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Summary 

 

Retroviruses such as the human immune deficiency virus (HIV-1) are 

adapted to their host and exploit the host cell machinery for different 

steps in their replication, such as reverse transcription, integration and 

virion assembly. Host cells also express cellular factors that are able to 

block virus replication and protect against infection. In this thesis we 

studied the role of cellular proteins that specifically interact with the 

HIV-1 capsid and thereby influenced HIV-1 replication. 

Trim5α is a host restriction factor that is involved in the highly species-

specific tropism of retroviruses. Trim5α specifically recognizes the capsid 

proteins of susceptible retroviruses and blocks infection at an early post-

entry level in the viral replication cycle. HIV-1 can be efficiently inhibited 

by Trim5α from many non-human primates, but much less efficient by 

human Trim5α. The Cyclophilin A (CypA) binding region in the viral 

capsid was identified as the viral determinant involved in the restriction 

induced by rhesus macaque Trim5α. In chapter 2 we analyzed which 

specific amino acid residues in the CypA binding region of HIV-1 or the 

closely related HIV-1 group O and HIV-2 were required for the 

restriction observed in simian cells. Mutations in the CypA binding region 

altered the phenotype of the virus allowing CypA independent infection 

in human cells and a non-restricted phenotype in simian cell lines. We 

concluded that a reduced affinity of capsid for Cyclophilin A largely 

determined the unrestricted phenotype in cell lines derived from rhesus 

macaques and African green monkeys. Our results also indicated that 

CypA is required for Trim5α mediated inhibition of HIV-1 in simian cells. 

This restriction was however not lifted for the CypA-mutant virus in 

peripheral blood mononuclear cells (PBMC) from rhesus macaques, 

suggesting that in these primary cells additional mechanisms may exist 

that restrict HIV-1 replication. In contrast to the combined effect of 

CypA and Trim5α on retroviral restriction in simian cells, Trim5α and 

CypA are independent regulators of viral infectivity in human cells.  

In chapter 3, the effect of mutations in the CypA binding region of the 

HIV-1 capsid on the interaction with human Trim5α and CypA was 

investigated. We observed that mutations in the CypA binding region of 

capsid (H87Q, A88P and I91V) that were associated with CypA 

independent replication did not interfere with binding of CypA and 

Trim5α. Addition of Cyclosporin A (CsA) did not alter the ability of 
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human Trim5α to bind to wild type and mutant capsid, suggesting that 

CypA and Trim5α do not compete for binding to the capsid protein. We 

observed that mutations in the CypA binding region and addition of CsA 

increased the stability of the viral core. This suggests that CypA plays a 

role in destabilization of the viral core and promotes disassembly of the 

core during early events in the replication cycle. 

In chapters 4 and 5, the role of CypA and Trim5α in HIV-1 pathogenesis 

was studied. Participants of the Amsterdam cohort studies on HIV-1 

infection and AIDS (ACS) were screened for polymorphisms in the Trim5 

gene (chapter 4) and the CypA gene (chapter 5).  

Recently two polymorphisms in the Trim5 gene (H43Y and R136Q) were 

shown to affect the antiviral activity of Trim5α in vitro. In agreement with 

the reported decreased antiviral activity of Trim5α that contains a Y at 

amino acid residue 43 in vitro, an accelerated disease progression was 

observed for individuals who were homozygous for the 43Y genotype as 

compared to individuals who were heterozygous or homozygous for the 

43H genotype. The R136Q polymorphism has been associated with an 

increased antiviral activity in vitro. In the ACS however, a protective 

effect on the clinical course of infection associated with the 136Q 

genotype was only observed after the emergence of CXCR4-using (X4) 

HIV-1 variants and only when a viral load of 104.5 copies per ml plasma 

was used as an endpoint in survival analysis. Interestingly, naive CD4+ 

T-cells, which are selectively targeted by X4 HIV-1, revealed a 

significantly higher expression of Trim5α than memory CD4+ T-cells. 

Thus, polymorphisms in the Trim5 gene may influence the clinical course 

of HIV-1 infection also underscoring the antiviral effect of Trim5α on HIV-

1 in vivo. 

Previously described C1604G and A1650G polymorphisms in the 

regulatory region of CypA were not associated with the clinical course of 

infection in the ACS. However, the prevalence of the 1650G allele was 

significantly higher in high risk seronegative MSM as compared to HIV-1 

infected MSM, suggesting that the A1650G polymorphism may be 

associated with protection from HIV-1 infection.  

Type I interferons have recently been reported to regulate expression of 

several HIV-1 restriction factors.  In chapter 6, we studied whether HIV-

1 restriction factors were involved in the Type I IFNs (IFN-α and IFN-β) 

mediated block in HIV-1 replication in monocyte-derived macrophages 

(MDM). IFN-α treatment of the MDM resulted in complete inhibition of 

virus replication at an early step of the replication cycle. The block on 
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virus replication in IFN-α treated MDM coincided with increased Trim5α 

expression, which also interferes with replication at an early step of the 

viral life cycle. This suggests that Trim5α might at least be partially 

involved in the restriction. IFN-β treatment of MDM also resulted in 

inhibition of virus replication mainly at the transcriptional level. IFN-β 

treatment had no effect on Trim22 expression, which has previously 

been demonstrated to interfere with HIV-1 transcription. This implies 

involvement of other IFN-β responsive cellular factors in the observed 

inhibition of HIV-1 replication.  

In chapter 7, the main findings in this thesis are discussed in light of 

current knowledge on the role of CypA and Trim5α mediated inhibition in 

HIV-1 replication.   

 




