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3. Introduction 

 

3.1 Human Immunodeficiency Virus: Discovery and prevalence 

 In 1981, Gottlieb et al. published a report about 5 cases of Pneumocystis carinii 

pneumonia (PCP), a rare form of fungal pneumonia, associated with severe defects in the 

immune system of homosexual men in Los Angeles. This disease was originally referred to 

as GRID, or Gay-Related Immune Deficiency. A year later it was renamed as Acquired 

Immunodeficiency Syndrome (AIDS), a condition in which the immune system fails, 

leading to life-threatening opportunistic infections. The causative agent of AIDS was 

isolated in 1983 from a patient blood and named lymphadenopathy-associated virus 

(Barre-Sinoussi et al., 1983), which was later designated as Human Immunodeficiency 

Virus type-1 (HIV-1) (Coffin et al., 1986). The virus was originally transmitted from 

chimpanzees infected with a Simian Immunodeficiency Virus (SIVcpz) to humans on at 

least three independent occasions resulting in the HIV-1 groups M, N and O (Sharp et al., 

2005). Group M has spread worldwide and caused the global AIDS pandemic (Kandathil et 

al., 2005). It is divided into 11 subtypes or clades named A through K (Requejo et al., 

2006). Group N isolates have been detected only in a few individuals in West Africa 

(Kandathil et al., 2005). Group O accounts for less than 10% of HIV-1 infections 

worldwide and is mainly present in West Central Africa (Yamaguchi et al., 2002; Requejo 

et al., 2006). 

 The Joint United Nations Programme on HIV/AIDS (UNAIDS) estimates that a 

total of 39.5 million people are now living with HIV or AIDS worldwide and an estimated 

2.9 million lost their lives to AIDS in 2006. About 4.3 million people were newly infected 

with HIV in 2006. Almost 72% of all AIDS-related deaths occurred in Sub-Saharan Africa, 

the region with the largest burden of the AIDS epidemics (www.unaids.org). The 

development of Highly Active Anti-Retroviral Therapy (HAART), which includes 

combinations of different antiretroviral drugs, as therapy for HIV infection and AIDS has 

substantially reduced the death rate. Although HAART has increased the life expectancy of 

individuals with HIV-1 infection (Palella et al., 1998), the regimens are complicated and 

exert significant toxicity (Barbaro et al., 2006). In addition, HIV-1 mutates rapidly and 

resistance poses an increasing threat to continued success of HAART regimens (Hogg et 

al., 2006).  

 

http://www.unaids.org/
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3.2 Morphology and genomic structure of HIV-1 

 HIV-1 belongs to the family Retroviridae and the lentivirus subfamily, a group of 

small, positive strand RNA viruses. The HIV-1 virion is about 100 nm in diameter. It is an 

enveloped virus and the lipid bilayer, which is derived from the host cell membrane, 

contains the envelope glycoprotein (gp120) and the transmembrane glycoprotein (gp41). 

The matrix protein (p17), important for the integrity of the virus particle, lines the inner 

surface of the envelope and the capsid protein (p24) is located in the center of the virus 

(Fig. 1a). The cone shaped capsid contains 2 identical copies of a positive sense single-

stranded RNA tightly bound to p7 and the enzymes, protease, reverse transcriptase and 

integrase (Fig. 1a; Turner et al., 1999).  

 

  

 

 

 

 

 

  

 

(a) 

Fig. 1: HIV-1 structure. (a) Morphology 

and (b) genomic organization of HIV-1.  

(b) 

  

 The HIV-1 genome (9.2 kb in size) contains 9 open reading frames. The gag, pol 

and env genes, encode the capsid proteins (Gag), the viral enzymes necessary for 

replication (Pol, PR, INT), and the external glycoprotein (Env) that is responsible for the 

infectivity of the virus particle. HIV-1 also possesses several genes, i.e. vif, vpr, vpu and 

nef encoding the auxiliary proteins and tat and rev encoding the regulatory proteins (Fig. 

1b). The ends of the genome are flanked by a repeated sequence known as the Long 

Terminal Repeat (LTR) which acts as the promoter (Fig. 1b).  

 

3.3 Pathogenesis of HIV-1 infection 

 The pathogenesis of AIDS is complex and multifactorial (Fauci et al., 1993). HIV 

primarily infects vital cells of the human immune system such as CD4+ T cells and 

macrophages. The depletion of CD4+ T cells is a hallmark of AIDS (Gottlieb et al., 1981; 

Masur et al., 1981). When CD4+ T cell numbers decline below a critical level (less than 
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500/µl), the body becomes highly susceptible to opportunistic infections leading to AIDS. 

Several mechanisms for the loss of CD4+ T cells have been proposed. These include direct 

killing of CD4+ T cells and indirect mechanisms (‘bystander killing’) which result in the 

death of uninfected CD4+ T cells. In addition, programmed cell death or apoptosis, 

associated with impaired T cell reactivity, may also contribute to HIV-1 induced 

immunodeficiency (Meyaard et al., 1992). It has been shown that HIV-1 infection is active 

in lymphoid tissue throughout clinical latency and that accumulation, or trapping, of 

virions in the lymph nodes may provide a site for transmission of HIV-1 to uninfected 

immune cells and likely contributes to the destruction of the architecture of the lymphoid 

tissues (Pantaleo et al., 1993). High level immune activation and T cell apoptosis represent 

an important feature of HIV-1 infection that is absent from nonpathogenic SIV infections 

in natural primate hosts (Stevenson. 2003, Hirsch. 2004, Silvestri. 2005). A recent study 

showed that nef alleles from the great majority of primate lentiviruses down-modulate T 

cell receptor (TCR)-CD3 from infected T cells, thereby blocking their responsiveness to 

immune activation and apoptosis. In contrast, nef alleles from HIV-1 and a subset of 

closely related SIVs fail to down regulate TCR-CD3 and to inhibit cell death which may 

explain the high pathogenicity of HIV-1 in humans (Schindler et al., 2006).  

 

3.4 Viral Protein R (Vpr) 

 HIV-1 viral protein R (Vpr) is a highly conserved, 96 amino acid (14-kD) soluble, 

accessory protein that is incorporated into viral particles (Paxton et al., 1993) suggesting 

an important role in the early stages of the life cycle (Cohen et al., 1990; Lu et al., 1993). It 

performs multiple functions in vitro. Vpr interacts with numerous intracellular targets and 

has pleiotropic effects on viral replication, cell cycle and differentiation (Emerman and 

Malim. 1998; Cullen. 1998). It has been implicated in cell cycle arrest (Re et al., 1995; 

Goh et al., 1998), nuclear import (Popov et al., 1998) and apoptosis (Muthumani et al., 

2005). Vpr is dispensable for viral replication in CD4+ T cells but required for effective 

infection of macrophages (Matsuda et al., 1993). Vpr can be found in cells, sera and 

cerebrospinal fluid of AIDS patients, indicating that this protein may play a relevant role in 

the pathogenesis of AIDS (Hoch et al., 1995; Lang et al., 1993).  

 Nuclear Magnetic Resonance (NMR) analysis suggests that Vpr is composed of 

three α helical domains (Wecker et al., 1999). The N-terminal domain of Vpr is involved 

in the transport of the viral preintegration complex into the nucleus of non-dividing cells 
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and its C-terminal domain is important for apoptosis and G2 cell cycle arrest (Brenner et 

al., 2003; Lum et al., 2003; Berglez et al., 1999; Zhou et al., 1998). Infection with HIV-1 

results in continual loss of CD4+ T lymphocytes and ultimately to immunosuppression. 

However, some HIV-infected individuals do not experience progressive 

immunosuppression even in the absence of therapy and are referred to as long-term 

nonprogessors (LTNPs) (Zhang et al., 1997; Buchbinder et al., 1994). These LTNPs 

remain asymptomatic, with CD4+ T cell counts greater than 500/µl with very low or 

undetectable viral load. The cause of the slow progression is multifactorial, and both viral 

and host factors are involved (Saksena et al., 2001). In 2003, Lum et al. reported that 80% 

of LTNPs contain a point mutation (R77Q) in Vpr, whereas only 33% of the patients with 

progressive disease contain this mutation (Table. 1). It has been proposed that R77Q leads 

to a significant reduction in the apoptotic ability of Vpr which might explain the LTNP 

phenotype (Lum et al., 2003). Consistent with the hypothesis that R77Q reduces the 

cytopathicity of HIV-1, it has been shown that substitutions of R77A and R80A in 

synthetic Vpr also abolish its apoptogenic potential (Jacotot et al., 2000).  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Table. 1: Vpr sequence alignment 

of control patients and LTNPs. 

Vpr amino acid sequences were 

derived from DNAs obtained from 

15 HIV-infected patients with 

progressive disease and 10 LTNPs 

and compared with a Vpr consensus 

sequence (Lum et al., 2003). The 

arginine mutation (R77Q) is shown 

in bold. 

 Vpr induces apoptosis by Mitochondrial Membrane Permeabilization (MMP) 

leading to the release of cytochrome c from mitochondria, and cytochrome c -dependent 

activation of caspases (Jacotot et al., 2000, 2001). A dodecapeptide (aa 72-83), located 
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within the C-terminal α helix in Vpr is capable of inducing MMP in vitro in isolated 

mitochondria (Jacotot et al., 2001). This mitochondriotoxic domain contains three arginine 

(R) residues (R73, R77, and R80), which are asymmetrically distributed to just one side of 

the α-helix (Fig. 2). These residues participate in the physical interaction with one 

particular moiety of the first loop (amino acids 104–116) of the six–transmembrane 

domain Adenine Nucleotide Translocator (ANT), exposed to the mitochondrial 

intermembrane space. These positively charged R residues (R73, R77 or R80) within Vpr 

are likely to be involved in cation-π interactions with F109, W111, Y113 and/or F114 

within ANT (Fig. 2). Mutations of R77 may be expected to strongly reduce the affinity of 

Vpr for ANT. This would explain the reduced mitochondriotoxic and proapoptotic 

potential of Vpr R77Q thereby explaining the LTNP phenotype (Brenner et al., 2003). In 

addition, a recent study showed that the R77Q mutation in Vpr may reduce CD4+ T cell 

depletion possibly by affecting T cell survival in vivo by altering its proapoptotic activity 

(Mologni et al., 2006). 

 

  

  

 

 

 

 

 

 

 

 

  

  

Fig. 2: Impact of the R77Q mutation of 

Vpr on the conformation of Vpr and 

the interaction between Vpr and ANT.  

(a) Representation of wild type (R77) and 

R77Q Vpr. The mitochondriotoxic 

domain of Vpr has been marked in 

yellow. (b) View of the arginine residue 

(R77) within the mitochondriotoxic 

domain of Vpr (yellow) and the aromatic 

residues of ANT (blue) (F109, W111, 

Y113 and/or F114) (Brenner et al., 

2003). 

 In contrast, another study showed that there is no association between R77Q and 

nonprogressive infection and proposed that this variation is associated with the viral 

subtype rather than with disease progression (Fischer et al., 2004). Thus, it is controversial 

whether or not the mutation in the C-terminal domain of Vpr attenuates its apoptogenic 

activity and hence the clinical course of HIV-1 infection. 
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3.5 Viral Protein U (Vpu) 

 HIV-1 viral protein U (Vpu) is a small, accessory, 16-kD membrane protein. It is 

encoded only by HIV-1 (Cohen et al., 1988; Strebel et al., 1988) and some HIV-1-related 

ape or monkey viruses such as SIVcpz (chimpanzee), SIVgsn (greater spot-nosed 

monkey), SIVmon (mona monkey) and SIVmus (moustached monkey), but absent in the 

genomes of HIV-2 and all other lineages of SIV (Courgnaud et al., 2002, 2003; Huet et al., 

1990). Vpu is expressed during the late stage of the viral life cycle from a Rev-dependent 

bicistronic RNA also encoding the viral envelope glycoprotein (Schwartz et al., 1990).  

