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AIDS  Acquired immunodeficiency syndrome 

APC  Antigen presenting cell 

ART  (Highly active) antiretroviral treatment 

CCR  Chemokine (C-C motif) receptor 

CD  Cluster of differentiation 

CFSE  Carboxyfluorescein succinimidyl ester 

CTL  Cytotoxic T lymphocyte 

CTLA  Cytotoxic T-Lymphocyte Antigen 

DC  Dendritic cell 

DTH  Delayed-type hypersensibility skin tests 

FMO  Fluorescence minus one 

GALT  Gut-associated lymphoid tissue 

GM-CSF Granulocyte macrophage colony-stimulating factor 

HIV  Human immunodeficiency virus 

HLA  Human leukocyte antigen 

IL   Interleukin 

INF  Interferon 

LPS  Lipopolysaccharide 

MALT  Mucosal-associated lymphoid tissue 

mAbs  Monoclonal antibody 

PBMC  Peripheral blood mononuclear cells 
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PD   Programmed cell death protein 

PMT  Photo multiplying tubes 

STI  Structured treatment interruption 

TCR  T cell receptor 

TGF  Tumour growth factor 

Th   T helper cells 

TIM  T-cell immunoglobulin domain and mucin domain 

TNF  Tumour necrosis factor 

Treg  Regulatory T cells 
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More than 30 years have passed since the advent of the acquired 

immunodeficiency syndrome (AIDS) pandemic. This sparked a perhaps 

unparalleled scientific effort to find its cause (Human immunodeficiency 

virus: HIV), to understand the immune pathogenesis and to develop a cure. 

Today we have a reasonable understanding of how the virus affects the 

immune system as well as effective antiretroviral treatment (ART) that has 

saved and improved millions of lives. Thanks to the rollout of ART in 

resource poor high-endemic areas, the worldwide HIV incidence rate is 

finally in decline for the first time since the beginning of the pandemic.   

Nonetheless, the rate of new infection is still higher than the number of 

patients who start ART. Many patients are unaware of their infection and 

therefore start ART too late. ART is non-curative, demands lifelong 

adherence, causes side effects, induces viral resistance and does not 

eliminate the increased risk of non-AIDS events such as cancer and 

cardiovascular disease. A cure or a protective vaccine is not at hand, and 

there is a strong demand for new therapeutic options.   

One such treatment option could be therapeutic vaccination. The aim of 

such vaccines is to improve anti-HIV responses in infected patients. 

Therapeutic vaccines may potentially decrease or halt the progression 

towards AIDS or even be an essential part of a future cure. However, none 

of the therapeutic vaccine candidates have achieved this in clinical trials 

this far. Many immune pathogenic aspects are still unexplored as is how 

immunisation influences quantitative and qualitative aspects of HIV 

immunity. There is no consensus on the optimal choice of antigen, delivery 

system or adjuvant. Most importantly, there is a lack of good immune 

correlates of efficacy that can be used when developing vaccines.  



 14 

An essential immunological aspect that has been little explored in HIV is 

immune regulation. This mechanism exists to protect the host from 

damaging effects of immune responses, but probably also suppresses 

natural effective anti-HIV immunity. Immune regulation could also hamper 

the effect of therapeutic vaccination, or even be induced by the vaccine 

itself. Thus, a result of therapeutic vaccination could be the induction of 

HIV-specific immune regulation instead of improved anti-HIV responses.  

The three papers included in this thesis examine T cell activation and 

regulation during chronic HIV and during reboost with a peptide based 

therapeutic vaccine candidate (Vacc-4x). The first paper describes long-

term T cell vaccine memory in a formerly immunised cohort. The second 

paper describes the dynamics of T cell responses during and after Vacc-4x 

reboost including changes in T cell immune regulation. Finally, the third 

paper describes quantitative aspects of T cell regulation in natural untreated 

chronic HIV infection including a correlation between T cell regulation and 

disease progression.  

To develop effective immune therapy, we still need a better understanding 

of immunological mechanisms for protection including further research of 

immune regulation in HIV. Therapy must be individualised to account for 

individual immunological differences in the host´s response to HIV and 

immunisation. Hopefully, this will give us effective treatment that will 

improve the perspectives for HIV infected patients worldwide.  
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Human immunodeficiency virus-1 (HIV), the major cause of AIDS, 

originates from the Congo River area in central Africa, and was transfected 

from primates to humans during the late 19th or early 20th century (Keele, 

Van Heuverswyn et al. 2006, Worobey, Gemmel et al. 2008). The oldest 

known HIV infection was discovered in a preserved blood sample from a 

Congolese man taken in 1959 (Zhu, Korber et al. 1998), and the earliest 

retrospectively verified cases of AIDS  were in a man from Missouri USA 

in 1969 and in a Norwegian sailor in 1976  (Froland, Jenum et al. 1988).  

The HIV pandemic became apparent in 1981 when epidemiologists at the 

US Centers for Disease Control and Prevention noticed an abnormal 

clustering of Pneumocystis jiroveci pneumonia and Kaposi sarcoma among 

previously healthy young homosexual men in Los Angeles and New York 

(Gottlieb, Schroff et al. 1981). The same clustering was also seen in 

haemophiliac patients and in intravenous drug users. Common for all these 

patients was malaise, weight loss and rare opportunistic infections (Marx 

1982). It was soon established that the cause had to be an infectious agent, 

transmitted through sexual contact or intravenous exposure to blood 

products leading to what today is termed the acquired immunodeficiency 

syndrome (AIDS).  

HIV was isolated in 1983 (Barre-Sinoussi 1983), and soon after the virus 

was cloned and its genome sequenced (Wain-Hobson, Sonigo et al. 1985). 

A blood test was available from 1985, and the first active antiviral drug was 

licensed in 1987 (Fischl, Richman et al. 1987) followed by other drugs and 

steadily improving treatment options (Hammer, Squires et al. 1997, Palella, 

Delaney et al. 1998). 
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The UNAIDS report on the Global AIDS Epidemics from 2012 estimated 

that 2.5 million people were infected with HIV in 2011, 19% fewer than 

1999 and 21% fewer than in the peak year 1997 

(http://www.unaids.org/globalreport). Additionally the number of AIDS-

related deaths decreased from 2.1 million in 2004 to 1.7 million in 2011. 

This has mainly been attributed to the introduction and rolling out of 

effective ART, reducing both HIV related death and HIV transmission 

(Stanecki, Daher et al. 2010), but still there are approximately 7000 new 

infections per day. Consequently, the number of people living with HIV 

worldwide has risen from 29.4 million in 2001 to 34.0 million in 2011. 

Sub-Saharan Africa has the highest prevalence (median 4.9%), which 

accounts for 69% of all people living with HIV worldwide (Figure 1). 

Figure 1. Global prevalence of HIV in 2011 (http://www.unaids.org). 

In Norway, the number of patients living with HIV in 2012 was 5138 (The 

Norwegian Institute of Public Health, www.fhi.no). Of the 242 infected that 

year, 69% were males, 32% were men having sex with men, 69% had been 
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infected prior to immigration to Norway and 0.9% had been infected 

through intravenous drug abuse. 

 

HIV-1 (HIV) belongs to the lentiviruses, a subfamily of the human 

retroviruses, whose hallmark is the reverse transcription of RNA to DNA. 

The virion is 100 nm wide and has an icosahedral structure. It comprises of 

the external (gp120) and transmembrane part (gp41) of the envelope, the 

inner membrane (matrix) and the core capsid (p24). The core capsid 

contains genomic RNA, reverse transcriptase (p18), integrase and other 

enzymes needed for the replication cycle (Figure 2) (Foley, Apetrei et al. 

2013).  

Figure 2. Schematic outline of the HIV structure (US National Institute of Health, 
www.niaid.nih.gov). 

The genome consists of three structural genes; gag encodes for core 

proteins like p24, pol encodes enzymes responsible for protease, reverse 

transcriptase and integration, and env encodes envelope glycoproteins 

(Figure 3). Six other genes (tat, rev, nef, vif, vpr and vpu) encode proteins 

responsible for host cell regulation, immune evasion and viral gene 

expression.  
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HIV is phylogenetically divided into four subtypes. Subtype M (“Major”) is 

the most virulent subtype and responsible for more than 90% of the 

infections worldwide.  Subtypes N (“Non-M, Non-O”), O (“Outlier”) and P 

(“Pending the identification of further human cases”) have little or 

negligible global significance (Sharp and Hahn 2010).  

 

Figure 3. HIV genome map (Adapted from www.hivbook.com). 

 

The replication cycle begins when HIV has infected a target cell either via 

the surface receptors CD4 in conjunction with CCR5 or CXCR4 found on 

CD4+ T helper cells or alternatively by direct cell-to-cell transfer (Figure 

4). HIV RNA is transcripted into double-stranded proviral DNA by the 

viral enzyme reverse transcriptase and integrated into chromosomal 

hotspots in the host cell nucleus by the enzyme integrase. Depending on 

cell activation, the integrated proviral DNA is then transcripted and spliced 

to genomic RNA, which is translated and modified into viral proteins and 

enzymes. These are assembled to become a progeny virion within the cell’s 

endoplasmatic reticulum. Transcription and splicing is very inaccurate, 

causing high genotypic and phenotypic variability (Korber, Gaschen et al. 

2001). Budding completes the replication cycle, where the virus receives its 
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Figure 4. HIV Replication Cycle (National Institute of Allergy and Infectious Diseases, 
www.niaid.nih.gov). 

outer membrane and external envelope. During this process the virus can 

incorporate host cell proteins such as HLA class molecules, which further 

facilitates the infection of new target cells (Capobianchi 1996). 

 

In untreated HIV infected patients, the median time from primary infection 

to the occurrence of AIDS-defining illnesses is 10 years, but this can range 

from less than a year to decades depending on various viral and host factors 

(Levy 2009). The median time from the development of AIDS-defining 

illnesses to death is two years. The clinical symptoms are usually divided 



20

into three stages (Poli, Pantaleo et al. 1993) (Figure 5). Three to six weeks 

after primary infection, 50-70% of the patients develop mononucleosis-like 

symptoms with lymphadenopathy, pharyngitis, malaise, myalgia, rash and 

fever. These symptoms vary and are frequently neglected or misjudged. 

Within the acute stage, the viral load reaches extreme values, and the CD4+ 

T cell numbers plunge considerably (Little, McLean et al. 1999, Fiebig, 

Wright et al. 2003). Symptoms mostly subside when virologic control has 

been established after approximately 12 weeks, but many patients 

experience fatigue, frequent herpes zoster outbreaks, skin conditions and 

lymphadenopathy. During the chronic stage, the viral load declines to reach 

an individual viral setpoint and the CD4+ T cell numbers recover 

incompletely (Mellors, Rinaldo et al. 1996). Still there is continuing viral 

replication and a relentless CD4+ T cell infection and loss. During the end-

stage, viral control is lost due to a critical reduction in CD4+ T cell 

numbers combined with a precipitous decline in CD8+ cytotoxic T cells. 

This stage is dominated by constitutional symptoms and symptoms from a 

wide spectrum of opportunistic infections and neoplasms, to which the 

untreated patient finally will succumb (Lewin-Smith, Klassen et al. 1998). 

Figure 5. The disease development from primary HIV infection until the onset of opportunistic 
infection and death (Figure adapted from Pantaleo, Graziosi et al. 1993). 
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HIV leads to progressive immunodeficiency from early and on-going 

depletion of T helper cells and from general chronic immune activation. 

Pathophysiological event within days after primary infection determines the 

course of the disease (Douek, Roederer et al. 2009).  

5.6.1 Transmission and early infection 

Transmission predominantly results from sexual contact but can also occur 

directly through contaminated blood products or during pregnancy, birth 

and breastfeeding (Pope and Haase 2003, Cohen, Shaw et al. 2011).  HIV 

crosses damaged mucosa as virions or within infected cells, or can even 

overcome intact mucosa bond to receptors on dendritic cells (DC) (Figure 

6). Several factors influence infectiveness, these include viral fitness, host 

genetics and the efficacy of preformed or induced host immune responses. 

During the first few days, viral replication is low and limited to locally 

infected CD4+ T cells (Douek, Brenchley et al. 2002). Soon the virus 

disseminates to lymphatic tissue that remains the main site of viral 

replication also during later stages. The gut-associated lymphoid tissue 

(GALT) is preferably infected as it contains high numbers of activated 

CD4+CCR5+ T cells. This includes 70-80% of all CD4+ memory T cells 

and most Th17 cells (Brenchley, Schacker et al. 2004, McMichael, Borrow 

et al. 2010). Th17 cells are a subset of IL-17 producing CD4+CCR5+ T 

cells who are responsible for mucosal viral and fungal defence and 

probably important for the maintenance of gut integrity (Hunt 2010).  

CD4+ T cells are massively depleted during primary infection, including 

more than 50% of the GALT-associated CD4+ T cells (Mehandru, Poles et 

al. 2007). Infected cells succumb to the cytotoxic effects of viral replication 

or die from apoptosis or killing by HIV-specific cytotoxic T cells (CTL). 

Large numbers of uninfected CD4+ T cells are depleted due to erroneous 
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immune responses or activation-associated apoptosis (so-called bystander 

depletion) (Finkel, Tudor-Williams et al. 1995). These events are 

accompanied by unsustained viral replication, dissemination to still non-

infected lymphoid tissue, and the establishment of latent viral reservoirs in 

resting CD4+ T cells and macrophages (Daar, Moudgil et al. 1991). Latent 

viral reservoirs are insensible to current ART and major obstacles for HIV 

eradication (Chun, Finzi et al. 1995, Siliciano, Kajdas et al. 2003, Richman, 

Margolis et al. 2009).   

Figure 6. Mucosal transmission and infection of CD4+ T cells by HIV (Figure adapted from 
Moir, Chun et al. 2011). 

5.6.2 Chronic immune activation 

Generalised immune activation is a hallmark of HIV infection and has been 

identified as the main driver of disease progression towards AIDS (Appay 

and Sauce 2008, Moir, Chun et al. 2011, Hunt 2012). Additionally, immune 

activation probably contributes to accelerated aging and non-AIDS related 

disease such as bone fragility, cancers, cardiovascular disease, kidney 

disease and neurocognitive dysfunction, and is not completely normalised 

by current ART regimens in many patients (Deeks and Phillips 2009). 

Some degree of immune activation is normal during any form of foreign 

antigen encounter. Once the antigen has been cleared, the immune system 

returns to an inactivated state with a pool of resting antigen-specific 
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memory cells. In chronic HIV infection however, the pathogen is not 

cleared, and this leads to an increased production of proinflammatory 

factors (McMichael, Borrow et al. 2010). Furthermore, there is a systemic 

influx of highly immunogenic bacterial products including 

lipopolysaccharides (LPS) from the gut lumen, possibly due to early and 

extensive virus-induced death of MALT-associated Th17 T cells with 

secondary dysfunction of tight junctions (Brenchley, Price et al. 2006, 

Sandler and Douek 2012). Adding to this are multiple other interacting 

elements not completely understood but under intense investigation. Some 

of these may be coinfections, residual viral replication, bystander apoptosis, 

depletion of T regulatory cells and dysregulation of innate immune 

responses (Garg, Mohl et al. 2012). 

The pathogenic consequence is enhanced compensatory T cell proliferation 

combined with immune exhaustion and premature apoptosis leading to a 

gradual loss of the T cell pool (Grossman, Meier-Schellersheim et al. 2006) 

(Figure 7). This further impairs the ability of the immune system to mount 

effective antiviral responses. Immune activation sustains HIV infection and 

replication, as the virus thrives on activated CD4+ T cells, which in turn 

drives immune activation. Chronically activated T cells lose their capacity 

to proliferate, concurrently produce various cytokines and kill target cells.  

Activation also induces the upregulation of negative immune regulatory 

mechanisms, probably further hampering effective T cell responses (see 

chapter 5.7).   
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Figure 7. A vicious circle driven by HIV replication, T cell activation and the influx of bacterial 
products from the gut lumen sustains immune activation. This in turn drives HIV replication with 
the generation of HIV escape mutants, increases T cell activation, susceptibility, exhaustion and 
apoptosis, and upregulates immune regulatory mechanisms with increased HIV tolerance. The 
result is a progressive loss of immune control (Figure by D. Kvale, unpublished) 

5.6.3 HIV related T cell dysfunction

CD4+ T cells are central conductors of the adaptive immune system, and 

collaborate with B cells and CD8+ T cells to prevent or clear infection 

(Castellino and Germain 2006). CD4+ T cells are activated by dendritic 

cells via HLA II, and can themselves activate CD8+ T cells via HLA I. 

CD8+ T cells can for example not enter mucosal tissue effectively without 

CD4+ T cell help (Nakanishi, Lu et al. 2009). Functional CD4+ T cells are 

therefore essential for the maintenance of effective CD8+ T cell responses. 

By targeting CD4+ T cells, the virus critically hampers the capability to 

clear viral infection. Particularly HIV-specific CD4+ T cells are infected 

and eliminated early on as they are highly activated and home to infected 

lymphatic sites (Douek, Brenchley et al. 2002). Still, most CD4+ T cells 

remain uninfected in chronic HIV, but are either subjected to bystander 

depletion or gradually become exhausted and lose effector functions such 

as the ability to secrete IL-2 (Younes, Yassine-Diab et al. 2003). CD8+ T 

cells are also progressively exhausted and prematurely die under the strain 
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of chronic immune activation, ongoing antigen pressure (Bucks, Norton et 

al. 2009), various inhibiting factors, and insufficient CD4+ T cell help 

(Matloubian, Concepcion et al. 1994, Wherry and Ahmed 2004, Jin, Jeong 

et al. 2011, Wherry 2011) (Figure 8). This also preferably occurs to HIV-

specific clones, further narrowing down the ability of the immune system to 

react to new viral escape mutants. Chronic immune activation also leads to 

immune senescence and accelerated cell aging due to telomere erosion and 

unrepaired DNA damage. 

Figure 8. During chronic HIV, CD8+ T cells progressively and hierarchically lose effector 
functions starting with the proliferative and killing capacity and ending with the cessation of INF-  
production and apoptosis (Rosenberg, Billingsley et al. 1997, Appay, Nixon et al. 2000, Migueles, 
Laborico et al. 2002, Betts, Nason et al. 2006). This progressive T cell exhaustion is driven by 
factors such as loss of CD4+ T cell help, high antigen/T cell ratio (Streeck, Brumme et al. 2008), 
dysfunctional or suppressive antigen presenting cells, and an increase in inhibitory molecules and 
immune suppressive cytokines (Figure adapted from Wherry and Ahmed 2004). 

5.6.4 Viral escape  

HIV mutates quickly due to the inaccurate reverse transcriptase, which 

leads to the formation of a high number of mutant variants especially 

during high viraemia. Mutation enables the virus to escape effective 

immune control, but can also result in a loss of viral fitness. Sequence 

analyses of mucosally transmitted HIV have suggested that infection occurs 

by only one or a few homogenic founder virus, but that these quickly 

mutate under immunologic pressure (Keele, Giorgi et al. 2008). 

Furthermore, HIV possesses various mechanisms such as HLA class I 

downregulation or the glycosylation and masking of important viral 
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epitopes, which further aggravates the chances of immune clearance 

(Capobianchi 1996). 

 

A vital feature of the immune system is the delicate balance between 

positive (activating) and negative (regulating) signals that ensure adequate 

immune responses without damaging the host (Kaufmann and Walker 

2009). An imbalance between these signals may lead to inappropriate 

immune reactions with potentially lethal consequences or conversely to 

suppressed immune clearance and chronification of the infection (De 

Keersmaecker, Allard et al. 2012).  

Also T cells are strictly controlled by a complex system of activating and 

inhibitory factors and cells that is not yet fully understood (Fahey and 

Brooks 2010, Bour-Jordan, Esensten et al. 2011) (Figure 9). The final T cell 

response is only the net result of activation and regulation where regulatory 

factors actively restricts T cell effector functions such as activation, 

proliferation and degranulation (Wherry, Ha et al. 2007, Appay, Douek et 

al. 2008).  

T cell regulation may be mediated by immune cells such as regulatory T 

cells (Treg) (Rouse, Sarangi et al. 2006, Belkaid and Tarbell 2009), DC 

(Probst, McCoy et al. 2005) and suppressor CD8+ T cells (Elrefaei 2008, 

Elrefaei, Burke et al. 2009), by increased expression of inhibitory receptors 

such as cytotoxic T-lymphocyte antigen-4 (CTLA-4) (Kaufmann, 

Kavanagh et al. 2007) and  programmed cell death molecule 1 (PD-1) 

(Keir, Butte et al. 2008), and by soluble inhibitory cytokines such as 

interleukin-10 (IL-10) and transforming growth factor-  (TGF- ) (Letterio 

and Roberts 1997, Couper, Blount et al. 2008, Wilson and Brooks 2011). 

These factors inhibit T cell responses simultaneously and relate to T cell 

exhaustion and loss of T cell activity (Blackburn, Shin et al. 2009). Several 

of these regulatory pathways are altered in chronic HIV-infection and have 
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shown to correlate unfavourably with proliferative capacity, viral load and 

CD4 counts (Kaufmann and Walker 2009, Kassu, Marcus et al. 2010). Still, 

whether these alterations are induced by the virus or are secondary to 

immune activation is not clear, nor is how these alterations individually and 

collectively influence HIV immunity during different stages of the disease 

(Fahey and Brooks 2010).  
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Figure 9. The role of immune regulation during chronic viral infection. A delicate balance 
between positive (green) and negative (red) regulatory signals ensures adequate immune responses 
without damage to the host (a). Alterations can either tip the scales toward increased T cell 
responses that could clear chronic infection (b), or negative regulation with increased T cell 
exhaustion and viral persistence (c). Therapeutically blocking negative pathways, for example by 
using anti-PD-1, anti-IL10 or anti-TGF-  monoclonal antibodies as suggested in (b), enhances T 
cell activity in vitro. In vivo this may improve immune control of chronic viral infections, but with 
the danger of serious autoimmune reactions (Figure adapted from Fahey and Brooks 2010). 
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5.7.1 Inhibitory CD4+ T cells  

T regulatory cells (Treg) are a subset of CD4+ T cells important for self-

tolerance and T cell regulation (Belkaid and Tarbell 2009). They constitute 

approximately 5-10% of all peripheral CD4+ cells and are (mostly) defined 

by the high expression of the IL-2 receptor (CD25), low expression of the 

IL-7 receptor (CD127) and the expression of the transcriptor factor 

forkhead box protein 3 (FOXP3) along with other phenotypic markers 

(Read, Malmstrom et al. 2000, Hori, Nomura et al. 2003).  

Treg elicit their effect on T cells and DC via cell-to-cell contact, cytolysis 

or via the inhibitory cytokines IL-10 and TGF-  (Figure 10). Natural Treg 

(nTreg) are generated in the thymus from early on and play a pivotal role in 

preventing autoimmunity. Peripherally induced Treg (iTreg) develop from 

naïve T cells upon antigen stimulation and regulate T cell responses against 

foreign antigens. Treg are also found in high numbers in the gut where they 

are reciprocally related to Th17 cells and where they induce beneficial 

tolerance for food allergens and commensal bacteria (Prioult and Nagler-

Anderson 2005). Apart from peripheral tolerance, Treg have been shown to 

promote the establishment of chronic viral, parasitic and fungal infections 

and to suppress anti-tumour responses (Liu, Wong et al. 2007, Belkaid and 

Tarbell 2009). 

In HIV infection, the absolute and relative Treg numbers seem to increase 

during the chronic stages, but how this influences disease progression is 

still not clear. (Hunt, Landay et al. 2011, Presicce, Orsborn et al. 2011, 

Moreno-Fernandez, Presicce et al. 2012). Treg, like immune regulation in 

general, may in fact be a double-edged sword having both positive and 

detrimental effects on HIV-related immunity depending on the stage of the 

disease (Fazekas de St 2008, Chevalier and Weiss 2013). In acute HIV, 

Treg may reduce immune activation and indirectly the number of activated 

T cells, and thus reduce available targets for HIV (Kinter, Hennessey et al. 
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2004, Chase, Yang et al. 2008, Ndhlovu, Loo et al. 2008, Moreno-

Fernandez, Rueda et al. 2011). In chronic HIV, Treg may suppress effective 

polyfunctional antiviral responses and thereby increase disease progression 

(Aandahl, Michaelsson et al. 2004, Andersson, Boasso et al. 2005, Montes, 

Lewis et al. 2006, Nilsson, Boasso et al. 2006). More recent data have 

suggested that low Treg responses are associated with viral control in HIV 

controllers and that protective HIV-specific CD8+ T cells evade Treg 

suppression (Elahi, Dinges et al. 2011, Hunt, Landay et al. 2011). 

Additionally, Treg may initiate immune dysfunction by massive TGF-  

secretion, which induces lymph node fibrosis. This leads to impaired 

maintenance of the T cell population as well as disrupted T cell activation 

(Pal and Schnapp 2004, Estes, Wietgrefe et al. 2007).   

Figure 10. Principle modes of Treg elicited immune regulation. The production of inhibitory 
cytokines (a), cytolysis of effector T cells (b), metabolic disruption including IL-2 deprivation (c), 
and the inhibition of dendritic cell maturation (d) (Figure adapted from Vignali, Collison et al. 
2008).  
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5.7.2 Co-inhibitory molecules 

Co-inhibitory molecules constitute negative feedback mechanisms and may 

induce reversible or irreversible T cell inhibition, dysfunction and 

apoptosis. In chronic viral infection it has been shown that exhausted CD8+ 

T cells express up to seven different inhibitory receptors and that the co-

expression of these receptors are associated with T cell exhaustion and the 

inability to control infection. These molecules are also upregulated in 

chronic HIV infection and coincide with T cell exhaustion (Kaufmann and 

Walker 2008, Blackburn, Shin et al. 2009).  

One example is the upregulation of PD-1, which induces a strong inhibitory 

signal on effector T cells. PD-1 interacts with its ligand on antigen 

presenting cells (APC), contributing to decreased T cell receptor (TCR) 

functions and diminishing T cell responses (Crawford and Wherry 2009, 

Kaufmann and Walker 2009, Pettersen, Tasken et al. 2010, Porichis and 

Kaufmann 2011). Other upregulated inhibitory molecules in chronic HIV 

are CTLA-4 on CD4+ T cells and T-cell immunoglobulin domain and 

mucin domain 3 (TIM-3) on cytotoxic CD8+ T cells (Leng, Bentwich et al. 

