T cells.  

SUPPLEMENTARY TABLES 

Supplementary Table 7.1: Expression of CD70, FAP and aSMA on serial cuts of 5 CRC 
specimens used in this study. Staining was graded as – (<1% of CAFs staining positive), 1+ (1-10%), 
2+ (10-50%), 3+ (>50%).  

	
Samples CD70 FAP aSMA 

1 
2 
3 
4 
5 

2+ 
1+ 
2+ 
1+ 
– 

3+ 
3+ 
3+ 
3+ 
3+ 

3+ 
3+ 
3+ 
3+ 
3+ 
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GENERAL DISCUSSION 

Although normally restricted to activated T and B cells and mature dendritic cells (DCs), 

constitutive expression of CD70, a member of the tumor necrosis family, has been 

described in both hematological and solid tumors, where it can trigger immune escape by 

signaling through its receptor, CD27 (chapter 2) (1). At the start of this dissertation, 300 

tumor specimens from hematological and solid malignancies were investigated for the 

expression of CD70 to identify interesting tumor types for anti-CD70 therapy. Here, a 

strong positivity of CD70 in a subset of non-small cell lung cancer (NSCLC) patients could 

be detected, which had never been described before. We discovered a different mode of 

expression in colorectal cancer (CRC) specimens with very high positivity of CD70 on the 

cancer associated fibroblasts (CAFS) in the tumor microenvironment. As a result, in this 

doctoral thesis we have focused on unraveling the CD70 pathology in NSCLC and CRC.  

 

NSCLC retains its position as the most lethal type of cancer with around 1.3 million deaths 

per year worldwide and a marginally improving 5-year overall survival rate which remains 

below 20% (2, 3). This underscores the need for new therapeutic strategies. 

Immunotherapy in which the patient’s immune system is used selectively towards cancer 

cells is considered a very promising candidate. In this regard, the programmed death-1 (PD-

1)-targeting antibody, Nivolumab, has been FDA approved for advanced squamous 

NSCLC with improved overall survival of 3.2 months, pointing towards the potential of 

immunotherapy but also leaving room for improvement (4). 
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In an effort to find a new immunotherapeutic strategy for NSCLC to enhance the anti-

tumor immune response and reduce side effects, we conducted several studies investigating 

the potential of anti-CD70 therapy in single or combinatorial therapy regimens. In the 

following paragraphs, the results of the studies are discussed collectively. 

In chapter 3, we have assessed the expression of CD70 in NSCLC by 

immunohistochemistry (IHC). We revealed CD70 overexpression in the two most 

common histological subtypes with stable expression over metastatic tissue in 80% of cases. 

We have shown particular CD70 expression in late stage diseases and squamous cell 

carcinoma. In addition, we did not find concurrent expression of CD70 with common 

targetable gene arrangements, making it an interesting therapeutic tool for patients that 

currently lack specific treatment options (5).  

To unravel a role of CD70 in thriving immune escape we examined the expression of CD27 

and FOXp3, a prominent marker for regulatory T cells (Tregs) on these NSCLC specimens. 

Indeed, we were able to detect infiltration of CD27+ lymphocytes in 90% of NSCLC 

specimens. Furthermore, tumor infiltrating lymphocytes surrounding CD70+ tumor cells, 

showed a trend towards increasing FOXp3 expression and higher CD4/CD8 ratios, 

supporting our hypothesis that CD70 can cause immune escape. Claus et al. already 

demonstrated that CD27-CD70 interactions increased the frequency of Tregs in the tumor 

microenvironment, reduced tumor-specific T cell responses and promoted tumor cell 

growth (6). In line with our results, recent studies also demonstrated that CD27 expression 

on Tregs positively correlates with their suppressive activity and the expression of FOXp3 

(7).  
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Although we could detect the expression of CD70 in NSCLC specimens by IHC, it was 

important to investigate whether monoclonal antibodies directed to CD70 could bind these 

CD70-positive malignant cells. One interesting antibody that was further investigated in 

this dissertation is ARGX-110. ARGX-110, a human monoclonal antibody, is currently in 

phase 2 clinical testing and is able to block the CD70/CD27 interaction and target CD70-

expressing tumor cells by antibody-dependent cellular cytotoxicity (ADDC). Our data show 

a strong correlation between IHC and the capacity of ARGX-110 to bind these cells by 

flow cytometric analysis. Using a low dose of ARGX-110, we could detect efficient natural 

killer (NK)-cell based tumor lysis in CD70-expressing tumor cells, implying that IHC is a 

suitable tool to screen patients for ARGX-110 treatment.  

