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ABSTRACT 

 

B cells of HIV-1-infected patients have both phenotypic and functional dysfunctions which 
may be important in HIV-1 pathogenesis. Immune activation during HIV infection is an 
essential part of the body’s defense against the virus, but may be the root cause of B cell 
dysfunctions. Evidence of B cell dysfunctions during HIV-1 infection include altered 
expression of activation markers, spontaneous apoptosis, and polyclonal activation. These 
may occur very early in infection, and may have important effects on the outcome of infection 
and treatment of the patient. Interaction between B cells and other cells of the immune system 
is essential to the proper functioning of the B cells and may also be altered during HIV-1 
infection.  
With this thesis I wanted to investigate if: (1) B cell dysfunctions are initiated during primary 
HIV-1 infection (2) Patients treated during primary infection may stand a better chance of 
controlling infection (3) Immune activation induces and enhances B cell dysfunctions in 
primary and chronic HIV infection; (4) Interactions between B cells and other lymphocytes 
may be altered in HIV infection, leading to malfunction of the B cells (5) HIV-infected 
patients respond poorly to vaccination and infections because they have impaired serological 
memory.  
The results obtained indicate that:  
Majority of B lymphocyte dysfunctions are initiated early in primary infection and persist 
throughout the course of the disease; Naive B lymphocytes are abnormally activated in HIV-1 
infection and may contribute to excessive hypergammaglobulinemia;  Loss of memory 
(CD27+) B cells is a feature of chronic infection, but is not observed in primary infection thus 
may be an effect of persistent immune activation; The Fas-FasL pathway may play a key role 
in the deletion of B cells in HIV infection; Antigen-specific humoral immunity is also 
impaired early during primary HIV-1 infection as shown by reduced levels of specific 
antibodies to HIV, and non-HIV antigens such as measles and pneumococcus polysaccharide 
antigens; Measles-specific memory B cells are deleted in HIV-1 infection; Immune activation, 
assessed by plasma sCD27, IgG and β-2 microglobulin, is lower in HIV-2 than in HIV-1 
infection.  

HIV infection leads to important B cell dysfunctions and impaired humoral immunity 
which in turn impair the ability of the patient to control the infection and/or mount an 
effective response to the virus. An ideal HIV vaccine would be one that is able to elicit strong 
humoral immune as well as cell-mediated responses and understanding the role of B cell 
dysfunctions in immunopathogenesis of HIV infection is important in refining strategies for 
effective therapies and vaccines.  
 
 
Keywords: HIV-1 infection, B cells, primary HIV-1 infection, immune activation 

hypergammaglobulinemia, long-term humoral immunity, HIV-2 infection, antiretroviral 

therapy 
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LAIR-1  Leukocyte-Associated Immunoglobulin-like Receptor 1 
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PHI  Primary HIV-1 infection 

PSA  Polyspecific Self-reactive Antibodies 

SIV  Simian Immunodeficiency Virus 

STI  Structured Treatment Interruption 

TACI  Transmembrane activator and CAML interactor 

TNF (R)  Tumor Necrosis Factor (Receptor)   
 



1 INTRODUCTION 
Early in the 1980s clinicians in Los Angeles and Paris reported cases of Pneumocystis 

carinii pneumonia combined with severe depletion of CD4+ T cells in young 

homosexual men. It became evident that the disease was caused by a virus, but all 

attempts to link the disease to known viruses were fruitless. In 1983, the Human 

Immunodeficiency Virus (HIV) was discovered and identified as the causative agent 

of the Acquired Immunodeficiency Syndrome (AIDS). This discovery raised hopes 

that therapies and possibly an effective vaccine would soon be available to combat the 

disease. Twenty-three years on, AIDS remains one of the leading causes of death in 

the world, with an estimated 40 million people living with HIV. Arguably, more 

information has been generated on the breadth and specificity of immune responses to 

HIV than any other virus in history, but despite significant progress in understanding 

the biology of the virus, its modes of transmission and pathogenesis, many questions 

remain to be answered and an effective vaccine is yet to be developed.  

Two main types of HIV, HIV-1 and HIV-2, are known to infect humans. HIV-1 is the 

more virulent virus type, affecting approximately 95% of people living with HIV 

today. This section outlines what is currently known about the origin, structure, 

pathogenesis and course of HIV infection, immune response to HIV and therapy and 

vaccination strategies.  
 

1-1 The Human Immunodeficiency Virus (HIV)  
 

1-1.1 Origin and types of HIV 

According to the UNAIDS/WHO, AIDS has killed about 25 million people since the 

beginning of the epidemic. In 2005 alone, it is estimated that 3.1 million people died 

from AIDS-related causes, 570 000 of whom were children. HIV-1 was initially 

named HTLV-III due to its similarities to the only other known human retrovirus, 

human T-cell lymphotropic virus I (HTLV-I) (Barre-Sinoussi et al. 1983; Gallo et al. 

1983). HIV-1 has since been shown not to have any (evolutionary) genomic sequence 

relationships with HTLV-I. Another closely related retrovirus, HIV-2, was identified 

shortly after the discovery of HIV-1 (Clavel et al. 1986). HIV-2, which is endemic in 

certain parts of West Africa is more similar to the Simian Immunodeficiency virus 

(SIV) and is responsible for only approximately 5% of the AIDS cases worldwide. 
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Both HIV-1 and HIV-2 however are thought to have spread to humans from other 

non-human primates and it is now widely accepted that both viruses are of simian 

origin (Gao et al. 1992; Chen et al. 1996). Henceforth in this thesis, HIV will be used 

in reference to HIV-1. 

 

1-1.2 Structure of HIV 

 

 

gp120 

gp41

p17 

RNA

p24 

viral envelope 

 Figure 1. Structure of the HIV virion 

 

HIV is a retrovirus belonging to the lentivirus family. Each virion expresses 72 

glycoprotein projections composed of gp120 and gp41, which are associated with 

each other, and serve as the viral receptor for CD4 on host cells (Coffin et al. 1986; 

Wyatt et al. 1998). The viral envelope derives from the host cell and contains some 

host-cell membrane proteins, including class I and class II MHC molecules. Within 

the envelope is the viral core, or nucleocapsid, which includes the matrix protein, p17 

and an inner layer of a protein, p24 which makes up the capsid. The HIV genome 

consists of two copies of single-stranded RNA, which are associated with two 

molecules of reverse transcriptase (p64) and nucleoid proteins (p10), a protease and 

an integrase (p32).  

 

1-1.3 HIV entry and infection course 

HIV primarily infects CD4+ T cells though certain HIV strains infect monocytes and 

other cells expressing CD4 on their surface. Gp120 binds with high affinity to CD4, 

thus enabling the virus to enter the host cell. In addition to CD4, HIV also requires the 

presence of co-receptors on the target cells-CCR5 on DCs and macrophages, and 

CXCR4 on activated T cells-for entry and productive infection. Once inside the cell, 
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the RNA genome of the virus is reverse transcribed and a cDNA copy integrates into 

the host genome. The integrated DNA (provirus) is transcribed and the various viral 

RNA messages spliced and translated into proteins, which along with a complete new 

copy of the RNA genome are used to form new viral particles. The gag proteins of the 

virus are cleaved by the viral protease into the forms that make up the nuclear capsid 

in a mature infectious viral particle.  

The typical course of untreated HIV infection is made up of three main phases: the 

acute or primary phase, the clinically latent (chronic) phase, and the disease or AIDS 

phase (Figure 2). However, the course and the timing of onset of disease varies widely 

from patient to patient, and some patients, known as long-term non-progressors 

(LTNP), do not progress to disease after seroconversion, but are able to maintain 

normal CD4+ T cell counts and low rates of viral replication in the absence of any 

therapy. Acute or Primary HIV infection (PHI) may be symptomatic and manifests as 

a mononucleosis-like syndrome, known as the acute retroviral syndrome (ARS), 

which appears about 2-4 weeks after initial exposure.    

                

 
Figure 2. Course of HIV infection 

 

The most common clinical manifestations of PHI include fever, malaise, lethargy, oral 

ulcers and lymphadenopathy and common laboratory abnormalities include anemia, 

leucopenia, thrombocytopenia and mild transaminase elevation. The non-specific 
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nature of the signs and symptoms, as well as the varying presentations of the patients 

makes diagnosing patients with PHI difficult. Soon after infection, viral RNA is 

detectable in the serum but antibodies against HIV proteins only become detectable in 

the serum of infected individuals approximately three months after infection has 

occurred (Gaines et al. 1987). Studies on the dynamics of HIV viremia and Ab 

seroconversion in PHI showed that the approximate time from exposure to detectable 

plasma HIV was 12 days, and 17 and 22 days to p24 antigenemia and first detectable 

Abs respectively (Fiebig et al. 2003). The most definitive method of detecting HIV 

infection at this early stage is therefore by measuring viral RNA levels using PCR.  

A significant decrease in CD4+ T cells in the peripheral blood occurs 2-8 weeks after 

HIV infection (Gaines et al. 1990) and recently it has been shown that the gut may be 

the principal site of CD4+ T cell depletion both in HIV and SIV infections (Lim et al. 

1993; Li et al. 2005; Chase et al. 2006). Dissemination of virus to lymphoid organs 

results in a strong antiviral immune response, which though unable to eliminate the 

virus, is associated with a decline in plasma viremia and a transient stabilization of the 

CD4+ T cell count and resolution of the clinical syndrome. The induction of an 

immune response to HIV is followed by a long period of relative clinical latency, also 

known as chronic HIV infection (CHI). The duration of this phase varies greatly but 

can be as long as 8-12 years. The time interval from infection to development of 

opportunistic disease varies form one individual to another, but according to the 1993 

revised CDC definition, even if the patient is otherwise completely asymptomatic, a 

diagnosis of AIDS is made if the CD4+ T cell count falls below 200 cells/μl blood. 

CD4+ T lymphocyte counts consistently correlate with the development of HIV-

related life-threatening opportunistic illnesses and disease progression. The absolute 

number or percentage of CD4+ T cells and monitoring the evolution of CD4+ T cell 

loss is an essential part of clinical monitoring and provides information to guide 

medical management of patients.  This revised system of classification emphasizes the 

clinical importance of the CD4+ T cell count in the categorization of HIV-related 

clinical conditions and replaces the previous system of classification published in 

1986 which included only clinical disease criteria and was developed before the use 

of widespread CD4+ T cell testing. The inclusion in the AIDS surveillance definition 

of persons with a CD4+ T cell count of <200 cells/μl or a CD4+ T cell percentage 

<14% will enable AIDS surveillance to reflect more accurately the number of HIV-
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infected people at highest risk for severe HIV-related morbidity and 

immunosuppression. 

