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Abstract

G protein-coupled receptors (GPCRs) are a superfamily of receptors involved in the 
regulation of a wide variety of physiological processes. Because of their regulatory role, 
GPCRs have been involved in multiple diseases, including metabolic and cardiovascular 
diseases, neurological disorders and cancer. GPCRs have been a major drug target with 
approximately 30-40% of the FDA-approved drugs mediating their effects via these 
receptors. Small molecules, which make up around 80% of the FDA approved GPCR-
targeting drugs, are most commonly used to target and modulate these receptors. However, 
obtaining small molecules with high affinity, potency and selectivity is still a major challenge 
in the drug discovery process. Moreover, GPCRs are known to be highly dynamic and exist 
in multiple conformations which also poses a big challenge to find drugs targeting a specific 
conformation. 

 To resolve some of these challenges, research has also been focusing on GPCR-targeting 
antibodies and antibody fragments in the last decade. One special class of antibody-fragments 
are single domain Ab fragments (sdAbs) or nanobodies© which are derived from animals from 
the camelid family. Their small size and structure enable nanobodies to target and modulate 
GPCRs more easily with a high affinity and specificity. Due to these advantages, nanobodies 
have proven to be ideal tools to be used as therapeutic and research tool to investigate GPCRs 
in more detail.

 The human cytomegalovirus (HCMV) is a herpesvirus that encodes four GPCRs. HCMV 
has infected 50-90% of the worldwide population but maintains a latent and asymptomatic 
infection in healthy individuals. However, viral reactivation can lead to disease or even 
mortality in immunosuppressed (i.e. transplantations) or immunocompromised (i.e. HIV/
AIDS) patients. In addition, HCMV has been found in multiple cancers and is believed to 
play an immunomodulatory role in cancer progression. Interestingly, US28 is one of the 
HCMV-encoded GPCRs and plays an essential role in the maintenance of a latent infection 
but also activates multiple oncogenic signaling pathways in cancer cells. 

 In this thesis, we developed different nanobodies targeting US28. In the chapters, 
different possibilities to use these nanobodies were investigated to gain more insight in US28. 
In chapter 1, a broad introduction into GPCRs, GPCR-targeting nanobodies, HCMV and 
US28 is given. In chapter 2, the identification and characterization of a novel, high-affinity 
US28-targeting nanobody is described and the nanobody is used as a delivery system of 
photosensitizers to eradicate US28-expressing glioblastoma cancer cells. Chapter 3 describes 
the use of the novel US28 nanobody, described in chapter 2, to target and reactivate latently 
infected cells and determine its potential as a therapeutic to clear the pool of latently infected 
cells in humans. In chapter 4, the development of nanobodies binding US28 intracellularly 
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is described and their use in studying the different conformations that US28 can adopt is 
presented. In addition, the effect of these intrabodies on US28 signaling is investigated. In 
chapter 5, one of the intracellular binding US28 nanobodies is used to screen for novel, 
unidentified interaction partners by using the Bio ID2 approach. Finally, these results are 
being discussed and future perspectives are outlined in chapter 6. 

 Overall this thesis shows the broad range of possibilities of GPCR-targeting nanobodies. 
On one hand, US28-targeting nanobodies were used in a therapeutic setting by modulating 
US28 signaling but also as modalities for targeted therapies. Moreover, US28-targeting 
nanobodies were used as a research tool to investigate more basic research questions such as 
differences in receptor conformations and looking at novel GPCR-interacting proteins.