Lastly, serum samples of NSCLC patients were examined for soluble CD27 (sCD27), which 

is shed in body fluids upon activation of CD27 by CD70 (8). We revealed a potential role 

of sCD27 as a prognostic marker in NSCLC and demonstrated even worse prognosis when 

CD70 was also found on the malignant cells. This highlights the activation of the CD27 

signaling cascade in patients with NSCLC and the use of CD70 as an interesting therapeutic 

target. 

It has been demonstrated that upon irradiation, CD70 expression becomes exposed onto 

the surface of the cells (9). We could detect such CD70 upregulation in NSCLC specimens 

taken before and after chemotherapy. To study the combination of CD70 and 

chemotherapy in more detail, in chapter 5 we have examined the in vitro and in vivo effects 

of cisplatin (CDDP), first line-treatment in NSCLC, on membrane CD70 expression. Our 

results demonstrated an induction of CD70 protein levels upon CDDP-treatment with the 

highest levels of CD70, 24h after treatment. Interestingly, this induction of CD70 could be 
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achieved using medium doses of CDDP and even demonstrated efficacy in a CD70-

negative cell line. Moreover, by the sequential administration of CDDP and ARGX-110, 

we observed a significant decrease in cell survival compared to single treatment regimens. 

In addition, since it was demonstrated that hypoxic tumor regions often contain viable cells 

that are more resistant to different types of therapy, these experiments were repeated under 

hypoxic conditions (0.1-1% O2). Here, we have demonstrated identical pattern of CD70 

upregulation upon CDPP treatment as opposed to normoxic conditions. Moreover, under 

hypoxic conditions the combination regimen of CDDP and ARGX-110 yet again displayed 

a significant decrease in cell survival as opposed to monotherapies (10). 

To understand the underlying mechanism of CDDP-induced CD70 upregulation, CD70 

mRNA levels were examined. We identified a significant induction in CD70 mRNA levels 

upon treatment with medium doses of CDDP which demonstrates that the observed effect 

can be attributed to increased transcription of CD70. Earlier studies found that methylation 

status of CpG sites, located between -581 bp and -288 bp upstream of the TNFSF7 locus 

influences CD70 transcription. To test whether changes in DNA methylation contributed 

to CDDP-induced CD70 overexpression, methylation of 4 CpG sites in this region were 

analyzed using bisulphite-converted genomic DNA in NSCLC cell lines treated with vehicle 

or CDDP. No aberrations in methylation status of the CD70 promotor region could be 

detected, suggesting that the CDDP-mediated CD70 upregulation is reliant on another 

mechanism of action. One such example is the transcription factor activating-protein 1 

(AP-1). AP-1 comprises a family of transcription factors composed of heterodimers to a 

JUN and FOX family member that can bind the CD70 promotor region. Additionally, an 

increase in AP-1 DNA binding activity has been specifically implicated in CDDP resistance 

(11, 12). As such, we postulate that the observed induction of CD70 expression upon 
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CDDP treatment might mark these CDDP resistance cells and that CD70-targeting drugs 

could operate as an alternative approach to overcome CDDP resistance. 

 

For an anticancer immune response to lead to effective killing of cancer cells, a series of 

stepwise events must be initiated and allowed to proceed and expand iteratively, referred 

to as the cancer-immunity cycle (13). Targeting two or more steps in this cancer-immunity 

cycle should enable a more effective and self-sustaining cycle of cancer immunity. An 

interesting approach here is to combine anti-CD70 therapy with an agent that triggers 

immunogenic cell death (ICD), creating neoantigens that can be released and captured by 

antigen-presenting cells. Although chemotherapy has long been considered 

immunosuppressive, studies have shown that in addition to its direct cytotoxic effects on 

cancer cells, certain chemotherapeutics can initiate this immunogenic mode of tumor cell 

death. Therefore, in chapter 6, we explored the immunotherapeutic potential of three 

chemotherapeutic agents: CDDP, oxaliplatin and cyclophosphamide. We have identified 

the highest release of calreticulin and adenosine triphospohate, two important hallmarks of 

ICD, by the treatment with CDDP. CDDP also resulted in the highest induction of CD70 

expression on NSCLC cell lines, making it the ideal chemotherapeutic agent to combine 

with anti-CD70 therapy.  