The chronic phase is a period of rapid, continuous viral replication and a steady 

decline in CD4+ T cell counts (Pantaleo et al. 1993; Perelson et al. 1993; Ho et al. 

1995; Perelson et al. 1996). It is not completely understood how the balance between 

the production and clearance of virus and infected cells is maintained for such a long 

period of time. Two general mechanisms have been proposed: (1) the host immune 

response keeps the virus under control, but is unable to completely clear it and (2) 

viral replication is limited by the availability of suitable targets, particularly CD4+ T 

cells. The apparent steady state gradually breaks down in the majority of patients, 

leading to the sharp decrease in numbers of CD4+ T cells and high viral loads 

characteristic of AIDS. Disease progression has been shown to be clearly linked to 

viral load and extent of viral replication (Mellors et al. 1996), although other as yet 

unclear mechanisms may be important as well. Thus it is the level of replicating virus 

and the numbers of virus-infected cells that are critical for the development of 

immunodeficiency and the progression of disease. The mechanism by which efficient 

viral replication occurs in the face of an apparent strong host immune response is one 

of the great mysteries of HIV pathogenesis. A number of hypotheses have been put 

forward in an attempt to explain this: (1) the virus mutates rapidly and often and the 

resulting viral mutants can escape neutralizing Ab and cytotoxic T lymphocyte (CTL) 

responses; (2) a portion of the virus may replicate in immunologically privileged sites 

(Haase 1986); (3) special adaptations of the virus that make it ‘invisible’ to the 

immune system such as the large number of glycosylation sites on the Env proteins 

may serve as a shield against the host immune response (Botarelli et al. 1991; 

Benjouad et al. 1992). The complex replication cycle of the virus could also help 

avoid a CTL response by allowing an infected cell to shift rapidly from an antigen-

negative state to one of high-level viral production and releasing a burst of virus 

before being detected as foreign; 4) Early damage to the immune system may 

preclude a completely protective immune response. 

Once the CD4+ T cell count drops below 200 cells/μl, when the total number of CD4+ 

T cells in the body has been reduced by at least half (Haase 1999), the patient 

becomes susceptible to AIDS-defining opportunistic infections and tumors. Disease 

progression is however not an inevitable outcome of lentiviral infections, as is 

evidenced by SIV infection in monkeys. African green monkeys monkeys can be 
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persistently infected with SIV, apparently for life, but they do not appear to develop 

any disease. Although it has been suggested that long-term passage of HIV-1 in 

chimpanzees may result in the development of a more pathogenic virus (Novembre et 

al. 1997), most chimpanzees infected with wild-type HIV and macaques infected with 

mutants of SIV usually remain persistently infected but asymptomatic (Eichberg et al. 

1987; Kestler et al. 1990; Johnson et al. 1993). This indicates that in the natural host, 

the virus and the host are well adapted to each other. The most important correlate of 

progression to AIDS is thought to be the steady-state viral load or set-point seen at the 

end of the primary phase of infection (Craib et al. 1997; Lefrere et al. 1998; Blattner 

et al. 2004). Prospective studies on a large cohort of men at high risk for HIV 

infection have shown that individuals with the highest viral loads have about a 3-fold 

shorter time of progression to disease than individuals whose viral loads lie within the 

lowest quartile (Mellors et al. 1996; Mellors et al. 1997). 

Approximately 5% of patients, despite 10-15 years of documented HIV infection, do 

not progress to disease, and remain symptom-free with steady, reasonably normal 

CD4+ T cell counts, and are thus known as LTNP (Cao et al. 1995; Kirchhoff et al. 

1995; Pantaleo et al. 1995). It has been suggested that genetic defects in the infecting 

virus may be the reason why some patients do not progress to disease (Deacon et al. 

1995; Kirchhoff et al. 1995). However, the LTNPs are a heterogeneous group and the 

mechanisms underlying the lack of disease progression in these patients are not 

completely understood. 

 

1-1.4    HIV pathogenesis 

The hallmark of HIV infection is the destruction of CD4+ T cells and the progressive 

loss of immune competence that results in profound immunodeficiency. Since these 

defects occur both in the presence and absence of direct infection of the CD4+ T cells, 

it has been proposed that HIV not only causes disease by direct infection and killing 

of the CD4+ T cells, but also by indirectly impairing immune cell function (Miura et 

al. 2005; Grossman et al. 2006). By virtue of the fact that CD4 is the main receptor for 

the virus, HIV is able to infect not only CD4+ T cells, but also other cell types 

expressing this receptor, such as macrophages and dendritic cells. This gives rise to 

another unique characteristic of HIV i.e. the ability to exist in various replication 

states and tissue compartments, forming a viral reservoir, which allows it to withstand 
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host immune responses and antiretroviral therapy. All these properties are essential to 

the ability of the virus to persist and cause disease in the host. 

 

CD4+ T cell depletion 

Virally-mediated destruction of CD4+ T cells has been clearly demonstrated in vitro, 

but the in vivo causes of CD4+ T cell depletion during HIV infection are not 

completely known (McCune 2001; Douek et al. 2003). Three main mechanisms have 

been suggested to cause CD4+ T cell depletion: (1) direct killing of infected cells by 

viral cytopathic effects or by CD8+ T cells (Wei et al. 1995; Lenardo et al. 2002); (2) 

immune activation-induced death of uninfected cells (Badley et al. 2000) and (3) 

virus-mediated killing of uninfected cells through binding and/or entry of viral 

proteins released by infected cells (Ledru et al. 1998; Badley et al. 2000; Lelievre et 

al. 2004). CD4+ T cell depletion is also biphasic, with the acute phase of infection 

characterized by rapid, sharp drop in CD4+ T cell numbers and the chronic phase of 

infection exhibiting a more progressive decline in CD4+ T cell numbers. Direct killing 

of the cells through productive infection is responsible for the decline in primary 

infection while the high level of chronic immune activation seen in chronic infection 

probably accounts for most of the CD4+ T cell depletion occurring at this stage. 

Though loss of CD4+ T cells has mostly been studied in peripheral blood, it has 

recently been shown that CD4+ T cell depletion during all stages of HIV-1 infection 

occurs predominantly in the gastrointestinal tract (Brenchley et al. 2004). The clues to 

our understanding of the mechanisms that lead to CD4+ T cell depletion in HIV 

infection may lie in studies on lymphoid tissues of patients.  

 

Cellular Reservoirs of HIV 

The establishment of a reservoir of latently infected cells is another key feature of 

HIV pathogenesis. Establishing a cellular reservoir of infected cells enables HIV to 

exist in different replication states and tissue compartments, allowing it to persist 

despite host immune responses and potent antiretroviral therapy. This reservoir is 

established during the acute phase of infection (Haase 1999), in cells located in the 

lymphatic tissue (Pantaleo et al. 1991) and is the principal site of virus storage and 

persistence (Pantaleo et al. 1993). CD4+ T cells have been shown to serve as both 

active and latent reservoirs of infection (Ho et al. 1995; Wei et al. 1995; Chun et al. 

1997; Wong et al. 1997). It has also been shown that antigen presenting cells such as 
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macrophages (Weinberg et al. 1991) and dendritic cells (Cameron et al. 1992), as well 

as follicular dendritic cells (Smith et al. 2001), may serve as latent reservoirs of 

infection.  

 

1-2 The Immune Response to HIV infection 

A strong immune response to HIV infection is initiated in the host following acute 

infection. This immune response results in a decrease in plasma viral load and a 

corresponding increase in CD4+ T cell counts, as well as resolution of the symptoms 

of the acute retroviral syndrome. The apparent control of HIV infection by the 

immune system, however, is only transient as these immune responses ultimately fail 

to eliminate the virus.  

 

1-2.1 Innate Immune Responses  

Innate immune responses, an integral part of the immune response to viral infections, 

are also important in the host response to HIV infection, and consist of mucosal, 

soluble and cellular innate immune factors.Although most transmissions of HIV occur 

through mucosal sites, rates of productive infections at these sites are relatively low 

(Royce et al. 1997), indicating that innate local factors such as mucin, as well as 

natural antibodies to HIV found at mucosal sites, may provide an important first line 

of defense against HIV infection (Janoff et al. 1999).  

Aside from the ability of innate immune cytokines such as IL-4, IL-6 and IL-12 to 

determine which type of helper T cell adaptive immune response predominates, 

various soluble components of innate immunity have been shown to have anti-HIV 

activity. TNF-α and interferons (Graziosi et al. 1996) have been shown to affect HIV 

replication and the presence or absence of certain chemokine receptors may affect the 

ability of HIV to infect cells (Berger 1997). Mannose-binding lectins and complement 

have also been shown to bind HIV and lyse the virus directly or induce phagocytosis 

of infected cells (Sullivan et al. 1996; Garred et al. 1997). 

Neutrophils, DCs, NK cells and γδ T cells are among the innate immune cells 

important in HIV-1 infection and the anti-HIV response. It has been suggested that 

neutrophil function may be impaired in HIV infection (Szelc et al. 1992), and it was 

recently reported that peripheral blood neutrophils express CD4 and are likely 

infected by HIV in vitro (Biswas et al. 2003). DCs express CD4, CCR5 and DC-SIGN 
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and other C-type lectin receptors (CLRs) which facilitate infection of the DCs (Lee et 

al. 2001; Frank et al. 2002). DCs also capture virus through CLRs and such virus-

carrying DCs help in disseminating the virus (Frank et al. 2002). Also plasmacytoid 

DCs, which have been identified as the major producer of type I IFN and IL-12 

(Kadowaki et al. 2002), have been shown to be inversely correlated to HIV viremia 

(Donaghy et al. 2001). Proper NK cell function is associated with a relatively healthy 

clinical state in HIV-1 infection (Szelc et al. 1992) and ADCC may be important in 

fighting HIV infection (Biron et al. 1999); NK cells produce the HIV-suppressive C-C 

chemokines MIP-1α, MIP-1β and CCL5 (RANTES) which have been shown to 

inhibit HIV replication in vitro (Fehniger et al. 1998). NK cells in HIV-infected 

patients however also exhibit several phenotypic and functional defects which are 

already evident in PHI  (Alter et al. 2005). In vitro studies have also shown that γδ T 

cells, which are most commonly found at mucosal sites, are able to lyse HIV-infected 

cells (Wallace et al. 1996; Biswas et al. 2003). 

 

1-2.2 Adaptive Immune Responses 

Adaptive immune responses, particularly neutralizing antibody and virus-specific 

CD8+ cytotoxic T lymphocyte (CTL) responses, are initiated early in the acute phase 

of infection and are associated with a 100- to 1000-fold fall in viral load, a partial 

increase in peripheral CD4+ T cell counts and resolution of the acute retroviral 

syndrome (Koup et al. 1994; Rosenberg et al. 1997).  