2002, Anderson and Anderson 2006, Khaitan and Unutmaz 2011).  

It has been shown that blockade of these inhibitory receptors have restored 

T cell functions. Co-inhibitory molecules have therefore been suggested as 

potential targets for immune modulatory therapies (Day, Kaufmann et al. 

2006, Blackburn, Shin et al. 2009, Simone, Piatti et al. 2009, Porichis and 

Kaufmann 2012, Wolchok, Kluger et al. 2013). 

5.7.3 T cell Inhibitory cytokines and chemokines  

Cytokines and chemokines are not only important for activating and 

directing T cell responses, but also have a central role in immune 

regulation. The most prominent T cell inhibiting cytokines are IL-10 and 

TGF- , and both have been associated with HIV-disease progression 
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(Stylianou, Aukrust et al. 1999, Garba, Pilcher et al. 2002, Brockman, 

Kwon et al. 2009).  

IL-10 is mainly produced by monocytes, but is also secreted by 

lymphocytes such as CD8+ T cells, Treg and B cells (Couper, Blount et al. 

2008, Saraiva and O'Garra 2010). It is pleiotropic as it deters the expression 

of Th1 cytokines and the functions of APC, but enhances B cell 

proliferation and antibody production. Studies on IL-10 depleted knockout 

mice have shown the development of inflammatory bowel disease and 

immune overreaction during immune challenges. Furthermore, IL-10 has 

been associated with T cell exhaustion and the establishment of chronic 

infection (Clerici, Wynn et al. 1994). In chronic HIV infection, elevated IL-

10 levels have been correlated with disease progression (Clerici, Wynn et 

al. 1994, Stylianou, Aukrust et al. 1999). IL-10 blockade has enhanced 

proliferative T cell responses to Env peptides and increased INF-  and IL-2 

secretion (Brooks, Lee et al. 2008, Brockman, Kwon et al. 2009). Another 

study associated IL-10 production to PD-1 expression on monocytes, which 

in turn was triggered by microbial translocation (Said, Dupuy et al. 2010).  

TGF-  is also pleiotropic as it, among others, inhibits T cell proliferation 

and differentiation, but promotes the survival of peripheral T cells (Letterio 

and Roberts 1998, Li and Flavell 2008). TGF-  has been associated with 

CTLA-4 upregulation and the development lymph node fibrosis (Pal and 

Schnapp 2004, Elrefaei, Burke et al. 2009). 



 33 

 

5.8.1  

ART has revolutionised patient treatment and dramatically reduced HIV 

morbidity and mortality (Palella, Delaney et al. 1998). ART increases the 

number of CD4+ T cells, improves memory T cell responses, and decreases 

immune activation (Autran, Carcelain et al. 1997). Indirectly, ART also 

prevents new infection, because a reduced viral load lowers the risk of HIV 

transmission (Cohen, Smith et al. 2013). Still, ART is non-curative since it 

is not able to eliminate latent HIV reservoirs and it does not completely 

suppress viral replication and cell-to-cell infection (Furtado, Callaway et al. 

1999, Chun, Nickle et al. 2005, Rong and Perelson 2009). HIV-specific 

CD4+ T cells do not recuperate during ART, and HIV-specific CTL 

responses diminish due to low HIV antigen exposure (Kalams, Goulder et 

al. 1999, Carr and Cooper 2000, Nachega, Marconi et al. 2011). HIV 

replication rebounds quickly when treatment is stopped, even in patients 

who start ART early (Davey, Bhat et al. 1999, Kvale, Kran et al. 2005). 

ART does not eradicate latent viral reservoirs and there is still a risk of 

developing viral resistance (Barton, Burch et al. 2013, Beyrer and Abdool 

Karim 2013). In addition, ART demands life long adherence, potentially 

causes side effects, and does not eliminate the increased risk of non-AIDS 

events such as cancer and cardiovascular disease (Richman, Margolis et al. 

2009, Desai and Landay 2010). Last but not least, ART is not available for 

a majority of the patients in the developing world where the HIV epidemic 

still causes great human, social and economic harm. 

5.8.2 Other possible treatment options  

As ART neither cures the patient nor stops the disease completely, there is 

a need for alternative treatment options. The ultimate goal is eradication, a 

goal that has not been reached after more than 30 years of HIV research. 
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The only (probably) cured patient this far is the “Berlin patient” who 

received a bone marrow transplant with CCR5 receptor mutated stem cells, 

which effectively stopped the virus from entering new uninfected cells 

(Hutter, Nowak et al. 2009, Allers, Hutter et al. 2011). Also possibly cured 

was an infant infected with HIV during birth and who received ART within 

30 hours. The infant became virus-free and remained so even after 

discontinuation of the treatment (Persaud, Gay et al. 2013). Other 

eradication approaches such as gene therapy, stem cell treatment, 

intensified ART, and reactivation strategies are under investigation, but 

with no positive results so far (Chun, Stuyver et al. 1997, Finzi, 

Hermankova et al. 1997, Garcia, Leon et al. 2012, Vanham and Van Gulck 

2012).  

5.8.3 Prophylactic HIV vaccines 

Vaccines are the safest, cheapest and most effective way of controlling 

infection in large populations.  Thus, a prophylactic HIV vaccine has been a 

main goal from the beginning of the endemic. 

The aim of vaccination is to trigger a broad spectre of antigen-specific B 

and/or T memory responses. Several efficacy trials on prophylactic 

vaccines have been conducted since the discovery of HIV, but with 

disappointing results (Haynes, Liao et al. 2010, Kim, Rerks-Ngarm et al. 

2010). The VAX003 and VAX004 studies in 2003 aimed at inducing 

broadly neutralising antibodies (Pitisuttithum, Gilbert et al. 2006, Jones, 

DeCamp et al. 2009). However, these antibodies did not prevent viral entry, 

either because they bound to structurally irrelevant epitopes or due to viral 

mutation or masking of important epitopes. The STEP trial (HVTN 502) in 

2007 aimed at inducing effective T cell response. It had to be stopped due 

to non-efficacy and a higher infection risk in immunised patients with 

preformed antibodies against the vaccine adjuvant Ad5 (Buchbinder, 

Mehrotra et al. 2008). The RV144 trial in 2009, which aimed at inducing 
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both B and T cell responses, showed a moderate (31%), but only temporary 

protective effect (Rerks-Ngarm, Pitisuttithum et al. 2009). Finally, the most 

recent clinical vaccine trial (DNA/rAd5) was stopped in 2013 due to lack of 

efficacy (Hammer, Sobieszczyk et al. 2013).  

New optimism can be drawn from the astonishing study results on a CMV 

vectored simian immunodeficiency virus (SIV) vaccine. Fifty per cent of 

the immunised and repeatedly virally challenged rhesus macaques showed 

durable aviraemic control even after demonstrable lymphatic and 

haematogenous dissemination, and regardless of the route of infection 

(Hansen, Piatak et al. 2013). Whether these results can be reproduced or 

translated into human prophylactic HIV vaccines remains to be seen.  

5.8.4 Therapeutic HIV vaccines 

Therapeutic HIV vaccines are intended to improve HIV-specific immunity 

in infected patients using viral or virus-like antigens (Garcia, Leon et al. 

2012). Ideally, vaccine-induced responses would control the infection and 

halt progression to AIDS without additional treatment (“functional cure”), 

or at least partially suppress replication and delay the initiation of ART 

(Deeks, Autran et al. 2012). Another possible aim may be to induce 

responses that could help eliminate resting HIV reservoirs in combination 

with other treatment.  

Initially, therapeutic HIV vaccines aimed at saving ART, since treatment 

was costly, cumbersome, and associated with serious side effects and 

development of viral resistance. Improved HIV-specific immune responses 

were supposed to postpone treatment or enable the patient to stop ART. 

However, due to an improved and simplified treatment regimen, and as a 

consequence of the SMART study, the consensus now is to start ART 

earlier and to refrain from treatment interruptions (Lundgren, Babiker et al. 

2008). Recent reanalysis of the SMART study data indicate that treatment 

interruption can be safe for some patient categories (Paton 2008, Routy, 
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Boulassel et al. 2012). Still, the current view is that therapeutic vaccines 

will have to be a supplement rather than an alternative for other treatment.  

Numerous therapeutic vaccine candidates have been tested in human trials 

(Reviewed in Haynes, Liao et al. 2010). Early therapeutic vaccines 

comprised of whole inactivated virus or recombinant viral peptides such as 

recombinant gp120 to stimulate the generation of neutralising antibodies. 

Later approaches have been DNA-based vaccines, the use of viral vectors, 

and peptides or dentritic cell-based vaccines (Reviewed in Garcia, Leon et 

al. 2012). Few if any of these vaccines have had positive and lasting effects 

on “hard” clinical endpoints such as viral load, CD4 T cell counts, or 

disease progression, perhaps with a few exceptions (see Table 1).  
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Table 1. Selected human therapeutic vaccine trials  

Vaccine Vaccine type Possible clinical benefits 

rgp160 and rgp120  
(Eron, Ashby et al. 1996, 
Sitz, Ratto-Kim et al. 
1999, Birx, Loomis-Price 
et al. 2000). 

Recombinant Env proteins. Not proven. 

Remune (Robbins, Addo 
et al. 2003). 

Inactivated whole virus. Not proven. 

Vacc-4x (Kran, Sorensen 
et al. 2004, Kran, 
Sommerfelt et al. 2005, 
Kran, Sorensen et al. 2006, 
Kran, Jonassen et al. 
2010). 

Subunit vaccine containing 
Gag concensus peptides (see 
details below). 

Reduced viral loads and delayed 
reintroduction of ART after 
structured treatment interruption 
(STI) with no observed immune 
escape. 

DermaVir (Lisziewicz, 
Trocio et al. 2005, 
Gudmundsdotter, Wahren 
et al. 2011). 

Topical plasmid DNA 
vaccine expressing 15 
different HIV-1 antigens.  

Reduced viral load after STI. 

TAT (Ensoli, Bellino et al. 
2010). 

Whole Tat protein. Not assessed. Decreased immune 
activation.  

AIDS Clinical Trials 
Group 5197 (Schooley, 
Spritzler et al. 2010). 

Recombinant adenovirus 
expressing HIV-1 Gag. 

Control of viral replication 
associated with vaccine-specific 
CD4+ T cells. 

CAF01 (Karlsson, Brandt 
et al. 2013). 

18 subdominant HIV peptides 
in conjunction with a cationic 
adjuvant (CAF01) 

Not proven. 

ALVAC* (Rerks-Ngarm, 
Paris et al. 2013). 

Recombinant canary pox viral 
vector expressing HIV-1 Gag. 

Not proven. Weak evidence of 
increased CD4+ counts and 
reduction of viral load. 

DCV2/MANON07-
ORVACS Study Group 
(Garcia, Climent et al. 
2013). 

Autologous DC pulsed with 
whole inactivated HIV-1. 

Decreased viral load during STI. 

Vacc-4x Multicentre 
Study (Pollard, Rockstroh 
et al. 2014). 

Double-blind, randomised, 
phase 2 study comparing 
Vacc-4x to placebo. Reboost 
study planned. 

Reduction in viral load relative to 
pre-ART after STI in Vacc-4x 
immunised patients compared to 
placebo group. 

*Evaluation of immunised HIV-infected patients from the RV144 trial.          
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5.8.5 Inducing effective immunity against HIV 

Current therapeutic vaccine candidates mostly aim at inducing broadly 

reacting CD8+ T effector cells (CTL), since these cells are able to eliminate 

virus-infected cells.  

For once, it has been shown that HIV-specific CD8+ T cells are able to 

control viraemia in acute HIV, and that some of these responses induce 

viral escape mutations (Appay and Sauce 2008, McMichael, Borrow et al. 

2010, Moir, Chun et al. 2011). The presence of certain HLA I type alleles 

has been associated with improved viral control, possibly due to superior 

cross-reactivity (Saah, Hoover et al. 1998). While there is no correlation 

between the frequency of HIV-specific T cells and viral load, the quality of 

T cell response seems to be crucial (Rosenberg, Billingsley et al. 1997, 

Betts, Ambrozak et al. 2001). The ability of CD8+ T cells to proliferate, 

simultaneously produce various cytokines (particularly IL-2, TNF-a and 

IFN- ), and rapidly secrete perforins and Granzyme B has been correlated 

to slower disease progression (Migueles, Laborico et al. 2002, Zimmerli, 

Harari et al. 2005, Betts, Nason et al. 2006, Hersperger, Migueles et al. 

2011). Such responses are found in so-called elite controllers who are HIV-

infected patients with suppressed viraemia and maintained high CD4 counts 

for years without treatment (Deeks and Walker 2007, Autran, Descours et 

al. 2011). Another important factor is epitope specificity. Patients with 

strong responses to Gag epitopes have slower progression towards AIDS 

than patients with strong Env responses (Edwards, Bansal et al. 2002, 

Kiepiela, Ngumbela et al. 2007, Pettersen, Tasken et al. 2010). A possible 

explanation for this may be that Env more readily mutates under immune 

pressure than Gag, and that this happens without fitness cost for the virus. 

Additional properties that have been connected to superior control are the 

clonal breadth, the procession of public clonotypes, and high antigen 

avidity (Iglesias, Almeida et al. 2011).  
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In conclusion, for a therapeutic vaccine to be effective, it should be able to 

induce strong proliferative, polyfunctional and cytotoxic HIV-specific T 

cells including durable T cell memory. In order to have a clinical impact, 

such T cells should theoretically be directed against conserved Gag 

epitopes and latent infected cells.  

 

Subunit vaccines are peptides or recombinant HIV proteins designed to 

induce strong and polyfunctional cytotoxic HIV-specific T cell responses. 

The activation of T cells depends on previous antigen processing and 

engagement by APC (Figure 11). These cells direct the T cell response 

using different cytokines either in the direction of cell-mediated (Th1) or 

humoral responses (Th2). The most potent APC are DC, which are able to 

induce primary and secondary immune responses in both CD4+ and CD8+ 

T cells (Steinman, Granelli-Piperno et al. 2003, Heath, Belz et al. 2004).  

Figure 11. T cell vaccines such as HIV peptides aim to induce more effective anti-HIV immunity. 
Dendritic cells are able to induce Signal 1 (MHC-TCR complex), Signal 2 (co-stimulation) and 
produce inflammatory cytokines (“Signal 3”) (A). This results in clonal expansion and 
differentiation of naïve T cells to become antigen specific cytotoxic T cells and the generation of 
long-lived vaccine-specific memory T cells (B) (Figure adapted from Butler, Nolz et al. 2011).  

Vacc-4x is a peptide-based therapeutic HIV vaccine candidate consisting of 

four short HIV p24-like synthetic peptides corresponding to conserved 
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domains of HIV p24 Gag including HLA-A2 restricting epitopes (Asjo, 

Stavang et al. 2002, Kran, Sorensen et al. 2004). The peptides are given 

intradermally together with granulocyte-macrophage colony-stimulating 

factor (GM-CSF) as a local adjuvant to enhance the maturation of 

Langerhans cells. In a previous randomised dose-finding phase II clinical 

study, a cohort of 40 non-AIDS ART-treated HIV-infected patients were 

given 10 intradermal low or high-dose Vacc-4x injections over 26 weeks 

followed by two structured treatment interruptions (STI). Vaccine-specific 

T cell responses were measured in vivo by multiple delayed-type 

hypersensibility skin tests (DTH) and in vitro by proliferation and 

intracellular cytokine staining. Increased Vacc-4x DTH responses were 

measured in 90% of the immunised patients (Kran, Sorensen et al. 2004, 

Kran, Sommerfelt et al. 2005, Kran, Sorensen et al. 2006). DTH induration 

areas were associated with an initial reduction in HIV-RNA setpoint and a 

slower CD4+ T cell decline, as well as longer time off ART post study 

(Kran, Sommerfelt et al. 2005). Moreover, Vacc-4x DTH remained stabile 

during STI, in contrast to a reduction in circulating Vacc-4x specific T cells 

(Kran, Sommerfelt et al. 2005). Finally, no Vacc-4x related escape 

mutations were observed despite long-term STI (Kran, Jonassen et al. 

2010). 
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The overall objective of this thesis was to study HIV-specific T cell 

activation and regulation in chronic HIV infection in general, and more 

specifically in a cohort of patients who were previously immunised with 

modified HIV p24 Gag consensus sequence peptides (Vacc-4x). The thesis 

had the following aims: 

1. To characterise T cell long-time memory responses in HIV-infected 

patients on ART from the Vacc-4x vaccination protocol. 

2. To evaluate quantitative and qualitative effects of booster-immunisation on 

T cell activation and regulation in patients on ART from the Vacc-4x 

vaccination protocol.  

3. To study the abundance and clinical relevance of HIV-specific T cell 

regulation in ART-naïve HIV-infected patients in relation to disease 

progression. 
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7.1.1 Paper I 

Intradermal vaccination of HIV-infected patients with short HIV Gag 

p24-like peptides induces CD4+ and CD8+ T cell responses lasting 

more than seven years. 

Lind A, Sommerfelt M, Holmberg J O, Baksaas I, Sørensen B, Kvale D. 

The aim of this paper was to assess T cell memory responses to Vacc-4x. 

Twenty-two responders from the previous Vacc-4x study, all on effective 

ART, were retested in median 7.3 years after their last immunisation. 

Antigen-specific T cell responses to Vacc-4x and native Gag consensus 

sequence peptides (4xCP) were measured using flow cytometry. A high 

proportion (95% and 68% respectively) still had Vacc-4x specific CD4+ or 

CD8+ proliferative T cell responses, which correlated with DTH obtained 

shortly after completed immunisation more than seven years earlier. Vacc-

4x specific INF-  production from CD4+ T cells and CD107a degranulation 

from CD8+ T cells were observed in approximately half of the patients. 

Most patients additionally had CD8+ T cell cross-reacting proliferation to 

4xCP that correlated to corresponding Vacc-4x responses.  

7.1.2 Paper II 

Boosters of a therapeutic HIV-1 vaccine induce divergent T cell 

responses related to regulatory mechanisms. 

Lind A, Brekke K, Sommerfelt M, Holmberg J O, Aass H C, Baksaas I, 

Sørensen B, Dyrhol-Riise A M, Kvale D. 

The aim of this paper was to assess quantitative and qualitative aspects of T 

cell responses to reboosts with Vacc-4x. Twenty-five previously immunised 

patients on effective ART were included. All patients received two 
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intradermal Vacc-4x booster doses four weeks apart and were followed for 

16 weeks. Changes in proliferative responses and IL-10 and TGF-  induced 

regulation were measured on CD8+ T cells in vitro along with 

measurements for Vacc-4x specific degranulation (Granzyme B, CD107a) 

and cytokine production (IFN- ). 

Vacc-4x specific CD8+ T cell proliferation increased in 80% of the patients 

either after the first (64%) or second (16%) booster. Only 40% still had 

improved Vacc-4x proliferative responses compared to baseline at the end 

of the study (week 16). These responders also demonstrated improved 

CD8+ T cell degranulation, IFN-  production and DTH. In contrast, the 

non-responders (60%) had significantly increased IL-10 and TGF-  

mediated regulation of Vacc-4x specific T cells. Overall, regulation of 

Vacc-4x specific CD8+ T cell responses correlated to higher CD8+ T cell 

PD-1 expression and inversely to CD8+ T cell Vacc-4x proliferation.    

7.1.3 Paper III 

A parameter for IL-10 and TGF-  mediated regulation of HIV-1 

specific T cell activation provides novel information and relates to 

progression markers. 

Lind A, Brekke K, Pettersen F O, Mollnes T E, Trøseid M, Kvale D. 

The aim of this paper was to assess cytokine mediated T cell regulation 

induced by HIV antigens in chronic untreated HIV infection and correlate 

this to markers of disease progression. Antigen-specific T cell responses to 

complete HIV Env and Gag 15mer peptides were measured in peripheral 

blood mononuclear cells (PBMC) from 30 untreated asymptomatic HIV 

positive patients with and without blocking monoclonal antibodies to IL-10 

and TGF- . The responses of these parallel cultures were used to estimate 

immune regulation and further related to immune activation (CD38 density 



 45 

on CD8+ T cells), microbial translocation (LPS levels in plasma) and 

annual CD4 loss.  

T cell regulation  (RAC) was heterogeneous in both specificity and 

magnitude and not predictable by concurrently measured classic responses. 

Env RAC correlated with immune activation and annual CD4 T cell loss 

rates. Fourteen (47%) of the patients had low RAC to both Env and Gag. 

These patients had lower annual CD4 T cell loss and higher CD8 T cell 

counts than the other patients, and they tended to start ART later than other 

patients. In contrast, the patients with high Env and Gag RAC had higher 

annual CD4 T cell loss rates and lower CD8 T cell counts than other 

patients.  
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All patients were selected from the outpatient clinic at the Department of 

Infectious Diseases, Oslo University Hospital. Patients for the clinical 

exploratory trial described in Paper I and II were recruited from a cohort of 

38 patients who previously had completed the Vacc-4x immunisation study. 

The inclusion criteria required the patients to be on effective ART with a 

viral load <400 copies/ml and to have no clinical signs of 

immunodeficiency or co-morbidities. Additionally, patients in Paper I had 

to belong to the Vacc-4x responder group, defined by DTH induration sizes 

>10 mm2 measured at week 38 just after the first STI in the primary 

immunisation study. This was to ensure that only vaccine responders were 

included for the assessment of T cell memory responses. All patients in 

Paper II were informed of possible side effects caused by Vacc-4x 

immunisation and DTH. They were also informed of the possibility to 

withdraw from the study without having to specify a reason, and signed 

informed consents were obtained before the first immunisations were given. 

In the study described in Paper III, PBMC from 30 chronically HIV 

infected treatment naïve patients were selected based on CD38 densities on 

total CD8+ and CD8+CD38+PD-1+ T cells to cover a wide spectre of HIV 

associated immune activation.  

All studies were approved by the Norwegian South-Eastern Regional 

Committee for Medical and Health Research Ethics ensuring the studies to 

be ethical and in accordance with the Helsinki Declaration (World Medical 

Association 2013). 
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Factors that may reduce the data’s representativeness for the general HIV-

infected population: 

• Low number of patients included (21, 25 and 30 patients for Paper I-III 

respectively) with the risk of making type-2 statistical errors (failure to 

reject a false null hypothesis, i.e. not being able to demonstrate a true 

difference between two populations). 

• Skewed selection of patients with a high proportion of Caucasian male 

patients based on the predominance of this patient category in the study 

cohort. Results do not necessarily apply for women or patients of other 

ethnicities. 

• Paper I and II: selection of only asymptomatic and effectively treated 

patients, who were responders to Vacc-4x (Paper I). This may represent a 

bias as only the most immune competent patients with Th1 responses were 

selected, while less immune competent patients were excluded. Patients 

with allergic reactions or Th2 directed T cell responses to Vacc-4x were 

also excluded. Thus, the results from these two studies only account for 

<53% of the original cohort, and only for the most immune competent 

patients with primary Th1-type Vacc-4x responses. 

 

8.2.1 Background  

Flow cytometry has become a powerful tool in medical science, providing 

the opportunity to study different immunological aspects on a single cell 

level (Perfetto, Chattopadhyay et al. 2004). This application has also made 

it possible to gain insights into key immune pathogenic mechanisms in HIV 

(Chattopadhyay and Roederer 2010). The most advanced modern multi-

laser flow cytometers can quantify up to 10.000 cells with 18 different cell 

properties per second, due to remarkable improvements in hardware and 
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software technology and a steadily growing number of available 

fluorochromes and monoclonal antibodies.  

8.2.2 Basic principles  

Through hydrodynamic focusing, the cells are brought into a single line 

within a laminar flow of saline solution (sheath fluid), before they intercept 

a laser beam. The cells scatter the laser light depending on structure and 

size, which is recorded by photo multiplying tubes (PMT). The amount of 

light scattered at small angles is proportionate to the cell size and is 

recorded by the forward scatter PMT (FSC) placed at a straight angle. Light 

scattered at larger angles depend on the cell’s inner complexity and is 

recorded by the perpendicularly placed side scatter PMT (SSC). By FSC 

and SSC alone, it is possible to discriminate between for example 

erythrocytes, lymphocytes, granulocytes and monocytes (Figure 12).  

To differentiate further between cell types or to study cell receptors and 

functions, cells are labelled with fluorochrome-conjugated monoclonal 

antibodies (mAbs) (Bogh and Duling 1993, McLaughlin, Baumgarth et al. 

2008). Fluorochromes emit light at characteristic colours and intensities 

(emissions peaks) when excited by a laser. The emitted light is recorded by 

dedicated PMTs (also called channels). PMT-data are processed by a 

computer and presented graphically as histograms or dot plots and further 

analysed using Boolean gating. Thus, by combining different specific 

fluorochrome-conjugated antibodies and intracellular fluorescent dyes in 

multicolour assays, it is possible to study cell subsets on a receptor level, 

for example to measure CD4+ and CD8+T cell proliferation and activation, 

to enumerate INF-  or CD107a producing cells or to quantify CD38 

densities on CD8+ T cells. 
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Figure 12. Basic principles of flow cytometry (Figure by Andreas Lind, 2013). 

8.2.3 Pitfalls  

When conducting flow cytometry, it is important to be aware of several pitfalls, 

which can otherwise lead to erroneous results. First, as fluorochromes emit light 

over a certain spectrum, spectra from different fluorochromes can overlap even 

when optimised band pass filters are used. The amount of overlap or “spill-

over” from one fluorochrome to another fluorochrome’s PMT is revealed by 

single-stained cells and automatically compensated for in modern flow 

cytometer software. Still, one must recognise and consider possible spillover 

effects, as even software-calculated compensations can be incorrect. Second, 

the amount of fluorescence or scattered light recorded by the different PMTs 

can fluctuate over time due to variations in laser power, PMT sensibility and 

fluorochrome quality. This “drifting” can profoundly influence results in 

longitudinal studies and must be accounted for. In the BD FACS Canto II 

cytometer used in this study, longitudinal drifting is recorded and automatically 

compensated for with daily runs of so-called Cytometer Setup and Tracking 

beads. A third important factor that can critically affect the results in flow 
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cytometry is the decision of where to set the cut-off between positive and 

negative events. This is even more difficult when using markers with 

continuous ranges of expression such as CD25, PD-1 and HLA-DR or when 

analysing dull-stained subsets. In such cases fluorescence-minus-one (FMO) is 

helpful and was used throughout this study (Maecker and Trotter 2006). Here, 

negative control cells are stained with all fluorescent colours except the colour 

in question and thereby objectively defining where to expect the maximum 

fluorescence spillover for that given channel (Baumgarth and Roederer 2000).  