 

Although immune checkpoint inhibition has shown major clinical benefits in NSCLC. In 

CRC, the early signals of activity are largely involving a small subset of patients with 

microsatellite instable (MSI) tumors (chapter 7)(14, 15). Unfortunately, this still leaves a 

great need for effective immunotherapies in the majority of colorectal tumors (16). Failure 

of these therapeutic approaches to treat CRC might be due to our limited understanding of 
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how the stromal cells, especially CAFs, present within this tumor can facilitate cancer 

progression. CAFs are a heterogeneous population of cells and it is becoming clear that 

their role in regulation of cancer progression and metastasis is distinct, which necessities 

for markers to target specific subsets of CAFs  (17).  In chapter 8, we could identify such 

a distinct subpopulation of CAFs, marked by the expression of CD70 and equipped with 

pro-tumorigenic properties. We have found that CAF CD70-positivity was significantly 

associated with poor clinicopathological parameters and served as an independent 

prognostic marker in CRC. CD70-positivity displayed no association with MSI-status, 

highlighting the potential of targeting CD70 in CRC subsets that do not benefit from 

immune checkpoint blockade. Furthermore, our data demonstrated a crosstalk of CD70-

positive CAFs with naturally occurring Tregs, paving the way towards immune escape in 

the tumor microenvironment. Finally, we also observed the presence of CD70-positive 

CAFs at the invasive margin of the tumor and their pro-migratory capacities indicating that 

targeting these CAFs holds great potential in CRC. 

CONCLUDING REMARKS  

The main research objective of this PhD dissertation was to identify interesting tumor types 

for anti-CD70 therapy and to provide new combination strategies. Our study on the 

expression patterns of CD70 in solid malignancies demonstrated a strong positivity of 

CD70 on malignant cells in NSCLC specimens, also in patients that lack other targeted 

treatment options. We could demonstrate the capacity of ARGX-110 to bind these CD70-

positive cells and enable NK cell mediated cytotoxicity. In addition, we revealed that low 

doses of chemotherapeutics can increase ecto-CD70 expression, in particular with the first-
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line chemotherapeutic agent, CDDP. As a result, the sequential combination of CDDP and 

ARGX-110 resulted in enhanced cytotoxicity of the drug, compared to single treatment 

regimens. These results could be obtained under normoxic as well as hypoxic conditions. 

Finally, our results exposed the potential of CDDP to facilitate ICD. Consequently, this 

study provides a new combination strategy that can ultimately result in increased tumor-

specific cytotoxicity, reduce side effects and reinvigorate the anti-tumor immune response 

in NSCLC patients.  

In CRC, we discovered an entirely different mode of CD70 expression. Contrary to its 

expression in NSCLC, we could find almost no expression on tumor cells in CRC 

specimens. Nonetheless, we uncovered CD70 expression on CAFs in the tumor 

microenvironment that are known to play a tremendous role in cancer progression. Our 

research led to the identification of CD70-positive CAF in invasive CRC specimens and 

their role as a prognostic marker for CRC patients. Moreover, we found evidence of a cross-

talk between CD70-positive CAFs and naturally occurring Tregs, paving the way toward 

immune escape in CRC. We also displayed the pro-tumorigenic features of CD70-positive 

CAFs by their strong migratory capacities. In conclusion, the second part of this 

dissertation provides a strong rationale for the further investigation of anti-CD70 therapy 

in CRC.  

FUTURE PERSPECTIVES   

Our study provides promising results on a combination regimen of CDDP with anti-CD70 

therapy in NSCLC. However, we have merely focused on the potential of ARGX-110 to 

initiate NK cell mediated cytotoxicity, neglecting its other important mode of actions: a) 
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ARGX-110 is endowed with not only ADCC, but also complement-dependent cytotoxicity 

(CDC) and antibody-dependent cellular phagocytosis (ADCP) to deplete tumor cells that 

express CD70 on the surface (18); b) ARGX-110 can enhance anti-tumoral immune 

responses as CD70 overexpression on the tumor cells is known to drive T cell exhaustion 

and directly kill T cells (1, 9, 19, 20); c) ARGX-110 can block the interaction with CD27 

depriving the tumor from immune evasion by reducing the number of intratumoral Tregs 

