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Abstract
Persson Skare, T. 2021. Investigating histidine-rich glycoprotein and T cell-specific adaptor 
as potential biomarkers and therapeutic targets. Digital Comprehensive Summaries of 
Uppsala Dissertations from the Faculty of Medicine 1774. 39 pp. Uppsala: Acta Universitatis 
Upsaliensis. ISBN 978-91-513-1308-5. 

The endothelial cell (EC), the most important cell type in blood vessels, lines the vessel wall and 
provides vessel integrity. EC function is tightly regulated, and its dysregulation is a key element 
in many diseases including cardiovascular disease, cancer and several diseases of the eye. 

This thesis investigates the prognostic and therapeutic potential of two proteins: histidine-
rich glycoprotein (HRG) and T cell-specific adaptor protein (TSAd). HRG is an abundant 
hepatocyte-derived protein, involved in many biological processes including hemostasis and 
fibrinolysis, inflammation, and angiogenesis. TSAd is an adapter protein downstream of 
vascular endothelial growth factor (VEGF) receptor 2, required for VEGF-A induced vascular 
permeability. 

In Paper I HRG-based therapy is tested in glioma using an HRG-encoding non-replicating 
adenovirus vector delivered orthotopically in the GL261 mouse glioma model. HRG treatment 
results in reduced tumor growth and increased vessel perfusion. Further mechanistic analysis 
reveals that stanniocalcin 2 (STC2) is a binding partner of HRG on the surface of inflammatory 
cells. 

Paper II investigates the potential of HRG as a prognostic biomarker in mature B cell 
lymphomas using tissue microarrays of human lymphoma samples. RNAscope is employed 
to identify tumor cell expression of HRG, and complementing immunostainings reveal that 
high HRG expression is a marker of improved overall survival for patients with marginal zone 
lymphoma, independent of age, stage and sex. 

In Paper III the interaction of HRG and STC2 is characterized further using the human 
histiocytic lymphoma cell line U937 that can differentiate towards a macrophage-like cell type 
after stimulation with vitamin D3. The bioactivity of recombinant HRG and STC2 is ensured by 
testing their effects on phagocytosis in U937 cells. Quartz crystal microbalance analysis reveals 
that HRG binds STC2 with high affinity in a conformation dependent manner. 

Paper IV describes a high throughput screen for a small chemical compound capable of 
blocking VEGF-induced vascular permeability by binding TSAd. Screening of approximately 
22000 compounds results in the discovery of a lead compound that binds TSAd and blocks 
VEGF-induced permeability in an ex-vivo assay. 

In summary, the papers presented in this thesis describe different strategies to investigate the 
role of HRG and TSAd on ECs and how this information can be applied therapeutically. The 
results confirm the importance of EC biology in disease, and the clinical potential HRG and 
TSAd as therapeutics or as biomarkers. 
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Abbreviations 

AMD Age-related macular degeneration 

Arg 1 Arginase-1 

BCVA Best corrected visual acuity 

CD Cluster of differentiation 

CNS Central nervous system 

CRC Colorectal cancer 

CTLA-4 Cytotoxic T lymphocyte-associated antigen-4 

DME Diabetic macular edema 

DR Diabetic retinopathy 

EC Endothelial cell 

HCC Hepatocellular carcinoma 

HRG Histidine-rich glycoprotein 

HUVEC Human umbilical vein endothelial cell 

IDH Isocitrate dehydrogenase 

IFN Interferon 

IGF Insulin-like growth factor 

IHC Immunohistochemistry 

IL Interleukin 

iNOS Inducible nitric oxide synthase 

KLF Krüppel-like factor 

Ly6c Lymphocyte antigen 6c 

MALT Mucosa-associated lymphoid tissue 

MRC Mannose receptor 1 

MZL Marginal zone lymphoma 

NADPH Nicotinamide adenine dinucleotide phosphate 

NHL Non-Hodkin lymphoma 

NK-cell Natural killer cell 

NMZL Nodal marginal zone lymphoma 

PD-L1 Programmed death ligand 1 

PFS Progression-free survival 

PlGF Placental growth factor 

PTPRD Receptor-type protein-tyrosine phosphatase-δ 
QCM Quartz crystal microbalance 

RTK Receptor tyrosine kinase 

RVO Retinal vein occlusion 



  

   

  

  

  

  

   

  

   

  

   

   

    

 

SH Src homology domain 

SIRS Systemic inflammatory response syndrome 

SMZL Splenic marginal zone lymphoma 

SNP Single nucleotide polymorphism 

STC2 Stanniocalcin 2 

TAM Tumor-associated macrophage 

TKI Tyrosine kinase inhibitors 

TRM Tissue-resident macrophage 

TSAd T cell-specific adaptor protein 

TTF Tumor treating fields 

VE-cadherin Vascular endothelial cadherin 

VEGF Vascular endothelial growth factor 

VEGFR Vascular endothelial growth factor receptor 



 

  

 

      

       

       

    

      

       

     

    

      

  

 

        

  

     

       

       

        

  

      

        

    

  

       

    

     

        

  

   

   

 

     

         

Introduction 

Blood vessel dysregulation plays an important role in many diseases including 

cancer, eye disease and cardiovascular disease. This thesis investigates the 

role of two proteins that affects endothelial cells in disease: the abundant 

plasma protein histidine-rich glycoprotein (HRG) and T cell-specific adaptor 

protein (TSAd), a signalling molecule downstream of vascular endothelial 

growth factor receptor 2 (VEGFR2). The prognostic and therapeutic potential 

of HRG has been investigated in two diseases, the highly aggressive cancer 

glioblastoma, and the indolent lymphoma marginal zone lymphoma. TSAd 

has been investigated as a molecular target to attenuate vascular permeability, 

of relevance in both cancer and eye disease. 