Humoral Immune responses 

Humoral immune responses, particularly neutralizing Ab (Nab) responses have an 

essential role in the clearance of many viral infections. Although Nabs are detectable 

in the early stages of HIV infection, sera of HIV infected individuals demonstrate 

limited neutralizing activity against primary HIV-1 isolates (Moore et al. 1995; Moog 

et al. 1997). Since antibodies are only detected in infected individuals well after the 

initial burst of viral replication has been contained early in infection (Pilgrim et al. 

1997), the importance of Nab in early control of HIV replication and their efficiency 

in established HIV infection is not clear. Earlier studies in patients with acute HIV 

infection showed that the patients developed isolate-specific low titer Nab within 2-4 

weeks after infection and shortly after that, virus variants resistant to autologous sera 

emerged (Albert et al. 1990). It has also been shown that Nab responses contribute to 

extensive variation in the envelope gene that is observed in the early months after PHI 
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(Richman et al. 2003). These observations suggest that the emergence of 

neutralization-resistant virus variants eventually contributes to disease progression. 

Whereas neutralizing antibodies seem to have little effect on viral replication 

(Poignard et al. 1999), in non-human primate models, pre-existing circulating Nabs 

were able to block establishment of infection (Haigwood et al. 1996; Baba et al. 2000; 

Mascola et al. 2000). A number of human monoclonal Ab (mab) have been 

established that broadly neutralize primary isolates of different clades. Two Abs 

against gp120 (2G12, b12) and two others against gp41 (2F5, 4E10) were shown to be 

effective in vitro and also in animal models (Baba et al. 2000; Mascola et al. 2000). In 

vivo, these mabs conferred protection against intravenous, intravaginal, or oral 

challenge with simian human immunodeficiency virus in rhesus macaques indicating 

that they may prevent de novo infection in humans. In another study, a cocktail of 3 

potent neutralizing mabs (b12, 2G12 and 2F5) was passively administered to hu-PBL-

SCID mice infected with molecularly cloned virus in order to determine whether Nab 

can impact the course of established HIV infection. It was shown that (1) 

administration of the Nabs had minimal effect on viral replication, (2) neutralization 

escape mutants were rapidly selected and (3) the wild-type virus re-emerged as the Ab 

concentration waned (Poignard et al. 1999). Understanding the dynamics of Nab 

responses in HIV infection may be of use in the design of more effective therapies 

and vaccines.  

HIV gp120 as superantigen 

The ability of gp120 to act as a superantigen by binding to a large number of 

immunoglobulins of the VH3 family has also been described as an important 

pathogenic mechanism (Berberian et al. 1993; Karray et al. 1997). This superantigen 

stimulation induces the synthesis of Abs to antigenic epitopes which lie in the mutable 

regions of gp120 and such Abs are largely ineffective against escape mutants which 

inevitably appear in the course of progressing infection (Moore et al. 1997).   

 

Cellular Immune responses 

It has been shown that CD8+ T cells can inhibit HIV replication in vitro (Walker et al. 

1986) by lysing HIV-infected cells and blocking propagation of the infection (Tsubota 

et al. 1989). Certain soluble factors produced by CD8+ T cells, such as the β-

chemokines RANTES, MIP-1α and MIP-1β (Walker et al. 1986) and α-defensins 

(Zhang et al. 2002) have also been shown to exhibit anti-HIV activity. Decline in 
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plasma viremia during PHI was shown to be strongly associated with the initiation of 

an HIV-specific CTL response (Koup et al. 1994; Pantaleo et al. 1994; Borrow et al. 

1997; Price et al. 1997), and studies in SIV-infected rhesus monkeys have 

demonstrated the importance of CD8+ CTLs in controlling HIV-1 replication (Jin et 

al. 1999; Schmitz et al. 1999).  

Although the role of virus-specific CD4+ T lymphocytes in controlling HIV 

replication is not as well-defined as that of CTLs, it has been shown that vigorous 

HIV-specific CD4+ T cell responses are also associated with control of viremia. Most 

HIV-infected individuals were indeed shown to have relatively high frequencies of 

circulating HIV-specific CD4+ T cells and median CD4+ T cell memory responses 

were lower in patients with progressive disease (Pitcher et al. 1999). Another study 

demonstrated that suppression of proliferation of HIV-specific CD4+ T cells may be a 

mechanism used by HIV to impair the development of an effective virus-specific 

immune response (McNeil et al. 2001). 

 

1-2.3 Immune escape  

The ability of HIV to continually replicate and survive in the face of the vigorous 

immune responses mounted by the host represents one of the best examples of 

immune escape known. Both humoral and cellular immune responses to HIV exert 

strong selection pressure on the virus, leading to immune evasion. The mechanisms 

through which this escape occurs include: CTL epitope escape, alterations in antigen 

processing, Nab epitope escape, dysfunction of T helper cells and CTLs and infection 

of T helper cells. 

The clues to the ability of HIV to escape neutralizing antibodies lie in certain 

structural features of the virus. Nabs are directed against the viral envelope proteins, 

whose epitopes are ‘hidden’ in a variety of ways including extensive glycosylation 

(Johnson et al. 2002), which blocks access to the conserved protein core of the virus 

while stimulating little immune response (Reitter et al. 1998).  

Viral escape from CTL responses has been shown in both acute and chronic infection 

(Phillips et al. 1991; Goulder et al. 1997; Price et al. 1997), and in SIV-infected 

monkeys (Allen et al. 2000) and mainly occurs as a result of HIV genetic variation 

(Phillips et al. 1991). Genetic variation often involves mutations within viral antigenic 

epitopes and can arise from single amino acid mutations at sites essential for MHC 

binding or TCR recognition. Epitope variants can interfere with CTL activity through 
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loss of binding to the presenting HLA I molecule or through lack of recognition of the 

altered peptide by the TCR (Milicic et al. 2005).   

 

1-3. Therapy and Vaccination  
In 1986, the first antiretroviral therapy (ART) against HIV, Zidovudine (AZT), 

became available in the US, raising hopes about the possibility of curing AIDS 

(Yarchoan et al. 1986). In the 20 years since, several other drugs have been approved 

and are currently being used in various combinations to manage HIV infections all 

over the world. With the advent of Highly Active Antiretroviral Therapy (HAART) in 

the western world, HIV infection has come to be largely regarded as a chronic, 

manageable disease. However, drug resistance issues, cost, long-term toxicity issues 

and the inability of any of the drug combinations to completely clear viral reservoirs 

remain the main problems associated with antiretroviral therapy today. On the other 

hand, no reasonably successful vaccines, preventive or therapeutic, have so far been 

developed, despite intense research in the area. The following section outlines what is 

known about the various therapies currently available, and the problems associated 

with their distribution and use, as well as ongoing vaccine research and trials.  

 

1-3.1. Current therapies 

There are four main classes of antiretroviral drugs available for the clinical 

management of HIV infection today.  

AZT, the first antiretroviral drug to be approved by the FDA, is a nucleoside analog 

reverse transcriptase inhibitor, NRTI  (Ezzell 1987). NRTIs interfere with HIV 

replication by competitively inhibiting reverse transcriptase, thus leading to chain 

termination of HIV-1 proviral DNA (Richman 2001). The failure of monotherapy 

with AZT alone prompted the discovery of the next class of drugs, the protease 

inhibitors (PIs) (Dorsey et al. 1994; Vacca et al. 1994), which bind to the active site of 

HIV protease, thus preventing the maturation and infectivity of the virus (Richman 

2001). The approval of more PIs and NRTIs led to the use of triple combination 

therapy (2NRTIs + 1PI) or HAART in the management of most HIV-infected patients 

(Hammer et al. 1997; Hirsch et al. 1999).  The third class of drugs is the non-

nucleoside reverse transcriptase inhibitors (NNRTIs), which were shown to be very 

effective in suppressing viral replication in combination with two NRTIs (Staszewski 
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et al. 1999). Recently, Enfuvirtide (T-20), a drug belonging to the fourth class of 

drugs known as fusion inhibitors, was approved by the FDA (Lalezari et al. 2003). T-

20 prevents the conformational changes of gp41 required for the fusion of viral and 

cellular membranes (Kilby et al. 1998).  

Many problems are however associated with the use of antiretroviral drugs, including 

metabolic disorders, difficulty for some patients to adhere to the complicated drug 

combinations they have to take daily for several years, toxicity of the drugs and viral 

resistance (Bangsberg et al. 2000; Richman 2001; Pomerantz et al. 2003). T-20, which 

showed a lot of promise also has several limitations including cost and difficulty to 

manufacture, and the fact that it has to be delivered by subcutaneous injection (Kilby 

et al. 1998). These problems and the fact that effective antiretroviral therapy is not 

readily available to the majority of people living with HIV infection in developing 

countries, make the investigation of other approaches for treating HIV infection 

necessary. 

  

1-3.2. Structured treatment interruptions and vaccine prospects  

HIV-specific immunity has been shown to be protective so strategies to selectively 

induce or boost such immunity are an attractive alternative/supplement to current 

antiretroviral therapies. Structured treatment interruptions (STI) and therapeutic 

vaccination are two such strategies (Richman 2001; Pomerantz et al. 2003). STI 

involves cycles of ART alternated with periods without therapy during which released 

HIV antigen would ‘autoimmunize’ the body. Re-introduction of ART in the next 

treatment cycle would lead to better immune protection (Allen et al. 2002). So far, the 

results of STI in chronic infection have been disappointing (Garcia et al. 2001), in 

contrast to the acute phase of infection where the immune system is still relatively 

intact and may benefit from such an ‘autoimmunization’ strategy (Ortiz et al. 1999). 