(6). Moreover, our preliminary data demonstrated the depletion of induced regulatory T 

cells upon ARGX-110 in CD70-expressing NSCLC cell lines. Therefore, we believe that 

our results on the combination of CDDP and anti-CD70 therapy only represent a small 

portion of its efficacy in the tumor microenvironment. To further investigate this, in vivo 

experiments are warranted as this is not conceivable by in vitro experiments. Recently, 

humanized mice models have been manufactured, allowing us to fully study the interaction 

of a human-like immune system with a human-like tumor. These models allow us to study 

the appropriate timing and dosing of this combination strategy and identify potential 

biomarkers for screening and monitoring treatment response. One interesting factor in this 

regard can be soluble CD27 (sCD27). We have demonstrated the prognostic value of 

sCD27 in NSCLC patients. This significant observation remains of great interest, as the 

technique used to determine the levels of sCD27 are economical to employ and simple to 

perform (8).  

Identification of cancer cell inhibitory signals, including programmed death ligand-1 (PDL-

1), has prompted the development of a new class of cancer immunotherapy that specifically 

hampers immune effector inhibition, reinvigorating and potentially expanding preexisting 

anticancer immune responses (13). As more and more patients are showing remarkable 
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responses to anti-PD1 therapy, it is becoming clear that immune checkpoints also play a 

key role in dampening the immune responses in NSCLC (21, 22). Combining anti-CD70 

therapy with other immune checkpoints might therefore be another way to strengthen the 

anti-tumor immune response. Moreover, our combination regimen with low doses of 

CDDP might even enable us to go beyond dual combination therapy without extensive 

side effects. Of note, this approach can be applicable for a broad range of tumor types 

based on comparable expression levels in various solid and hematological malignancies.  

In the second part of this PhD dissertation we have identified a subset of CD70-positive 

CAFs in CRC with pro-tumorigenic properties and thriving regulatory T cell accumulation. 

An exciting next step would be to untangle the therapeutic potential of targeting CD70-

positive CAFs in CRC. Therefore, in a first series of experiments, one should unravel 

whether this expression of CD70 is internalizing upon antibody binding. In renal cell 

carcinoma, CD70 is rapidly internalizing upon binding, making it an ideal target for 

antibody-drug conjugates, allowing the cytotoxic drug to be released within the tumor cells. 

On the other hand, if stable expression of CD70 is found, this would require a different 

approach such as the depletion of CD70-positive CAFs by ADCC-inducing antibodies. 

Finally, CD70-binding chimeric antigen receptor (CAR) T cells have recently entered a 

clinical phase I/II study in patients with CD70-expressing tumor cells, investigating the 

potential of these T cells to safely eliminate CD70-positive tumor cells. The use of CD70-

directed CAR T cells might therefore be an alternative technique to deplete CD70-

expressing CAFs.  

Over the past years, we have isolated CAFs from over 20 CRC specimens derived from 

surgical resections at UZA and successfully cultured them into primary CAF cell lines. 
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Therefore, in a possible follow-up study, these cell lines could serve as the perfect material 

to investigate the best therapeutic strategy to target these CD70-positive CAFs. As it is 

widely described that CAFs contribute to therapy resistance, anti-CD70 therapy can aid to 

increase the sensitivity of tumor cells to anti-tumor agents for combined CRC therapy.  

Another interesting field to study is to explore the underlying mechanism of CD70 

overexpression in CAFs. It has been shown that demethylation in the CD70 promotor 

region can drive CD70 overexpression on malignant cells (23, 24). Because CAFs are 

known to be epigenetically altered, it might well be that demethylation is underlying this 

CD70 overexpression (25). One other hypothesis is that CRC cells can drive CD70 

overexpression by the secretion of cytokines such a tumor growth factor-b (TGF-b) (20, 

26). Having more insights in these underlying pathways can enable us to find other 

biomarkers for phenotypically distinct subsets of CAFs and also help us to understand the 

pro-tumorigenic characteristics of these CD70-positive CAFs.  

In a possible follow-up study the role of CD70 on cancer-associated fibroblasts could also 

be expanded to other tumor types besides CRC, particularly focusing on these types that 

exhibit significant desmoplastic reactions such as pancreatic cancer.  
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SUMMARY 

 
The mutual and interdependent interaction between cancer cells and their 

microenvironment is increasingly considered a crucial domain of investigation in cancer 

research. In this regard, immunotherapy represents a promising therapeutic modality in 

oncology, as evidenced by its election as Science's Cancer Breakthrough 2013. Recently, 

much interest has been generated by the clinical results associated with inhibition of 

immune checkpoint proteins by antibodies directed against cytotoxic T lymphocyte 

antigen-4 (CTLA-4) and programmed death (ligand) -1 (PD-1/PDL-1). However, there is 

still room for improvement. In this PhD dissertation, we have focused on the CD70–CD27 

signaling pathway, emerging as an interesting new field of study to enhance anti-tumoral 

immune responses. Indeed, the discovery of CD70 expression on multiple tumor types of 

hematological and solid origin makes this molecule an attractive target for antibody-based 

immunotherapy (chapter 2).  