 

Results from numerous HIV vaccine studies are partly or exclusively based on 

IFN-  measurements by Enzyme-linked ImmunoSpot Assay (ELISPOT), which 

is a sensitive, highly quantitative, and inexpensive method to assess specific 

antigen responses (Reviewed in Slota, Lim et al. 2011). Cytokine-specific 

monoclonal antibodies are coated onto nitrocellulose or polyvinylidene fluoride 

membranes. Binding of the locally produced cytokine is visualised by 

detection-antibodies conjugated to spot-forming substrates. Each spot 

represents one cytokine-producing cell and is counted manually or by ELISPOT 

readers connected to analysing software.  

ELISPOT has several limitations that have to be considered when interpreting 

data. The number of spots produced depends on the number of viable cytokine 

producing cells present and can vary between culture wells. The threshold used 

for size and intensity when defining spots is subjective and can influence 

results. Variations between ELISPOT plates can occur due to inaccuracies in 

production and in how the assay is performed. Still, the most important 

limitation of ELISPOT is the inability of the assay to discriminate between 

different cell subsets that produce the same cytokine. This can partly be 

achieved by pre-assay cell depletion or enrichment or resorting to FlouroSpot, 

but the subset analysing possibilities remain inferior to that of flow cytometry.  
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In Paper II, ELISPOT was used to quantify Granzyme B degranulating cells in 

antigen-stimulated PBMC to evaluate changes in vaccine-induced CD8+ T cell 

killing capacity. To rule out inter-assay variation, the assay was done in one 

run. Viable cells where counted by flow cytometry to ensure equal numbers of 

CD8+ T cells in all wells for each patient and timepoint. An ELISPOT reader 

was used to count median spot values from duplicate control and triplicate 

antigen-stimulated wells.  

 

Enzyme-linked immunosorbent assay (ELISA) is frequently applied for the 

detection and quantification of a wide array of biological agents like proteins, 

cytokines, viruses and antibodies. It is inexpensive, highly specific, sensitive, 

flexible and easy to conduct (Gan and Patel 2013). Specific antibodies coated 

on the bottom of microtitre plates bind the analyte of interest. Antibody-analyte 

complexes are then linked directly or indirectly to an enzyme that catalyses a 

reaction in a detection substrate leading to colour changes. The degree of colour 

change is proportionate to the amount of analyte present and is measured by a 

photometer.  

The Limulus amebocyte lysate (LAL) assay is also a highly sensitive and 

widely used assay based on substrate dependent colour changes (Murer, Levin 

et al. 1975). LAL, which is extracted from white blood cells from the American 

horseshoe crab (Limulus polyphemus), cleaves a chromophore in the presence 

of LPS. This causes a yellow colour to develop, which is proportionate to the 

LPS present. 

The Luminex multiplex technology combines ELISA and flow cytometry and 

uses different sized and fluorescent-coloured beads, which are specific to 

different cytokines (Vignali 2000). This makes it possible to precisely and 

rapidly to perform up to 100 unique cytokine measurements within a single 

small-volume sample (Elshal and McCoy 2006).  
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In Paper II and III, ELISA and Luminex were used to quantify cytokines and 

chemokines in snap-frozen plasma and in supernatants from in vitro 

proliferation assays, whereas the LAL-assay was performed to quantify LPS in 

plasma. 

An important limitation for all these methods is that the estimated absolute 

concentrations cannot readily be compared within or between the different 

assays. Samples are diluted depending on the initial concentration of the analyte 

and the working range of the assay. Immune precipitation and reactions to 

agents like EDTA are factors that reduce the precision. 

 

8.5.1 Fresh drawn cells versus the use of cryopreserved cells  

In Paper I only fresh PBMC where used whereas fresh and/or cryopreserved 

PBMC were used in Papers II and III. After thawing and washing, the cells 

were reconstituted overnight before their viability was tested using microscope 

and Tryptan Blue staining. Only PBMC with viability above 85% were 

accepted for further culturing. The use of cryopreserved cells has many 

advantages but also important disadvantages (Table 2). Some cell subsets or 

cell functions may succumb to cryopreservation, a possibility that is even more 

likely in untreated HIV where most cells are highly activated and theoretically 

more fragile (Reimann, Chernoff et al. 2000). 
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Table 2.  

Pro and contra of cryopreservation 
Pr

o 

Reduces operator- and hardware dependent inter-assay variability and day-to-day 
variation. 

Optimises the use of available resources. 

Opens up for multicentre studies with centralised laboratory facilities. 

Less labour intensive and easier logistics through batch analyses. 

C
on

tr
a 

Higher cell loss through additional cell handling and centrifugation steps. 

Cryopreservation-induced cell death may affect results. 

Reduced expression of receptors such as PD-1, CD38, and HLA-DR (Holm, Pettersen 
et al. 2008). 

Changed/decreased cell reactivity of some cell subsets? 

 

8.5.2 Markers of T cell functions 

Specific T cell responses are diverse both in quality and quantity. Typically, 

three response qualities are estimated in vitro: activation, proliferation and 

cytotoxicity (degranulation). Furthermore, soluble cytokines are frequently 

measured as these indirectly reflect response patterns such as Th1 and Th2. By 

measuring multiple response parameters to the same antigen at a single-cell 

level, polyfunctionality can be estimated. 

Assessing altered T cell responses to HIV antigens may elucidate immune 

pathogenic processes also important for the development of immune therapies. 

Estimating immune activation and T cell senescence however, may help 

categorise patients into clinical relevant progressor groups (Douek, Roederer et 

al. 2009). 
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8.5.2.1 Activation  

T cell activation is the first step of the antigen-specific response, followed by 

clonal expansion (proliferation), differentiation and production of cytokines. 

Various surface markers are only expressed or significantly upregulated on T 

cells during activation (Caruso, Licenziati et al. 1997). The earliest activation 

marker is CD69 followed by the transferrin receptor CD71 and the IL-2 

receptor CD25. Ligation between CD25 and IL-2 stimulates growth, 

differentiation and survival of antigen-specific CD8+ T cells. In long-term 

cultures, enhanced expression of CD25 defines a newly proliferated cell 

population and not all proliferated cells (Fazekas de St Groth, Smith et al. 

2004). Later on, HLA-DR is upregulated. This is a MHC class II molecule only 

expressed on T cells during activation (Reddy, Eirikis et al. 2004).  

Another activation marker is CD38 (cyclic ADP ribose hydrolase), which is 

expressed on various cell subsets including naïve and activated T cells. During 

increased T cell proliferation and turnover, the expression of CD38 is relatively 

increased in peripheral blood. In chronic HIV, CD38 expression reflects 

immune activation and serves as a marker for disease progression (Holm, 

Pettersen et al. 2008, Chattopadhyay and Roederer 2010).  

8.5.2.2 Proliferation  

An important property of effective T cell clones is their ability to proliferate. 

This has traditionally been measured using the radioactive nucleoside 3H-

thymidine (Corradin, Etlinger et al. 1977). Proliferating cells incorporate 3H-

thymidine in their chromosomal DNA. The extent of cell division is estimated 

by the amount of radioactivity in the DNA recovered from the cells. Major 

drawbacks are radioactivity, and that the assay does not provide any phenotypic 

information. A similar method is the detection of incorporated 5-bromo-2´-

deoxyuridine (BrdU), but this method also allows for the phenotypic 

characterisation of dividing cells (Dolbeare, Gratzner et al. 1983, Rothaeusler 

and Baumgarth 2007). This is also true for the nuclear protein Ki-67. Ki-67 is 
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expressed during all phases of cell division and DNA repair, but not in 

quiescent cells, and can therefore be used to define both proliferation and cell 

turnover (Soares, Govender et al. 2010).  

Labelling cells with the fluorescent cytosol dye carboxyfluorescein 

succinimidyl ester (CFSE) is currently the most frequently applied method for 

measuring proliferation. The precursor CFDA-SE diffuses into the cell and is 

transformed into CFSE by esterases in the cytosol. CFSE binds covalently to 

intracellular molecules and remains intracellular even during cell division. As 

only half of the CFSE labelled cytosol is passed onto each daughter cell, the 

fluorescence intensity is reduced by 50% after each cell division (Figure 13). 

By using CFSE in multicolour flow cytometry, it is possible to identify up to 

eight discrete cell generations on a subset level and study other cell functions 

within these generations (Lyons 2000). 

A potential problem with CFSE is its known time and concentration dependent 

cytotoxicity during staining (Chattopadhyay and Roederer 2010). Although 

generally supposed to be negligible, cytotoxicity may still have an impact on 

results, since various cell subsets could be affected differently. This should 

especially be considered when CFSE is used on fragile cells like cryopreserved 

PBMC from fast progressing untreated HIV patients. Also, since CFSE 

fluorescence is very bright with a very broad spectre, a more careful 

optimisation of the flow cytometer is needed to avoid spillover effects.  
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Figure 13. Schematic illustration of the successive halving of intracellular CFSE after each cell division 
(the left panel) also leading to equivalent halving of fluorescence intensity measured by flow cytometry 
(the right panel) (Figure adapted from Lyons and Parish 1994). 

8.5.2.3 Cytotoxicity 

Cytotoxicity represents the main function of CD8+ T effector cells, namely the 

killing of infected target cells. This is mediated through the degranulation of 

perforins and granzymes into the immunological synapse, which is the space 

between the T cell and its target (Betts, Brenchley et al. 2003). 

A classical way to assess cytotoxicity is the 51Chromium (51CR) release assay 

(Shacklett 2002). Principally, target cells are labelled with radioactive 51Cr 

before incubation with effector cells. If target cells are lysed by antigen-specific 

effector cells, 51Cr is released into the culture medium. The amount of 51Cr 

measured in the medium therefore reflects the level of antigen-specific killing. 

The main drawbacks of this assay are the involvement of a radioactive reagent, 

a low sensibility due to spontaneous 51Cr release, and its inability to provide 

any phenotypic information. 

A more convenient marker for cytotoxicity is the lysosomal associated 

membrane glycoprotein-1 (CD107a), which is integrated in the lipid layer 

surrounding the cytotoxic granule. During degranulation, CD107a is 

temporarily expressed on the cell surface. By adding fluorochrome-labelled 

CD107a before stimulation, it is possible to assess antigen-specific 
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degranulation by CTL (i.e. killing capacity) as well as additional phenotypic 

information (Betts, Ambrozak et al. 2001).  

Finally, the protease Granzyme B is released by CTL upon target cell binding 

leading to apoptosis. Granzyme B release can be assessed directly by 

ELISPOT, and is a sensitive indicator of CTL activity (Shafer-Weaver, Sayers 

et al. 2003).  
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8.5.2.4 T cell response parameters used in Papers I-III 

Various response parameters were chosen in the papers included in this thesis to 

assess a broad scope of T cell responses. Proliferation was the main readout 

(see Table 3).  

Table 3. T cell markers applied in paper I-III  

Parameter Characteristics Paper Limitations 

CFSE  Proliferation. I, II See chapter 8.5.2.2. 

CD25 IL-2 receptor, upregulated 
upon activation. III 

Also upregulated on 
unspecific activated T 
cells and Treg. 

HLA-DR Upregulated on T cells 
upon activation. I-III 

Also upregulated on 
unspecific activated 
cells. 

CD107a Degranulation marker (see 
chapter 8.5.2.3). II  

Granzyme B Degranulation marker (see 
chapter 8.5.2.3). II Also produced by NK 

cells. 

INF-  
production 

Promotes Th1 
differentiation and 
development of cytotoxic 
T cells. 

I, II 

Also produced by other 
cell subsets like myeloid 
cells, DC and 
macrophages. 

Cytokines in 
supernatants or 
plasma 

Cytokine production of T 
cells and other cell 
subsets. 

II, III 
Not cell-specific. 
Indirect measure of T 
cell responses. 

PD-1 Immune senescence, T cell 
regulation. I-III  

CD38 density on 
CD8+ T cells Immune activation. III  

DTH Antigen-specific CD4+ T 
cell responses in vivo. I, II  
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8.5.3 Cell culturing time  

Proliferation was performed over six days based on pre-trial testing of 4, 6, 8, 

10 and 14 days assays. In general, long-time assays have the following benefits 

and disadvantages (Table 4): 

Table 4.  

Pro and contra of long-time cell cultures 

Pr
o Magnifies minor reactive T cell populations otherwise not detectible. 

Relevant response measurement in HIV, since proliferative capacity is a 
hallmark for more effective immune control. 

C
on

tr
a 

Increased background activation, especially in chronic untreated HIV with 
high unspecific immune activation. 

Increasing deficiency of important cytokines over time, for example IL-2 
and IL-15. 

Possibly nutritive deficiencies. 

More sensitive to contamination. 
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8.5.4 Definition of response 

Responses were defined as the expression of the marker or markers in question 

above those obtained from unstimulated control wells with otherwise similar 

conditions (Figure 14). Responders in Paper II were defined as patients with 

increased CD8+ T cell responses to Vacc-4x compared to their respective 

baseline responses. Gating strategy can affect the response read-out in flow 

cytometry (see chapter 8.2.3) and should always be included when presenting 

flow cytometry derived data (Lee, Spidlen et al. 2008).  

Figure 14. Methods of measuring antigen-specific T cell proliferation and activation on viable 
cells by flow cytometry (orange transparent boxes). The left plot shows proliferation of T cells during 
antigen stimulation defined by CFSE median fluorescence intensities equal to or below the second 
proliferated generation. The centre plot shows activated T cells concurrently expressing the two 
activation markers HLA-DR (x-axis) and CD25 (y-axis). In paper III, the coexpression of HLA-DR and 
CD25 above background was assessed to estimate antigen-specific T cell responses.  The right plot 
shows both proliferating (i.e. CFSE dim, x-axis) and activated (i.e. HLA-DR positive, y-axis) T cells as 
applied in papers I and II (frequency (%) indicated). In long-time cultures, proliferation and activation 
parameters reflect overlapping aspects of antigen-specific T cell responses, since antigen-specific 
activation is closely followed by clonal expansion (Reddy, Eirikis et al. 2004, Lind, Brekke et al. 2014, 
Figure 1). (Figure by Andreas Lind, 2013).

 

In classical T cell assays such as proliferation or activation, the impact of 

immune regulation remains largely unknown and is rarely addressed, since 

normally only the final response is measured. Subject A and B can both have a 

similar response to a given antigen, but still have very different levels of 

immune regulation. 

To quantify the effects of immune regulation on an individual basis, we applied 

blocking mAbs against IL-10 and TGF- . These regulatory cytokines where 

targeted due to their central role in T cell regulation (see chapter 5.7.3). The 
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differences in antigen-specific responses between parallel wells with or without 

blocking mAbs to IL-10 and TGF-  were used to estimate the effect that these 

cytokines have on the final antigen-specific T cell response (Figure 15).  

Figure 15. Quantitative measure for IL-10 and TGF-  induced T cell regulation. A. Schematic 
outline of the assay quantifying antigen-specific IL-10 and TGF-  induced T cell regulation. The left 
panel shows a conventional T cell assay and the right panel shows a possible outcome when blocking T 
cell regulatory cytokines. T cell regulation ( ) was defined as the difference in responses to the same 
antigen between these panels. B. Example of two study patients from Paper II with similar conventional 
CD8+ T cell responses (the left upper and middle panels) to Vacc-4x peptides (0.95% and 0.99%, 
respectively) above corresponding unstimulated (negative) controls. Parallel cultures with anti-IL-10 
and anti-TGF-  blocking mAbs reveal moderately increased (  = +0.53%, subject #10, the right upper 
panel) or strongly increased (  = +3.04%, subject #23, the right middle panel) responses after 
correcting for respective negative controls. The two lower panels show negative controls for subject #23 
in the absence (the left lower panel) or presence (the right lower panel) of anti-IL-10 and anti-TGF-  
blocking mAbs, respectively. Note a typical increase in background proliferation (CFSE diminution, x-
axis) and activation (HLA-DR+, y-axis) during IL-10 and TGF-  blockade (Figure adapted from Lind, 
Brekke et al. 2013). 

 

Non-parametric tests are chosen when the variables in question are not 

normally distributed as often is the case for biological data or data derived from 

small sample sizes (Panda, Chen et al. 2013). Normal distribution can 

sometimes be achieved by log transformation. If this fails non-parametric tests 

must be applied. In the papers included in this thesis, Mann-Whitney U and 

Kruskal-Wallis tests were performed to analyse differences between two or 
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more independent groups. The Wilcoxon signed-rank test was used to analyse 

dependent variables, the Spearman Rank for correlation analysis, and the Fisher 

exact test for analysing cross-tabulated data.  
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Therapeutic HIV vaccines have so far failed to show lasting and positive effects 

on “hard” clinical endpoints as discussed earlier. The reason for this is probably 

multifactorial and interlaced. The nature of vaccine-induced responses depends 

on various known and unknown factors, including vaccine-dependent and 

individual aspects. First, a full and comprehensive understanding of the nature 

of the immune response responsible for protection is still missing (Virgin and 

Walker 2010, Garcia, Leon et al. 2012). Second, there is a lack of good 

immunologic markers that reflect vaccine efficacy in vivo (Garcia, Leon et al. 

2012). Third, the optimal combination of antigen, immunisation method 

(peptides, DNA, pulsed DC), location (intradermal, mucosal), frequency 

(prime-boost, multiple immunisations, late-boost), adjuvant and/or vector is 

unknown. A fourth factor may be that the therapeutic HIV vaccine must 

overcome the immune suppressive environment caused by chronic immune 

activation and not induce inhibition itself, a factor that may be connected with 

the above-mentioned points (Brooks, Lee et al. 2008, Ha, Mueller et al. 2008, 

Pettersen, Tasken et al. 2010, Porichis and Kaufmann 2012).  

Due to individual differences in responses to HIV and immunisation, it is most 

likely that different patients will profit more or less from vaccination, and that 

some patients will be better off without a vaccine. Just as important as finding 

the right vaccine is to define who should receive a given vaccine and how. Until 

these questions are solved, vaccine trials will remain empirical or have to rely 

on immunological pseudomarkers with uncertain clinical relevance. 

After the first Vacc-4x study, it became apparent that responses to 

immunisation varied greatly both in character and magnitude and seemed to 

depend on antigen dose and HLA haplotype (Kran, Sorensen et al. 2004). In the 

papers included in this thesis, we tried to elucidate some aspects of 
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immunisation:  a) the generation of long-lasting memory responses in relation 

to dose and HLA, b) the boosting of such responses several years later, and c) 

the impact of T cell regulation during reboost. Our current findings support the 

notion that immunisation regimens must be individualised to achieve the 

required result.  

Vaccine dose and HLA haplotype: It has been shown that low-peptide 

stimulation generates more sensitive T cells than high-dose stimulation 

(Alexander-Miller, Leggatt et al. 1996). Low-dose vaccination has shown to 

induce polyfunctional T cells more efficiently in mice (Darrah, Patel et al. 

2007). In paper I, we demonstrated that a majority of patients still had 

proliferative and cytotoxic responses to Vacc-4x and corresponding “natural” 

p24 Gag peptides more than seven years after primary immunisation (Lind, 

Sommerfelt et al. 2012). These responses seemed to depend both on vaccine 

dose and HLA-A2: patients who had received low dose vaccination and who 

were HLA-A2 positive had better T memory responses and cross-reactivity than 

other patients. This may be explained by a superior induction of Th1 directed 

memory responses in these patients. 

Frequency: Repetitive immunisations may induce immune regulation instead 

of reactive memory responses (Zhou, Drake et al. 2006, Petalas and Durham 

2013, Honda, Egen et al. 2014). In paper II, where the study cohort consisted of 

patients who previously had received repetitive immunisations including 

multiple DTHs, responses to reboost were highly variable. Eighty per cent 

responded either after the first (64%) or the second (16%) booster dose. 

Vaccine related T cell regulation could explain the failure in boosting the 

majority of patients (60%); T cell regulation by IL-10 and TGF-  increased in 

non-responding patients during immunisations and seemed to hamper re-

immunisation outcome.  

The route of immunisation may influence both the effectiveness and focus of 

responses. It has been shown that mucosal vaccines induce T cells with higher 
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antigen sensibility than subcutaneous immunisation, probably due to the 

presence of a higher number and more effective APC in mucosal compartments 

than in the skin (Belyakov and Ahlers 2012). This aspect is currently studied in 

relation to Vacc-4x in an ongoing clinical trial by Brekke et. al (paper currently 

in preparation).  

When interpreting the results from paper I and II, one has to be aware of several 

limitations. First, both studies were performed on a small and inhomogeneous 

group of individuals who previously had received Vacc-4x vaccination. Second, 

the primary immunisation regimen had consisted of multiple intradermal 

injections and DTHs with possible induction of tolerability not necessarily 

applicable for other immunised cohorts. Other limitations are patient selection 

and the methodical considerations mentioned in chapter 8.1. Strictly speaking, 

these findings only apply for the peptide-based vaccine candidate Vacc-4x and 

only in relation to antigen-specific CD8+ T cell in vitro responses. In relation to 

vaccine efficacy, it remains unclear whether responses to Vacc-4x or cross-

reactivity to natural peptides are of any relevance in relation to effective HIV 

immunity. Reboost did not affect clinical end-points such as CD4 and CD8 

counts or disease progression. This was as expected in an ART treated cohort 

within a short study period. Still, ultrasensitive measurements of HIV RNA 

during reboost could have revealed or dismissed a possible clinical effect. 

Furthermore, it could be claimed that current HIV p24 responses measured in 

Paper I had been induced by viraemia during STI, since the study did not 

include a placebo arm. A strong argument against this notion is that 91% of the 

patients showed no signs of peptide-specific DTH responses before primary 

immunisation, and that these responses developed only after Vacc-4x 

immunisation had started (Lind, Sommerfelt et al. 2012, Figure 2).  

Despite these limitations, it seems clear that not all patients should have 

received the same immunisation regimen. This is especially apparent for the 

patients who had a consecutive reduction of their Vacc-4x responses after the 

second reboost. For Vacc-4x, this calls for individualised immunisation 
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regimens using differentiated doses, frequencies and HLA-matched vaccine 

recipients. This includes methods to identify patients who are going to profit 

from immunisation before inclusion. Patients who profited the most from 

reboost in paper II had higher CD8+ T cell degranulation and CD4+ INF-  

production at baseline than non-responders, whereas non-responders had higher 

production of proinflammatory and regulatory cytokines than responders (Lind, 

Brekke et al. 2013). Whether these parameters could have been used to pinpoint 

responders before reboost can be rightfully questioned and calls for further 

investigation. 

Diverse responses to immunisation will likely apply for other therapeutic HIV 

vaccines as well. Other vaccines will also induce variable responses related to 

dose, frequency, haplotype, and immune regulation.  

The importance of immune regulation for vaccine efficacy has also been 

described elsewhere (Ha, Mueller et al. 2008, Macatangay, Szajnik et al. 2010, 

Porichis and Kaufmann 2012). However, our or similar exploratory parameters 

for T cell regulation have to our knowledge not been tested in conjunction with 

a therapeutic HIV vaccine. We demonstrated that T cell regulation varied at 

baseline and was induced differently between patients. Ultimately, T cell 

regulation seemed to hamper the effects of immunisation. This strongly 

suggests that immune regulation must be accounted for in future vaccine 

studies.  

 

Potentially effective HIV-specific T cell responses are not only critically 

weakened by the early loss of HIV-specific CD4+ T cells, viral immune escape 

and immune activation, but probably also directly hampered by immune 

regulation, as discussed in chapter 8.5.2. Studying the mechanisms, 

coordination and development of these regulating factors will be essential for a 

better understanding of HIV pathogenesis and for the development of effective 

immune therapies. However, it is equally essential to understand how these 
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immune regulating factors influence the quality and strength of HIV-specific T 

cell responses. Thus, to quantify immune regulation as an “effector function” 

will provide important information, even when the underlying mechanisms are 

unknown. This information is not revealed by classical T cell activation assays, 

since these assays only reflect net activation with regulation as an unknown 

contributing factor. 

In paper III we attempted to quantify the final effect of T cell regulation and 

relate this to disease progression in chronic untreated HIV infection. We chose 

the same assay as in paper II, and quantified the regulation of Env and Gag 

specific T cell responses. We demonstrated that IL-10 and TGF-  induced T 

cell regulation was HIV antigen-specific and highly variable between patients. 

The magnitude of regulation was very high in some individuals and was not 

predicted by the corresponding, classical activation parameter. High immune 

regulation seemed clinically unfavourable. Patients with a high regulation of 

Env and Gag responses had a more rapid disease progression in terms of annual 

CD4 T cell loss and immune activation. Thus, quantifying the final effects of 

immune regulation seemed to reflect processes that were related to disease 

progression.  

Our approach of assessing T cell regulation has several theoretical 

disadvantages. Obvious limitations are assay variability, response definitions, 

and a small study cohort. The assay was performed on PBMC in vitro and the 

results do not necessarily apply in vivo or for different compartments such as 

lymphatic tissue and mucosa. It remains unknown how IL-10 and TGF-  

induced immune regulation affects other T cell response modalities such as 

cytotoxicity or polyfunctionality. How IL-10 or TGF-  alone affects T cell 

responses is not exposed, nor is how this may vary between patients. It also 

remains unknown which up-stream immunological players are involved and the 

sources of these cytokines. Finally, it can be questioned whether our definition 

of regulation is relevant, since only the effects of IL-10 and TGF-  were 

assessed. The assay does not reveal other immune regulatory mechanisms such 
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as Treg, CTLA-4 or PD-1, mechanisms that perhaps even are compensatory 

changed during IL-10 and TGF-  blockade. 

However, the potential of our assay is that it assesses a central pathway of 

immune regulation. The assay is relatively simple to conduct and therefore 

applicable for larger study cohorts. Information from such an assay may spark 

new ideas for further research on immune regulation in HIV and other chronic 

viral infections. This may contribute to a better understanding of the complex 

interplay between regulation and activation, and help determine the significance 

of regulation on prognosis and in relation to immune therapy.  
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1. Vacc-4x was able to induce long-time T cell memory clones with proliferative 

and cytotoxic capacity in HIV-infected ART patients.  

2. Vacc-4x booster-immunisation induced: 

• improved proliferative T cell responses with cytotoxic capacity and INF-  

production in some patients. 

• IL-10 and TGF-  related regulation of T cell responses that seemed to 

hamper the booster effect in a majority of patients.  