 In vitro studies in HIV-1 infected cell culture systems have established that Vpu 

performs two major biological functions: (1) It binds to newly synthesized CD4 in the 

endoplasmic reticulum and induces degradation of the viral receptor by proteosomes 

(Willey et al., 1992), thereby preventing CD4-Env binding in the endoplasmic reticulum 

(Willey et al., 1992; Levesque et al., 2003) and virion retention at the cell surface (Lama et 

al., 1999; Tanaka et al., 2003). Thus, Vpu is required for the production of fully infectious 

viral particles. (2) It promotes efficient release of progeny HIV-1 particles in primary T 

cells and macrophages (Strebel et al., 1989; Klimkait et al., 1990; Terwilliger et al., 1989). 

Notably, the above two biological functions are mechanistically distinct. 

 

   

 
 

  

 

  

  

 

 

 

  

  

Fig. 3: Structural domains of Vpu. The cytoplasmic domain of Vpu containing two 

α-helical domains, helix-1 (Yellow) and helix-2 (Green), which are connected by two 

conserved phosphoseryl residues, is shown. Another α-helix (Red) in the 

transmembrane domain of Vpu is also shown (Strebel, 1996). 

 Studies with chimeric Simian-Human Immunodeficiency Viruses (SHIVs) showed 

that an intact vpu gene is associated with increased viral loads in infected cynomolgous 

monkeys (Dunn et al., 1996) and contributes to the loss of CD4+ T cells, a major 
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characteristic of AIDS. Moreover, it has been suggested that sequence variations in Vpu 

may be associated with nonprogressive HIV-1 infection (Alexander et al., 2000). Thus, 

although vpu is not present in the genomes of all primate lentiviruses, it seems to 

contribute to the pathogenicity of HIV-1 in infected humans.  

 Vpu consists of two major domains: (1) an N-terminal transmembrane (TM) domain 

of 27 amino acids that anchors Vpu in cellular membranes that form a cation channel 

(Ewart et al., 1996; Schubert et al., 1996), (2) a C-terminal hydrophilic domain of 54 

residues that extends into the cytoplasm (Fig. 3; Maldarelli et al., 1993; Wray et al., 1995). 

The cytoplasmic tail consists of a highly conserved dodecapeptide sequence (47-58) which 

comprises a pair of serine residues (S52 and S56) that are phosphorylated by casein kinase II 

(Schubert et al., 1992). It has been established that phosphorylation of two serine residues 

(S52 and S56) in the cytosolic domain of Vpu by casein kinase II is required for CD4 

degradation but not for enhancement of virion release (Schubert et al., 1992). It is currently 

unclear, however, whether Vpu-mediated CD4 down-regulation is essential for efficient 

viral spread. 

 

3.6 Long Terminal Repeat (LTR) 

 Retroviral genomes are flanked by the long terminal repeats (LTRs), which are 

divided into three regions: U3, R and U5 (Fig. 4; Gaynor, 1992; Varmus, 1988). The U3 

region of HIV and SIV contains the basal promoter (nt -78 to -1), a core enhancer (nt -105 

to -79) and a very long modulatory region (nt -454 to -104) (Gaynor, 1992). A large 

number of cellular factors have been proposed to interact with the modulatory region and 

contribute to HIV-1 LTR promoter activity (Pereira et al., 2000). The three consensus 

Specificity protein 1 (Sp1) binding sites in the basal promoter and the two Nuclear Factor 

kappaB (NF-kB) binding sites in the core enhancer are the major elements involved in the 

regulation of HIV-1 transcription (Fig. 4; Gaynor, 1992).  

 The modulatory U3 region at the 3´ end is entirely overlapped by the nef gene (Fig. 

4; Kirchhoff et al., 1995). Initially, it has been shown that rhesus macaques infected with a 

nef deleted SIVmac mutant specifically accumulate additional deletions in the region of nef 

that overlaps the U3 region (Kirchhoff et al., 1994). This indicates that the primary 

function of the upstream U3 sequences is to serve as a Nef coding sequence. A subsequent 

study demonstrated that nucleotide changes in the upstream U3 region, which did not alter 

the Nef coding sequence, did not attenuate the virulence of SIVmac (Ilyinskii et al., 1994). 
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 More recently, it has been shown that an SIV variant containing a grossly truncated 

U3 region that does not overlap the nef gene replicated efficiently and caused disease in 

infected macaques (Munch et al., 2001). These previous studies demonstrated that the 

conserved overlap between nef and the U3 region is not obligatory for efficient replication 

and pathogenicity of SIV. Findings from HIV-1 infected long term survivors demonstrate 

that the HIV-1 upstream U3 region is only preserved in the presence of an intact nef open 

reading frame (Deacon et al., 1995; Kirchhoff et al., 1995; Rhodes et al., 2000; Salvi et al., 

1998). However, these HIV-1 variants were strongly attenuated and it remained elusive 

whether the upstream U3 region might contribute to viral replication and pathogenicity in 

the presence of an intact nef gene. Munch et al. (2001) mutated the critical cis-regulatory 

elements, encompassing the T-rich region, polypurine tract, and attachment (att) sequences 

required for integration (TPI region) in the SIVmac239 nef gene and inserted intact cis-

regulatory elements just downstream of the mutated nef gene. The resulting SIV mutants 

had a short U3 region which did not overlap the nef gene. This allowed to study the Nef 

function in the context of replication-competent viruses without the complications of 

overlapping LTR sequences.  

 

 

 

 

  

 

  

 

  

Fig. 4: Structure of the 3´ end of HIV-1 genome. The U3, R and U5 regions of HIV-1 

LTR and the binding sites for the transcription factors are shown. The U3 region is 

entirely overlapped by the nef gene. TPI refers to the T-rich region, polypurine tract, 

and attachment (att) sequences required for replication and integration (Varmus, 

1988).  

 The sequence homology between HIV-1 and SIVmac Nef proteins is limited and 

several activities are mediated by different domains. Some functions, such as down-

modulation of CD3 and CD28, are only efficiently carried out by SIVmac but not by HIV-

1 Nef proteins (Schindler et al., 2004). Thus, observations made with SIVmac Nef variants 

may not be relevant for HIV-1. Although, a large number of interacting cellular factors has 

been described (Pereira et al., 2000), the role of the HIV-1 modulatory U3 region for LTR-

directed transcription and viral replication is less clear.  
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3.7 Ex vivo Human Lymphoid Tissue (HLT) – A model for AIDS pathogenesis 

 Depletion of CD4+ T cells is the classic hallmark of HIV disease in vivo (Levi. 

1994). It is important to identify the site of virus replication to understand the pathogenesis 

of HIV-1 infection. Although plasma viral load and T-cell subset determinations in 

peripheral blood are the markers used for monitoring HIV-1 infection, most immunologic 

changes and key pathogenesis events occur in the sequestered areas of lymphoid tissues, 

which are not easily accessible for study (Pantaleo et al., 1993). Following primary 

infection, the virus spreads throughout the body and seeds the lymphoid tissues where viral 

replication occurs. By the time, potent immune responses down-regulate viral expression, 

an immense viral reservoir has already been established (Cohen et al., 1995). Eventually, 

the tissue architecture is destroyed and the entire system of cell-cell interaction collapses 

due to the depletion of CD4+ T cells, leading to severe impairment of the immune system 

(Fauci. 1993).  
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Fig. 5: Three dimensional tissue culture system. Human tonsillar tissue removed 

during routine tonsillectomy and not required for clinical purposes was received 

within 4 to 9 hour post-operation from Hals Nasen Ohren (HNO) Abteilung, 

Kinderklinik or Bundeswehrkrankenhaus (BWK), Ulm. The tonsils were washed 

thoroughly with PBS and the outer layers of mucosal tissue were removed and the 

central part of the specimen was sectioned into 2- to 3-mm tissue blocks (2a-e). 

These tissue blocks were placed on top of collagen sponge gels in a 6-well plate and 

cultured at the air-liquid interface (2f).  

 Several studies focused on the possible role of tonsils as reservoir and replication 

site of HIV-1 (Pantaleo et al., 1991; Perry and Whyte, 1998). Investigations of human 
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tonsillar material from HIV-1 infected patients revealed the presence of highly infectious 

Follicular Dendritic Cells (FDCs) in lymphoid follicles of palatine tonsils and has been 

reported that FDCs facilitate infection of T cells even after the formation of a complex 

between HIV and neutralizing antibody (Heath et al., 1995). Thus, tonsils play an 

important role in the replication of the virus from the beginning of the disease and appear 

to be a reservoir of HIV-1 and a target of oral viral transmission.   

 Animal models like primates and SCID/hu mice have provided useful information 

about the pathogenesis of HIV-1 (Desrosiers et al., 1987; Letvin et al., 1992; McCune et 

al., 1988; Mosier et al., 1991, 1993; Simon et al., 1994). But the animal models do not 

fully mimic the characteristic tissue pathology of HIV-1 infection (Baltimore et al., 1995). 

Also, the primary cultures of isolated cells like Peripheral Blood Mononuclear Cells 

(PBMC) or Monocyte-Derived Macrophages (MDM) cannot resemble the entire cellular 

repertoire within lymphoid tissue (Glushakova et al., 1995). To overcome the 

disadvantages of the other models and to understand the pathogenesis of HIV-1 infection, a 

potential Human Lymphoid Tissue (HLT) culture method has been developed (Fig. 5; 

Glushakova et al., 1995). The HLT system represents a typical adult lymphoid tissue, 

which serves as a major reservoir of virus in infected patients (Fig. 5; Fox et al., 1991; 

Pantaleo et al., 1993).  

 The lymphoid tissue culture supports productive infection of both the macrophage 

or CCR5-tropic and T cell or CXCR4-tropic HIV (Glushakova et al., 1995). The cells in 

lymphoid histoculture remain in a complex native three-dimensional microenvironment, 

preserving normal cell-cell and cell-matrix contacts. This intact cytoarchitecture 

contributes to efficient HIV replication in virus-infected histocultures and such contacts in 

HIV pathogenesis appear to be important (Glushakova et al., 1997). Another advantage of 

this system is that it supports productive HIV-1 infection without any exogenous 

stimulation or activation, thus allowing to study viral replication and HIV triggered CD4+ 

T cell depletion. Altogether, the human lymphoid tissue culture is a useful system to study 

the pathogenesis of HIV and can also be used to test antivirals and viral drug resistance. 

 

3.8 Scientific Aims 

 Understanding the pathogenesis of AIDS requires adequate experimental models. In 

HIV-1 infected individuals the bulk of viral replication and the critical events in AIDS 

progression occur in lymphoid tissues. These processes can be studied in ex vivo-infected 
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HLT representing a typical adult lymphoid tissue (tonsils). This system supports 

productive HIV-1 infection without exogenous stimulation and provides a useful model for 

studying the importance of different proteins for HIV-1 replication and CD4+ T cell 

depletion in infected individuals. In the present study, the HLT system was used as a 

model to assess the potential role of the accessory HIV-1 Vpr and Vpu proteins and the 

LTR U3 region for viral replication and pathogenicity in HIV-1 infected individuals. Thus, 

the specific goals of the present doctoral thesis were (1) to assess the relevance of three 

arginine residues in the C-terminal mitochondriotoxic domain of Vpr for its apoptogenic 

activity and hence in the clinical course of HIV-1 infection; (2) to elucidate whether Vpu-

mediated CD4 down-modulation is sufficient for effective viral spread and cytopathicity in 

ex vivo-infected HLT; and (3) to clarify whether upstream U3 sequences in the HIV-1 LTR 

are required for efficient viral replication and CD4+ T cell depletion in lymphoid tissues. 