 

Lung cancer affects an increasingly larger fraction of the population. Although major 

advances have been made over the past decades in lung cancer screening and therapy, it 

remains characterized by a disappointing five-year overall survival rate of less that 20%. In 

chapter 3, we assessed the role of CD70 in primary non-small cell lung cancer (NSCLC) 

resection specimens and could demonstrate the overexpression of CD70 in a subset of 

patient with NSCLC. Moreover, we displayed the potential of ARGX-110, a clinically tested 

CD70-targeting monoclonal antibody, to eradicate these CD70-positive tumor cell by 

natural killer (NK)-cell mediated cytotoxicity.  
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In chapter 4, we have focused on interesting combination strategies for anti-CD70 therapy 

to enhance the efficacy of ARGX-110. We demonstrated a strong increase in Ecto-CD70 

expression on malignant cells upon treatment with low doses of cisplatin (CDDP), the first-

line chemotherapeutic in NSCLC. As a result, the sequential combination of CDDP and 

ARGX-110 significantly increased tumor-specific cytotoxicity of the drug, compared to 

single treatments regimens. Finally, this strategy also proved successful in a hypoxic tumor 

microenvironment, often characterized by high therapy resistance.  

 

Recently, it has been demonstrated that in addition to its direct cytotoxic effects on cancer 

cells, certain chemotherapeutics can reinvigorate the anti-tumor immune response by 

triggering immunogenic cell death (ICD). In that regard, we wanted to compare the use of 

CDDP treatment with other well-known ICD inducers to identify the ideal match for anti-

CD70 therapy. In chapter 5 we could demonstrate that CDDP is a promising agent to 

initiate ICD in NSCLC cell lines. Furthermore, CDDP appeared more capable of inducing 

CD70 expression on malignant cells than other chemotherapeutic agents. Therefore, we 

can conclude from these experiments that the combination of anti-CD70 therapy and 

CDDP serves as a promising approach to directly target the tumor cells and reinvigorate 

the anti-tumor immune response.  

 

In colorectal cancer (CRC), the mutual and interdependent interaction between tumor cells 

and the tumor microenvironment plays an important role in tumor metastasis and the 

inefficacy of current immunotherapeutic approaches (chapter 6). The major components 

of the tumor microenvironment are the cancer-associated fibroblasts (CAFs). Although it 
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has been demonstrated that CAFs play an important role in tumor migration and invasion, 

their total depletion has been demonstrated to induce more aggressive tumors. CAFs 

represent a heterogeneous population of cells with opposing tumor-promoting or tumor-

inhibitory properties, lacking specific markers tot target these subsets of CAFs. In chapter 

7 we reveal the expression of CD70 on CAFs in CRC. Moreover, the presence of CD70-

positive CAFs marked decreased survival of the patient and was associated with adverse 

clinicopathological parameters. In this chapter, we also revealed the strong migratory and 

invasive characteristics of CD70-positive CAFs and their role in facilitating tumor immune 

escape. In co-culture with T cells, CD70-positive CAFs nearly doubled the amounts of 

regulatory T cells (Tregs) in comparison to CD70-negative CAFs. Therefore, we can 

conclude that CD70 marks a subset of CAFs, equipped with pro-tumorigenic properties 

and helping tumor cells to escape immune surveillance. These results provide a strong 

rationale for the further investigation of anti-CD70 therapy as a promising therapeutic tool 

for CRC.  