       Despite its clinical benefits, HAART is not able to clear the reservoir of latently 

infected cells in patients and one possible explanation for this is the lack of antigenic 

stimulation in aviremic patients. The development of an effective HIV vaccine 

remains a primary goal of most of the HIV research in the world today and current 

vaccine research involves both therapeutic and prophylactic vaccines. In theory, 

therapeutic vaccines would involve the delivery of immunogens to an 

immunocompetent, aviremic individual under HAART in order to boost HIV-specific 

cell-mediated immunity, contain viral replication and delay viral rebound, thus 

 - 13 -



permitting a drug holiday. Preliminary results indicate that therapeutic vaccines are 

well-tolerated and can restore CD8+ T cell responses in both newly and chronically 

infected individuals on HAART. However, despite the promising prospects of 

therapeutic vaccines, prophylactic vaccines would be the best strategy to control the 

spread of the HIV pandemic (Klein 2003). To date, more than 35 vaccine candidates 

have been tested in over 65 phase I/II clinical trials involving more than 10,000 

volunteers (Girard et al. 2006). Using HIV immunogens in immunoprotection studies 

in macaques, it has been shown that cellular immune responses and protective 

immunity were best induced by immunizing the animals with a combination of 

vectors rather than with booster injections of a single vector (Hanke et al. 1999; 

Osterhaus et al. 1999; Shiver et al. 2002). The main limitation with the macaque 

models is that HIV does not productively infect the animals so while the models may 

be useful in establishing correlates of protection, their usefulness in determining the 

protective efficacy of human vaccines is doubtful. The consensus for many years has 

been that an effective HIV vaccine should elicit broadly cross-neutralizing antibodies 

and strong CTL and CD4+ T cell responses, mucosal immunity and long-term 

immunity (Klein 2003). The candidate HIV vaccines currently under evaluation may 

be grouped into two main classes: envelope-based vaccines evoking humoral immune 

responses and those evoking cell-mediated responses. The former induce mainly 

neutralizing antibody and the latter induce mainly CD4+ and CD8+ T cell responses as 

well as cytokines. A lot of the initial most of the vaccine research was focused on 

envelope-based vaccines. One of such vaccines, a gp120-based vaccine made by 

VaxGen, became the first-ever AIDS vaccine to progress past phase III trials. It was 

put through 5 years of trials involving nearly 5500 HIV-negative people and proved to 

be ineffective. These results were quite disappointing to many scientists, but not 

totally unexpected (Watanabe 2003; Veljkovic et al. 2003). Even more serious than 

the disappointment to the scientific community, is the possibility that volunteers 

participating in trials of envelope-based vaccines may be at increased risk of infection 

(Veljkovic et al. 2003). It was shown that one of the ways HIV undermines the host 

immune response is through deceptive imprinting, where a bias towards antibodies 

specific for the initially infecting clonal virus population thwarts the attempts of the 

infected host to control viral variants that subsequently emerge (Kohler et al. 1994; 

Locher et al. 1999). It was postulated that gp120-based AIDS vaccines would only act 

as a decoy for the immune system and induce deceptive imprinting. Recently, it was 
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shown that Nab responses induced by gp120 account for the extensive variation in the 

envelope gene (Richman et al. 2003; Wei et al. 2003). Reports of fast breakthrough 

disease progression among volunteers participating in clinical trials seem to confirm 

the possible harmful effect of gp120-based vaccines. An outline of other vaccine 

concepts and vaccination strategies that have been tested is shown in Table 1. 

The list in Table 1 is by no means exhaustive and new vaccine candidates and 

approaches are being introduced every day. 

While 23 years may seem like a long time to wait for the discovery of an effective 

vaccine, it is nothing compared to how long it has taken for several effective vaccines 

to be developed, including vaccines against typhoid (105 years), H. influenzae (92 

years), and measles (42 years). Hopefully a successful AIDS vaccine will not take as 

long to be developed, but meanwhile, the search goes on. 
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Vaccines Examples Strengths/Limitations/Problems 

1. Live attenuated SIV Δnef mutant (Baba et al. 1999; 

Hofmann-Lehmann et al. 2003) 

-Serious safety issues prohibit testing in humans 

2. Inactivated Formalin- and heat-inactivated HIV with 

modified env (Poon et al. 2005) 

-Induced modest but significant titers of Nab against 

heterologous primary HIV isolates in animals 

3. Virus-like particles (VLP) or pseudo-

virions 

Gag-Env pseudovirions (Hammonds et al. 

2005) 

-Induced Nab and CTL responses in animals 

4. Subunit vaccines (Envelope-based and 

non-structural) 

Gp120-based (Vaxgen), Tat-based (Cohen 

2003; Voss et al. 2003) 

-Some Tat-based vaccines induced strong CD4+ T 

cell and Ab responses in phase I trials -Some trials 

in animals showed protection against SHIV 

challenge 

5. Naked DNA and live recombinant 

vaccines 

Multigenic env, gag, tat-rev, nef MVA, 

Adenovirus-based e.g. Ad5-gag (Santra et 

al. 2005) 

-Promising results, in terms of percent human 

responders and levels and duration of T cell 

responses obtained with Ad5 recombinant vaccines 

6. Prime-boost combinations DNA prime-live viral vector boost, Ad5 

vector prime-poxvirus boost (Lemckert et al. 

2005) 

-In rhesus monkeys, responses arising from an Ad5-

poxvirus prime-boost regimen were greater than 

those elicited by regimens with the individual 

vectors 

7. Fusion proteins and peptides Synthetic lipo-peptides containing MHC I-

restricted T cell epitopes (Pialoux et al. 

2001) 

-Promising results in terms of strong CTL responses 

in non-human primates and humans have been 

shown 



2 Background and rationale of the studies in this thesis 

 

The symptoms associated with acute HIV infection-fever, sore throat and swollen 

glands are not specific to HIV, but are rather a consequence of the high level of 

immune activation induced in the host to fight the infection. Although HIV selectively 

infects and replicates in activated CD4+ T cells, immune activation is manifested not 

only in the activated CD4+ T cells, but also in NK cells, B cells and macrophages. 

Unlike in most infections where the infection is cleared, immune activation in HIV 

infection becomes generalized and persists throughout the chronic phase of infection. 

Evidence of generalized immune activation include: increased frequency of cells 

expressing activation markers, increased production of pro-inflammatory cytokines, 

increased cell turnover, increased serum levels of neopterin and β-2 microglobulin (β-

2 M) and polyclonal B cell activation (De Milito 2004; Appay et al. 2005; Chiodi 

2006). Evidence obtained so far suggest that immune activation drives HIV 

pathogenesis: (1) In natural SIV infections of sooty mangabeys (natural hosts), despite 

high levels of viral replication, infected animals do not show any signs of increased 

immune activation and do not come down with disease. However, rhesus macaques 

(accidental hosts) experimentally infected with SIV rapidly develop immune 

activation similar to HIV-infected patients, and rapidly become immunodeficient (2) 

Controlling virus replication with effective ART dramatically reduces immune 

activation. It is proposed that immune activation in HIV infection drives accelerated 

proliferation and differentiation of central memory CD4+ T cells, which are destined 

to die rapidly as a consequence of being infected by the virus and/or AICD. 

Eventually the naïve and central memory T cell pools become exhausted and unable 

to generate new primary responses and maintain the peripheral CD4+ T cell pool 

(Grossman et al. 2002; Grossman et al. 2006). Thus, a stronger immune response to 

HIV might have the paradoxical effect of enhancing viral replication and accelerating 

lymphocyte dysfunctions and disease progression.  

HIV-induced B cell hyperactivation manifests as hypergammaglobulinemia (Shirai et 

al. 1992), increased spontaneous secretion of immunoglobulin (Ig) in vitro (Amadori 

et al. 1988), and increased susceptibility to apoptosis (Samuelsson et al. 1997). B cells 

of HIV-infected patients respond poorly to various stimuli in vitro (Lane et al. 1983; 

Conge et al. 1998) and have poor in vivo responses to both T cell dependent and 
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independent antigens (Ags) (Opravil et al. 1991; Kroon et al. 1994; Kroon et al. 1999; 

Malaspina et al. 2005). The generation of an effective B cell response depends on the 

ability of B cells to interact with other cells of the immune system, particularly CD4+ 

T cells (TH), combined with co-stimulation signals received from the TH cells and 

subsequent differentiation into Ig-secreting (plasma) cells. A simplified scheme of B 

cell differentiation into memory B cells and plasma cells is shown below. 

 

Memory B cell 

Long-lived plasma cell 

Germinal center 

Short-lived 
plasma cell 

Activated B cells   

Naive B cell   

Ag 

 
 

Figure 3. Generation of memory B cells and plasma cells.   

 

Following Ag stimulation in secondary lymphoid tissues, naïve (CD19+CD27-) B cells 

undergo clonal expansion and form clusters of activated B cells (extrafollicular foci) 

which either (1) differentiate into short-lived plasma cells which produce low-affinity 

Abs or (2) migrate into a B cell follicle and with CD4+ T cell help initiate a germinal 

center reaction. Following somatic hypermutation, Ig isotype switching and affinity 

maturation in the GC, Ag-selected GC B cells develop into memory B cells with high-

affinity B cell receptors and terminally differentiated long-lived plasma cells which 

produce high affinity Abs and home to the bone marrow. Memory B cells can be 

maintained for several years and may periodically differentiate into plasma cells 

(Crotty et al. 2004).  

CD4+ T (T helper, TH) cells, co-stimulation provided by members of the TNF and 

TNFR families, as well as several cytokines are important in B cell responses to T 

cell-dependent (TD) Ags. Initial Ag binding provides the first activation signal to the 

naïve B cell which leads to increased expression of MHC II and B7 (CD80/CD86) 
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molecules on the B cells. The Ag-MHC II complex on the B cell is recognized by the 

TH cell and a co-stimulatory signal provided by B7 molecules through CD28/CTLA4 

stimulates the TH cell which begins to express CD40L and secrete cytokines. CD40-

CD154 interaction delivers the second signal to the B cell and once activated, B cells 

start to express membrane receptors for cytokines such as IL-2 and IL-4. Cytokine-

cytokine receptor interactions generate signals required for proliferation and class 

switching during the differentiation of B cells into plasma cells. Signals received 

through CD27-CD70 and OX40-OX40 ligand also promote B cell survival, 

proliferation and Ab production (Agematsu et al. 1998; Walker et al. 2000; Frauwirth 

et al. 2002). Sustained Ab production long after initial infection or vaccination is an 

essential feature of host defense against pathogens, and constitutes long-term 

humoral/serological immunity (memory). Three main mechanisms have been 

proposed to maintain long-term humoral immunity: (1) Long-lived plasma cells in 

bone marrow secreting Ab over long periods of time, possibly throughout the lifetime 

of an individual (Manz et al. 1997; Slifka et al. 1998), (2) Periodic re-exposure to the 

pathogen resulting in differentiation of memory B cells into Ab-secreting plasma cells 

(Ochsenbein et al. 2000) and (3) Ag-independent constant differentiation of memory 

B cells into plasma cells following bystander or polyclonal activation (Bernasconi et 

al. 2002). As with most physiological processes, these mechanisms are probably not 

mutually exclusive but may act together to maintain long-term humoral immunity. 