Altogether, the major aim of this thesis was to provide better insights into the role of the 

HIV-1 Vpr and Vpu proteins and the LTR U3 region in the pathogenesis of AIDS. 
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4. Materials 
 

4.1 Bacteria 

Escherichia coli XL2 blue cellsTM: recA1 endA1 gyrA96 thi-1 hsdR17 supE44 relA1 lac 

[F´ proAB lacIqZΔM15 Tn10 (Tetr) Amy Camr] (Stratagene; Heidelberg). 

 

4.2 Eukaryotic Cells 

293T: 293T is a human renal epithelial cell line which is transformed by adenovirus E1A 

gene and express SV40 large T antigen. It allows episomal replication of plasmids 

containing the SV40 origin (Dubridge et al., 1987). 

 

4.3 Nucleic Acids 

4.3.1 Oligonucleotides  

Oligonucleotides (Primers for the polymerase chain reaction) were ordered from Biomers 

(Ulm; Germany). List of primers used for PCR amplifications: 

NL4-3 PflmI5’ 5´ctggcatttgggtcagggag 
NL4-3 StuI3’ 5´ggctcaaaggatacctttgg 
NL4-3 VprR77A5’ 5´gaattgggtgtgcacatag 
NL4-3 VprR77A3’ 5´ctatgtgcacacccaattc 
NL4-3 VprR77Q5’ 5´gaattgggtgtcaacatag 
NL4-3 VprR77Q3’ 5´ctatgtgacacccaattc 
NL4-3 VprR80A5’ 5´gtcgacatagcgcaataggc 
NL4-3 VprR80A3’ 5´gcctatgcgctatgtcgac 
p5vpuS52A  5´cagaagacgctggcaatgag 
p3vpuS52A  5´ctcattgccagcgtcttctg 
NL43vpuSacII  5´ctccgcggatatgcaacctataatag 
NL43vpuNcoI  5´ctccatggctacagatcatcaatatc 
PRsmaNRE 5´gaaaatttttcaccgatgggccctctagatgtcgacggaac 
PLsmaNRE 5´gttccgtcgacatctagagggcccatcggtgaaaaattttc 
p5’NRE 5´cttgaagtactccggatgggatatcttgtcttcttt 
p3’NRE 5´ccaaagaagacaagatatcccatccggagtacttcaag 
p5’PPT/INTmut 5´atctagaatcggtgaaggagttcctctttccaccgaatctcccaaac 
p3’PPT/INTmut 5´gaaaccctcacttagtttgggagattcggtggaaagaggaactcctt 
pnef*Sma 5´atgaagttcttgacgacttgcgcagggccccct 
pBamHI 5´tagtgaacggatatccttagc 
pXbaI 5´ggttgtctagaactgctagagattttccacact 
 
 
 
4.3.2 Nucleotides  

Deoxynucleotide Triphosphates (dNTPs) for Polymerase chain reaction (Invitrogen; 

Karlsruhe). 



4. MATERIALS  18 

4.3.3 Plasmids 

PCR 2.1 Topo TA Vector: TA vector was used for the cloning of PCR fragments 

(Invitrogen; Germany) 

pBR NL4-3: HIV-1 NL43 subtype B X4-tropic molecular clone.  

pBR NL4-3 005pf135: HIV-1 NL4-3 R5-tropic molecular clone (Papkalla et al., 2002). 

pBR NL4-3 92th014.12: HIV-1 NL4-3 R5-tropic molecular clone (Papkalla et al., 2002). 

 

4.3.4 DNA Ladder  

The 1 Kb DNA Ladder for agarose gel electrophoresis (Invitrogen; Karlsruhe). 

 

4.4 Enzymes 

4.4.1 Restriction Endonucleases 

All the restriction endonucleases along with the recommended buffers were purchased 

from New England Biolabs, Schwalbach; Germany. 

 

4.4.2 Others Enzymes 

Taq-DNA-Polymerase    Stratagene Europe AG (Heidelberg) 

T4-DNA-Ligase     Invitrogen/Gibco (Karlsruhe)  

RNAse A from Bovine Pancreas   Boehringer (Mannheim) 

Trypsin from Bovine Pancreas   Stratagene Europe AG (Heidelberg) 

Alkaline Phosphatase from Calf Intestine   Boehringer (Mannheim) 

 

4.5 Chemicals and Reagents 

Agarose      Invitrogen/Gibco (Karlsruhe) 

Ammoniumpersulphate    Sigma (München) 

Ampicillin      Bayer (Leverkusen) 

Bromophenol blue     Serva (Heidelberg) 

Chloroform      Fluka (Neu-Ulm) 

Dimethylsulphoxide (DMSO)   Fluka (Neu-Ulm) 

Dithiothreitol (DTT)     Amersham Pharmacia (Freiburg) 

Ethidium bromide (EtBr)    Sigma (München) 

Ethylene Diamine Tetraacetate (EDTA)  Sigma (München) 

Fetal Calf Serum (FCS)    Invitrogen/Gibco (Karlsruhe) 
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Fungizone      Gibco (Karlsruhe) 

Gentamycin      Gibco (Karlsruhe) 

Glycerin      Merck (Darmstadt) 

HEPES      Sigma (München) 

Immobilon transfer membranes   Millipore (USA) 

Isopropanol      Merck (Darmstadt) 

L-Glutamine      Invitrogen/Gibco (Karlsruhe) 

LiChrosolv- H20     Merck (Darmstadt) 

Macrophage colony stimulating factor (MCSF) Strathmann (Hamburg)   

N,N,N´,N´,-Tetramethylenediamine (TEMED) Sigma (München) 

Non-Essential Amino acid     Gibco (Karlsruhe) 

Paraformaldehyde (PFA)    Sigma (München) 

Penicillin G      Sigma (München) 

Phosphate-Buffered-Saline (PBS)   Invitrogen/Gibco (Karlsruhe) 

Phenylmethylsulfonylfluorid (PMSF)   Merck (Darmstadt) 

Sodiumdodecylsulphate (SDS)   Sigma (München) 

Sodium Pyruvate     Gibco (Karlsruhe) 

Tris       Roth (Karlsruhe) 

Tris-saturated Phenol     Sigma (München) 

Triton X-100      Sigma (München) 

Tween 20      Sigma (München) 

Whatman Paper     Whatman (Maidstone, Kent; England) 

 

4.6 Kits   

Geneclean®II Kit     Dianova (Hamburg) 

QIAwell 8 Plasmid Kit    Qiagen (Hilden) 

TA Cloning® Kit     Invitrogen/Gibco (Karlsruhe) 

Takara DNA Ligations Kit    Böhringer Ingelheim (Heidelberg) 

Ultra Clean ™ 15     Mobio Inc. (Solana, CA; USA) 

Wizard  ™ Plus Midipreps    Promega (Madison, WI; USA) 

SuperscriptTM III first strand synthesis   Invitrogen (Karlsruhe) 

NuPAGE® Novex Bis-tris gels for western blot Invitrogen (Karlsruhe) 
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4.7 Medium 

4.7.1 Cell Culture Medium 

Adherent Cells: DMEM (Invitrogen/Gibco; Karlsruhe) with 350 µg/ml L-glutamine, 

120 µg/ml Streptomycinsulphate, 120 µg/ml Penicillin and 10% 

(v/v) heat inactivated FCS. 

Suspension Cells: RPMI-1640 (Invitrogen/Gibco; Karlsruhe) with 350 µg/ml L-

glutamine, 120 µg/ml Streptomycinsulphate, 120 µg/ml Penicillin 

and 10% (v/v) heat inactivated FCS. 

 

4.7.2 Bacterial Medium 

LB-Medium: 10 g/l Bacto-Trypton, 5 g/l Yeast extract, 8 g/l NaCl, 1 g/l Glucose;     

pH 7.2 was adjusted with NaOH. 100 mg/l Ampicillin was added 

before use.  

LBAMPAgar: 15 g/l Agar in LB-Medium. 100 mg/l Ampicillin was added before 

plating. 

SOC Medium: 20 g/l Bacto-Trypton, 5 g/l Yeast extract, 2,5 mM NaCl, 10 mM 

MgCl2, 10 mM MgSO4, 20 mM Glucose. 

 

4.7.3 Human Lymphoid Tissue (HLT) Culture Medium 

RPMI-1640 (Invitrogen/Gibco; Karlsruhe) with 350 µg/ml L-glutamine, 120 µg/ml 

Streptomycinsulphate, 120 µg/ml Penicillin and 10% (v/v) heat inactivated FCS, 1% 

Fungizone, 1 mM Sodium Pyruvate, 1% Non-Essential Amino acid solution and 50 µg/ml 

Gentamycin . 

 

4.8 Solutions and Buffers 

4.8.1 Isolation of Plasmid DNA from Bacteria 

Resuspension buffer (P1), Lysis buffer (P2), Neutralization buffer (P3) (Qiagen, Hilden), 

70% ethanol, 90% Isopropanol, and Lichrosolv-H2O. 

 

4.8.2 Calcium Phospate Transfection 

10X HBS: 8,18% NaCl (w/v); 5,94% HEPES (w/v); 0,2% Na2HPO4 (w/v). The solution 

was sterilized by filtration and the pH was adjusted to 7,2 with 1 M NaOH. For 2X HBS 
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preparation, the 10X stock was diluted with distilled water and sterilized by filtration. 2 M 

CaCl2 was prepared and autoclaved. 

 

4.8.3 Buffers for Western Blot 

RIPA buffer  1% Triton X-100 (v/v), 0,15 M NaCl, 50 mM Tris 

HCl (pH 7,4), 5 mM EDTA, 1 mM PMSF 

Cathode buffer 12,5 ml 2 M Tris base, 3,24 g 6-Aminocaproic acid, 

200ml Methanol and made upto 1liter with distilled 

water. 

Anode buffer I 15 ml 2 M Tris base, 200 ml Methanol, and made upto 

1 liter with distilled water. 

Anode buffer II 150 ml 2 M Tris base, 200 ml Methanol and made 

upto 1 liter with distilled water. 

 

4.8.4 Buffers for HLT Flow Cytometry  

Fixation and permeablization medium A Caltag (Karlsruhe) 

Fixation and permeablization medium B Caltag (Karlsruhe) 

 

4.8.5 Others 

FACS buffer     1* PBS, 1% FCS 

PBS  137 mM NaCl; 7,3 mM Na2HPO4; 1,47 mM 

 K2HPO4; 1 mM CaCl2; 2 mM MgCl2    

50x TAE-buffer  500 mM Tris, 250 mM sodium acetate, 50 mM 

 Na2EDTA. 

