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ABSTRACT

The development of an effective HIV-1 vaccine must be considered as one of today’s
greatest biomedical goals and challenges. The nature of the HIV-1 virus, characterised
by its tropism for the CD4+ T cells of the immune system and its integration into the
host genome, together with the vast viral variability, allows the HIV-1 virus to establish
a latent infection and evade the host defence mechanisms.

In our endeavour to develop a genetic HIV-vaccine that elicits broad and robust
immune responses to several virus variants, we have demonstrated major cross-clade
Gag responses in patients infected with different subtypes of HIV-1. This indicates that
genetic vaccines encoding Gag from a few strains may act to induce immunity to
broad ranges of HIV-1 clades. We also found that HIV-1 infection results in release of
intracellular perforin into the serum of HIV infected individuals and in SIV/SHIV
infected monkeys. As perforin secretion/production has been shown to be associated
with control of HIV-1 infection, the aberrant perforin release may be a result of a yet
unknown viral immune escape mechanism.

Individuals enrolled in two therapeutic and one prophylactic HIV-1 vaccine trial were
analysed for their vaccine-specific immune responses. Analyses of the therapeutic
vaccine samples revealed that: 1) Multiple injections with recombinant HIV-1
glycoprotein 160 induces an increased central memory T cell population, which can be
associated with increased antigen-specific cellular immune responses in treatment
naive HIV-1 infected individuals. 2) Topical DNA immunisation, combined with
repeated treatment interruptions in patients on successful antiretroviral therapy,
induced novel HIV-1 specific cellular immune responses. Such treatment did permit
extended drug-free periods for all participants. Moreover, the viral load set points
were significantly lower after the treatment protocol than before initial onset of any
antiretroviral treatment. However, the decreased viral load set points were not
related to the HIV-1 immunisation.

In the prophylactic study, HIV-1 DNA followed by a recombinant vaccinia virus vector
boost induced strong and broad HIV-1 specific cellular immune responses. In healthy
individuals, we found that previous immunity to vaccinia only moderately reduced the
HIV-specific immune responses when vaccinia was used as a vector for HIV genes. This
finding suggests that vaccinia-based immunogens can be used despite the presence of
pre-existing immunity to this vector.

Immunisation of HIV-1 infected individuals is difficult, as HIV-1 infection leads to a
dysfunctional immune system. Despite efforts to induce new and improve existing
immune responses by therapeutic vaccination, no clinical trial has yet been able to
show long-term sustained clinical effects of immunisation. The modest and transient
effects observed by us with currently available DNA vaccines highlight the need to
develop immunisation strategies which combine immunisation with novel antiviral
therapies.



SAMMANFATTNING PA SVENSKA

Over 33 millioner manniskor virlden éver lever med Humant immunbrist virus typ 1
(HIV-1) idag. HIV-1 kdnnetecknas av att viruset infekterar immunforsvarets T-celler
och dérefter integrerar sin egen arvsmassa i vardcellens DNA. Viruset ar mycket
variabelt vilket gor att det kan undgad kroppens férsvarsmekanismer och dessutom
upprdttar det en latent infektion. Effektiva lakemedel for att behandla HIV-infektion
finns, men man har dnnu inte lyckats ta fram nagot vaccin mot viruset, och nagot
annat satt att bota infektionen finns inte heller. Utvecklingen av ett effektivt vaccin
mot HIV-1 maste darfor betraktas som en av de stérsta medicinska utmaningarna i var
tid.

| vart arbete med att utveckla ett genetiskt HIV-vaccin som kan stimulera ett
immunsvar mot flera varianter av HIV-1, har vi visat att det finns en betydande
immunologisk korsreaktivitet i de celluldra immunsvaren mot olika subtyper av HIV-1.
Detta tyder pa att genetiska vaccin som bestar av delar av virus fran nagra fa stammar
av HIV-1 skulle kunna anvandas fér att stimulera immunsvar mot manga subtyper av
HIV-virus. Vi har ocksa upptackt att HIV-1-infektionen leder till utséndring av perforin i
serum hos HIV-infekterade individer. Samma observation gjordes aven i blodprover
fran apor infekterade med ett narbeslaktat virus, SIV. Proteinet perforin utsondras
aktivt fran immunforsvarsceller nar virus infekterar oss och proteinet har till uppgift
att doda virusinfekterade celler. En forhojd perforinutsondring kan antingen tyda pa
okad avdddning av virusinfekterade celler eller méjligen pa en @nnu okdnd mekanism
som orsakar perforinutsdndring vid virusinfektion.

Antiviral behandling av HIV-infektion ar livslang och for att behandlingen ska fungera
effektivt maste lakemedel intas dagligen. Om immunférsvaret mot HIV-1 skulle kunna
forstarkas genom specifik immunisering i samband med/under framgangsrik HIV-
medicinering skulle behandlingsuppehall kunna géras och risken for biverkningar och
resistensutveckling skulle darmed minskas. Vi har analyserat prover fran tva
vaccinstudier dar HIV-1 infekterade individer immuniserats med tva olika typer av HIV-
vaccin. Vi fann att immunisering med holjeproteinet fran HIV-1 gav upphov till en
o6kad mangd minnes-T-celler hos de vaccinerade individerna. Detta kan ha bidragit till
positiva effekter hos dessa patienter da andra studier har visat att forekomsten av
HIV-specifika minnes-T-celler korrelerar med en battre kontroll av HIV-infektionen. |
den andra studien sdg vi att immunisering med ett DNA-vaccin mot HIV-1 i
kombination med upprepade avbrott i antiviralbehandlingen, gav upphov till nya HIV-
specifika T-cellssvar. Virusnivaerna hos patienterna i studien var lagre efter
immuniseringarna och behandlingsavbrotten an de var innan de forsta gangen
borjade behandlas. Vi kunde dock inte direkt relatera dessa resultat till
immuniseringen, da placebogruppen hade en likvardig minskning i virusnivaer jamfort
med vaccingruppen.

| en tredje studie immuniserades friska (HIV-1 negativa) individer. Denna studie visade
att vaccinering med ett DNA-vaccin mot HIV-1, f6ljt av en dos med rekombinant
vaccinia virus innehdllande HIV-gener, inducerade ett starkt HIV-1-specifikt
immunsvar. Vi fann att individer som tidigare blivit vaccinerade med vacciniavirus,



vilket anvdndes som smittkoppsvaccin under 1900-talet, hade ett ndgot sdnkt HIV-
specifikt immunsvar jamfort med de individer som inte vaccinerats mot smittkoppor.
Resultaten visar att vacciner baserade pa vacciniaviruset kan anvandas trots
férekomst av befintliga immunsvar mot vektorn.

Vaccinering HIV-1 &ar svart da infektionen genast leder till ett dysfunktionellt
immunsystem och da viruset lagger vilande i kroppens egna celler, gobmt fran
immunférsvaret. Trots att manga forsok gjorts, har ingen klinisk prévning annu kunnat
visa nagon langsiktig och hallbar effekt av immunisering mot HIV-1. De blygsamma
effekter som har observerats i den har avhandlingen belyser behovet av att utveckla
nya immuniseringsstrategier som kombinerar vaccination med antiviral behandling.
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LIST OF ABBREVIATIONS

ADCC
AIDS
APC
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CcMvV
CRF
CTL
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HIV-1
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i.m.
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Acquired Immune Deficiency Syndrome
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Combination Anti-Retroviral Therapy
Cluster of Differentiation
Cytomegalovirus

Circulating recombinant form
Cytotoxic T Lymphocyte

Cytotoxic T Lymphocyte Antigen 4
Dendritic Cell

Deoxyribonucleic Acid

Elite controllers of HIV-1 infection
Enzyme-Linked Immuno Sorbent Assay
Enzyme-Linked Immunospot Assay
Envelope

Exposed seronegatives

Flu/EBV/CMV peptide pool
Group-specific Antigen

Granulocyte Macrophage Colony-Stimulating Factor
Glycoprotein

Human Immunodefiency Virus type 1
Human Leukocyte Antigen

Interferon

intradermal

Immunoglobulin

intramuscular

Interleukin

Long terminal repeats

Long-term nonprogressor
Monoclonal Antibody

Major Histocompatibility Complex
Modified Vaccinia virus Ankara
Negative factor (in HIV)

Peripheral Blood Mononuclear Cell
Phosphate Buffered Saline
Programmed Death-1

Programmed Death- Ligand

Plaque forming unit

Regulator in virion expression (in HIV)
Phytohaemaglutinin

Ribonucleic Acid

Reverse Transcriptase

Simian-Human Immunideficiency Virus
Simian Immunodeficiency Virus



Tat Transactivator of transcription

Th T helper cell

Tem Central Memory T cell

TCR T Cell Receptor

Tem Effector Memory T cell

Temra Terminally Differentiated Effector Memory T cell

TLR Toll-Like receptor



1 AIMS

The specific aims of my thesis were:

-To investigate cross-clade immune responses in HIV-1 seropositive individuals
infected with different clades of HIV-1 and to investigate the association of HIV-
specific immune responses to the patient-specific expression of HLA class | and Il
alleles.

-To investigate T cell memory differentiation in HIV-1 infected individuals immunised
with multiple doses of recombinant HIV-1 glycoprotein 160.

-To evaluate the clinical and immunological effects of topical DNA plasmid
immunisations in combination with repeated treatment interruptions, in HIV-1
seropositive individuals.

-To evaluate the impact of antivector immunity on the HIV-specific immune responses

in healthy HIV-1 seronegative volunteers immunised with HIV-1 DNA followed by a
recombinant vaccina virus vector encoding HIV-1 proteins.
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2 THE HUMAN IMMUNODEFICIENCY VIRUS

The Human immunodeficiency virus type 1 (HIV-1) was isolated by French scientists
led by Dr Luc Montagnier in 1983 (19). The same year, another group of researchers
led by Robert Gallo, at the American National Cancer Institute, developed cell lines
which were permanently and productively infected with the virus (108). It was rapidly
established that a new virus causing immunodeficiency was spread among certain risk
groups (177, 206, 257). The virus was established as the causative agent for acquired
immune deficiency syndrome (AIDS) (226, 260). But the transmission of HIV-1 from
the proposed reservoir, the common chimpanzee (Pan troglodytes troglodytes),
probably occurred during the first part of the twentieth century (1915-41) (163).
Retrospective studies of stored serum samples have revealed that the first
documented HIV-1 seropositive sample was collected from a man in former Zaire in
1959 (237).

Since its discovery over 25 years ago, more than 60 million people have been infected
with HIV-1, and more than 20 million have died from AIDS related disease. There are
several explanations as to why HIV-1/AIDS has spread to become a world wide
pandemic. The onset of AIDS is caused by a slow degeneration of the immune system
as a consequence of HIV-1 infection. Thus the infection may have a silent period for
many years before onset of serious symptoms. During this asymptomatic period the
host is highly infectious and the virus can be spread through the exchange of body
fluids. In general, the signs of primary HIV infection are non-specific, resembling
influenza like symptoms. Therefore the infected individual does not know that he or
she carries the HIV virus. The most common route of transmission is by sexual contact,
and sexually transmitted diseases are difficult to control, even when treatment is
available. HIV/AIDS disease is emotionally and politically charged and disease denial
has frequently prevented rational countermeasures in many countries. For example,
South African political leaders have until recently disputed the causal relationship
between the HIV infection and AIDS (60). This oblivium has contributed to the critical
situation in sub-Saharan Africa, where more than 25 million people live with HIV
today. HIV-1 also targets people of economically productive ages which have serious
economic, political and demographic consequences. These factors make it difficult to
combat the infection in the developing world, despite the introduction of highly
efficient antiretroviral drugs. Thus, a vaccine against HIV-1 would indisputably be the
most efficient means to halt the epidemic.

2.1 HIV-1 STRUCTURE AND REPLICATION

HIV-1 belongs to the Lentivirus genus of the Retrovidae family. Retroviruses are small
enveloped viruses that contain two copies of positive single stranded RNA molecules.
HIV-1 is a spherical virus with a diameter of approximately 110 nm. The virus particle
contains a conical nucleocapsid that surrounds the viral nucleic acid, as well as
enzymes required for early replication events. The nucleocapsid is enclosed by the
matrix which in turn is surrounded by the envelope, consisting mainly of a host cell
lipid bilayer membrane, including the viral glycoprotein gp41. Trimeric gp41 is non-
covalently linked to the trimeric gp120. Gp120 is the viral protein that initiates the
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infection by binding to the CD4 receptors present on T cells, macrophages, dendritic
cells (DC) and microglia cells in the central nervous system.

Infection begins when gp120 binds to the
CD4 molecule on the target cell and
undergoes  subsequent conformational
changes that enable the protein to bind to
one of the co-receptors, mainly CCR5 or
CXCR4. Subsequently, gp41-mediated fusion
of the viral- and cellular membranes enables
the viral capsid and genome to enter the
host cell. Like all other retroviruses HIV-1
has an enzyme, reverse transcriptase (RT),
which is responsible for converting ssRNA
into dsDNA. Inside the host cell, the viral
genome is released and the viral RNA is
transcribed to DNA by RT. The RT has a less exact proof-reading mechanisms than
cellular polymerases and generates more than 3 substitutions per 10° incorporated
nucleotides (205). The introduction of mutations during transcription is one of the
major mechanisms for viral diversity which in turn allows for escape from the immune
system as well as from antiviral drugs.

Figure 1: HIV-1 genome and virion structure.

After reverse transcription, the retroviral genome is contained in a pre-integration
complex that subsequently is integrated into the host cell DNA. The pre-integration
complex essentially consists of newly synthesized viral DNA, nucleocapsid protein,
structural protein p6, accessory protein Vpr (described below) and viral integrase. The
viral integrase facilitates integration of the viral DNA into the host cell genome
forming a pro-virus. Once integrated the viral DNA remains permanently associated
with the host genetic material. The integrated DNA can either remain in a latent stage
(and be passed on by cell division) or be activated, transcribed into viral mRNA by
cellular RNA polymerase and form new infectious particles.

Viral transcription begins with synthesis of a complete RNA copy of pro-viral DNA. The
viral protein Tat (transactivating), initiates and stabilizes the elongation of viral mRNA
transcripts, as it binds to tat responsive regions (TAR) in the long terminal repeats
(LTRs) of the pro-viral DNA. Tat also assists in HIV-1 replication and infection; playing a
key role in neurological damage (160), where it negatively affects the protein
synthesis in neurons (241). The mRNA can be translated into viral proteins or be
incorporated in new viral particles as genomes. The initial transcripts are spliced into
mMRNAs encoding the early regulatory proteins, Tat, Nef and Rev. The Tat protein
made early in the infection accelerates the rate of viral RNA transcription throughout
the course of infection (298, 305). The Nef (negative regulatory factor) protein can
down regulate CD4 as well as MHC class | and class Il molecules and thereby the virus
may escape CD8+ T cell recognition (153, 316). Nef also facilitates CD4+ T cell
apoptosis though membrane permeabilisation (167). Both Tat and Nef are expressed
by infected cells and can be released into the extra-cellular environment and exert
actions on bystander cells. The Rev (regulation of viral expression) protein binds to
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Rev responsive elements and permits un-spliced mRNA to exit the nucleus into the
cytoplasm. It thus enables translation of the structural proteins Env and Gag together
with the viral enzymes (307).

Figure 2. HIV-1 life cycle (images.md)

The final step of the HIV-1 replication cycle, assembly of new virions, begins at the
plasma membrane. The envelope protein (gp160) is glycosylated and processed in the
endoplasmatic reticulum and the Golgi complex, where it is cleaved by cellular
protease (furin) into the surface proteins gp41 and gp120. These are transported to
the plasma membrane of the host cell where the transmembrane-spanning gp41
anchors the gp120 on the outside of the membrane of the infected cell. Two HIV
genomic RNA molecules associates with the inner surface of the plasma membrane
along with the Gag (p55) and Gag-Pol poly-protein (p160) as the virion begins to bud
from the host cell. Maturation of the virus occurs during and after budding from the
host cell. During this process the Gag-Pol poly-protein is cleaved by an HIV-1 encoded
protease to produce the viral internal proteins p7, p9, p17, p24 and viral enzymes
protease, integrase and reverse transcriptase. The various structural components are
subsequently assembled to produce a mature infectious HIV virion.

Three accessory proteins Vif, Vpr and Vpu are packaged into the viral particle. The Vif
(viral infectivity factor) protein is important for cell to cell transmission of virus.
Moreover, it is crucial for proviral DNA synthesis and is also involved in packaging of
the core proteins (122). Vif counteracts the antiviral activity of apolipoprotein B mRNA
editing enzyme, catalytic polypeptide-like 3G (APOBEC3G), a cell protein that
contributes to resistance to retroviral infection, by deamination of the proviral
negative DNA strand (61). The Vpr (viral protein r) protein plays an important role in
regulating import of the HIV-1 pre-integration complex into the cell nucleus, and is
required for viral replication in non-dividing cells such as macrophages. Vpr also
induces cell cycle arrest and apoptosis in proliferating cells, which contributes to
immune dysfunction (122). The Vpu (viral protein U) enhances virion release by
counteracting the cellular protein tetherin that causes retention of viral particles on
the cell surface (239).

2.2 COURSE OF HIV-1 INFECTION

The most common route of HIV-1 transmission is heterosexual intercourse. The
genital (or rectal) mucosa is often the portal of virus entry. Transmission can also
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occur by transfer of contaminated blood through needle stick injuries or the sharing of
needles between intravenous drug users or from mother to child during pregnancy,
birth or breast feeding. HIV-1 gains entry to the host in a variety of ways depending on
the integrity of the mucosal surface and the frequency and activation state of locally
susceptible cells. The risk of acquiring HIV-1 through heterosexual intercourse is
however rather low. By studying discordant couples and continuously testing the non
infected partner for their HIV status, it has been calculated that infection will take
place approximately once in every 100 heterosexual contacts (125). But if the integrity
of the host epithelial surface is altered due to abrasions or sores, HIV-1 may have
direct access to primary target cells. Hence, the risk of obtaining HIV-1 depends on the
type of sexual activity and the presence of genital infections. The risk is also
dependent on the viral load of the infected partner, the higher viral load the greater
risk of infection (219, 337). | was previously believed that an infected person always
remains infectious, but with effective cART for an extended time it has been suggested
that such persons do not sexually transmit virus, this is however debated (169).

HIV-1 infects CD4+ cells and primary transmission of HIV is mainly caused by CCR5
tropic virus strains that use the CCR5 as a co-receptor for entry. In the case of an intact
mucosal epithelial layer, antigen presenting cells (APC) in the mucosa, dendritic cells
and Langerhans cells (LC) trap HIV-1 (74, 156). This is induced by binding of the gp120
subunit to a C-type lectin, such as DC-SIGN. This binding is however not sufficient to
trigger fusion of the virus and the cellular membrane (114). Rather the virus becomes
internalized into endosomes in the DC, and is carried to the draining lymph nodes,
where subsequent transmission of virus to T cells occurs. In addition, DCs can also be
directly infected as many of them express both CD4 and CCR5. The acute phase of
HIV-1 infection is characterized by a massive drop in peripheral blood CD4+ T cell
numbers and high plasma viral load (129, 209, 289). This aggressive replication is
especially severe in gut mucosal associated lymphoid tissue, where almost 80% of
memory CD4+ T cells are depleted within the first few days of infection (42). HIV-1
preferentially infects activated CD4+ T cells, leading to destruction of many activated
HIV-1-specific CD4+ T cells including uninfected bystander CD4+ T cells (83). The
depletion of memory T cells is devastating for the hosts’ immune system since the
majority of memory CD4+ T cells are found in lymphoid tissues in the gut. Within a few
weeks of initial HIV-1 infection, most infected persons experience symptoms that
resemble influenza or mononucleosis, with fever, headache, sore throat, diarrhoea,
muscle ache and swollen lymph glands. The development of an HIV-1-specific immune
response, including activation of CD8+ T cells and development of anti-HIV antibodies,
occurs within a few weeks after primary infection (325). In most cases, this results in
suppression of viral replication and an increase in the number of CD4+ T cells. The
viral load set point, defined as the stable level of virus in the blood after the initial
peak viremia, serves as a good indicator of the rate of disease progression (94). The
higher the set point is the more rapid progression to disease. The latent, and in most
cases asymptomatic phase, of HIV-1 infection may last for several years.

Figure 3 illustrates the T cell and viral dynamics, and immune activation during HIV-1
infection (adapted from (128)). The massive loss of memory cells in the
gastrointestinal mucosa, occurring in the acute phase of infection, together with the
already compromised integrity of the mucosal barrier, favours the translocation of
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microbial products into the systemic circulation (41). Failure to clear bacterial antigens
effectively results in both opportunistic infections and chronic immune activation of
both CD4+ and CD8+ T cells because immune responses are constantly triggered. The
excessive immune activation later leads to T cell exhaustion and apoptosis, eventually
tipping the balance between T cell turnover and increased viral replication, such that
the immune reconstitution cannot keep pace with the viral infection. T cell exhaustion
is probably the main reason for ineffective control of viral replication during HIV-1
infection. This further weakens the potency and effectiveness of host adaptive
immune responses, resulting in failure to control the viral replication and accelerates
the disease progression to AIDS.
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The onset of AIDS usually occur when CD4+ T cell blood counts reach below 200
cells/mm?® and is associated with the emergence of opportunistic infections (218).
During late stage infection, as the proportion of CCR5+ CD4+ T cells declines, there is
usually a shift to CXCR4 tropism and predominant targeting of CD4+ T cells (30). This in
turn can lead to a more rapid progression of infection (as reviewed in (254)).

2.3 GENETIC VARIABILITY AND IMPLICATIONS FOR VACCINE DESIGN

One of the major characteristics of HIV-1 is the vast genetic variability. As described in
1.1, the introduction of mutations during transcription is one of the major
mechanisms for viral diversity. Together with a very high rate of viral production
(approximately 10™ particles/day), the incorporation of mutations gives rise to a
number of virus particles (quasi-species) with different properties that allow for
escape from the immune system and antiviral drugs.

HIV-1 variants can be divided into genetic groups based on nucleotide sequences,
subtypes (clades) and circulating recombinant forms (CRFs). Three HIV-1 groups have
been identified so far: M (main), O (outlier) and N (non-M non-0). Group O and N
viruses occur at low frequencies mainly in regions of Central Africa. Group M viruses
are spread world wide and are divided into nine subtypes: A, B, C, D, F, G, H, J, and K
(314). Co-infection of patients with distinct subtypes can give rise to circulating
recombinant forms. The subtypes and CRFs are present to varying extents in different
geographical regions in the world.

The diversity of the virus and the constant appearance of novel recombinant viruses
represent a significant challenge to HIV-1 vaccine design. It is important to point out
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that the genotype (i.e. subtype) of HIV-1 is not the same as the immunotype. No
evidence exists to support the idea that immune responses directed against HIV-1
from a certain subtype would confer protection against all other strains of virus within
the same subtype. This can be illustrated by the fact that super-infections can occur
with two genetically distinct viruses from the same subtype (5). For an HIV-1 vaccine,
the envelope glycoproteins are the only viral proteins that are present on the virus
surface and thus possible to target with directly neutralising antibodies. They are also
the most variable parts of the virus and amino acid sequences of Env can differ up to
20% within a particular clade and over 35% between clades (315).

To evaluate the importance of cellular immune responses to HIV-1 which may target
more conserved internal genes, we analysed env and gag cross-clade (subtype non-
specific) immune responses in 60 HIV-1 patients infected with different subtypes of
HIV-1. These included 7 patients with subtype A infection, 21 with subtype B infection,
19 with subtype C infection, 7 with subtype D infection, 1 with subtype G infection, 4
with subtype CRF_O1AE infection and 1 with subtype CRF_02AG infection. The cellular
immune response was analysed by IFN-y ELISpot assay using Env and Gag peptide
pools from subtype A, B, C. The results from this study have been published in (130)
and in paper I.

The analysis revealed that the T-cell response in this cohort of chronically HIV-infected
individuals was higher to gag than env. The overall reactivity to the Env was low and
no major cross-clade reactivity was detected. In contrast, we detected a strong cross-
reactivity between Gag p24 A and B peptide pools. In total 47 out of 60 (78%) patients
responded by interferon gamma secretion to peptides of Gag p24 subtypes A or B and
cross-reactivity occurred in 87% of the Gag responders (Figure 4). The results indicate
a surprisingly high cross reactivity within the Gag p24 region, considering that we
studies cellular immune responses in patients infected with several different subtypes
of HIV-1.
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Recognition of immunodominant peptides within the Gag p24 region of subtypes A, B
and C was assessed, by a peptide matrix approach (2, 130). This revealed a broad cross
reactivity between the three different subtypes (Figure 5 and paper ). The most
important finding was that lymphocytes from different patients cross-reacted to
peptides representing different subtypes and that the reactivity was distributed along
all the p24 protein. Peptides to which the majority of patients cross-reacted were
located in the region between peptides 8 and 15 corresponding to amino acid 29-78
and peptides 19 and 35 corresponding to amino acid 84-177 (Paper I). All patients
reacted to at least one peptide and the individuals with the broadest response reacted
with up to six different peptides.
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Figure 5: Identification of individual reactive HIV-1 Gag p24 peptides. The frequency of patients
responding to the specific peptides from Gag A, B and C peptide pools is shown on the y-axis.

In line with our findings, other studies have demonstrated that CD8+ T cell cross-
reactivity differs according to the degrees of conservation in the genes. The most
conserved protein induces the highest frequency of cross-clade responses:
Pol>Gag>Env (66, 112). This indicates that genes representing conserved proteins (for
example Gag and Pol) of a few circulating strains may act to induce cellular immune
response to those proteins for a broad range of the HIV-1 viruses circulating world
wide (118, 171, 190, 270, 293).

However, as intra-subtype CD8+ T cells responses are usually stronger and more
frequently detected than inter-subtype responses, it is reasonable to assume that
obtaining protection by immunisation will be substantially harder with increasing
divergence between vaccine antigens and circulating virus. HIV-1 vaccines that are
based on immunogens from only one subtype would probably restrict the use of the
vaccine to the geographical regions where the strains are predominant. Ideally, the
immunogens should induce responses which are broadly reactive against multiple
virus clades. It is generally agreed that the control of the HIV-1 pandemic requires the
development of vaccines that efficiently protect against several genetic forms of HIV-1
(315).