Endothelial cells and VEGF signalling 

The vascular system consists of an extensive network of arteries, veins and 

capillaries that transports blood to distribute oxygen and nutrients to periph-

eral tissues and concomitantly removes waste and metabolites in order to 

maintain cellular homeostasis. A key cell type in the vascular system is the 

endothelial cell (EC), lining the vessel lumen and maintaining vessel integrity 

(Sturtzel 2017). ECs sit on a basement membrane and link to adjacent cells 

via specialized cell-cell contacts, also denoted junctions. There are two types 

of junctions joining endothelial cells, adherens and tight. The movement of 

cells, fluids and nutrients across the blood vessel wall is important for tissue 

homeostasis. This exchange can take place through adherens junctions and 

tight junctions between adjacent cells, through diaphragm-covered fenestra-

tions, or by vesicular cell transport through the endothelial cells. Furthermore, 

the transport can be passive, driven by oncotic and hydrostatic pressure, or 

active, through opening of gaps at intercellular junctions. The main compo-

nent of adherens junctions is the Ca2+ binding protein vascular endothelial 

(VE)-cadherin, whose extracellular domain forms homophilic complexes be-

tween endothelial cells. The intracellular domain interacts with several caten-

ins, β-catenin, p120 catenin and γ-catenin, forming a complex that stabilizes 

junctions and mediates interactions with the actin cytoskeleton. The stabiliz-

ing role of VE-cadherin on adherens junctions is regulated through phosphor-

ylation by Src-family kinases at several positions, of which positions pY685, 
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pY658 and pY731 have been assigned different roles. pY685 is considered 

especially important for vascular permeability as mice lacking this site show 

reduced leakage of macromolecules (Smith, et al 2020, Wessel, et al 2014). 

pY658 is involved in shear stress sensing and pY731 in leukocyte extravasa-

tion (Arif, et al 2021, Orsenigo, et al 2012). The exact mechanism of vascular 

endothelial growth factor (VEGF)-induced vascular leakage in vivo remains 

to be revealed. Although several studies have shown that VE-cadherin is con-

stitutively phosphorylated through blood flow-dependent shear stress at posi-

tions Y658 and Y685, and VEGF-signalling increases the level of phosphor-

ylation leading to increased vascular leakage, conflicting data exist and the 

exact mechanisms are still under investigation (Adam 2015, Gavard 2014, 

Orsenigo, et al 2012, Wessel, et al 2014, Yan, et al 2016) 

ECs are essential in the regulation of several vital biological functions in-

cluding immunity, haemostasis, angiogenesis and control of vascular tone (K. 

K. Wu and P. Thiagarajan 1996, Sandoo, et al 2010, Sturtzel 2017). Conse-

quently, EC function is tightly regulated, and a key regulator is the protein 

vascular endothelial growth factor A (VEGF-A). VEGF-A is the prototypic, 

first identified VEGF, and belongs to a family of growth factors that in addi-

tion includes VEGF-B, VEGF-C, VEGF-D, and placental growth factor 

(PlGF) (Chung and Ferrara 2011). Two other members, VEGF-E and VEGF-

F are not expressed in mammals but can signal through mammalian endothe-

lial cell receptors (Ogawa, et al 1998, Suto, et al 2005). VEGFs form homodi-

mers and bind to the receptor tyrosine kinases (RTK) VEGF receptor 1-3 on 

endothelial cells (Folkman and Klagsbrun 1987). These receptors are structur-

ally similar, but differ in ligand affinities, downstream signalling and biolog-

ical effects (Simons, et al 2016). The main receptor for VEGF-A is VEGFR2, 

but VEGF-A can also bind to VEGFR1 and the co-receptors neuropilin 1-2 

and heparan sulfate proteoglycans. These co-receptors modulate signalling by 

VEGFR2 rather than transducing signals on their own accord (Simons, et al 

2016). Binding of VEGF-A to VEGFR2 causes receptor dimerization, activa-

tion of the receptor tyrosine kinase, and auto-phosphorylation of specific ty-

rosine residues on the receptor (Koch, et al 2011). The phosphorylated tyro-

sines in turn present specific binding sites for Src Homology 2 (SH2)-contain-

ing adaptor molecules or enzymes, initiating downstream signalling pathways 

with different biological effects. Three main tyrosine (denoted Y) phosphory-

lation sites in VEGFR2 are located at position Y949, Y1173 and Y1212 in the 

murine VEGFR2 and signal transduction initiated from these sites have been 

explored in depth. 

One of the first discovered consequences of VEGF signalling was increased 

blood vessel permeability, and VEGF-A was initially denoted vascular per-

meability factor (VPF) (Senger, et al 1986). VEGF-A-induced phosphoryla-

tion of Y949 on VEGFR2 allows for binding of the adaptor protein TSAd. 

TSAd binds to the pY949 site through its SH2 domain and through its proline-

12 



 

  

        

     

      

      

     

        

 

     

       

       

  

     

    

   

    

     

    

     

      

    

    

      

    

    

   

         

     

 

    

  

rich domain to the SH3 domain of c-Src (Sun, et al 2012), which in turn phos-

phorylates VE-cadherin resulting in gap formation at EC junctions and in-

creased macromolecular leakage (Figure 1) (Li, et al 2016, Smith, et al 2020). 

The importance of this signalling pathway is evident in several diseases in-

cluding eye disease and cancer, where anti-VEGF drugs decrease permeability 

and improve the clinical outcomes for many patients (Ferrara and Adamis 

2016). 

VEGF-A-induced phosphorylation of VEGFR2 at Y1173 has an important 

role in sprouting angiogenesis, the formation of new blood vessels from pre-

existing vessels (Sakurai, et al 2005). Angiogenesis is a physiological process 

of vital importance for embryonic development, wound healing and regrowth 

of the endometrium during the menstrual cycle (Chung and Ferrara 2011). 

Physiological angiogenesis is driven by hypoxia, when the growing tissue pro-

duces hypoxia-regulated growth factors that induce EC migration and prolif-

eration. Peripheral cells respond to tissue hypoxia by producing VEGF-A, re-

sulting in a gradient of increasing VEGF-A levels towards the periphery, pro-

moting vessels growth towards the hypoxic area (Potente, et al 2011). In re-

sponse to VEGF-A signalling, endothelial cells change phenotype and begin 

to degrade the underlying basement membrane surrounding the vessel. During 

this process EC junctions partially dissolve, allowing cells to migrate along 

the VEGF gradient toward the hypoxic area. The leading EC in this nascent 

vessel branch is called the tip cell and it guides direction of the sprout. Tip 

cells have extending filopodia and are followed by stalk cells which are pro-

liferating, lumen-forming cells. The joining of two tip cell-headed sprouts cre-

ates vessel loops that allows for blood flow into the hypoxic area (Chung and 

Ferrara 2011, Potente, et al 2011). Tip cell/stalk cell division is regulated 

through VEGF-A signalling which induces expression of delta-like ligand 4 

(Dll4) in tip cells. Dll4 bind to the Notch1 receptor on adjacent ECs resulting 

in a negative feedback loop which downregulates VEGFR2, resulting in a 

stalk-cell phenotype (Hellström, et al 2007). 
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Figure 1. Schematic illustration of the main phosphorylation sites of VEGFR2. 

