Worldwide, Hepatitis C virus (HCV) has infected as many as 130 million people, with approximately 3 million individuals newly infected each year (WHO). Prevalence within Europe varies greatly, with Northern countries having the lowest rate of infection (0.1%), while Mediterranean and Eastern European regions have prevalence rates as high as 2%. There are an estimated 5-10 million individuals living with HCV infection within the European community. Of those infected approximately 80% fail to clear the virus, and a significant number of these will go on to develop severe liver diseases such as cirrhosis and even primary liver cancer. In Southern Europe, 80% of liver transplants are performed on individuals with severe liver damage due to chronic HCV infection. 

There is no vaccine available to prevent HCV infection, and even the latest treatments (tritherapie of ribavirin, pegylated interferon and since this year the newly available protease inhibitors) are unable to clear the virus in all of the infected individuals. HCV exhibits a high degree of genetic variability. Its tendency to mutate means that it is difficult to develop a vaccine and that the virus is likely to develop resistance to drugs. Developing strategies that block entry of the virus into cells is an area that will hold great potential for the development of new drugs, yet the viral entry process is still poorly understood. 

HCV is a positive strand enveloped RNA virus that belongs to the family Flaviviridae in the genus Hepacivirus. The genome contains one large open reading frame coding for a polyprotein that is co- and post-translationally processed by cellular and viral proteases. The two envelope glycoproteins E1 and E2 form a non-covalently linked heterodimer. This heterodimer is the main component of the HCV envelope and plays a major role in HCV entry into its target cells, the hepatocytes. Several receptors have been found to play a role in HCV entry, among them CD81, SR-BI, Claudin-1 and Occludin. The search for additional players in the viral entry led to the discovery of a negative regulator, EWI-2wint by Laurence Cocquerel and her group in the host institution. This protein, which is a processed variant of EWI-2, a major partner of CD81, is able to block the binding of the HCV envelope proteins to the receptor CD81. Expression of EWI-2wint in cells susceptible to HCV leads to a reduced infection rate. EWI-2 is a ubiquitously expressed type I transmembrane protein with four immunoglobulin (Ig) domains and a very short cytoplasmic tail. Mass spectrometry analyses showed that EWI-2wint lacks the first Ig-domain. The most probable hypothesis for the lack of EWI-2wint in hepatocytes is that these cells do not express the protease responsible for EWI-2 cleavage. 

CD81 belongs to the tetraspanin protein family, which is characterized by four transmembrane domains (TM), a large and a small extracellular loop. Tetraspanins have a large variety of functions in cell-cell adhesion, migration and motility. They have the unique characteristic that they form large networks interact with each other to form tetraspanin enriched microdomains (TEMs) with each other at the cell surface. In these TEMs they incorporate proteins, with which they specifically interact and that may modulate their functionality. Those interacting proteins are often called primary partners. CD81 associates in high stoichiometry with EWI-2 and EWI-2wint.  Both proteins not only associate with CD81, but also with CD9, another tetraspanin. 

The goal of the project was to characterize the interaction of EWI-2 and EWI-2wint with CD81 and to analyze the effect this interaction has on viral infection. A second part of the project is the production of soluble proteins corresponding to the complete or partial extracellular domain of EWI-2wint, while a third part aims to identify the protease responsible for the cleavage of EWI-2 to EWI-2wint. The soluble proteins should be tested for their effect on HCV infection, to evaluate if the protein may be used as the base for the development of antiviral drugs. A more profound knowledge of the mechanism behind the inhibition through EWI-2wint could be the starting point for the development of new antiviral drugs. 