There are a number of proposed strategies to tackle HIV-1 variability. Vaccines could
contain a cocktail of immunogens derived from several different subtypes of HIV-1. Or
they could include the most common circulating strains prevalent in a certain
geographic area for which the vaccine is intended. Efforts have been made to
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generate antigens based on ancestral or consensus sequences since these might have
the potential for broader cross-clade responses (97, 210, 338). Immunogens can also
be based on conserved regions from the virus which are found in many clades. There
is however a concern that too conserved regions does not necessarily contain
epitopes that are naturally recognised by the immune system.
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3 NON-HUMAN PRIMATE MODELS IN HIV-1 VACCINE
DEVELOPMENT

No ideal model exists that can mimic the pathogenesis of HIV-1 infection and AIDS in
the human body. Nonetheless, data from animal models provide conceptual insights
into immune responses elicited by investigational vaccines. Initially, chimpanzees
were used as a model for studying HIV-1 infection and disease since they can be
infected with HIV-1. However, chimpanzees are hardly ever used today due to ethical
concerns and the huge expense of working with them. Chimpanzees in captivity
mount a significantly different immune response against HIV-1 compared to humans
and rarely develop AIDS (17). However, recent data suggests that SIV-infected
chimpanzees in the wild have a 15-fold higher risk of death than virus-free
chimpanzees, implying that SIV-infection poses nearly as great a risk to chimpanzees
as HIV-1 does to humans (64).

Monkeys within the genus Macaca, including Rhesus, Cynomolgus and Pig-tailed
macaques are currently used for evaluating vaccine candidates. As macaques cannot
be infected with HIV-1, various strains of simian immunodeficiency virus (SIV) are
used. SIVs are endemic to a variety of African non-human primates and the human
HIV-1 is derived from the SIV variant that naturally infect chimpanzees. SIVs are non-
pathogenic in the natural host, African green monkeys, but become pathogenic when
transferred into a new host such as a rhesus or cynomolgus macaques (235). There
are a limited number of SIV strains used for AIDS studies in macaques for example,
SIVmac251 is an uncloned biological isolate comprised of many related but distinct
quasispecies of virus, often described as a ‘swarm’, whereas SIVmac239 is a single
clone derived from a SIVmac251- infected macaque. Both SIVmac251 and SIVmac239
are CCR5-tropic viruses that are broadly used since they mimic HIV-I disease
progression in humans (reviewed in (231)). Only a few vaccine candidates have
demonstrated any efficacy in non-human primate challenge models using pathogenic
SIV isolates (336). Several vaccine regimens including recombinant vaccinia virus
vectors and canarypox virus (ALVAC) encoding SIV proteins have only induced modest
levels of control over SIVmac251 replication (145, 244).

Genetically-engineered chimeric viruses consisting of SIV proteins and an HIV-1
envelope called SHIV viruses have been developed for evaluation of HIV vaccines in
monkeys (179). These viruses are particularly useful when testing the efficacy of
vaccines containing HIV-1 Env, aiming to elicit neutralising antibodies. Some SHIV
viruses are highly pathogenic and cause a more rapid disease progression as
compared to what is observed in humans. For instance, SHIV89.6P is a CXCR4 tropic
virus that causes rapid loss of CD4+ T cells and immunodeficiency in macaques.
Vaccinia virus vectors have been used alone or after a DNA prime to vaccinate
macaques that were subsequently challenged with SHIV89.6P (204). Amara et al. used
a DNA prime followed by a Modified Vaccinia virus Ankara (MVA) boost regimen to
control SHIV89.6P replication, as manifested by viral load reduction and preservation
of peripheral CD4+ T cells (8). The SHIV89.6P virus has been used extensively in
vaccine research, but is not considered to be optimal model since it is relatively easy
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to obtain protection from this virus (222, 329). A potential shortcoming of non-human
primate research is that SIV and HIV-1, although similar, are different viruses, so that
advances made with SIV need to be verified using HIV-1. There are important
differences between SIV infected macaques and HIV-infected humans (151, 318),
including virulence, pathology, genetics, protein function, infection and host response
(as reviewed in (17)). While some researchers claim that the SIV/SHIV model is not
adequate for evaluating HIV vaccine research (146, 317) there are others claiming that
itis (231, 329). However, the failure of the STEP trial (described in chapter 5.8.2.1) was
predicted by a preclinical testing of a similar regimen in SIVmac239-challenged
macaques (336).

The ethical aspects, as well as the extensive cost of performing experiments in non
human primates have led to the development of other animal models. These include
feline immunodeficiency virus (FIV) (174), transgenic mice that contain the human co-
receptors allowing viral entry (43), severe combined immune deficiency (SCID) mice
reconstituted with human immune system cells or tissues (77) and mice infectable
with pseudotypes of HIV-1 (32).
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4 IMMUNOLOGY
4.1 INNATE IMMUNITY

The first line of defence against infection is mediated by the innate immune system.
This system includes external barriers such as the skin and the mucosal surfaces, but
also biologically synthesised products and cells that act in a non pathogen-specific
manner against invading microbes. Cells of the innate immune system are responsible
for a localized host response that acts within hours of infection. These cells also
capture and transport foreign material from the peripheral surfaces of the body to the
lymphoid organs and there subsequently present the foreign material to the adaptive
immune system (288, 322).

Although historically the innate immune system is termed non-specific, it recognises
certain pathogen-specific patterns (e.g. proteins, DNA or RNA sequences, and sugar
motifs) via the different pathogen recognition receptors (PRRs) like Toll like receptors
(TLRs) and the mannose receptors. The TLRs, which are the most common PRRs are
expressed on various cell types and cellular compartments, and the most common
response upon TLR activation is the expression of different cytokines (interferons) that
in turn can help to activate the adaptive immune response (144, 216). The innate
immune responses are more or less a requirement for induction of adaptive
immunity. The aim of immunisation is to induce long-lived adaptive immune
responses against the pathogen of interest. However, these responses are induced by
signals from the innate immune system and thus the vaccine needs to stimulate
innate immune responses. Traditionally, the stimulation of a strong vaccine-specific
immune response is achieved by using either attenuated or killed pathogens, where
viral components stimulate the innate immune responses via TLR 3, 7/8, 9, and RIG-I
and MDA-5 (168). This strong initial response, caused by abundance of microbial
material stimulating the immune system, is often translated into long-lived immunity
against the pathogen of interest. However, with the introduction of purified vaccine
antigens (e.g. recombinant proteins, peptides or genetic vaccines) it is necessary to
stimulate the innate immune responses by adding adjuvants, which are often
immunostimulatory compounds and will be further discussed in the Vaccine section of
this thesis.

The cells of the innate immune system can directly contribute to defence against HIV-
1 by secretion of antiviral soluble factors. For instance, increased levels of IFN-y,
tumour necrosis factor (TNF) and B-chemokines such as RANTES, MIP-1c. and MIP-
1B have been suggested to contribute to the resistance against HIV-1 infection in
individuals who are continuously exposed to HIV-1 but remain uninfected (228, 291).
The beneficial effect of the B-chemokines may be explained by their ability to bind the
CCR5 receptor on cells and thereby inhibit the binding and entry of the virus (63, 283).
Other anti-HIV components include proteins involved in the complement system and a
variety of cytokines such as type-1 interferons. Plasmacytoid dendritic cells are the
primary producer of type 1 IFN-a (98) that counter acts HIV-1 replication, by indirect
inhibition of viral replication and activation of NK- and T cells (227). An intracellular
protein, tripartite motif protein 5a (TRIM-5a) has been attributed to restrict HIV-1
replication in old world monkeys. By binding to the viral capsid, TRIM-5a interferes
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with the uncoating process, therefore preventing successful reverse transcription
(306). However, HIV-1 can infect both NK cells and DCs and thereby interfere with
their antiviral activities (53, 132).

4.2 ADAPTIVE IMMUNITY

The adaptive immune response is highly specific and is generally effective in
combating infections. In contrast to the innate immune system, the development of
an adaptive response is relatively slow. It usually takes several days or weeks to
develop following encounter with a “new” pathogen. The two main arms of the
adaptive immune response are the cellular and humoral arms, mediated by T and B
cells, respectively. Both cell types originate from the same haematopoietic stem cells
in the bone marrow. While the T cells mature in the thymus, the B cells mature in the
bone marrow. During maturation, both cell types undergo extensive clonal selection
during which the immune response is shaped to combat the invading pathogens.

4.2.1 Cellular immune response

The adaptive cellular immune response includes two cells types, the CD4+ T helper
cells and the cytotoxic CD8+ T cells. CD4+ T cells play a central role in directing and
regulating many processes of the adaptive immune response. They recognise peptide
antigens, derived from extracellular pathogens, which are presented by human
leukocyte antigen (HLA) class Il molecules on professional APCs. There are several
different subsets of CD4+ T cells, including T-helper (Th) 1, Th2, Th17 and regulatory T
cells. One important function of the various T helper cells is to provide support for the
other immune cells (25, 232). Importantly, T helper cells secrete cytokines and express
co-stimulatory molecules to promote differentiation and maturation of B cells as
discussed below. Thl mediated immune responses have been attributed to control
intracellular pathogens, whereas Th2 cells help in clearing extra cellular pathogens.
The recently discovered Th17 cells have an important role in host defence against
certain extracellular pathogens and can cause tissue inflammation and in some cases
autoimmunity (102). The Th17 cells are preferentially lost in the gastrointestinal
tract during acute HIV-1 infection (40). Regulatory T cells are essential for maintaining
peripheral tolerance, preventing autoimmune diseases and limiting chronic
inflammatory diseases (342).

The CD8+ T cells or cytotoxic T lymphocytes (CTL) are the main effectors of the cellular
immune system, with the objective of eliminating infected cells. Killing of infected
target cells can be mediated through a number of effector functions (284). CD8+ T
cells recognize peptide antigens derived from intracellular pathogens presented on
HLA class | molecules of the infected cell. Cytotoxic T cells have the potential to
recognize and kill any infected cells that express HLA class | molecules. One way for
the CTL to induce apoptosis is by granule-mediated cytotoxicity. This mechanism
requires the interaction between the MHC class | molecule and the T cell receptor that
results in release of cytotoxic granules from the CTL. The release of pro-apoptotic
enzymes, including perforin and granzymes from the granules, induces apoptosis in
the target cell (344). Induction of apoptosis in target cells can also be mediated by the
CD8+ T cells by the engaging the Fas (CD95) molecules on the target cells.
Furthermore, cytotoxic T cells can also secrete high amounts of the antiviral cytokine
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IFN-y, which can block viral replication and induce up-regulation of MHC molecules on
the surface of infected cells, resulting in more efficient antigen presentation. IFN-y can
also activate macrophages, NK cells and promote isotype switching in B cells. As
mentioned above, the control of virus replication during the acute phase of HIV-
infection has been largely attributed to the effector functions of CD8+ T cells (6, 149).

4.2.2 Signalling through the T cell receptor

Activation of naive T cells requires two signals, the first through the T cell receptor
(TCR) and the second through co-stimulatory molecules such as CD28, CTLA-4 and PD-
1. The TCR molecules recognize peptides presented in the context of MHC molecules
on antigen presenting cells. The TCR and its associated CD3 and co-receptor
molecules, either CD4 or CD8, form an immunological synapse together with the
peptide-MHC complex (Fig 6). When a T cell recognizes a peptide-MHC complex, a
signalling cascade is started and this process initiates activation of the cell.

Figure 6. T cell recognition of an antigen. In the case of a CD8+ T cells, the TCR binds to a MHC
class | molecule, in the case of a CD4+ T cells the TCR binds to a MHC class Il molecule. This
binding may be further stabilized by binding of lymphocyte function-associated antigen-1 (LFA-
1) on the T cell and intracellular adhesion molecules (ICAMs) on the APC. In the presence of
correct co-stimulatory molecules such as CD28, signal transduction through the TCR is
modulated by the CD3 molecule. Ligation of PD-1 with PD-L, induces a intracellular inhibitory
signalling pathway that inhibits TCR signalling.
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Activation of naive T cells is referred to as priming of a response while activation of a
pathogen-specific memory T cells is a recall response. The type of immune response
elicited by the activation, depends on a variety of factors including which cell type that
presented the antigen and when and where the antigen presentation takes place
(208). Without co-stimulation, TCR and CD3 binding to the peptide-MHC alone are not
sufficient to activate a naive T cell. Instead, anergy (failure to respond to antigen) or
apoptosis may be induced if TCR binding to the peptide-MHC complex occurs in the
absence of co-stimulatory signals (175). Such co-stimulatory signalling includes
interaction between CD80 and CD86 on the antigen presenting cell with the CD28 on
the T cell. CD28 is involved in the positive regulation of T cell responses. In contrast,
CTLA-4 and PD-1 on the T cell are negative regulators.

4.2.3 HLA and immune responses

During chronic HIV-1 infection the magnitude of CD8+ effector T cell responses to viral
antigens is determined by the combination of certain HLA types of the individual and
the immunodominant epitopes that the antigen presenting cells display on their
surface. HLA genes are highly polymorphic and encode for cell surface molecules that
are responsible for antigen presentation to T cells. There is a high diversity within the
genes encoding for HLA class | (A, B and C) and class Il (DR, DQ and DP) alleles. One
individual can express up to 6 different class | and class Il molecules. The repertoire of
expressed HLA-molecules depends on whether the genetic disposition for a certain
allele is homozygous or heterozygous. The repertoire of diversity can be illustrated by
the HLA class | and Il typing performed on the 60 patients (paper ). The analysis
distinguished 16, 18 and 17 class | HLA-A, -B, or -C alleles respectively (paper I). Several
studies have described associations of particular HLA alleles with different outcomes
of HIV-infection, discussed below, and a large number of viral epitopes have been
described to bind to certain HLA class | molecules (24). Therefore the majority of
cellular responses detected in the cohort had already been described to be associated
with the HLA class | alleles expressed by the patients (paper I). However, HLA class Il
association with peptide responses revealed eight peptides harbouring epitopes not
previously associated with those particular HLA class Il alleles (paper 1). Results from
this kind of analysis deepen the understanding of immunogenicity of HIV-1
immunogens in individuals with different genetic backgrounds, which is important for
HIV-vaccine design.

4.2.4 Differentiation of memory T cell subsets

Naive T cells undergo many complex steps in the process of becoming mature antigen-
specific cells with either effector or memory functions. It is not clear whether these
cells follow a linear path of development. The maturation process is influenced by
interaction with many other cells and products of the immune system, and by the
precise location of the cell and nature of the pathogen that the cells respond to.
Several models have been proposed to describe the different stages of effector and
memory T cells in humans. The model proposed by Sallusto and Lanzavecchia has
placed the emphasis on the lymphoid tissue homing profile of CD8+ T cells, where
CCR7 a chemokine receptor that controls homing to secondary lymphoid organs, is
used to define the different stages of maturation (282). On the other hand, Appay et
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al. instead used varying expression levels of the co-stimulatory molecules CD27 and
CD28 to divide CD8+ T cells into early, intermediate and late effector cells (12).

On the basis of surface expression of CD45RA and CCR7 as well as their relevant
function, Lanzavecchia et al., proposed four stages of differentiated T cell subsets:
naive CD45RA* CCR7" T cells, central memory CD45RA™ CCR7" T cells (Tcw), effector
memory CD45RA™ CCR7 T cells (Tewm) and terminally differentiated effector CD45RA*
CCR7 T cells (Temra) (59, 281). The Tewm cells home to T cell areas of secondary
lymphoid organs, where they readily differentiate into proliferating effector cells. They
are therefore suggested to play a critical role in effector cell renewal. The Temra
subset, which is believed to be differentiated from the Tgy subpopulation, carries the
largest amount of perforin, but possesses the least proliferative potential (113). In
HIV-infection Ty are more frequent in the CD4+ T cell population while Tgy are more
frequent in the CD8+ T cell population. To further distinguish the function of the
different subsets of memory type T cells, a study revealed that Tcy are the major
source of IL-2-secreting CD4+ T cells, whereas the CD4+ Tgy cells mainly secrete IFN-y
(135). However, during progression of HIV-1 infection, a large number of HIV-1-
specific CD4+ T cells lose the capacity to produce IL-2, thus the response is skewed
towards a virus-specific IFN-y- secreting memory T cell population. As described
earlier, HIV-1-specific CD4+ T cells have also been found to be major targets for HIV-1
infection (135, 136). Characteristics of CD8+ Ty are that these cells can rapidly mount
an effector response as they carry substantial amounts of perforin. This allows them
to exhibit lytic activity immediately they recognise virus-infected cells.

4.2.5 B cells and induction of humoral immune responses

B cells are professional antigen presenting cells that can evolve into antibody
producing plasma B cells. The induction of a humoral immune response requires an
antigen (soluble or membrane bound) that is recognised by membrane-bound
immunoglobulin (Ig) on the surface. The antigen is taken up by the B cell and
processed into peptides, which are displayed on the cell surface with HLA class Il
molecules. The TCR and the CD4 molecule on the T helper cell recognise the foreign
epitope and subsequently provide co-stimulatory signals and IL-4. In this manner the
T helper cells stimulate the maturation of the naive B cells into fully differentiated
antibody secreting plasma B cells. They also stimulate isotype antibody switching from
IgM or IgD to IgG, IgA and IgE. Antibodies can facilitate protective immunity by
inducing antibody dependent cytotoxicity (ADCC) or by direct neutralisation of the
virus. The protective effects of neutralising antibodies were demonstrated early on in
experiments where chimpanzees were shown to resist HIV-1 infection when they
received monoclonal antibodies prior to challenge (90).

HIV-1 is unable to infect B cells because of the lack of CD4 expression on the B-cell
surface. However, HIV-infection is associated with several B-cell abnormalities such as
B cell hyper-activation due to unspecific stimuli of microbial products binding to TLRs,
or bystander activation and phenotypic alterations. The mechanisms by which HIV-1
impairs humoral immunity may either be direct virus induced B cell defects, or
polyclonal B cell activation (reviewed in (224)).
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4.2.6 Immune correlates of protection against HIV-1

It has been suggested that CD8+ T cells play important roles in clearance or control of
a number of viral infections (343) including influenza (214), cytomegalovirus (234),
measles (225), herpes simplex virus (158), hepatitis C virus (295) and Epstein-Barr
virus (52). Studies of individuals exposed to HIV but uninfected and seronegative (ESN)
individuals, who are capable of controlling HIV-1, and experiments in non-human
primates, provide evidence that it is possible to, at least partially, control HIV-1
infection. ESN do not seroconvert despite multiple exposures to HIV-1 (349). Extensive
analyses have been performed on these individuals in order to identify the
immunological and/or genetic mechanisms that might explain this phenomenon.
Hirbod et al. performed a prospective study of a large group of high-risk female sex
workers in Kenya, and found genital HIV-specific neutralizing secreted IgA and HIV-
specific proliferative responses. They correlated well with maintained seronegativity
(143). Previous studies have also suggested that cytotoxic HIV-specific T cells
responses in blood and the cervix play a role for protection of ESN individuals (154,
275). The ESN are often sex-workers that constantly expose themselves to HIV-
infection through intercourse. Interestingly, for a proportion of these individuals a
pause in multiple exposures can result in late seroconversion despite earlier cell
mediated immunity (155). This suggests that the memory of the cell-mediated
immune response (either local or systemic) may not be sufficient for protection and
that short lived cellular responses or innate immunity is important for these
individuals. The protective capacity might need to be maintained by multiple
exposures to either the HIV-1 virus or to other components, such as HLA molecules
(304).

Further evidence supporting the idea that containment of infection is possible comes
from the small percentage (< 2%) of HIV-1 infected individuals who are capable of
controlling of HIV-1 infection in the absence of antiretroviral therapy. Two types of
HIV-1 seropositive individuals capable of controlling HIV-1 have been defined. Long-
term non-progressors (LTNP) are characterized by a stable CD4+ T cell count and
variable but low viral loads (46) whereas elite controllers (EC) are characterized by
stable CD4+ T cell counts and low viral loads (<50 copies /ml plasma) (75). Partial
control of HIV-1 infection has also been seen in individuals infected with a defective
virus (172). Most HIV-1 controllers appear to be infected with fully functional virus,
suggesting that host factors account for this virus control. Both ECs and LTNP appear
to have cell mediated immune responses targeting the HIV-1 protein Gag (278, 330). It
has been proposed that viral load in chronic HIV-1 infection is inversely correlated to
the level of the Gag-specific cellular responses, while having Env-specific responses is
associated with higher viremia (159). Moreover, EC and LTNP have a higher HIV-
specific CTL activity that that seen in progressors. For example, Migueles et al showed
that the cytotoxic granules of CD8+ T cells isolated from ECs contained higher levels of
functional granzyme B and perforin than the granules from patients with progressing
disease (221). HIV-specific immune responses in LTNP also exhibit broad specificity
and polyfunctionality (e.g. the ability to produce and secrete several cytokines upon
specific stimulation), whereas narrow and monofunctional (mainly IFN-y) responses
are seen in progressors (26, 139). The precise mechanism of action behind these
findings is largely unknown.
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The role of antibodies in HIV-1 protection is illustrated by the fact that antibodies to
conserved epitopes of the gpl120 or gp4l proteins can also protect against HIV-1
infection in non-human primates (90). Recent results demonstrate that the memory B
cell compartment, in some HIV-controllers, is comprised of a diverse neutralising 1gG-
repertoire targeting many different epitopes on gp120 (290).

4.2.7 Host genetic factors and control of HIV- infection

Several studies describe associations of particular HLA alleles with different outcomes
of HIV-infection. For example, HLA B*57 is able to present a wide array of HIV-1
peptides for T cell recognition, and expression of this molecule is associated with a
more benign HIV-infection (7, 148). As reviewed in (55), there are independent studies
involving different cohorts of patients which show strong correlations between HLA
B*57 and B*27 molecules and delayed disease progression, whereas the HLA B*35 is
associated with a more rapid disease progression. HLA B*57 and B*27 molecules have
been shown to be over-represented in elite controllers, although less than 50% of the
elite controllers show the presence of HLA B*57 and even less (20%) express HLA B
*27 (248). Thus not the HLA alleles alone but rather the specific epitopes they target
may be responsible for viral control. Furthermore, recently published data suggest a
dual mechanism for durable control of HIV replication in HLA-B*57+ individuals,
consisting of loss of viral fitness as a result of CTL escape mutations, together with
strong CD8+ T cell immune responses to the arising variant epitopes (223).

A few individuals originating from the northern parts of Europe have a 32 bp deletion
in the gene encoding the HIV-1 co-receptor CCR5. Individuals homozygous for the A32
allelic variant of the CCR5 protein display a strong protection against sexual
transmission of HIV-1 and they may have a delayed progression of HIV-disease (189,
283).

4.2.8 The role of perforin for cytotoxicity

As mentioned above, cytotoxic T cells and NK cells are the main effector cells in the
immune response against viruses. These cells release the contents of cytotoxic
granules into the immunological synapse formed between the infected target cells
and the effector cell, which trigger apoptosis (121, 303). The cytotoxic granules
contain perforin and serine proteases called granzymes (180). Perforin was originally
thought to insert itself into the target cell's plasma membrane, forming a pore and
thereby inducing cell death or facilitating the influx of granzymes. Although purified
perforin is capable of lysing cells when added in high concentration to cell cultures,
this mechanism does not explain the ability of CD8+ T cells and NK cells to induce
apoptosis in target cells. The original pore-forming model was challenged when it was
discovered that granzymes can be endocytosed alone without perforin, and that
apoptosis can be triggered when perforin is added to washed cells that have
endocytosed granzyme in the absence of perforin (255). So far, the synergistic
mechanism between perforin and granzymes is not fully understood. One theory
suggests that perforin and granzymes interact at the target cell membrane and are
rapidly internalised into endosomes that are subsequently disrupted by perforin,
causing the granzymes to be released into the cytosol (103). A hybrid theory has
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emerged suggesting that perforin permeabilises the plasma membrane and triggers
Ca® influx from the extracellular fluid into the cells, triggering a wound healing
mechanism. This mechanism includes the mobilisation of intracellular vesicles, like
endosomes and lysosomes, which donate their membranes in order to reseal the
damaged plasma membrane. This somehow facilitates the uptake of granzymes and
perforin into endosomes, followed by a perforin mediated release of granzymes into
the cytosol (255). In order to find correlates of immune protection in the setting of
HIV disease, attempts have been made to link the ability of CTLs to degranulate (as
measured by the expression of CD107a) to disease progression. While some studies
claim that the expression of CD107a together with a panel of cytokines (MIP1j3, TNFa,
IL-2 and IFNY) correlates with better outcome of disease (27), recent studies indicate
that the content of the granules (e.g. granzymes and perforin) is more important (134,
221).

4.2.9 Perforin and HIV-1 infection

HIV-specific CTL responses are detectable shortly after the acute phase of HIV-1
infection. However the immune responses cannot control viral replication and prevent
development of chronic immune suppression in the majority of infected individuals.
Some studies have suggested that this lack of control is due to impaired functional
activity of cytotoxic T lymphocytes and NK cells. The impaired functional reactivity has
recently been attributed to decreased intracellular levels of perforin and granzyme B
(10, 101, 258). We have observed a significant increase in levels of serum perforin in
HIV-1 infected individuals as compared to uninfected controls, suggesting that HIV-1
infection contributes to the release of perforin in serum. Interestingly, untreated HIV-
1-infected individuals had a higher level of perforin than patients on treatment (Figure
7 and (paper 11)). This implies that effective treatment, to a large extent, can reverse
the excess of serum perforin in HIV-1-infected individuals.
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We also found that the levels of perforin in serum increase significantly during the
acute phase of HIV-infection, as shown in figure 8A. Furthermore, analysis of perforin
in serum during the acute phase of SIV or SHIV infection in cynomolgus macaques
revealed a markedly elevated level of perforin, coinciding with the plasma virus peak
(Figure 8B and C and paper II).
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Figure 8. A) Levels of extracellular perforin in sera from an HIV-1 infected individual during
seroconversion serum perforin in a human seroconversion panel, B) Levels of extracellular
perforin in sera from SIV infected monkeys C) Levels of extracellular perforin in sera from SHIV
infected monkeys. Filled lines indicate perforin (ng/ml), striped lines indicate viral load
(copies/ml).