 

To conclude, this PhD dissertation comprises important translational research on the role 

of CD70 in solid malignancies. This has resulted in the discovery of two tumor types that 

can benefit from anti-CD70 therapy as well as the design of a promising combination 

strategy for ARGX-110. 
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SAMENVATTING 

In het huidige kankeronderzoek wordt steeds meer de nadruk gelegd op het belang van de 

interactie tussen tumorcellen en hun micro-omgeving. In dit opzicht vertegenwoordigt 

immuuntherapie een veelbelovende behandelingsmodaliteit en werd het zelfs door Science 

verkozen tot wetenschappelijke doorbraak van 2013, mede als gevolg van de klinische 

resultaten verkregen met remmers van de belangrijke immunologische ‘checkpoints’, met 

name cytotoxisch T-lymfocytantigeen-4 (CTLA-4) en programmed death-1 (PD-1)(1). In 

dit proefschrift hebben we ons gericht op de CD70/CD27-signaalweg als een interessant 

nieuw doelwit om de anti-tumorimmuunrespons te versterken. Het is namelijk gebleken 

dat CD70 tot overexpressie komt op tal van hematologische en solide tumoren en aldus 

een aantrekkelijke target kan zijn voor immuuntherapie die op antilichamen gebaseerd is 

(hoofdstuk 2). 

 

Longkanker treft een steeds groter deel van de bevolking en hoewel er de laatste decennia 

veel vooruitgang is geboekt in longkankerscreening en -therapie, blijft het gekenmerkt door 

een teleurstellende vijfjaarsoverleving van minder dan 20%. In hoofdstuk 3 bestudeerden 

we de rol van CD70 in primair niet-kleincellig longkanker (NSCLC) en konden we voor het 

eerst aantonen dat CD70 tot overexpressie komt op de maligne cellen in NSCLC-

resectiestukken. Meer nog, we rapporteerden dat ARGX-110, een klinisch getest CD70-

gericht monoclonaal antilichaam, in staat is om CD70-positieve tumorcellen aan te vallen 

door middel van natural killer (NK)-celgemedieerde cytotoxiciteit.  
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In hoofdstuk 4 hebben we ons gefocust op interessante combinatiestrategieën met anti-

CD70 therapie om zo de effectiviteit van ARGX-110 nog te verhogen. Hierbij 

rapporteerden we een sterke verhoging van CD70 op het membraan van maligne cellen na 

behandeling met lage dosissen cisplatine (CDDP), de eerstelijnstherapie bij NSCLC.  De 

combinatie van CDDP met ARGX-110 resulteerde dan ook in een sterke effectiviteit die 

hoger was dan het gebruik van de agentia in monotherapie. Tot slot bleek deze strategie 

ook succesvol in het elimineren van tumorcellen in een zuurstofarme omgeving, die 

normaal juist gekenmerkt wordt door een hoge therapie-resistentie.  

 

Aangezien recent werd aangetoond dat bepaalde chemotherapeutica niet enkel rechtstreeks 

de tumor aanvallen maar ook een anti-tumorrespons kunnen opwekken door het induceren 

van immunogene celdood (ICD), zijn we nagegaan of CDDP in dit opzicht ook een goede 

combinatie is voor anti-CD70 therapie. In hoofdstuk 5 konden we vaststellen dat CDDP 

een interessant therapeuticum is om ICD teweeg te brengen en detecteerden we zelfs dat 

CDDP de hoogste inductie van CD70 overexpressie op de tumorcellen kon veroorzaken. 

Hieruit kunnen we besluiten dat de combinatie van anti-CD70 therapie en CDDP een 

veelbelovende combinatiestrategie biedt voor NSCLC-patiënten waarbij we gerichter de 

tumorcellen kunnen aanvallen en potentieel blijvende responsen kunnen bewerkstelligen 

door het stimuleren van een anti-tumorimmuunrespons.  

In colorectaal kanker (CRC) bestaat er een nauwe interactie tussen de tumorcellen en hun 

omgeving, tumor micro-omgeving genaamd, die een belangrijke rol speelt in de 

metastasering van de tumoren en de lage respons tegen de huidige immuuntherapie 

(hoofdstuk 6). De voornaamste componenten van deze tumor micro-omgeving zijn de 
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tumor-geassocieerde fibroblasten (TAFs). Hoewel reeds werd aangetoond dat TAFs een 

belangrijke rol spelen in tumormigratie en -invasie, is het moeilijk gebleken om de TAFs te 

gebruiken als een doelwit voor anti-kanker therapie. TAFs bestaan namelijk uit een 

heterogene populatie van cellen die zowel positief als negatief de tumorcellen kunnen 

beïnvloeden. Spijtig genoeg werden er tot op heden nog geen specifieke merkers gevonden 

om enkel deze tumor-stimulerende TAFs aan te vallen. In hoofdstuk 7 tonen wij voor het 