Tumor microenvironment 

Endothelial cells are part of the tumor microenvironment and play a major role 

in cancer progression via paracrine signalling and interaction with tumor cells. 

The tumor microenvironment consists of non-malingnant cells including fi-

broblasts, various immune cells including tumor-associated macrophages 

(TAMs), endothelial cells and pericytes, extracellular matrix components and 

metabolites in the vicinity of the tumor cells. Endothelial cells have been ex-

tensively studied initially in the context of tumor angiogenesis, but later also 

as an important modulator of the tumor microenvironment through angiocrine 

signalling (Alsina-Sanchis, et al 2021, Trindade and Duarte 2020). 

Dysregulation of angiogenesis is considered one of the hallmarks of cancer 

and is also a key feature in inflammation and eye disease (Arroyo and Iruela-

Arispe 2010, De Palma, et al 2017, Tolentino, et al 1996). Tumor angiogene-

sis differs from physiological angiogenesis in several important ways. It is 

sustained whereas physiological angiogenesis is transient, and tumor vessels 

are morphologically and qualitatively different from vessels in healthy tissues 

in that they are leaky, dilated, convoluted and distorted (Hanahan and 

Weinberg 2011). Tumor vessels are also poorly perfused, and since they exist 

in an environment with high hydrostatic pressure, transport across the vessel 

wall is suppressed. The increased intratumoral pressure is of consequence for 
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intratumoral bioavailability of cytostatic drugs (Baronzio, et al 2015, 

Claesson-Welsh 2015, Claesson-Welsh, et al 2021).  

Tumor-associated macrophages 

Tumor-associated macrophages (TAMs) constitute a major cell type in the tu-

mor microenvironment. TAMs are among the most abundant cells in solid tu-

mors, even outnumbering tumor cells in some cancer forms (Noy and Pollard 

2014, Pathria, et al 2019). TAMs have been identified as key players in tumor 

biology and are involved in many aspects of tumor progression including tu-

mor growth, angiogenesis, tumor cell extravasation and metastasis (Qian and 

Pollard 2010). 

A majority of the TAMs are derived from circulating monocytes that ex-

travasate into the tumor in response to locally produced chemoattractants such 

as the chemokines CCL2 and CCL5, VEGF-A, and colony stimulating factor 

1 (Mantovani, et al 2004, Movahedi, et al 2010). CCL2 is of particular im-

portance as it is also produced by TAMs and stromal cells and its expression 

is associated with poor prognosis (Mantovani, et al 2017, Pathria, et al 2019). 

This chemokine promotes accumulation of Ly6c+/CCR2+ cells in the tumor, 

accompanied by increased metastasis in a murine breast cancer model 

(Mantovani, et al 2017). 

Another fraction of TAMs is derived from proliferating tissue-resident 

macrophages (TRM), which express different biomarkers compared to tumor-

infiltrating TAMs (Pathria, et al 2019). Although the proportion varies in dif-

ferent cancer types, the majority of macrophages in the tumor microenviron-

ment are believed to be derived from infiltrating TAMs. A high proportion of 

infiltrating TAMs negatively correlate with survival in a mouse glioma model 

(Feng, et al 2015). 

TAMs can be both pro-tumoral or tumoricidal depending on factors in the 

tumor microenvironment. Early in tumor development during the elimination 

phase of cancer immunoediting, TAMs are mostly tumoricidal (O’Donnell, et 

al 2019, Vesely, et al 2011). At this stage, pro-inflammatory TAMs, some-

times denoted M1-like or classically activated macrophages, are more abun-

dant (Pathria, et al 2019). These TAMs are characterized by expression of the 

interleukins (IL)-1, IL-6, and IL-12, type I interferons (IFNs), and the chem-

okine CXCL9 (Murray 2017, Orecchioni, et al 2019). Production of IFN-γ by 

CD8+ T lymphocytes, T helper 1 cells and natural killer (NK) cells in the 

tumor microenvironment direct macrophages toward this M1-like phenotype, 

accompanied by nitric oxide synthase (iNOS) upregulation, increased antigen 

presentation, increased production of inflammatory cytokines, and direct kill-

ing of cancer cells as a result (Biswas and Mantovani 2010, Murray and Wynn 

2011). 

However, TAMs polarized toward a more immunosuppressive phenotype, 

supporting tumor growth, are more common in most cancers (Mantovani, et 
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al 2017). IL-4 and IL-13 produced by T helper 2 cells causes these cells, de-

noted M2-like, to promote tumorigenesis through a number of mechanisms, 

including angiogenesis, suppression of adaptive immunity, and tissue remod-

eling and extracellular matrix degradation (Zhou, et al 2020). These TAMs 

express mannose receptor-1 (MRC1), arginase-1 (Arg1), IL-10 and the chem-

okines CCL22 and CCL17 (Murray 2017, Orecchioni, et al 2019). 

The dichotomy of M1-like and M2-like TAMs is now considered to be an 

oversimplification since TAMs continuously adopt new phenotypes in re-

sponse to changes in the tumor microenvironment (Murray 2017). Neverthe-

less, it is clear that macrophages can have both pro- and anti-tumorigenic 

properties, and cancer research is focused on exploiting these anti-tumoral 

properties for developing new therapies. 

Disease models 

In this thesis the tumor microenvironment and endothelial cell dysfunction is 

investigated in two cancers, glioblastoma multiforme and marginal zone lym-

phoma. These two cancer forms differ in several important ways, and illustrate 

the diversity of cancer. Glioblastoma is a solid, aggressive and highly vascu-

larized tumor, and marginal zone lymphoma an indolent neoplasm of mature 

B cells that can transform into more aggressive lymphomas. 

Marginal zone lymphoma 

Lymphoma is an umbrella term for a diverse group of malignant neoplasms 

of lymphocytes. They are traditionally categorized as either Hodgkin lympho-

mas or non-Hodgkin lymphomas (NHL) where the latter constitutes approxi-

mately 90 % of all malignant lymphomas. NHL is a heterogeneous group of 

malignancies of developing or mature B and T cells. Many NHLs are classi-

fied according to the equivalent normal lymphocyte development stage, but 

for some there is no matching normal stage (Ekström-Smedby 2006, 

Swerdlow 2017). Of particular interest for this thesis is the marginal zone lym-

phomas (MZL). 