3. In chronic untreated HIV infection, IL-10 and TGF-  induced regulation of 

HIV-specific T cell responses:  

• were HIV-antigen specific, and unevenly distributed in magnitude.  

• were not revealed by the conventional T cell assay. 

• seemed to define patients with faster disease progression.  

 

Future trials must explore the relevance of immune regulation for therapeutic 

vaccine efficacy and for the assessment of HIV infected patients. 
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The year 2013 marked the 30th anniversary of the publication by Barré-Sinoussi 

et al describing the first isolation of HIV-1 (Barre-Sinoussi 1983). Since then, 

intense research has resulted in important discoveries that have helped to 

understand the nature of the HIV pathogenesis (Barre-Sinoussi, Ross et al. 

2013). These discoveries have also led to the development of new antiretroviral 

drugs. Despite this, many key aspects of HIV remain elusive, and we have no 

cure. ART effectively reduces disease progression, but it seems unlikely that 

ART alone can eradicate HIV, or that it will be possible to provide life-long 

ART coverage for all infected patients (Butler, Valdez et al. 2011, Lewin and 

Rouzioux 2011, Hamimi, Pancino et al. 2013).  

Effective immune therapies would clearly be a better alternative to life-long 

ART. It is therefore crucial to further identify the mechanisms for immune 

protection in HIV and how these can be induced (Porichis and Kaufmann 

2012). Therapeutic vaccine studies may in this setting give important clues 

(Burton, Ahmed et al. 2012). Currently, it seems that effective vaccines will 

need to induce coordinated responses from B and T cells as well as innate 

immune responses (McElrath and Haynes 2010, Alter, Heckerman et al. 2011). 

Still, the biggest challenges remain virus diversity and escape from immune 

responses, latent viral reservoirs, and the lack of good immune correlates for 

vaccine efficacy (Amanna, Messaoudi et al. 2008, Garcia, Leon et al. 2012, 

Borthwick, Ahmed et al. 2013).  

Therapeutic vaccine studies may also be a more ethical way to identify antigen 

candidates for prophylactic HIV vaccines. Therapeutic vaccine trials are 

conducted on much smaller cohorts and are therefore cheaper, less complicated 

and more effective than prophylactic vaccine trials. The RV144 prophylactic 

vaccine was tested on more than 16000 HIV negative patients who were not 

offered any other protection than counselling (Rerks-Ngarm, Pitisuttithum et al. 

2009). Other prophylactic HIV vaccine studies, including the recently 
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terminated DNA/rAd5 study, were also conducted on big cohorts and relied on 

healthy volunteers at risk of HIV infection (Hammer, Sobieszczyk et al. 2013). 

This raises the question whether it is unethical to perform costly large-scale 

vaccine testing without first offering standard of care treatment.  

In the future, HIV treatment will probably not only consist of combination 

antiretroviral therapy, but also consist of a “combination immune therapeutic 

treatment”. Since the host´s immune system per definition is insufficient to 

control viral replication, it is probable that some form of therapeutic vaccination 

will be included within a regimen for cure. An example is intensified ART 

combined with reactivation strategies to target latent viral reservoirs (Lehrman, 

Hogue et al. 2005, Vanham and Van Gulck 2012).  

To speed and improve vaccine development, individualised approaches and 

broad immune surveillance before and during immunisation will be necessary. 

Vaccine efficacy may also be improved by additionally modulating immune 

regulation and exhaustion. Examples of this are PD-1 or IL-10 blockade (Ha, 

Mueller et al. 2008, Porichis and Kaufmann 2012, Porichis, Hart et al. 2013), or 

immune modulatory agents such as lenalidomid (Bodera and Stankiewicz 2011, 

Henry, Labarthe et al. 2013) (ongoing trial with Vacc-4x) and Cox-2 inhibitors 

(Pettersen, Torheim et al. 2011).  

 

 

 

 

 

 



 75 

 

Alexander-Miller, M. A., G. R. Leggatt and J. A. Berzofsky (1996). "Selective expansion of high- or low-
avidity cytotoxic T lymphocytes and efficacy for adoptive immunotherapy." Proc Natl Acad Sci U S A 
93(9): 4102-4107. 

Alter, G., D. Heckerman, A. Schneidewind, L. Fadda, C. M. Kadie, J. M. Carlson, C. Oniangue-Ndza, M. 
Martin, B. Li, S. I. Khakoo, M. Carrington, T. M. Allen and M. Altfeld (2011). "HIV-1 adaptation to NK-
cell-mediated immune pressure." Nature 476(7358): 96-100. 

Amanna, I. J., I. Messaoudi and M. K. Slifka (2008). "Protective immunity following vaccination: how is it 
defined?" Hum Vaccin 4(4): 316-319. 

Anderson, A. C. and D. E. Anderson (2006). "TIM-3 in autoimmunity." Current Opinion in Immunology 
18(6): 665-669. 

Andersson, J., A. Boasso, J. Nilsson, R. Zhang, N. J. Shire, S. Lindback, G. M. Shearer and C. A. Chougnet 
(2005). "The prevalence of regulatory T cells in lymphoid tissue is correlated with viral load in HIV-
infected patients." Journal of Immunology 174(6): 3143-3147. 

Appay, V., D. C. Douek and D. A. Price (2008). "CD8+ T cell efficacy in vaccination and disease." Nature 
Medicine 14(6): 623-628. 

Appay, V., D. F. Nixon, S. M. Donahoe, G. M. Gillespie, T. Dong, A. King, G. S. Ogg, H. M. Spiegel, C. 
Conlon, C. A. Spina, D. V. Havlir, D. D. Richman, A. Waters, P. Easterbrook, A. J. McMichael and S. L. 
Rowland-Jones (2000). "HIV-specific CD8(+) T cells produce antiviral cytokines but are impaired in 
cytolytic function." J Exp Med 192(1): 63-75. 

Appay, V. and D. Sauce (2008). "Immune activation and inflammation in HIV-1 infection: causes and 
consequences." Journal of Pathology 214(2): 231-241. 

Asjo, B., H. Stavang, B. Sorensen, I. Baksaas, J. Nyhus and N. Langeland (2002). "Phase I trial of a 
therapeutic HIV type 1 vaccine, Vacc-4x, in HIV type 1-infected individuals with or without antiretroviral 
therapy." AIDS Research and Human Retroviruses 18(18): 1357-1365. 

Autran, B., G. Carcelain, T. S. Li, C. Blanc, D. Mathez, R. Tubiana, C. Katlama, P. Debre and J. 
Leibowitch (1997). "Positive effects of combined antiretroviral therapy on CD4+ T cell homeostasis and 
function in advanced HIV disease." Science 277(5322): 112-116. 

Autran, B., B. Descours, V. Avettand-Fenoel and C. Rouzioux (2011). "Elite controllers as a model of 
functional cure." Curr Opin HIV AIDS 6(3): 181-187. 

Barre-Sinoussi, F. (1983). "Isolation of a T-Lymphotropic Retrovirus from a Patient at Risk for Acquired 
Immune Deficiency Syndrome (AIDS)." 

Barre-Sinoussi, F., A. L. Ross and J. F. Delfraissy (2013). "Past, present and future: 30 years of HIV 
research." Nat Rev Microbiol 11(12): 877-883. 

Barton, K. M., B. D. Burch, N. Soriano-Sarabia and D. M. Margolis (2013). "Prospects for treatment of 
latent HIV." Clin Pharmacol Ther 93(1): 46-56. 

Baumgarth, N. and M. Roederer (2000). "A practical approach to multicolor flow cytometry for 
immunophenotyping." Journal of Immunological Methods 243(1-2): 77-97. 

Belkaid, Y. and K. Tarbell (2009). "Regulatory T cells in the control of host-microorganism interactions 
(*)." Annual Review of Immunology 27: 551-589. 



 76 

Belyakov, I. M. and J. D. Ahlers (2012). "Mucosal immunity and HIV-1 infection: applications for mucosal 
AIDS vaccine development." Curr Top Microbiol Immunol 354: 157-179. 

Betts, M. R., D. R. Ambrozak, D. C. Douek, S. Bonhoeffer, J. M. Brenchley, J. P. Casazza, R. A. Koup and 
L. J. Picker (2001). "Analysis of total human immunodeficiency virus (HIV)-specific CD4(+) and CD8(+) 
T-cell responses: relationship to viral load in untreated HIV infection." Journal of Virology 75(24): 11983-
11991. 

Betts, M. R., J. M. Brenchley, D. A. Price, S. C. De Rosa, D. C. Douek, M. Roederer and R. A. Koup 
(2003). "Sensitive and viable identification of antigen-specific CD8+ T cells by a flow cytometric assay for 
degranulation." Journal of Immunological Methods 281(1-2): 65-78. 

Betts, M. R., M. C. Nason, S. M. West, S. C. De Rosa, S. A. Migueles, J. Abraham, M. M. Lederman, J. M. 
Benito, P. A. Goepfert, M. Connors, M. Roederer and R. A. Koup (2006). "HIV nonprogressors 
preferentially maintain highly functional HIV-specific CD8+ T cells." Blood 107(12): 4781-4789. 

Beyrer, C. and Q. Abdool Karim (2013). "The changing epidemiology of HIV in 2013." Curr Opin HIV 
AIDS 8(4): 306-310. 

Birx, D. L., L. D. Loomis-Price, N. Aronson, J. Brundage, C. Davis, L. Deyton, R. Garner, F. Gordin, D. 
Henry, W. Holloway, T. Kerkering, R. Luskin-Hawk, J. McNeil, N. Michael, P. Foster Pierce, D. Poretz, S. 
Ratto-Kim, P. Renzullo, N. Ruiz, K. Sitz, G. Smith, C. Tacket, M. Thompson, E. Tramont, B. Yangco, R. 
Yarrish and R. R. Redfield (2000). "Efficacy testing of recombinant human immunodeficiency virus (HIV) 
gp160 as a therapeutic vaccine in early-stage HIV-1-infected volunteers. rgp160 Phase II Vaccine 
Investigators." J Infect Dis 181(3): 881-889. 

Blackburn, S. D., H. Shin, W. N. Haining, T. Zou, C. J. Workman, A. Polley, M. R. Betts, G. J. Freeman, 
D. A. Vignali and E. J. Wherry (2009). "Coregulation of CD8+ T cell exhaustion by multiple inhibitory 
receptors during chronic viral infection." Nat Immunol. 10(1): 29-37. 

Bodera, P. and W. Stankiewicz (2011). "Immunomodulatory properties of thalidomide analogs: 
pomalidomide and lenalidomide, experimental and therapeutic applications." Recent Pat Endocr Metab 
Immune Drug Discov 5(3): 192-196. 

Bogh, L. D. and T. A. Duling (1993). "Flow cytometry instrumentation in research and clinical 
laboratories." Clin Lab Sci 6(3): 167-173. 

Borthwick, N., T. Ahmed, B. Ondondo, P. Hayes, A. Rose, U. Ebrahimsa, E. J. Hayton, A. Black, A. 
Bridgeman, M. Rosario, A. V. Hill, E. Berrie, S. Moyle, N. Frahm, J. Cox, S. Colloca, A. Nicosia, J. 
Gilmour, A. J. McMichael, L. Dorrell and T. Hanke (2013). "Vaccine-elicited Human T Cells Recognizing 
Conserved Protein Regions Inhibit HIV-1." Mol Ther. 

Bour-Jordan, H., J. H. Esensten, M. Martinez-Llordella, C. Penaranda, M. Stumpf and J. A. Bluestone 
(2011). "Intrinsic and extrinsic control of peripheral T-cell tolerance by costimulatory molecules of the 
CD28/ B7 family." Immunol Rev 241(1): 180-205. 

Brenchley, J. M., D. A. Price, T. W. Schacker, T. E. Asher, G. Silvestri, S. Rao, Z. Kazzaz, E. Bornstein, 
O. Lambotte, D. Altmann, B. R. Blazar, B. Rodriguez, L. Teixeira-Johnson, A. Landay, J. N. Martin, F. M. 
Hecht, L. J. Picker, M. M. Lederman, S. G. Deeks and D. C. Douek (2006). "Microbial translocation is a 
cause of systemic immune activation in chronic HIV infection." Nat Med 12(12): 1365-1371. 

Brenchley, J. M., T. W. Schacker, L. E. Ruff, D. A. Price, J. H. Taylor, G. J. Beilman, P. L. Nguyen, A. 
Khoruts, M. Larson, A. T. Haase and D. C. Douek (2004). "CD4+ T cell depletion during all stages of HIV 
disease occurs predominantly in the gastrointestinal tract." Journal of Experimental Medicine 200(6): 749-
759. 

Brockman, M. A., D. S. Kwon, D. P. Tighe, D. F. Pavlik, P. C. Rosato, J. Sela, F. Porichis, G. S. Le, M. T. 
Waring, K. Moss, H. Jessen, F. Pereyra, D. G. Kavanagh, B. D. Walker and D. E. Kaufmann (2009). "IL-
10 is up-regulated in multiple cell types during viremic HIV infection and reversibly inhibits virus-specific 
T cells." Blood 114(2): 346-356. 



 77 

Brooks, D. G., A. M. Lee, H. Elsaesser, D. B. McGavern and M. B. Oldstone (2008). "IL-10 blockade 
facilitates DNA vaccine-induced T cell responses and enhances clearance of persistent virus infection." 
J.Exp.Med 205(3): 533-541. 

Buchbinder, S. P., D. V. Mehrotra, A. Duerr, D. W. Fitzgerald, R. Mogg, D. Li, P. B. Gilbert, J. R. Lama, 
M. Marmor, C. Del Rio, M. J. McElrath, D. R. Casimiro, K. M. Gottesdiener, J. A. Chodakewitz, L. Corey 
and M. N. Robertson (2008). "Efficacy assessment of a cell-mediated immunity HIV-1 vaccine (the Step 
Study): a double-blind, randomised, placebo-controlled, test-of-concept trial." Lancet 372(9653): 1881-
1893. 

Bucks, C. M., J. A. Norton, A. C. Boesteanu, Y. M. Mueller and P. D. Katsikis (2009). "Chronic Antigen 
Stimulation Alone Is Sufficient to Drive CD8(+) T Cell Exhaustion." Journal of Immunology 182(11): 
6697-6708. 

Burton, D. R., R. Ahmed, D. H. Barouch, S. T. Butera, S. Crotty, A. Godzik, D. E. Kaufmann, M. J. 
McElrath, M. C. Nussenzweig, B. Pulendran, C. N. Scanlan, W. R. Schief, G. Silvestri, H. Streeck, B. D. 
Walker, L. M. Walker, A. B. Ward, I. A. Wilson and R. Wyatt (2012). "A Blueprint for HIV Vaccine 
Discovery." Cell Host Microbe 12(4): 396-407. 

Butler, N. S., J. C. Nolz and J. T. Harty (2011). "Immunologic considerations for generating memory CD8 
T cells through vaccination." Cell Microbiol. 13(7): 925-933. 

Butler, S. L., H. Valdez, M. Westby, M. Perros, C. H. June, J. M. Jacobson, Y. Levy, D. A. Cooper, D. 
Douek, M. M. Lederman and P. Tebas (2011). "Disease-modifying therapeutic concepts for HIV in the era 
of highly active antiretroviral therapy." J Acquir Immune Defic Syndr 58(3): 297-303. 

Capobianchi, M. R. (1996). "Induction of lymphomonocyte activation by HIV-1 glycoprotein gp120. 
Possible role in AIDS pathogenesis." J Biol Regul Homeost Agents 10(4): 83-91. 

Carr, A. and D. A. Cooper (2000). "Adverse effects of antiretroviral therapy." Lancet 356(9239): 1423-
1430. 

Caruso, A., S. Licenziati, M. Corulli, A. D. Canaris, M. A. De Francesco, S. Fiorentini, L. Peroni, F. 
Fallacara, F. Dima, A. Balsari and A. Turano (1997). "Flow cytometric analysis of activation markers on 
stimulated T cells and their correlation with cell proliferation." Cytometry 27(1): 71-76. 

Castellino, F. and R. N. Germain (2006). "Cooperation between CD4+ and CD8+ T cells: when, where, and 
how." Annual Review of Immunology 24: 519-540. 

Chase, A. J., H. C. Yang, H. Zhang, J. N. Blankson and R. F. Siliciano (2008). "Preservation of FoxP3+ 
regulatory T cells in the peripheral blood of human immunodeficiency virus type 1-infected elite 
suppressors correlates with low CD4+ T-cell activation." Journal of Virology 82(17): 8307-8315. 

Chattopadhyay, P. K. and M. Roederer (2010). "Good cell, bad cell: flow cytometry reveals T-cell subsets 
important in HIV disease." Cytometry A 77(7): 614-622. 

Chevalier, M. F. and L. Weiss (2013). "The split personality of regulatory T cells in HIV infection." Blood 
121(1): 29-37. 

Chun, T. W., D. Finzi, J. Margolick, K. Chadwick, D. Schwartz and R. F. Siliciano (1995). "In vivo fate of 
HIV-1-infected T cells: quantitative analysis of the transition to stable latency." Nat Med 1(12): 1284-1290. 

Chun, T. W., D. C. Nickle, J. S. Justement, D. Large, A. Semerjian, M. E. Curlin, M. A. O'Shea, C. W. 
Hallahan, M. Daucher, D. J. Ward, S. Moir, J. I. Mullins, C. Kovacs and A. S. Fauci (2005). "HIV-infected 
individuals receiving effective antiviral therapy for extended periods of time continually replenish their 
viral reservoir." J Clin Invest 115(11): 3250-3255. 

Chun, T. W., L. Stuyver, S. B. Mizell, L. A. Ehler, J. A. Mican, M. Baseler, A. L. Lloyd, M. A. Nowak and 
A. S. Fauci (1997). "Presence of an inducible HIV-1 latent reservoir during highly active antiretroviral 
therapy." Proc Natl Acad Sci U S A 94(24): 13193-13197. 



 78 

Clerici, M., T. A. Wynn, J. A. Berzofsky, S. P. Blatt, C. W. Hendrix, A. Sher, R. L. Coffman and G. M. 
Shearer (1994). "Role of interleukin-10 in T helper cell dysfunction in asymptomatic individuals infected 
with the human immunodeficiency virus." J.Clin.Invest 93(2): 768-775. 

Cohen, M. S., G. M. Shaw, A. J. McMichael and B. F. Haynes (2011). "Acute HIV-1 Infection." N Engl J 
Med 364(20): 1943-1954. 

Cohen, M. S., M. K. Smith, K. E. Muessig, T. B. Hallett, K. A. Powers and A. D. Kashuba (2013). 
"Antiretroviral treatment of HIV-1 prevents transmission of HIV-1: where do we go from here?" Lancet 
382(9903): 1515-1524. 

Corradin, G., H. M. Etlinger and J. M. Chiller (1977). "Lymphocyte specificity to protein antigens. I. 
Characterization of the antigen-induced in vitro T cell-dependent proliferative response with lymph node 
cells from primed mice." J Immunol 119(3): 1048-1053. 

Couper, K. N., D. G. Blount and E. M. Riley (2008). "IL-10: the master regulator of immunity to 
infection." J Immunol 180(9): 5771-5777. 

Crawford, A. and E. J. Wherry (2009). "The diversity of costimulatory and inhibitory receptor pathways 
and the regulation of antiviral T cell responses." Current Opinion in Immunology 21(2): 179-186. 

Darrah, P. A., D. T. Patel, P. M. De Luca, R. W. Lindsay, D. F. Davey, B. J. Flynn, S. T. Hoff, P. 
Andersen, S. G. Reed, S. L. Morris, M. Roederer and R. A. Seder (2007). "Multifunctional TH1 cells 
define a correlate of vaccine-mediated protection against Leishmania major." Nat Med 13(7): 843-850. 

Davey, R. T., Jr., N. Bhat, C. Yoder, T. W. Chun, J. A. Metcalf, R. Dewar, V. Natarajan, R. A. Lempicki, J. 
W. Adelsberger, K. D. Miller, J. A. Kovacs, M. A. Polis, R. E. Walker, J. Falloon, H. Masur, D. Gee, M. 
Baseler, D. S. Dimitrov, A. S. Fauci and H. C. Lane (1999). "HIV-1 and T cell dynamics after interruption 
of highly active antiretroviral therapy (HAART) in patients with a history of sustained viral suppression." 
Proc Natl Acad Sci U S A 96(26): 15109-15114. 

Day, C. L., D. E. Kaufmann, P. Kiepiela, J. A. Brown, E. S. Moodley, S. Reddy, E. W. Mackey, J. D. 
Miller, A. J. Leslie, C. DePierres, Z. Mncube, J. Duraiswamy, B. Zhu, Q. Eichbaum, M. Altfeld, E. J. 
Wherry, H. M. Coovadia, P. J. Goulder, P. Klenerman, R. Ahmed, G. J. Freeman and B. D. Walker (2006). 
"PD-1 expression on HIV-specific T cells is associated with T-cell exhaustion and disease progression." 
Nature 443(7109): 350-354. 

De Keersmaecker, B., S. D. Allard, P. Lacor, R. Schots, K. Thielemans and J. L. Aerts (2012). "Expansion 
of polyfunctional HIV-specific T cells upon stimulation with mRNA electroporated dendritic cells in the 
presence of immunomodulatory drugs." J Virol 86(17): 9351-9360. 

Deeks, S. G., B. Autran, B. Berkhout, M. Benkirane, S. Cairns, N. Chomont, T. W. Chun, M. Churchill, M. 
Di Mascio, C. Katlama, A. Lafeuillade, A. Landay, M. Lederman, S. R. Lewin, F. Maldarelli, D. Margolis, 
M. Markowitz, J. Martinez-Picado, J. I. Mullins, J. Mellors, S. Moreno, U. O'Doherty, S. Palmer, M. C. 
Penicaud, M. Peterlin, G. Poli, J. P. Routy, C. Rouzioux, G. Silvestri, M. Stevenson, A. Telenti, C. Van 
Lint, E. Verdin, A. Woolfrey, J. Zaia and F. Barre-Sinoussi (2012). "Towards an HIV cure: a global 
scientific strategy." Nat Rev Immunol 12(8): 607-614. 

Deeks, S. G. and A. N. Phillips (2009). "HIV infection, antiretroviral treatment, ageing, and non-AIDS 
related morbidity." BMJ 338: a3172. 

Deeks, S. G. and B. D. Walker (2007). "Human immunodeficiency virus controllers: mechanisms of 
durable virus control in the absence of antiretroviral therapy." Immunity. 27(3): 406-416. 

Desai, S. and A. Landay (2010). "Early immune senescence in HIV disease." Curr HIV/AIDS Rep 7(1): 4-
10. 

Dolbeare, F., H. Gratzner, M. G. Pallavicini and J. W. Gray (1983). "Flow cytometric measurement of total 
DNA content and incorporated bromodeoxyuridine." Proc Natl Acad Sci U S A 80(18): 5573-5577. 



 79 

Douek, D. C., J. M. Brenchley, M. R. Betts, D. R. Ambrozak, B. J. Hill, Y. Okamoto, J. P. Casazza, J. 
Kuruppu, K. Kunstman, S. Wolinsky, Z. Grossman, M. Dybul, A. Oxenius, D. A. Price, M. Connors and R. 
A. Koup (2002). "HIV preferentially infects HIV-specific CD4+ T cells." Nature 417(6884): 95-98. 

Douek, D. C., M. Roederer and R. A. Koup (2009). "Emerging concepts in the immunopathogenesis of 
AIDS." Annu Rev Med 60: 471-484. 

Douek, D. C., M. Roederer and R. A. Koup (2009). "Emerging concepts in the immunopathogenesis of 
AIDS." Annu.Rev.Med 60: 471-484. 

Daar, E. S., T. Moudgil, R. D. Meyer and D. D. Ho (1991). "Transient high levels of viremia in patients 
with primary human immunodeficiency virus type 1 infection." New England Journal of Medicine 324(14): 
961-964. 

Edwards, B. H., A. Bansal, S. Sabbaj, J. Bakari, M. J. Mulligan and P. A. Goepfert (2002). "Magnitude of 
functional CD8+ T-cell responses to the gag protein of human immunodeficiency virus type 1 correlates 
inversely with viral load in plasma." J Virol 76(5): 2298-2305. 

Elahi, S., W. L. Dinges, N. Lejarcegui, K. J. Laing, A. C. Collier, D. M. Koelle, M. J. McElrath and H. 
Horton (2011). "Protective HIV-specific CD8+ T cells evade Treg cell suppression." Nat Med 17(8): 989-
995. 

Elrefaei (2008). "Presence of Suppressor HIV-Specific CD8+ T Cells Is Associated with Increased PD-1 
Expression on Effector CD8+ T Cells." 

Elrefaei, M., C. M. Burke, C. A. Baker, N. G. Jones, S. Bousheri, D. R. Bangsberg and H. Cao (2009). 
"TGF-beta and IL-10 production by HIV-specific CD8+ T cells is regulated by CTLA-4 signaling on CD4+ 
T cells." PLoS.One. 4(12): e8194. 

Elshal, M. F. and J. P. McCoy (2006). "Multiplex bead array assays: performance evaluation and 
comparison of sensitivity to ELISA." Methods 38(4): 317-323. 

Ensoli, B., S. Bellino, A. Tripiciano, O. Longo, V. Francavilla, S. Marcotullio, A. Cafaro, O. Picconi, G. 
Paniccia, A. Scoglio, A. Arancio, C. Ariola, M. J. Ruiz Alvarez, M. Campagna, D. Scaramuzzi, C. Iori, R. 
Esposito, C. Mussini, F. Ghinelli, L. Sighinolfi, G. Palamara, A. Latini, G. Angarano, N. Ladisa, F. Soscia, 
V. S. Mercurio, A. Lazzarin, G. Tambussi, R. Visintini, F. Mazzotta, M. Di Pietro, M. Galli, S. Rusconi, G. 
Carosi, C. Torti, G. Di Perri, S. Bonora, F. Ensoli and E. Garaci (2010). "Therapeutic immunization with 
HIV-1 Tat reduces immune activation and loss of regulatory T-cells and improves immune function in 
subjects on HAART." PLoS One 5(11): e13540. 

Eron, J. J., Jr., M. A. Ashby, M. F. Giordano, M. Chernow, W. M. Reiter, S. G. Deeks, J. P. Lavelle, M. A. 
Conant, B. G. Yangco, P. G. Pate, R. A. Torres, R. T. Mitsuyasu and T. Twaddell (1996). "Randomised 
trial of MNrgp120 HIV-1 vaccine in symptomless HIV-1 infection." Lancet 348(9041): 1547-1551. 