eerst de expressie van CD70 aan op de TAFs in CRC. Meer nog, uit onze resultaten bleek 

dat de aanwezigheid van CD70-positieve TAFs een verkorte overleving voor de patiënt 

betekende en geassocieerd werd met ongunstige clinicopathologische parameters. In dit 

hoofdstuk hebben we ook aangetoond dat deze CD70-positieve TAFs over sterke 

migratoire en invasieve eigenschappen beschikken. Verder, konden we aantonen dat in 

cocultuur met T cellen, CD70-positieve TAFs in een sterke verhoging van het aantal 

regulatoire T cellen (Tregs) resulteerde in vergelijking met de CD70-negatieve TAFs. We 

kunnen daarom uit deze resultaten besluiten dat de expressie van CD70 een populatie van 

TAFs onderscheidt die tumor-stimulerende eigenschappen bevat en een rol lijkt te spelen 

in de ontsnapping van de tumor aan ons immuunsysteem. Deze resultaten geven daarom 

een sterke rationale voor het verder onderzoek van anti-CD70 therapie in CRC.   

In conclusie werd in dit proefschrift belangrijke translationeel onderzoek verricht naar de 

rol van CD70 in solide tumoren. Dit resulteerde niet enkel in de ontdekking van twee 

belangrijke tumortypes voor anti-CD70 therapie maar ook in een veelbelovende 

combinatiestrategie.
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natuurlijk ook nog in dit lijstje. Wij delen elke dag dat afschuwelijk stukje file (al is het wel echt 

op een compleet ander uur). De Venetiaans blonde Laure kan natuurlijk ook niet uit mijn lijstje 

ontbreken. Ons zalige ASCO-avontuur ga ik ook nooit vergeten. De avondjes stappen in 

Chicago waren echt bangelijk. Mister Español, Pablo, ook jij bedankt om altijd zo vrolijk te 

zijn en de celkweek altijd van de nodige deuntjes te voorzien.  

Al die zalige laboranten bij team CORE moeten natuurlijk ook in dit dankwoord. Greet, Hilde, 

Céline, bedankt dat jullie altijd zo goed voor mijn celletjes hebben gezorgd wanneer ik er geen 

tijd voor had, merci voor alle experimenten en overvloed aan buffers die jullie voor mij gemaakt 

hebben. Bedankt! Stofke, de rebelse IHC-god, jou wil ik als het kan zelfs nog meer bedanken. 

Merci om al mijn IHC-ideeën uit te voeren, zelfs al kwam je daarom soms om 6u(!) voor naar 

het werk! Ik ben zo blij dat ik je rebeleerfase heb meegemaakt, en nog blijer dat die doodskop 

T-shirten tot je verleden behoren. Uiteraard kan ik mijn oud-collega’s niet vergeten. Johan, 

Ridha, Céline en Boeckxie. Jullie hebben de start van mijn doctoraat zo gemakkelijk gemaakt. 

Ik ben zo blij dat ik jullie heb leren kennen. En dat er nog veel feestjes (en reviews) mogen 

volgen!  

Team CMG wil ik ook heel graag bedanken omdat ik al jullie toestellen mocht gebruiken. Met 

in het bijzonder Lieselot natuurlijk, die mij zo goed mogelijk pyrosequencing heeft proberen 

uitleggen. Desondanks, vind ik het nog altijd afschuwelijk. Het was altijd zo tof wanneer jij een 

dagje op oncologie verbleef, hoewel ik dan wist dat ik echt niets gedaan ging krijgen. Lieselot, 

jij bent niet meer gewoon een verre collega maar een echte vriendin. Merci om erbij te zijn 

wanneer ik de eerste uitstap deed met mijn metekindje, de nodige feestjes en voor alle etentjes 

(want damn ja wij eten graag). Kom gerust nog maar eens paardrijden met Marie en Emiel 

(maar neem Dieter dan misschien maar niet meer mee J ).  
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Verder wil ik iedereen op hematologie heel hard bedanken en daarbij horen uiteraard ook Hans 

en Johan. Bedankt ook om elke keer dat je “Haaannssss” hoorde even uitbundig (haha) recht 

te springen en de FACScan te repareren. Ik deed het echt niet expres hoor…  

Ook wil ik graag de mensen van Pathologie en het MICA, en dan voornamelijk Christel 

Vangestel bedanken voor de hulp met de muizen. Het was een emotionele rollercoaster maar 

we zijn er doorheen geraakt J. 