In chronically infected HIV-1 patients undergoing repeated structured treatment
interruption (STI) we detected an increase in serum perforin after each STI cycle
(figure 9A). This increase was also observed in perforin release from unstimulated
PBMC as measured by ELISpot (figure 9A and B). A correlation between viral load and
the level of secreted perforin from unstimulated PBMC was thus observed in this
cohort (Spearman, r=0.78, p = 0.036) unpublished data.
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Figure 9. A) Levels of extracellular perforin in sera and levels of perforin released from
unstimulated PBMC from HIV-1 infected individuals during repeated treatment interruptions.
B) Levels of perforin released from unstimulated PBMC, CD8+ T cells and CD8+ T cell depleted
PBMC.

It is conceivable that the increased levels of free perforin mirror the decreased
intracellular levels of perforin observed in CD8+ T cells and NK cells during HIV-1
infection and that these cells are the main source of the extracellular perforin. The
combination of reduced intracellular perforin levels and increased serum levels shows
that  HIV-infection induces aberrant perforin secretion. As perforin
secretion/production has been shown to be associated with control of HIV-1 infection,
the aberrant perforin release may be a result of a yet unknown viral immune escape
mechanism. However, such observations have also been made with acute viral
infections such as Hanta viruses (162) suggesting that an increased serum level of
perforin may be a direct reflection of increased CTL killing due to virus infection.
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5 CURRENT HIV-1 TREATMENT

Today, the treatment of HIV-1 infection primarily relies on combination antiretroviral
therapy (cART) which normally consists of at least three different drugs targeting
different steps in the viral replication cycle. Typically, the first line treatment includes
two nucleoside analogue reverse transcriptase inhibitors (NRTIs) plus either a non-
nucleoside reverse transcriptase inhibitor (NNRTI) or a protease inhibitor, targeting
reverse transcription and viral protease activity. NRTIs inhibit viral transcription by
incorporating nucleoside analogues lacking 3'-hydroxyl group on the deoxyribose
moiety. As a result viral DNA synthesis is stopped. NNRTIs are not incorporated into
the viral DNA and stop viral transcription by inhibiting the movement of protein
domains of reverse transcriptase, that are needed to carry out the process of DNA
synthesis. New drugs are constantly being developed with the aim of improving
potency and minimising the toxic effect of the drugs. During recent years, two novel
drugs that inhibit fusion of the virus to the target cell have been released: T20 which is
a gp41-binding peptide that disturbs the binding of the virus to the target cell (58),
and Maraviroc -a co-receptor antagonist that binds to CCR5, thus preventing an
interaction with gp120 and the receptor (79). Integrase inhibitors are a novel class of
antiretroviral drug designed to block the action of integrase, the viral enzyme that
inserts the viral genome into the DNA of the host cell. The first integrase inhibitor was
licensed in 2007 (300). Recently, the viral protein Vif has become highly interesting as
a novel target for HIV therapy since recent results demonstrate that it is possible to
inhibit HIV-1 replication by antagonising the Vif-APOBEC3G complex (238).

Antiretroviral treatment slows down progression to AIDS by reducing the viral load.
Thus, cART has revolutionised the care of HIV-1 infected individuals, where it has been
available, converting a terminal disease into a chronic manageable infection (245).
When cART was introduced in 1996 the initiation of treatment was recommended at
HIV-1 diagnosis, according to the principle “hit early and hit hard” (45). However, the
limitations of cART following long term use (adherence, side effects and drug
resistance) resulted in the recommendations for cART initiation on the basis of CD4+ T
cell count in peripheral blood (346). Instead of recommending cART at HIV diagnosis,
ART was indicated when CD4+ counts fell below 200 cells/mm?3, which usually occurs
later during infection. However, the findings of the recent Strategies for Management
of Antiretroviral Therapy (SMART) study (described below) suggest that cART should
be initiated when CD4+ T cell counts drop below 350 cells/mm?(253).

Antiretroviral treatment is life-long since non of the available drugs are capable of
eradicating the reservoir of latent virus within memory CD4+ T cells (62, 95). It is
believed that HIV-1 latency is generally established when an activated CD4+ T cell
becomes infected by HIV-1 and undergoes transition to a memory phenotype that
prevents it from being killed by the virus or components of the immune system.
Because memory cells are long-lived, the virus can persist within the cell for decades,
before receiving a stimulatory signal that activates virus production. It is therefore
estimated that under current antiretroviral regimens, complete depletion of this viral
reservoir would take more than 60 years (95), even if there were no further viral
replication. It is not clear whether this is due to poor antiretroviral drug penetration
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into some compartments of virus replication, like the central nervous system or
because of replication that occurs even under ‘optimal’ drug concentrations. Drug
therapy cannot eradicate infection and the treatment is therefore life-long.

5.1 PROLONGED TREATMENT FREE PERIODS

Problems associated with antiretroviral therapy have led to investigation of
treatment-sparing strategies, such as structured treatment interruptions (STI). It was
proposed that STI might provide the benefits of antiretroviral therapy while
minimizing the time on cART, thus decreasing the problems associated with long-term
treatment. However, the SMART study has prompted new considerations regarding
the safety of STI. The SMART study was a large multi-centre trial that enrolled 5472
patients in order to determine the safety of cART-free periods, where cART initiation
was based primarily on CD4+ T cell counts (88). Patients were divided into two arms,
one arm in which patient were maintained on continuous cART and one arm in which
the patients were subjected to intermittent cART. The patients in the arm including
STIs discontinued cART when the patient had a single CD4+ T cell count above 350
cells/mm?® and cART was then reinstituted as soon as the CD4+ T cell count dropped
below 250 cells/mm?®. This resulted in patients going on and off treatment at varying
intervals. The study was stopped when the patients in the intermittent cART arm were
found to have more adverse events and higher morbidity than patients on continuous
treatment. The results from the study have led to the overall conclusion that multiple
treatment interruption is unsafe. In contrast, other smaller treatment interruption
studies have shown that prolonged STIs are generally safe (9, 203). These studies also
suggested that the rate of CD4+ T cell decline is related to CD4+ T cell nadir which is
the lowest CD4+ T cell count reported before cART start. Patients with higher pre-
cART CD4+ T cell counts have the potential for longer STls compared with patients
with low pre-cART CD4+ T cell counts (236).

5.1.1 Pre- and post-exposure prophylaxis

Pre-exposure prophylaxis (PrEP) is the long-term use of a prophylactic treatment for a
disease prior to the exposure. In the setting of HIV-1, it usually consists of
administration of one or several antiretroviral drugs to individuals at risk of infection
(26). This is thought to prevent infection or to lower the initial peak viral load. PrEP
has been shown to be effective in humanized mice models (76) and the effect on
humans is currently under investigation. However, there are some concerns that PrEP
might encourage risk behaviour, possibly increasing rather than decreasing the risk of
HIV-infection, for both the individual and the population at large. In addition to this,
there are concerns that PrEP might select for the transmission of drug resistant strains
of HIV-1. Post exposure prophylaxis (PEP) relates to antiretroviral therapy
administered shortly (within 72 hrs) after occupational or sexual exposure, to prevent
establishment of infection (16).

5.2 PREVENTION OF HIV-1 TRANSMISSION

Although successful cART reduces transmission of HIV-1, by lowering the viral load and
thus the risk of transmission, other methods to prevent transmission are required.
The single most effective way to prevent the transmission of HIV-1 during sexual
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contact is to use a condom (265). Recent clinical trials have demonstrated that male
circumcision also can reduce female-to-male transmission of HIV-1 by approximately
50%—-60% (18, 124). The beneficial effects of male circumcision may be explained by
the high density of cells susceptible for HIV infection in the foreskin (211).
Circumcision also reduces the risk of acquiring other genital infections associated with
increased risk of HIV-1 infection (340). Other interventions, like microbicides, are
designed to prevent infection through the genital mucosa. However, first-generation
microbicides such as nonoxynol-9 and cellulose sulphate have failed to show
protection in clinical trials (261, 269). These early microbicides instead seemed to
increase the risk of infection, most probably through irritation of the mucosa (1). The
environment in the vaginal mucosa is very delicate and disruption of this milieu by
addition of a microbicide with detergent properties can ruin the natural barrier which
in turns leads to enhanced infection. More promising results have been obtained with
new microbicide gel formulations like BufferGel and PRO2000, based on an acidic
buffered and a sulfonated polymer, respectively. Recent data indicate that PRO2000
was at least 30% more effective in the study in preventing HIV, while BufferGel did not
show a protective effect (279). BufferGel's primary action is to lower vaginal pH, while
PRO2000 is designed to interfere with HIV's interactions with its target cells (312).

It has also been shown that behavioural prevention methods (sexual abstinence,
delayed sexual debut, reduction of sexual partners, and clean needle use for drug
users) can significantly reduce the risk of HIV-I infection, when they are used in
combination (87, 327).
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6 IMMUNISATION

Immunisation is the process whereby a person is made immune or resistant to an
infectious disease, by the administration of a vaccine. Along with improved hygiene,
immunisation is considered to be the most cost-effective method of prevent
infectious diseases and can be divided in two main categories: passive and active
immunisation. In passive humoral immunisation, purified antibodies or antibody
containing sera are administered to an individual and this can provide temporary
protection against the pathogen. Passive immunisation occurs naturally in the case of
transfer of maternal antibodies to a foetus or a baby via the placenta or breast
feeding, respectively. Prevention of rabies infection is an example where both passive
and active immunisation is required to elicit protective immunity if an individual has
been exposed to the virus. Passive immunisation with neutralising antibodies has been
performed in HIV-1 infected individuals and chimpanzees. Transfusion of neutralising
antibodies 2G12, 2F5 and 4E10 resulted in a delay of HIV-1 rebound in acutely infected
humans after cessation of antiretroviral therapy; however only a marginal effect was
seen in chronically infected individuals (321). Passive transfer of cell-mediated
immunity, has been used in humans to treat some types of cancer as well as HIV-1 as
reviewed in (176). One study revealed that transfer of autologous gene-modified T
cells, expressing a HIV-entry inhibitor peptide, resulted in a significant increase of
CD4+ T cell numbers in HIV-infected patients with advanced immunodeficiency (331).

The principle of active immunisation is to present a foreign antigen to the immune
system thereby subsequently inducing an antigen-specific immune response. This
allows the body’s own immune system to protect or fight against subsequent infection
or disease. Vaccines used for active immunisation can be prophylactic (e.g. prevent a
future infection by a pathogen), or therapeutic (e.g. cure or partially restore immune
responses in a host with an existing chronic disease like HIV-1 or cancer).

6.1 ANTIGEN PRESENTATION FOLLOWING IMMUNISATION

The aim of active immunisation is to induce long-lived adaptive immune responses
against the pathogen or tumour-antigen of interest. A short summary of the basic
mechanisms for antigen presentation following an immunisation is given below.

The majority of vaccines are administered to somatic cells in the skin or muscle,
typically via needle and syringe. There are however some exceptions, like the polio
and cholera vaccines that are delivered orally. The most common cells directly
targeted by the immunisation injection are muscle cells, keratinocytes, monocytes and
antigen presenting cells in the skin. Live vaccines enter the cell using virus specific
receptors on the host cell surface. In the case of DNA vaccines, the uptake of plasmids
into cells is not fully understood. It has been suggested to occur through membrane
disruption, transient pore formation in the cellular membrane and/or a more active
process including receptor mediated endocytosis (48, 105, 287).

Using the host cellular machinery, the genes in live vaccines or carried by plasmids are

transcribed and translated to produce endogenous antigen. Protein production
following immunisation with live or genetic vaccines mimic protein production which
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occurs during natural infection, as the cell provides endogenous post-translational
modifications, including glycosylation, to the vaccine antigen. Endogenously
synthesised proteins are poly-ubiquitinylated and thereby targeted for degradation by
the proteasome. The proteasome cuts the protein into shorter peptides (normally 3-
20 amino acid residues long). A fraction of these peptides are then translocated via
the transporter of antigenic peptides (TAP) complex to the ER where they associate
with HLA class | molecules. As described previously HLA class | presentation of
antigens are associated with CD8+ T cell responses. HLA class | presentation can also
be elicited by cross-presentation of cell-associated exogenous antigens.

Exogenous antigens are taken up by cells either through phagocytosis or through
endocytosis. The exogenous antigens taken up by professional APCs can either be in
form of inactivated or protein subunit vaccines or antigens produced and released
from cells transfected with live or plasmid based vaccines. Upon phagocytosis or
endocytosis, the phagosomes or early endosomes are transported to the inner parts
of the cell and end up in the lysosomes where the antigen is degraded into smaller
peptides. The peptides are then loaded onto HLA class Il molecules in the lysosome,
and the final peptide/MHC complex is then transported to the cell surface where it is
recognised by the T cell receptor of CD4+ T cells.

In addition to these two pathways, antigens that are produced by somatic cells can be
transferred to APCs and enter the HLA class | pathway by a mechanism called cross-
priming or cross-presentation. This is a mechanism that can be utilised for the
induction of immune responses by a genetic vaccine (80, 104).

6.2 THERAPEUTIC HIV-1 IMMUNISATION

In contrast to preventative vaccination, where specific immunity is induced to prevent
viral or bacterial infection, therapeutic vaccination is intended to mobilize a patient’s
immune response in order to control an already established infection. The concept of
augmenting the HIV-specific immuneresponse by therapeutic immunisation was first
proposed in 1987 (280). Although successful cART suppresses viral load efficiently and
helps to restore the immune response against opportunistic infections it does not fully
eradicate the reservoirs of HIV-1 (28, 96, 215), suggesting that a life long intake of
drugs will be necessary. Immune responses to HIV-1 are not restored by cART and in
fact usually decline over time during treatment (256). cART is also associated with
both severe side effects and development of drug resistance if the patient is not fully
compliant. It would thus be beneficial to extend treatment options of HIV-1-infected
patients with a therapeutic vaccine that can modulate immune responses against the
virus, which in turn could control HIV immune deficiency and thereby reduce the need
of cART.

The main goal of therapeutic immunisation during the chronic stage of HIV-1 infection
is to induce HIV-specific immune responses and restore immunological competence
and reverse the anergy-like situation of the T cells. This in turn may reduce viral load
and also permit extended periods without the use of antiviral drugs (14, 81, 328). The
rational behind therapeutic immunisation is based on the assumption that the natural
history of disease can be modified by enhancing existing or generating new anti HIV-1
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immune responses. Immunisation with an exogenous antigen may either boost an
existing immune response or induce a qualitatively different immune response from
that induced by natural infection. These modified responses are hypothesised to
result in better viral control and therefore a slower disease progression (246).

During the past two decades several research groups have evaluated the potential
role of therapeutic vaccination as an alternative treatment strategy. The goal has been
to increase virus-specific immune responses that are critical in the suppression and
control of HIV replication. A range of vaccine candidates, developed primarily as
prophylactic HIV vaccines, have been tested in non-human primates and have entered
early human therapeutic trials. These include live attenuated vaccines, whole
inactivated virus, subunit vaccines (protein and peptides), DNA vaccines, dendritic cell
based vaccines and viral vectors.

6.3 LIVE ATTENUATED VACCINES

Vaccines consisting of live, attenuated virus, such as yellow fever, measles and rubella
have been cultured under conditions that disable their virulence. This type of vaccine
can also be based on closely related, but less dangerous, organisms to induce an
immune response. One example of this is the smallpox vaccine that is based on
vaccinia virus (cow pox virus), a poxvirus that induces a much more benign infection as
compared to the variola virus that causes smallpox. Live attenuated vaccines are
produced by growing the virus in tissue culture that will, in the absence of immune
pressure, select for less virulent strains either by mutagenesis or loss of virulence
factors. As there is a small risk of virulence even if the virus in the vaccine is
weakened, attenuated vaccines cannot be used in immunocompromised individuals
including HIV-1 infected patients. As the attenuated pathogens in vaccines replicate to
a small extent they mimic natural viral infection and provoke both T cell and B cell
responses. This results in induction of more durable immune responses as compared
to immunisation with inactivated vaccines, and booster doses are required less often.

Initially, this vaccine strategy seemed promising against HIV-1, as macaques
immunized/infected with nef-deleted SIV were protected from challenge with
pathogenic SIV (70). However, the initial enthusiasm was dampened when the nef-
deleted SIV reverted back to its pathogenic form and caused AIDS in vaccinated
macaques (341). Nef-deleted HIV-1 has also been shown to cause immunodeficiency
in humans, as nine individuals in Australia were infected with a nef-deleted HIV-1 virus
through a blood transfusion. These individuals had an initial delay in disease
progression, most probably associated with low virus replication due to the lack of Nef
(172), but eventually progressed in their disease (173).

6.4 INACTIVATED VACCINES

An inactivated vaccine contains virus particles that are inactivated or killed with
chemical treatment or heat. The virus particles are rendered unable to replicate, but
the virus capsid proteins are intact enough to evoke an immune response. Many
vaccines, like rabies, influenza and hepatitis A, are based on inactivated virus. This is
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usually a safe and effective way to induce humoral immunity, when the vaccines are
manufactured correctly, but improper inactivation can result in intact and infectious
particles. The major advantages of inactivated vaccines are that they induce strong
humoral immune responses and lack the capacity to replicate and can thus be used
safely in immunocompromised hosts. However, they are often poor inducers of T cell
mediated immune responses and immunological B cell memory, hence several
repeated immunisations (booster doses) are required to achieve long-lasting high
antibody levels.

Inactivated HIV-1 vaccines have been extensively evaluated in therapeutic
immunisation settings. The Remune immunogen (Immune Response Corp., CA, USA),
is composed of purified inactivated virions encoding HIV-1 clade A envelope and clade
G gag, stripped of surface gp120 and emulsified in incomplete Freund’s adjuvant. In
early studies, administration of Remune resulted in stimulation of both CD4+ and
CD8+ T-cells, slowing of disease progression, and increased body weight. However,
interim analysis of a phase IlI clinical study of Remune in HIV-1 participants showed no
changes in CD4+ and CD8+ T-cell counts and viral loads (324). Further studies where
Remune was administered together with IL-2 failed to sustain or induce HIV-1 specific
immune responses (137). Aldrithiol-2 (AT-2) is a mild oxidizing reagent, used to
eliminate the infectivity of HIV-1 while maintaining its structure and ability to be
processed for presentation to T cells. Immunisation with AT-2 inactivated SIV particles
has been studied in animal models. However, this immunisation strategy had minor
effect on viral load and did not induce protective immunity in macaques, despite
induction of SIV specific immune responses (181, 335). Nevertheless, this inactivation
technique produce excellent antigens for in vitro screening of HIV-1-specific responses
in HIV-1 seropositives and vaccinees (277).

6.5 SUBUNIT VACCINES
6.5.1 Recombinant proteins

In the case of subunit vaccines a viral protein is introduced into the vaccine recipient.
The hepatitis B vaccine was the first viral subunit vaccine on the market and contains
the viral envelope protein, the hepatitis B surface antigen. A human papilloma virus
(HPV) vaccine has recently been registered for human use. This vaccine is based on
proteins from papilloma viruses which form virus-like particles (VLPs). Virus like
particles consist of viral protein(s) derived from the structural proteins of a pathogen.
In some cases these proteins are embedded within a lipid bilayer. These particles
resemble the virus from which they were derived but lack viral genomes and non-
structural proteins, and are therefore not infectious.

Subunit vaccines containing HIV-1 proteins have also been studied. The first phase llI
clinical trial of an HIV-1 vaccine was conducted by Vaxgen Inc. using a candidate HIV-1
monomeric gp120 subunit vaccine. The vaccine consisted of two recombinant gp120
subunits derived from two different subtype B isolates MN and GNES (AIDSVAX B/B)
or from the subtype B MN strain and subtype E A244 stain (AIDSVAX B/E). The
proteins were delivered in alum adjuvant and the healthy volunteers were immunised
seven times with 300 pg of protein (100). The hope was that the vaccine would
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induce antibodies against gp120 that would subsequently bind, neutralise and clear
the virus before the infection was established. Upon completion of the trial in 2003, it
was clear that the vaccine neither prevented HIV-1 infection nor delayed the disease
progression. The results from the trial indicate that monomeric gp120 is a suboptimal
vaccine component for eliciting broadly neutralising antibodies. It also weakened the
hypothesis that antibodies against monomeric envelope glycoproteins would bind and
neutralise HIV before infection was established.

Therapeutic vaccination with HIV-1 proteins was initially tested in the pre-cART era
but failed to induce any significant clinical benefits. Recombinant baculovirus-
expressed envelope protein, rgp160 (VaxSyn MicroGeneSys, Meriden, CT) and HIV-1
gag (p17/p24) expressed in a yeast vector as self-assembled virus like particles were
not found to have any significant beneficial effect, in terms of disease progression,
CD4+ T cell count or viral load despite boosting HIV-1-specific immunity (28, 116, 157,
165, 182, 264, 339). These results may reflect both poor immunogenicity of the
vaccines and antigenic overload due to uncontrolled HIV-1 replication.

A large Scandinavian study performed in 1992, revealed that multiple intramuscular
injections of rgp160 significantly enhanced HIV-specific proliferative responses and
improved short-time survival in vaccinated HIV-1 patients (286). In paper Ill, we
analysed cells from patients in this study in order to evaluate the effect of multiple
rgp160 immunisations on the differentiation of T cell subsets. The differentiation of
naive T cells into effector and memory subsets represents one of the most
fundamental elements of T cell mediated immunity. HIV-specific polyfunctional
CD8+ central memory cells have been associated with superior control of HIV (6, 27).
Frozen cells samples from 12 individuals (6 vaccine recipients and 6 placebos) were
selected from this study. They had been immunized intramuscularly during one year
(months 0, 1, 2, 3, 4, 6, 9, 12) with eight doses of 160 pg of rgpl60 (VaxSyn,
MicroGeneSys, Meriden, CT) or placebo (alum adjuvant alone). Thereafter the
patients received vaccinations every three months up to three years from the
initiation of the study (286).

We observed a significant increase in the number of central memory Tcum
(CD4"CD45RACCR7") cells in rgp160 vaccinated individuals (Figure 10A and paper llI).
The increase in the CD4+ memory cell population was consistent with increased HIV-1
specific CD4+ proliferative responses (Figure 10B and paper lll). No increase in central
memory population or proliferative responses was observed in the placebo group,
where the number of central memory cells stayed constant throughout the
monitoring period (paper lll). These results indicate that rgpl60 administration
significantly enhanced the induction of an effector memory T cell subset. In the
original study there were significantly fewer deaths among the vaccine recipients than
among the placebo-group patients at 2 years but not at the end of the study at 3 years
(286). This transient improvement may be due to functional immune activation as
shown by the increased central memory population. Although the administration of
rgp160 did not have an effect on viral load it induced memory virus-specific responses,
presumably thus enabling the HIV-1 infected individual to better regulate the disease
and improve survival.
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Figure 10. A) Frequency of central memory CD4+ T-cells (%) and B) HIV-specific proliferative
responses (Sl = stimulation index) in patients are immunised with rgp160.

An absence of cytotoxic T-cells displaying the activation marker CD38 has recently
been suggested to correlate with control of viremia. This has been observed in a small
number of drug naive HIV-infected individuals who have persistently undetectable
viral load (278). In our study (paper lll), an up-regulation of the immune activation
markers HLA-DR and CD38, compared to levels in healthy individuals was seen on both
CD4+ and CD8+ T cells in all patients (29), throughout the monitoring period (paper
lll). This reflects the immune activation induced by uncontrolled HIV-1 virus
replication. Further enhanced expression of the activation marker CD38 was observed
over time in the group vaccinated with rgp160, but not the placebo group. This is likely
due to further antigenic stimulation from the rgp160 vaccine. This may be one of the
explanations as to why this vaccine did not induce control of the HIV infection.

Other HIV proteins, such as the regulatory protein Tat have been tested in clinical
trials more recently and have been shown to induce immune responses but have so
far failed to show any beneficial effect on viral load or CD4+ T cell counts (91, 191).

6.5.2 Peptides

A number of synthetic peptides designed to induce immune responses to dominant
CTL epitopes or HIV neutralizing determinants have been tested in humans. Synthetic
peptides designed to contain combinations of T-helper, CTL and neutralising antibody
epitopes from the V3 loop from several HIV-1 strains were tested in eight HIV-infected
patients (21). This vaccine did not reduce viral load or increase CD4+ T-cell count
despite inducing an increase in neutralizing antibody titres and lymphoproliferative
responses. However, a recent phase | study analysing the immunogenicity of a
multiepitope peptide vaccine containing both CTL and T helper cell epitopes resulted
in failure. Only six of 80 volunteers who received vaccine developed low and transient
HIV-specific responses (299).

In a further study, a peptide-based vaccine candidate consisting of highly conserved
regions of HIV-1 p24 recognised be long-term non-progressors was designed to induce
cellular immunity (274). When examined in several trials in HIV-infected volunteers in
the absence or presence of cART, Gag-specific responses were observed in vaccinees.
Those that responded to the vaccine had significantly reduced viral loads and better
preserved CD4+ T cell counts as compared to low or non-responders (13, 164, 242).
Data indicated that a significantly slower decline in CD4+ T-cells was noted for the
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peptide immunised patients. The median time of treatment interruption achieved for
all the patients that participated in the Vacc-4x phase Il clinical trial was 17 months as
compared to 4 moths for the control group (199).

Peptide vaccines have also been linked to lipids in an attempt to enhance their uptake
through cell membranes. There have been a number of promising results, at least in
terms of immunogenicitity of the lipopeptides, either delivered on their own (107,
294), or in combination with other vaccine candidates (178).

6.5.3 Dendritic cell based vaccines

A promising strategy in the SIV model is to use autologous dendritic cells pulsed with
chemically inactivated virus in vitro. Administration of dendritic cells loaded with AT-2
inactivated SIV particles has led to an increase in T-cell responses, and reduced viral
loads in monkeys infected with SIV (196). Vaccination of 18 chronically HIV-1 infected
treatment naive-patients with their own dendritic cells loaded with their own AT-2
inactivated HIV led to a 5 fold decrease of plasma viral load after one year. This
decrease in viral load correlated with the percent increase of CD4+ T cells in the
patients’ blood, secreting IL-2 and IFN-y when cultured with HIV-1 antigen (195). To
confirm this finding a trial with 100 HIV-1 infected individuals is planned (11).
However, this type of autolous vaccine is very cumbersome to manufacture and is not
suitable for individuals in developing countries.