 

HIV induces phenotypic and functional abnormalities in B cells 

Several B cell abnormalities were identified in the very early cases of HIV infection 

(Lane et al. 1983), including elevated numbers of cells spontaneously secreting 

immunoglobulin, decreased B-cell proliferative responses to T-cell-independent B-

cell mitogens and hypergammglobulinemia. These observations indicated that B cells 

from patients were both hyperactivated and at the same time hyporeactive to 

stimulation. These earlier observations have been confirmed by other studies and the 

full scope of B cell dysfunctions in HIV infection is becoming clearer. B cells from 

HIV-infected patients have several phenotypic and functional abnormalities. The 

phenotypic abnormalities described include: increased expression of CD5 (Sampalo et 

al. 1993), Fas and FasL (Samuelsson et al. 1997) and decreased expression of CD21 

(Moir et al. 2001) and CD27 (De Milito et al. 2001). Hence, the finding that loss of 

CD21 expression on B cells is reversed with decreasing viremia is consistent with the 
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overall concept that viral replication is responsible for numerous B cell abnormalities. 

CD21 has been shown to be an essential component of T-dependent Ab responses 

(Ahearn et al. 1996) and it was suggested that increased percentages of CD21low B 

cells that are engaged in a terminal differentiation pathway will ultimately die without 

further contribution to immune surveillance (Moir et al. 2001). CD27 is a marker of 

memory B cells (Klein et al. 1998; Tangye et al. 1998) and plays an important role in 

the differentiation of B cells into plasma cells. Most HIV-infected individuals lose up 

to half of their circulating memory B cells and it was suggested that persistent CD70-

mediated T cell stimulation may induce differentiation of memory B cells into Ab-

producing cells, leading to the reduction in memory B cell percentages and increased 

plasmacytosis observed in patients (De Milito et al. 2001; Nagase et al. 2001). 

Memory B cells from patients also express increased amounts of membrane-bound 

Fas and FasL, suggesting that memory B cells may be susceptible to Fas-mediated 

apoptosis (Samuelsson et al. 1997; Samuelsson et al. 1997; Titanji et al. 2003).   

Increased serum IgG and autoantibody production as well as reduced antigen-specific 

Abs have also been described in several studies (Lane et al. 1983; Shirai et al. 1992; 

De Milito 2004). These phenotypic alterations translate into, or are accompanied by 

several functional defects including poor response to common in vitro mitogens such 

as PWM and SAC and poor in vivo response to secondary infections and 

immunizations. 

Several autoimmune phenomena are reported in HIV infection; these include the 

occurrence of autoantibodies against several self-Ags, the presence of CTLs with 

specificity for autologous non-infected CD4+ T cells and the association of HIV 

infection with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) 

(Onlamoon et al. 2005). The autoimmune manifestations are not specific to HIV alone 

but are commonly associated with other human retroviruses such as HTLV-I and are 

also frequent in primates infected with lentiviruses (Ansari 2004). Interestingly most 

of the autoimmune manifestations improved with antiretroviral therapy, but others, 

such as SLE seem to arise following the initiation of HAART (Leder et al. 2001; 

Palacios et al. 2002). Molecular mimicry has also been proposed as an important 

mechanism for autoimmunity in HIV infection. According to the molecular mimicry 

theory, HIV may have molecular similarity to a self Ag(s) and may therefore induce 

an autoimmune response (Onlamoon et al. 2005). Autoimmunity during HIV-1 

infection may contribute significantly to the immunopathogenesis of AIDS since titers 
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of autoantibodies to HLA molecules and other surface molecules of CD4+ T cells 

appear to increase with the progression of disease.  

Despite being identified early on in the pandemic, the mechanisms for these B cell 

dysfunctions are only now being elucidated partly due to the complexity of the 

mechanisms involved, but also due to less attention being paid to B lymphocyte 

dysfunctions compared to T lymphocyte dysfunctions in HIV infection. 

The underlying feature of B cell dysfunctions in HIV infection thus seems to be 

hyperactivation. As with T cells, generalized immune activation resulting from 

persistent viral replication, may be the driving force behind these B cell perturbations. 

 

HIV, Opportunistic infections and other infectious diseases 

Despite the fact that HAART has decreased the overall rates of opportunistic 

infections (OI) in countries with ready access to therapy, OIs  remain the main cause 

of death in HIV-infected patients (Chaisson et al. 1998).  Effective immune 

restoration through HAART-mediated control of viral replication is an important 

defense against OIs.  However in patients without access to HAART or those in 

whom therapy has failed, prophylaxis against OIs is recommended. However, long-

term prophylaxis for OIs also raises toxicity and drug interaction concerns. Due to 

their severely immunosuppressed status, vaccination against common infectious 

disease agents such as tetanus, influenza, and pneumococcus is recommended in HIV-

infected patients with pronounced immunosuppression (Masur et al. 2002).  

Pneumococcal Diseases 

Infection with Streptococcus pneumoniae is an important cause of invasive clinical 

manifestations such as septicemia and meningitis, and is the most common cause of 

bacterial pneumonia among most HIV-infected subjects (Kroon et al. 1999; Dworkin 

et al. 2001; French et al. 2004). Thus 23-valent pneumococcal vaccination is 

recommended for HIV-infected patients. The efficacy of pneumoccocal vaccine in 

HIV patients was shown to vary with the time of administration, with patients with 

CD4+ T cell counts ≥ 500cell/μl responding best in terms of Ab titers and 

development of pneumococcal disease (Kroon et al. 1999; Dworkin et al. 2001). Re-

immunization against pneumococcal Ags has been suggested as a possible strategy to 

boost protection in HIV-infected patients, but re-immunization has also been shown to 

produce modest benefits in terms of protective Ab titers (Tasker et al. 2002). 
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Measles 

Despite the availability of a safe and effective vaccine against measles, it remains a 

leading cause of childhood death. One of the potential obstacles to measles control 

and elimination is HIV (Moss et al. 1999), with almost half of all measles-related 

deaths occurring in sub-Saharan Africa. HIV infection may alter the communicability 

of measles by prolonging the infectious period and may result in high rates of measles 

vaccine failure, resulting in lower vaccine effectiveness (Helfand et al. 2005). It has 

been shown that many children with HIV infection lack measurable Abs to common 

vaccine Ags including measles but re-immunization led to development of detectable 

Abs to measles, tetanus and Haemophilus influenzae type b (Melvin et al. 2003). 

Limited data is available on measles in HIV-infected adults. Measles Abs were 

detectable in asymptomatic HIV-infected patients (Sha et al. 1991) and fatality rate 

from measles infection is estimated to be high in immunocompromised patients 

(Kaplan et al. 1992). Measles vaccination is recommended in HIV patients and 

vaccination seems to be safe (Sprauer et al. 1993), but measurable Ab response can be 

expected only in a minority of patients (Wallace et al. 1994).  
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3 Aim of this thesis 

 
The main aim of this thesis was to characterize some of the mechanisms leading 

to defects in humoral immune responses in HIV-1 infection.  

Brief background of thesis project: Both the cellular and the humoral arms of the 

immune system are unable to control HIV infection, which ultimately results in severe 

exhaustion of several lymphocyte functions and increased susceptibility to secondary 

and opportunistic infections. Major immunological defects occur in the B cell 

compartment including polyclonal B cell activation as demonstrated by 

hypergammaglobulinemia and spontaneous immunoglobulin production by cultured 

peripheral lymphocytes, high incidence of B cell tumors, and the dysregulated 

expression of several surface molecules. These observations formed the basis of the 

work performed in this thesis in which the following hypotheses were verified: 

• B cell dysfunctions are initiated during primary HIV infection  

• Patients treated during primary HIV infection may stand a better chance of 

mounting an effective humoral immune response through recovered B cell 

functions  

• Immune activation induces and enhances B cell dysfunctions in primary and 

chronic HIV infection  

• Interactions between B cells and other immune cells may be altered in HIV 

infection, leading to malfunction of the B cells  

• Maintenance of long-term humoral immunity in HIV-infected patients is 

impaired. 

Relevance of the thesis project: The destruction and dysfunction of B lymphocytes 

during HIV infection may represent an important pathogenic mechanism of HIV 

infection. Characterization of the mechanisms leading to defects in humoral immune 

responses during HIV infection may be important in elucidating crucial aspects of 

immunopathogenesis relevant for immunotherapy and vaccine development. In 

addition, the similarity between HIV infection and certain autoimmune diseases opens 

the possibility of clarifying common pathogenic mechanisms leading to B cell defects. 
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4 Materials and Methods 

Patients and Samples 

Whole blood samples were collected from HIV-infected individuals after informed 

consent, in collaboration with attending clinicians at various hospitals. Peripheral 

blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation 

and immediately used in experiments, or stored in liquid nitrogen until required. 

Plasma samples were also collected and stored at -80°C until analysis. Only HIV-1-

infected patients were studied in papers I, II and III while both HIV-1- and HIV-2-

infected patients were studied in paper IV. 

 

Table 2.  Patients and their disease stages, and specific B cell dysfunctions 

studied in the papers included in this thesis  

Paper Patients (n) HIV infection 

stage 

Dysfunctions 

I 72 CHI Hypergammaglobulinemia, 

polyclonal B cell activation, 

Specific Ab production, 

Apoptosis 

II PHI (n=31)  

CHI (n=26) 

PHI, CHI B cell activation, 

Hypergammaglobulinemia, 

Apoptosis 

III CHI (n=41), PHI 

(n=40), LTNP 

(n=7)) 

PHI, CHI, LTNP B cell activation, Specific Ab 

production, Long-term 

humoral immunity 

IV HIV-1 (n=24)  

HIV-2 (n=26) 

CHI  Immune activation, 

Hypergammaglobulinemia 

 

More details on the patients are included in the individual papers in this thesis. 

Patients were enrolled at: Karolinska University Hospital (Stockholm, Sweden), San 

Raffaele Institute (Milan, Italy), National Public Health Laboratory (Bissau, Guinea 

Bissau) and at the Institute of Molecular Medicine, Faculty of Medicine (Lisbon, 

Portugal). Ethical permission was obtained from the ethical committee of Karolinska 

Institutet, as well as from the other participating institutions. 
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Isolation of total, naïve and memory B cells from PBMC 

Total B cells were isolated from PBMC by incubating the PBMC with CD19 

MultiSort microbeads (Miltenyi), followed by positive selection on magnetic 

columns. Sorted cells were eluted from the column, treated with a release reagent to 

release the magnetic beads, incubated with CD27 microbeads and applied to a fresh 

column. Naïve B cells were defined as CD19+CD27- and memory B cells as 

CD19+CD27+ (Paper I). 

 

Monoclonal Antibodies 

See individual papers 

 

Immunofluorescence staining 

Cells were incubated with conjugated mAbs to the relevant surface antigens, and data 

was acquired using FACScan or FACSort instruments and analyzed using Cellquest 

Pro software. For studying intracellular staining, cells were first permeabilized and 

fixed using a Dako Intrastain kit before incubation with the relevant antigens (Papers 

I-IV).   