In order to be able to identify the protease responsible for the cleavage of EWI-2, we characterized the cleavage sequence in EWI-2 that leads to the production of EWI-2wint. We used an alanine scanning approach to characterize the minimal sequence required for cleavage. These experiments revealed that cleavage of EWI-2 depends on two basic amino acids at the cleavage site, separated by a single amino acid that has no further effect on cleavage. These results argued for a protease with a preference for basic amino acids. As the minimal site RxR was similar to a furin consensus site, we did further experiments to test if EWI-2 was cleaved by furin. However, experiments using furin knock-out cells showed that the cleavage of EWI-2 is undiminished in the absence of furin. Further experiments using different protease inhibitors did not reveal the protease and suggest that the protein might be cleaved by different protease under different conditions. 
To better understand the effect of EWI-2wint on HCV infection, we characterized the interaction between EWI-2/EWI-2wint and CD81. To analyze the requirements in CD81 we generated a series of chimeras between CD81 and CD82, which has no role in HCV infection and does not co-precipitate EWI-2/EWI-2wint under our experimental conditions. Co-expression and immune-precipitation experiments with the different CD81/CD82 chimeras revealed several domains in CD81 that are important for the interaction. We could show that the third and fourth TM of CD81 as well as the small and the large extracellular loop are crucial for the interaction with EWI-2/EWI-2wint. Interestingly CD81 with the TM 3 of CD82 showed an increased tendency to form homooligomers. This effect was even more pronounced with the TM 4 from CD82. 

We also generated chimeric proteins in which the TM or the cytosolic tail of EWI-2 or both were replaced by the corresponding domains of MHCII (chosen because the domains have exactly the same number of amino acids) and we generated extracellularly (N-terminal) truncated, as well as mutated variants of EWI-2. We analyzed the interaction with CD81 by co-precipitation and found that the TM, as well as the Ig domain closest to the membrane is essential for interaction with CD81. Furthermore, closer analysis revealed that the two juxtamembranous cysteines of EWI-2 and EWI-2wint are palmitoylated and that this palmitoylation is absolutely necessary for the interaction with CD81. In the TM, we found a glycine zipper motif that is also crucial for the interaction. Interestingly, the TM and the palmitoylation are also essential for the interaction with CD9, whereas Ig- domain 4 is only needed for the interaction with CD81. 

In summary, the interaction between CD81 and EWI-2/EWI-2wint depends on TM 3 and TM 4 and the extracellular domains in CD81 and on Ig domain 4, the TM and the palmitoylation in EWI-2/EWI-2wint. 

The different proteins were also tested for their effects in HCV infection. We used a CD81 negative Huh7w7 cells to generate stable cell lines expressing the different CD81/CD82 chimeras to see if they could complement the cells to allow infection. It is known that the HCV envelope glycoprotein E2 recognizes an epitope in the large extracellular loop of CD81. As expected only chimeric proteins containing the LEL of CD81 could complement Huh7w7 for infection. Interestingly, chimeric proteins containing TM 3 of CD82 could only partially complement the cells for infection. Chimeric proteins containing only the CD81-LEL in the CD82 backbone or containing TM 4 of CD82 showed barely less than background infection. Clearly HCV needs more than just the CD81-LEL to successfully infect cells. It is still unclear whether the drastic effect of the exchange of TM 4 or of the CD81 backbone are due to (1) conformational changes disfavoring E2 binding (2), whether those exchanges might change CD81 interaction not only with EWI-2/EWI-2wint, but also with other proteins, which disfavor E2 binding, or (3) wether the higher homooligomerization of CD81 means a higher association with TEM, an association that has been shown to be deleterious for viral entry.

We used Huh7 cells naturally expressing CD81 to generate cell clones expressing the different EWI-2/EWI-2wint proteins. We used special constructs of EWI-2 with an additional arginine to ensure cleavage in Huh7 cells that normally do not cleave EWI-2, to be able to observe inhibition of infection. Of all the different EWI-2wint proteins, only those able to interact with CD81 could inhibit HCV infection. The other proteins had not effect on HCV infection even though they expressed similar amounts of EWI-2wint. These results show clearly that EWI-2wint needs to interact with CD81 to inhibit binding of E2 to CD81. 

The interaction between EWI-2/EWI-2wint and CD81 is the second interaction with a tetraspanin that could be shown to be dependent on palmitoylation of the partner protein. Very recently it was shown that synaptotagmin VII needs to be palmitoylated to interact with CD63 and this interaction is essential to target the protein to the lysosome. Palmitoylation of tetraspanin is thought to stabilize the tetraspanin network. With the new knowledge that palmitoylation can also change association with partner proteins, we suggest that differential palmitoylation might be a way to regulate TEM composition. 
Due to technical difficulties the production of soluble proteins did not yield enough protein to test their effect on infection or do structural analysis. Currently ongoing projects aim to test these in inducible systems as well as test the effect in a mouse HCV entry model. 