Estes, J. D., S. Wietgrefe, T. Schacker, P. Southern, G. Beilman, C. Reilly, J. M. Milush, J. D. Lifson, D. L. 
Sodora, J. V. Carlis and A. T. Haase (2007). "Simian immunodeficiency virus-induced lymphatic tissue 
fibrosis is mediated by transforming growth factor beta 1-positive regulatory T cells and begins in early 
infection." J Infect.Dis. 195(4): 551-561. 

Fahey, L. M. and D. G. Brooks (2010). "Opposing positive and negative regulation of T cell activity during 
viral persistence." Current Opinion in Immunology 22(3): 348-354. 

Fazekas de St, G. B. (2008). "Regulatory T cells in HIV infection: pathogenic or protective participants in 
the immune response?". 

Fazekas de St Groth, B., A. L. Smith and C. A. Higgins (2004). "T cell activation: in vivo veritas." 
Immunol Cell Biol 82(3): 260-268. 

Fiebig, E. W., D. J. Wright, B. D. Rawal, P. E. Garrett, R. T. Schumacher, L. Peddada, C. Heldebrant, R. 
Smith, A. Conrad, S. H. Kleinman and M. P. Busch (2003). "Dynamics of HIV viremia and antibody 



 80 

seroconversion in plasma donors: implications for diagnosis and staging of primary HIV infection." Aids 
17(13): 1871-1879. 

Finkel, T. H., G. Tudor-Williams, N. K. Banda, M. F. Cotton, T. Curiel, C. Monks, T. W. Baba, R. M. 
Ruprecht and A. Kupfer (1995). "Apoptosis occurs predominantly in bystander cells and not in 
productively infected cells of HIV- and SIV-infected lymph nodes." Nature Medicine 1(2): 129-134. 

Finzi, D., M. Hermankova, T. Pierson, L. M. Carruth, C. Buck, R. E. Chaisson, T. C. Quinn, K. Chadwick, 
J. Margolick, R. Brookmeyer, J. Gallant, M. Markowitz, D. D. Ho, D. D. Richman and R. F. Siliciano 
(1997). "Identification of a reservoir for HIV-1 in patients on highly active antiretroviral therapy." Science 
278(5341): 1295-1300. 

Fischl, M. A., D. D. Richman, M. H. Grieco, M. S. Gottlieb, P. A. Volberding, O. L. Laskin, J. M. Leedom, 
J. E. Groopman, D. Mildvan, R. T. Schooley and et al. (1987). "The efficacy of azidothymidine (AZT) in 
the treatment of patients with AIDS and AIDS-related complex. A double-blind, placebo-controlled trial." 
N Engl J Med 317(4): 185-191. 

Foley, B., C. Apetrei, I. Mizrachi, A. Rambaut, B. T. Korber, T. Leitner, B. H. Hahn, J. I. Mullins and S. 
Wolinsky (2013). "HIV Sequence Compendium 2013." National Institute of Allergy and Infectious 
Diseases. 

Froland, S. S., P. Jenum, C. F. Lindboe, K. W. Wefring, P. J. Linnestad and T. Bohmer (1988). "Hiv-1 
Infection in Norwegian Family before 1970." Lancet 1(8598): 1344-1345. 

Furtado, M. R., D. S. Callaway, J. P. Phair, K. J. Kunstman, J. L. Stanton, C. A. Macken, A. S. Perelson 
and S. M. Wolinsky (1999). "Persistence of HIV-1 transcription in peripheral-blood mononuclear cells in 
patients receiving potent antiretroviral therapy." N Engl J Med 340(21): 1614-1622. 

Gan, S. D. and K. R. Patel (2013). "Enzyme immunoassay and enzyme-linked immunosorbent assay." J 
Invest Dermatol 133(9): e12. 

Garba, M. L., C. D. Pilcher, A. L. Bingham, J. Eron and J. A. Frelinger (2002). "HIV antigens can induce 
TGF-beta(1)-producing immunoregulatory CD8(+) T cells." Journal of Immunology 168(5): 2247-2254. 

Garcia, F., N. Climent, A. C. Guardo, C. Gil, A. Leon, B. Autran, J. D. Lifson, J. Martinez-Picado, J. 
Dalmau, B. Clotet, J. M. Gatell, M. Plana, T. Gallart and D. M. O. S. Group (2013). "A dendritic cell-based 
vaccine elicits T cell responses associated with control of HIV-1 replication." Sci Transl Med 5(166): 
166ra162. 

Garcia, F., A. Leon, J. M. Gatell, M. Plana and T. Gallart (2012). "Therapeutic vaccines against HIV 
infection." Hum.Vaccin.Immunother. 8(5): 569-581. 

Garg, H., J. Mohl and A. Joshi (2012). "HIV-1 induced bystander apoptosis." Viruses. 4(11): 3020-3043. 

Gottlieb, M. S., R. Schroff, H. M. Schanker, J. D. Weisman, P. T. Fan, R. A. Wolf and A. Saxon (1981). 
"Pneumocystis carinii pneumonia and mucosal candidiasis in previously healthy homosexual men: 
evidence of a new acquired cellular immunodeficiency." N Engl J Med 305(24): 1425-1431. 

Grossman, Z., M. Meier-Schellersheim, W. E. Paul and L. J. Picker (2006). "Pathogenesis of HIV 
infection: what the virus spares is as important as what it destroys." Nature Medicine 12(3): 289-295. 

Gudmundsdotter, L., B. Wahren, B. K. Haller, A. Boberg, U. Edback, D. Bernasconi, S. Butto, H. Gaines, 
N. Imami, F. Gotch, F. Lori, J. Lisziewicz, E. Sandstrom and B. Hejdeman (2011). "Amplified antigen-
specific immune responses in HIV-1 infected individuals in a double blind DNA immunization and therapy 
interruption trial." Vaccine 29(33): 5558-5566. 

Ha, S. J., S. N. Mueller, E. J. Wherry, D. L. Barber, R. D. Aubert, A. H. Sharpe, G. J. Freeman and R. 
Ahmed (2008). "Enhancing therapeutic vaccination by blocking PD-1-mediated inhibitory signals during 
chronic infection." Journal of Experimental Medicine 205(3): 543-555. 



 81 

Hamimi, C., G. Pancino, F. Barre-Sinoussi and A. Saez-Cirion (2013). "Will it be possible to live without 
antiretroviral therapy?" Curr Opin HIV AIDS 8(3): 196-203. 

Hammer, S. M., M. E. Sobieszczyk, H. Janes, S. T. Karuna, M. J. Mulligan, D. Grove, B. A. Koblin, S. P. 
Buchbinder, M. C. Keefer, G. D. Tomaras, N. Frahm, J. Hural, C. Anude, B. S. Graham, M. E. Enama, E. 
Adams, E. DeJesus, R. M. Novak, I. Frank, C. Bentley, S. Ramirez, R. Fu, R. A. Koup, J. R. Mascola, G. J. 
Nabel, D. C. Montefiori, J. Kublin, M. J. McElrath, L. Corey and P. B. Gilbert (2013). "Efficacy trial of a 
DNA/rAd5 HIV-1 preventive vaccine." N Engl J Med 369(22): 2083-2092. 

Hammer, S. M., K. E. Squires, M. D. Hughes, J. M. Grimes, L. M. Demeter, J. S. Currier, J. J. Eron, Jr., J. 
E. Feinberg, H. H. Balfour, Jr., L. R. Deyton, J. A. Chodakewitz and M. A. Fischl (1997). "A controlled 
trial of two nucleoside analogues plus indinavir in persons with human immunodeficiency virus infection 
and CD4 cell counts of 200 per cubic millimeter or less. AIDS Clinical Trials Group 320 Study Team." N 
Engl J Med 337(11): 725-733. 

Hansen, S. G., M. Piatak, Jr., A. B. Ventura, C. M. Hughes, R. M. Gilbride, J. C. Ford, K. Oswald, R. 
Shoemaker, Y. Li, M. S. Lewis, A. N. Gilliam, G. Xu, N. Whizin, B. J. Burwitz, S. L. Planer, J. M. Turner, 
A. W. Legasse, M. K. Axthelm, J. A. Nelson, K. Fruh, J. B. Sacha, J. D. Estes, B. F. Keele, P. T. Edlefsen, 
J. D. Lifson and L. J. Picker (2013). "Immune clearance of highly pathogenic SIV infection." Nature 
502(7469): 100-104. 

Haynes, B. F., H. X. Liao and G. D. Tomaras (2010). "Is developing an HIV-1 vaccine possible?" 
Curr.Opin.HIV.AIDS 5(5): 362-367. 

Heath, W. R., G. T. Belz, G. M. Behrens, C. M. Smith, S. P. Forehan, I. A. Parish, G. M. Davey, N. S. 
Wilson, F. R. Carbone and J. A. Villadangos (2004). "Cross-presentation, dendritic cell subsets, and the 
generation of immunity to cellular antigens." Immunological Reviews 199: 9-26. 

Henry, J. Y., M. C. Labarthe, B. Meyer, P. Dasgupta, A. G. Dalgleish and C. Galustian (2013). "Enhanced 
cross-priming of naive CD8+ T cells by dendritic cells treated by the IMiDs(R) immunomodulatory 
compounds lenalidomide and pomalidomide." Immunology 139(3): 377-385. 

Hersperger, A. R., S. A. Migueles, M. R. Betts and M. Connors (2011). "Qualitative features of the HIV-
specific CD8+ T-cell response associated with immunologic control." Curr.Opin.HIV.AIDS 6(3): 169-173. 

Holm, M., F. O. Pettersen and D. Kvale (2008). "PD-1 Predicts CD4 Loss Rate in Chronic HIV-1 Infection 
Better Than HIV 

RNA and CD38 But Not in Cryopreserved Samples." Curr.HIV.Res. 6(1): 49-58. 

Honda, T., J. G. Egen, T. Lammermann, W. Kastenmuller, P. Torabi-Parizi and R. N. Germain (2014). 
"Tuning of Antigen Sensitivity by T Cell Receptor-Dependent Negative Feedback Controls T Cell Effector 
Function in Inflamed Tissues." Immunity. 

Hori, S., T. Nomura and S. Sakaguchi (2003). "Control of regulatory T cell development by the 
transcription factor Foxp3." Science 299(5609): 1057-1061. 

Hunt, P. W. (2010). "Th17, gut, and HIV: therapeutic implications." Curr.Opin.HIV.AIDS 5(2): 189-193. 

Hunt, P. W. (2012). "HIV and inflammation: mechanisms and consequences." Curr.HIV./AIDS Rep. 9(2): 
139-147. 

Hunt, P. W., A. L. Landay, E. Sinclair, J. A. Martinson, H. Hatano, B. Emu, P. J. Norris, M. P. Busch, J. N. 
Martin, C. Brooks, J. M. McCune and S. G. Deeks (2011). "A low T regulatory cell response may 
contribute to both viral control and generalized immune activation in HIV controllers." PLoS.One. 6(1): 
e15924. 

Iglesias, M. C., J. R. Almeida, S. Fastenackels, D. J. van Bockel, M. Hashimoto, V. Venturi, E. Gostick, A. 
Urrutia, L. Wooldridge, M. Clement, S. Gras, P. G. Wilmann, B. Autran, A. Moris, J. Rossjohn, M. P. 



 82 

Davenport, M. Takiguchi, C. Brander, D. C. Douek, A. D. Kelleher, D. A. Price and V. Appay (2011). 
"Escape from highly effective public CD8+ T-cell clonotypes by HIV." Blood 118(8): 2138-2149. 

Jin, H. T., Y. H. Jeong, H. J. Park and S. J. Ha (2011). "Mechanism of T cell exhaustion in a chronic 
environment." BMB Rep 44(4): 217-231. 

Jones, N. G., A. DeCamp, P. Gilbert, M. L. Peterson, M. Gurwith and H. Cao (2009). "AIDSVAX 
immunization induces HIV-specific CD8+ T-cell responses in high-risk, HIV-negative volunteers who 
subsequently acquire HIV infection." Vaccine 27(7): 1136-1140. 

Kalams, S. A., P. J. Goulder, A. K. Shea, N. G. Jones, A. K. Trocha, G. S. Ogg and B. D. Walker (1999). 
"Levels of human immunodeficiency virus type 1-specific cytotoxic T-lymphocyte effector and memory 
responses decline after suppression of viremia with highly active antiretroviral therapy." J Virol 73(8): 
6721-6728. 

Karlsson, I., L. Brandt, L. Vinner, I. Kromann, L. V. Andreasen, P. Andersen, J. Gerstoft, G. Kronborg and 
A. Fomsgaard (2013). "Adjuvanted HLA-supertype restricted subdominant peptides induce new T-cell 
immunity during untreated HIV-1-infection." Clin Immunol 146(2): 120-130. 

Kassu, A., R. A. Marcus, M. B. D'Souza, E. A. Kelly-McKnight, L. Golden-Mason, R. Akkina, A. P. 
Fontenot, C. C. Wilson and B. E. Palmer (2010). "Regulation of virus-specific CD4+ T cell function by 
multiple costimulatory receptors during chronic HIV infection." J Immunol 185(5): 3007-3018. 

Kaufmann, D. E., D. G. Kavanagh, F. Pereyra, J. J. Zaunders, E. W. Mackey, T. Miura, S. Palmer, M. 
Brockman, A. Rathod, A. Piechocka-Trocha, B. Baker, B. Zhu, G. S. Le, M. T. Waring, R. Ahern, K. 
Moss, A. D. Kelleher, J. M. Coffin, G. J. Freeman, E. S. Rosenberg and B. D. Walker (2007). 
"Upregulation of CTLA-4 by HIV-specific CD4+ T cells correlates with disease progression and defines a 
reversible immune dysfunction." Nat Immunol. 8(11): 1246-1254. 

Kaufmann, D. E. and B. D. Walker (2008). "Programmed death-1 as a factor in immune exhaustion and 
activation in HIV infection." Curr.Opin.HIV.AIDS 3(3): 362-367. 

Kaufmann, D. E. and B. D. Walker (2009). "PD-1 and CTLA-4 inhibitory cosignaling pathways in HIV 
infection and the potential for therapeutic intervention." J Immunol 182(10): 5891-5897. 

Keele, B. F., E. E. Giorgi, J. F. Salazar-Gonzalez, J. M. Decker, K. T. Pham, M. G. Salazar, C. Sun, T. 
Grayson, S. Wang, H. Li, X. Wei, C. Jiang, J. L. Kirchherr, F. Gao, J. A. Anderson, L. H. Ping, R. 
Swanstrom, G. D. Tomaras, W. A. Blattner, P. A. Goepfert, J. M. Kilby, M. S. Saag, E. L. Delwart, M. P. 
Busch, M. S. Cohen, D. C. Montefiori, B. F. Haynes, B. Gaschen, G. S. Athreya, H. Y. Lee, N. Wood, C. 
Seoighe, A. S. Perelson, T. Bhattacharya, B. T. Korber, B. H. Hahn and G. M. Shaw (2008). "Identification 
and characterization of transmitted and early founder virus envelopes in primary HIV-1 infection." 
Proc.Natl.Acad.Sci.U.S.A 105(21): 7552-7557. 

Keele, B. F., F. Van Heuverswyn, Y. Li, E. Bailes, J. Takehisa, M. L. Santiago, F. Bibollet-Ruche, Y. 
Chen, L. V. Wain, F. Liegeois, S. Loul, E. M. Ngole, Y. Bienvenue, E. Delaporte, J. F. Brookfield, P. M. 
Sharp, G. M. Shaw, M. Peeters and B. H. Hahn (2006). "Chimpanzee reservoirs of pandemic and 
nonpandemic HIV-1." Science 313(5786): 523-526. 

Keir, M. E., M. J. Butte, G. J. Freeman and A. H. Sharpe (2008). "PD-1 and its ligands in tolerance and 
immunity." Annual Review of Immunology 26: 677-704. 

Khaitan, A. and D. Unutmaz (2011). "Revisiting immune exhaustion during HIV infection." 
Curr.HIV./AIDS Rep. 8(1): 4-11. 

Kiepiela, P., K. Ngumbela, C. Thobakgale, D. Ramduth, I. Honeyborne, E. Moodley, S. Reddy, P. C. de, Z. 
Mncube, N. Mkhwanazi, K. Bishop, M. van der Stok, K. Nair, N. Khan, H. Crawford, R. Payne, A. Leslie, 
J. Prado, A. Prendergast, J. Frater, N. McCarthy, C. Brander, G. H. Learn, D. Nickle, C. Rousseau, H. 
Coovadia, J. I. Mullins, D. Heckerman, B. D. Walker and P. Goulder (2007). "CD8+ T-cell responses to 
different HIV proteins have discordant associations with viral load." Nat Med 13(1): 46-53. 



 83 

Kim, J. H., S. Rerks-Ngarm, J. L. Excler and N. L. Michael (2010). "HIV vaccines: lessons learned and the 
way forward." Curr.Opin.HIV.AIDS 5(5): 428-434. 

Kinter, A. L., M. Hennessey, A. Bell, S. Kern, Y. Lin, M. Daucher, M. Planta, M. McGlaughlin, R. 
Jackson, S. F. Ziegler and A. S. Fauci (2004). "CD25(+)CD4(+) regulatory T cells from the peripheral 
blood of asymptomatic HIV-infected individuals regulate CD4(+) and CD8(+) HIV-specific T cell immune 
responses in vitro and are associated with favorable clinical markers of disease status." Journal of 
Experimental Medicine 200(3): 331-343. 

Korber, B., B. Gaschen, K. Yusim, R. Thakallapally, C. Kesmir and V. Detours (2001). "Evolutionary and 
immunological implications of contemporary HIV-1 variation." Br Med Bull 58: 19-42. 

Kran, A. M., T. O. Jonassen, M. A. Sommerfelt, G. Lovgarden, B. Sorensen and D. Kvale (2010). "Low 
frequency of amino acid alterations following therapeutic immunization with HIV-1 Gag p24-like 
peptides." AIDS 24(17): 2609-2618. 

Kran, A. M., M. A. Sommerfelt, B. Sorensen, J. Nyhus, I. Baksaas, J. N. Bruun and D. Kvale (2005). 
"Reduced viral burden amongst high responder patients following HIV-1 p24 peptide-based therapeutic 
immunization." Vaccine 23(31): 4011-4015. 

Kran, A. M., B. Sorensen, J. Nyhus, M. A. Sommerfelt, I. Baksaas, J. N. Bruun and D. Kvale (2004). 
"HLA- and dose-dependent immunogenicity of a peptide-based HIV-1 immunotherapy candidate (Vacc-
4x)." AIDS 18(14): 1875-1883. 

Kran, A. M., B. Sorensen, M. A. Sommerfelt, J. Nyhus, I. Baksaas and D. Kvale (2006). "Long-term HIV-
specific responses and delayed resumption of antiretroviral therapy after peptide immunization targeting 
dendritic cells." AIDS 20(4): 627-630. 

Kvale, D., A. M. Kran, M. A. Sommerfelt, J. Nyhus, I. Baksaas, J. N. Bruun and B. Sorensen (2005). 
"Divergent in vitro and in vivo correlates of HIV-specific T-cell responses during onset of HIV viraemia." 
AIDS 19(6): 563-567. 

Lee, J. A., J. Spidlen, K. Boyce, J. Cai, N. Crosbie, M. Dalphin, J. Furlong, M. Gasparetto, M. Goldberg, E. 
M. Goralczyk, B. Hyun, K. Jansen, T. Kollmann, M. Kong, R. Leif, S. McWeeney, T. D. Moloshok, W. 
Moore, G. Nolan, J. Nolan, J. Nikolich-Zugich, D. Parrish, B. Purcell, Y. Qian, B. Selvaraj, C. Smith, O. 
Tchuvatkina, A. Wertheimer, P. Wilkinson, C. Wilson, J. Wood, R. Zigon, F. International Society for 
Advancement of Cytometry Data Standards Task, R. H. Scheuermann and R. R. Brinkman (2008). 
"MIFlowCyt: the minimum information about a Flow Cytometry Experiment." Cytometry A 73(10): 926-
930. 

Lehrman, G., I. B. Hogue, S. Palmer, C. Jennings, C. A. Spina, A. Wiegand, A. L. Landay, R. W. Coombs, 
D. D. Richman, J. W. Mellors, J. M. Coffin, R. J. Bosch and D. M. Margolis (2005). "Depletion of latent 
HIV-1 infection in vivo: a proof-of-concept study." Lancet 366(9485): 549-555. 

Leng, Q., Z. Bentwich, E. Magen, A. Kalinkovich and G. Borkow (2002). "CTLA-4 upregulation during 
HIV infection: association with anergy and possible target for therapeutic intervention." AIDS 16(4): 519-
529. 

Letterio, J. J. and A. B. Roberts (1997). "TGF-beta: a critical modulator of immune cell function." Clinical 
Immunology and Immunopathology 84(3): 244-250. 

Letterio, J. J. and A. B. Roberts (1998). "Regulation of immune responses by TGF-beta." Annual Review 
of Immunology 16: 137-161. 

Levy, J. A. (2009). "HIV pathogenesis: 25 years of progress and persistent challenges." AIDS 23(2): 147-
160. 

Lewin, S. R. and C. Rouzioux (2011). "HIV cure and eradication: how will we get from the laboratory to 
effective clinical trials?" Aids 25(7): 885-897. 



 84 

Lewin-Smith, M. R., M. K. Klassen, S. S. Frankel and A. M. Nelson (1998). "Pathology of human 
immunodeficiency virus infection: infectious conditions." Annals of Diagnostic Pathology 2(3): 181-194. 

Li, M. O. and R. A. Flavell (2008). "TGF-beta: a master of all T cell trades." Cell 134(3): 392-404. 

Lind, A., K. Brekke, F. O. Pettersen, T. E. Mollnes, M. Troseid and D. Kvale (2014). "A Parameter for IL-
10 and TGF-  Mediated Regulation of HIV-1 Specific T Cell Activation Provides Novel Information and 
Relates to Progression Markers." PLoS One 9(1): e85604. 

Lind, A., K. Brekke, M. Sommerfelt, J. O. Holmberg, H. C. Aass, I. Baksaas, B. Sorensen, A. M. Dyrhol-
Riise and D. Kvale (2013). "Boosters of a therapeutic HIV-1 vaccine induce divergent T cell responses 
related to regulatory mechanisms." Vaccine 31(41): 4611-4618. 

Lind, A., M. Sommerfelt, J. O. Holmberg, I. Baksaas, B. Sorensen and D. Kvale (2012). "Intradermal 
vaccination of HIV-infected patients with short HIV Gag p24-like peptides induces CD4 + and CD8 + T 
cell responses lasting more than seven years." Scand J Infect Dis 44(8): 566-572. 

Lisziewicz, J., J. Trocio, J. Xu, L. Whitman, A. Ryder, N. Bakare, M. G. Lewis, W. Wagner, A. Pistorio, S. 
Arya and F. Lori (2005). "Control of viral rebound through therapeutic immunization with DermaVir." 
Aids 19(1): 35-43. 

Little, S. J., A. R. McLean, C. A. Spina, D. D. Richman and D. V. Havlir (1999). "Viral dynamics of acute 
HIV-1 infection." J Exp Med 190(6): 841-850. 

Liu, V. C., L. Y. Wong, T. Jang, A. H. Shah, I. Park, X. Yang, Q. Zhang, S. Lonning, B. A. Teicher and C. 
Lee (2007). "Tumor evasion of the immune system by converting CD4+CD25- T cells into CD4+CD25+ T 
regulatory cells: role of tumor-derived TGF-beta." J Immunol 178(5): 2883-2892. 

Lundgren, J. D., A. Babiker, W. El-Sadr, S. Emery, B. Grund, J. D. Neaton, J. Neuhaus and A. N. Phillips 
(2008). "Inferior clinical outcome of the CD4+ cell count-guided antiretroviral treatment interruption 
strategy in the SMART study: role of CD4+ Cell counts and HIV RNA levels during follow-up." J Infect 
Dis 197(8): 1145-1155. 

Lyons, A. B. (2000). "Analysing cell division in vivo and in vitro using flow cytometric measurement of 
CFSE dye dilution." Journal of Immunological Methods 243(1-2): 147-154. 

Lyons, A. B. and C. R. Parish (1994). "Determination of lymphocyte division by flow cytometry." J 
Immunol Methods 171(1): 131-137. 

Macatangay, B. J., M. E. Szajnik, T. L. Whiteside, S. A. Riddler and C. R. Rinaldo (2010). "Regulatory T 
cell suppression of Gag-specific CD8 T cell polyfunctional response after therapeutic vaccination of HIV-
1-infected patients on ART." PLoS One 5(3): e9852. 

Maecker, H. T. and J. Trotter (2006). "Flow cytometry controls, instrument setup, and the determination of 
positivity." Cytometry A 69(9): 1037-1042. 

Marx, J. L. (1982). "New disease baffles medical community." Science 217(4560): 618-621. 

Matloubian, M., R. J. Concepcion and R. Ahmed (1994). "CD4+ T cells are required to sustain CD8+ 
cytotoxic T-cell responses during chronic viral infection." Journal of Virology 68(12): 8056-8063. 

McElrath, M. J. and B. F. Haynes (2010). "Induction of immunity to human immunodeficiency virus type-1 
by vaccination." Immunity 33(4): 542-554. 

McLaughlin, B. E., N. Baumgarth, M. Bigos, M. Roederer, S. C. De Rosa, J. D. Altman, D. F. Nixon, J. 
Ottinger, C. Oxford, T. G. Evans and D. M. Asmuth (2008). "Nine-color flow cytometry for accurate 
measurement of T cell subsets and cytokine responses. Part I: Panel design by an empiric approach." 
Cytometry A 73(5): 400-410. 



 85 

McMichael, A. J., P. Borrow, G. D. Tomaras, N. Goonetilleke and B. F. Haynes (2010). "The immune 
response during acute HIV-1 infection: clues for vaccine development." Nat Rev.Immunol. 10(1): 11-23. 

Mehandru, S., M. A. Poles, K. Tenner-Racz, V. Manuelli, P. Jean-Pierre, P. Lopez, A. Shet, A. Low, H. 
Mohri, D. Boden, P. Racz and M. Markowitz (2007). "Mechanisms of gastrointestinal CD4+ T-cell 
depletion during acute and early human immunodeficiency virus type 1 infection." Journal of Virology 
81(2): 599-612. 