 

Total IgG quantification 

Plasma IgG was measured by nephelometry and secretion of IgG in vitro was 

measured by ELISA (Papers I-IV). 

 

Detection of polyspecific self-reactive antibodies (PSA) 

Buffy coat preparations from healthy donors were used to obtain target lymphocytes. 

PBMC were incubated in RPMI medium for 30 minutes at 37°C, in order to remove 

the monocyte fraction by plastic adherence. The remaining lymphocytes were then 

washed with PBS and 0.5 x 106 cells were incubated with 100μl plasma for 1 hour on 

ice. After washing twice, the cells were incubated with a FITC-conjugated mouse 

anti-human IgG mab for 30 minutes on ice, washed and fixed. Binding of PSA to 

lymphocytes was analyzed by flow cytometry, and reactivity expressed as MFI (Wang 

et al. 1999). 
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Specific antibody measurement 

Tetanus toxoid (TT) antibodies.  Antibody levels were measured using an accredited 

modified Delfia test (Paper I). 

Anti-measles antibodies. Anti-measles antibodies were measured using the 

Enzygnost® Anti-measles virus/IgG ELISA kit. Microtitration test plate wells were 

coated with inactivated measles antigen derived from permanent simian kidney cells 

infected with measles virus, and control wells were coated with control antigen (non-

infected cells). The World Health Organization 2nd International Standard for anti-

measles serum was used for quantification, and the cut-off for protective levels was 

set at > 0.2 IU/ml. (Papers I and III) 

 Anti-pneumococcus antibodies. Anti-pneumococcus polysaccharide (PPS) antibody 

titers were measured using the ELIZEN Pneumococcus IgG immunopotency level 

ELISA kit. Test plates provided in the kit were coated with polysaccharide capsules of 

the 23 most sero-prevalent pneumococcus strains (Paper III).  

Anti-HIV-1 gp41 antibodies. Determination of anti-HIV-1 gp41 antibody titers was 

performed by using the Enzygnost® HIV ½ Plus ELISA following the manufacturers’ 

instructions. Plasma was diluted in five-fold dilutions from 1/100 to 1/62500 and the 

antibody level for each sample was calculated at the fixed OD450 value of 0.5 after 

interpolation (Papers I and III). 

sCD27. sCD27 was quantified using the PeliKine CompactTM human soluble CD27 

kit (CLB, Amsterdam, The Netherlands). 

β-2 microglobulin. β2-M was quantified using a Quantikine® IVD® β2-

microglobulin EIA kit (R&D Systems Minneapolis, USA).  
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Cell culture 

Cells were cultured in several different conditions as underlined below. The headings 

indicate what each cell culture condition was used to investigate. 

Spontaneous IgG secretion. PBMC or purified B cells were cultured in RPMI 

medium at a concentration of 0.5 x 106 cells/ml for 7 days. To determine the role of 

cell-cell contact in polyclonal activation (reflected by spontaneous IgG secretion), the 

following cell culture conditions were used: (1) B cell-depleted PBMC were seeded in 

the bottom chamber of a transwell plate with purified B cells seeded in the top 

chamber, (2) purified B cells alone, and (3) total PBMC. Cells were cultured at 

concentrations of 106 cells/ml in RPMI medium for 7 days. Cell culture supernatants 

were collected on day 7 for IgG measurement by ELISA (Papers I-IV). 

Apoptosis. PBMC or purified B cells were cultured for 18 hours with or without a Fas 

agonistic Ab (clones CH-11 and UB-2) or FasL in order to evaluate spontaneous and 

Fas-mediated apoptosis. After 18 hours, the cells were stained for Annexin-V and 

apoptosis was analyzed by FACS (Papers I and II). 

Activation of B cells in PBMC cultures prior to Elispot assay. Cryopreserved PBMC 

were quickly thawed, washed in sterile phosphate-buffered saline (PBS) and 

resuspended in X-Vivo serum-free culture medium. Cells were cultured in 48-well 

plates at a concentration of 0.5 x 106 cells/well with: 10 μg/ml CpG ODN 2006, 1 

μg/ml anti-CD40 mAb, 100 ng/ml IL-2 and 50 ng/ml IL-10. Cells were cultured for 6 

days at 37°C, 5% CO2 (Paper III).   

 

Elispot assay of IgG- and measles-specific antibody-secreting cells 

On day 5 of the 6-day PBMC activation period (alternatively: 1 day before the cell 

activation cultures were terminated), separate wells of 96-well filtration plates were 
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coated overnight at 4°C with 0.5 μg/well affinity-purified goat anti-human IgG, 0.5 

μg/well Keyhole Limpet Hemocyanin (KLH) or 5 μg/well Measles grade 2 antigen, 

with 0.05 M Na2CO3 coating buffer. Optimal antigen concentrations were determined 

after multiple titration experiments and samples were run in triplicate for each test 

antigen. Plates were washed and blocked with 5% FCS/RPMI-1640 for at least 1.5 

hours at 37°C, 7% CO2. Stimulated PBMC were washed and 3 x 105 cells/well were 

added to the coated plates and incubated overnight at 37°C, 7% CO2. Plates were 

washed 3 times after overnight incubation: twice with PBS only and once with PBS 

containing 0.05% Tween-20. For detection, 1 μg/ml biotinylated goat anti-human IgG 

detection antibody was added to the wells and the plate incubated for 1.5 hours at 

room temperature (RT). After another wash with PBS-Tween, Alkaline Phosphatase-

Conjugated Avidin (AAF) was added to the plates followed by 1.5 hours of 

incubation at RT. The plates were then washed with distilled water and developed 

with 5-bromo-4-chloro-3-indolyl phosphate (BCIP) in the dark at RT for 10 minutes. 

Plates were washed 6 times with distilled water and air-dried overnight. Spots were 

enumerated with an AID ELISPOT reader using AID software version 3.2.3 (Paper 

III). 

 

Statistical analyses 

Data was analyzed using parametric and non-parametric tests as appropriate, using 

SigmaStat (Papers I-IV) and Stata (Paper II) statistical software programs. 
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5 RESULTS AND DISCUSSION 

 

5.1 Expression of activation and differentiation markers on B cells 

Phenotypic changes indicative of in vivo activation of B cells were among the first 

described B cell dysfunctions in HIV infection (Martinez-Maza et al. 1987; De Milito 

2004). The expression of certain activation markers including the TNFR family 

members (and their ligands) Fas, FasL, CD27 and CD70 on B cells was previously 

shown to be dysregulated and associated to functional B cell defects (Samuelsson et 

al. 1997; De Milito et al. 2001). This knowledge served as a starting point for 

activation marker expression analyses aimed at identifying subpopulations of B cells 

contributing to B cell dysfunctions (Papers I and II).  

CD70 (CD27L) expression on naïve B cells is normally tightly regulated and transient 

(Lens et al. 1996) and reflects recent antigenic stimulation, whereas leukocyte-

associated inhibitory receptor 1 (LAIR-1) initially described as an inhibitory receptor 

on lymphocytes represents a differentiation marker on B cells (van der Vuurst de 

Vries et al. 1999). Fas, as well as being one of the best known pro-apoptotic death 

receptors, is also an activation marker (Miyawaki et al. 1992). 

In Paper I, we studied the expression of the activation markers CD70 and LAIR-1 on 

naïve (CD19+CD27-) B cells in CHI. We found a three-fold higher CD70 expression 

and a four-fold decrease of LAIR-1 expression on naïve B cells from patients 

compared to controls. Whereas the percentage of CD70+ naïve B cells was positively 

correlated with plasma IgG, neither CD70 nor LAIR-1 expression was correlated to 

CD4+ T cell count or viral load. We further purified the naïve B cells from 3 untreated 

patients and 3 donors and stained the cells for intracellular IgG expression. We found 

that the CD70+ naïve B cells from the patients had significantly higher proportions of 

intracellular IgG than the controls.  

CD27/CD70 CD40/CD154 and interactions have different and sequential functions in 

T cell-dependent B cell responses (Jacquot et al. 1997). Following binding of antigen 

to the BCR, CD40/CD154 interaction is required for germinal center formation, 

induction of isotype switching and memory B cell generation. There are at least two 

possible functional outcomes of subsequent encounters between B cells and TH cells: 

if the TH cell expresses CD154, the B cell will differentiate into a memory B cell; if 
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the TH cell expresses CD70 instead, the B cell will differentiate into a plasma cell 

(Figure 4A).   
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Figure 4. Possible effect of CD70 upregulation on naïve (CD27-) B cells in HIV-1 

(A) CD40/CD154 and CD27/CD70 in B cell activation and (B) upregulation of CD70 

on naïve B cells in HIV-1 infection may lead to Ab production 

 

Our results suggest a differentiation ‘short-cut’ may be taken by naïve B cells of HIV-

infected patients, where antigen stimulation leads to CD70 upregulation on naïve B 

cells leading to differentiation into Ab-secreting ‘plasma’ cells. This may contribute 

to hypergammaglobulinemia (Figure 4B). 

In Paper II, we studied the expression of CD70, Fas and LAIR-1 on naïve and 

memory (CD19+CD27+) B cells in PHI. We found that CD70 expression on naïve B 

cells in PHI was comparable to controls and over 2-fold lower than levels in CHI. 

CD70 expression on memory B cells in PHI was comparable with expression in CHI 

and controls. 

Fas expression was significantly upregulated on both naïve and memory B cells in 

PHI and was comparable to expression levels in CHI. LAIR-1 expression was 

significantly decreased on both naïve and memory B cells in PHI and levels were 

comparable to those found in CHI.  
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Our data indicate that B cells from HIV-infected patients are hyperactivated and 

differentiated, as shown by the expression of certain activation markers in both PHI 

and CHI. It has been shown that a distinct population of immature/transitional 

population of B cells, distinguished by the expression of CD10, can be detected in 

AIDS patients (Martinez-Maza et al. 1987; Malaspina et al. 2006). Some of these 

transitional cells were shown to be restricted to the CD27- B cell subset and their 

transitional status was reflected by their unresponsiveness to proliferation induced by 

BCR triggering, less diversified VH3 sequence genes and low expression of activation 

markers. It was also recently shown that in other human immunodeficient states 

characterized by defective humoral immunity, such as X-linked lymphoproliferative 

disease (XLP) and common variable immunodeficiency (CVID), there is an expansion 

of a subset of transitional B cells (CD24highCD38high) displaying several 

characteristics of immature B cells (Cuss et al. 2006). Like the transitional B cells 

identified in HIV-infected patients, these transitional B cells were also CD10+ and it 

was demonstrated that these cells also exhibit less proliferation, differentiation and 

chemotaxis in vitro than mature B cells. The hyperactivation and differentiation seen 

in PHI and CHI may eventually be outweighed by the immune system’s attempts to 

renew its B cell pool, leading to reversion to an immature/transitional state.  