MZLs constitute a group of mature B cell lymphomas that includes splenic 

marginal zone lymphoma (SMZL), extranodal marginal zone lymphoma of 

mucosa-associated tissue (MALT) and nodal MZL. The marginal zone is the 

outermost layer of B–cell follicles and it is most prominent in lymphoid organs 

with high antigen exposure such as the spleen, mesenteric lymph nodes and 

mucosa-associated lymphoid tissue (Figure 2) (Zucca, et al 2017). 
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Figure 2. The marginal zone (yellow) in the spleen surrounding the germinal centre 
(GC) in secondary B follicles. 

MZLs are typically indolent, with a median survival of 8-10 years for SMZL-

and NMZL patients, and 12 years for MALT patients. However, the median 

survival of MALT lymphoma patients is more variable and depends on the 

site of origin. Patients with gastrointestinal MALT have shorter overall sur-

vival than patients with adnexal or endocrine disease (Olszewski and Castillo 

2013). Transformation to a more aggressive B cell lymphoma is seen in up to 

20% of MZL cases, and mutations in Notch 2 and Krüppel-like factor 4 

(KLF4) are associated with increased risk of transformation (Alderuccio, et al 

2018, Bertoni, et al 2018). 

Diagnosis is based on histology and immunohistochemistry (IHC) where 

cells are positive for the B cell marker CD20 and negative for CD5, CD10 and 

cyclin D1(Zucca, et al 2020). The occurrence of certain mutations differs be-

tween the three MZL subtypes and can be used to distinguish them. SMZL 

patients have more frequent chromosome 7q deletions, and NMZL presents 

more often with mutations in the Receptor-type protein-tyrosine phosphatase-

δ (PTPRD) gene. Specific chromosomal translocations are only seen in MALT 

lymphoma with the t(11;18) translocation detected in up to 50% of patients, 

and the t(14;18) translocation in 15-20% of patients (Bertoni, et al 2018, 

Zucca and Bertoni 2016). 

Both infectious and autoimmune diseases are associated with an increased 

risk of developing MZL. MALT lymphoma of the ventricle is closely associ-
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ated with chronic gastritis caused by Helicobacter pylori infections. In agree-

ment, H. pylori eradication causes remission in around 80% of these patients 

(Gong, et al 2016). Several other infectious diseases are also associated with 

MZL including Hepatitis C and Clamydophila psittaci infection in the orbital 

adnexa and Campylobacter jejuni infection of the small intestine. Autoim-

mune diseases such as Sjögren syndrome and systemic lupus erythematosus 

are also associated with an increased risk of developing MZL (Ekstrom 

Smedby, et al 2008). 

There are few prognostic biomarkers available for MZL. Notch 2 and KLF2 

mutations are associated with poor prognosis in SMZL, and CD5, CXCR4 

Forkhead Box P1 (FOXP1) and B cell lymphoma/leukemia 10 (BCL10) are 

associated with poor prognosis in extranodal MZL. For NMZL there is limited 

data, but CD5 positivity is associated with disseminated disease (Alderuccio 

and Lossos 2020). 

Treatment of MZL differs between the subtypes, where symptomatic 

SMZL is treated with the anti-CD20 antibody rituximab, NMZL with rituxi-

mab combined with chemotherapy, and MALT lymphoma with H. pylori 

eradication in gastric MALT, and radiotherapy or chemotherapy in non-gas-

tric MALT (Zucca, et al 2020). 

Glioblastoma 

Glioma is the most common type of malignant central nervous system (CNS) 

tumor, accounting for more than 70% of all CNS cancers. They are classified 

as grade I – IV based on both histological features and mutation status of the 

enzyme isocitrate dehydrogenase (IDH) and 1p19q co-deletion. Grade IV gli-

oma is denoted glioblastoma and it is the most aggressive type of glioma. Gli-

oblastoma is classified according to the status of the enzyme isocitrate dehy-

drogenase (IDH), which may be either wild-type or mutated (Cenciarini, et al 

2019, Molinaro, et al 2019). Normally, IDH enzymes catalyse the conversion 

of isocitrate to α-ketoglutarate to produce nicotinamide adenine dinucleotide 

phosphate (NADPH). The IDH mutant enzyme instead generates an increase 

of the putative oncometabolite D-2-hydroxyglutarate, which is accompanied 

by changes in metabolism, DNA methylation and increased oxidative stress 

(Han, et al 2020). Glioblastoma IDH wild-type is the most common type of 

glioma, constituting approximately 70% of all newly diagnosed gliomas. The 

median age at diagnosis is 59 years, with a median survival of 12-15 months. 

IDH mutations are more common in secondary glioblastoma, i.e. slowly pro-

gressing cancer developing from low-grade astrocytoma, and which is asso-

ciated with better prognosis (Molinaro, et al 2019). A hallmark of glioblas-

toma is vessels with a morphology characterized by thick vessel walls consist-

ing of multiple layers of endothelial cells, pericytes and thick basement mem-

branes. These vessels co-exists with thin-walled tumor vessels and is absent 

in low grade glioma (Dimberg 2014). 
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The risk of developing glioblastoma is increased in several hereditary cancer 

syndromes, including Li-Fraumeni syndrome, neurofibromatosis, and tuber-

ous sclerosis. Familial occurrence of glioma is also associated with increased 

risk for glioblastoma, however this increased risk might be caused by envi-

ronmental factors in addition to genetic factors. In addition to hereditary risk 

factors, exposure to ionizing radiation is also associated with an increased risk 

(Molinaro, et al 2019). 

Standard of care for glioblastoma consists of neurosurgery together with 

radiation treatment and chemotherapy. Surgery is not curative, as the infiltra-

tive growth pattern of glioblastoma makes complete resection virtually impos-

sible. Surgery is followed by high dose radiotherapy combined with the 

chemotherapeutic alkylating agent temozolomide. Other therapeutics used in-

clude the synthetic glucocorticoid dexamethasone for treating glioblastoma-

induced cerebral oedema, and the novel therapy tumor treating fields (TTF), 

which received FDA approval for recurrent glioblastoma in 2011 and for 

newly diagnosed glioblastoma in 2015 (Guzauskas, et al 2018, Han, et al 

2020). TTF is a non-invasive technique where a portable device delivers low 

intensity alternating electrical fields to the tumor through electrodes on the 

skin. 