TE buffer     10 mM Tris-Cl, 1 mM EDTA 

 

4.9 Laboratory Equipments and Accessories 

Forceps     B.Braun (Melsungen) 

Gel foam     Pharmacia & Upjohn (Heppenheim) 

Reaction containers    Eppendorf (Hamburg) 

Scalpel      B.Braun (Melsungen)     

Scissors     B.Braun (Melsungen) 
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4.10 HIV-1 p24 Capsid-Antigen-ELISA 

Lysis solution     10 ml Triton X-100 (Sigma, München), 100 ml H20 

Wash buffer 25 ml 20x wash concentrate (KPL, Maryland), 500 ml 

–double distilled H20 

ELISA plates     p24 antibody coated plates (AIDS Repository; USA) 

Primary antibody   Rabbit anti-HIV-1 p24 

Secondary antibody   Goat anti-rabbit IgG (H+L) HRP 

Sample diluent 89,8 ml RPMI-1640, 10ml 10% BSA diluent (KPL; 

Maryland), 200 μl Tween 20 (Sigma; München). 

Primary antibody diluent 10% FCS and 2% normal mouse serum in RPMI-

1640. 

Secondary antibody diluent 2% normal mouse serum, 5% normal goat serum, 

0,01% Tween 20 in RPMI-1640 

Substrate    TMB Peroxidase Substrate System (KPL, Maryland) 

Stop solution    4 N H2SO4

 

4.11 Antibodies for Western Blot 

Rabbit anti-HIV-1 p24    AIDS Repository; Fredrick; USA 

Synthetic Vpr and Vpr antibodies were obtained from Dr. Ulrich Schubert, Erlangen.  

Phosphatase conjugated goat anti-rabbit IgG  Jackson immunoresearch; USA 

 

4.12 Antibodies for Flow cytometry 

Anti-CD3-FITC   Caltag (Karlsruhe) 

Anti-CD4-APC   Caltag (Karlsruhe) 

Anti-CD8-Tricolor   Caltag (Karlsruhe) 

Anti-p24-PE (KC57 RD1)  Beckman Coulter (Krefeld) 

Annexin V FITC   Caltag (Karlsruhe) 
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5. Methods 

 

5.1 DNA Methods 

5.1.1 General methods 

• Agarose gel electrophoresis  (Maniatis et al., 1989). 

• Restriction digestion - According to manufacturer’s instructions (New England 

Biolabs). 

• Dephosphorylation of DNA with alkaline phospahtase - According to 

manufacturer’s instructions (New England Biolabs). 

• Ethanol and Isopropanal precipitation of DNA (Maniatis et al., 1989). 

• Determination of the concentration and the quality of the DNA using 

spectrophotometer (Eppendorf; Hamburg). 

 

5.1.2 Plasmid DNA Preparation 

Proviral plasmids for transfection were prepared using Wizard™ Plus Midiprep Kit 

(Promega; Madison, USA). PCR 2.1 TopoTM (Invitrogen; Karlsruhe) plasmids were 

prepared using QIAwell 8 Plasmid Kit (Qiagen; Hilden). The concentration of DNA was 

determined using spectrophotometer (Eppendorf; Hamburg). 

 

5.1.3 Isolation of DNA from Agarose Gel 

Eletrophoretically separated DNA fragments were visualized in UV screen 

(Syngene; USA). The visible DNA band containing gel block was detached from the gel 

using the scalpel. Subsequently the DNA was isolated and purified from the gel using the 

UltracleanTM 15 kit (Mobio; USA), according to the manufacturer’s instructions. 

 

5.1.4 Polymerase Chain Reaction 

All PCR reactions were performed in Eppendorf Mastercycler gradient (Eppendorf; 

Hamburg) with the PCR reagents from Promega; USA. The following PCR conditions 

were used in the thermocycler (1) Initial denaturation: 94ºC for 4 min (2) Denaturation: 

94ºC for 1 min (3) Annealing: Tm-5ºC (based on primer Tm) for 1 min (4) Extension: 

72ºC (1 min/kb) (5) 30-33 cycles (6) Final extension: 72ºC for 5 min. 
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5.1.5 DNA Ligation 

Vector and insert was mixed in the ratio of 1:3 and then ligated using the Takara 

DNA-Ligation kit (Takara Bio Inc; Japan) according to the manufacturer´s instructions.  

 

5.1.6 DNA Sequencing 

About 2 µg of the DNA sample was heat dried in a tube at 58°C and sequencing 

was performed by  MWG-Biotech; Munich.   

 

5.2 Bacterial Methods 

5.2.1 Bacterial Culture  

Bacterial cultures were grown at 37°C incubator for 12-16 hours in LB media or 

LB agar plates containing ampicillin. 

 

5.2.2 Bacterial Transformation 

 About 15 µl of XL2 blue cells were incubated with the ligated DNA on ice for 20 

minutes and heat shock was given for 30 seconds in 42ºC water bath. After two minutes 

incubation on ice, 200 μl of SOC medium was added. The transformed bacteria were then 

incubated in 37ºC heating block for 40 minutes and plated on the LB agar plates.  

 

5.3 Cell Culture 

5.3.1 Adherent Cell 

The adherent cells (293T cells) were maintained in 25 cm2 cell culture flask 

containing DMEM supplemented with 1% L-glutamine (Biochrom; Berlin), 1% Penicillin-

streptomycin (Gibson; Karlsruhe) and 10% heat inactivated Fetal Calf Serum (Gibco; 

Karlsruhe) at 37ºC incubator with 5% CO2.  

 

5.3.2 Macrophages  

 Buffy coat obtained from the blood bank (Ulm) was diluted 1:3 with phosphate 

buffered saline. The diluted blood was overlayed carefully on the Ficoll separating solution 

(Biochrom; Berlin) and centrifuged at 2500 rpm for 30 minutes. The layer formed by 

PBMCs was aspirated into a fresh tube and washed with PBS three times by centrifugation. 

2X106 cells/ml were cultured in RPMI 1640 with 10% FCS, 1% Penicillin-streptomycin, 
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1% L-glutamine and 10 ng/ml MCSF. Media was changed 7 days post preparation and 10 

days post preparation cells were infected with virus. 

 

5.4 Human Lymphoid Tissue (HLT) 

 Human tonsillar tissue removed during routine tonsillectomy and not required for 

clinical purposes was received from HNO Abteilung, Kinderklinik or Bundeswehr 

krankenhaus, within 4 to 9 hour post-operation. The tonsils were washed thoroughly with 

PBS and the outer layers of mucosal tissue were removed and the central part of the 

specimen was sectioned into 2- to 3-mm tissue blocks. These tissue blocks were placed on 

top of collagen sponge gels (air-liquid interface) and incubated at 37°C in 2 ml RPMI 1640 

medium supplemented with 10% FCS, 1% Fungizone, 1 mM Sodium Pyruvate, 1% Non-

Essential Amino acid solution and 50 µg/ml Gentamycin in a 6-well plate.  

 

 5.5 Mutant Construction 

Splice-overlap extension (SOE) PCR was used to introduce point mutations of 

R77Q, R77A and R80A in Vpr of the HIV-1 NL4-3 molecular clone (pBR NL4-3). PCR 

fragments were gel purified and cloned into HIV-1 NL4-3 by using the Stu1 and Pflm1 

restriction sites. Sequence analysis confirmed the presence of the required mutations. R5-

tropic variants were generated by replacing the wildtype Vpr fragment of pBR NL4-3 

005pf135 (Papkalla et al., 2002) with the indicated Vpr mutants using AgeI and StuI. 

The S52A point mutation was introduced in Vpu of HIV-1 NL4-3 molecular clone 

(pBR NL4-3) by SOE PCR. NcoI and SacII restriction enzymes were used to clone the 

mutated Vpu gene into HIV-1 NL4-3. Vpu gene contaning the mutation was also cloned in 

R5-tropic V3 92th014.12 HIV-1 (Papkalla et al., 2002). 

 Site-directed mutagenesis was performed by SOE PCR to generate HIV-1 NL4-3 

TPI variants as described previously (Munch et al., 2005). R5-tropic variants were 

generated by replacing the wildtype nef/LTR fragment of pBR NL4-3 005pf135 (Papkalla 

et al., 2002) with nef/LTR mutants using HpaI and XbaI. 

 

5.6 Viral Methods 

5.6.1 Calcium-Phosphate Transfection of 293T Cells 

Virus stocks were generated by transient transfection of 293T cells. Transfections 

were performed using the calcium-phosphate precipitation method. One day before 
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transfection, 0,2 x 106 293T cells were seeded in 6-well plates and incubated overnight at 

37°C and 5% CO2.  The cells were used for transfection when it reaches 50-75% 

confluence. 5 µg of working solution of DNA was mixed with 13 µl of 2 M CaCl2 and the 

total volume was made up to 100 µl with H20. This solution was mixed with 100 µl of 2X 

HBS. The transfection cocktail was added in drops onto the cells. The transfected cells 

were incubated overnight at 37°C. 12 hours post transfection, medium was replaced with 

fresh DMEM supplemented with 10% FCS. 48 hours post transfection, virus stocks were 

prepared by centrifuging the supernatant at 1200 rpm for 5 min. Virus stocks were 

aliquoted and stored at -80ºC. 

 

5.6.2 Infection of the Human Lymphoid Tissues 

 To infect the lymphoid tissue histocultures, 0,5 ng of 1-10 µl of clarified virus-

containing medium was slowly applied on the top of each tissue block for better 

permeation into the tissue. To normalize infections of histocultures, 18 tissue blocks from 

the same donor, 6 in each well of a 6-well plate, were inoculated with equal amounts of 

viruses, based on p24 content. 24 hours post infection the medium was removed 

completely and the blocks were washed once with 3 ml PBS and fresh medium was added. 

An aliquot of the medium was collected and fresh RPMI was added regularly every 2 to 3 

days. Productive HIV infection was assessed by measuring p24 in the culture medium by 

HIV-1 p24 antigen Enzyme-Linked Immunosorbent Assay (ELISA).  

 

5.6.3 Infection of Macrophages 

 Macrophages, incubated for 10 days after preparation, were infected with 2ng and 

0,1 ng of R5-tropic Vpr variants. 24 hours post infection, the cells were washed twice with 

RPMI 1640 media and 500 μl of fresh media containing 10ng MCSF was added. 200 μl of 

supernatant was collected every three days and fresh media was added as mentioned above. 

Virus production was measured by p24 ELISA. 

 

5.7 Protein and Enzyme Methods 

5.7.1 HIV-1 p24 Antigen Capture ELISA 

Viruses were quantified based on their p24 core antigen content by ``sandwich´´ 

ELISA method using HIV-1 p24 antigen capture ELISA system (AIDS Repository; 
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Fredrick; USA). Virus stocks were lysed using the lysis solution (10% TritonX-100) that 

releases the p24 capsid antigen from the virus particles. Diluted antigens were incubated in 

the p24 antibody coated microwell plates with proper standards and incubated at 37°C for 

2 hours. After incubation, the unbound proteins were washed away by automatic ELISA 

washer. The plates were incubated with primary rabbit anti-HIV-1 p24 polyclonal antibody 

for one hour at 37°C and then unbound antibodies were removed by washing. The plates 

were again incubated with secondary goat anti-rabbit IgG (H+L) HRP for 1hour at 37°C. 

After washing, TMB substrate was added which reacts with the peroxidase to develope 

blue colour. The reaction was stopped using 4 N H2S04. The colour intensity, which is 

proportional to the amount of p24 capsid protein, was measured at 450 nm and 650 nm 

with thermomax ELISA reader (Molecular devices; UK).      