Iedereen bij arGENx zou ik ook superhard willen bedanken. Met in het bijzonder natuurlijk 

Karen Silence! Karen, jouw enthousiasme heeft de start van mijn doctoraat zo gemakkelijk 

gemaakt. Ik had onmiddellijk het CD70-virus te pakken en jouw onuitputtelijke bron van 

ideeën hebben ervoor gezorgd dat ik tijdens dit doctoraat nooit een seconde gedacht heb dat 

ik bijna klaar was J. Merci daarvoor!  Ik ga proberen om de fakkel zo goed mogelijk door te 

geven aan Tal, onze nieuwe CD70-expert.  

Natuurlijk kan ik mijn ouders niet vergeten. Make, zonder jou had ik nu echt nooit het laatste 

hoofdstuk van mijn doctoraat aan het schrijven geweest. Jij hebt er veel voor moeten zagen 

maar ik kan nu eindelijk zeggen dat ik blij ben dat je dat al die jaren volgehouden hebt.  Merci 

om zo enthousiast te zijn bij elk artikel en elke beurs die ik binnenhaalde. 

Pieter jij hebt echt wel afgezien tijdens dit doctoraat. Merci om altijd naar mij te blijven 

luisteren zeker ook ten tijde van de eerste muisslachtoffers. Misschien heb ik inderdaad een 

beetje overgereageerd maar toch bedankt om mij er terug bovenop te helpen J. En natuurlijk 

niet te vergeten, merci om altijd zo goed voor mij te zorgen, zelfs al waren mijn thuiskomsturen 

niet altijd even regelmatig, mij altijd van het nodige eten te voorzien. Ik zou je willen vertellen 

dat het nu voorbij is maar pijnlijk genoeg ga ik nog wel eventjes blijven doorgaan, sorry alvast…  

Buiten het labo gaat er ook heel veel dank uit naar mijn vrienden en familie. Jullie hebben altijd 
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voor de nodige ontspanning gezorgd en stonden altijd klaar om wat frustraties weg te dansen. 

En wat hebben jullie tijdens deze periode wel allemaal niet van mij moeten verdragen. Hoeveel 

uren ik wel niet over mijn doctoraat gepraat heb, met de nodige piekmomentjes waarbij ik dacht 

kanker opgelost te hebben … sorry daarvoor J! Mijn kotgenoten van de Eendrachtsstraat, 

en uiteraard ook de BMW-ers Celien & Gimpe, jullie hebben ervoor gezorgd dat ik echt de 

beste bachelor- & master-ervaring ever gehad heb. De dingen die we allemaal gedaan hebben 

horen niet echt thuis in een thesis en hebben waarschijnlijk ook niet echt bijgedragen aan dit 

werk maar ze hebben er wel voor gezorgd dat ik na mijn studies nog helemaal opgeladen was 

om aan een doctoraat te beginnen. Zoals beloofd, ook een zot bedankje aan de Snollebollekes, 

de harde kern & mijn ardennen-vriendinnen die mij elk vrouwenweekend & feestje weer 

zoveel energie gaven om opnieuw aan een zotte werkweek te beginnen. Hoewel…. misschien 

mag ik niet liegen…merci wel om mij telkens en heel moeilijke maandag te geven. En bedankt 

ook om een week voor mijn verdediging nog zo een geweldig feest te geven! Ik ben zo blij dat 

ik het gehaald heb zonder krukken, al was het wel echt nipt.  

Tot slot wil ik Gerda bedanken, mijn prachtige Hyundai Matrix, om het bijna heel het doctoraat 

met mij vol te houden. Ik weet dat ik niet de gemakkelijkste chauffeur was en dat ik soms al 

eens vergat om je pinkers af te zetten en we je dan met Team CORE terug in gang moesten 

trekken. Ik weet dat ik soms weleens de handrem vergat en jij dan in de struiken stond als ik 

naar huis wou vertrekken. Ik weet dat ik weleens wat bruut reed en je per ongeluk al eens tegen 

de berm kon knallen, en we (lees ik, terwijl Jolien foto’s nam) dan jouw banden moesten 

vervangen. Ik weet dat Filip jou weleens stond uit te lachen omdat je wat vuil was of misschien 

niet zo goed geparkeerd stond… maar dat haalt niet weg dat ik je enorm graag gezien heb.  

May you rest in peace!  
Dank je wel, 
        Julie  
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