Another novel glioblastoma treatment modality is checkpoint-targeting im-

munotherapy. The checkpoint inhibitors, which have shown great promise in 

preclinical studies, include antibodies to cytotoxic T lymphocyte-associated 

antigen-4 (CTLA-4), or to programmed death ligand 1 (PD-L1), which dra-

matically increase overall survival in the GL-261 mouse model(Wainwright, 

et al 2014). However, in human clinical trials the effect of immunotherapy for 

glioblastoma has been disappointing (Medikonda, et al 2021). The low muta-

tional load compared to other solid tumors, and an immunosuppressive tumor 

microenvironment have been suggested as reasons for the lack of clinical ben-

efit of immune checkpoint inhibition (Brahm, et al 2020). 

Eye disease 

In addition to the role of endothelial cell dysfunction in cancer, diseases of the 

eye are also affected by pathological angiogenesis. VEGF-A plays a major 

role in the pathogenesis of diabetic retinopathy (DR) and diabetic macular 

edema (DME), neovascular age-related macular degeneration (nAMD), and 

retinal vein occlusion (RVO). 

Diabetic retinopathy is a microvascular complication of diabetes character-

ized by intra-retinal hemorrhages, microaneurysms, neural infarcts and retinal 

neovascularization. Breakdown of the blood retinal barrier in advanced dis-

ease leads to diabetic macular edema and frequently vision loss (Duh, et al 

2017). 
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In age-related macular degeneration (AMD), deposits containing proteins, 

cholesterol, lipids and cellular debris, called drusen, appear between the reti-

nal pigment epithelium and Bruch’s membrane, the layer separating the retina 
and the choroid. Neovascular AMD is a late stage of the disease characterized 

by infiltration of abnormal blood vessels from the choroid into the retina caus-

ing loss of vision (de Jong, et al 2020). 

Therapies 

Anti VEGF therapy 

Given the importance of VEGF in both eye disease and cancer, the develop-

ment of drugs targeting the VEGF-A/VEGFR2 pathway has been ongoing 

since the 1990s. The first drug, the humanized monoclonal antibody bevaci-

zumab, was approved for first line treatment of metastatic colorectal cancer in 

2004. The concept of suppressing the effect of VEGF-A in cancer was further 

developed with the recombinant fusion protein aflibercept consisting of bind-

ing domains of VEGFR and the Fc domain of IgG1, the monoclonal anti-

VEGFR2 antibody ramucirumab, and small molecule tyrosine kinase inhibi-

tors (TKI) including sorafenib and sunitinib, with different affinity and tox-

icity profiles. Today, anti-VEGF therapies are approved as first or second line 

treatment for many cancers including non-small cell lung cancer, renal cell 

carcinoma, gastric cancer, medullary thyroid cancer, and cervical cancer 

(Ferrara and Adamis 2016, Zirlik and Duyster 2018). 

The clinical benefits of anti-VEGF therapy in these cancers highlight the 

importance of this pathway. However, in a majority of malignancies including 

breast cancer and prostate cancer, the clinical benefits are limited at best 

(Aalders, et al 2017, Melegh and Oltean 2019). Several mechanisms behind 

this decreased responsiveness have been proposed. One proposed resistance 

mechanism is through growth factor signalling redundancy, where tumor an-

giogenesis is sustained through upregulation of other growth factors such as 

angiopoietins and fibroblast growth factors in response to anti-VEGF therapy. 

Alternatively, these alternative angiogenic factors may be produced inde-

pendently of anti-VEGF therapy. Other resistance mechanisms include in-

creased recruitment of pro-angiogenic inflammatory cells from the bone mar-

row, by vessel co-option, where the tumor utilizes existing vessels for blood 

supply, and through increased pericyte coverage and subsequent stabilization 

of the tumor vasculature (Bergers and Hanahan 2008, van Beijnum, et al 

2015). 

Antiangiogenic therapy in glioblastomas is an illuminating example of the 

challenges associated with anti-VEGF therapy. As glioblastomas are highly 
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vascularized tumors and express high levels of VEGF-A, anti-angiogenic ther-

apy has been evaluated in many clinical studies. In 2014, two phase 3 studies 

on bevacizumab treatment in glioblastoma showed no effect on overall sur-

vival but a 3-4 month increase in progression free survival (PFS). Bevaci-

zumab therapy was moreover associated with more adverse events (Chinot, et 

al 2014, Gilbert, et al 2014). At low doses, bevacizumab initially improves 

perfusion and reduces tumor-associated edema, however, this effect has been 

charactarized as a pseudoresponse, as it is transient and does not improve 

overall survival (Wang, et al 2017). Several resistance mechanisms have been 

proposed for glioblastoma, including vessel co-option and through increased 

recruitment of pericytes that stabilizes vessels (Bergers and Hanahan 2008, 

Wang, et al 2017). Tyrosine kinase inhibitors (TKI) have also been evaluated 

in glioblastoma but none is approved today. Nevertheless, the fact that several 

phase 3 studies on both bevacizumab and TKI are ongoing emphasizes both 

the need for new therapies and the potential of antiangiogenic therapy for gli-

oblastoma. Given these challenges, studies on combining anti-VEGF thera-

pies with other treatments such as immune checkpoint inhibitors, and identi-

fication of responsive patients with biomarkers are ongoing (Zirlik and 

Duyster 2018). 

In contrast to the mostly challenging application of anti-VEGF therapy in 

cancer, VEGF-neutralizing therapy is standard of care in several eye diseases. 

Monthly injections of ranibizumab, a monoclonal antibody fragment from 

bevacizumab, improves visual acuity in patients with macular edema after ret-

inal vein occlusion (Campochiaro, et al 2011). For DME, both ranibizumab 

and afliberecept are FDA approved and show improved best corrected visual 

acuity (BCVA) (Korobelnik, et al 2014, Nguyen, et al 2009). Ranibizumab 

and aflibercept are also approved for the treatment of nAMD with improved 

visual acuity (Rosenfeld, et al 2006, Schmidt-Erfurth, et al 2014) Although 

the use of anti-VEGF therapies in eye disease overall have been more success-

ful than in cancer, with improved visual acuity for many patients, the need for 

regular intravitreal injections are associated with both compliance challenges, 

and a small but serious risk of endophthalmitis (Ferrara and Adamis 2016, 

Lau, et al 2018). Anti-VEGF treatment have also been linked with develop-

ment of geographic atrophy in patients, but this is still debated (Gemenetzi, et 

al 2017, Maguire, et al 2016, Mantel, et al 2019, Sadda, et al 2020). 