 

5.7.2 Western Blot 

Virions were pelleted from the culture supernatant of 293T cells transiently 

transfected with the proviral HIV-1 constructs. The proteins were separated by SDS-Poly 

acrylamide gel electrophoresis using NuPAGE® Novex Bis-tris gels (Invitrogen; 

Karlsruhe), as recommended by the manufacturer. The proteins in the gel were transferred 

onto a nitrocellulose membrane using Trans-Blot SD Semi-Dry electrophoretic Transfer 

Cell (Bio rad; USA). The transferred membranes were blocked with 10% BSA solution 

overnight and then incubated for one hour with respective primary antibodies. Unbound 

antibodies were washed with PBS containing 0.05% Tween. Secondary antibodies 

conjugated with phosphatase were added to the membrane and incubated for one hour at 

room temperature. After washing the membrane, BCIP/NBT phosphatase substrate (KPL; 

USA) was added to develop the colour. 

 

5.8 FACS Analysis 

5.8.1 CD4+ T cell Depletion 

 Single cells were isolated from the control and the HIV-infected histocultures of 

human tonsils from the same donor by mechanical tissue disruption. The cells were filtered 

and stained with monoclonal antibodies conjugated with fluorophores. Antibodies used 

against the surface markers CD3, CD4 and CD8 were anti-CD3 Fluorescein 

IsoThioCyanate (FITC), anti-CD4 AlloPhycoCyanin (APC), and anti-CD8 TriColor (TC). 

The stained cells were fixed and permeabilized with Cytofix-Cytoperm buffers, and stained 
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for the intracellular marker by using anti-p24 antibody KC57 RD1. The cells were then 

fixed with 2% paraformaldehyde and flow cytometry was performed for quantitative 

analysis of various cell types in both infected and control histocultures. The absolute 

numbers of CD4+ and CD8+ T cells remaining in the control and infected tissues after 15 

days of culturing were counted and depletion is expressed as 100 % minus the percentage 

of CD4+ T cells that remained in the tissue after 15 days of infection. 

 

5.8.2 Apoptosis 

 Apoptosis was quantitated at 9th day post-infection when peak levels of HIV-1 

infected T cells were commonly observed. Cells were mechanically isolated from control 

and infected tissues and fixed in 2% paraformaldehyde in phosphate buffered saline for 20 

minutes. The cells were then permeabilized using Cytofix-Cytoperm (Caltag, Karlsruhe) 

according to the manufacturer´s protocol. Programmed death of HIV-1 infected cells was 

detected by co-staining with Annexin V flourescein isothiocyanate and the anti-p24 

antibody KC57 RD1 and two-colour flow cytometric analysis was performed. 

 

5.9 Computer Programs and Data Analysis 

• HIV sequences were obtained from http://www.hiv.lanl.gov. 

• HIV sequences were handled with the computer program, Gene construction Kit.  

• Sequence alignments were performed with multiple sequence alignment by 

Florence Corpet (http://bioinfo.genopole-toulouse.prd.fr/multalin/multalin.html). 

• Translation of nucleic acid into protein was performed with expasy translate tool 

(http://us.expasy.org/tools/dna.html). 

• Reverse complement of the nucleic acid sequence was done with 

(http://bioinformatics.org/sms/rev_comp.html). 

• CellQuest-Pro form Becton Dickinson was used for Flow cytometry. 

• Statistical analysis was performed with Prism software and Microsoft Excel. 
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6. Results 

 

6.1 Effect of R77Q, R77A and R80A mutations in Vpr on HIV-1 replicative capacity 

and cytopathicity in HLT ex vivo 

  It has been suggested that mutations of R77A and R80A in the HIV-1 Vpr  impair its 

proapoptotic activity (Jacotot et al., 2000) and that a naturally occurring R77Q variation is 

associated with nonprogressive HIV-1 infection (Lum et al., 2003). Another study, 

however, did not confirm the association between R77Q and asymptomatic HIV-1 

infection and proposed that this variation is associated with the viral subtype rather than 

with disease progression (Fischer et al., 2004). Thus, it is controversial whether or not 

mutations in these R residues in Vpr impair its proapoptotic activity. In the present study, 

HIV-1 NL4-3 Vpr mutants containing changes of R77Q, R77A and R80A were generated 

and the effect of these variations on the efficiency of CCR5-(R5) and CXCR4-(X4) tropic 

HIV-1 replication and cytopathicity in HLT was assessed.  

 

6.1.1 Mutations of R77Q, R77A and R80A did not reduce the replication of X4-tropic 

HIV-1  

 Splice overlap extension PCR was used to introduce point mutations in the vpr gene 

of the X4-tropic HIV-1 NL4-3 molecular clone and an R5-tropic derivative containing the 

005pf135 V3 loop region (Papkalla et al., 2002). Consistent with the results of Rücker et 

al., (2004), Vpr expression enhanced the efficiency of both X4- and R5-tropic HIV-1 

replication in ex vivo-infected HLT (Fig. 6a). On average, deletion of Vpr decreased the 

replicative capacity of X4-tropic NL4-3 to 31% ± 6% (P < 0.0001; n = 7) when compared 

to the wildtype NL4-3 (Fig. 6b, left). The R77A, R77Q and R80A variations in Vpr did not 

significantly reduce the X4-tropic HIV-1 production in ex vivo-infected HLT (Fig. 6b, 

left). On average, deletion of Vpr decreased the replicative capacity of the R5-tropic HIV-1 

to 42% ± 7% (P = 0.0002; n = 7) when compared to wildtype (Fig. 6b, right). The R5-

tropic HIV-1 Vpr mutants replicated with slightly (R77A, R77Q) to moderately (R80A) 

reduced efficiency in ex vivo-infected HLT (Fig. 6a, right). The cumulative p24 production 

of the R5-tropic R80A NL4-3 variant was reduced to 67% ± 13% (P = 0.04) when 

compared to wildtype virus in HLT ex vivo (Fig. 6b, right).  Thus, the R77A and R77Q 

mutations in Vpr did not significantly reduce the X4- and R5-tropic HIV-1 p24 production 
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but the R80A change moderately reduced the production of R5-tropic HIV-1 in HLT ex 

vivo.  

 

 

 

 

 

 

 

  

  

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

  

  

Fig. 6: Replication of X4-tropic and R5-tropic HIV-1 NL4-3 Vpr variants in 

HLT infected ex vivo. (a) Representative replication kinetics. For each of the 

indicated HIV-1 variants, 18 tissue blocks were inoculated with 0.5 ng of p24 and 

medium was collected every 3 days. (b) Average virus production. Matched tissues 

from seven donors were inoculated with the wildtype X4- or R5-tropic virus or the 

Vpr mutants as indicated, and for each condition cumulative production of p24 by 

18 tissue blocks over 15 days was measured. Presented are means ± s.e.m. of these 

values expressed as percentages of those measured in cultures infected with the 

wildtype virus. Data shown represent average values ± s.e.m. for tissues from seven 

different donors. 
 

6.1.2 Mutant Vpr proteins enhance R5-tropic HIV-1 replication in macrophages  

 A critical function of Vpr is to enhance virus infectivity and spread in primary 

macrophages, a specialized type of non-dividing cell, which is very different from 

artificially arrested cells. Previous studies (Eckstein et al., 2001; Bukrinsky et al., 1992; 
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Connor et al., 1995) showed that Vpr is required for efficient R5-tropic HIV-1 replication 

in Monocyte-Derived Macrophages (MDM). Therefore, the replicative capacity of the 

HIV-1 Vpr mutants was also evaluated in primary macrophage cultures.  
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Fig. 7: Replication of R5-tropic HIV-1 Vpr mutants in macrophages. 

Macrophages were infected with p24 normalized mutant and wildtype virus stocks. 

(a) Representative replication kinetics. Replication was monitored by p24 ELISA 

using supernatants collected at 3 day intervals in the culture medium. Similar 

results were obtained using macrophages from another donor. (b) Average virus 

production. The average amount of p24 produced over the 21-day period (means 

and s.e.m. of duplicate infections of macrophages from two different donors).  

 The naturally occurring R77Q mutation in Vpr resulted in slightly delayed growth 

kinetics compared to wildtype HIV-1 (Fig. 7a). Similar to R77Q, the R77A mutation, 

which was proposed to abolish the apoptogenic potential of Vpr (Jacotot et al., 2000), also 

resulted in slightly delayed growth kinetics (Fig. 7a). Comparatively, the R80A mutation in 

Vpr resulted in moderately delayed growth kinetics in macrophages compared to the 

wildtype (Fig. 7a). Cumulative production of p24 by R5-tropic HIV-1 vpr mutants in 

macrophages was analyzed. The results showed that, compared to wildtype, all the three 

mutations (R77Q, R77A and R80A) in Vpr resulted in slightly to moderately reduced 

production of R5-tropic HIV-1 in macrophages (Fig. 7b). Thus, the changes in Vpr had 

only minor effects on the efficiency of R5-tropic HIV-1 replication in macrophages. 
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6.1.3 R5-tropic HIV-1 Vpr mutants (R77Q and R80A) show reduced cytopathicity 

 It has been proposed that the impaired ability of the R77Q Vpr to induce apoptosis 

may delay or even prevent the loss of CD4+ T cells in HIV-1-infected individuals (Zhang 

et al., 1997; Lum et al., 2003). Therefore, the depletion of the CD4+ T cells in tissues 

infected with the HIV-1 Vpr variants was examined.  
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Fig. 8: CD4+ T cell depletion in HLT infected ex vivo with X4-tropic and R5-

tropic HIV-1 Vpr variants. To evaluate CD4+ T cell depletion, cells were 

mechanically isolated from matched tissues (18 pooled tissue blocks for each 

variant) on day 15 post-infection, permeabilized, stained for CD3, CD4, CD8 and 

p24, and analyzed by flow cytometric analysis. Depletion is expressed as 100% 

minus the percentage of CD4+ T cells that remained in the tissue after 15 days of 

infection. Data shown represent average values ± s.e.m. for tissues from seven 

different donors. 

 Consistent with previous studies (Grivel et al., 1999; Glushakova et al., 1999), the 

X4-tropic NL4-3 virus depleted about 80% of CD4+ T lymphocytes within 15 days of 

infection (Fig. 8, left). In contrast, the vpr-deleted HIV-1 depleted only about 30% of 

CD4+ T cells (Fig. 8, left). The HIV-1 X4-tropic Vpr variants (R77A, R77Q and R80A) 

depleted the CD4+ T cells efficiently similar to the wildtype virus in HLT ex vivo (Fig. 8, 

left). 
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 As expected (Grivel et al., 1999; Glushakova et al., 1999), the R5-tropic derivative 

of HIV-1 NL4-3 depleted only 21% ± 3% of CD4+ T cells (Fig. 8, right) because only a 

small fraction of them expresses CCR5. In comparison, the vpr-deletion mutant caused 

much less CD4+ T cell depletion (3% ± 2%; P = 0.001, n = 7). The R5-tropic R77A Vpr 

mutant depleted 16% of CD4+ T cells (Fig. 8, right). However, compared to the wildtype 

R5-tropic HIV-1, the Vpr R77Q and R80A variants were less cytopathic and depleted only 

5% ± 2% (P = 0.003) and 12% ± 3% (P = 0.02) of CD4+ T cells, respectively (Fig. 8, 

right). Thus, the R77Q and R80A changes in Vpr significantly reduced the pathogenicity 

of R5-tropic HIV-1 in ex vivo-infected lymphoid tissues. 

In summary, the mutations in Vpr did not significantly impair the cytopathicity of 

X4-tropic HIV-1. The R5-tropic HIV-1 R77Q Vpr mutant, however, caused markedly less 

CD4+ T cell depletion than wildtype in ex vivo HLT culture. 