6.6 DNA IMMUNISATION

Genetic immunisation is a novel approach to vaccination. DNA or RNA encoding a
specific antigen is transferred to a host cell, either as plasmids or carried in a
recombinant viral or bacterial vector. The antigen is expressed by the host cell and can
be subsequently presented to the host’s immune system, thereby eliciting an immune
response. DNA vaccines display several features that make them interesting for
immunisation; they are easy to modify, they induce both humoral and cellular
immunity and they do not induce immunity towards the vector itself (166).
Furthermore, the use of DNA vaccines does not have the safety concerns associated
with live vaccines (276).

The DNA based vaccine approach was first proposed in the early 1990s. Several
independent research groups reported induction of immune responses after
immunisation with genes encoding influenza proteins, human growth hormone,
various tumour antigens and proteins from HIV-1 (106, 310, 326, 332). In the two
most important studies, DNA constructs encoding Influenza antigens were shown to
induce protective responses against influenza challenge in mice and chickens (106,
326). Since the initial findings, DNA vaccines against various pathogens and tumour
antigens have been evaluated in animal models. In the past years, four DNA vaccine
products have been licensed for animal use. One against West Nile virus in horses
(72), one against infectious haematopoietic necrosis virus in salmon (111), one for
treatment of melanoma in dogs (23), and one for growth hormone releasing hormone
used to prevent foetal loss in swine (313).
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The first human study, using plasmid DNA constructs encoding Rev, Nef and Tat
demonstrated a significantly enhanced cellular immune response in treatment naive
HIV-1 infected individuals (49), and later in individuals who were receiving
antiretroviral therapy (50). This vaccine also induced local mucosal cellular and
humoral responses when administered to HIV-positive patients by intra-oral jet-
injections (198). Weiner and colleagues performed an early study with a DNA plasmid
construct encoding Env and Rev genes in untreated HIV-positive patients and
demonstrated safety but marginal cellular and humoral immune responses (200, 201).
The group developed an additional DNA construct encoding Gag and Pol, which was
immunogenic and demonstrated protective effect in experimental animals (36). When
the HIV-1 DNA vaccine encoding Env/Rev and Gag/Pol was administered to HIV-
infected humans, a difference in viral detection events in vaccinated compared to
control patients was observed. The frequency of "viral blips" (transient elevations of
HIV RNA) (140) were significantly fewer in vaccine recipients as compared to placebo
controls (202). These results indicate that DNA immunisation of cART treated HIV-
positive subjects with vaccines designed to stimulate CD8+ T cell responses may have
a therapeutic effect and may decrease the frequency of transient viremia.

6.7 ENHANCING THE POTENCY OF DNA IMMUNISATION

The principal issue regarding the future of DNA vaccines concerns improving their
immunogenicity in larger animals and in humans. DNA vaccines have induced
significantly weaker immune responses in non-human primates and humans
compared to mice. Naked DNA also seems less immunogenic as compared to
recombinant viral vectors or recombinant protein for induction of antibody responses.
However, a variety of methods are being developed to increase the immunogenicity
of DNA vaccines. Efforts to increase antigen expression and vaccine immunogenicity
by different delivery adjuvants and methods will be discussed below.

6.7.1 Adjuvants

Adjuvants are substances that enhance the immunogenicity of an immunogen and
they have been used for decades to improve the immune response to vaccine
antigens. By adding adjuvants to vaccine formulations one aims to enhance and
prolong the vaccine-specific immune response. By using the proper adjuvant it is
possible to modify the nature of the immune response (e.g. with respect to
immunoglobulin classes and induction of cytotoxic or helper T cell responses) and to
reduce the amount of antigen needed for a successful immunisation, and also reduce
the number of booster immunisations needed. Adjuvants can be classified according
to their source, mechanism of action, or physical and chemical properties.

So far the only approved adjuvants for human use are aluminium hydroxide or
phosphates (alum); alum in combination with monophosphoryl lipid A (MPL) (AS04
from GSK); and an oil-in-water squalene emulsion (MF59 from Novartis). The classical
proposed mechanism by which it was believed that alum provides its adjuvant effect is
by causing the formation of an antigen depot at the inoculation site resulting in slow
release of the antigen. However, as reviewed in (141), more recent findings indicate
that immune stimulation also occurs through stimulation of uric acid production,
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inflammation and recruitment of antigen-presenting cells, uptake of antigen to DCs
and subsequent DC maturation. MPL is a non-toxic derivate from a lipopolysaccharide
component of the cell wall of bacteria and is well described to stimulate the innate
immune responses by acting through TLR4 (4). The mechanism of action of adjuvant
emulsions is to promote slow antigen release and to protect antigen from rapid
elimination (243). Another important mechanism for some emulsion adjuvants
including MF59 is the recruitment of immune cells to the site of injection and the
promotion of uptake of vaccine by APCs (86).

In general, the mode of action of adsorbents and particulate adjuvants involves
delivery of the antigen to APCs, whereas the microbial, synthetic and endogenous
adjuvants act by direct stimulation or modulation of the immune system (252).
Bacterial components are often potent immune activators although commonly
associated with toxicity, for example, bacterial DNA with immunostimulatory CpG
motifs is a potent cellular adjuvant. CpGs are unmethylated cytosine-guanine motifs
found in bacterial DNA, including plasmids, but absent in mammalian DNA. CpG DNA
is recognized by TLR9 and induces a milieu that favours activation of Thl-dominated
immune responses. This is mainly due to activation of dendritic cells and
subpopulations, thereby inducing an intense interferon and IL-12 response (142).

The stimulatory effect of human endogenous cytokines, on both innate and adaptive
immune responses, makes them interesting as adjuvants. Recombinant cytokines
have been evaluated as adjuvants. However, the major limitations in their use are
their short half-life in vivo. Thus, cytokine-encoding plasmid DNA has been evaluated
as an alternative, avoiding the toxicities associated with the administration of systemic
protein. As reviewed in (51) the addition of cytokines including IL-2, IL-12, IL-15 and IL-
18 to SIV DNA constructs have augmented protective immune responses in macaques.
The cytokine granulocyte macrophage colony-stimulating factor (GM-CSF) has been
shown to enhance the primary immune response by activating and recruiting antigen
presenting cells to the site of inoculation (183). Both recombinant GM-CSF and
plasmids encoding GM-CSF have been used to enhance cellular and humoral immune
responses in mice and non-human primate models (38, 267, 348). Although GM-CSF
seems to enhance immune responses in animals, two recent phase | trials in man
failed to demonstrate the beneficial effect of human GM-CSF. When the cytokine was
delivered in conjunction with a HIV-1 peptide based vaccine it did not enhance
immune responses (299) and when delivered together with a HIV-1 DNA vaccine the
human GM-CSF proved to have a negative effect on both cellular and humoral
immune responses (285).

6.7.2 Delivery methods and formulation

The route of vaccine delivery as well as the devices used to deliver the DNA is
important for the induction of immune responses. The optimal protocol varies with
the antigen/adjuvant used. While DNA vaccines delivered by needle and syringe have
induced low to moderate antigen expression, novel application approaches have been
able to enhance their potency. Forcing the DNA into the target cells can be
accomplished by the use of special devices, such as the gene gun that was the first
device used for the delivery of the DNA vaccines (310). The gene gun was originally
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developed for gene transfer into plant cells and enables DNA coated gold particles to
be transferred into the cells by a helium-propelled acceleration. Epidermal
immunisation by gene gun targets both epithelial cells and Langerhans cells, resulting
in a presentation to CD4+ and CD8+ T cells (20, 152). In addition to the gene gun,
several different techniques like the Biojector, in vivo electroporation and different
topical administration methods have been developed for delivering DNA.

A B C

Figure 11. Different administration techniques for DNA immunisation A) Biojector,
B) Electroporation and C) topical administration using DermaPrep.

6.7.2.1 Biojector

The Biojector 2000 is CO,-propelled device used to deliver DNA (either intramuscularly
or intradermally) to target cells by a thin stream of liquid (figure 11A). The device
disperses the antigen to a large area of muscle or the dermis, the latter has a high
frequency of antigen presenting cells. Delivery by Biojector has been shown to
enhance cellular and humoral immune responses against various infectious diseases
including HIV-1, herpes simplex, and dengue in mice (38, 220, 263). Although several
animal experiments have demonstrated that DNA delivery by biojector might be
superior to vaccine delivery using needle and syringe (3, 123), a recent experiment in
non-human primates showed no difference in immune responses induced by a
plasmid vaccine delivered by needle or jet injection (262). We have used the Biojector
for delivering DNA intradermally and intramuscularly in two clinical trials (285). The
Biojector has also been used for delivering malarial genes in clinical trials, with good
immunological responses (333).

6.7.2.2 Electroporation

Electroporation is so far the most impressive delivery method for DNA vaccines. This
technique has been used for two decades to improve delivery of chemotherapy drugs
intratumourly and in basic research to aid in the transfer of DNA into cells in vitro
(figure 11B) (119, 240). By electroporation an electric pulse transiently destabilizes the
cellular plasma membranes, facilitating the entry of foreign molecules into the cells
(272). Although the exact mechanism of entry of macromolecules into the cells is still
unclear, entry of small molecules such as anticancer drugs seems to occur by simple
diffusion after the pulse (92). Larger molecules such as plasmid DNA are thought to
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enter through a multistep mechanism involving the interaction of the DNA molecule
with the destabilized membrane during the pulse and then its passage across the
membrane (92). Studies in mice and non-human primates have shown that
electroporation is a potent technique for inducing vaccine-specific immune responses,
inducing a 28-fold higher immune response as compared to conventional plasmid
injection (297). Intramuscular electroporation of macaques with SIV gag + IL-15
plasmids, led to an expansion of antigen-specific CD4+ and CD8+ T cells of both central
and effector memory phenotype (273). Importantly for HIV vaccines, electroporation
has been shown to increase the breath of immune responses after intramuscular
immunisation with a multigene vaccine (197). This study also showed an enhanced
humoral immune response with 2-3 log higher Env —specific serum antibodies. So far,
only one clinical trial has started in which electroporation is used together with HIV-1
immunogens and is performed by D. Ho at the Aaron Diamond AIDS Research Centre
in New York. In this trial, a multi antigen, clade C DNA vaccine is delivered with the
Ichor TriGrid device (www.clinicaltrials.gov). There are, however, an abundance of
pre-clinical studies testing different electroporation devices together with HIV-1 DNA
constructs, and there will most likely be several clinical trials starting in the near
future.

6.7.2.3 DermaPrep

The DermaPrep vaccine delivery method is a novel approach developed to enhance
the uptake of plasmid DNA by antigen presenting cells in the skin (figure 11C) (185,
193). To apply the formulation using the DermaPrep procedure, the skin is first
exfoliated to remove the outer stratum corneum, which is a layer of the skin that is
able to regenerate rapidly. The DNA plasmids are formulated in a transfectant
formulation containing polyethylenimine mannose (PEIm) and glucose solution. A
patch is then applied onto the exfoliated skin and the formulation of DNA with PEI-
mannose is delivered under the patch (185, 193).

PEl is able to condense DNA into cationic
particles (figure 12) able to bind to %’_y
syndecan surface receptors and enter DNA o)

the cell via endocytosis (185, 193). Due
to its property of acting as a proton
sponge, it triggers endosomal swelling
and rupture leading to efficient DNA
release in the cytoplasm (35). Upon
appropriate formulation (5% glucose),
the generated PEI/DNA complexes are

PEIm

glucose %ig”

Figure 12. The DNA is formulated with
polyethylenimine-mannose (PEIm), and
glucose solution to form cationic particles
(Adapted from (193)).

small, stable and homogenous in size

(50-80 nm), facilitating diffusion and tissue penetration as any nanoparticle of similar
size (33, 120, 350). PEl also protects the DNA from degradation and promotes nuclear
transport (44). Formulation of plasmid DNA into nanoparticles may enhance plasmid
uptake and gene expression significantly as well as immune responses (reviewed in
(126)). In this case, the chemical coupling of mannose to PEIl enhances targeting to
cells expressing mannose receptors such as dendritic cells.
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The exfoliation or disruption of the stratum corneum is required because it triggers
Langerhans cells to migrate from the epidermis to the stratum corneum. The
exfoliation step is necessary for the penetration of the DNA into the epidermis and to
Langerhans cells. Langerhans cells take up and process epicutaneous antigens and
migrate to the lymphoid organs. The transfer of antigens to the lymph nodes is crucial
for the induction of an immune response.

Topical DermaPrep immunisation of rhesus macaques with plasmids encoding SHIV
proteins induced both CD8+ and CD4+ vaccine-specific T cell responses (186).
Furthermore, this immunisation regimen induced responses that controlled viral load
during repeated interruptions of anti-retroviral chemotherapy in chronically
SIVmac251-infected macaques (186). Macaques were immunized during ART
treatment which included the cytostatic drug Hydroxyurea (HU) that limits the
expansion of CD4+ T cells and works synergistically with NRTIs to lower HIV viral load
(109, 192). It was suggested that the immunomodulating properties of HU might
prevent excess immune activation and thus favour induction of virus-specific immune
responses also in humans (192, 194).

6.7.2.4 Therapeutic immunisation in humans using DermaPrep

We evaluated a HIV-1 DNA vaccine administered with the DermaPrep application
method in 12 HIV-infected patients treated with cART (paper IV). The HIV-1 DNA
vaccine encodes envelope gp160 of HIV-1 subtypes A, B and C; rev B; Gag A and B and
reverse transcriptase (RT) B and has proven to be immunogenic in healthy individuals
(285). The patients were randomly assigned to receive 0.4 mg of HIV DNA plasmids
using DermaPrep, 0.4 mg of HIV DNA plasmids using DermaPrep with a daily addition
of 500 mg of hydroxyurea or placebo (i.e. PEl without DNA using Dermaprep). Six
immunisations were performed during three cycles of 7 weeks of cART followed by
four weeks of treatment interruption (figure 13). After the last cycle of cART the
patients were on long-term treatment interruption until CD4+ T cell counts dropped
below 350 cells/mm? on two occasions.

Figure 13. Immunisation schedule of a HIV-1 DNA vaccine trial using repeated treatment
interrruptions, grey boxes indicate time on cART and white boxes indicate time on STI. Arrows
indicate topical HIV-1 DNA immunisation.

After six HIV-1 DNA immunisations were completed, we found a modest vaccine
specific increase in IFN-y responses, suggesting that this delivery technology can be
used to induce antigen specific responses in humans (paper IV). The mean net gain of
accumulated HIV-specific IFN-y responses (defined as the mean HIV-specific IFN-y
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SFC/million PBMC detected at visit 10 with the baseline responses subtracted) was
significantly higher in the vaccine recipients, as compared to the placebo group (Figure

14 and paper IV).

Furthermore, epitope mapping with
vaccine specific peptides revealed that
7 out of 8 patients receiving vaccine
had an enhanced immune response to

Mean net gain visit 10
p=0.05

N
8

&
S

one or more vaccine-specific peptides
by wvisit 10 (after 6 HIV DNA
immunisations and 2 STIs) as
compared to baseline (table ). In
contrast, only one individual in the
placebo group revealed an immune
response to a new epitope. This
suggests that the HIV-1 DNA vaccine
strengthens or induces de novo
responses to vaccine-specific epitopes in already infected individuals.

netlFN-y SFC/million PBMC
e
g 8

Vaccine  Vaccine + HU All vaccinated

Placebo

Figure 14: Mean net gain of HIV-specific
IFN-y responses detected at visit 10 with the
baseline responses subtracted.

Table |I. HIV-specific epitope reactivity at baseline, visit 7 and visit 10 and association with the
patients HLA class | alleles

Visit/ The pateints HLA class |
Immunization Arm  Study # Peptide sequence Peptide reactivity restricting allele
1 7 10
Placebo 9013 ALGPAATLEEMMTAC A*0201
9013 MFSALSEGATPQDLN A*0201
9013 VGGHQAAMOQMLKETI A*0301
Vaccine 9003 QMVHQAISPRTLNAW B*5701
9003 EKAFSPEVIPMFSAL A*6601
9009 KKKYKLKHIVWASRE A*2402
9009 SKVSQNYPIMQNAQG A*0201
9011 WEIKRLRPGGKKKYK [ A*0301
9012 WEIKRLRPGGKKKYK A*0301
9012 LETSEGCRaILGaLQ [ X
Vaccine + HU 9001 EEQNKSKKKAQQAAA o
9001 QMVHQAISPRTLNAW B*0702
9007 PRGSDIAGTTSTLQE o
9014 EWDRVHPVHAGPIAP B*35
9014 HPVHAGPIAPGOMRE B*35
9014 IPVGEIYKRWIILGL B*0801

Bold letters in the peptide sequence indicate the epitope binding to the proposed HLA-1
molecule. Peptide reactivity; white area = non reactive, light grey area = 55-500 SFC/million
PBMC, dark grey area = 500-1000 SFC/million PBMC, black area = >1000 SFC/million PBMC, & =
epitopes not previously associated with the patients particular HLA class | alleles.

The vaccine-induced immunogenicity was not associated with decreased viral
replication following the last treatment interruption (paper 1V). In the whole group,
however, the viral load set point, determined after the final treatment interruption
was significantly lower, 0.5 log viral load, in all patients (including placebos) compared
to the viral load set point before the first the initiation of cART (paper IV). A transient
decrease in viral load levels has been observed in many studies evaluating STlIs (34,
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184). We conclude that our vaccination approach did not induce any direct clinical
benefits. The lack of effect can be attributed to a number of parameters including the
immune status of the vaccinated host, the low amount of genetic material used and
the repeated STls. During time off treatment, viral rebound occurs with concomitant
activation and turnover of CD4+ T-helper populations that are generally in low
numbers during effective ART mediated viral suppression (292). The increased
immune activation and the increased infection of CD4+ T cells may destroy the
potential benefit of the immunisation. Our conclusion is, that repeated STls should not
be combined with immunisation.

6.8 VIRAL VECTORS

Recombinant viral vectors have emerged as a potentially useful vaccine modalities in
genetic vaccine technology. Viruses have evolved specialized molecular mechanisms
to deliver their genomes inside the host cells and to produce viral proteins using the
host cell machinery. Therefore, various viruses have been explored as delivery vehicles
for foreign genes, with the aim to induced potent and long lasting immune responses
in the vaccinated host (reviewed in (39)). In HIV-1 vaccine research, the most
commonly used viral vectors are replication incompetent Adenovirus 5 (Ad5) (47) and
various attenuated poxviruses including avipox viruses canarypox virus (ALVAC) (320)
and Fowlpox (89), Modified Vaccinia virus Ankara (MVA) (285) and New York Vaccinia
virus (NYVAC) (133), the latter two derived from vaccinia virus.

6.8.1 Modified Vaccinia Virus Ankara

Poxviruses have played an important role in the field of vaccinology ever since Edward
Jenner demonstrated in 1798 that it was possible to protect humans against smallpox
by inoculation of the related cowpox virus. Poxviruses are the largest virus known to
induce disease in humans. They are double-stranded DNA viruses with a genome size
of 150-300 kb. Vaccinia virus is the prototypical poxvirus and has been administered to
more than 1 billion people during the successful smallpox eradication program. The
large size of the vaccinia genome and the stability of recombinant vectors allow large
amounts of foreign genetic material to be contained in a single vaccinia virus vector.
Another major advantage is that proteins encoded by vaccinia virus tend to be more
immunogenic than genes or proteins delivered without a vector, most likely secondary
to the inflammatory response triggered against highly immunogenic vaccinia proteins.
In contrast to other DNA viruses like Adenovirus, poxviruses replicate in the cytoplasm
of the host cell as they encode and carry proteins necessary for replication outside the
nucleus.

Despite the success of using vaccinia virus during the smallpox eradication campaign,
there were concerns regarding safety. While inoculation of the vaccine produced
pustular lesions in the majority of vaccinees, immunocompromised individuals could
in rare cases experience severe neurological side effects (170). This prompted the
development of a safer smallpox vaccine. This process started with the development
of vaccinia virus Ankara by sequential passages of vaccinia virus in calves and donkeys
in the vaccine institute in Ankara, Turkey. Several hundreds of additional passages of
vaccinia virus Ankara in chicken embryo fibroblasts resulted in the deletion of genes
encoding immunomodulatory functions and host range determinants, and thus
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Modified vaccinia virus Ankara was generated (217, 233, 308, 309). This replication-
deficient virus has a substantially improved safety profile as compared to the original
vaccinia virus (217, 302). MVA has an excellent safety record as a smallpox vaccine, for
which it was used during the late phase of the smallpox eradication campaign.
Moreover, MVA is safe in immunocompromised animals and humans and might
therefore be applicable as a vector even in HIV-infected persons (31, 67). While rMVA
carrying HIV-1 genes is highly immunogenic in mice (37), it loses some of its potency in
non-human primates (56) and humans (251). Thus, different prime-boost
combinations with plasmid DNA or subunit vaccines are presently under investigation
in clinical trials (85, 133, 268, 285).

As a consequence of smallpox immunisations carried out worldwide until the mid-
1970s (65, 131), anti-vaccinia virus immunity is present in the older population, but
not in younger individuals. The numbers of vaccinia-naive individuals will continue to
increase, enabling wider use of poxviruses as vaccine vectors. MVA has been further
processed to carry genes from other pathogens like malaria, tubercolosis and HIV-1.
However, the increasing use of poxvirus as vectors these pathogens might in the long
run restrict the use of these vectors, due to the potential drawbacks of vector specific
immunity.

6.8.1.1 Poxviral vectors in therapeutic HIV-1 vaccine trials

The potential of poxviral vectors as therapeutic HIV-1 vaccines has been evaluated in a
number of studies. The most widely explored poxvirus vectors for therapeutic HIV
vaccination are based on the canarypox virus, the recombinant ALVAC vectors. Several
generations of recombinant canarypox virus vaccines have been tested in HIV-1-
seronegative and HIV-1-infected individuals, where they have been proven safe. The
immune responses, however, have been variable (22, 323). A study evaluating a
canarypox vaccine (vCP-1433) plus a lipopeptide vaccine and subcutaneous IL-2 in
cART treated patients, followed by analytical therapy interruption revealed a
significant delay in viral rebound. A delay in time to restart cART was also observed in
vaccine recipients, although this translated into a median increase in time off therapy
of three weeks (178). Another recombinant canarypox vaccine ALVAC-vcP1452 was
used in a prime-boost combination with recombinant gp160 and was found to be
immunogenic in patients who had initiated cART within three months of
seroconversion (150). However, no effect on viral rebound was apparent in vaccine
recipients who subsequently stopped cART in a rollover study (207). Moreover, a
recent study revealed that administration of the ALVAC-vcP1452 vaccine alone was
associated with a shorter time to resume therapy and higher viral load rebound,
despite significant induction of immune responses (15).

In two phase-l trials, a recombinant MVA expressing the HIV-1 nef protein was shown
to be safe and immunogenic in cART treated HIV- 1-infected subjects (68, 138). This
vaccine induced CD4+ T cell responses and lowered viral load set-point as compared
to pre-cART viral load levels in some patients after cART withdrawal. A recent trial
evaluated HIV-1 recombinant MVA and Fowlpox vectors in young HIV-1 infected
individuals on cART treatment. The vaccine induced increased frequencies of HIV-1
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specific CD4+ T cell proliferation responses and increased the breath (i.e. number of
recognised epitopes) of CD8+ T cell responses (127).

6.8.2 Adenovirus vectors

Adenoviruses are stable non-enveloped viruses with a double stranded DNA genome
of approximately 38 kb. As adenoviruses replicate in the nucleus of a broad range of
cells, they are popular as vaccine vectors. The majority of adenoviruses do not
integrate their viral genome into the host chromosomes; however there are some
concerns about integration (301). The recombinant vectors are made by inserting the
foreign genetic material directly into the adenovirus genome, or by depletion of the
early genes E1 or E1 and/or E3 that enables stable insertion of larger gene segments
(7-10kb) (71). The deletion of the early genes renders the vector replication
incompetent, which is a benefit with regard to safety. As the most frequently used
Adenovirus vectors are based on serotype 5 and this serotype is highly prevalent in
the human population (247), there may be a problem with anti-vector immunity. In
addition, Adenovirus vectors are highly immunogenic and induce strong immune
responses against the vector itself. As rAd5 vectors containing HIV-1 genes were pre-
clinically shown to elicit high levels of HIV-specific CTL responses (56), this vaccine
platform entered a phase Ilb vaccine trial.

6.8.2.1 The STEP trial

A phase llb proof-of-concept trial known as STEP was conducted by the
pharmaceutical company Merck together with the HIV Vaccine Trials network (HVTN).
Persons at high risk of acquiring HIV-1 were immunized three times with a trivalent
recombinant Ad5 vaccine encoding HIV-1 Gag, Nef, and Pol. However, the trial was
suspended based on interim data that concluded that the vaccine could not be shown
to prevent HIV-1 infection or reduce the amount of virus in those who became
infected (47). Despite the presence of vaccine-induced HIV-specific CD8+ T cell
responses, the vaccine failed to reduce viral load in participants who acquired HIV-1
infection (213). Disturbingly, the post-hoc analysis of the data revealed that
uncircumcised men with pre-existing neutralizing antibody responses against Ad5
receiving the vaccine were at higher risk for HIV-1 infection following immunisation
than the volunteers in the group that received placebo (47). The influence of vector
immunity and its association with higher HIV-1 infection is not fully understood, this is
further discussed below in 6.1.1. Efforts to develop new effective adenovirus vectors
based on rare serotypes like Ad26 and Ad35 are currently ongoing. These constructs
show protective effect in SIV challenged monkeys when used in combination with Ad5
(188).

Due to the results from the STEP trial and the issues regarding safety of Ad5 vectors,
several phase I/Il trials planned to use DNA prime followed by Ad5 booster doses,
have been stopped (259).

6.9 PRIME-BOOST CONCEPT IN PROPHYLACTIC VACCINE TRIALS

Heterologous prime-boost protocols, defined as sequential immunisation using
different vaccine modalities, have been shown to greatly enhance both antibody and T
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cell responses against a variety of pathogens and tumour antigens. This approach is a
potent way to focus and strengthen antigen-specific immune responses. By priming
with DNA the immune response is focused on the desired antigen, and by boosting
once or twice with antigens in a heterologous vector like MVA or adenovirus or with
recombinant protein, the initial response can be amplified (229). The importance of
DNA as a priming agent has been described by several groups (212, 266). Currently,
the only ongoing Phase Il HIV-1 vaccine trial is with the Sanofi Pasteur live
recombinant ALVAC-HIV prime and VaxGen gp120 B/E (AIDSVAX B/E) boost. This study
is anticipated to end in 2010.