Histidine-rich glycoprotein 

HRG has been shown to influence tumor progression through effects on both 

endothelial cells and on TAMs. HRG is a 75 kDa plasma protein produced 

predominantly by hepatocytes (Koide, et al 1986). It was first isolated and 

characterized in 1972, revealing a multidomain protein of 507 amino acid res-

idues, organized in two amino-terminal cystatin-like stretches followed by a 

histidine-rich region flanked by two proline-rich regions and ending with a C-

21 



 

  

       

     

 

          

       

     

   

     

      

    

     

    

       

         

   

   

 

 

       

     

         

    

         

         
   

          

     

 

      

         

      

     

    

terminal domain (Figure 2) (Heimburger, et al 1972, Koide, et al 1986). The 

His/Pro-rich region has a distinctive structure including 12 tandem repeats of 

the pentapeptide HHPHG. The prevalence of H and P is unusually high, each 

constituting approximately 12% of the total amino acids (Jones, et al 2005, 

Koide, et al 1986). Through its cystatin-homologous stretches, HRG belongs 

to a group of structurally related proteins containing cystatin domains denoted 

type 3 cystatins, together with fetuins and kininogen. Still, HRG’s cystatin 
domains do not show cysteine protease inhibitory effects (Lee, et al 2009). 

HRG has been implicated in a number of biological functions. Thus, it 

modulates both coagulation and fibrinolysis through its binding of a broad 

range of ligands including heparin, thrombospondin, factor XII (FXII), fibrin-

ogen and plasminogen (Poon, et al 2011). HRG binds to heparin with high 

affinity (Kd 7 nM) and can thereby inhibit the binding of heparin to antithrom-

bin III (Lijnen, et al 1983, Poon, et al 2011). HRG also binds the cell surface 

glycosaminoglycan heparan sulfate with high affinity through its N-terminal 

cystatin domains (Vanwildemeersch, et al 2006). 

Figure 3. Schematic representation of the protein domains of HRG 

HRG’s biological function depends on divalent metal ions including Zn2+, 

Ni2+, Cu2+ and Co2+, which bind to the His/Pro-repeats. Of these, Zn2+ binding 

have been studied the most. HRG binds Zn2+ with appreciable affinity (Kd: 

2.85 µM) and this binding is pH dependent with maximum association at pH 

7.4 and the lowest association at pH 5.5 (Priebatsch, et al 2017). The binding 

of Zn2+ changes the affinity of HRG to coagulation factors, heparin and hepa-

rin sulphate (Jones, et al 2004). HRG’s pH-sensing properties allows it to 

modulate seemingly opposite biological responses depending on conditions in 

the surrounding microenvironment. 

The first paper on HRG-deficient mice was published 2005 and allowed for 

a better understanding of the role of HRG in vivo. Hrg-/- mice are viable and 

fertile with normal heart, liver and kidney metabolism. Routine hematological 

analysis shows a 2.5-fold increase in blood monocytes in HRG-deficient mice, 

but no other differences compared to wild-type mice have been described. 
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HRG-deficient mice have increased antithrombin activity, decreased pro-

thrombin time and decreased bleeding time suggesting an anticoagulant effect 

of HRG on both coagulation factors and platelet function. Hrg -/- mice also 

present with increased fibrinolytic activity, indicating that HRG possesses 

both anticoagulant anti-fibrinolytic properties in vivo (Tsuchida-Straeten, et al 

2005). 

The plasma concentration of HRG is high, 100-150 µg/mL, and increases 

with age (Hong, et al 2020). It is rapidly cleared from the blood and distributed 

to the tissues by macrophages (Tugues, et al 2014). The HRG-macrophage 

interaction has been studied in the context of cancer, where HRG is involved 

in the tumor immune response by steering macrophage polarization from an 

M1-like to an M2-like phenotype (Rolny, et al 2011, Theek, et al 2018, 

Tugues, et al 2012). 

Another important role of HRG in tumor biology is its effect on tumor an-

giogenesis and its therapeutic potential in cancer has been investigated in sev-

eral studies. Thus, injection of either recombinant HRG or HRG purified from 

human plasma, into subcutaneous fibrosarcoma tumors results in reduced tu-

mor growth and vascularization. These effects are mediated by the His/Pro-

rich region of HRG, which is proteolytically cleaved from the full-length pro-

tein in-vivo (Olsson, et al 2004). Growth of fibrosarcoma or pancreatic cancer 

is accelerated in Hrg -/- mice, accompanied by increased hypoxia, increased 

necrosis and reduced vessel perfusion (Tugues, et al 2012). In line with these 

results, HRG-overexpression in mouse models of breast cancer, pancreatic 

cancer and fibrosarcoma results in delayed tumor growth and reduced metas-

tasis. Tumor vessels show increased perfusion and are more extensively cov-

ered by pericytes. While HRG expression does not affect the total number of 

TAMs compared to the wild-type control, there is a significant increase in the 

proportion of M1 macrophages in the HRG-overexpressing tumors. The effect 

of HRG on tumor growth is dependent on TAMs as TAM depletion with 

clodronate liposomes abrogates the antitumoral effects of HRG (Rolny, et al 

2011). The effect of HRG-induced blood vessel normalization on drug deliv-

ery was further investigated in a paper by Theek et al. using a fibrosarcoma 

model. Interestingly, fluorophore labelled polymers accumulate more exten-

sively and penetrate deeper into the HRG-overexpressing tumors compared to 

wild-type tumors or tumors growing in Hrg -/- mice (Theek, et al 2018). Taken 

together, HRG has clear anti-tumoral effects in vivo and these effects are me-

diated both through macrophage polarization and tumor vessel normalization. 

The effects of HRG have also been studied in other disease models. The 

antibacterial properties of HRG were studied using the Hrg -/- mouse model. 

Here, Streptococcus pyogenes bacteria grow more efficiently and evade clot 

entrapment in HRG-deficient plasma. Furthermore, bacterial dissemination 

and mortality is increased in Hrg -/- mice, compared to wild type (Shannon, et 

al 2010). The role of HRG in chronic liver inflammation has also been inves-
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tigated in the Hrg -/- mouse model. In line with the effect on macrophage po-

larisation seen in HRG-overexpressing tumors (Rolny, et al 2011), hepatic 

monocyte-derived macrophages in Hrg -/- mice are polarized from an M1-like 

toward an M2-like subtype. In chronic experimental liver injury models, the 

Hrg -/- mice show reduced necrosis, reduced steatohepatitis and presents with 

reduced fibrosis as compared to wild-type mice (Bartneck, et al 2016). Over-

all, HRG is involved in a broad range of diseases and its interaction with in-

flammatory cells is of particular importance as evidenced in studies on both 

cancer and infectious disease. 