Mellors, J. W., C. R. Rinaldo, Jr., P. Gupta, R. M. White, J. A. Todd and L. A. Kingsley (1996). "Prognosis 
in HIV-1 infection predicted by the quantity of virus in plasma." Science 272(5265): 1167-1170. 

Migueles, S. A., A. C. Laborico, W. L. Shupert, M. S. Sabbaghian, R. Rabin, C. W. Hallahan, B. D. Van, S. 
Kostense, F. Miedema, M. McLaughlin, L. Ehler, J. Metcalf, S. Liu and M. Connors (2002). "HIV-specific 
CD8+ T cell proliferation is coupled to perforin expression and is maintained in nonprogressors." Nat 
Immunol. 3(11): 1061-1068. 

Moir, S., T. W. Chun and A. S. Fauci (2011). "Pathogenic mechanisms of HIV disease." Annu.Rev.Pathol. 
6: 223-248. 

Montes, M., D. E. Lewis, C. Sanchez, C. D. Lopez de, E. A. Graviss, C. Seas, E. Gotuzzo and A. C. White, 
Jr. (2006). "Foxp3+ regulatory T cells in antiretroviral-naive HIV patients." AIDS 20(12): 1669-1671. 

Moreno-Fernandez, M. E., P. Presicce and C. A. Chougnet (2012). "Homeostasis and function of 
regulatory T cells in HIV/SIV infection." Journal of Virology 86(19): 10262-10269. 

Moreno-Fernandez, M. E., C. M. Rueda, L. K. Rusie and C. A. Chougnet (2011). "Regulatory T cells 
control HIV replication in activated T cells through a cAMP-dependent mechanism." Blood 117(20): 5372-
5380. 

Murer, E. H., J. Levin and R. Holme (1975). "Isolation and studies of the granules of the amebocytes of 
Limulus polyphemus, the horseshoe crab." J Cell Physiol 86(3 Pt 1): 533-542. 

Nachega, J. B., V. C. Marconi, G. U. van Zyl, E. M. Gardner, W. Preiser, S. Y. Hong, E. J. Mills and R. 
Gross (2011). "HIV treatment adherence, drug resistance, virologic failure: evolving concepts." Infect 
Disord Drug Targets 11(2): 167-174. 

Nakanishi, Y., B. Lu, C. Gerard and A. Iwasaki (2009). "CD8(+) T lymphocyte mobilization to virus-
infected tissue requires CD4(+) T-cell help." Nature 462(7272): 510-513. 

Ndhlovu, L. C., C. P. Loo, G. Spotts, D. F. Nixon and F. M. Hecht (2008). "FOXP3 expressing CD127lo 
CD4+ T cells inversely correlate with CD38+ CD8+ T cell activation levels in primary HIV-1 infection." 
Journal of Leukocyte Biology 83(2): 254-262. 

Nilsson, J., A. Boasso, P. A. Velilla, R. Zhang, M. Vaccari, G. Franchini, G. M. Shearer, J. Andersson and 
C. Chougnet (2006). "HIV-1-driven regulatory T-cell accumulation in lymphoid tissues is associated with 
disease progression in HIV/AIDS." Blood 108(12): 3808-3817. 

Pal, S. and L. M. Schnapp (2004). "HIV-infected lymphocytes regulate fibronectin synthesis by TGF beta 1 
secretion." J Immunol 172(5): 3189-3195. 

Palella, F. J., Jr., K. M. Delaney, A. C. Moorman, M. O. Loveless, J. Fuhrer, G. A. Satten, D. J. Aschman 
and S. D. Holmberg (1998). "Declining morbidity and mortality among patients with advanced human 
immunodeficiency virus infection. HIV Outpatient Study Investigators." N Engl J Med 338(13): 853-860. 

Panda, A., S. Chen, A. C. Shaw and H. G. Allore (2013). "Statistical approaches for analyzing 
immunologic data of repeated observations: A practical guide." J Immunol Methods 398-399: 19-26. 

Pantaleo, G., C. Graziosi and A. S. Fauci (1993). "New concepts in the immunopathogenesis of human 
immunodeficiency virus infection." N Engl J Med 328(5): 327-335. 



 86 

Paton, N. I. (2008). "Treatment interruption strategies: how great are the risks?" Curr Opin Infect Dis 
21(1): 25-30. 

Perfetto, S. P., P. K. Chattopadhyay and M. Roederer (2004). "Seventeen-colour flow cytometry: 
unravelling the immune system." Nat Rev.Immunol. 4(8): 648-655. 

Persaud, D., H. Gay, C. Ziemniak, Y. H. Chen, M. Piatak, Jr., T. W. Chun, M. Strain, D. Richman and K. 
Luzuriaga (2013). "Absence of detectable HIV-1 viremia after treatment cessation in an infant." N Engl J 
Med 369(19): 1828-1835. 

Petalas, K. and S. R. Durham (2013). "Allergen immunotherapy for allergic rhinitis." Rhinology 51(2): 99-
110. 

Pettersen, F. O., K. Tasken and D. Kvale (2010). "Combined Env- and Gag-specific T cell responses in 
relation to programmed death-1 receptor and CD4 T cell loss rates in human immunodeficiency virus-1 
infection." Clinical and Experimental Immunology 161(2): 315-323. 

Pettersen, F. O., E. A. Torheim, A. E. Dahm, I. S. Aaberge, A. Lind, M. Holm, E. M. Aandahl, P. M. 
Sandset, K. Tasken and D. Kvale (2011). "An exploratory trial of cyclooxygenase type 2 inhibitor in HIV-1 
infection: downregulated immune activation and improved T cell-dependent vaccine responses." Journal of 
Virology 85(13): 6557-6566. 

Pitisuttithum, P., P. Gilbert, M. Gurwith, W. Heyward, M. Martin, F. van Griensven, D. Hu, J. W. Tappero 
and K. Choopanya (2006). "Randomized, double-blind, placebo-controlled efficacy trial of a bivalent 
recombinant glycoprotein 120 HIV-1 vaccine among injection drug users in Bangkok, Thailand." J Infect 
Dis 194(12): 1661-1671. 

Poli, G., G. Pantaleo and A. S. Fauci (1993). "Immunopathogenesis of human immunodeficiency virus 
infection." Clin Infect Dis 17 Suppl 1: S224-229. 

Pollard, R. B., J. r. K. Rockstroh, G. Pantaleo, D. M. Asmuth, B. Peters, A. Lazzarin, F. Garcia, K. 
Ellefsen, D. Podzamczer, J. van Lunzen, K. Arastéh, D. Schürmann, B. Clotet, W. D. Hardy, R. Mitsuyasu, 
G. Moyle, A. Plettenberg, M. Fisher, G. Fätkenheuer, M. Fischl, B. Taiwo, I. Baksaas, D. Jolliffe, S. 
Persson, Ø. Jelmert, A.-O. Hovden, M. A. Sommerfelt, V. Wendel-Hansen and B. Sørensen (2014). "Safety 
and efficacy of the peptide-based therapeutic vaccine for HIV-1, Vacc-4x: a phase 2 randomised, double-
blind, placebo-controlled trial." The Lancet Infectious Diseases. 

Pope, M. and A. T. Haase (2003). "Transmission, acute HIV-1 infection and the quest for strategies to 
prevent infection." Nature Medicine 9(7): 847-852. 

Porichis, F., M. G. Hart, J. Zupkosky, L. Barblu, D. S. Kwon, A. McMullen, T. Brennan, R. Ahmed, G. J. 
Freeman, D. G. Kavanagh and D. E. Kaufmann (2013). "Differential impact of PD-1 and/or IL-10 blockade 
on HIV-1-specific CD4 T cell and antigen-presenting cell functions." J Virol. 

Porichis, F. and D. E. Kaufmann (2011). "HIV-specific CD4 T cells and immune control of viral 
replication." Curr.Opin.HIV.AIDS 6(3): 174-180. 

Porichis, F. and D. E. Kaufmann (2012). "Role of PD-1 in HIV pathogenesis and as target for therapy." 
Curr HIV/AIDS Rep 9(1): 81-90. 

Presicce, P., K. Orsborn, E. King, J. Pratt, C. J. Fichtenbaum and C. A. Chougnet (2011). "Frequency of 
circulating regulatory T cells increases during chronic HIV infection and is largely controlled by highly 
active antiretroviral therapy." PLoS.One. 6(12): e28118. 

Prioult, G. and C. Nagler-Anderson (2005). "Mucosal immunity and allergic responses: lack of regulation 
and/or lack of microbial stimulation?" Immunological Reviews 206: 204-218. 

Probst, H. C., K. McCoy, T. Okazaki, T. Honjo and M. van den Broek (2005). "Resting dendritic cells 
induce peripheral CD8+ T cell tolerance through PD-1 and CTLA-4." Nat.Immunol. 6(3): 280-286. 



 87 

Read, S., V. Malmstrom and F. Powrie (2000). "Cytotoxic T lymphocyte-associated antigen 4 plays an 
essential role in the function of CD25(+)CD4(+) regulatory cells that control intestinal inflammation." 
Journal of Experimental Medicine 192(2): 295-302. 

Reddy, M., E. Eirikis, C. Davis, H. M. Davis and U. Prabhakar (2004). "Comparative analysis of 
lymphocyte activation marker expression and cytokine secretion profile in stimulated human peripheral 
blood mononuclear cell cultures: an in vitro model to monitor cellular immune function." Journal of 
Immunological Methods 293(1-2): 127-142. 

Reimann, K. A., M. Chernoff, C. L. Wilkening, C. E. Nickerson and A. L. Landay (2000). "Preservation of 
lymphocyte immunophenotype and proliferative responses in cryopreserved peripheral blood mononuclear 
cells from human immunodeficiency virus type 1-infected donors: implications for multicenter clinical 
trials. The ACTG Immunology Advanced Technology Laboratories." Clin.Diagn.Lab Immunol. 7(3): 352-
359. 

Rerks-Ngarm, S., R. M. Paris, S. Chunsutthiwat, N. Premsri, C. Namwat, C. Bowonwatanuwong, S. S. Li, 
J. Kaewkungkal, R. Trichavaroj, N. Churikanont, M. S. de Souza, C. Andrews, D. Francis, E. Adams, J. 
Flores, S. Gurunathan, J. Tartaglia, R. J. O'Connell, C. Eamsila, S. Nitayaphan, V. Ngauy, P. 
Thongcharoen, P. Kunasol, N. L. Michael, M. L. Robb, P. B. Gilbert and J. H. Kim (2013). "Extended 
evaluation of the virologic, immunologic, and clinical course of volunteers who acquired HIV-1 infection 
in a phase III vaccine trial of ALVAC-HIV and AIDSVAX B/E." J Infect Dis 207(8): 1195-1205. 

Rerks-Ngarm, S., P. Pitisuttithum, S. Nitayaphan, J. Kaewkungwal, J. Chiu, R. Paris, N. Premsri, C. 
Namwat, M. de Souza, E. Adams, M. Benenson, S. Gurunathan, J. Tartaglia, J. G. McNeil, D. P. Francis, 
D. Stablein, D. L. Birx, S. Chunsuttiwat, C. Khamboonruang, P. Thongcharoen, M. L. Robb, N. L. 
Michael, P. Kunasol and J. H. Kim (2009). "Vaccination with ALVAC and AIDSVAX to prevent HIV-1 
infection in Thailand." N Engl J Med 361(23): 2209-2220. 

Richman, D. D., D. M. Margolis, M. Delaney, W. C. Greene, D. Hazuda and R. J. Pomerantz (2009). "The 
challenge of finding a cure for HIV infection." Science 323(5919): 1304-1307. 

Richman, D. D., D. M. Margolis, M. Delaney, W. C. Greene, D. Hazuda and R. J. Pomerantz (2009). "The 
challenge of finding a cure for HIV infection." Science 323(5919): 1304-1307. 

Robbins, G. K., M. M. Addo, H. Troung, A. Rathod, K. Habeeb, B. Davis, H. Heller, N. Basgoz, B. D. 
Walker and E. S. Rosenberg (2003). "Augmentation of HIV-1-specific T helper cell responses in chronic 
HIV-1 infection by therapeutic immunization." Aids 17(8): 1121-1126. 

Rong, L. and A. S. Perelson (2009). "Modeling HIV persistence, the latent reservoir, and viral blips." J 
Theor Biol 260(2): 308-331. 

Rosenberg, E. S., J. M. Billingsley, A. M. Caliendo, S. L. Boswell, P. E. Sax, S. A. Kalams and B. D. 
Walker (1997). "Vigorous HIV-1-specific CD4+ T cell responses associated with control of viremia." 
Science 278(5342): 1447-1450. 

Rothaeusler, K. and N. Baumgarth (2007). "Assessment of cell proliferation by 5-bromodeoxyuridine 
(BrdU) labeling for multicolor flow cytometry." Curr Protoc Cytom Chapter 7: Unit7.31. 

Rouse, B. T., P. P. Sarangi and S. Suvas (2006). "Regulatory T cells in virus infections." Immunological 
Reviews 212: 272-286. 

Routy, J. P., M. R. Boulassel, C. A. Nicolette and J. M. Jacobson (2012). "Assessing risk of a short-term 
antiretroviral therapy discontinuation as a read-out of viral control in immune-based therapy." J Med Virol 
84(6): 885-889. 

Said, E. A., F. P. Dupuy, L. Trautmann, Y. Zhang, Y. Shi, M. El-Far, B. J. Hill, A. Noto, P. Ancuta, Y. 
Peretz, S. G. Fonseca, G. J. Van, M. R. Boulassel, J. Bruneau, N. H. Shoukry, J. P. Routy, D. C. Douek, E. 
K. Haddad and R. P. Sekaly (2010). "Programmed death-1-induced interleukin-10 production by 
monocytes impairs CD4+ T cell activation during HIV infection." Nat Med 16(4): 452-459. 



 88 

Sandler, N. G. and D. C. Douek (2012). "Microbial translocation in HIV infection: causes, consequences 
and treatment opportunities." Nat Rev Microbiol 10(9): 655-666. 

Saraiva, M. and A. O'Garra (2010). "The regulation of IL-10 production by immune cells." Nat Rev 
Immunol 10(3): 170-181. 

Schooley, R. T., J. Spritzler, H. Wang, M. M. Lederman, D. Havlir, D. R. Kuritzkes, R. Pollard, C. 
Battaglia, M. Robertson, D. Mehrotra, D. Casimiro, K. Cox and B. Schock (2010). "AIDS clinical trials 
group 5197: a placebo-controlled trial of immunization of HIV-1-infected persons with a replication-
deficient adenovirus type 5 vaccine expressing the HIV-1 core protein." J Infect Dis 202(5): 705-716. 

Shacklett, B. L. (2002). "Beyond 51Cr release: New methods for assessing HIV-1-specific CD8+ T cell 
responses in peripheral blood and mucosal tissues." Clin Exp Immunol 130(2): 172-182. 

Shafer-Weaver, K., T. Sayers, S. Strobl, E. Derby, T. Ulderich, M. Baseler and A. Malyguine (2003). "The 
Granzyme B ELISPOT assay: an alternative to the 51Cr-release assay for monitoring cell-mediated 
cytotoxicity." J Transl Med 1(1): 14. 

Sharp, P. M. and B. H. Hahn (2010). "The evolution of HIV-1 and the origin of AIDS." Philos Trans R Soc 
Lond B Biol Sci 365(1552): 2487-2494. 

Siliciano, J. D., J. Kajdas, D. Finzi, T. C. Quinn, K. Chadwick, J. B. Margolick, C. Kovacs, S. J. Gange and 
R. F. Siliciano (2003). "Long-term follow-up studies confirm the stability of the latent reservoir for HIV-1 
in resting CD4+ T cells." Nat Med 9(6): 727-728. 

Simone, R., G. Piatti and D. Saverino (2009). "The inhibitory co-receptors: a way to save from anergy the 
HIV-specific T cells." Curr HIV Res 7(3): 266-272. 

Sitz, K. V., S. Ratto-Kim, A. S. Hodgkins, M. L. Robb and D. L. Birx (1999). "Proliferative responses to 
human immunodeficiency virus type 1 (HIV-1) gp120 peptides in HIV-1-infected individuals immunized 
with HIV-1 rgp120 or rgp160 compared with nonimmunized and uninfected controls." J Infect Dis 179(4): 
817-824. 

Slota, M., J. B. Lim, Y. Dang and M. L. Disis (2011). "ELISpot for measuring human immune responses to 
vaccines." Expert.Rev.Vaccines. 10(3): 299-306. 

Soares, A., L. Govender, J. Hughes, W. Mavakla, M. de Kock, C. Barnard, B. Pienaar, E. Janse van 
Rensburg, G. Jacobs, G. Khomba, L. Stone, B. Abel, T. J. Scriba and W. A. Hanekom (2010). "Novel 
application of Ki67 to quantify antigen-specific in vitro lymphoproliferation." J Immunol Methods 362(1-
2): 43-50. 

Stanecki, K., J. Daher, J. Stover, M. Beusenberg, Y. Souteyrand and J. M. Garcia Calleja (2010). 
"Antiretroviral therapy needs: the effect of changing global guidelines." Sex Transm.Infect. 86 Suppl 2: 
ii62-ii66. 

Steinman, R. M., A. Granelli-Piperno, M. Pope, C. Trumpfheller, R. Ignatius, G. Arrode, P. Racz and K. 
Tenner-Racz (2003). "The interaction of immunodeficiency viruses with dendritic cells." Curr Top 
Microbiol Immunol 276: 1-30. 

Streeck, H., Z. L. Brumme, M. Anastario, K. W. Cohen, J. S. Jolin, A. Meier, C. J. Brumme, E. S. 
Rosenberg, G. Alter, T. M. Allen, B. D. Walker and M. Altfeld (2008). "Antigen load and viral sequence 
diversification determine the functional profile of HIV-1-specific CD8+ T cells." PLoS.Med 5(5): e100. 

Stylianou, E., P. Aukrust, D. Kvale, F. Muller and S. S. Froland (1999). "IL-10 in HIV infection: increasing 
serum IL-10 levels with disease progression--down-regulatory effect of potent anti-retroviral therapy." 
Clinical and Experimental Immunology 116(1): 115-120. 

Saah, A. J., D. R. Hoover, S. Weng, M. Carrington, J. Mellors, C. R. Rinaldo, Jr., D. Mann, R. Apple, J. P. 
Phair, R. Detels, S. O'Brien, C. Enger, P. Johnson and R. A. Kaslow (1998). "Association of HLA profiles 



 89 

with early plasma viral load, CD4+ cell count and rate of progression to AIDS following acute HIV-1 
infection. Multicenter AIDS Cohort Study." Aids 12(16): 2107-2113. 

Vanham, G. and E. Van Gulck (2012). "Can immunotherapy be useful as a "functional cure" for infection 
with Human Immunodeficiency Virus-1?" Retrovirology 9: 72. 

Vignali, D. A. (2000). "Multiplexed particle-based flow cytometric assays." J Immunol Methods 243(1-2): 
243-255. 

Vignali, D. A., L. W. Collison and C. J. Workman (2008). "How regulatory T cells work." 
Nat.Rev.Immunol. 8(7): 523-532. 

Virgin, H. W. and B. D. Walker (2010). "Immunology and the elusive AIDS vaccine." Nature 464(7286): 
224-231. 

Wain-Hobson, S., P. Sonigo, O. Danos, S. Cole and M. Alizon (1985). "Nucleotide sequence of the AIDS 
virus, LAV." Cell 40(1): 9-17. 

Wherry, E. J. (2011). "T cell exhaustion." Nat.Immunol. 12(6): 492-499. 

Wherry, E. J. and R. Ahmed (2004). "Memory CD8 T-cell differentiation during viral infection." Journal of 
Virology 78(11): 5535-5545. 

Wherry, E. J., S. J. Ha, S. M. Kaech, W. N. Haining, S. Sarkar, V. Kalia, S. Subramaniam, J. N. Blattman, 
D. L. Barber and R. Ahmed (2007). "Molecular signature of CD8+ T cell exhaustion during chronic viral 
infection." Immunity. 27(4): 670-684. 

Wilson, E. B. and D. G. Brooks (2011). "The role of IL-10 in regulating immunity to persistent viral 
infections." Current Topics in Microbiology and Immunology 350: 39-65. 

Wolchok, J. D., H. Kluger, M. K. Callahan, M. A. Postow, N. A. Rizvi, A. M. Lesokhin, N. H. Segal, C. E. 
Ariyan, R. A. Gordon, K. Reed, M. M. Burke, A. Caldwell, S. A. Kronenberg, B. U. Agunwamba, X. 
Zhang, I. Lowy, H. D. Inzunza, W. Feely, C. E. Horak, Q. Hong, A. J. Korman, J. M. Wigginton, A. Gupta 
and M. Sznol (2013). "Nivolumab plus ipilimumab in advanced melanoma." N Engl J Med 369(2): 122-
133. 

World Medical Association, W. (2013). "World medical association declaration of helsinki: Ethical 
principles for medical research involving human subjects." JAMA 310(20): 2191-2194. 

Worobey, M., M. Gemmel, D. E. Teuwen, T. Haselkorn, K. Kunstman, M. Bunce, J. J. Muyembe, J. M. 
Kabongo, R. M. Kalengayi, M. E. Van, M. T. Gilbert and S. M. Wolinsky (2008). "Direct evidence of 
extensive diversity of HIV-1 in Kinshasa by 1960." Nature 455(7213): 661-664. 

Younes, S. A., B. Yassine-Diab, A. R. Dumont, M. R. Boulassel, Z. Grossman, J. P. Routy and R. P. 
Sekaly (2003). "HIV-1 viremia prevents the establishment of interleukin 2-producing HIV-specific memory 
CD4+ T cells endowed with proliferative capacity." J.Exp.Med 198(12): 1909-1922. 

Zhou, G., C. G. Drake and H. I. Levitsky (2006). "Amplification of tumor-specific regulatory T cells 
following therapeutic cancer vaccines." Blood 107(2): 628-636. 

Zhu, T., B. T. Korber, A. J. Nahmias, E. Hooper, P. M. Sharp and D. D. Ho (1998). "An African HIV-1 
sequence from 1959 and implications for the origin of the epidemic." Nature 391(6667): 594-597. 

Zimmerli, S. C., A. Harari, C. Cellerai, F. Vallelian, P. A. Bart and G. Pantaleo (2005). "HIV-1-specific 
IFN-gamma/IL-2-secreting CD8 T cells support CD4-independent proliferation of HIV-1-specific CD8 T 
cells." Proc Natl Acad Sci U S A 102(20): 7239-7244. 



 90 

Aandahl, E. M., J. Michaelsson, W. J. Moretto, F. M. Hecht and D. F. Nixon (2004). "Human CD4+ 
CD25+ regulatory T cells control T-cell responses to human immunodeficiency virus and cytomegalovirus 
antigens." J Virol 78(5): 2454-2459. 



 91 

 

 





I





II





Vaccine 31 (2013) 4611– 4618

Contents lists available at  ScienceDirect

Vaccine

jou rn al  hom ep age: www.elsev ier .com/ locat e/vacc ine

Boosters  of  a  therapeutic  HIV-1  vaccine  induce  divergent  T cell

responses  related  to regulatory  mechanisms�,��

Andreas  Linda,b,∗, Kristin  Brekkea, Maja  Sommerfelt c,  Jens  O. Holmbergc,1,
Hans  Christian  D. Aassd, Ingebjørg Baksaase, Birger  Sørensenc,  Anne Ma  Dyrhol-Riisea,b,
Dag Kvalea,b

a Department of Infectious Diseases, Oslo University Hospital, Oslo,  Norway
b Institute of Clinical Medicine, University of  Oslo, Oslo, Norway
c Bionor Pharma AS,  Oslo, Norway
d The Flow Cytometry Core Facility, The Unit of Blood Cell Research, Department of Medical Biochemistry, Oslo University Hospital, Oslo, Norway
e Mericon AS, Skien, Norway

a  r  t  i  c  l e i  n  f  o

Article history:

Received 27 March 2013

Received  in revised form 2 July 2013

Accepted 16 July 2013

Available online 30 July 2013

Keywords:

HIV-1

Immune therapy

Immunization

T  cells

Immune regulation

a  b s t r  a  c  t

Therapeutic  human  immunodeficiency  virus (HIV) vaccines  aim  to  reduce disease  progression  by  induc-

ing  HIV-specific  T cells. Vacc-4x are peptides derived from conserved  domains within  HIV-1  p24  Gag.

Previously,  Vacc-4x induced  T  cell  responses  in 90% of patients which were associated  with reduced viral

loads.  Here  we evaluate  the effects  of Vacc-4x boosters  on T  cell immunity  and immune regulation seven

years  after primary immunization.  Twenty-five patients  on  effective  antiretroviral  therapy received two

Vacc-4x  doses  four  weeks  apart  and were followed  for 16  weeks. Vacc-4x  T cell responses  were mea-

sured by  proliferation  (CFSE),  INF-�, CD107a, Granzyme B, Delayed-Type  Hypersensitivity test  (DTH)  and

cytokines  and chemokines  (Luminex).  Functional  regulation of Vacc-4x-specific  T  cell proliferation  was

estimated  in  vitro  using  anti-IL-10  and anti-TGF-ß  monoclonal antibodies.

Vacc-4x-specific CD8+ T  cell  proliferation  increased in 80% after either  the first (64%) or second (16%)

booster.  Only 40%  remained responders  after  two  boosters with permanently  increased Vacc-4x-specific

proliferative  responses  (p = 0.005)  and improved  CD8+ T  cell degranulation,  IFN-�  production  and DTH. At

baseline,  responders  had higher CD8+ T  cell degranulation (p =  0.05) and CD4+ INF-� production (p  = 0.01),

whereas  non-responders  had  higher  production  of  proinflammatory  TNF-�,  IL-1� and IL-1ß (p < 0.045)

and regulatory  IL-10  (p  =  0.07).

Notably,  IL-10 and TGF-ß  mediated  downregulation of  Vacc-4x-specific CD8+ T cell proliferation

increased  only  in  non-responders (p <  0.001). Downregulation during  the study correlated to  higher PD-1

expression  on  Vacc-4x-specific  CD8+ T  cells  (r =  0.44, p =  0.037),  but was  inversely  correlated  to changes

in  Vacc4x-specific  CD8+ T  cell  proliferation (r = −0.52,  p = 0.012).