Our group uses a HIV DNA prime HIV MVA boost strategy where the DNA contains
HIV-1 Env subtypes A, B, C; Gag subtypes A and B; Rev, RT subtype B (271). The MVA is
produced by Walter Reed Army Institute, MD, USA and contains Env subtype E and a
Gag/Pol fusion protein of subtype A (285). Thus, this is a heterologous prime-boost
schedule both in terms of vectors and the subtypes of the genes. This strategy is
currently under evaluation in two clinical trials in Stockholm, Sweden and in Dar Es
Salaam, Tanzania, respectively. The frequency of responders after the first, (out of
two) MVA booster doses was 97% in the Swedish volunteers (285). Geovax has used a
similar DNA prime MVA boost strategy where the DNA contains several HIV-1
antigens. DNA and MVA constructs contain identical genes encoding Gag, Pol and Env
from HIV-1 clade B. After the second MVA injection a balanced cellular response
between Gag and Env was detected as well as an Env antibody response frequency of
88% (117). A DNA prime MVA boost strategy has also been studied by McMichael and
colleagues (251). Their DNA vaccine encoded a string of T cell epitopes from HIV-1 and
a fragment encoding a subtype A HIV-1 Gag; this was followed by an MVA boost that
encoded the same antigens. However, like other epitope vaccines delivered by
different DNA approaches, only low level T cell responses to the inidvidual epitopes
were induced in healthy individuals. When delivering this vaccine, to HIV-1 infected
individuals, a significant boosting of existing Gag-specific CD8+ and CD4+ T-cell
responses was observed. These responses seemed to have no effect on viral load (82).

The EuroVacc consortium have used a DNA prime-NYVAC boost strategy in which the
vaccine constructs encode HIV-1 subtype C Env, Gag, Pol and Nef. This vaccine induced
Env-specific T cell responses in almost all vaccine recipients; in contrast the T cell
responses against Gag, Pol, and Nef were generally low and transient (133).

A DNA prime followed by protein boost schedule has also been studied in humans.
Novartis is currently performing a trial where they use a HIV DNA prime followed by a
trimeric gp140 envelope protein boost. Lu et al. uses a DNA vaccine containing one
subtype C gag gene and 5 env genes (subtypes A, C, & E + two from clade B), plus a
rgpl20 protein boost that contains the same antigens. Both studies have shown
strong induction of anti-HIV-1 antibodies as well as CD4+ T cell responses, but only a
limited neutralising antibody response (166, 334).
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7 IMPLICATIONS OF VIRAL VECTOR IMMUNITY

A potential drawback with viral vectors is vector specific-immunity. An immune
response to the vector component may hamper the induction of an effective immune
response against the foreign antigen delivered by the vector (345). Anti-vector
antibodies may reduce the actual vaccine dose by early neutralisation of the inoculum,
thus preventing efficient delivery of the foreign gene. The immune responses to viral
vectors can either be induced by closely related naturally occurring virus infections or
by previous immunisation with a vaccine based on the same (or closely related) viral
vector.

7.1 ANTIVECTOR IMMUNITY REDUCES INSERT SPECIFIC IMMUNE RESPONSES

The effect of pre-existing immunity against vaccinia has been studied predominantly
in the context of neutralizing humoral immunity (69, 99, 249). However, pre-existing
Ad5-specific neutralising antibodies have been reported to reduce cellular immune
responses of rAd5 vector based vaccines in clinical trials (57, 259). We have evaluated
the impact of pre-existing immunity to MVA in individuals receiving a HIV-1 DNA MVA
vaccine (paper V). This study included, forty healthy HIV-1 negative Swedish
volunteers, that were immunized three times with HIV-1 DNA plasmids (described in
chapter 5.7.2.4) intradermally (id) or intramuscularly (im), with or without adjuvant
GM-CSF. The volunteers were block re-randomized at month 9 to receive a single
boost of either 10 plaque-forming units (PFU) id or 10% PFU im of recombinant HIV-1
MVA, which expresses subtype E gp150 Env and Gag/Pol from Thai isolates CM235
and CM240. This immunisation strategy resulted in a 97% HIV-specific cellular
response frequency as described in (285). We found that pre-existing immunity to
vaccinia did not affect the frequency of vaccinees with a positive cellular response to
HIV peptide pools. However, pre-existing humoral immunity to vaccinia decreased the
magnitude of cellular (figure 15 A and B) and humoral HIV-specific responses (paper
V).
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Figure 15. HIV-specific cellular immune response after HIV-1 MVA boost, related to vaccinia
vaccination status. Short horizontal bars indicate medians. A) Distribution of accumulated HIV-
1 IFN-y ELISpot responses. B) Distribution of HIV-1 antigen-specific T-cell proliferative
responses.
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The reduced HIV-specific immune responses may be due to: 1) Anti-vector antibodies
that reduce the vaccine dose through early neutralization of the inoculum, thus
preventing the delivery of the recombinant gene. 2) Antibody-dependent cellular
cytotoxicity that may eliminate antigen-producing cells and subsequent induction of
immune response. 3) Competition between vector-specific and HIV-specific antigen
presentation, where the more immunodominant vector components may be
displayed to a higher extent.

We also observed that even when 30 years had passed since smallpox immunisation,
several volunteers still maintained clearly detectable levels of vaccinia-neutralizing
antibodies in serum (paper V). A previous study of the persistence of immunity
following smallpox vaccination showed that vaccinia-specific antibodies may persist
up to 75 years after vaccination, whereas T-cell responses decline, with a half-life of 8-
15 years [22]. In our study (paper V), the higher dose of 10® PFU HIV-1 MVA induced
significantly higher serological vaccinia-specific responses than a lower dose of 10’
PFU. After the HIV-1 MVA boost, the anti-vaccinia antibodies persisted at high levels
for several months in individuals displaying pre-existing vaccinia responses prior to the
immunisation. In vaccinia-naive individuals, on the other hand, the primary anti-
vaccinia antibody responses induced by HIV-1 MVA were transient. After twelve
weeks, the titers of neutralizing antibodies had dropped to baseline levels in a
majority of the vaccines (paper V).

Our results suggest that vaccinia-based antigens can be used efficiently to induce
immunity to the vectored HIV-1 antigens, even in individuals with pre-existing vaccinia
immunity. As the magnitude of the HIV-1 specific immune responses was somewhat
dampened by vector immunity and vector specific immune responses in vaccinia naive
individuals were transient, it may be beneficial to lengthen the interval between
sequential administrations of MVA, to elicit the best conceivable HIV-specific immune
responses.

Heterologous prime-boost regimens are one way to avoid the potential impact of pre-
existing immunity against the vector (251, 345). By reducing the risk of neutralisation
of the vaccine vectors, the use of heterologous prime-boost promotes efficient
delivery of the inserted gene and favours expansion of the insert-specific memory
population over the vector-specific responses (187, 230).

7.1.1 Safety concerns antivector immunity

In light of the discontinued STEP trial, safety concerns regarding anti-vector immunity
have emerged. As mentioned above, a post-hoc analysis of the data revealed that
those who entered the trial with existing immunity to Ad5, and were uncircumcised,
appeared to have an increased risk of HIV-1 infection if they received the vaccine
rather than placebo (47). The reasons behind the increased risk of infection are not
yet completely understood (93, 213). One hypothesis is that the vaccine induces
activation and expansion of Ad5 specific T cells in Ad5 seropositive individuals. These
cells could then serve as targets for HIV-1 infection, as HIV-1 mainly infects activated T
cells. However, recent results from M. Betts lab show that there is no correlation
between anti Adenovirus antibodies and Ad5 specific CD4+ T cells in the blood of Ad5
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seropositive individuals (147). The group has studied individuals included in a
precursor study to the STEP trial where the volunteers received the same vaccine as
the volunteers in the STEP trial. Furthermore, the MRKAd5/HIV-1 vaccine does not
induce higher activation in infected as compared to non-infected persons, as
measured by Ki67 expression or up-regulation of HIV-1 co-receptor CCR5 (213). These
results suggest that the reason behind the increased risk of infection is not linked to
activated Ad5 specific CD4+ T cells in the blood. Another hypothesis is that
immunisations with either Ad5 vector alone or with combinations of different
Adenovirus vectors may induce a general CD4+ T cell activation and that such cells
home to the mucosa (311). As the primary target for HIV-1-specific cells is activated
CD4+ T cells, a high number of activated T cells in the mucosa might allow more
efficient infection of HIV-1 at mucosal surfaces resulting from immunisation with
Adenovirus vectors (296). This could explain the higher incidence of HIV-1 acquisition
in the vaccine recipients of the STEP trial.

Pantaleo et al. set up an in-vitro model to look at the effect of Ad5 immune
complexes, found in Ad5 seropositive patients. They reported that Ad5 immune
complexes together with an Ad5 vector caused enhanced HIV-1 infection in DC-T cell
co-cultures(250). These results suggest the Ad5 immune complexes activate a DC-T
cell axis that may set up a permissive environment for HIV-1 infection, which could
account for the increased acquisition of HIV-1 infection among Ad5 seropositive
vaccine recipients in the STEP trial.
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8 CONCLUDING REMARKS

The development of effective therapeutic immunisation aimed at improving control
of HIV-1 infection remains an important goal for HIV research. Structured treatment
interruption can be used to evaluate whether vaccine recipients experience any
benefit following cessation of cART. The time to resumption of cART may be based
upon pre-defined cycles, plasma viral load/CD4+ T cell measurements or other
relevant parameters. As described above, STIs are controversial, and there is a
general consensus that STls might cause harm under certain conditions, (54, 110,
346). However, it is the only endpoint that can prove the true benefit of therapeutic
immunisation in HIV-1 infected cART treated patients. If STIs are to be used as an
analytical tool in HIV-vaccine development, close monitoring of viral load and CD4+ T
cell counts and high standard criteria for resumption of cART is crucial for the safety
of the patients. Viral load set point is not predictive of time to treatment in HIV-1
infected cART treated patients on treatment interruption (78), the nadir CD4+ T-cell
count, however, appears to be predictive of the length of time that patients take off
treatment when re-initiation is defined by predetermined parameters (115). Thus it
is crucial for studies using time to re-initiation of cART as a marker for vaccine
success to start to randomise patients on the basis of their nadir CD4+ T cell count.

It would be very interesting to explore the possibility of performing HIV-1 vaccine
trials in the context of cART in patients in the very early phase of the infection, as we
know that the outcome of the infection is set during this period. The results from the
QUEST trial, where the effect of therapeutic immunisation with either Remune or
ALVAC was evaluated in patients who initiated cART during acute HIV infection,
suggested that immunisation in the early phase of infection did not improve the
outcome of disease progression (161). However, it is not clear whether the lack of
apparent effect of these vaccination strategies on viral rebound indicates poor
immunogenicity.

Recent advances in the HIV-1 vaccine field have provided important information for
the design of therapeutic antigens. Ideally therapeutic immunisation should
stimulate polyfunctional CD4+ and CD8+ T cell responses that can slow down CD4+ T
cell decline reduce or eliminate viral reservoirs, and induce an immune status
allowing control of infection. Although there has been much focus on designing
antigens and enhancing uptake and immunogenicity of vaccines, so far no measures
have translated into significant clinical effect. The modest and transient effects
observed with currently available vaccines highlight the need to develop novel
strategies. As T cell exhaustion may be the main reason for ineffective viral control
during HIV-1 infection, it could be beneficial to try to reduce the immune activation,
rather than targeting the virus, or to target both in combination approaches. PD-1
has been shown to be highly expressed on HIV-specific CTLs, and it’s expression
correlates with exhaustion and inability to respond to proper stimuli (73, 319, 347).
Thus PD-1 is defined as a potential therapeutic target for restoring the functional
capacity of HIV-specific CTLs. Initial experiments of a PD-1 blocking antibody have
been completed in monkeys and clinical trials in cancer with diffuse large-B cell
lymphoma have begun (as reviewed in (84)). These initial studies will provide a
foundation on which decisions to move into human trials in HIV-infected subjects
can be based.
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Within the scope of this thesis we have observed modest effects using currently
available DNA vaccines in combination with treatment interruptions in HIV-1 infected
individuals. This emphasises the need to develop novel immunisation strategies which
combine immunisation with antiviral therapy. We have found that previous immunity
to vaccinia only moderately reduced the HIV-specific immune responses when
vaccinia was used as a vector for HIV genes in healthy individuals. Since the
recombinant adenovirus used by Merck failed as an HIV-1 vaccine, there are concerns
that other viral vectors including vaccinia virus will meet the same fate. However,
findings included in this thesis provide evidence that recombinant MVA could
effectively boost DNA-primed HIV-specific immune responses, despite pre-existing
vaccinia immunity. Over the past several years there has been significant scientific
progress in understanding HIV-infection, and how the virus interacts with the human
immune system. Despite these advances, HIV-1 is a difficult virus to target and
developing a safe and effective vaccine that protects people against infection will
involve overcoming several scientific obstacles. On this long, winding and often bumpy
road towards an effective HIV-vaccine ‘we must accept finite disappointment, but we
must never lose infinite hope’ (quote by Martin Luther King Jr).

57



9 ACKNOWLEDGEMENTS

The work in this thesis was performed in the Department of Virology at the Swedish
Institute for Infectious Disease Control and The Department of Microbiology, Tumour
and Cellbiology at Karolinska Institutet. The funding was provided by the Karolinska
Institutet (KIDS) and European Union programs, AIDS Vaccine Integrated Project
(AVIP) and HIVIS.

A number of people have contributed to this thesis. This would not have been
possible without you.

| would like to express my sincere gratitude to my supervisor Britta Wahren for her
guidance, support and encouragement. | have learned a great deal of invaluable
knowledge about human interactions, science and myself during these years.

My co-supervisor Rigmor Thorstensson, for our Thursday morning talks, kind advice
and enlightening words.

My co-supervisor Frances Gotch, for providing a very stimulating scientific atmosphere
at the Immunology department at Chelsea and Westminster Hospital, Imperial
College. | greatly value your thoughtful inputs regarding HIV treatment and
immunisation.

My co-supervisor Nesrina Imami, | most grateful for the contribution you have made
to this thesis, for such enjoyable and productive visits to your lab at Chelsea and
Westminster, for making me push harder and for making me feel as a true member of
your group.

| would like to thank all the co-authors of the papers in this thesis. Your contributions,
detailed comments and insight have been of immense value to me.

Andreas Brave, thank you for being a great travel companion to remote places all over
the world, especially during our safaris in Africa. For great scientific guidance and
support during these years. This would not have been half as fun without you!

Kristian, thank you for your constructive criticisms and encouragement during these
years. | greatly value our discussions about life and what to do next. Gunnel, thank you
for taking such good care of all of us in the group. Perhaps it’s time to open our little
antique pottery shop soon? David, for great travels and a lot of fun! Our late night
chess game in the middle of the South African savannah won’t soon be forgotten!
Jorma, for knowing where the most precious things are hidden in the freezers.
Margaret Liu, for kind advice and for comments like “Don’t be discouraged, it just
didn’t work”. Susanne and Bobban, for all the help with the clinical trial samples and
for sharing long hours in the P3 lab. Malin Fredriksson, Erik, Kalle, Lotta Bostrom and
Marja for your initial help during my first years in the group.

58



| would like to thank the great Clinical team at Venhélsan, Sédersjukhuset especially
Inger, Stefan, Ronnie and Karin for your constant dedication and for taking such good
care of the volunteers and patients in the trials. For being warm and kind people, you
make our collaboration a true pleasure! Bo and Eric for invaluable clinical input and
support during our collaboration. Jann, your work in Tanzania is a true source of
inspiration! | am also very grateful to all the patients and volunteers who kindly
donated their valuable blood for this project.

To all of my colleagues at SMI, past and present. It brings me great joy to have gotten
to know you during these years. Séren Andersson, Annika Linde and Jan Albert for
making Virologen a great place to work. Sara, for great friendship and for being the
best “sambo” one could ever have. Anna-Lena, for teaching me old school virology
and your everlasting pool of stories about life and politics. Jonas Klingstrém, for being
ever so enthusiastic and for all the help with perforin related issues. Andreas Marner,
for great travels and partying, | will always bring you when | go diamond shopping!
Jonas Hardestam for first-class advice on imaging, this document has not crashed
once! Ulrika, for excellent help with the clinical trial samples and for making the
environment much more fun. The HIVIS team at IVA, Gunnel Biberfeld, Charlotta
Nilsson and Katarina Karlén for great collaborations. Salma, for sharing my Vac09
related problems and for long discussions about why we are doing this. Kajsa and
Afsaneh, thank you for all the help with viral load analyses and for contributing to the
warm atmosphere at Virologen. Helena, Charlotte, Annika, Melissa and Carina for
great fun during conferences and in the lab. Inger and Lena in the VLH group, for your
meticulous order of papers and for digging up documentation about reagents older
than | am.

Bartek, Staffan and Kopek at Mabtech for great collaboration.

Cath, Chris, Sam and William in the lab at Chelsea and Westminster, thanks for your
warm welcome on my visits to London. For spending endless hours in front of the
FACS machine and for taking me to the pub afterwards!

Elisabet Jonsved, | greatly value our everlasting discussions about life and everything
else but science. Thank you Joel for designing my thesis cover. My girls, Johanna,
Lisen, Linda, Lina, Kari, Madde, Lina, Annika and Jenny for long hours of fika, excellent
partying and great travels. | deeply cherish our friendship!

My parents Gudmund and Barbro, for their love, support and encouragement
throughout everything. My divine sisters Hannah and Alexandra for being a joy in my

life. Always remember that you are absolutely unique!

Johannes, for laughs and love. You make me happy.

59



10 REFERENCES

1.

10.

11
12.

60

Acaturk, F., and J. R. Robinson. 1996. Effect of the spermicide, nonoxynol 9,
on vaginal permeability in normal and ovariectomized rabbits. Pharm Res
13:950-1.

Addo, M. M., X. G. Yu, A. Rathod, D. Cohen, R. L. Eldridge, D. Strick, M.
N. Johnston, C. Corcoran, A. G. Wurcd, C. A. Fitzpatrick, M. E. Feeney,
W. R. Rodriguez, N. Basgoz, R. Draenert, D. R. Stone, C. Brander, P. J.
Goulder, E. S. Rosenberg, M. Altfeld, and B. D. Walker. 2003.
Comprehensive epitope analysis of human immunodeficiency virus type 1
(HIV-1)-specific T-cell responses directed against the entire expressed HIV-1
genome demonstrate broadly directed responses, but no correlation to viral load.
J Virol 77:2081-92.

Aguiar, J. C., R. C. Hedstrom, W. O. Rogers, Y. Charoenvit, J. B. Sacci,
Jr., D. E. Lanar, V. F. Majam, R. R. Stout, and S. L. Hoffman. 2001.
Enhancement of the immune response in rabbits to a malaria DNA vaccine by
immunization with a needle-free jet device. Vaccine 20:275-80.

Akira, S., S. Uematsu, and O. Takeuchi. 2006. Pathogen recognition and
innate immunity. Cell 124:783-801.

Allen, T. M., and M. Altfeld. 2003. HIV-1 superinfection. J Allergy Clin
Immunol 112:829-35; quiz 836.

Almeida, J. R., D. A. Price, L. Papagno, Z. A. Arkoub, D. Sauce, E.
Bornstein, T. E. Asher, A. Samri, A. Schnuriger, |. Theodorou, D.
Costagliola, C. Rouzioux, H. Agut, A. G. Marcelin, D. Douek, B. Autran,
and V. Appay. 2007. Superior control of HIV-1 replication by CD8+ T cells is
reflected by their avidity, polyfunctionality, and clonal turnover. J Exp Med
204:2473-85.

Altfeld, M., M. M. Addo, E. S. Rosenberg, F. M. Hecht, P. K. Lee, M.
Vogel, X. G. Yu, R. Draenert, M. N. Johnston, D. Strick, T. M. Allen, M. E.
Feeney, J. O. Kahn, R. P. Sekaly, J. A. Levy, J. K. Rockstroh, P. J.
Goulder, and B. D. Walker. 2003. Influence of HLA-B57 on clinical
presentation and viral control during acute HIV-1 infection. Aids 17:2581-91.
Amara, R. R., F. Villinger, J. D. Altman, S. L. Lydy, S. P. O'Nell, S. I.
Staprans, D. C. Montefiori, Y. Xu, J. G. Herndon, L. S. Wyatt, M. A.
Candido, N. L. Kozyr, P. L. Earl, J. M. Smith, H. L. Ma, B. D. Grimm, M.
L. Hulsey, J. Miller, H. M. McClure, J. M. McNichall, B. Moss, and H. L.
Robinson. 2001. Control of a mucosal challenge and prevention of AIDS by a
multiprotein DNA/MVA vaccine. Science 292:69-74.

Ananworanich, J., A. Gayet-Ageron, M. Le Braz, W. Prasithsrikul, P.
Chetchotisakd, S. Kiertiburanakul, W. Munsakul, P. Raksakulkarn, S.
Tansuphasawasdikul, S. Srivichayakul, M. Cavassini, U. Karrer, D.
Genne, R. Nuesch, P. Vernazza, E. Bernasconi, D. Leduc, C. Satchell, S.
Yerly, L. Perrin, A. Hill, T. Perneger, P. Phanuphak, H. Furrer, D.
Cooper, K. Ruxrungtham, and B. Hirschel. 2006. CD4-guided scheduled
treatment interruptions compared with continuous therapy for patients infected
with HIV-1: results of the Staccato randomised trial. Lancet 368:459-65.
Andersson, J., S. Kinloch, A. Sonnerborg, J. Nilsson, T. E. Fehniger, A. L.
Spetz, H. Behbahani, L. E. Goh, H. McDade, B. Gazzard, H. Stellbrink, D.
Cooper, and L. Perrin. 2002. Low levels of perforin expression in CD8+ T
lymphocyte granules in lymphoid tissue during acute human immunodeficiency
virus type 1 infection. J Infect Dis 185:1355-8.

Andrieu, J. M., and W. Lu. 2007. A dendritic cell-based vaccine for treating
HIV infection: background and preliminary results. J Intern Med 261:123-31.
Appay, V., P. R. Dunbar, M. Callan, P. Klenerman, G. M. Gillespie, L.
Papagno, G. S. Ogg, A. King, F. Lechner, C. A. Spina, S. Little, D. V.
Havlir, D. D. Richman, N. Gruener, G. Pape, A. Waters, P. Easterbrook,
M. Salio, V. Cerundolo, A. J. McMichael, and S. L. Rowland-Jones. 2002.



13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

Memory CD8+ T cells vary in differentiation phenotype in different persistent
virus infections. Nat Med 8:379-85.

Asjo, B., H. Stavang, B. Sorensen, |. Baksaas, J. Nyhus, and N. Langeland.
2002. Phase | trial of a therapeutic HIV type 1 vaccine, Vacc-4x, in HIV type 1-
infected individuals with or without antiretroviral therapy. AIDS Res Hum
Retroviruses 18:1357-65.

Autran, B., G. Carcelain, B. Combadiere, and P. Debre. 2004. Therapeutic
vaccines for chronic infections. Science 305:205-8.

Autran, B., R. L. Murphy, D. Costagliola, R. Tubiana, B. Clotet, J. Gatell,
S. Staszewski, N. Wincker, L. Assoumou, R. El-Habib, V. Calvez, B.
Walker, and C. Katlama. 2008. Greater viral rebound and reduced time to
resume antiretroviral therapy after therapeutic immunization with the ALVAC-
HIV vaccine (vCP1452). Aids 22:1313-22.

Bailey, A. C., and M. Fisher. 2008. Current use of antiretroviral treatment. Br
Med Bull 87:175-92.

Bailey, J. 2008. An assessment of the role of chimpanzees in AIDS vaccine
research. Altern Lab Anim 36:381-428.

Bailey, R. C., S. Moses, C. B. Parker, K. Agot, I. Maclean, J. N. Krieger, C.
F. Williams, R. T. Campbell, and J. O. Ndinya-Achola. 2007. Male
circumcision for HIV prevention in young men in Kisumu, Kenya: a
randomised controlled trial. Lancet 369:643-56.

Barre-Sinoussi, F., J. C. Chermann, F. Rey, M. T. Nugeyre, S. Chamaret,
J. Gruest, C. Dauguet, C. Axler-Blin, F. Vezinet-Brun, C. Rouzioux, W.
Rozenbaum, and L. Montagnier. 1983. Isolation of a T-lymphotropic
retrovirus from a patient at risk for acquired immune deficiency syndrome
(AIDS). Science 220:868-71.

Barry, M. A, W. C. Lai, and S. A. Johnston. 1995. Protection against
mycoplasma infection using expression-library immunization. Nature 377:632-
5.

Bartlett, J. A., S. S. Wasserman, C. B. Hicks, R. T. Dodge, K. J. Weinhold,
C. O. Tacket, N. Ketter, A. E. Wittek, T. J. Palker, and B. F. Haynes. 1998.
Safety and immunogenicity of an HLA-based HIV envelope polyvalent
synthetic peptide immunogen. DATRI 010 Study Group. Division of AIDS
Treatment Research Initiative. Aids 12:1291-300.

Belshe, R. B., C. Stevens, G. J. Gorse, S. Buchbinder, K. Weinhold, H.
Sheppard, D. Stablein, S. Self, J. McNamara, S. Frey, J. Flores, J. L.
Excler, M. Klein, R. E. Habib, A. M. Duliege, C. Harro, L. Corey, M.
Keefer, M. Mulligan, P. Wright, C. Celum, F. Judson, K. Mayer, D.
McKirnan, M. Marmor, and G. Woody. 2001. Safety and immunogenicity of
a canarypox-vectored human immunodeficiency virus Type 1 vaccine with or
without gp120: a phase 2 study in higher- and lower-risk volunteers. J Infect
Dis 183:1343-52.

Bergman, P. J., M. A. Camps-Palau, J. A. McKnight, N. F. Leibman, D. M.
Craft, C. Leung, J. Liao, I. Riviere, M. Sadelain, A. E. Hohenhaus, P.
Gregor, A. N. Houghton, M. A. Perales, and J. D. Wolchok. 2006.
Development of a xenogeneic DNA vaccine program for canine malignant
melanoma at the Animal Medical Center. VVaccine 24:4582-5.

Bette Korber , C. B., Barton F. Haynes, Richard Koup, John P. Moore,
Bruce D. Walker, and David I. Watkins. . 2008. HIV Molecular Immunology
Database. Los Alamos National Laboratory: Theoretical Biology and
Biophysics, Los Alamos, New Mexico. .