HRG in human disease 

A majority of the research on HRG has been performed in vitro and using 

mouse models, while its relevance for human physiology and pathology is less 

explored. However, HRG is implicated in range of human pathologies, includ-

ing thrombotic disease, infectious disease, cancer, and in liver disease. 

There are three case reports of families with congenital HRG deficiency, 

and two mutations have been described, denoted Tokushima 1 and Tokushima 

2 (Wakabayashi, et al 2000). In Tokushima 1 the mutation results in a substi-

tution of glycine (Gly) to glutamate (Glu) at position 85 in the first cystatin 

domain, accompanied by intracellular accumulation of HRG and decreased 

plasma levels to approximately 20% of normal. The family with this mutation 

has a history of thrombotic events (Shigekiyo, et al 1998). The decreased HRG 

levels in patients with Tokushima 2 are caused by a mutation at position 223 

leading to a substitution of cystein (Cys) to arginine (Arg). The family with 

this mutation has a 50% reduction in plasma HRG levels, but not the same 

striking family history of thrombosis compared with the Tokushima 1 family 

(Shigekiyo, et al 2000). A third family with congenital HRG deficiency and a 

history of thrombotic disease has also been described, but the genetic mutation 

in this family is unknown (Wakabayashi, et al 2000). A recent study showed 

that baseline HRG levels is an independent predictor for the development of 

post thrombotic syndrome, but not for recurrent deep vein thrombosis (DVT) 

(Siudut, et al 2020).  Interestingly, there are also case reports of families with 

elevated levels of plasma HRG, presenting with a family history of thrombo-

philia (Castaman, et al 1993, Engesser, et al 1987). Taken together, these stud-

ies support a role for HRG as a modulator of both coagulation and fibrinolysis 

in human biology, confirming results from in vitro studies. 

HRG have also been studied in the context of fertility. A single nucleotide 

polymorfism (SNP) in the HRG locus denoted C633T that results in an amino 

acid change from proline to serine at position 204 has been studied in the con-

text of infertility. Infertile couples where the male is homozygous for this SNP 

have lower pregnancy rates in in vitro fertilization (IVF). The SNP is also 

associated with lower total sperm count and motility, but not with sperm DNA 

integrity. The HRG C633T polymorphism is also associated with an increased 

risk of developing gestational hypertensive disorders including preeclampsia, 
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suggesting that HRG is important for human fertility (Elenis, et al 2018, 

Kumaresan, et al 2017, Lindgren, et al 2016). 

Since HRG has been shown to modulate biological functions including an-

giogenesis, inflammation and immunity in vivo, there have been multiple stud-

ies on its role in human cancer. In patient samples of hepatocellular carcinoma 

(HCC), HRG is less abundant on the surface of malignant cells compared to 

normal hepatocytes from healthy controls. This pattern is also seen in other 

cancers including breast cancer, colorectal cancer (CRC) and testicular cancer. 

However, in glioma, the opposite pattern with higher levels of HRG in the 

cancer than in the normal tissue, possibly due to a disruption of the blood-

brain barrier in this cancer form (Rolny, et al 2011). In CRC, levels of HRG 

in plasma are stable irrespective of stage, suggesting that the decreased accu-

mulation of HRG on tumor cells does not affect the plasma pool of HRG 

(Tugues, et al 2014). In a recent study of patients with HCC, HRG was shown 

to promote the formation of pro-apoptotic tumor necrosis factor receptor 1 

complex II, which was downregulated in HCC samples compared to non-tu-

morous samples. The same study also demonstrates that expression of HRG 

in the tumor diminished with HCC progression (Zou, et al 2020). 

HRG has moreover also been evaluated as a biomarker in ovarian cancer, 

where serum levels decrease from healthy controls to stage III cancer (Wu, et 

al 2012). There is also a weak positive prognostic correlation between serum 

levels of HRG with overall survival in patients with advanced pancreatic can-

cer. Finally, in a study on pancreatic ductal adenocarcinoma, absence of HRG 

expression in tumor samples was associated with decreased overall survival 

(Chen, et al 2019). Taken together, lower levels of HRG seem so be associated 

with worse prognosis in several cancers. However, it is not clear whether this 

reflects an overall deterioration of liver function (particularly in HCC) or a 

specific anti-tumoral effect of HRG from these studies. 

As in the mouse models for chronic liver disease, analysis of human sam-

ples of hepatitis C and non-alcoholic steatohepatitis shows a marked skewing 

of hepatic macrophages towards an M1 subtype, as well as an increased ex-

pression of HRG in adjacent areas (Bartneck, et al 2016). HRG has also been 

proposed as a biomarker for sepsis in patients with systemic inflammatory 

response syndrome (SIRS). In a study by Kuroda et al., HRG levels were 

significantly lower in patients with sepsis compared to patients with non-in-

fective systemic inflammatory response syndrome. Furthermore, low HRG 

levels was significantly associated with overall survival in patients with SIRS 

(Kuroda, et al 2018). In agreement with the effects of HRG on sepsis in mice, 

HRG is involved in microbial host defence and sepsis in human disease. 

Stanniocalcin 2 

In this thesis it is shown that HRG interacts with the protein stanniocalcin 2 

(STC2) on the surface of inflammatory cells. STC2 is a widely expressed 56 
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kDa homodimeric peptide hormone that, like HRG, is involved in several bi-

ological processes including calcium and phosphate homeostasis and angio-

genesis (Ishibashi, et al 1998, Uhlén, et al 2015). Human STC2 consists of 

302 amino acids and shares 34% sequence homology with the other member 

of the human stanniocalcin family; stanniocalcin 1 (Ishibashi, et al 1998). 

STC2 influences postnatal growth as Stc2 -/- mice grow faster, are on aver-

age 15% heavier than wild-type littermates and show organomegaly of several 

organs (Chang, et al 2008). Conversely, mice overexpressing STC2 are 45% 

smaller than wild-type mice (Chang, et al 2008, Gagliardi, et al 2005). A pro-

posed mechanism for the growth inhibitory effects of STC2 is based on its 

association with the pregnancy-associated plasma protein-A (PAPP-A), which 

prevents insulin-like growth factor 1 (IGF-1) release from IGF-binding pro-

tein 1 (Jepsen, et al 2015). 