These findings  show  that  Vacc-4x boosters  can improve  T  cell responses in selected  patients,  but  also

induce  vaccine-specific  downregulation of  T  cell responses  in  others.  Broad  surveillance  of  T  cell  functions

during  immunization  may  help to individualize  boosting, where  assessment  of  vaccine-related immune

regulation  should  be  further explored  as a  potential new  parameter.
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1. Introduction

Human immunodeficiency virus (HIV) type  1  preferentially tar-

gets and depletes two types of  activated CD4+ T cells in  primary

infection; CCR5+CD4+ Th17 mucosal T cells [1] and subsequently

HIV-specific CD4+ T cells. The latter clones are  essential in  main-

taining effective viral control in collaboration with CD8+ T cells

of the same specificities [2,3]. In chronic HIV infection there is

an altered balance between immune activation, immune exhaus-

tion and regulation. Recent data suggests that low T regulatory

cell (Treg) responses are associated with viral control in  HIV con-

trollers [4] and that protective HIV-specific CD8+ T cells evade Treg

suppression [5].

Therapeutic  HIV vaccines aim to repair HIV-specific cellular

immunity after primary infection by inducing new T cell clones

and thereby better control viral replication, especially through

polyfunctional HIV-specific CD8+ T cell responses [6,7]. Thus,

effective vaccination may  potentially reduce disease progression,

delay initiation of antiretroviral treatment (ART) and help to

decrease residual viral load levels in already treated patients

[8].

Vacc-4x is a therapeutic HIV-1 vaccine candidate derived

from conserved domains within p24 Gag, designed to stimulate

cellular immune responses [9]. Previously, Vacc-4x stimulated

proliferative T cell responses in 90% of immunized HIV posi-

tive patients [10]. Enhanced T cell responses to Vacc-4x were

associated with reduced viral  loads during ART  interruptions

[11,12] and postponed reintroduction of ART [10] without induc-

ing viral immune escape [13]. Furthermore, we have demonstrated

long-term Vacc-4x-specific T cell memory in the  same cohort

[10,14].

The objective of this study was  to evaluate how two  booster

immunizations of Vacc-4x would influence quantitative and qual-

itative aspects of Vacc-4x-specific T cell immune responses in

previously immunized subjects, with the ultimate goal to explore

the potential of developing individualized immunization regi-

men for HIV-infected patients. Although vaccine boosters aim to

strengthen the pool of effector T cells, boosting might  theoretically

also induce or enhance a spectrum of immune regulatory mech-

anisms [15,16]. However, to our  knowledge, regulation has not

been assessed during therapeutic HIV vaccine boosters in  man. We

hypothesized that responses to two consecutive boosters would be

differentiated and that immune regulatory mechanisms might  play

a role. We  assessed the regulation of vaccine-specific T cell prolifer-

ation by the two  key inhibitory soluble cytokines IL-10 and TGF-ß

in vitro [16,17]. Instead of  characterizing the many possible cellu-

lar sources for these cytokines, we here examined their collective

influence on T cell effector function in  the individual patient. We

found that changes in this parameter could explain the diversified

responses to booster vaccination.

2. Materials and methods

2.1.  Study participants and study design

Twenty-five HIV positive patients who  had  completed the first

Vacc-4x study and who  had been on effective ART for at  least 6

months, with viral load <20 copies/ml and with no clinical signs

of immune deficiency were included for re-immunization in this

non-randomized single-center, open-label one arm study. Patients

with previous allergic reactions to Vacc-4x, malignant disease,

immune suppressive therapy, concurrent active infections, as well

as pregnant or breastfeeding women  were excluded. Fifteen min-

utes prior to immunizations, low dose GM-CSF (Leukine; Genzyme,

MA, USA) was  injected intradermally followed by 100 �l  Vacc-4x

(300  �g/ml per peptide) intradermally in  the  same spot at  baseline

and after 4  weeks. Clinical examination, general biochemistry and

hematologic analyses, HIV-RNA, CD4 and CD8  cell counts were per-

formed on every visit at study weeks 0,  4  and  16. All blood samples

were collected prior to immunizations.

The  study was  approved by the Norwegian Medicine Agency

and the Norwegian South-Eastern Regional Committee for Medical

and Health Research Ethics with written informed consent from all

participants and  monitored by Mericon (Skien, Norway).

2.2.  T cell assays

2.2.1.  Proliferation and IL-10 and TGF-  ̌ blocking assays

Peripheral-blood mononuclear cells (PBMC) were labelled with

carboxyfluorescein succinimidyl ester  (CFSE, Invitrogen Molecu-

lar Probes, OR, USA) as described earlier [9] before  stimulation

with Vacc-4x (5 �g/ml/peptide) along with unstimulated nega-

tive and  positive controls (Staphylococcal enterotoxin B, 0.5 �g/ml,

Sigma–Aldrich, MO,  USA).  In addition, parallel antigen-stimulated

samples and controls cultures received blocking anti-IL-10 and

anti-TGF-ß monoclonal antibodies (mAbs) at 10 �g/ml, according

to the instructions by the  manufacturer (R&D Systems Europe,

Abingdon, UK) and described elsewhere [17]. Cells were cultured

in serum-free culture medium (Gibco AIM V, Invitrogen) with

0.5% highly purified human albumin for 6 days at 37 ◦C and 5%

CO2 before harvesting, staining and preparation for flow cyto-

metric analysis as previously detailed [9].  Cells were stained with

anti-CD3 Pacific Blue, anti-CD8 AmCyan, anti-HLA-DR PE-Cy7 and

7-aminoactinomycin (7-AAD), the latter to exclude nonviable cells

(Becton Dickinson Pharmingen, NJ, USA). Antigen-specific response

was  calculated as difference in percentage of proliferated (CFSEdim),

activated (HLA-DR+)  and live (7-AAD−) CD3+ T cell subsets (CD8+ or

CD8− (defined as CD4+), respectively) between antigen-stimulated

and control cultures, as previously detailed [14]. Multiple parallels

were not due to shortage of available cells. IL-10- and TGF-�-

mediated regulation of proliferation was  estimated by subtracting

antigen-induced proliferation from parallel controls with  only IL-

10- and TGF-� blocking mAbs (Fig. 1). Flow cytometry data  were

obtained with a BD Canto II with BD Diva software v6 and analyzed

in WinList v7 (Verity  Software House, ME,  USA).

2.2.2. INF-� and CD107a degranulation assays

Freshly isolated PBMC were stimulated with Vacc-4x

(5 �g/ml/peptide) at 37 ◦C and 5% CO2 for 6 h  followed by

harvesting, staining and preparation for flow cytometric analysis.

Monensin (BD) and  FITC-labelled anti-CD107a (eBioscience, CA,

USA) were added prior to stimulation [18]. Two-step surface

staining was  performed with biotinylated anti-PD-1 (R&D) and

Streptavidin-APC (Invitrogen), the latter with anti-CD3 and anti-

CD8, followed by permeabilization (PERMII, BD) and intracellular

staining for interferon-� (INF-�) PE (BD). Cut-off for PD-1 was

determined using the  Fluorescence minus one method [19].

2.2.3.  Granzyme B ELISPOT

The  Granzyme B enzyme-linked immunosorbent spot (ELISPOT)

assay was  performed according to the instructions by the  manu-

facturer (Mabtech, Sweden) with cryopreserved PBMC that were

reconstituted overnight and  stimulated in  triplicate with Vacc-4x

15-mer overlapping peptides along with positive and  negative con-

trols using 200,000 PBMC/well. Spots  were counted using  an AID

Elispot reader with AID Elispot v5  scanner software (AID GmbH,

Germany) and  median values of  triplicates were used for analysis.

Spot-forming units (SFU) were adjusted by the number of spots in

negative controls. The proportion of CD8+ T  cells in  each sample

was enumerated by flow cytometry to calculate SFU per  million

CD8+ T cells.
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Fig. 1. (A) Schematic outline of  the assay for  assessing T cell regulation of  vaccine-specific proliferation. Left panel illustrate that  antigen-induced T cell responses, such

as  proliferation, is a net result of proinflammatory and  regulatory signals. Functional IL-10 and  TGF-�-mediated T  cell regulation (�) is defined here as  the difference

in  conventional antigen-induced proliferation (left panel) versus antigen-induced proliferation in the presence of anti-IL-10 and anti-TGF-ß monoclonal antibodies (right

panel).  (B) Example of two  study patients with similar conventional proliferative CD8+ T cell responses (CFSEdimHLA-DR+, left panels) to  Vacc-4x peptides (0.95% and 0.99%,

respectively)  above corresponding unstimulated control. Parallel cultures with additional anti-IL-10 and anti-TGF-� (right panels) reveal moderately increased (� =  +0.53%,

subject  #10, upper right panel) or strongly increased (�  = +3.04%, subject #23, lower right middle panel) proliferation above those with Vacc-4x alone after correcting for

Vacc-4x  unstimulated control with anti-IL-10 and anti-TGF-� only, �  being denoted as downregulation of CD8+ T cells. The  two  lower panels shown  controls without  Vacc-4x

peptides  for subject #23 in the absence (left  lower panel)  or presence (right lower panel) of  anti-IL-10 and anti-TGF-� blocking mAbs, respectively.

2.2.4. Soluble cytokine and chemokine assay

Cytokines and chemokines were measured in  supernatants from

cell cultures containing 200,000 PBMC/well from the  proliferation

assay after 24 h stimulation with Vacc-4x. IL-1�, IL-8, IL-10, IL-

13, IL-17, IFN-�-induced protein 10 (IP-10), monocyte chemotactic

protein-1 (MCP-1), macrophage inflammatory protein-1� (MIP-

1�), RANTES and tumor necrosis factor-� (TNF-�) were measured

using the BioPlex XMap technology (TX, USA) with a  Luminex IS100

instrument (BIO-RAD, CA, USA) and  Bio-Plex manager Software v6.

The StatLIA software package v3 (Brendan Scientific Inc., CA, USA)

was  used to calculate sample cytokine concentrations.

2.2.5. Delayed-type hypersensitivity testing (DTH)

Vacc-4x peptides were injected intradermally without GM-CSF

at study end. The perpendicular diameters of palpable skin infil-

trates were registered after 48 h as  previously described [11,20].

2.3. Statistics

Responders and non-responders after the first (“primary”) or

second (“overall”) booster were defined by positive or negative dif-

ferences relative to baseline in  vaccine peptide-specific CD8+ T cell

responses, respectively. Mann–Whitney U  (MWU), Kruskal–Wallis

test, Spearman Rank, Wilcoxon signed-rank test and Fisher exact

test were used to  analyze differences between groups, correlations,

dependent variables and cross-tabulated data, respectively (Statis-

tica v7, StatSoft, OK, USA). Continuous variables are presented as

median (interquartile ranges, IQR). A p-value ≤0.05 was  considered

significant.

3. Results

3.1. Safety and  clinical data

Twenty-five  of the 38 patients from the first  Vacc-4x study

[9] were available and eligible for re-immunization. After primary

immunizations, all continued the 14 weeks per protocol interrup-

tion of  ART  for 1.8 years (median) and were thereafter treated with

effective ART for 5.4 years (median) before inclusion in the present

study. Clinical data are presented in  Table 1.

After two  Vacc-4x booster doses, only mild and  transient

discomfort was  reported; 15 patients developed moderate local

erythema or swelling at  the  injection site and five experienced

additional muscle pain,  fever, fatigue and  headache after the first

booster, whereas 18  patients reported local and three patients

reported systemic symptoms after the second booster. No  HIV-

related complications were seen during the study period and

all participants were asymptomatic at  study end. Moreover, no

changes were noted for median CD4 cell counts (587 vs. 582

cells/�l), CD8 cell counts (1227 vs. 1151 cells/�l) or HIV-RNA (<20

copies/ml).

3.2. Various patterns in Vacc-4x induced T cell responses

following booster immunizations

Vacc-4x-specific in  vitro responses were measured by T cell pro-

liferation, CD8+ T cell degranulation (CD107a and  Granzyme B)

and INF-� production with rather large variations (Fig. 2). How-

ever, the  data were consistent throughout the study with significant
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Table  1
Clinical data at inclusion.

All (n  = 25)  Overall responders (n  = 10) Overall nonresponders (n =  15)

Age (years) 51 (48–56) 52 (49–56) 50 (47–58)

DTH  (mm2)a 79 (39–154) 143b (104–398) 51 (28–133)

Years  since HIV diagnosis 14.7 (13.0–19.4) 15.6 (12.2–20.9) 14.6 (13.6–19.4)

Years  on effective ART 5.4 (3.5–6.1) 5.4 (3.3–6.1) 4.8  (3.8–6.1)

Nadir  CD4 (cells/�l) 210 (150–230) 205 (150–230) 210 (150–270)

CD4  count (cells/�l) 587 (435–815) 702 (435–873) 566 (423–687)

CD8  count (cells/�l) 1227 (956–1571) 1155 (813–1553) 1233 (1026–1780)

HIV  RNA (copies/ml) <20 (<20–<20) <20 (<20–<20) <20 (<20–<20)

Data presented as median (interquartile range).
a DTH: delayed-type hypersensitive skin test (induration area) at week 200 of the initial Vacc-4x protocol [10,11].
b p = 0.056 between overall responders and  non-responders (Mann–Whitney U test).

correlations between the CD8+ and CD4+ T cell subsets as well as

for the parameters for degranulation (data not shown).

Robust proliferative CD8+ T cell responses to Gag have con-

sistently been related to slow progression of HIV [7,18]. Change

in Vacc-4x proliferative CD8+ T cell responses relative to baseline

was therefore chosen as the primary immunological read-out for

boosting efficacy, in accordance with previous Vacc-4x studies [9].

At  baseline, 19 (76%) patients had detectable proliferative CD8+

T cell responses to Vacc-4x (0.90%  [0.28–1.32]). Twenty patients

(80%) enhanced Vacc-4x CD8+ proliferation at some time point,

either after the first (64%) or  the second booster (16%). At  the end

of the study, 10 patients (40%) ended up as overall responders with

permanently  improved Vacc-4x CD8+ T cell proliferation relative

to baseline (p = 0.005). The remaining 15 patients (60%) were over-

all non-responders, notably with decreasing Vacc-4x CD8+ T cell

proliferation after  two  boosters (p = 0.001), with the same distribu-

tion of  randomized Vacc-4x dose arms as overall responders (see

[9]). However, quite different responses after the first booster were

observed within each responder group (Fig. 3, right panels): for

example, among overall responding patients, 5 patients achieved

maximal proliferative responses after the first booster, but with  a

four-fold reduction in  proliferation after the second (p = 0.046). In

contrast, the  4 out of the 5 remaining overall responders tended

to reduce responses after the first booster. Among the overall

Fig. 2. Vacc-4x-specific T cell responses at baseline (week 0),  after the first (week 4)  and second booster (week 16), measured by four different in  vitro assays (CFSEdimHLA-

DR+-defined proliferation, CD107a, Granzyme B and INF-�). Medians and  interquartile range (IQR) indicated for CD8+ (�)  and CD4+ (©) T  cells, respectively.
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Fig. 3. Time-dependent changes in proliferative CD8+ T cell  responses to Vacc-4x peptide panels. Patient case profiles illustrated for overall responders at end of study (+,

upper  left panel) and overall non-responders (−,  lower left  panel), respectively. Smaller box-plot panels show these  responder groups according to their primary Vacc-4x

response after the first booster determined at week 4 (medians, interquartile ranges and overall  range indicated). p-values for groupwise differences relative to baseline

(dashed  horizontal lines) are shown (Wilcoxon).

non-responders, 10 patients improved Vacc-4x responses after the

first booster whereas proliferation decreased in 5 (Fig. 3).  Thus,

across the overall response groups, a subgroup of patients seemed

to profit from the first booster only, denoting them as primary

responders, with the reservation that first and second responses

were evaluated after different period of times relative to boosting.

At  baseline, overall responders had higher frequencies of Vacc-

4x-specific CD8+ T cell CD107a+ degranulation (p =  0.05) and

CD4+ T cell INF-� production (p = 0.01), whereas some  overall

non-responding patients had  higher secretion of certain proin-

flammatory cytokines, but also IL-10 (see below). In addition,

primary responders had higher baseline levels of Vacc-4x-specific

degranulating (CD107a+)  CD8+ T cells (p  = 0.05, data not shown).

No differences in baseline proliferative response rates (70% and

80%, p = 0.46), clinical parameters, HIV-RNA levels or  CD4 cell

counts were seen between overall responders and  non-responders

(Table 1).

Additional modalities of Vacc-4x induced CD8+ T  cell responses

after two boosters were also assessed and  evaluated together.

Nine (90%) overall responders improved at least two  CD8+ T

cell response modalities (mainly degranulation) and 40%  of them

even had improvements of more than two, which tended to be

lower for overall non-responders (55% and  7%, respectively; p < 0.07,

Fisher).
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Fig. 4. Supernatant concentrations after stimulation of PBMC  with Vacc-4x peptides at study baseline, adjusted for  levels in control cultures. Proinflammatory cytokines

(IL-1,  TNF-�, and MIP-1�) and inhibitory IL-10 shown for  patients with progressive loss of  CD8+ T cell responses after each  of the two  booster (+, n = 5)  are compared with

the  other participants (−,  n =  20), p-values indicated. Data are expressed as  medians, IQR and range.

3.3. Higher baseline levels of  proinflammatory soluble factors in

Vacc-4x overall non-responding patients

Cytokine and chemokine levels were measured in cell culture

supernatants at weeks 0 and 16.  At baseline, the overall prolifera-

tive CD8+ T cell response correlated both with  Th1 (TNF-�; r = 0.55,

p = 0.012) and Th2 cytokines (IL-13; r = 0.51, p = 0.02). Interestingly,

the 5 overall non-responders who lost proliferative responses

already after the first booster, had in fact the highest baseline

levels of the proinflammatory factors TNF-�, IL-1b, MIP-1b and

possibly also inhibitory IL-10 in  response to  in  vitro stimulation

with Vacc-4x peptides (Fig. 4). After  two  booster immunizations,

overall non-responders increased Vacc-4x induced secretion

of the Th2 cytokine IL-13 (p = 0.003, Wilcoxon) whereas over-

all responders increased secretion of  MCP-1 (p =  0.009). Taken

together, at baseline proinflammatory mediators, but also IL-10,

were preferentially produced in those patients who did not profit

on re-immunizations at all, while boosters particularly enhanced

Vacc-4x-related production of the Th2 cytokine IL-13 in  the same

patients.

3.4. Delayed type hypersensitivity responses to Vacc-4x in vivo

Multiple  DTHs were given during the  initial Vacc-4x protocol [9]

and in follow up studies. Most patients were anergic before primary

immunization and developed maximal induration at study week 3

[10,11]. The last DTH before reboost was  done at  study week 200 of

the initial Vacc-4x protocol, approximately three years before the

current study. A total of  82%  of the reboost patients demonstrated

positive DTH >10 mm2 at week 200  (79 mm2 [39–154]) with possi-

bly larger DTH in the overall responding reboost patients (Table 1).

In the present study, Vacc-4x DTH was  again tested at end of

study week 16, twelve weeks after the  second booster. Twenty-two

(96%) of the 23 patients tested had positive DTH (99 mm2 [64–177]),

still  with  possibly larger indurations in  overall responders than

non-responders (p = 0.056). The relevance of this simple in  vivo

test was  supported by correlations with  the last preceding Vacc-4x

DTH (r = 0.57, p = 0.011), current CD8+ T cell proliferation (r = 0.56,

p = 0.006) and increased production of IL-13 (r = 0.63, p = 0.003).

3.5.  Increased IL-10 and  TGF-  ̌ mediated downregulation of

Vacc-4x T cell proliferation in  overall non-responding patients

We  next assessed the association between boosting, T cell

proliferation and T cell regulation mediated by the key regulatory

cytokines IL-10 and  TGF-� as illustrated in  Fig. 1. At baseline,

in vitro downregulation of Vacc-4x-specific proliferation was

similar in magnitude and prevalence between the CD8+ and CD4+

T cell subsets (16 [67%] and  15 [63%]) and between overall respon-

ders and non-responders. Notably, this parameter changed only

in overall non-responders, who  downregulated Vacc-4x-specific

CD8+ T cell proliferation (p < 0.001, Wilcoxon). Consequently,

overall  non-responders demonstrated stronger in vitro IL-10 and

TGF-ß mediated downregulation of Vacc-4x-specific CD8+ T cell

proliferation than overall responders after two  boosters (p = 0.031).

The finding that two  boosters either enhanced proliferation or

induced downregulation of Vacc-4x proliferation was  supported

by an  overall negative correlation between these two  parame-

ters (Fig. 5). Another inhibitory mechanism of effector T cells is

expression of PD-1 [21,22]. Changes in  the downregulation of Vacc-

4x proliferation correlated positively to  concurrent changes in

the expression of PD-1 on Vacc-4x-specific CD8+CD107a+ T cells

(Fig. 5).

4.  Discussion

The objective of this study was  to evaluate the  effects of

two Vacc-4x boosters on specific T cell immunity in  previously
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Fig. 5. Changes from baseline to  end of study after two  boosters in Vacc-4x induced CD8+ T  cell regulation by IL-10 and TGF-� (x-axis) and inverse correlation with

corresponding changes (y-axis) in proliferative CD8+ T cell responses (left panel) and positively so with PD-1 expression on CD8+CD107a+ T  cells (right panel). Spearman

rank  correlations and p-values indicated.

immunized HIV-infected subjects. Based on the  substantial diver-

sity in HIV-specific responses in  general [18,23] and  the  variability

we have seen in Vacc-4x responses [10], we expected differentiated

responses to boosters and  hypothesized a possible link  to immune

regulation.

In this cohort, most patients still had detectable Vacc-4x

memory responses more than seven years after  the primary immu-

nization. The overall efficacy of two boosters was  only 40% in

terms of proliferative CD8+ T cell responses. However, 80% of the

patients were responders at some time point, after either one or two

boosters. Notably, only one patient was  identified who responded

positively to the first and then  again to the second booster, and

20% progressively lost Vacc-4x responsiveness after each booster.

Overall responders did not only improve CD8+ proliferation but

also degranulative capacity, which is an  important characteris-

tic of effective cytotoxic effector T cells [24]. Re-immunization

may  therefore improve several Gag specific cytotoxic CD8+ T cell

response modalities in selected patients. Overall responders also

demonstrated increased Vacc-4x-specific INF-� production and

CD107a degranulation, suggesting the induction of polyfunctional

T cells. Another response parameter was  DTH which related to clin-

ical outcome after primary Vacc-4x immunizations [10,20]. In this

study, DTH marginally improved compared to  the last preceding

DTH taken three years earlier and also correlated to CD8+ T cell

proliferation.

Nevertheless, most patients (60%) ended up  with Vacc-4x-

specific proliferation below their baseline levels after  two  Vacc-4x

boosters. To our knowledge, this is the first observation where

unsuccessful boosting of a therapeutic HIV vaccine can be

explained by increased IL-10 and  TGF-ß mediated downregulation

of vaccine-specific T cell proliferation, in  keeping with facilita-

tion of therapeutic vaccination of mice obtained by  IL-10 blockade

in vivo [25]. Booster-induced changes in IL-10 and TGF-ß medi-

ated regulation were linked to  enhanced expression of inhibitory

PD-1 on Vacc-4x-specific effector cells. Thus, in vitro quantifica-

tion of T cell regulation might be relevant when selecting patients

for vaccine trials as well as for the individualization of booster regi-

mens. For example, our data suggest that some of our current study

patients should not have been boosted at all, and  robust prolifera-

tive responses after the  first booster apparently identified patients

who in retrospect should not have been offered a  second dose.

However, further explorative studies should include additional reg-

ulatory modalities, such as the functional regulation by PD-1 and

CTLA-4 [26].

Several  aspects of our study and exploratory variable for regu-

lation need to be addressed. For example, use of cut-off thresholds

to  define “positive” or non-acceptance of “negative” antigen-

specific responses in  stimulated samples relative to control might

masque regulation as phenomenon. We therefore used the raw data

throughout. We  acknowledge that classification of responder based

on minute differences in responses relative to baseline in some

patients may be different by chance and  altogether weaken the

statistical analysis, but such cases should be randomly distributed.

Moreover, the limited cohort size calls for confirmatory trials, but

we were not able to  recruit all  previously vaccinated participants.

In addition, regulation and activation might develop differently

by comparing different peptide booster doses, which was fixed in

this study, or with individualized time intervals between boost-

ers. Since the  Th2 cytokine IL-13 increased, it would also have

been interesting to test antibody levels to the Vacc-4x peptides,

which have been negligible in  previous studies. It is also possi-

ble that booster-induced T cell regulation may  develop differently

with other vaccines or  modes of immunization. Ideally, we also

would have wanted some additional data: Firstly, future trials of

therapeutic HIV vaccines with  patients on  ART should strive for

ultrasensitive HIV RNA. However, this was here hampered mainly

by insufficient plasma volume both from the current trial and

previous follow-up of  the cohort as  well as lack of facilities in

our region for this test. Secondly, characterization of the cellu-

lar sources of IL-10 and TGF-� in  each individual patient might

have gained additional relevant information, although the  com-

bined actions of regulatory cytokines on T cell effector functions

were in  our opinion the  most important outcome of this pilot

study.

Conclusively, these findings show that Vacc-4x boosters vari-

ably improves or dampens T cell responses in  different patients

and that boosting should be individualized. Broad surveillance

of T cell functions may help in  this respect and assessment of

vaccine-related immune regulation should be further explored as

a potential new  parameter.
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Abstract

HIV replication is only partially controlled by HIV-specific activated effector T cells in chronic HIV infection and strategies are
warranted to improve their efficacy. Chronic T cell activation is generally accompanied by regulation of antigen-specific T
cell responses which may impair an effective control of chronic infections. The impact of HIV-induced T cell regulation on
individual patients’ disease progression is largely unknown, since classical T cell activation assays reflect net activation with
regulation as unknown contributing factor. We here explore a quantitative parameter for antigen-induced cytokine-
mediated regulation (RAC) of HIV-specific effector T cell activation by functional antibody-blockade of IL-10 and transforming
growth factor-b. HIV Env- and Gag-specific T cell activation and RAC were estimated in peripheral blood mononuclear cells
from 30 treatment-naı̈ve asymptomatic HIV-infected progressors (CD4 count 472/ml, HIV RNA 37500 copies/ml) stimulated
with overlapping peptide panels for 6 days. RAC was estimated from differences in T cell activation between normal and
blocked cultures, and related to annual CD4 loss, immune activation (CD38) and microbial translocation (plasma
lipopolysaccharides). RAC was heterogeneously distributed between individual patients and the two HIV antigens. Notably,
RAC did not correlate to corresponding classical activation. Env RAC correlated with CD38 and CD4 loss rates (r.= 0.37,
p =,0.046) whereas classical Gag activation tended to correlate with HIV RNA (r =20.35, p = 0.06). 14 patients (47%) with
low RAC’s to both Env and Gag had higher CD8 counts (p = 0.014) and trends towards lower annual CD4 loss (p = 0.056) and
later start with antiretroviral treatment (p = 0.07) than the others. In contrast, patients with high RAC to both Env and Gag
(n = 8) had higher annual CD4 loss (p = 0.034) and lower CD8 counts (p = 0.014). RAC to Env and Gag was not predicted by
classical activation parameters and may thus provide additional information on HIV-specific immunity. RAC and other
assessments of regulation deserve further in-depth exploration.
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Introduction

Chronic human immunodeficiency virus type 1 (HIV) infection

leads to a variable but progressive loss of immune functions in

most patients. The progression rate is mainly influenced by two

opposing factors, namely HIV-associated chronic immune activa-

tion [1–3] and the efficacy of HIV-specific T cell responses [4,5].