Bettelli, E., T. Korn, M. Oukka, and V. K. Kuchroo. 2008. Induction and
effector functions of T(H)17 cells. Nature 453:1051-7.

Betts, M. R., B. Exley, D. A. Price, A. Bansal, Z. T. Camacho, V. Teaberry,
S. M. West, D. R. Ambrozak, G. Tomaras, M. Roederer, J. M. Kilby, J.
Tartaglia, R. Belshe, F. Gao, D. C. Douek, K. J. Weinhold, R. A. Koup, P.
Goepfert, and G. Ferrari. 2005. Characterization of functional and phenotypic
changes in anti-Gag vaccine-induced T cell responses and their role in
protection after HIV-1 infection. Proc Natl Acad Sci U S A 102:4512-7.

61



217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.
40.

62

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 107:4781-9.

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) gpl60 as a therapeutic
vaccine in early-stage HIV-1-infected volunteers. rgpl60 Phase Il Vaccine
Investigators. J Infect Dis 181:881-9.

Bisset, L. R., T. L. Lung, M. Kaelin, E. Ludwig, and R. W. Dubs. 2004.
Reference values for peripheral blood lymphocyte phenotypes applicable to the
healthy adult population in Switzerland. Eur J Haematol 72:203-12.

Bjorndal, A., H. Deng, M. Jansson, J. R. Fiore, C. Colognesi, A. Karlsson,
J. Albert, G. Scarlatti, D. R. Littman, and E. M. Fenyo. 1997. Coreceptor
usage of primary human immunodeficiency virus type 1 isolates varies
according to biological phenotype. J Virol 71:7478-87.

Blanchard, T. J., A. Alcami, P. Andrea, and G. L. Smith. 1998. Modified
vaccinia virus Ankara undergoes limited replication in human cells and lacks
several immunomodulatory proteins: implications for use as a human vaccine. J
Gen Virol 79 (Pt 5):1159-67.

Boberg, A., A. Brave, S. Johansson, B. Wahren, J. Hinkula, and E.
Rollman. 2008. Murine models for HIV vaccination and challenge. Expert Rev
Vaccines 7:117-30.

Bonnet, M. E., P. Erbacher, and A. L. Bolcato-Bellemin. 2008. Systemic
Delivery of DNA or siRNA Mediated by Linear Polyethylenimine (L-PEI)
Does Not Induce an Inflammatory Response. Pharm Res.

Borkowsky, W., R. Yogev, P. Muresan, E. McFarland, L. Frenkel, T.
Fenton, E. Capparelli, J. Moye, P. Harding, N. Ellis, B. Heckman, and J.
Kraimer. 2008. Structured treatment interruptions (STIs) in HIV-1 infected
pediatric populations increases interferon gamma production and reduces
viremia. Vaccine 26:3086-9.

Boussif, O., F. Lezoualc'h, M. A. Zanta, M. D. Mergny, D. Scherman, B.
Demeneix, and J. P. Behr. 1995. A versatile vector for gene and
oligonucleotide transfer into cells in culture and in vivo: polyethylenimine. Proc
Natl Acad Sci U S A 92:7297-301.

Boyer, J. D., K. E. Ugen, B. Wang, M. Agadjanyan, L. Gilbert, M. L.
Bagarazzi, M. Chattergoon, P. Frost, A. Javadian, W. V. Williams, Y.
Refaeli, R. B. Ciccarelli, D. McCallus, L. Coney, and D. B. Weiner. 1997.
Protection of chimpanzees from high-dose heterologous HIV-1 challenge by
DNA vaccination. Nat Med 3:526-32.

Brave, A., L. Gudmundsdotter, G. Gasteiger, K. Hallermalm, W.
Kastenmuller, E. Rollman, A. Boberg, G. Engstrom, S. Reiland, A. Cosma,
I. Drexler, J. Hinkula, B. Wahren, and V. Erfle. 2007. Immunization of mice
with the nef gene from Human Immunodeficiency Virus type 1: Study of
immunological memory and long-term toxicology. Infect Agent Cancer 2:14.
Brave, A., K. Ljungberg, A. Boberg, E. Rollman, M. Isaguliants, B.
Lundgren, P. Blomberg, J. Hinkula, and B. Wahren. 2005.
Multigene/multisubtype HIV-1 vaccine induces potent cellular and humoral
immune responses by needle-free intradermal delivery. Mol Ther 12:1197-205.
Brave, A., K. Ljungberg, B. Wahren, and M. A. Liu. 2007. Vaccine delivery
methods using viral vectors. Mol Pharm 4:18-32.

Brenchley, J. M., M. Paiardini, K. S. Knox, A. I. Asher, B. Cervasi, T. E.
Asher, P. Scheinberg, D. A. Price, C. A. Hage, L. M. Kholi, A. Khoruts, 1.
Frank, J. Else, T. Schacker, G. Silvestri, and D. C. Douek. 2008. Differential
Thl7 CD4 T-cell depletion in pathogenic and nonpathogenic lentiviral
infections. Blood 112:2826-35.



41.
42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

Brenchley, J. M., D. A. Price, and D. C. Douek. 2006. HIV disease: fallout
from a mucosal catastrophe? Nat Immunol 7:235-9.

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. J Exp Med 200:749-59.

Browning, J., J. W. Horner, M. Pettoello-Mantovani, C. Raker, S.
Yurasov, R. A. DePinho, and H. Goldstein. 1997. Mice transgenic for human
CD4 and CCRS are susceptible to HIV infection. Proc Natl Acad Sci U S A
94:14637-41.

Brunner, S., E. Furtbauer, T. Sauer, M. Kursa, and E. Wagner. 2002.
Overcoming the nuclear barrier: cell cycle independent nonviral gene transfer
with linear polyethylenimine or electroporation. Mol Ther 5:80-6.

Bryan, C. S. 1996. Hit early, hit hard: new strategies for HIV. J S C Med Assoc
92:361-3.

Buchbinder, S. P., M. H. Katz, N. A. Hessol, P. M. O'Malley, and S. D.
Holmberg. 1994. Long-term HIV-1 infection without immunologic
progression. Aids 8:1123-8.

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 372:1881-93.

Budker, V., T. Budker, G. Zhang, V. Subbotin, A. Loomis, and J. A. Wolff.
2000. Hypothesis: naked plasmid DNA is taken up by cells in vivo by a
receptor-mediated process. J Gene Med 2:76-88.

Calarota, S., G. Bratt, S. Nordlund, J. Hinkula, A. C. Leandersson, E.
Sandstrom, and B. Wahren. 1998. Cellular cytotoxic response induced by
DNA vaccination in HIV-1-infected patients. Lancet 351:1320-5.

Calarota, S. A., A. C. Leandersson, G. Bratt, J. Hinkula, D. M. Klinman,
K. J. Weinhold, E. Sandstrom, and B. Wahren. 1999. Immune responses in
asymptomatic HIV-1-infected patients after HIV-DNA immunization followed
by highly active antiretroviral treatment. J Immunol 163:2330-8.

Calarota, S. A, and D. B. Weiner. 2004. Enhancement of human
immunodeficiency virus type 1-DNA vaccine potency through incorporation of
T-helper 1 molecular adjuvants. Immunol Rev 199:84-99.

Callan, M. F., L. Tan, N. Annels, G. S. Ogg, J. D. Wilson, C. A.
O'Callaghan, N. Steven, A. J. McMichael, and A. B. Rickinson. 1998. Direct
visualization of antigen-specific CD8+ T cells during the primary immune
response to Epstein-Barr virus In vivo. J Exp Med 187:1395-402.

Cameron, P. U.,, M. G. Lowe, S. M. Crowe, U. O'Doherty, M. Pope, S.
Gezelter, and R. M. Steinman. 1994. Susceptibility of dendritic cells to HIV-1
infection in vitro. J Leukoc Biol 56:257-65.

Carcelain, G., R. Tubiana, A. Samri, V. Calvez, C. Delaugerre, H. Agut, C.
Katlama, and B. Autran. 2001. Transient mobilization of human
immunodeficiency virus (HIV)-specific CD4 T-helper cells fails to control virus
rebounds during intermittent antiretroviral therapy in chronic HIV type 1
infection. J Virol 75:234-41.

Carrington, M., and S. J. O'Brien. 2003. The influence of HLA genotype on
AIDS. Annu Rev Med 54:535-51.

Casimiro, D. R, A. J. Bett, T. M. Fu, M. E. Davies, A. Tang, K. A. Wilson,
M. Chen, R. Long, T. McKelvey, M. Chastain, S. Gurunathan, J. Tartaglia,
E. A. Emini, and J. Shiver. 2004. Heterologous human immunodeficiency
virus type 1 priming-boosting immunization strategies involving replication-
defective adenovirus and poxvirus vaccine vectors. J Virol 78:11434-8.
Catanzaro, A. T., R. A. Koup, M. Roederer, R. T. Bailer, M. E. Enama, Z.
Moodie, L. Gu, J. E. Martin, L. Novik, B. K. Chakrabarti, B. T. Butman, J.
G. Gall, C. R. King, C. A. Andrews, R. Sheets, P. L. Gomez, J. R. Mascola,
G. J. Nabel, and B. S. Graham. 2006. Phase 1 safety and immunogenicity

63



58.

59.

60.
61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.
72.

64

evaluation of a multiclade HIV-1 candidate vaccine delivered by a replication-
defective recombinant adenovirus vector. J Infect Dis 194:1638-49.
Champagne, K., A. Shishido, and M. J. Root. 2009. Interactions of HIV-1
inhibitory peptide T20 with the gp41 N-HR coiled coil. J Biol Chem 284:3619-
27.

Champagne, P., G. S. Ogg, A. S. King, C. Knabenhans, K. Ellefsen, M.
Nobile, V. Appay, G. P. Rizzardi, S. Fleury, M. Lipp, R. Forster, S.
Rowland-Jones, R. P. Sekaly, A. J. McMichael, and G. Pantaleo. 2001.
Skewed maturation of memory HIV-specific CD8 T lymphocytes. Nature
410:106-11.

Cherry, M. 2000. Mbeki gives AIDS scientists the cold shoulder. Nature
406:113.

Chiu, Y. L., and W. C. Greene. 2008. The APOBEC3 cytidine deaminases: an
innate defensive network opposing exogenous retroviruses and endogenous
retroelements. Annu Rev Immunol 26:317-53.

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 94:13193-7.

Cocchi, F., A. L. DeVico, A. Garzino-Demo, S. K. Arya, R. C. Gallo, and P.
Lusso. 1995. Identification of RANTES, MIP-1 alpha, and MIP-1 beta as the
major HIV-suppressive factors produced by CD8+ T cells. Science 270:1811-5.
Cohen, J. 2009. Retrovirus meeting. HIVV/AIDS researchers reach for high-
hanging fruit. Science 323:996-7.

Cooney, E. L., A. C. Collier, P. D. Greenberg, R. W. Coombs, J. Zarling, D.
E. Arditti, M. C. Hoffman, S. L. Hu, and L. Corey. 1991. Safety of and
immunological response to a recombinant vaccinia virus vaccine expressing
HIV envelope glycoprotein. Lancet 337:567-72.

Coplan, P. M., S. B. Gupta, S. A. Dubey, P. Pitisuttithum, A. Nikas, B.
Mbewe, E. Vardas, M. Schechter, E. G. Kallas, D. C. Freed, T. M. Fu, C. T.
Mast, P. Puthavathana, J. Kublin, K. Brown Collins, J. Chisi, R. Pendame,
S. J. Thaler, G. Gray, J. Mclntyre, W. L. Straus, J. H. Condra, D. V.
Mehrotra, H. A. Guess, E. A. Emini, and J. W. Shiver. 2005. Cross-
reactivity of anti-HIV-1 T cell immune responses among the major HIV-1
clades in HIV-1-positive individuals from 4 continents. J Infect Dis 191:1427-
34.

Cosma, A., S. Buhler, R. Nagaraj, C. Staib, A. L. Hammarin, B. Wahren,
F. D. Goebel, V. Erfle, and G. Sutter. 2004. Neutralization assay using a
modified vaccinia virus Ankara vector expressing the green fluorescent protein
is a high-throughput method to monitor the humoral immune response against
vaccinia virus. Clin Diagn Lab Immunol 11:406-10.

Cosma, A., R. Nagaraj, S. Buhler, J. Hinkula, D. H. Busch, G. Sutter, F. D.
Goebel, and V. Erfle. 2003. Therapeutic vaccination with MVA-HIV-1 nef
elicits Nef-specific T-helper cell responses in chronically HIV-1 infected
individuals. Vaccine 22:21-9.

Dallo, S., J. S. Maa, J. R. Rodriguez, D. Rodriguez, and M. Esteban. 1989.
Humoral immune response elicited by highly attenuated variants of vaccinia
virus and by an attenuated recombinant expressing HIV-1 envelope protein.
Virology 173:323-9.

Daniel, M. D., F. Kirchhoff, S. C. Czajak, P. K. Sehgal, and R. C.
Desrosiers. 1992. Protective effects of a live attenuated SIV vaccine with a
deletion in the nef gene. Science 258:1938-41.

Danthinne, X., and M. J. Imperiale. 2000. Production of first generation
adenovirus vectors: a review. Gene Ther 7:1707-14.

Davidson, A. H., J. L. Traub-Dargatz, R. M. Rodeheaver, E. N. Ostlund, D.
D. Pedersen, R. G. Moorhead, J. B. Stricklin, R. D. Dewell, S. D. Roach, R.
E. Long, S. J. Albers, R. J. Callan, and M. D. Salman. 2005. Immunologic
responses to West Nile virus in vaccinated and clinically affected horses. J Am
Vet Med Assoc 226:240-5.



73.
74,

75.

76.

77.
78.

79.

80.

81.
82.

83.

84.
85.

86.

87.

88.

Day, M. 2006. Industry must be responsible for bird flu vaccine, says UK
government. Bmj 332:443.

de Jong, M. A, and T. B. Geijtenbeek. 2009. Human immunodeficiency
virus-1 acquisition in genital mucosa: Langerhans cells as key-players. J Intern
Med 265:18-28.

Deeks, S. G., and B. D. Walker. 2007. Human immunodeficiency virus
controllers: mechanisms of durable virus control in the absence of antiretroviral
therapy. Immunity 27:406-16.

Denton, P. W., J. D. Estes, Z. Sun, F. A. Othieno, B. L. Wei, A. K. Wegg, D.
A. Powell, D. Payne, A. T. Haase, and J. V. Garcia. 2008. Antiretroviral pre-
exposure prophylaxis prevents vaginal transmission of HIV-1 in humanized
BLT mice. PL0oS Med 5:e16.

Denton, P. W., and J. V. Garcia. 2009. Novel humanized murine models for
HIV research. Curr HIVV/AIDS Rep 6:13-9.

Desquilbet, L., C. Goujard, C. Rouzioux, M. Sinet, C. Deveau, M. L. Chaix,
D. Sereni, F. Boufassa, J. F. Delfraissy, and L. Meyer. 2004. Does transient
HAART during primary HIV-1 infection lower the virological set-point? Aids
18:2361-9.

Dhami, H., C. E. Fritz, B. Gankin, S. H. Pak, W. Yi, M. J. Seya, R. B.
Raffa, and S. Nagar. 2009. The chemokine system and CCR5 antagonists:
potential in HIV treatment and other novel therapies. J Clin Pharm Ther
34:147-60.

Donnelly, J. J., B. Wahren, and M. A. Liu. 2005. DNA vaccines: progress
and challenges. J Immunol 175:633-9.

Dorrell, L. 2006. Therapeutic immunization for the control of HIV-1: where
are we now? IntJ STD AIDS 17:436-41; quiz 442.

Dorrell, L., H. Yang, B. Ondondo, T. Dong, K. di Gleria, A. Suttill, C.
Conlon, D. Brown, P. Williams, P. Bowness, N. Goonetilleke, T. Rostron, S.
Rowland-Jones, T. Hanke, and A. McMichael. 2006. Expansion and
diversification of virus-specific T cells following immunization of human
immunodeficiency virus type 1 (HIV-1)-infected individuals with a
recombinant modified vaccinia virus Ankara/HIV-1 Gag vaccine. J Virol
80:4705-16.

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
417:95-8.

Douek, D. C., M. Roederer, and R. A. Koup. 2008. Emerging Concepts in the
Immunopathogenesis of AIDS. Annu Rev Med.

Dunachie, S. J., M. Walther, J. E. Epstein, S. Keating, T. Berthoud, L.
Andrews, R. F. Andersen, P. Bejon, N. Goonetilleke, 1. Poulton, D. P.
Webster, G. Butcher, K. Watkins, R. E. Sinden, G. L. Levine, T. L. Richie,
J. Schneider, D. Kaslow, S. C. Gilbert, D. J. Carucci, and A. V. Hill. 2006.
A DNA prime-modified vaccinia virus ankara boost vaccine encoding
thrombospondin-related adhesion protein but not circumsporozoite protein
partially protects healthy malaria-naive adults against Plasmodium falciparum
sporozoite challenge. Infect Immun 74:5933-42.

Dupuis, M., T. J. Murphy, D. Higgins, M. Ugozzoli, G. van Nest, G. Ott,
and D. M. McDonald. 1998. Dendritic cells internalize vaccine adjuvant after
intramuscular injection. Cell Immunol 186:18-27.

Eaton, L. A., and S. Kalichman. 2007. Risk compensation in HIV prevention:
implications for vaccines, microbicides, and other biomedical HIV prevention
technologies. Curr HIV/AIDS Rep 4:165-72.

El-Sadr, W. M., J. D. Lundgren, J. D. Neaton, F. Gordin, D. Abrams, R. C.
Arduino, A. Babiker, W. Burman, N. Clumeck, C. J. Cohen, D. Cohn, D.
Cooper, J. Darbyshire, S. Emery, G. Fatkenheuer, B. Gazzard, B. Grund,
J. Hoy, K. Klingman, M. Losso, N. Markowitz, J. Neuhaus, A. Phillips, and
C. Rappoport. 2006. CD4+ count-guided interruption of antiretroviral
treatment. N Engl J Med 355:2283-96.

65



89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

66

Emery, S., C. Workman, R. L. Puls, M. Bloch, D. Baker, N. Bodsworth, J.
Anderson, S. M. Crowe, M. A. French, J. Hoy, A. Aichelburg, L. D. Ward,
D. B. Boyle, M. G. Law, A. D. Kelleher, and D. A. Cooper. 2005.
Randomized, placebo-controlled, phase I/lla evaluation of the safety and
immunogenicity of fowlpox virus expressing HIV gag-pol and interferon-
gamma in HIV-1 infected subjects. Hum Vaccin 1:232-8.

Emini, E. A, W. A. Schleif, J. H. Nunberg, A. J. Conley, Y. Eda, S.
Tokiyoshi, S. D. Putney, S. Matsushita, K. E. Cobb, C. M. Jett, and et al.
1992. Prevention of HIV-1 infection in chimpanzees by gp120 V3 domain-
specific monoclonal antibody. Nature 355:728-30.

Ensoli, B., V. Fiorelli, F. Ensoli, A. Lazzarin, R. Visintini, P. Narciso, A. Di
Carlo, P. Monini, M. Magnani, and E. Garaci. 2008. The therapeutic phase |
trial of the recombinant native HIV-1 Tat protein. Aids 22:2207-9.

Escoffre, J. M., T. Portet, L. Wasungu, J. Teissie, D. Dean, and M. P. Rols.
2009. What is (still not) known of the mechanism by which electroporation
mediates gene transfer and expression in cells and tissues. Mol Biotechnol
41:286-95.

Fauci, A. S., M. I. Johnston, C. W. Dieffenbach, D. R. Burton, S. M.
Hammer, J. A. Hoxie, M. Martin, J. Overbaugh, D. I. Watkins, A.
Mahmoud, and W. C. Greene. 2008. HIV vaccine research: the way forward.
Science 321:530-2.

Fauci, A. S, G. Pantaleo, S. Stanley, and D. Weissman. 1996.
Immunopathogenic mechanisms of HIV infection. Ann Intern Med 124:654-63.
Finzi, D., J. Blankson, J. D. Siliciano, J. B. Margolick, K. Chadwick, T.
Pierson, K. Smith, J. Lisziewicz, F. Lori, C. Flexner, T. C. Quinn, R. E.
Chaisson, E. Rosenberg, B. Walker, S. Gange, J. Gallant, and R. F.
Siliciano. 1999. Latent infection of CD4+ T cells provides a mechanism for
lifelong persistence of HIV-1, even in patients on effective combination
therapy. Nat Med 5:512-7.

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 278:1295-300.

Fischer, W., S. Perkins, J. Theiler, T. Bhattacharya, K. Yusim, R.
Funkhouser, C. Kuiken, B. Haynes, N. L. Letvin, B. D. Walker, B. H.
Hahn, and B. T. Korber. 2007. Polyvalent vaccines for optimal coverage of
potential T-cell epitopes in global HIV-1 variants. Nat Med 13:100-6.
Fitzgerald-Bocarsly, P., J. Dai, and S. Singh. 2008. Plasmacytoid dendritic
cells and type | IFN: 50 years of convergent history. Cytokine Growth Factor
Rev 19:3-19.

Flexner, C., B. R. Murphy, J. F. Rooney, C. Wohlenberg, V. Yuferov, A. L.
Notkins, and B. Moss. 1988. Successful vaccination with a polyvalent live
vector despite existing immunity to an expressed antigen. Nature 335:259-62.
Flynn, N. M., D. N. Forthal, C. D. Harro, F. N. Judson, K. H. Mayer, and
M. F. Para. 2005. Placebo-controlled phase 3 trial of a recombinant
glycoprotein 120 vaccine to prevent HIV-1 infection. J Infect Dis 191:654-65.
Fogli, M., P. Costa, G. Murdaca, M. Setti, M. C. Mingari, L. Moretta, A.
Moretta, and A. De Maria. 2004. Significant NK cell activation associated
with decreased cytolytic function in peripheral blood of HIV-1-infected
patients. Eur J Immunol 34:2313-21.

Fouser, L. A., J. F. Wright, K. Dunussi-Joannopoulos, and M. Collins.
2008. Thl7 cytokines and their emerging roles in inflammation and
autoimmunity. Immunol Rev 226:87-102.

Froelich, C. J., K. Orth, J. Turbov, P. Seth, R. Gottlieb, B. Babior, G. M.
Shah, R. C. Bleackley, V. M. Dixit, and W. Hanna. 1996. New paradigm for
lymphocyte granule-mediated cytotoxicity. Target cells bind and internalize
granzyme B, but an endosomolytic agent is necessary for cytosolic delivery and
subsequent apoptosis. J Biol Chem 271:29073-9.



104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.
119.

Fu, T. M., J. B. Ulmer, M. J. Caulfield, R. R. Deck, A. Friedman, S. Wang,
X. Liu, J. J. Donnelly, and M. A. Liu. 1997. Priming of cytotoxic T
lymphocytes by DNA vaccines: requirement for professional antigen presenting
cells and evidence for antigen transfer from myocytes. Mol Med 3:362-71.
Fukuhara, Y., T. Naoi, Y. Ogawa, M. Nishikawa, and Y. Takakura. 2007.
Plasmid DNA uptake and subsequent cellular activation characteristics in
human monocyte-derived cells in primary culture. J Pharm Sci 96:1576-84.
Fynan, E. F., R. G. Webster, D. H. Fuller, J. R. Haynes, J. C. Santoro, and
H. L. Robinson. 1993. DNA vaccines: protective immunizations by parenteral,
mucosal, and gene-gun inoculations. Proc Natl Acad Sci U S A 90:11478-82.
Gahery-Segard, H., G. Pialoux, B. Charmeteau, S. Sermet, H. Poncelet, M.
Raux, A. Tartar, J. P. Levy, H. Gras-Masse, and J. G. Guillet. 2000.
Multiepitopic B- and T-cell responses induced in humans by a human
immunodeficiency virus type 1 lipopeptide vaccine. J Virol 74:1694-703.
Gallo, R. C., P. S. Sarin, E. P. Gelmann, M. Robert-Guroff, E. Richardson,
V. S. Kalyanaraman, D. Mann, G. D. Sidhu, R. E. Stahl, S. Zolla-Pazner, J.
Leibowitch, and M. Popovic. 1983. Isolation of human T-cell leukemia virus
in acquired immune deficiency syndrome (AIDS). Science 220:865-7.

Garcia, F., M. Plana, M. Arnedo, G. M. Ortiz, J. M. Miro, L. Lopalco, F.
Lori, T. Pumarola, T. Gallart, and J. M. Gatell. 2003. A cytostatic drug
improves control of HIV-1 replication during structured treatment interruptions:
a randomized study. Aids 17:43-51.

Garcia, F., M. Plana, C. Vidal, A. Cruceta, W. A. O'Brien, G. Pantaleo, T.
Pumarola, T. Gallart, J. M. Miro, and J. M. Gatell. 1999. Dynamics of viral
load rebound and immunological changes after stopping effective antiretroviral
therapy. Aids 13:F79-86.

Garver, K. A, S. E. LaPatra, and G. Kurath. 2005. Efficacy of an infectious
hematopoietic necrosis (IHN) virus DNA vaccine in Chinook Oncorhynchus
tshawytscha and sockeye O. nerka salmon. Dis Aquat Organ 64:13-22.

Geels, M. J., S. A. Dubey, K. Anderson, E. Baan, M. Bakker, G. Pollakis,
W. A. Paxton, J. W. Shiver, and J. Goudsmit. 2005. Broad cross-clade T-cell
responses to gag in individuals infected with human immunodeficiency virus
type 1 non-B clades (A to G): importance of HLA anchor residue conservation.
J Virol 79:11247-58.

Geginat, J., A. Lanzavecchia, and F. Sallusto. 2003. Proliferation and
differentiation potential of human CD8+ memory T-cell subsets in response to
antigen or homeostatic cytokines. Blood 101:4260-6.

Geijtenbeek, T. B., D. S. Kwon, R. Torensma, S. J. van Vliet, G. C. van
Duijnhoven, J. Middel, I. L. Cornelissen, H. S. Nottet, V. N. KewalRamani,
D. R. Littman, C. G. Figdor, and Y. van Kooyk. 2000. DC-SIGN, a dendritic
cell-specific HIV-1-binding protein that enhances trans-infection of T cells. Cell
100:587-97.