STC2 was first isolated from fish, where it was found to regulate Ca2+ lev-

els, as removal of the STC2-expressing corpuscle of stannius glands results in 

hypercalcemia (Lafeber, et al 1988). Accordingly, several studies have inves-

tigated its effects on mammalian Ca2+ homeostasis. STC2 affects cytoplasmic 

Ca2+ levels in vitro, and cultured embryonic fibroblasts from Stc2 -/- mice have 

increased cytosolic Ca2+ levels as a consequence of compensatory depletion 

of ER-stored Ca2+ (Joshi 2020). However, as neither Stc2 -/- mice, nor STC2-

overexpressing mice show changes in plasma levels of Ca2+ and PO4, the sig-

nificance of the findings of STC2’s regulation of Ca2+ is not fully understood 

(Chang, et al 2008, Gagliardi, et al 2005, Joshi 2020). 

STC2 plays a role in many human cancers including HCC, CRC, breast 

cancer, and nasopharyngeal cancer. There are several studies on the role of 

STC2 in HCC. STC2 is upregulated and the extent of upregulation correlates 

with tumor size, as well as the number of tumors in HCC patient samples. In 

vitro, STC2 suppression results in decreased HCC cell proliferation and ex-

tracellular signal-regulated kinase (ERK)1/2 phosphorylation (Wang, et al 

2012). STC2 expression in HCC is moreover associated with poor overall sur-

vival and disease-free survival, as mRNA and protein levels correlate with 

tumor diameter, stage, degree of differentiation and metastasis (Wang, et al 

2019, Zhang, et al 2014). In gastric cancer, STC2 levels in circulating cancer 

cells are associated with poor prognosis (Arigami, et al 2013). Finally, a re-

cently published metastudy on solid cancers found STC2 expression associ-

ated with poor prognosis in gastric cancer (Hu, et al 2019). 

Angiogenesis is also influenced by STC2. Human umbilical vein endothe-

lial cells (HUVECs) transfected with lentiviral vectors encoding STC2 show 

increased cell proliferation, migration and tube formation indicating an in 

vitro effect of STC2 on sprouting angiogenesis. These transfected cells also 

showed increased expression of VEGF, VEGFR2 and eNOS, indicating that 

the effect of STC2 on angiogenesis is mediated by VEGF signalling (Law and 

Wong 2013). In another study, STC2 expression increased after treatment with 

the anti-VEGF neutralizing antibody bevacizumab in a CRC xenograft model, 
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further linking STC2 and angiogenesis (Miyazaki, et al 2014). However, the 

mechanisms underlying these effects are unclear. 

Concluding remarks 

This thesis covers several aspects of both tumor biology and vascular biology, 

including tumor angiogenesis, inflammation, and vascular permeability. The 

focus is on the two proteins HRG and TSAd, and their role in these processes. 

The most important finding of paper I is that the adenovirus vector-based 

gene therapy, as a means to deliver HRG to gliomas, reduces tumor growth 

and increases vessel perfusion, in line with previous studies using HRG-over-

expressing tumors. Another discovery is the finding that HRG binds to STC2 

on the surface of inflammatory cells. Given the poor prognosis for patients 

with glioblastoma, new therapies are urgently needed. The inhibitory effect of 

HRG on glioma growth mirrors HRG’s impact on other cancer types. The 

vessel-normalizing properties of HRG could potentially be exploited to im-

prove tumor vessel perfusion and delivery of currently available drugs in the 

future. 

Paper II investigates the potential of HRG as a prognostic biomarker in 

several mature B cell lymphomas, both indolent low-grade and aggressive 

high-grade lymphomas. Staining of tissue microarrays reveals that HRG is an 

independent marker for improved overall survival in marginal zone lym-

phoma, adjusted for age, sex and stage. This finding is valuable, as a subset of 

MZLs transform into a more aggressive high-grade lymphoma, and identifi-

cation of biomarkers associated with this transformation might help to recog-

nize patients with high risk of transformation, which could then influence ther-

apy choices. 

Paper III focus on the interaction of HRG and STC2, first described in 

paper I in this thesis. The consequence of this binding is investigated in a 

phagocytosis assay, where STC2 supresses the HRG-induced increase of 

phagocytosis. Binding affinities of the HRG-STC2 protein-protein interaction 

is studied using a quartz crystal microbalance (QCM) system. This methodol-

ogy is also employed to assess the binding of HRG and STC2 to the surface 

of inflammatory cells. The importance of inflammatory cells as mediators of 

HRGs anti-tumoral effects have been demonstrated in several studies (see 

above), but how the proteins affect gene regulation in inflammatory cells is 

not known. In paper III it is demonstrated that HRG bind STC2 with high 

affinity, and that the interaction is conformation dependent. 

Paper IV describes a high-throughput screen with the aim of finding a 

small chemical compound to specifically block VEGFA-induced vascular per-

meability while preserving other aspects of VEGFA signalling. The target of 

the screen was the protein TSAd, which bind to the tyrosine phosphorylation 

site Y949 (murine)/Y951 (human) in the activated VEGFR2. Approximately 
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22000 compounds from two compound libraries were screened using a prox-

imity based luminescent assay resulting in the discovery of a small compound 

that can inhibit vascular permeability when tested in an ex-vivo retinal explant 

assay. Anti-angiogenic therapy is in clinical use in several cancers and eye 

disease today, but there are problems with therapy resistance in many cancers, 

and with poor compliance in eye disease. New therapies are therefore needed, 

and further studies on this compound can hopefully lead to the development 

of a new drug in the future. 

The overall aim of the thesis has been to investigate the potential roles of 

HRG and TSAd as biomarkers or therapeutic targets. The role of HRG in can-

cer is investigated both as potential therapy in glioblastoma in paper I, and as 

a prognostic biomarker in lymphoma in paper II. In paper III the interaction 

between HRG and STC2 and their effects on a macrophage-like cell type is 

explored, in order to gain more mechanistic insights in the role of these pro-

teins in the context of inflammation. 

To employ a small chemical compound-based therapy to target TSAd’s in-

teraction with VEGFR2 presents important advantages compared to currently 

available anti-angiogenic therapies. Decreasing tumor-vessel permeability 

might lead to lower intratumoral pressure and consequently better bioavaila-

bility of cytostatic drugs. Furthermore, the effect of the drug is expected to be 

entirely endothelial specific since it targets cells expressing both VEGFR2 and 

TSAd.  
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