Chronic immune activation expressed by CD38 on T cells,

correlates strongly to disease progression and mortality [6–8]. It is

partly sustained by enhanced systemic translocation of microbial

products such as bacterial lipopolysaccharide (LPS) [9,10] and

induces polyclonal B and T cell activation [11,12], accelerated T

cell turnover [13,14] and immune exhaustion [2,15]. Effective

viral control, on the other hand, seems to depend on the presence

of polyfunctional HIV-specific CD8+ T cells [4].

A less clarified aspect of HIV-specific immunity is downregu-

lation of the HIV-specific effector T cells, where regulatory T cells

(Treg) play a central role [16,17]. Regulation of effector T cells

protects the host from damage in chronic infection, but may also

impair effective immune control. It is mediated by a number of

mechanisms, including the expression of inhibitory receptors in the

immune synapse such as CTLA-4 [18] and programmed death-1

(PD-1) [19,20], or via soluble inhibitory cytokines, particularly IL-

10 and transforming growth factor-b (TGF-ß). These two key

inhibitory cytokines impede pro-inflammatory responses by T

cells, natural killer cells, monocytes and macrophages and are

secreted by a number of cell types including Treg [21–24].

The efficacy of T cell responses depends on the sum of

stimulatory and regulatory signals. T cell regulation has been

intensively studied, but with focus on single regulating mecha-

nisms. However, how these various regulating mechanisms finally

and in concert influence HIV-specific T effector cells and disease

progression in individual patients has been little explored. This

might be assessed for T cells in vitro by blocking downstream
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intracellular regulatory signal pathways during antigen stimula-

tion. Recently we tested such an in vitro quantitative parameter for

regulation in patients on antiretroviral treatment (ART) during

reboost with a Gag peptide-based therapeutic HIV vaccine [25].

We estimated vaccine-specific cytokine-mediated regulation of

CD8+ T cell responses by blocking the effects of IL-10 and TGF

(antigen-induced cytokine-mediated regulation, RAC). Notably,

changes in RAC explained the substantial variations in booster

efficacy, including cases where vaccine responses waned after each

booster.

Since RAC seemed to reflect important features of HIV vaccine-

specific T cell immunity during immunization, we hypothesized

that the same parameter also would provide novel information in

natural chronic HIV infection. In this study, we therefore

compared RAC and activation of Gag- and Env-specific T effector

cells in treatment-naı̈ve patients. We found RAC to be heteroge-

neous, both between individual patients and between the two HIV

antigens, and unfavourably related to HIV progression.

Materials and Methods

Patients
Thirty asymptomatic HIV-1 seropositive ART-naı̈ve viremic

progressors were included (23 males, 7 females). Their clinical

characteristics are shown in Table 1. The patients represented a

spectre of HIV-associated immune activation determined by

CD38 densities on total CD8+ and CD8+PD-1+ T cells [8] and

were chosen from a larger cross-sectional prospective study on

immunological factors in HIV. The study was approved by the

Norwegian South-Eastern Regional Committee for Medical and

Health Research Ethics. Informed consent was signed by each

participant.

Activation Assays and Flow Cytometry
Peripheral-blood mononuclear cells (PBMC) were isolated using

Cell Preparation Tubes (Becton Dickinson (BD), CA, USA) and

preserved, thawed and cultured in serum-free AIM culture

medium containing 0.5% human albumin at 5% CO2 at 37uC,
as described elsewhere [26]. To evaluate activation and prolifer-

ation parameters, the fractions of T cells co-expressing CD25 and

HLA-DR [27] or having low carboxyfluorescein succinimidyl ester

(CFSEdim) signal [28] were compared. PBMC were pulse-labelled

with CFSE (3 mM, 5 min (Invitrogen Molecular Probes, OR,

USA) as detailed previously [29] and subjected to HIV antigens

(four HIV-1 Gag p24 consensus peptide sequences, represented by

15-mer overlapping by 2 amino acid panels [29] and non-HIV

antigens (23 15-mer peptides from cytomegalovirus, Epstein-Barr

virus and influenza virus (CEF, Mabtech, Sweden)).

For the estimates of antigen-specific cytokine-mediated regula-

tion of T cell activation (RAC), cryopreserved PBMC were thawed,

washed and reconstituted in serum-free AIM overnight, and then

stimulated with complete 15-mer Env or Gag overlapping peptide

panels (NIH AIDS Research and Reference Reagent Program,

MD, USA) as detailed elsewhere [30]. Peptide panels in all

experiments were used at 2 mg/ml/peptide. Peptide-exposed and

control cultures were in parallel incubated with inhibitory

monoclonal antibodies (mAbs) to IL-10 and TGF-ß, each at

10 mg/ml final concentration according to the instructions by the

manufacturer (R&D Systems Europe, Abingdon, UK), a concen-

tration that abolished IL-10 in cell culture supernatants (Luminex

assay of supernatants from antigen stimulated T cells cultured for 6

days, data not shown). Staphylococcal enterotoxin B (Sigma-

Aldrich, MO, USA) was used as positive control at 0.5 mg/ml.

Cells were cultured at 37 Co in 5% CO2 for 6 days, and then

harvested, stained and prepared for flow cytometric analysis as

previously described [31]. The following fluorochrome-labelled

mAbs were used: CD3 Pacific Blue, CD8 AmCyan, HLA-DR PE-

Cy7 (BD), CD4 PE and CD25 APC (eBioscience, CA, USA). 7-

aminoactinomycin (7-AAD, BD) was added to discriminate

between viable and non-viable cells according to the manufactur-

er. Flow cytometry data were obtained with a BD FACS Canto II

with BD Diva software v6.1. Only lymphocyte and lymphoblast

gates containing live 7-AAD2 CD3+ T lymphocytes were

evaluated.

Quantification of Env and Gag Related T Cell Activation
Antigen-specific activation of T cell subsets was defined as the

difference in activation marker between peptide-stimulated cells

and corresponding control cells without peptides. In preceding

experiments exploring T cell regulation by HIV vaccine antigens

in patients on ART, regulation and activation were determined by

differences in proliferation (CFSEdim) in CFSE pulse-labelled cells

[25]. In our experience, thawed PBMC samples from ART-naı̈ve

individuals are more vulnerable to toxic effects of CFSE [32], even

after short exposure and low concentrations. We therefore

compared fractions of CFSEdim, defined by median fluorescence

intensities equal to or below the second proliferated generation in

CFSE-labelled PBMC, and fractions of CD25+HLA-DR+. These

parameters reflect overlapping aspects of T cell activation [27], i.e.

proliferation, IL-2 receptor expression and increased HLA class II

expression), as illustrated in Fig. 1A, with correlating activation

results after exposure to both non-HIV and HIV antigens (Fig. 1B).

T cell activation within the cohort was therefore determined by the

frequency of subsets co-expressing CD25 and HLA-DR in

antigen-stimulated cultures corrected for unstimulated controls

[27].

Quantification of Env- and Gag-induced Cytokine-
mediated T Cell Regulation
In parallel with classical activation cultures, IL-10 and TGF-ß

blocked activation was determined as the difference between

antigen-stimulated and control samples that received IL-10 and

TGF-ß blocking mAbs (Fig. 2A). The magnitude of antigen-

induced IL-10 and TGF-ß mediated regulation of T cell activation

(RAC) was calculated by the difference in activation between these

two culture conditions (Fig. 2B). RAC calculated by CFSEdim

Table 1. Cohort characteristics.

All (n = 30)

Median (IQ range)

Age (years) 42 (33–49)

Time HIV seropositive (months) 57 (16–83)

CD4+ T cell count (6106/l) 472 (325–695)

CD8+ T cell count (6106/l) 1084 (788–1828)

HIV-RNA in plasma (copies/ml) 37500 (2300–72000)

Annual CD4 T cell count loss (cells 6106/l) 11 (269–177)

b2-microglobulin in serum (mg/l) 2.5 (1.9–3.3)

CD38 on CD8+ T cells (molecules/cell) 3285 (1834–7226)

CD38 on CD8+CD38+PD-1+ T cells (molecules/cell) 4127 (2095–8704)

LPS (pg/ml) 70 (59–86)

doi:10.1371/journal.pone.0085604.t001

A Parameter for HIV-1 T Cell Regulation

PLOS ONE | www.plosone.org 2 January 2014 | Volume 9 | Issue 1 | e85604



correlated with RAC determined by the CD25+HLA-DR+ subsets

(Fig. 2C).

LPS Measurement
EDTA plasma obtained concurrently with the isolation of

PBMC was separated and snap-frozen at 270uC. LPS was later

measured en bloc in thawed plasma with the Limulus Amebocyte

Lysate chromogenic assay (Lonza, MD, USA) according to the

manufacturer’s instructions with the following modifications:

Samples were diluted 10-fold to avoid interference with back-

ground colour and preheated to 70uC for 12 minutes prior to

analysis to dissolve immune complexes, as previously described

[10].

Plasma Levels of Cytokines and Chemokines
Soluble cytokines representing Th1 (TNF-a, INF-c) and Th2

(IL-4, IL-5, IL-10 and IL-13) profiles were measured in snap-

frozen EDTA plasma (see above) using Bio-Plex XMap technology

(TX, USA) with a Luminex IS100 instrument (BIO-RAD, CA,

USA) and Bio-Plex manager Software v6, according to the

instructions by the manufacturer.

Statistics
To not underestimate regulation, antigen-specific activation

readouts relative to control cultures were treated as raw data. Non-

parametrical statistics were applied throughout the study; Mann-

Whitney U- and Kruskal-Wallis test to compare differences

between two or more groups, and Spearman Rank for correlation

analysis. All continuous variables are presented as medians

Figure 1. Comparison of CD25+HLA-DR+ expression and CFSEdim as measures for antigen-induced activation and regulation of T
cells. CFSE-labelled PBMC from 28 HIV-infected individuals were stimulated for 6 days with peptides encoding either HIV p24 consensus regions (HIV
Ag) or a pool of commonly encountered non-HIV viral peptides (Non-HIV Ag). A. Co-expression of CD25 and HLA-DR on live CD8+CD3+ T cells on
non-divided CFSEhigh (left panel) and proliferated CFSEdim T cells (right panel), showing excessive difference in fractions of CD25+HLA-DR+ in the
activated subset to the right. B. Scatter plots of activation measured in the same culture by CFSEdim or HLA-DR+CD25+, respectively, to non-HIV (+)
and HIV antigen (%) within the CD8+ (left panel) and CD4+ (right panel) T cell subsets. Significant and high correlations obtained for both Non-HIV
antigens (CD8+, r = 0.92, p,0.001: CD4+ r = 0.64, p,0.001) and HIV Gag p24 (CD8+, r = 0.90, p,0.001: CD4+ r = 0.71, p,0.001).
doi:10.1371/journal.pone.0085604.g001
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(interquartile range). The Fisher Exact test was performed to

analyse cross-tabulated categorical data. The annual CD4 count

loss rates were calculated as previously described [26]. Statistica v7

statistical software (StatSoft Inc., OK, USA) was used for all

analysis. A p-value #0.05 was regarded as significant.

Results

Cohort Characteristics Including Parameters for Immune
Activation
Thirty asymptomatic ART-naı̈ve HIV-infected patients (CD4+

T cell counts, 472; HIV RNA, 37,500 copies/ml, medians) were

included to represent a spectrum of HIV-associated immune

activation. CD38, microbial translocation (LPS) and HIV RNA

correlated (r between 0.44–0.60, p,0.02, detailed data not

shown). In keeping with previous observations where CD38

density on CD8+ T cells and on CD8+PD-1+ cells had higher

correlation with other progression markers than frequencies of

CD38+HLA-DR+CD8+ T cells [8,25,26], CD38 density was used

to represent chronic immune activation in the following analysis.

T cell Activation by Gag and Env
T cell activation to Gag and Env peptide panels varied between

patients and was generally higher for Gag, in keeping with

previous observations [30] (Fig. 3A, x-axis). Moreover, Gag and

Env activation correlated within both the CD8+ (r = 0.40,

p = 0.027) and CD4+ (r = 0.53, p= 0.003) T cell subsets (data not

shown).

Variable T Cell Regulation (RAC) without Correlation to
Activation
A parameter for HIV antigen-specific cytokine-mediated T cell

regulation (RAC) was determined by parallel antigen activation

cultures and controls in the absence and presence of IL-10 and

TGF-ß blocking mAbs. It should be noted that RAC calculated by

CFSE correlated significantly with RAC determined by the co-

expression of CD25 and HLA-DR (Fig. 2C).

A substantial variability was observed in RAC related to Gag

and Env exposure (Fig. 3A, y-axis). No correlations were found

between RAC induced by the two HIV antigens (Fig. 3B), in

contrast to the corresponding activation. Perhaps more impor-

tantly, Gag or Env related RAC and corresponding activation did

not correlate (Fig. 3A). Thus, RAC quantified this way could not

have been predicted by the conventional activation assay.

Activation and RAC to HIV-antigens in Relation to
Progression Markers
We next explored how RAC was related to markers of chronic

HIV activation (CD38 density on CD8+ T cells and PD-1 subsets

[8,26]), microbial translocation (LPS), HIV replication and annual

CD4+ T cell loss rates. Significant and unfavourable correlations

were revealed between Env related RAC in either T cell subsets

and chronic immune activation (CD8+, r = 0.41, p = 0.024) and

CD4 loss rates (CD4+, r = 0.39, p = 0.032), whereas Gag-induced

T cell activation tended to correlate with HIV RNA (CD8+,
r =20.35, p= 0.060). These heterogeneous relations are depicted

in Fig. 4, for simplicity illustrated by overall CD3+ T cell activation

and regulation.

Clusters of Patients with Low and High HIV Antigen-
induced Regulation
One cluster of patients appeared to have low RAC induced by

both Gag and Env within the CD4+ and CD8+ subsets (Fig. 3B).

The same cluster was seen when we examined RAC for all CD3+ T

cells (Fig. 5A). This is in keeping with the notion that IL-10 and

Figure 2. Schematic outline and examples of the T cell
regulation assay. A. Schematic outline of the assay measuring
antigen-induced cytokine-mediated induced regulation (RAC) of T cell
activation by IL-10 and TGF-ß. Left panel shows a conventional T cell
assay where the final activation measurements are regarded as net
results of proinflammatory and regulatory signals. Right panel show a
possible outcome when blocking T cell regulatory cytokines. T cell
regulation (D) is here defined as the difference in activation responses
to the same antigen between these panels. B. Detailed example
calculating classical activation (upper panels) and regulation (calculated
from activation in the presence blocking mAbs to IL-10 and TGF, lower
panels), all gated for viable CD8+ CD3+ T cells. Activation in both upper
and lower panels calculated as the difference (D) in CD25+HLA-DR+

fractions between control and antigen-stimulated (Ag+). Note a typical
slight increase in background activation (lower left panel). Regulation
(RAC) calculated as the difference (D) between activation in cytokine-
blocked culture and conventional activation culture. C. Scatter plots of
regulation calculated in the same cultures by CFSEdim or HLA-
DR+CD25+, respectively, for the CD8+ (l, r = 0.67, p,0.001) and CD4+

(U, r = 0.45, p = 0.026) T cell subsets.
doi:10.1371/journal.pone.0085604.g002
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TGF-ß inhibit both the CD4+ and CD8+ T cell subsets [23,33].

This cluster of patients with overall low RAC induced by Gag and

Env was defined as Low regulators [n = 14 (47%)] (Fig. 5A) whereas

the remaining 53% (n=16) were termed High regulators. Notably,

the magnitude of RAC in suppressing corresponding activation was

quite substantial for the High regulator patients, as illustrated by

high RAC/Activation-ratios [3.0 (0.8–4.1) for Env and 2.4 (0.8–

12.4) for Gag, respectively] (data not shown). Again, conventional

activation for CD3+ T cells did not correlate with the

corresponding RAC. Thus, High regulators could not have been

identified by the activation assay (Fig. 5B).

The Low and High regulator patient groups were also

compared with respect to clinical parameters, immune activation,

LPS and conventional activation. High regulators had lower CD8

counts in blood (p = 0.031) and a trend towards faster CD4 loss

rates (p = 0.056) (Table 2). High regulators also had significantly

lower levels of plasma Th1 cytokines INF-c (p = 0.04) and TNF-a
(p = 0.04) (Fig. 6), but no differences were found for Th2 cytokines

including IL-10 between the two regulation groups.

Characterization of Study Patients with High HIV
Antigen-induced Regulation
Examining the High regulator patients in more detail, we found

that they either had substantial RAC induced by Gag (denoted Gag

regulators, n = 8), or by both Gag and Env (Pan regulators, n = 8)

(Fig. 5A). Gag regulators appeared more similar to Low regulators

in most parameters except that they had less conventional

activation to both Gag (CD4+ subset, p = 0.016) and Env

(p = 0.025). Pan regulators, on the other hand, had a profile

compatible with more accelerated disease, such as higher annual

CD4 loss (221 vs 210 cells/year, p = 0.034), lower CD8 counts

(median 841 vs 1458 cells/ml, p = 0.014) and possibly lower CD4

counts (median 254 vs 488 cells/ml, p = 0.065) compared with the

Low regulator patients (Fig. 6). Thus, one might speculate whether

Gag and Pan regulators represent a continuum of an unfavourable

regulator phenotype which could not be identified by the classical

activation assay. Finally, of the 14 patients who had started ART

according to current guidelines within one year post-inclusion,

more patients tended to be Pan regulators than belonging to the

other subgroups (6 of 8 vs. 8 of 22, p = 0.07).

Figure 3. Insignificant relations between T cell activation and RAC induced by Env and Gag peptide panels. A. Relations between
regulation and activation to Env (left panels) and Gag (right panels) within the CD4+ and CD8+ T cell subsets respectively, correlation coefficients
indicated. B. Relations between Env- and Gag-induced regulation within the CD4+ (right panel) and the CD8+ (right panel) T cell subsets, respectively,
correlation coefficients indicated.
doi:10.1371/journal.pone.0085604.g003
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Discussion

HIV-specific T effector cells are potentially able to control viral

replication in HIV infection, but their responses are critically

weakened by the initial loss of HIV-specific CD4+ T cells, viral

immune escape, and T cell exhaustion driven by immune

activation [5,34]. An additional counteracting factor might be

the regulation of effective HIV specific T effector cells. We here

assessed a functional quantitative parameter for T cell regulation

(RAC) which we think could be relevant when evaluating HIV

infected patients and developing therapeutic vaccines. Therapeutic

vaccines might play an essential role in a future cure for HIV by

inducing effective T cell responses against re-activated, latently

infected cells [34]. Theoretically, pre-existing or induced regula-

tion can evoke T cell anergy and thus hamper the effects of

therapeutic vaccination in some patients. This notion was

supported by our recent observation where changes in RAC

explained variable and in some cases negative responses to

therapeutic HIV vaccine boosters [25].

To our knowledge, this is the first attempt to determine RAC or

similar quantitative parameters for HIV antigen-specific regula-

tion in chronically infected treatment-naı̈ve patients. The study

was motivated by our expectation that RAC would provide

Figure 4. Relations between Env- and Gag-induced RAC and activation and markers related to progression of chronic HIV infection.
RAC and corresponding activation (x-axis), for simplicity represented as overall CD3+ estimates (CD4+ plus CD8+ combined) induced by Env and Gag
peptide panels, respectively, and in relations to various progression markers (y-axis). Spearman rank r and corresponding p-values indicated, values
with p,0.10 bolded.
doi:10.1371/journal.pone.0085604.g004
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additional prognostic information. We found considerable vari-

ability in RAC not only between individual patients, but also

between the two tested HIV antigens. Thus, our data suggest that

at least in some patients, RAC does not reflect ‘‘global’’ regulation

of HIV antigens. RAC was in some cases substantial, exceeding

activation more than ten-fold. Moreover, RAC did not relate to

corresponding conventional activation readouts, showing that it

provided additional otherwise hidden information.

This exploratory approach to characterize a parameter

apparently reflected at least some aspects of cytokine-mediated

regulatory ‘‘capacity’’ in the individual patient. However, although

our data suggest that RAC can differentiate HIV-infected patients

in a new way and may reflect processes that are related to

progression of HIV, our choices of assay read-out and culture

conditions needs to be commented: Several assays are frequently

used to assess HIV-specific T cell activation and function. For

example, polyfunctional T cells in 6 to 18 h cultures have been

shown to coincide with control of viral replication [32]. However,

we did not prioritize this assay due to shortage of cells from this

clinically well-defined cohort, and 6 day cultures were chosen for

several reasons: First, we expected a priori that antigen-related

regulation is a slower, secondary response, to primary activation.

This assumption is in keeping with the observation that stimulation

of resting Treg reach maximal expression of FoxP3 34–44 h after

simulation [35]. Second, it is still not clear whether early

polyfunctionality actually persists over time, including early

markers for proliferation such as Ki-67 [32]. Third, a fundamental

element of effector lymphocytes is the ability to proliferate,

indicating responsiveness to IL-2 (via its receptor CD25), whereas

proinflammatory cytokines such as IFN-c upregulate HLA class II

(including DR) on T cells. Moreover, HIV-specific proliferative T

cell responses have been long known to associate with slow

progression [36]. Our assay use changes in CD25+HLA-DR+ as

readout, parameters that both reflect activation and proliferation,

the latter illustrated in Fig. 1A. Nevertheless, we appreciate that

our approach only reflect one out of several ways by which

classical ‘‘net’’ T cell responses can be estimated in vitro. Indeed,

other major regulatory pathways may influence overall activation.

Finally, in-depth interpretation and characterization of our assay

can certainly be extended, such as to address whether the ‘‘gain’’

in activation by blockade of regulatory pathways also provides an

increase in effector cell functions, such as cytotoxic capacity or

polyfunctionality.

A possible clinical relevance of this new exploratory parameter

was suggested by the significant correlations between RAC and the

classical prognostic markers CD38 and CD4 loss rates. These

correlations were not found for the activation results (Fig. 4). Even

if the study included only a limited number of cases, we were still

able to cover a wide spectrum of chronic immune activation. Gag-

specific T cell responses correlated negatively with concurrent

HIV RNA levels, an association also found in other and larger

study cohorts [37,38]. It should be noted that our group favours

bead-calibrated measures for CD38 density rather than the more

simple and conventional measure for HIV-associated chronic

immune activation, namely % CD38+HLA-DR+. We have

previously shown that CD38 density is even better related to

other progression markers [8,25,26].

Post-hoc we observed clusters of patients having either

particularly low (Low regulators) or high (High regulators)

regulation (i.e. RAC). The High regulators seemed to have more

rapid HIV progression, in keeping with our expectation. In

contrast, Low regulators had more favourable clinical character-

istics in terms of slower CD4 loss rates and higher CD8 counts

[39]. The levels of the proinflammatory cytokines TNF-a and

IFN-c were also higher in Low regulators. This has previously

been interpreted as a sign of unfavourable immune activation in

patients with lower CD4 counts [40,41]. From our data, derived

from patients with higher CD4 counts, one might conversely

speculate whether higher TNF-a and IFN-c levels rather reflect a

beneficial type of immune activation.

RAC or similar quantitative parameters for HIV antigen-specific

regulation should be further explored in larger cohorts. This may

help to better understand the complex interplay between

regulation and activation, to select patients for immune therapy

Figure 5. Relations between total CD3+ T cell activation and RAC induced by Env and Gag peptide panels. A. Relations between total
CD3+ T cell regulation calculated after Env and Gag peptide panel stimulations, respectively. Low regulators (+), Gag regulators (n) and Pan
regulators (X) indicated as defined in the text. B. Relations between total CD3+ T cell activation to Env and Gag, respectively, in the same patient
groups as in panel A.
doi:10.1371/journal.pone.0085604.g005
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studies, and to determine the prognostic significance of regulation.

Future studies should also explore the individual contribution of

IL-10 and TGF-ß along with other regulating mechanisms such as

CTLA-4 and PD-1. This was hampered by a scarcity of patients

and samples in this study. Both a broader range of HIV antigens

and even non-HIV antigens should be tested. In this study Gag

was selected based on the relation between Gag-specific T cell

responses to control viral replication [37,38] and Env as a relevant

antigen for HIV vaccines.

Figure 6. Distributions between regulator subgroups. Box and whisker plots representing medians, interquartile ranges and overall ranges for
cytokines in snap-frozen plasma (upper two panels), CD4 counts and CD4 loss rates (two middle panels) and CD8 counts as well as HIV RNA levels
(two lower panels). ‘‘Low regulators’’ (Low) as defined in the text are represented as one group, whereas the ‘‘High regulator’’ patients are split into
‘‘Gag regulators’’ (Gag) and ‘‘Pan regulators’’ (Pan), respectively. Significant differences p,0.05 between groups (Mann-Whitney) indicated (*).
doi:10.1371/journal.pone.0085604.g006
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Conclusions

In summary, this study on regulation of Gag- and Env-specific

T cell activation by IL-10 and TGF-ß (RAC) in chronic HIV

infection revealed heterogeneous levels of regulation between both

patients and HIV antigens. The magnitude of RAC was substantial

in some individuals and RAC could not be predicted by the

corresponding, classical antigen-specific activation parameters.

High RAC seemed clinically unfavourable, particularly when

induced by Env peptides. Thus, assessments of regulation deserve

further in-depth exploration and extension to larger cohorts.
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