Giuntini, R., C. Martinelli, S. Ambu, D. Bartolozzi, A. Farese, V. Boddi,
and F. Leoncini. 2005. Prolonged treatment interruption in chronic HIV
infection: a new strategy? Aids 19:209-11.

Goebel, F. D., J. W. Mannhalter, R. B. Belshe, M. M. Eibl, P. J. Grob, V.
de Gruttola, P. D. Griffiths, V. Erfle, M. Kunschak, and W. Engl. 1999.
Recombinant gp160 as a therapeutic vaccine for HIV-infection: results of a
large randomized, controlled trial. European Multinational IMMUNO AIDS
Vaccine Study Group. Aids 13:1461-8.

Goepfert P., R., H., Qin L., Hay C., Frey S., Blattner W., Wright P., Baden
L., Elizaga M., Hural J., DeRosa SC., Defawe OD., Wyatt L., and Moss
B. 2008. Presented at the AIDS Vaccine Cape Town, South Africa, October 13-
16.

Gotch, F. 1998. Cross-clade T cell recognition of HIV-1. Curr. Opin. Immunol.
10:388-392.

Gothelf, A., L. M. Mir, and J. Gehl. 2003. Electrochemotherapy: results of
cancer treatment using enhanced delivery of bleomycin by electroporation.
Cancer Treat Rev 29:371-87.

67



120.

121.

122.

123.

124.

125.

126.
127.

128.

129.

130.

131

132.

133.

134,

135.

68

Goula, D., J. S. Remy, P. Erbacher, M. Wasowicz, G. Levi, B. Abdallah,
and B. A. Demeneix. 1998. Size, diffusibility and transfection performance of
linear PEI/DNA complexes in the mouse central nervous system. Gene Ther
5:712-7.

Grakoui, A., S. K. Bromley, C. Sumen, M. M. Davis, A. S. Shaw, P. M.
Allen, and M. L. Dustin. 1999. The immunological synapse: a molecular
machine controlling T cell activation. Science 285:221-7.

Gramberg, T., N. Sunseri, and N. R. Landau. 2009. Accessories to the crime:
recent advances in HIV accessory protein biology. Curr HIV/AIDS Rep 6:36-
42.

Gramzinski, R. A., C. L. Millan, N. Obaldia, S. L. Hoffman, and H. L.
Davis. 1998. Immune response to a hepatitis B DNA vaccine in Aotus
monkeys: a comparison of vaccine formulation, route, and method of
administration. Mol Med 4:109-18.

Gray, R. H., G. Kigozi, D. Serwadda, F. Makumbi, S. Watya, F. Nalugoda,
N. Kiwanuka, L. H. Moulton, M. A. Chaudhary, M. Z. Chen, N. K.
Sewankambo, F. Wabwire-Mangen, M. C. Bacon, C. F. Williams, P.
Opendi, S. J. Reynolds, O. Laeyendecker, T. C. Quinn, and M. J. Wawer.
2007. Male circumcision for HIV prevention in men in Rakai, Uganda: a
randomised trial. Lancet 369:657-66.

Gray, R. H.,, M. J. Wawer, R. Brookmeyer, N. K. Sewankambo, D.
Serwadda, F. Wabwire-Mangen, T. Lutalo, X. Li, T. vanCott, and T. C.
Quinn. 2001. Probability of HIV-1 transmission per coital act in monogamous,
heterosexual, HIV-1-discordant couples in Rakai, Uganda. Lancet 357:1149-53.
Greenland, J. R., and N. L. Letvin. 2007. Chemical adjuvants for plasmid
DNA vaccines. Vaccine 25:3731-41.

Greenough, T. C., C. K. Cunningham, P. Muresan, M. McManus, D.
Persaud, T. Fenton, P. Barker, A. Gaur, D. Panicali, J. L. Sullivan, and K.
Luzuriaga. 2008. Safety and immunogenicity of recombinant poxvirus HIV-1
vaccines in young adults on highly active antiretroviral therapy. Vaccine
26:6883-93.

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. Nat Med 12:289-95.

Guadalupe, M., E. Reay, S. Sankaran, T. Prindiville, J. Flamm, A. McNeil,
and S. Dandekar. 2003. Severe CD4+ T-cell depletion in gut lymphoid tissue
during primary human immunodeficiency virus type 1 infection and substantial
delay in restoration following highly active antiretroviral therapy. J Virol
77:11708-17.

Gudmundsdotter, L., A. Sjodin, A. C. Bostrom, B. Hejdeman, R. Theve-
Palm, A. Alaeus, K. Lidman, and B. Wahren. 2006. Therapeutic
immunization for HIV. Springer Semin Immunopathol 28:221-30.
Hammarlund, E., M. W. Lewis, S. G. Hansen, L. I. Strelow, J. A. Nelson,
G. J. Sexton, J. M. Hanifin, and M. K. Slifka. 2003. Duration of antiviral
immunity after smallpox vaccination. Nat Med 9:1131-7.

Harada, H., Y. Goto, T. Ohno, S. Suzu, and S. Okada. 2007. Proliferative
activation up-regulates expression of CD4 and HIV-1 co-receptors on NK cells
and induces their infection with HIV-1. Eur J Immunol 37:2148-55.

Harari, A., P. A. Bart, W. Stohr, G. Tapia, M. Garcia, E. Medjitna-Rais, S.
Burnet, C. Cellerai, O. Erlwein, T. Barber, C. Moog, P. Liljestrom, R.
Wagner, H. Wolf, J. P. Kraehenbuhl, M. Esteban, J. Heeney, M. J.
Frachette, J. Tartaglia, S. McCormack, A. Babiker, J. Weber, and G.
Pantaleo. 2008. An HIV-1 clade C DNA prime, NYVAC boost vaccine
regimen induces reliable, polyfunctional, and long-lasting T cell responses. J
Exp Med 205:63-77.

Harari, A., F. B. Enders, C. Cellerai, P. A. Bart, and G. Pantaleo. 2009.
Distinct profiles of cytotoxic granules in memory CD8 T cells correlate with
function, differentiation stage, and antigen exposure. J Virol 83:2862-71.
Harari, A., S. Petitpierre, F. Vallelian, and G. Pantaleo. 2004. Skewed
representation of functionally distinct populations of virus-specific CD4 T cells



136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.
147.

148.

149.

in HIV-1-infected subjects with progressive disease: changes after antiretroviral
therapy. Blood 103:966-72.

Harari, A., G. P. Rizzardi, K. Ellefsen, D. Ciuffreda, P. Champagne, P. A.
Bart, D. Kaufmann, A. Telenti, R. Sahli, G. Tambussi, L. Kaiser, A.
Lazzarin, L. Perrin, and G. Pantaleo. 2002. Analysis of HIV-1- and CMV-
specific memory CD4 T-cell responses during primary and chronic infection.
Blood 100:1381-7.

Hardy, G. A., N. Imami, M. R. Nelson, A. K. Sullivan, R. Moss, M. M.
Aasa-Chapman, B. Gazzard, and F. M. Gotch. 2007. A phase |, randomized
study of combined IL-2 and therapeutic immunisation with antiretroviral
therapy. J Immune Based Ther Vaccines 5:6.

Harrer, E., M. Bauerle, B. Ferstl, P. Chaplin, B. Petzold, L. Mateo, A.
Handley, M. Tzatzaris, J. Vollmar, S. Bergmann, M. Rittmaier, K.
Eismann, S. Muller, J. R. Kalden, B. Spriewald, D. Willbold, and T.
Harrer. 2005. Therapeutic vaccination of HIV-1-infected patients on HAART
with a recombinant HIV-1 nef-expressing MVA: safety, immunogenicity and
influence on viral load during treatment interruption. Antivir Ther 10:285-300.
Harrer, T., E. Harrer, S. A. Kalams, T. Elbeik, S. I. Staprans, M. B.
Feinberg, Y. Cao, D. D. Ho, T. Yilma, A. M. Caliendo, R. P. Johnson, S. P.
Buchbinder, and B. D. Walker. 1996. Strong cytotoxic T cell and weak
neutralizing antibody responses in a subset of persons with stable
nonprogressing HIV type 1 infection. AIDS Res Hum Retroviruses 12:585-92.
Havlir, D. V., R. Bassett, D. Levitan, P. Gilbert, P. Tebas, A. C. Collier, M.
S. Hirsch, C. Ignacio, J. Condra, H. F. Gunthard, D. D. Richman, and J. K.
Wong. 2001. Prevalence and predictive value of intermittent viremia with
combination hiv therapy. Jama 286:171-9.

Hem, S. L., and H. Hogenesch. 2007. Relationship between physical and
chemical properties of aluminum-containing adjuvants and
immunopotentiation. Expert Rev Vaccines 6:685-98.

Higgins, D., J. D. Marshall, P. Traquina, G. Van Nest, and B. D.
Livingston. 2007. Immunostimulatory DNA as a vaccine adjuvant. Expert Rev
Vaccines 6:747-59.

Hirbod, T., R. Kaul, C. Reichard, J. Kimani, E. Ngugi, J. J. Bwayo, N.
Nagelkerke, K. Hasselrot, B. Li, S. Moses, K. S. MacDonald, and K.
Broliden. 2008. HIV-neutralizing immunoglobulin A and HIV-specific
proliferation are independently associated with reduced HIV acquisition in
Kenyan sex workers. Aids 22:727-35.

Hoebe, K., E. Janssen, and B. Beutler. 2004. The interface between innate
and adaptive immunity. Nat Immunol 5:971-4.

Horton, H., T. U. Vogel, D. K. Carter, K. Vielhuber, D. H. Fuller, T.
Shipley, J. T. Fuller, K. J. Kunstman, G. Sutter, D. C. Montefiori, V. Erfle,
R. C. Desrosiers, N. Wilson, L. J. Picker, S. M. Wolinsky, C. Wang, D. B.
Allison, and D. I. Watkins. 2002. Immunization of rhesus macaques with a
DNA prime/modified vaccinia virus Ankara boost regimen induces broad
simian immunodeficiency virus (SIV)-specific T-cell responses and reduces
initial viral replication but does not prevent disease progression following
challenge with pathogenic SIVmac239. J Virol 76:7187-202.

Hu, S. L. 2005. Non-human primate models for AIDS vaccine research. Curr
Drug Targets Infect Disord 5:193-201.

Hutnick, N., D Carnathan, K Cox, S Dubey, D Casimiro, H Ertl, and M
Betts. 2009. Presented at the Conference on Retroviruses and Opportunistic
Infections, Montreal, Canada, February 8-11.

Jansen, C. A., S. Kostense, K. Vandenberghe, N. M. Nanlohy, I. M. De
Cuyper, E. Piriou, E. H. Manting, F. Miedema, and D. van Baarle. 2005.
High responsiveness of HLA-B57-restricted Gag-specific CD8+ T cells in vitro
may contribute to the protective effect of HLA-B57 in HIV-infection. Eur J
Immunol 35:150-8.

Jin, X., D. E. Bauer, S. E. Tuttleton, S. Lewin, A. Gettie, J. Blanchard, C.
E. Irwin, J. T. Safrit, J. Mittler, L. Weinberger, L. G. Kostrikis, L. Zhang,
A. S. Perelson, and D. D. Ho. 1999. Dramatic rise in plasma viremia after

69



150.

151.

152.

153.

154.

155.

156.
157.

158.

159.

160.

161.

162.

163.

164.

165.

70

CD8(+) T cell depletion in simian immunodeficiency virus-infected macaques.
J Exp Med 189:991-8.

Jin, X., M. Ramanathan, Jr., S. Barsoum, G. R. Deschenes, L. Ba, J.
Binley, D. Schiller, D. E. Bauer, D. C. Chen, A. Hurley, L. Gebuhrer, R. El
Habib, P. Caudrelier, M. Klein, L. Zhang, D. D. Ho, and M. Markowitz.
2002. Safety and immunogenicity of ALVAC vCP1452 and recombinant gp160
in newly human immunodeficiency virus type 1-infected patients treated with
prolonged highly active antiretroviral therapy. J Virol 76:2206-16.

Johnston, M. 1. 2000. The role of nonhuman primate models in AIDS vaccine
development. Mol Med Today 6:267-70.

Johnston, S. A., and D. C. Tang. 1994. Gene gun transfection of animal cells
and genetic immunization. Methods Cell Biol 43 Pt A:353-65.

Joseph, A. M., M. Kumar, and D. Mitra. 2005. Nef: "necessary and enforcing
factor" in HIV infection. Curr HIV Res 3:87-94.

Kaul, R., F. A. Plummer, J. Kimani, T. Dong, P. Kiama, T. Rostron, E.
Njagi, K. S. MacDonald, J. J. Bwayo, A. J. McMichael, and S. L. Rowland-
Jones. 2000. HIV-1-specific mucosal CD8+ lymphocyte responses in the cervix
of HIV-1-resistant prostitutes in Nairobi. J Immunol 164:1602-11.

Kaul, R, S. L. Rowland-Jones, J. Kimani, T. Dong, H. B. Yang, P. Kiama,
T. Rostron, E. Njagi, J. J. Bwayo, K. S. MacDonald, A. J. McMichael, and
F. A. Plummer. 2001. Late seroconversion in HIV-resistant Nairobi prostitutes
despite pre-existing HIV-specific CD8+ responses. J Clin Invest 107:341-9.
Kawamura, T., S. E. Kurtz, A. Blauvelt, and S. Shimada. 2005. The role of
Langerhans cells in the sexual transmission of HIV. J Dermatol Sci 40:147-55.
Kelleher, A. D., M. Roggensack, A. B. Jaramillo, D. E. Smith, A. Walker, 1.
Gow, M. McMurchie, J. Harris, G. Patou, and D. A. Cooper. 1998. Safety
and immunogenicity of a candidate therapeutic vaccine, p24 virus-like particle,
combined with zidovudine, in asymptomatic subjects. Community HIV
Research Network Investigators. Aids 12:175-82.

Khanna, K. M., A. J. Lepisto, V. Decman, and R. L. Hendricks. 2004.
Immune control of herpes simplex virus during latency. Curr Opin Immunol
16:463-9.

Kiepiela, P., K. Ngumbela, C. Thobakgale, D. Ramduth, 1. Honeyborne, E.
Moodley, S. Reddy, C. de Pierres, 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 13:46-53.

King, J. E., E. A. Eugenin, C. M. Buckner, and J. W. Berman. 2006. HIV
tat and neurotoxicity. Microbes Infect 8:1347-57.

Kinloch-de Loes, S., B. Hoen, D. E. Smith, B. Autran, F. C. Lampe, A. N.
Phillips, L. E. Goh, J. Andersson, C. Tsoukas, A. Sonnerborg, G.
Tambussi, P. M. Girard, M. Bloch, M. Battegay, N. Carter, R. El Habib, G.
Theofan, D. A. Cooper, and L. Perrin. 2005. Impact of therapeutic
immunization on HIV-1 viremia after discontinuation of antiretroviral therapy
initiated during acute infection. J Infect Dis 192:607-17.

Klingstrom, J., J. Hardestam, M. Stoltz, B. Zuber, A. Lundkvist, S. Linder,
and C. Ahlm. 2006. Loss of cell membrane integrity in puumala hantavirus-
infected patients correlates with levels of epithelial cell apoptosis and perforin. J
Virol 80:8279-82.

Korber, B., M. Muldoon, J. Theiler, F. Gao, R. Gupta, A. Lapedes, B. H.
Hahn, S. Wolinsky, and T. Bhattacharya. 2000. Timing the ancestor of the
HIV-1 pandemic strains. Science 288:1789-96.

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
23:4011-5.

Kundu, S. K., D. Katzenstein, L. E. Moses, and T. C. Merigan. 1992.
Enhancement of human immunodeficiency virus (HIV)-specific CD4+ and



166.
167.

168.
169.
170.
171.

172.

173.

174.

175.
176.
177.

178.

179.

180.
181.

182.

CD8+ cytotoxic T-lymphocyte activities in HIV-infected asymptomatic patients
given recombinant gp160 vaccine. Proc Natl Acad Sci U S A 89:11204-8.
Kutzler, M. A., and D. B. Weiner. 2008. DNA vaccines: ready for prime
time? Nat Rev Genet 9:776-88.

Laforge, M., F. Petit, J. Estaquier, and A. Senik. 2007. Commitment to
apoptosis in CD4(+) T lymphocytes productively infected with human
immunodeficiency virus type 1 is initiated by lysosomal membrane
permeabilization, itself induced by the isolated expression of the viral protein
Nef. J Virol 81:11426-40.

Lahiri, A., P. Das, and D. Chakravortty. 2008. Engagement of TLR signaling
as adjuvant: towards smarter vaccine and beyond. Vaccine 26:6777-83.

Lalani, T., and C. Hicks. 2007. Does antiretroviral therapy prevent HIV
transmission to sexual partners? Curr HIV/AIDS Rep 4:80-5.

Lane, J. M., F. L. Ruben, J. M. Neff, and J. D. Millar. 1969. Complications
of smallpox vaccination, 1968. N Engl J Med 281:1201-8.

Leandersson, A.-C., G. Gilljam, M. Fredriksson, J. Hinkula, A. Alaeus, K.
Lidman, J. Albert, G. Bratt, E. Sandstrom, and B. Wahren. 2000. Cross-
reactive T-helper responses in patients infected with different subtypes of
human immunodeficiency virus type 1. J. Virol. 74:4888-4890.

Learmont, J., B. Tindall, L. Evans, A. Cunningham, P. Cunningham, J.
Wells, R. Penny, J. Kaldor, and D. A. Cooper. 1992. Long-term symptomless
HIV-1 infection in recipients of blood products from a single donor. Lancet
340:863-7.

Learmont, J. C., A. F. Geczy, J. Mills, L. J. Ashton, C. H. Raynes-
Greenow, R. J. Garsia, W. B. Dyer, L. Mcintyre, R. B. Oelrichs, D. I.
Rhodes, N. J. Deacon, and J. S. Sullivan. 1999. Immunologic and virologic
status after 14 to 18 years of infection with an attenuated strain of HIV-1. A
report from the Sydney Blood Bank Cohort. N Engl J Med 340:1715-22.
Lecollinet, S., and J. Richardson. 2008. Vaccination against the feline
immunodeficiency virus: the road not taken. Comp Immunol Microbiol Infect
Dis 31:167-90.

Lenschow, D. J., T. L. Walunas, and J. A. Bluestone. 1996. CD28/B7 system
of T cell costimulation. Annu Rev Immunol 14:233-58.

Levine, B. L. 2008. T lymphocyte engineering ex vivo for cancer and
infectious disease. Expert Opin Biol Ther 8:475-89.

Levy, J. A, A. D. Hoffman, S. M. Kramer, J. A. Landis, J. M.
Shimabukuro, and L. S. Oshiro. 1984. Isolation of lymphocytopathic
retroviruses from San Francisco patients with AIDS. Science 225:840-2.

Levy, Y., H. Gahery-Segard, C. Durier, A. S. Lascaux, C. Goujard, V.
Meiffredy, C. Rouzioux, R. El Habib, M. Beumont-Mauviel, J. G. Guillet,
J. F. Delfraissy, and J. P. Aboulker. 2005. Immunological and virological
efficacy of a therapeutic immunization combined with interleukin-2 in
chronically HIV-1 infected patients. Aids 19:279-86.

Li, J.,, C. I. Lord, W. Haseltine, N. L. Letvin, and J. Sodroski. 1992.
Infection of cynomolgus monkeys with a chimeric HIV-1/SIVmac virus that
expresses the HIV-1 envelope glycoproteins. J Acquir Immune Defic Syndr
5:639-46.

Lieberman, J. 2003. The ABCs of granule-mediated cytotoxicity: new
weapons in the arsenal. Nat Rev Immunol 3:361-70.

Lifson, J. D., J. L. Rossio, M. Piatak, Jr., J. Bess, Jr., E. Chertova, D. K.
Schneider, V. J. Coalter, B. Poore, R. F. Kiser, R. J. Imming, A. J.
Scarzello, L. E. Henderson, W. G. Alvord, V. M. Hirsch, R. E. Benveniste,
and L. O. Arthur. 2004. Evaluation of the safety, immunogenicity, and
protective efficacy of whole inactivated simian immunodeficiency virus (SIV)
vaccines with conformationally and functionally intact envelope glycoproteins.
AIDS Res Hum Retroviruses 20:772-87.

Lindenburg, C. E., I. Stolte, M. W. Langendam, F. Miedema, I. G.
Williams, R. Colebunders, J. N. Weber, M. Fisher, and R. A. Coutinho.
2002. Long-term follow-up: no effect of therapeutic vaccination with HIV-1

71



183.
184.
185.

186.

187.

188.

189.

190.

191.

192.
193.
194,

195.

196.
197.

198.

72

pl7/p24:Ty virus-like particles on HIV-1 disease progression. Vaccine
20:2343-7.

Lisziewicz, J., S. A. Calarota, and F. Lori. 2007. The potential of topical
DNA vaccines adjuvanted by cytokines. Expert Opin Biol Ther 7:1563-74.
Lisziewicz, J., and F. Lori. 2002. Structured treatment interruptions in
HIV/AIDS therapy. Microbes Infect 4:207-14.

Lisziewicz, J., J. Trocio, L. Whitman, G. Varga, J. Xu, N. Bakare, P.
Erbacher, C. Fox, R. Woodward, P. Markham, S. Arya, J. P. Behr, and F.
Lori. 2005. DermaVir: a novel topical vaccine for HIV/AIDS. J Invest
Dermatol 124:160-9.

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 19:35-43.

Liu, J., B. A. Ewald, D. M. Lynch, M. Denholtz, P. Abbink, A. A.
Lemckert, A. Carville, K. G. Mansfield, M. J. Havenga, J. Goudsmit, and
D. H. Barouch. 2008. Magnitude and phenotype of cellular immune responses
elicited by recombinant adenovirus vectors and heterologous prime-boost
regimens in rhesus monkeys. J Virol 82:4844-52.

Liu, J., K. L. O'Brien, D. M. Lynch, N. L. Simmons, A. La Porte, A. M.
Riggs, P. Abbink, R. T. Coffey, L. E. Grandpre, M. S. Seaman, G.
Landucci, D. N. Forthal, D. C. Montefiori, A. Carville, K. G. Mansfield, M.
J. Havenga, M. G. Pau, J. Goudsmit, and D. H. Barouch. 2009. Immune
control of an SIV challenge by a T-cell-based vaccine in rhesus monkeys.
Nature 457:87-91.

Liu, R., W. A, Paxton, S. Choe, D. Ceradini, S. R. Martin, R. Horuk, M. E.
MacDonald, H. Stuhlmann, R. A. Koup, and N. R. Landau. 1996.
Homozygous defect in HIV-1 coreceptor accounts for resistance of some
multiply-exposed individuals to HIV-1 infection. Cell 86:367-77.

Ljungberg, K., M. S. Hassan, M. N. Islam, M. A. Siddiqui, M. M. Aziz, B.
Wahren, K. B. Islam, and T. Leitner. 2002. Subtypes A, C, G, and
recombinant HIV type 1 are circulating in Bangladesh. AIDS Res Hum
Retroviruses 18:667-70.

Longo, O., A. Tripiciano, V. Fiorelli, S. Bellino, A. Scoglio, B. Collacchi, M.
J. Alvarez, V. Francavilla, A. Arancio, G. Paniccia, A. Lazzarin, G.
Tambussi, C. T. Din, R. Visintini, P. Narciso, A. Antinori, G. D'Offizi, M.
Giulianelli, M. Carta, A. Di Carlo, G. Palamara, M. Giuliani, M. E.
Laguardia, P. Monini, M. Magnani, F. Ensoli, and B. Ensoli. 2009. Phase |
therapeutic trial of the HIV-1 Tat protein and long term follow-up. Vaccine.
Lori, F., L. M. Kelly, A. Foli, and J. Lisziewicz. 2004. Safety of hydroxyurea
in the treatment of HIV infection. Expert Opin Drug Saf 3:279-88.

Lori, F., J. Trocio, N. Bakare, L. M. Kelly, and J. Lisziewicz. 2005.
DermaVir, a novel HIV immunisation technology. Vaccine 23:2030-4.

Lova, L., A. Groff, E. Ravot, G. Comolli, J. Xu, L. Whitman, M. Lewis, A.
Foli, J. Lisziewicz, and F. Lori. 2005. Hydroxyurea exerts a cytostatic but not
immunosuppressive effect on T lymphocytes. Aids 19:137-44.

Lu, W., L. C. Arraes, W. T. Ferreira, and J. M. Andrieu. 2004. Therapeutic
dendritic-cell vaccine for chronic HIV-1 infection. Nature Medicine 10:1359-
13.

Lu, W., X. Wu, Y. Lu, W. Guo, and J. M. Andrieu. 2003. Therapeutic
dendritic-cell vaccine for simian AIDS. Nat Med 9:27-32.

Luckay, A.,, M. K. Sidhu, R. Kjeken, S. Megati, S. Y. Chong, V.
Roopchand, D. Garcia-Hand, R. Abdullah, R. Braun, D. C. Montefiori, M.
Rosati, B. K. Felber, G. N. Pavlakis, 1. Mathiesen, Z. R. Israel, J. H.
Eldridge, and M. A. Egan. 2007. Effect of plasmid DNA vaccine design and
in vivo electroporation on the resulting vaccine-specific immune responses in
rhesus macaques. J Virol 81:5257-69.

Lundholm, P., A. C. Leandersson, B. Christensson, G. Bratt, E.
Sandstrom, and B. Wahren. 2002. DNA mucosal HIV vaccine in humans.
Virus Res 82:141-5.



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.
209.

210.
211.
212.

213.

214.

M.A. Sommerfelt, F. W., J. Nyhus, A.-M.B. Kran, |. Baksaas, J.M.A.
Lange, B., and D. K. Sorensen. 2006. Presented at the XVI International
AIDS Conference, Toronto, Canada, 13-18 Augusti.

MacGregor, R. R., J. D. Boyer, R. B. Ciccarelli, R. S. Ginsberg, and D. B.
Weiner. 2000. Safety and immune responses to a DNA-based human
immunodeficiency virus (HIV) type | env/rev vaccine in HIV-infected
recipients: follow-up data. J Infect Dis 181:406.

MacGregor, R. R., J. D. Boyer, K. E. Ugen, K. E. Lacy, S. J. Gluckman, M.
L. Bagarazzi, M. A. Chattergoon, Y. Baine, T. J. Higgins, R. B. Ciccarelli,
L. R. Coney, R. S. Ginsberg, and D. B. Weiner. 1998. First human trial of a
DNA-based vaccine for treatment of human immunodeficiency virus type 1
infection: safety and host response. J Infect Dis 178:92-100.