 

6.1.4 Mutations of R77Q and R80A but not R77A disrupt the proapoptotic activity of 

Vpr 

 It has been reported that the R77Q variation reduces the affinity of Vpr for 

(Adenine Nucleotide Translocator) ANT, which is proposed to be important for the 

proapoptotic potential of Vpr (Brenner et al., 2003). It has also been shown that 

substitutions of R77A and R80A in synthetic Vpr abolished its apoptogenic potential 

(Jacotot et al., 2000). To determine the incidence of apoptosis in the HIV-1-infected cell 

population, mechanically isolated cells from the tissue blocks were permeabilized on day 9 

post-infection and stained for annexin V and p24. Subsequently, apoptosis and viral 

infection were detected simultaneously by two-color flow cytometric analysis.  

 Cells expressing wildtype Vpr showed 2- to 3-fold higher levels of apoptosis than 

those infected with the vpr-deleted HIV-1 mutants (Fig. 9). Mutations of R77Q and R80A 

disrupted the proapoptotic activity of X4- and R5-tropic HIV-1 Vpr whereas the Vpr R77A 

variation had no significant effect (Fig. 9). Thus, mutations of R77Q and R80A but not 

R77A reduce apoptosis of HIV-1 infected cells in ex vivo-infected HLT independently of 

the viral coreceptor tropism.   

To assess the expression levels of Vpr mutant proteins and to ensure that the R77Q 

mutation was not less stable in the context of R5 virus, immunoblot analysis was 

performed with the viral particles. Synthethic Vpr (sVpr) was used as a positive control. 
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Fig. 9: Apoptosis in ex vivo-infected HLT with HIV-1 Vpr variants. To evaluate 

the effect of Vpr on apoptosis, cells were mechanically isolated from matched 

tissues (18 pooled blocks for each variant) permeabilized on day 9 post-infection 

and stained for annexin V and p24. Shown are the percentages of apoptotic annexin 

V-positive cells relative to the total number of p24-positive cells. 

Immunoblot analysis showed that all Vpr mutants were efficiently expressed by the X4- 

and R5-tropic HIV-1 constructs (Fig. 10). This result showed that none of these arginine 

mutations within the mitochondriotoxic domain of Vpr affected its expression levels by 

both the X4-and R5-tropic HIV-1. 

   

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 10: Expression of mutant Vpr proteins. Cell-free supernatants from 

transfected 293T cells were centrifuged and the pelleted viral particles containing 

140 ng p24 antigen were analyzed by immunoblot using p24 and Vpr-specific 

antibodies. Synthethic Vpr (sVpr) was used as a positive control.  
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In summary, these findings suggest that the R77Q variation in Vpr has only minor 

effects on the efficiency of R5-tropic HIV-1 replication but reduces apoptosis and CD4+ T 

cell depletion in ex vivo-infected HLT. The changes in Vpr do not have major effects on 

the rates of CD4+ T cell depletion and disease progression in those individuals, in which 

highly cytopathic X4-tropic HIV-1 variants emerge during late stages of infection. Thus, 

the observation that Vpr R77Q reduces the cytopathicity of R5-tropic HIV-1 in lymphoid 

tissues supports a role in nonprogressive HIV-1 infection but the attenuating effects may 

depend on the viral subtype and coreceptor tropism. 

 

6.2 Vpu-mediated CD4 down-modulation is dispensable for efficient HIV-1 

replication and CD4+ T cell depletion in HLT ex vivo 

 It has been established that phosphorylation of a serine residue (S52) in the 

cytosolic domain of Vpu by casein kinase II is required for CD4 down-modulation but not 

for enhancement of virion release (Schubert et al., 1992). In the present study, a Vpu 

variant containing the mutation of S52A which selectively disrupted CD4 down-

modulation was used to study the contribution of Vpu-mediated CD4 down-modulation to 

HIV-1 replication and cytopathicity in ex vivo-infected HLT. The point mutation was 

introduced by splice overlap extension PCR (SOE-PCR) in the vpu gene of the X4-tropic 

HIV-1 NL4-3 molecular clone and an R5-tropic derivative containing the 92th014.12 V3 

loop region (Papkalla et al., 2002). Both mutants were sequenced to confirm the absence of 

unwanted changes. 

 Experiments with X4-tropic HIV-1 were performed in tissues derived from four 

different donors and virus production was measured by HIV-1 p24 ELISA. The X4-tropic 

HIV-1 containing the deleted vpu gene replicated with reduced efficiency and delayed 

kinetics in HLT (Fig. 11a, left). Similarly, deletion of nef decreased the viral replication 

(Fig. 11a, left). On average, the X4-tropic virus production was reduced to 48% or 24% in 

the absence of vpu or nef respectively when compared to the wildtype (Fig. 11b, left). 

Combined deletions of nef and vpu impaired HIV-1 replication more severely than the 

single deletion (Fig. 11a, left). On average, the cumulative p24 production with the HIV-1 

mutant lacking the nef and vpu (double deletion) was only 18% when compared to the 

wildtype (Fig. 11b, left). The HIV-1 X4-tropic S52A Vpu mutant in the presence or 

absence of nef replicated efficiently when compared to the nef intact or nef deleted 
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wildtype virus respectively (Fig. 11a, left). Thus, the Vpu S52A mutation did not 

significantly reduce the replicative capacity of X4-tropic HIV-1 in HLT.  
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Similar to the results obtained with the X4-tropic HIV-1, the R5-tropic HIV-1 

without vpu or nef replicated with reduced efficiency and delayed kinetics in HLT (Fig. 

Fig. 11: Replication of X4- and R5-tropic HIV-1 NL4-3 Vpu variants in 

HLT infected ex vivo. (a) Representative replication kinetics. For each of the 

indicated HIV-1 variants, 18 tissue blocks were inoculated with 0.5 ng of p24 

and medium was collected every 3 days. (b) Average virus production. Matched 

tissues were inoculated with the wildtype X4- or R5-tropic virus or the Vpu 

mutants as indicated, and for each condition cumulative production of p24 by 

18 tissue blocks over 15 days was measured. Presented are means of the values 

expressed as percentages of those measured in cultures infected with the 

wildtype virus. Data shown represent average values for tissues from four (X4-

tropic) and twelve (R5-tropic) different donors. 
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11a, right). On average, the R5-tropic virus production was reduced to 25% or 29% in the 

absence of vpu or nef respectively when compared to the wildtype (Fig. 11b, right). The 

cumulative p24 production with the HIV-1 mutant without the nef and vpu was only 10% 

when compared to the wildtype (Fig. 11b, right). The Vpu S52A change did not impair the 

replicative capacity of the R5-tropic HIV-1 in the presence or absence of Nef function 

when compared to the nef intact or nef deleted wildtype virus, respectively (Fig. 11b, 

right). Altogether, the ability of Vpu to promote viral spread in ex vivo-infected HLT is 

independent of its ability to down-modulate CD4. 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

  

  

 Next, the relevance of Vpu-mediated CD4 down-modulation for the ability of X4- 

and R5-tropic HIV-1 to deplete CD4+ T lymphocytes in ex vivo-infected HLT was 

assessed. Flow cytometric analysis showed that the X4-tropic HIV-1 NL4-3 depleted about 

90% of CD4+ T cells within 15 days of infection (Fig. 12, left). In contrast, single or 

Fig. 12: CD4+ T cell depletion in HLT infected ex vivo with X4- and R5-tropic 

HIV-1 Vpu variants. To evaluate CD4+ T cell depletion, cells were mechanically 

isolated from matched tissues (18 pooled tissue blocks for each variant) on day 15 

post-infection, permeabilized, stained for CD3, CD4, CD8 and p24, and analyzed 

by flow cytometric analysis. Depletion is expressed as 100% minus the percentage 

of CD4+ T cells that remained in the tissue after 15 days of infection. Data shown 

represent average values for tissues from four different donors (X4-tropic) and 

twelve donors (R5-tropic). 
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double deletion mutants caused less CD4+ T cell depletion compared to the wildtype X4-

tropic virus (Fig. 12, left). The Vpu S52A X4-tropic HIV-1 in the presence or absence of 

Nef depleted CD4+ T cells efficiently when compared to wildtype or nef deleted virus, 

respectively (Fig. 12, left). Thus, the S52A Vpu mutation did not reduce the cytopathicity 

of nef intact and nef deleted X4-tropic HIV-1. 

The R5-tropic derivative of HIV-1 NL4-3 depleted only 23% of the CD4+ T cells 

(Fig. 12, right) because only a small fraction of the cells express CCR5 (Grivel et al., 1999; 

Glushakova et al., 1999). The vpu and nef deleted mutants caused less CD4+ T cell 

depletion (6% and 2%) and the double deletion mutant depleted 3% of CD4+ T cells 

compared to the wildtype HIV-1  (Fig. 12, right). The Vpu S52A R5-tropic HIV-1 in the 

presence or absence of Nef depleted 20% or 6% of CD4+ T cells (Fig. 12, right). 

 Thus, the S52A change in Vpu did not significantly reduce the cytopathicity of 

HIV-1 irrespective of viral coreceptor tropism in ex vivo-infected lymphoid tissues. In 

summary, the results show that Vpu-mediated down-modulation of CD4 does not 

significantly contribute to the enhancing effect of Vpu on HIV-1 replication and 

cytopathicity in ex vivo-infected HLT. 

 

6.3 HIV-1 variants without nef/U3 overlap replicates efficiently and causes CD4+ T 

cell depletion in ex vivo-infected HLT 

 The role of the HIV-1 modulatory U3 region for LTR-directed transcription and 

viral replication is less clear than that of SIVmac (Munch et al., 2001). In a previous study, 

SIV mutants without nef/U3 overlap were generated by mutating the critical cis-regulatoty 

TPI region in the SIVmac239 nef gene (Munch et al., 2001). The resulting SIV mutants 

allowed to study Nef function without the complications of overlapping LTR sequences. In 

the present study, HIV-1 variants without the overlap between nef and U3 sequences were 

generated and the relevance of the modulatory U3 region for HIV-1 replication and 

cytopathicity in ex vivo-infected HLT was assessed.  

  A total of 12 point mutations were introduced into the HIV-1 nef gene to inactivate 

the cis-regulatory TPI element (T-rich region, polypurine tract, and attachment (att) 

sequences required for integration) (Fig. 13). These changes did not alter the predicted Nef 

amino acid sequence. Full-length or prematurely truncated (wt) and TPI mutant nef alleles 

were inserted into a proviral HIV-1 NL4-3 construct containing a 222-bp deletion in the 

nef unique region in conjunction with a 266-bp U3 deletion (Δ1Δ2) (Fig. 13). The 3`ends 
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of the mutant forms of HIV-1 NL4-3 generated are shown in Fig. 14, left panel. TPI 

mutant differs from NL4-3 wildtype only by the specific mutations in the TPI region. The 

Δ1Δ2-derived NL4-3 mutants contain just the intact U3 sequences in the nef gene and 83-

bp of the original U3 sequence upstream of the NF-κB sites. The right panel of Fig. 14 

shows the 5´ LTRs predicted after reverse transcription. Isogenic form containing two 

premature stop signals at the 72 and 73 codons of the nef gene (nef*) was also generated. 

The TPImut NL4-3 variant is predicted to be inactive because it lacks sequences critical for 

reverse transcription and integration. In contrast, the nef+Δ1Δ2 HIV-1 and nef*Δ1Δ2 HIV-

1 contain two copies of the TPI elements. Finally, the U3 region of nef+TPImutΔ1Δ2 is 

predicted to be grossly truncated (Fig. 14). The HIV-1 NL4-3 nef+TPImutΔ1Δ2 genome 

contains U3 regions that are 266-bp shorter than the 454-bp NL4-3 wildtype U3 region. 