 

5.2 Polyclonal activation and hypergammaglobulinemia 

Polyclonal activation reflected by hypergammaglobulinemia is a major feature of B 

cell dysfunction in HIV infection (Morris et al. 1998; Moir et al. 2001; De Milito 

2004) and was examined in all the papers in this thesis.  

In Paper I, we found that by simply culturing PBMC from patients, one could detect 

up to four-fold higher IgG titers in cell culture supernatants compared to supernatants 

from healthy donor PBMC cultures. We found a positive correlation between the 

amounts of IgG secreted in vitro and patients’ CD4+ T cell counts, indicating a 

possible role of CD4+ T cells in hypergammaglobulinemia. Cell cultures using 

transwell culture plates also indicated that hypergammaglobulinemia was dependent 

on B cell-non-B cell interactions. We also wanted to find out which B cell population 

could contribute to hypergammaglobulinemia in CHI. Shortly before we started the 

study, evidence in a recent paper indicated that activated naïve B cells may have a 

role in the hypergammaglobulinemia observed in chronic viral infections (Hunziker et 

al. 2003). Purified naïve B cells from HIV patients spontaneously secreted twice as 
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much IgG as controls when placed in culture. Autoantibody production is another 

feature of B cell dysfunction in HIV-1 infection and it has been shown that amounts 

of lymphocyte-binding Ab known as polyspecific self-reactive Ab (PSA) are elevated 

in patients’ plasma (Wang et al. 1999). We found higher PSA reactivity in CHI 

compared to controls, and a correlation between PSA reactivity and CD70+ naïve B 

cells.  

In our study the level of plasma IgG in PHI was comparable to the amounts in CHI 

and significantly higher than amounts in healthy subjects (paper II), indicating that 

hypergammaglobulinemia is also readily detectable during primary infection. 

Interestingly, we found that similar to PHI and CHI, the LTNP patients also had 

significantly higher amounts of plasma IgG than healthy controls (paper III). 

In paper IV, we showed that in a cohort of patients form Guinea Bissau, plasma IgG 

amounts in HIV-2-infected patients were comparable to healthy controls but 

significantly lower than amounts in HIV-1-infected patients. We also showed that 

background immune activation is an important factor to consider when evaluating 

plasma IgG in HIV-infected patients, since the uninfected subjects from Guinea 

Bissau had significantly higher amounts of plasma IgG than European controls. 

 

5.3 B cell depletion and memory B cell subpopulations  

Although not as intensely studied as CD4+ T cell depletion, B cell depletion is an 

important pathogenic feature of HIV infection. A reduction in circulating memory B 

cells, associated with a significant increase in spontaneous in vitro cell death was 

previously reported in CHI (De Milito et al. 2001; Titanji et al. 2003).  

We reported that memory B cells from patients with CHI undergo high rates of 

spontaneous apoptosis (paper I). In paper II, we set out to investigate if such cell death 

was also present in PHI, and to find some clues to what mechanisms may be involved. 

We found that both naïve and memory B cells of patients with PHI had high rates of 

spontaneous apoptosis when placed in short-term cultures. We went on to investigate 

whether alterations in intracellular expression of bcl-2 may play a role in this 

spontaneous apoptosis. Bcl-2 expression was increased in naïve B cells from patients 

with PHI, but expression in memory B cells was comparable to expression in controls.  

Our cumulative data on memory B cell percentages in HIV-infected patients at 

various stages of infection show that the patients with CHI have the most profound 
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depletion of memory B cells and LTNP patients are characterized by a normal amount 

of circulating memory B cells (Figure 5). 
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Figure 5. Memory (CD19+CD27+) B cell percentages in HIV-1 infection 

 

We have previously shown that death of memory B cells may be due to limited 

availability of Nerve Growth Factor (NGF) (Titanji et al. 2003). Human B cells 

proliferate and differentiate into IgM and IgA secreting cells in the presence of NGF 

(Otten et al. 1989) and NGF was shown to be an autocrine survival factor for B cells 

(Torcia et al. 1996). We showed that culturing B cells in the presence of recombinant 

NGF induced up to 20% reduction in memory cell death (Titanji et al. 2003).  In our 

initial attempts to investigate whether Fas-mediated apoptosis was a pathway involved 

in the depletion of memory B cells, we cultured B cells with agonistic Fas mAb (CH-

11) but did not observe any induction of apoptosis in this system (Titanji et al. 2003). 

Recently, it was shown that Fas-mediated apoptosis could be induced in a particular 

(CD21low) subset of B cells obtained from viremic CHI patients (Moir et al. 2004). 

The authors showed that: (1) genes associated with IFN stimulation and terminal 

differentiation are upregulated in viremic patients, (2) CD21low B cells had high levels 

of CD95 and were more susceptible to Fas-mediated apoptosis induced by incubation 

with soluble FasL and (3) increased expression of B cell maturation Ag (BCMA) on 

 - 33 -



CD21low B cells was associated with reduction of the more potent B lymphocyte 

stimulating factor (Blys) receptor BAFF-R resulting in reduced Blys binding and 

Blys-mediated survival. Blys, also known as B cell activation factor belonging to the 

TNF family (BAFF), is a B cell survival and maturation factor (Mackay et al. 2003) 

and is known to bind to three receptors: TACI, BCMA and BAFF-R (Gross et al. 

2000; Thompson et al. 2000; Thompson et al. 2001), though BAFF-R is the principal 

BAFF receptor (Ng et al. 2004). It was recently shown that BAFF may enhance the 

survival of plasmablasts generated in secondary lymphoid tissues (Avery et al. 2003). 

The role of B cell survival factors in HIV infection has however not been well 

characterized.  

We have since confirmed the susceptibility of patients’ B cells to Fas-mediated 

apoptosis in a small group of patients. We cultured purified B cells in the presence of 

2 μg/ml His-tagged FasL or 1 μg/ml CH-11 and found that FasL but not CH-11 

induced higher apoptosis compared to control cultures. Interestingly, we observed that 

in the patients with spontaneous apoptosis higher than 30%, Fas ligation did not 

significantly increase B cell apoptosis (Figure 6). 
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Figure 6. Apoptosis of B cells in CHI 
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Based on the expression of IgM and IgD, the human memory (CD27+) B cell 

compartment can be divided into several subsets (Tangye et al. 1998; Weller et al. 

2004). IgM memory B cells, so called because they possess somatically hypermutated  

genes and  express CD27 just like conventional memory B cells, make up about 50% 

of the circulating memory B cell population (Klein et al. 1997; Kruetzmann et al. 

2003). It was interesting to note that while we did not find any significant loss of total 

memory (CD27+) B cells in PHI, we found that IgM memory B cells were lower in 

PHI compared to controls and CHI, but this decrease did not reach statistical 

significance. The percentage of IgM-IgD- B cells was higher in the patients compared 

to controls indicating that a higher degree of isotype switch occurs in HIV infection 

(Figure 7). 
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Figure 7. Percentages of IgM+IgD+ and IgM-IgD- B cells in controls and HIV-

infected patients 

 

We also found an increased fraction of IgM-IgD+ memory B cells, which is a very 

small subpopulation in healthy controls. This is in line with a previous study where it 

was shown that HIV-1-infected patients with AIDS-related complex (ARC) early in 

infection had an 8-fold increase in serum levels of IgD (Mizuma et al. 1987). Taken 

together, depletion of B cells in HIV-1 infection occurs as a result of death ligand-
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mediated apoptosis and possibly through altered amounts of B cell survival factors as 

well as altered expression of receptors to survival factors. 

 

5.4 Specific antibody production 

The observed depletion of circulating memory B cells prompted us to investigate 

whether there would be a corresponding decrease in levels of antigen-specific 

antibodies to HIV antigens as well as non-HIV antigens.  

In Paper I, we found that both anti-measles and anti-tetanus toxoid (TT) Ab titers 

were significantly lower in CHI compared to healthy controls and there was a positive 

correlation between the anti-measles Ab levels and percentage of memory B cells in 

the patients. We also arbitrarily divided the patients into those with normal (NM) and 

those with low (LM) percentages of memory B cells based on the median percentages 

of memory B cells found in the patients. Titers of anti-gp41, anti-measles and anti-TT 

Abs were higher in patients with normal percentages of memory B cells compared to 

those with low percentages of memory B cells. In contrast, plasma IgG and PSA 

reactivity was similar in the NM and LM groups. 

In paper III we evaluated antibody titers against measles, pneumococcus and gp41 in 

PHI, CHI and LTNP compared to controls. Both anti-measles and anti-pneumococcus 

Ab titers were significantly decreased in PHI and CHI compared to controls. In the 

LTNP patients, Ab titers against both antigens were comparable to controls. 

Due to the low amounts of pre-existing antibodies against several antigens in patients 

with HIV-1 infection, patients with chronic infection may be particularly vulnerable 

to common infectious agents and it is recommended that patients receive vaccination 

against pathogens such as influenza, tetanus and pneumococcus (Kroon et al. 1994; 

Kroon et al. 1999; Zanetti et al. 2002). However, the benefits of such vaccinations as 

assessed by levels of antibody titers generated, are usually modest and seem to be 

linked to the disease stage and progression (Kroon et al. 1994; Malaspina et al. 2005).  

 

5.5 Memory B cells and long-term humoral immunity 

The finding that the titers of specific Ab are severely decreased in patients with PHI 

and CHI indicated that long-term humoral immunity in these patients is significantly 

impaired. We hypothesized that the reduction of specific Ab titers in patients was a 

direct consequence of the loss of memory B cells. We therefore set out to verify this 

(Paper III), using measles as our model antigen in elispot assays where we counted 
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total IgG- and measles-antibody secreting cells (ASC) in patients with PHI, CHI and 

LTNP.  We found significantly fewer numbers of both IgG and measles ASC in PHI 

and CHI, but not in LTNP where the numbers of ASC were comparable to those 

found in healthy controls. When we translated the number of ASC into number of 

memory B cells, we found that the percentage of measles-specific memory B cells in 

PHI and CHI were lower than in healthy controls. The number of anti-measles ASC 

was positively correlated to anti-measles Ab titers in CHI.  