Nonetheless, it contains all known coding sequences and cis-acting elements.  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 13: HIV-1 NL4-3 nef/LTR Mutant construction. NL4-3 constructs containing 

a deletion of 222-bp in the nef unique region together with a deletion of 266-bp in the 

U3 region (Δ1Δ2) (Gibbs et al., 1994), were utilized to generate nef/LTR variants. 

The black bar indicates the position of the deletions. As indicated below, twelve 

(TPImut) silent point mutations were introduced in the TPI-region and cloned into 

NL4-3 wt (TPImut) and Δ1Δ2 (nef+TPImutΔ1Δ2) proviral constructs.  

Furthermore, the isogenic forms containing the 005pf135 V3 region (Papkalla et 

al., 2002) in the viral envelope to produce the CCR5-tropic HIV-1 NL4-3 variants were 
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also generated. To evaluate the possible relevance of the modulatory U3 region for HIV-1 

replication and cytopathicity, virus stocks, generated by transient transfection of 293T cells 

with the proviral HIV-1 nef/LTR variants, (Rücker et al., 2004) were used to infect HLT. 
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Fig. 14: HIV-1 NL4-3 nef/LTR variants analyzed. Schematic presentation of the 

HIV-1 NL4-3 constructs analyzed (left), and the deduced 5`LTR promoter region 

(right). All mutants shown contain intact nef genes. TPImut differs from NL4-3wt 

only by the specific point mutations in the TPI region; nef+Δ1Δ2 contain NL4-3wt 

nef gene and two copies of the TPI elements; nef+TPImutΔ1Δ2 contain TPI-

mutated nef allele. Otherwise isogenic form with a premature stop signal in the nef 

ORF was also generated. The Δ1Δ2 forms contain only 83-bp of upstream U3 

sequences. Abbreviations: E-CP, enhancer-core promoter; Int, U3-terminal 

sequences required for integration. Arrows indicate the positions of primers used 

for PCR amplification. 

Mutations in the TPI region (nef+TPImut, nef*TPImut) disrupted the replicative 

capacity of HIV-1 (Fig. 15). Insertion of an intact TPI region upstream of the core 

enhancer (nef+TPImutΔ1Δ2) restored the ability of both X4-and R5-tropic HIV-1 variants 

to spread efficiently in ex vivo-infected HLT (Fig. 15). The mutant viruses replicated with 

delayed kinetics in tissues derived from some donors (Fig. 15, lower panel). Nevertheless, 

these results demonstrate that elimination of the nef/LTR overlap and truncation of the U3 
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region does not have major disruptive effects on the ability of HIV-1 to replicate in 

lymphoid tissue. 
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Fig. 15: Effect of a truncated U3 region on HIV-1 replication in HLT. 

Replication of the indicated X4-tropic (left) or R5-tropic (right) HIV-1 NL4-3 

variants in ex vivo-infected HLT derived from two donors. Infections were 

performed with virus stocks containing 0,5 ng of p24 antigen and virus production 

was measured by p24 ELISA at 15 days post-infection. NL4-3 wildtype like and 

moderately delayed replication kinetics, respectively, were also observed in two 

independent experiments using tissues derived from different donors.  
 

 Concordant with the different kinetics of replication, the X4-tropic form of the 

nef+TPImutΔ1Δ2 mutant virus depleted CD4+ T cells as effectively as HIV-1 NL4-3wt in 

tissues derived from donor A (Fig. 16, left panel) but was partially attenuated in HLT 

derived from donor B (Fig. 16, right panel). In comparison, the nef-defective forms 

consistently depleted CD4+ T cells less efficiently (Fig. 16). Predictably, the replication-

incompetent nef+TPImut and nef*TPImut HIV-1 variants did not cause cytopathic effects 

in ex vivo-infected HLT (Fig. 16). A minor reduction of CD4+ T cells in HLT infected 

with the R5-tropic forms of NL4-3 expressing full-length Nef proteins was also observed 

(data not shown).  



6. RESULTS  42 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

  

Fig. 16: Effect of a truncated U3 region on CD4+ T cell depletion in HLT. To 

evaluate CD4+ T cell depletion, cells were mechanically isolated from matched 

tissues (18 pooled tissue blocks for each variant) on day 15 post-infection, 

permeabilized, stained for CD3, CD4, CD8 and p24, and analyzed by flow 

cytometric analysis. Percentages of CD4+ T cells in the tissue blocks (left bars) and 

cells that migrated in the gel foams (right bars) at the end of culture at 15 days post-

infection are shown.   

 

 Thus, the results demonstrate that HIV-1 lacking the modulatory U3 region and the 

nef/LTR overlap can replicate efficiently and can cause CD4+ T cell depletion in ex vivo-

infected HLT. In summary, the HIV-1 variants with short U3 regions that do not overlap 

nef may be pathogenic in vivo, although they will most likely not induce disease as 

consistent as wildtype HIV-1 strains. 
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7. Discussion 

 

 The results of the present doctoral thesis suggest that: (1) a naturally occurring 

sequence variation in the mitochondriotoxic domain of Vpr reduces the cytopathicity of 

R5-tropic HIV-1 in HLT and may therefore play a role in nonprogressive HIV-1 infection, 

(2) Vpu-mediated down-modulation of CD4 does not significantly enhance HIV-1 

replication and cytopathicity in ex vivo HLT, and (3) the modulatory U3 region in the LTR 

may not be essential for efficient HIV-1 gene expression and AIDS pathogenesis. 

 

7.1 A naturally occurring sequence variation in Vpr reduces the cytopathicity of R5-

tropic HIV-1 

It has been proposed that changes in Vpr (R77A and R80A) impair its proapoptotic 

activity and that the naturally occurring R77Q substitution may be associated with 

nonprogressive HIV-1 infection (Zhang et al., 1997; Jacotot et al., 2000; Lum et al., 2003; 

Brenner et al., 2003). In the present study, the effect of these sequence variations in the C-

terminal domain of Vpr was analyzed in ex vivo-infected HLT. Concordant with the 

previous reports (Zhang et al., 1997; Jacotot et al., 2000; Lum et al., 2003; Brenner et al., 

2003), the results obtained in ex vivo-infected HLT suggest that the R77Q variation in Vpr 

may decelerate the depletion of CD4+ T cells in long-term nonprogressors, which are 

known to harbor only R5-tropic HIV-1 variants (van 't Wout et al., 1998; Xiao et al., 1998). 

The R77Q change in Vpr significantly reduced the proapoptotic ability and 

cytopathicity of R5-tropic HIV-1 in ex vivo-infected lymphoid tissues (Fig. 8, 9, right). 

However, this change did not reduce the cytopathicity of X4-tropic HIV-1, which emerges 

in about 50% of all AIDS patients during the late stages of infection (Fig. 8, left; van 't 

Wout et al., 1998; Xiao et al., 1998). On average, the R5-tropic HIV-1 R77Q variant 

depleted about 4-fold less CD4+ T cells than the virus expressing wildtype Vpr (Fig. 8). 

My results showed that the R77Q variation in Vpr has only minor effects on the efficiency 

of R5-tropic HIV-1 replication but reduces apoptosis and CD4+ T cell depletion in ex vivo-

infected HLT.  

It is established that Vpr affects apoptosis by at least two different mechanisms: 

one involving the activation of the glucocorticoid pathway and the second binding to ANT 

at the inner mitochondrial membrane, which results in release of cytochrome c leading to 
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the mitochondrial membrane permeabilization (MMP) (Muthumani et al., 2005). It has 

been proposed that the R77Q variation may reduce the affinity of Vpr for ANT, proposed 

to be important for the proapoptotic potential of Vpr (Brenner et al., 2003). The positively 

charged arginine (R) residues in the C-terminal domain of Vpr are asymmetrically 

distributed to just one side of the α-helix. These residues participate in the physical 

interaction with the first loop (amino acids 104–116) of the six–transmembrane domain 

ANT, which are exposed to the mitochondrial intermembrane space and likely involved in 

cation-π interactions with F109, W111, Y113 and/or F114 within ANT (Brenner et al., 

2003). This would explain the reduced mitochondriotoxic and proapoptotic potential of 

Vpr R77Q. A recent report by Andersen et al. (2006) showed that Vpr-induced apoptosis is 

cell cycle-dependent. Efficient removal of ANT did not affect the apoptotic ability of Vpr. 

Instead, removal of Bax, an independent mitochondrial pore-forming protein, led to nearly 

complete suppression of apoptosis and showed that Vpr-induced apoptosis is dependent on 

the presence of Bax and is concomitant with Bax activation (Andersen et al., 2006). 

Jacotot et al. (2000) proposed that recombinant or synthetic Vpr containing the 

R77A change greatly reduces the apoptogenic potential of Vpr. Unexpectedly, the R77A 

mutation in Vpr, affected the cytopathicity of the R5-tropic HIV-1 variant less severely 

than the naturally occurring R77Q change (Fig. 8). Thus, one possible explanation for the 

findings is that the R77Q change disrupts the interaction of the mitochondriotoxic domain 

of Vpr with ANT more severely than the R77A mutation.  

The R77Q and R80A changes reduced the proapoptotic activity of Vpr 

independently of the HIV-1 coreceptor tropism (Fig. 9). However, the changes did not 

significantly affect the levels of CD4+ T cell depletion caused by the X4-tropic HIV-1 

mutants at the end of ex vivo HLT culture (Fig. 8). Possibly, X4-tropic Env proteins have a 

higher apoptosis-inducing potential than R5-tropic Envs and may therefore mask the 

reduction of the proapoptotic activity of Vpr containing changes in arginine residues 77 

and 80 during later time points. Consistent with this possibility it has been reported that the 

apoptogenic effects of Vpr are not detectable in T cells infected with X4-tropic HIV-1 due 

to the intrinsically high apoptosis-inducing effect of the HIV-1 Env protein (Yao et al., 

1998; Lum et al., 2003). It has been previously observed, however, that the vpr-deleted 

X4-tropic HIV-1 variant does not cause significant CD4+ T cell depletion in ex vivo-

infected HLT even if it replicated with an efficiency similar to that of wildtype HIV-1 

(Rucker et al., 2004). It is well established that Vpr affects apoptosis by different 
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mechanisms (Muthumani et al., 2005). The R77A, R77Q and R80A changes most likely 

only affect the mitochondriotoxic effect of Vpr (Brenner et al., 2003). Thus, it is 

conceivable that the changes reduce the cytopathicity of HIV-1 in lymphatic tissues less 

severely than the complete loss of Vpr function.  

All the experiments in the present thesis were performed using a subtype B 

molecular HIV-1 clone. Similarly, previous studies on the relevance of R77 for the 

proapoptotic activity of Vpr were also performed using only HIV-1 subtype B derived 

proteins or peptides (Jacotot et al., 2000; Lum et al., 2003). It has been suggested that the 

R77Q variation may be associated more with the viral subtype than with disease 

progression (Fischer et al., 2004). Examination of a large number of Vpr sequences present 

in the GenBank database revealed that R77 only predominates in subtype B, whereas clade 

A, C, D, G, H and group O or N viruses usually contain Q77 and subtype F and K HIV-1 

strains contain H77. Since there are no indications that the B clade of HIV-1 is more 

pathogenic than the others it will be important to further clarify whether the relevance of 

R77 for the proapoptotic activity of Vpr is subtype-dependent.  

It is noteworthy, that the Vpr R77Q variation is not only found in long-term 

nonprogressors but also in about one third of HIV-1 subtype B infected individuals with 

progressive disease (Zhang et al., 1997; Lum et al., 2003). Thus, the findings suggest that 

it might not have major effects on the rates of CD4+ T cell depletion and disease 

progression in those individuals, in which highly cytopathic X4-tropic HIV-1 variants 

emerge during late stages of infection (van 't Wout et al., 1998; Xiao et al., 1998).  

In conclusion, the present results show that the naturally occurring variation in Vpr 

reduces the cytopathicity of R5-tropic HIV-1 in lymphoid tissues and supports a role in 

nonprogressive HIV-1 infection. However, the attenuating effects may be dependent on the 

viral subtype and coreceptor tropism. Thus, it will be essential to further elucidate whether 

the importance of R77 for the proapoptotic activity of Vpr is subtype-dependent. 

 

7.2 Role of Vpu-mediated CD4 down-modulation in HIV-1 replication and 

cytopathicity in HLT ex vivo 

HIV-1 Vpu is associated with two distinct biological activities: (i) it facilitates the 

release of nascent viral particles and (ii) it mediates degradation of the CD4 receptor in the 

endoplasmic reticulum. Although it has been reported that one important role of Vpu-
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mediated CD4 down-modulation is to permit the release of fully infectious virions 

(Levesque et al., 2003), the importance of Vpu-mediated CD4 down-modulation in the 

viral life cycle and pathogenesis still remains unclear. To understand the possible role of 

the Vpu-mediated CD4 down-modulation in HIV-1 replication and CD4+ T cell depletion, 

a Vpu mutant containing a mutation of S52A, which selectively disrupt CD4 down-

modulation (Schubert et al., 1992), was analyzed in HLT ex vivo. The results showed that 

CD4 down-modulation by Vpu is not necessary for efficient HIV-1 replication and CD4+ 

T cell depletion (Fig. 11, 12).  

 A study using the SIV-HIV chimera (SHIV)/pig-tailed macaque model has 

demonstrated that mutations of S52 and S56 in Vpu (casein kinase II phosphorylation sites) 

attenuate virus pathogenicity (Singh et al., 2003). Reversion to wildtype in this model was 

associated with rapid loss of CD4+ T cells and simian AIDS (Singh et al., 2003) indicating 

that Vpu-mediated CD4 down-modulation contributes to SHIV pathogenesis. In the 

present study, although the Vpu S52A mutant was inactive in CD4 down-modulation, it 

did not impair the replicative capacity and cytopathicity of the virus in ex vivo-infected 

HLT (Fig.11, 12). Thus, the requirement of Vpu for effective viral spread in ex vivo-

infected HLT is independent of its ability to down-modulate CD4. On the other hand, Nef 

and Env also down-modulate CD4 (Chen et al., 1996) and Nef seems to be the most 

effective in preventing the receptor surface expression. But, the Vpu S52A mutation did 

not significantly reduce the replicative capacity and cytopathicity of HIV-1 when 

compared to the nef deleted virus even in the absence of Nef function (Fig. 11, 12). Thus, 

the observation that Vpu S52A HIV-1 replicated and depleted CD4+ T cells in the 

presence and absence of Nef function suggest that the CD4 down-modulation by Vpu is 

not essential ex vivo. However, this function may be important in vivo due to the fact that 

in the natural course of infection the virus undergoes several continuous rounds of 

replication. 

Altogether, the results show that Vpu-mediated down-modulation of CD4 does not 

significantly contribute to the enhancing effect of Vpu on HIV-1 replication and 

cytopathicity in ex vivo-infected HLT, indicating that the key function of Vpu is the 

enhancement of viral particle release and that the ability of Vpu to down-modulate CD4 

may not be critical for the pathogenesis of AIDS.   
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7.3 Role of the modulatory U3 region in HIV-1 replication and cytopathicity 

The genomes of all primate lentiviruses are organized so that nef overlaps the 

3`LTR suggesting that this genomic organization is advantageous for viral spread in the 

infected host. It has been demonstrated that the upstream U3 sequences in SIV serve 

mainly as a nef coding sequence (Kirchhoff et al., 1994). Findings from HIV-1 infected 

long term survivors demonstrate that the HIV-1 upstream U3 region is only preserved in 

the presence of an intact nef open reading frame (Deacon et al., 1995; Kirchhoff et al., 

1995; Salvi et al., 1998; Rhodes et al., 2000). However, these HIV-1 variants were 

strongly attenuated and it remained obscure whether the upstream U3 region might 

contribute to viral replication and pathogenicity in the presence of an intact nef gene. In the 

present study, the relevance of the modulatory U3 region of the LTR, for HIV-1 replication 

and cytopathicity was analyzed in ex vivo HLT. The results show that HIV-1 variants 

lacking the modulatory U3 region and the nef/LTR overlap replicate efficiently and cause 

CD4+ T cell depletion in ex vivo-infected HLT.  

To assess the relevance of the modulatory U3 region for HIV-1 replication, the T-

rich region, the Polypurine tract and attachment (att) sequences in nef were inactivated by 

silent mutations and an intact TPI region was inserted just upstream of the core enhancer 

(Fig. 13, 14). These modifications severely truncated the U3 region and eliminated the nef 

overlap and the resulting HIV-1 mutants expressed functional Nef. Thus, these constructs 

allow to assess the effect of HIV-1 nef on viral infectivity and replication without the 

restriction of overlapping LTR and cis-regulatory sequences.  

The results of the present thesis demonstrate that elimination of the nef/LTR 

overlap and truncation of the U3 region does not have major disruptive effects on the 

ability of HIV-1 to replicate in lymphoid tissue ex vivo (Fig. 15). Compared to NL4-3 wt, 

however, the nef+TPImutΔ1Δ2 mutant virus showed delayed replication kinetics and 

attenuated cytopathic effects in some ex vivo-infected HLTs (Fig. 15, lower panel; Fig. 16, 

right). It has been previously shown that R5-and X4-tropic HIV-1 replicate with 

comparable efficiency and are equally cytopathic for their T cell targets in HLT (Grivel 

and Margolis, 1999). However, because only a small fraction of CD4+ T cells in HLT 

expresses CCR5, only about 20% are depleted (data not shown). The results obtained in ex 

vivo-infected HLT suggest that HIV-1 variants with short U3 regions that do not overlap 

nef replicate efficiently and cause CD4+ T cell depletion. Why the modulatory HIV-1 U3 

region contributes to optimal viral spread in cells or tissues from some donors remains to 
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be clarified. Possible explanations are donor to donor variations in the expression of 

specific transcription factors that bind to the upstream U3 sequences. Importantly, intact 

nef genes consistently enhanced viral replication of the mutant viruses demonstrating that 

the HIV-1 constructs described in this study are useful to analyze Nef function without the 

restriction and complications of overlapping LTR and critical cis-regulatory elements. 

Altogether, the results suggest that HIV-1 variants with short U3 regions that do not 

overlap nef might be pathogenic in vivo, although they will most likely not induce disease 

as consistent as wildtype HIV-1 strains. 

 

7.4 Conclusions 

The results of this doctoral thesis suggest that (1) the naturally occurring R77Q 

variation in Vpr reduces the cytopathicity of R5-tropic HIV-1 in lymphoid tissues and 

supports a role in nonprogressive HIV-1 infection; (2) Vpu-mediated CD4 down-

modulation does not significantly contribute to the enhancing effect of Vpu on HIV-1 

replication and cytopathicity in ex vivo-infected HLT; and (3) HIV-1 variants containing a 

truncated U3 region that do not overlap nef replicate efficiently in lymphoid tissue 

suggesting that they may be pathogenic in vivo in infected human individuals. Altogether, 

the results provide new insights in the possible role of the accessory Vpr and Vpu proteins 

and the LTR U3 region in the pathogenesis of AIDS. 
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8. Summary 
 

 Understanding the pathogenesis of HIV-1 infection in humans requires adequate 

experimental models. In vivo, the bulk of viral replication and the critical events in the 

pathogenesis of AIDS occur in lymphoid tissues. Ex vivo-infected HLT represents a typical 

adult lymphoid tissue (tonsils) and supports productive HIV-1 infection without exogenous 

stimulation. Ex vivo HLT maintains the complex three-dimensional cellular organization 

found in normal human lymphoid tissue and is a useful model for studying the importance 

of different viral proteins and regulatory sequences for HIV-1 replication and CD4+ T cell 

depletion in infected individuals. In the present study, I used this system to assess the 

potential role of the accessory HIV-1 Vpr and Vpu proteins and the LTR U3 region for 

viral replication and pathogenicity in HIV-1 infected individuals.  

The first aim of this thesis was to assess the relevance of arginine residues in the C-

terminal mitochondriotoxic domain of Vpr for its apoptogenic activity. It has been 

previously proposed that changes of R77A and R80A impair the proapoptotic activity of 

Vpr (Jacotot et al., 2000) and that a naturally occurring R77Q variation is associated with 

nonprogressive HIV-1 infection (Lum et al., 2003). The results of the present thesis 

demonstrated that the mutations in Vpr (R77Q, R77A and R80A) had negligible effects on 

the replicative capacity and cytopathicity of X4-tropic HIV-1. The R5-tropic HIV-1 R77Q 

Vpr mutant, however, caused markedly less CD4+ T cell depletion than the wildtype HIV-

1 in ex vivo-infected HLT culture. The R80A change in Vpr significantly reduced the 

pathogenicity of R5-tropic HIV-1, whereas the R77A change affected the cytopathicity of 

the R5-tropic HIV-1 variant less severely than the naturally occurring R77Q change. Thus, 

the naturally occurring variation in Vpr reduces the cytopathicity of R5-tropic HIV-1 in 

lymphoid tissues, supporting a relevant role in nonprogressive HIV-1 infection. However, 

the attenuating effects may be dependent on the viral subtype and coreceptor tropism. 

 The second aim of the thesis was to elucidate whether Vpu-mediated CD4 down-

modulation is important for effective viral spread and cytopathicity in ex vivo-infected 

HLT. The results showed that a mutation of S52A in Vpu, selectively disrupting CD4 

down-modulation, does not attenuate HIV-1 replication or CD4+ T cell depletion in ex 

vivo-infected HLT. Thus, Vpu-mediated CD4 down-modulation is not required for 

efficient HIV-1 replication and CD4+ T cell depletion and hence most likely not critical for 

the pathogenesis of AIDS.   
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 The third aim was to clarify whether upstream U3 sequences in the HIV-1 LTR are 

required for efficient viral replication and CD4+ T cell depletion in lymphoid tissues. The 

results showed that HIV-1 containing a short modulatory U3 region without the nef/LTR 

overlap replicates efficiently and causes CD4+ T cell depletion in ex vivo-infected HLT.  

Thus, HIV-1 variants lacking most parts of the LTR U3 region may be pathogenic in vivo, 

although they would most likely not induce disease as consistently as wildtype HIV-1 

strains. 

Altogether, the results obtained using ex vivo HLT system suggest that (1) point 

mutations in Vpr may affect the clinical course of infection; (2) Vpu-mediated CD4 down-

modulation is most likely not critical for AIDS pathogenesis; and (3) the U3 region has 

probably limited significance in the pathogenesis of AIDS. Thus, the results of this 

doctoral thesis provide novel insights into the possible role of the HIV-1 Vpr and Vpu 

proteins and the LTR U3 region in the pathogenesis of AIDS. 
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