The ability to mount an accelerated humoral immune response to a previously 

encountered antigen depends on the presence of memory B cells, and is the basis of 

vaccination (Zinkernagel 2003; Crotty et al. 2004). The loss of antigen (measles)-

specific memory B cells would explain the decline in the anti-measles antibody titers, 

but also may have important consequences for measles infection of HIV-infected 

patients. Studies show that maternally acquired immunity in children born to HIV-

infected women is poorer than that in newborns from healthy women, either because 

of low maternal serum antibody levels or deficient transplacental transfer. (de 

Moraes-Pinto et al. 1993). Neonatal antibody levels to tetanus toxoid, measles, and S. 

pneumoniae were also shown to be significantly lower in the HIV group. Both 

maternal hypergammaglobulinemia and maternal HIV infection may contribute to 

these low antibody levels at birth and thus lead to early infection in this high-risk 

population (de Moraes-Pinto et al. 1996). As a result, it was suggested that the 

measles vaccine schedule should be revised for these children and the same should be 

done for future passive immunization regarding fetus protection in pregnant HIV-

seropositive women. It has been shown that HIV-infected children have poorer 

antibody responses to measles vaccination, and the antibody titers induced by 

vaccination decline faster than in healthy children (Helfand et al. 2005). 

Thus HIV-infected children are likely to have higher rates of both primary and 

secondary vaccine failure (al-Attar et al. 1995; Arpadi et al. 1996), and HIV-infected 

children who do not develop protective Ab titers after initial measles vaccination will 

not develop protective titers after re-vaccination (Helfand et al. 2005). Our data and 

others’ indicate that HIV-1 infection may interfere with long-term humoral immunity 

through: (1) Deletion of CD4+ T cells, leading to defective help, and (2) deletion of 

memory B cells. 
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5.6 Immune activation and sCD27 

The profound immune activation associated with HIV-1 infection is thought to be one 

of the driving forces behind several of the immune disorders, including the depletion 

of CD4+ T cells. A lower degree of immune activation has also been proposed as an 

explanation for the lower pathogenicity of HIV-2 infection. Soluble CD27 (sCD27) is 

released through proteolytic cleavage of surface CD27 following T cell activation 

(Hintzen et al. 1991) and elevated amounts of plasma sCD27 are thus a good indicator 

of immune activation (Loenen et al. 1992; van Oers et al. 1993). High titers of sCD27 

have also been found in the sera of patients with B cell tumors with a strong 

correlation between serum sCD27 levels and tumor load (van Oers et al. 1993; 

Nilsson et al. 2005). Plasma cells also express high levels of CD27 (Jung et al. 2000; 

Avery et al. 2005) and serum sCD27 levels may be of significance in diseases 

characterized by dysfunctions of B cell differentiation and activation such as SLE and 

primary Sjögren’s syndrome (Font et al. 1996; Bohnhorst et al. 2002).  

In paper IV, we found that the amount of sCD27 in the plasma of HIV-2-infected 

patients was lower than the amount in HIV-1-infected patients from Guinea Bissau 

(Figure 8A). sCD27 was also negatively correlated with CD4+ T cell count in the 

HIV-1-infected. Unlike sCD27 however, the amount of β-2 microglobulin was 

comparable in the two patient groups.  
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Figure 8A. Levels of sCD27 in HIV-1 and HIV-2 in patients from Guinea Bissau 
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We also compared levels of plasma IgG in HIV-1 and HIV-2 infections. Plasma IgG 

in the HIV-1-infected patients was significantly higher than that in controls and HIV-

2-infected patients from Guinea Bissau, and we observed a strong positive correlation 

between sCD27 and IgG in HIV-1 but not in HIV-2. The amounts of plasma IgG in 

HIV-2 were comparable to those in healthy controls. Unlike β-2M sCD27 seemed to 

be a more discriminatory marker of immune activation. The correlation between 

sCD27 and plasma IgG suggest a possible role of sCD27 in 

hypergammaglobulinemia. 

It has been suggested that infectious diseases like malaria and helminth infections 

prevalent in developing parts of the world, e.g. in sub-saharan Africa may induce a 

high background of immune activation and make the host more susceptible to HIV 

infection and faster disease progression (Bentwich et al. 1995). In an attempt to 

determine how much background immune activation may have contributed to the 

levels of immune activation, we analyzed groups of patients living in Europe.  Unlike 

in the Guinea Bissau cohort, levels of sCD27 were comparable in HIV-1 and HIV-2 

but significantly higher than levels in the corresponding European controls (Figure 

8B).   
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Figure 8B. Levels of sCD27 in European patients 

The levels of both sCD27 and IgG were significantly lower in the European controls 

compared to the Guinea Bissau controls.  
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We recently measured sCD27 in European PHI and LTNP patients as well (not 

included in Paper IV,) and found that the PHI patients had the highest levels of sCD27 

[533.7 U/ml (378-809)] compared to controls [172 U/ml (152-183)], CHI [485 U/ml 

(335.3-592)], HIV-2 [430 U/ml (288.8-764)] and LTNP [362 U/ml (251-472.4)]. 

Interestingly, while sCD27 in LTNPs was lower compared to the other patient groups, 

it was still significantly higher than in controls.  The situation of the LTNP is far from 

straightforward. It is reported that LTNPs do have increased activation of the immune 

system (Franceschi et al. 1997; Rodes et al. 2004) and show biological signs of 

disease progression after 10 years of HIV infection (Lefrere et al. 1997). This suggests 

that though LTNP may have levels of immune activation comparable to patients with 

progressive infection, other mechanisms may be at play in these LTNP, helping them 

maintain a relatively healthy state.  

Evidence suggests that HIV is a relatively new human pathogen and may not yet have 

reached a stable non-lethal co-existence with its host, as has SIV in sooty mangabeys 

and African green monkeys (Broussard et al. 2001; Silvestri et al. 2003). It has been 

shown that HIV-2 is more closely related to SIV than to HIV-1 and similar to SIV, the 

relatively milder course of infection may be explained by a lower degree of immune 

activation than HIV-1. One may also speculate that HIV-2 entered the human 

population earlier than HIV-1 and may therefore be more adapted to the human host 

than HIV-1. Homozygosity for a 32bp deletion in CCR5 has been associated with 

protection against primary HIV-1 infection (Samson et al. 1996) and it has recently 

been shown that the lower pathogenicity of HIV-2 infection may be due to down-

regulated expression of CCR5 in HIV-2-infected individuals (Shea et al. 2004). These 

results highlight the importance of chronic immune activation in the pathogenesis of 

HIV-1 disease and suggest a possible role of genetic factors in modulating the course 

of HIV disease.  

 

5.7 Antiretroviral therapy and B cell dysfunctions 

The most obvious effects of successful antiretroviral therapy (ART) in HIV infection 

are decreased plasma viral load and increased CD4+ T cell counts. However, the 

effects of ART on B cell dysfunctions are not completely clear.  

In Paper II, we investigated the effects of short-term (6 months) ART on B cell 

activation and dysfunctions in PHI, reasoning that PHI would represent the 

appropriate phase to study B cell dynamics. We found that ART produced 
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heterogeneous results in terms of restoring activation marker expression to normal. 

CD70 and LAIR-1 expression were largely unaffected while Fas expression on both 

naïve and memory B cells was significantly decreased. Bcl-2 expression was also 

unaffected by therapy. Spontaneous apoptosis of both naïve and memory B cells was 

also reduced by ART, but was only normalized in the naïve B cell subset. Plasma IgG 

levels were also reduced compared to baseline levels, but were not normalized either.  

We also determined whether therapy regimens containing PI (HAART) had any 

advantage over non-PI-containing regimens (NRTI), in terms of improving the state 

of B cells in patients.  We found there was a two-fold increase in B cell percentages in 

patients on HAART, but HAART and NRTI had similar effects on most of the other 

parameters studied. We also found that the B cells of HAART-treated PHI patients 

recovered the ability to respond to in vitro T cell stimulation. It was recently reported 

that B cells from HIV-infected patients are unable to upregulate CD25 in response to 

activated CD4+ T cells (Moir et al. 2003). We therefore evaluated the induction of 

CD25 (IL-2 receptor) on B cells following T-cell dependent activation in vitro, a 

parameter of functional B-T cell interaction.  
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Figure 9. Induction of CD25 expression on activated B cells in PHI. 

We observed that CD25 expression on B cells analyzed ex vivo was very low in 

patients with PHI as compared to healthy persons. In addition, B cells from patients at 

diagnosis of PHI did not upregulate CD25 after activation through anti-CD40 + IL-2 
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(and IL-4) while B cells from normal subjects promptly increased CD25 expression. 

However, after 6 months of therapy, B cells from PHI patients recovered the ability to 

upregulate CD25 expression after T-cell dependent stimulation to levels comparable 

to healthy controls (Figure 9). 

We also investigated the effect of ART on titers of antigen-specific Ab in PHI and 

CHI (Figure 10). ART did not restore the titers of anti-measles or anti-pneumococcus 

Ab in PHI, or the titers of anti-measles Ab in CHI. Conversely, titers of anti-gp41 Ab 

steadily declined with plasma viral load during follow-up in both PHI and CHI. These 

(except for the pneumococcus) data are presented in paper III. 

In attempt to cover the spectrum of the proposed mechanisms for maintenance of 

long-term humoral immunity, we studied a variety of Ags in paper III:  

Pneumococcus (TI Ag), measles (TD Ag) both assumed not to be circulating in the 

patients at the time of this study, as well as HIV gp41 which represented an Ag that 

was currently circulating in the patients. The picture presented by our results is the 

following: Maintenance of humoral immunity (as assessed by plasma Ab levels) to 

both TI and TD Ags is impaired in HIV infection and the maintenance of Ab titers 

against the HIV-specific Ag gp41 seems to require a high level of viral replication 

since reducing viral replication with ART led to a decrease in anti-gp41 Ab titers. 
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Figure 10. Efffect of therapy on Ag-specific Abs in (A) PHI and (B) CHI 
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6 CONCLUSIONS 

The following conclusions can be drawn from the studies presented in this thesis: 

 Memory B cells of patients with chronic HIV infection undergo massive 

spontaneous apoptosis.  

 Loss of memory B cells is a feature of chronic infection, but is not observed in 

primary infection thus may be an effect of persistent immune activation 

 The Fas-FasL pathway may contribute to the deletion of B cells in HIV 

infection  

 Antigen-specific humoral immunity is also impaired early during primary 

HIV-1 infection as shown by reduction in levels of specific antibodies to HIV 

as well as to measles and pneumococcal antigens and tetanus toxoid  

 Measles-specific memory B cells are deleted in HIV-1 infection 

 Naive B lymphocytes are abnormally activated in HIV-1 infection and may 

contribute to hypergammaglobulinemia 

 The majority of B lymphocyte dysfunctions is initiated early in primary 

infection and persists throughout the course of the disease.   

 Immune activation, as assessed by sCD27 in plasma, is lower in HIV-2 

infection than in HIV-1 infection, and this lower immune activation may 

explain the slower rate of disease progression in HIV-2 infection  

 Antiretroviral therapy is able to correct only a small portion of the B cell 

dysfunctions observed in HIV-1-infected patients. 
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