MacGregor, R. R., J. D. Boyer, K. E. Ugen, P. Tebas, T. J. Higgins, Y.
Baine, R. B. Ciccarelli, R. S. Ginsberg, and D. B. Weiner. 2005. Plasmid
vaccination of stable HIV-positive subjects on antiviral treatment results in
enhanced CD8 T-cell immunity and increased control of viral "blips". Vaccine
23:2066-73.

Maggiolo, F., D. Ripamonti, G. Gregis, G. Quinzan, A. Callegaro, and F.
Suter. 2004. Effect of prolonged discontinuation of successful antiretroviral
therapy on CD4 T cells: a controlled, prospective trial. Aids 18:439-46.
Makitalo, B., P. Lundholm, J. Hinkula, C. Nilsson, K. Karlen, A. Morner,
G. Sutter, V. Erfle, J. L. Heeney, B. Wahren, G. Biberfeld, and R.
Thorstensson. 2004. Enhanced cellular immunity and systemic control of
SHIV infection by combined parenteral and mucosal administration of a DNA
prime MVA boost vaccine regimen. J Gen Virol 85:2407-19.

Mansky, L. M., and H. M. Temin. 1995. Lower in vivo mutation rate of
human immunodeficiency virus type 1 than that predicted from the fidelity of
purified reverse transcriptase. J Virol 69:5087-94.

Markham, P. D., M. G. Sarngadharan, S. Z. Salahuddin, M. Popovic, and
R. C. Gallo. 1984. Correlation between exposure to human T-cell leukemia-
Iymphoma virus-111 and the development of AIDS. Ann N Y Acad Sci 437:106-

Markownz M., X. Jin, A. Hurley, V. Simon, B. Ramratnam, M. Louie, G.
R. Deschenes M. Ramanathan Jr., S. Barsoum, J. Vanderhoeven T. He,
C. Chung, J. Murray, A. S. Perelson, L. Zhang, and D. D. Ho. 2002.
Discontinuation of antiretroviral therapy commenced early during the course of
human immunodeficiency virus type 1 infection, with or without adjunctive
vaccination. J Infect Dis 186:634-43.

Masopust, D., S. M. Kaech, E. J. Wherry, and R. Ahmed. 2004. The role of
programming in memory T-cell development. Curr Opin Immunol 16:217-25.
Mattapallil, J. J., D. C. Douek, B. Hill, Y. Nishimura, M. Martin, and M.
Roederer. 2005. Massive infection and loss of memory CD4+ T cells in
multiple tissues during acute SIV infection. Nature 434:1093-7.

McBurney, S. P., and T. M. Ross. 2008. Viral sequence diversity: challenges
for AIDS vaccine designs. Expert Rev Vaccines 7:1405-17.

McCoombe, S. G., and R. V. Short. 2006. Potential HIV-1 target cells in the
human penis. Aids 20:1491-5.

McCormack, S., W. Stohr, T. Barber, P. A. Bart, A. Harari, C. Moog, D
Ciuffreda, C. Cellerai, M. Cowen, R. Gamboni, S. Burnet, K. Legg, E
Brodnicki, H. Wolf, R. Wagner, J. Heeney, M. J. Frachette, J. Tartaglia, A.
Babiker, G. Pantaleo, and J. Weber. 2008. EVV02: a Phase | trial to compare
the safety and immunogenicity of HIV DNA-C prime-NYVAC-C boost to
NYVAC-C alone. Vaccine 26:3162-74.

McElrath, M. J., S. C. De Rosa, Z. Moodie, S. Dubey, L. Kierstead, H.
Janes, O. D. Defawe, D. K. Carter, J. Hural, R. Akondy, S. P. Buchbinder,
M. N. Robertson, D. V. Mehrotra, S. G. Self, L. Corey, J. W. Shiver, and D.
R. Casimiro. 2008. HIV-1 vaccine-induced immunity in the test-of-concept
Step Study: a case-cohort analysis. Lancet 372:1894-905.

McMichael, A. J., F. M. Gotch, G. R. Noble, and P. A. Beare. 1983.
Cytotoxic T-cell immunity to influenza. N Engl J Med 309:13-7.

73



215.
216.
217.

218.

219.

220.

221.

222.

223.

224,
225.

226.
227.

228.

229.
230.

231.

74

McMichael, A. J., and S. L. Rowland-Jones. 2001. Cellular immune
responses to HIV. Nature 410:980-7.

Medzhitov, R. 2007. Recognition of microorganisms and activation of the
immune response. Nature 449:819-26.

Meisinger-Henschel, C., M. Schmidt, S. Lukassen, B. Linke, L. Krause, S.
Konietzny, A. Goesmann, P. Howley, P. Chaplin, M. Suter, and J.
Hausmann. 2007. Genomic sequence of chorioallantois vaccinia virus Ankara,
the ancestor of modified vaccinia virus Ankara. J Gen Virol 88:3249-59.
Mellors, J. W., A. Munoz, J. V. Giorgi, J. B. Margolick, C. J. Tassoni, P.
Gupta, L. A. Kingsley, J. A. Todd, A. J. Saah, R. Detels, J. P. Phair, and C.
R. Rinaldo, Jr. 1997. Plasma viral load and CD4+ lymphocytes as prognostic
markers of HIV-1 infection. Ann Intern Med 126:946-54.

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 272:1167-70.

Meseda, C. A., R. R. Stout, and J. P. Weir. 2006. Evaluation of a needle-free
delivery platform for prime-boost immunization with DNA and modified
vaccinia virus ankara vectors expressing herpes simplex virus 2 glycoprotein D.
Viral Immunol 19:250-9.

Migueles, S. A., C. M. Osborne, C. Royce, A. A. Compton, R. P. Joshi, K.
A. Weeks, J. E. Rood, A. M. Berkley, J. B. Sacha, N. A. Cogliano-Shutta,
M. Lloyd, G. Roby, R. Kwan, M. McLaughlin, S. Stallings, C. Rehm, M. A.
O'Shea, J. Mican, B. Z. Packard, A. Komoriya, S. Palmer, A. P. Wiegand,
F. Maldarelli, J. M. Coffin, J. W. Mellors, C. W. Hallahan, D. A. Follman,
and M. Connors. 2008. Lytic granule loading of CD8+ T cells is required for
HIV-infected cell elimination associated with immune control. Immunity
29:1009-21.

Miller, C. J., and K. Abel. 2005. Immune mechanisms associated with
protection from vaginal SIV challenge in rhesus monkeys infected with
virulence-attenuated SHIV 89.6. J Med Primatol 34:271-81.

Miura, T., M. A. Brockman, A. Schneidewind, M. Lobritz, F. Pereyra, A.
Rathod, B. L. Block, Z. L. Brumme, C. J. Brumme, B. Baker, A. C.
Rothchild, B. Li, A. Trocha, E. Cutrell, N. Frahm, C. Brander, I. Toth, E.
J. Arts, T. M. Allen, and B. D. Walker. 2009. HLA-B57/B*5801 human
immunodeficiency virus type 1 elite controllers select for rare gag variants
associated with reduced viral replication capacity and strong cytotoxic T-
lymphotye recognition. J Virol 83:2743-55.

Moir, S., and A. S. Fauci. 2008. Pathogenic mechanisms of B-lymphocyte
dysfunction in HIV disease. J Allergy Clin Immunol 122:12-9; quiz 20-1.
Mongkolsapaya, J., A. Jaye, M. F. Callan, A. F. Magnusen, A. J.
McMichael, and H. C. Whittle. 1999. Antigen-specific expansion of cytotoxic
T lymphocytes in acute measles virus infection. J Virol 73:67-71.

Montagnier, L. 2002. Historical essay. A history of HIV discovery. Science
298:1727-8.

Montoya, C. J., M. T. Rugeles, and A. L. Landay. 2006. Innate immune
defenses in HIV-1 infection: prospects for a novel immune therapy. Expert Rev
Anti Infect Ther 4:767-80.

Montoya, C. J., P. A. Velilla, C. Chougnet, A. L. Landay, and M. T.
Rugeles. 2006. Increased IFN-gamma production by NK and CD3+/CD56+
cells in sexually HIV-1-exposed but uninfected individuals. Clin Immunol
120:138-46.

Moore, A. C., and A. V. Hill. 2004. Progress in DNA-based heterologous
prime-boost immunization strategies for malaria. Immunol. Rev. 199:126.
Moorthy, V. S., E. B. Imoukhuede, S. Keating, M. Pinder, D. Webster, M.
A. Skinner, S. C. Gilbert, G. Walraven, and A. V. Hill. 2004. Phase 1
evaluation of 3 highly immunogenic prime-boost regimens, including a 12-
month reboosting vaccination, for malaria vaccination in Gambian men. J Infect
Dis 189:2213-9.

Morgan, C., M. Marthas, C. Miller, A. Duerr, C. Cheng-Mayer, R.
Desrosiers, J. Flores, N. Haigwood, S. L. Hu, R. P. Johnson, J. Lifson, D.



232.

233.

234.

235.

236.

237.

238.

239.
240.

241.

242.

243.

244,

245,

246.

Montefiori, J. Moore, M. Robert-Guroff, H. Robinson, S. Self, and L.
Corey. 2008. The use of nonhuman primate models in HIV vaccine
development. PLoS Med 5:e173.

Mosmann, T. R., and R. L. Coffman. 1989. TH1 and TH2 cells: different
patterns of lymphokine secretion lead to different functional properties. Annu
Rev Immunol 7:145-73.

Moss, B., M. W. Carroll, L. S. Wyatt, J. R. Bennink, V. M. Hirsch, S.
Goldstein, W. R. Elkins, T. R. Fuerst, J. D. Lifson, M. Piatak, N. P. Restifo,
W. Overwijk, R. Chamberlain, S. A. Rosenberg, and G. Sutter. 1996. Host
range restricted, non-replicating vaccinia virus vectors as vaccine candidates.
Adv Exp Med Biol 397:7-13.

Moss, P., and N. Khan. 2004. CD8(+) T-cell immunity to cytomegalovirus.
Hum Immunol 65:456-64.

Muller, M. C., and F. Barre-Sinoussi. 2003. SIVagm: genetic and biological
features associated with replication. Front Biosci 8:d1170-85.

Mussini, C., A. Bedini, V. Borghi, G. Guaraldi, R. Esposito, E. Barchi, R.
Enilia, A. Cozzi-Lepri, A. N. Philips, P. Ortolani, G. Bratt, L. E. Eriksson,
L. Sighinolfi, A. Cossarizza, A. d'Arminio Monforte, A. De Luca, S. Di
Giambenedetto, and A. Antinori. 2005. CD4 cell-monitored treatment
interruption in patients with a CD4 cell count > 500 x 106 cells/I. Aids 19:287-
94

Nahmias, A. J., J. Weiss, X. Yao, F. Lee, R. Kodsi, M. Schanfield, T.
Matthews, D. Bolognesi, D. Durack, A. Motulsky, and et al. 1986. Evidence
for human infection with an HTLV IHI/LAV-like virus in Central Africa, 1959.
Lancet 1:1279-80.

Nathans, R., H. Cao, N. Sharova, A. Ali, M. Sharkey, R. Stranska, M.
Stevenson, and T. M. Rana. 2008. Small-molecule inhibition of HIV-1 Vif.
Nat Biotechnol 26:1187-92.

Neil, S. J., T. Zang, and P. D. Bieniasz. 2008. Tetherin inhibits retrovirus
release and is antagonized by HIV-1 Vpu. Nature 451:425-30.

Neumann, E., M. Schaefer-Ridder, Y. Wang, and P. H. Hofschneider. 1982.
Gene transfer into mouse lyoma cells by electroporation in high electric fields.
Embo J 1:841-5.

Norman, J. P., S. W. Perry, H. M. Reynolds, M. Kiebala, K. L. De Mesy
Bentley, M. Trejo, D. J. Volsky, S. B. Maggirwar, S. Dewhurst, E. Masliah,
and H. A. Gelbard. 2008. HIV-1 Tat activates neuronal ryanodine receptors
with rapid induction of the unfolded protein response and mitochondrial
hyperpolarization. PLoS ONE 3:e3731.

Nyhus, J., A. M. Kran, M. A. Sommerfelt, I. Baksaas, B. Sorensen, and D.
Kvale. 2006. Multiple antigen concentrations in delayed-type hypersensitivity
(DTH) and response diversity during and after immunization with a peptide-
based HIV-1 immunotherapy candidate (Vacc-4x). Vaccine 24:1543-50.

Ott, G.,, G. L. Barchfeld, D. Chernoff, R. Radhakrishnan, P. van
Hoogevest, and G. Van Nest. 1995. MF59. Design and evaluation of a safe
and potent adjuvant for human vaccines. Pharm Biotechnol 6:277-96.

Pal, R., D. Venzon, N. L. Letvin, S. Santra, D. C. Montefiori, N. R. Miller,
E. Tryniszewska, M. G. Lewis, T. C. VanCott, V. Hirsch, R. Woodward, A.
Gibson, M. Grace, E. Dobratz, P. D. Markham, Z. Hel, J. Nacsa, M. Klein,
J. Tartaglia, and G. Franchini. 2002. ALVAC-SIV-gag-pol-env-based
vaccination and macaque major histocompatibility complex class | (A*01)
delay simian immunodeficiency virus SIVmac-induced immunodeficiency. J
Virol 76:292-302.

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 338:853-60.

Pantaleo, G., and R. A. Koup. 2004. Correlates of immune protection in HIV-
1 infection: what we know, what we don't know, what we should know. Nat
Med 10:806-10.

75



247.
248.

249.

250.

251.

252.
253.

254.

255,

256.

257.

258.

259.

260.
261.

262.

263.

76

Patterson, S., T. Papagatsias, and A. Benlahrech. 2009. Use of adenovirus in
vaccines for HIV. Handb Exp Pharmacol:275-93.

Pereyra, F., M. M. Addo, D. E. Kaufmann, Y. Liu, T. Miura, A. Rathod, B.
Baker, A. Trocha, R. Rosenberg, E. Mackey, P. Ueda, Z. Lu, D. Cohen, T.
Wrin, C. J. Petropoulos, E. S. Rosenberg, and B. D. Walker. 2008. Genetic
and immunologic heterogeneity among persons who control HIV infection in
the absence of therapy. J Infect Dis 197:563-71.

Perkus, M. E., A. Piccini, B. R. Lipinskas, and E. Paoletti. 1985.
Recombinant vaccinia virus: immunization against multiple pathogens. Science
229:981-4.

Perreau, M., G. Pantaleo, and E. J. Kremer. 2008. Activation of a dendritic
cell-T cell axis by Ad5 immune complexes creates an improved environment
for replication of HIV in T cells. J Exp Med 205:2717-25.

Peters, B. S., W. Jaoko, E. Vardas, G. Panayotakopoulos, P. Fast, C.
Schmidt, J. Gilmour, M. Bogoshi, G. Omosa-Manyonyi, L. Dally, L.
Klavinskis, B. Farah, T. Tarragona, P. A. Bart, A. Robinson, C. Pieterse,
W. Stevens, R. Thomas, B. Barin, A. J. McMichael, J. A. Mcintyre, G.
Pantaleo, T. Hanke, and J. Bwayo. 2007. Studies of a prophylactic HIV-1
vaccine candidate based on modified vaccinia virus Ankara (MVA) with and
without DNA priming: effects of dosage and route on safety and
immunogenicity. Vaccine 25:2120-7.

Petrovsky, N., and J. C. Aguilar. 2004. Vaccine adjuvants: current state and
future trends. Immunol Cell Biol 82:488-96.

Phillips, A. N., B. G. Gazzard, N. Clumeck, M. H. Losso, and J. D.
Lundgren. 2007. When should antiretroviral therapy for HIV be started? Bmj
334:76-8.

Philpott, S. M. 2003. HIV-1 coreceptor usage, transmission, and disease
progression. Curr HIV Res 1:217-27.

Pipkin, M. E., and J. Lieberman. 2007. Delivering the kiss of death: progress
on understanding how perforin works. Curr Opin Immunol 19:301-8.

Pitcher, C. J., C. Quittner, D. M. Peterson, M. Connors, R. A. Koup, V. C.
Maino, and L. J. Picker. 1999. HIV-1-specific CD4+ T cells are detectable in
most individuals with active HIV-1 infection, but decline with prolonged viral
suppression. Nat Med 5:518-25.

Popovic, M., M. G. Sarngadharan, E. Read, and R. C. Gallo. 1984.
Detection, isolation, and continuous production of cytopathic retroviruses
(HTLV-I11I) from patients with AIDS and pre-AlDS. Science 224:497-500.
Portales, P., J. Reynes, V. Pinet, R. Rouzier-Panis, V. Baillat, J. Clot, and
P. Corbeau. 2003. Interferon-alpha restores HIV-induced alteration of natural
killer cell perforin expression in vivo. Aids 17:495-504.

Priddy, F. H., D. Brown, J. Kublin, K. Monahan, D. P. Wright, J. Lalezari,
S. Santiago, M. Marmor, M. Lally, R. M. Novak, S. J. Brown, P. Kulkarni,
S. A. Dubey, L. S. Kierstead, D. R. Casimiro, R. Mogg, M. J. DiNubile, J.
W. Shiver, R. Y. Leavitt, M. N. Robertson, D. V. Mehrotra, and E. Quirk.
2008. Safety and immunogenicity of a replication-incompetent adenovirus type
5 HIV-1 clade B gag/pol/nef vaccine in healthy adults. Clin Infect Dis 46:1769-
81.

Prusiner, S. B. 2002. Historical essay. Discovering the cause of AIDS. Science
298:1726.

Ramjee, G., R. Govinden, N. S. Morar, and A. Mbewu. 2007. South Africa's
experience of the closure of the cellulose sulphate microbicide trial. PLoS Med
4:e235.

Rao, S. S., P. Gomez, J. R. Mascola, V. Dang, G. R. Krivulka, F. Yu, C. I.
Lord, L. Shen, R. Bailer, G. J. Nabel, and N. L. Letvin. 2006. Comparative
evaluation of three different intramuscular delivery methods for DNA
immunization in a nonhuman primate animal model. Vaccine 24:367-73.
Raviprakash, K., D. Ewing, M. Simmons, K. R. Porter, T. R. Jones, C. G.
Hayes, R. Stout, and G. S. Murphy. 2003. Needle-free Biojector injection of a
dengue virus type 1 DNA vaccine with human immunostimulatory sequences



264.

265.

266.
267.

268.

269.

270.
271.

272.

273.

274,

275.

276.
277.

278.

279.

and the GM-CSF gene increases immunogenicity and protection from virus
challenge in Aotus monkeys. Virology 315:345-52.

Redfield, R. R., D. L. Birx, N. Ketter, E. Tramont, V. Polonis, C. Davis, J.
F. Brundage, G. Smith, S. Johnson, A. Fowler, and et al. 1991. A phase |
evaluation of the safety and immunogenicity of vaccination with recombinant
gpl60 in patients with early human immunodeficiency virus infection. Military
Medical Consortium for Applied Retroviral Research. N Engl J Med 324:1677-
84.

Rietmeijer, C. A., J. W. Krebs, P. M. Feorino, and F. N. Judson. 1988.
Condoms as physical and chemical barriers against human immunodeficiency
virus. Jama 259:1851-3.

Robinson, H. L., and R. R. Amara. 2005. T cell vaccines for microbial
infections. Nat Med 11:525-32.

Robinson, H. L., D. C. Montefiori, F. Villinger, J. E. Robinson, S. Sharma,
L. S. Wyatt, P. L. Earl, H. M. McClure, B. Moss, and R. R. Amara. 2006.
Studies on GM-CSF DNA as an adjuvant for neutralizing Ab elicited by a
DNA/MVA immunodeficiency virus vaccine. Virology 352:285-94.

Robinson, H. L., S. Sharma, J. Zhao, S. Kannanganat, L. Lai, L.
Chennareddi, T. Yu, D. C. Montefiori, R. R. Amara, L. S. Wyatt, and B.
Moss. 2007. Immunogenicity in macaques of the clinical product for a clade B
DNA/MVA HIV vaccine: elicitation of IFN-gamma, IL-2, and TNF-alpha
coproducing CD4 and CD8 T cells. AIDS Res Hum Retroviruses 23:1555-62.
Roddy, R. E., L. Zekeng, K. A. Ryan, U. Tamoufe, S. S. Weir, and E. L.
Wong. 1998. A controlled trial of nonoxynol 9 film to reduce male-to-female
transmission of sexually transmitted diseases. N Engl J Med 339:504-10.
Rollman, E., and e. al. 2004. Multi-subtype gpl160 DNA immunization
induces broadly neutralizing anti-HIV antibodies. Gene Therapy 11:1146-1154.
Rollman, E., A. Brave, A. Boberg, L. Gudmundsdotter, G. Engstrom, M.
Isaguliants, K. Ljungberg, B. Lundgren, P. Blomberg, J. Hinkula, B.
Hejdeman, E. Sandstrom, M. Liu, and B. Wahren. 2005. The rationale
behind a vaccine based on multiple HIV antigens. Microbes Infect 7:1414-23.
Rols, M. P. 2008. Mechanism by which electroporation mediates DNA
migration and entry into cells and targeted tissues. Methods Mol Biol 423:19-
33.

Rosati, M., A. Valentin, R. Jalah, V. Patel, A. von Gegerfelt, C.
Bergamaschi, C. Alicea, D. Weiss, J. Treece, R. Pal, P. D. Markham, E. T.
Marques, J. T. August, A. Khan, R. Draghia-Akli, B. K. Felber, and G. N.
Pavlakis. 2008. Increased immune responses in rhesus macaques by DNA
vaccination combined with electroporation. Vaccine 26:5223-9.

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 278:1447-50.
Rowland-Jones, S., J. Sutton, K. Ariyoshi, T. Dong, F. Gotch, S. McAdam,
D. Whitby, S. Sabally, A. Gallimore, T. Corrah, and et al. 1995. HIV-
specific cytotoxic T-cells in HIV-exposed but uninfected Gambian women. Nat
Med 1:59-64.

Ruprecht, R. M. 1999. Live attenuated AIDS viruses as vaccines: promise or
peril? Immunol Rev 170:135-49.

Rutebemberwa, A., J. W. Bess, Jr., B. Brown, M. Arroyo, M. Eller, B.
Slike, V. Polonis, F. McCutchan, J. R. Currier, D. Birx, M. Robb, M.
Marovich, J. D. Lifson, and J. H. Cox. 2007. Evaluation of aldrithiol-2-
inactivated preparations of HIV type 1 subtypes A, B, and D as reagents to
monitor T cell responses. AIDS Res Hum Retroviruses 23:532-42.
Saez-Cirion, A., C. Lacabaratz, O. Lambotte, P. Versmisse, A. Urrutia, F.
Boufassa, F. Barre-Sinoussi, J. F. Delfraissy, M. Sinet, G. Pancino, and A.
Venet. 2007. HIV controllers exhibit potent CD8 T cell capacity to suppress
HIV infection ex vivo and peculiar cytotoxic T lymphocyte activation
phenotype. Proc Natl Acad Sci U S A 104:6776-81.

Salim Abdool Karim, A. C., B Richardson, G Ramjee, | Hoffman, M
Chirenje, T Taha, M Kapina, L Maslankowski, and L Soto-Torres. 2009.

77



280.
281.

282.

283.

284.

285.

286.

287.

288.
289.

290.

291.

292.

293.

294,

78

Presented at the Conference on Retroviruses and Opportunistic Infections,
Montreal, Canada, February 8-11.

Salk, J. 1987. Prospects for the control of AIDS by immunizing seropositive
individuals. Nature 327:473-6.

Sallusto, F., J. Geginat, and A. Lanzavecchia. 2004. Central memory and
effector memory T cell subsets: function, generation, and maintenance. Annu
Rev Immunol 22:745-63.

Sallusto, F., D. Lenig, R. Forster, M. Lipp, and A. Lanzavecchia. 1999. Two
subsets of memory T lymphocytes with distinct homing potentials and effector
functions. Nature 401:708-12.

Samson, M., F. Libert, B. J. Doranz, J. Rucker, C. Liesnard, C. M. Farber,
S. Saragosti, C. Lapoumeroulie, J. Cognaux, C. Forceille, G.
Muyldermans, C. Verhofstede, G. Burtonboy, M. Georges, T. Imai, S.
Rana, Y. Yi, R. J. Smyth, R. G. Collman, R. W. Doms, G. Vassart, and M.
Parmentier. 1996. Resistance to HIV-1 infection in caucasian individuals
bearing mutant alleles of the CCR-5 chemokine receptor gene. Nature 382:722-
5.

Sandberg, J. K., N. M. Fast, and D. F. Nixon. 2001. Functional heterogeneity
of cytokines and cytolytic effector molecules in human CD8+ T lymphocytes. J
Immunol 167:181-7.

Sandstrom, E., C. Nilsson, B. Hejdeman, A. Brave, G. Bratt, M. Robb, J.
Cox, T. Vancott, M. Marovich, R. Stout, S. Aboud, M. Bakari, K.
Pallangyo, K. Ljungberg, B. Moss, P. Earl, N. Michael, D. Birx, F. Mhalu,
B. Wahren, and G. Biberfeld. 2008. Broad Immunogenicity of a Multigene,
Multiclade HIV-1 DNA Vaccine Boosted with Heterologous HIV-1
Recombinant Modified Vaccinia Virus Ankara. J Infect Dis 198:1482-1490.
Sandstrom, E., and B. Wahren. 1999. Therapeutic immunisation with
recombinant gp160 in HIV-1 infection: a randomised double-blind placebo-
controlled trial. Nordic VAC-04 Study Group. Lancet 353:1735-42.
Satkauskas, S., M. F. Bureau, A. Mahfoudi, and L. M. Mir. 2001. Slow
accumulation of plasmid in muscle cells: supporting evidence for a mechanism
of DNA uptake by receptor-mediated endocytosis. Mol Ther 4:317-23.

Savina, A., and S. Amigorena. 2007. Phagocytosis and antigen presentation in
dendritic cells. Immunol Rev 219:143-56.

Schacker, T. W., J. P. Hughes, T. Shea, R. W. Coombs, and L. Corey. 1998.
Biological and virologic characteristics of primary HIV infection. Ann Intern
Med 128:613-20.

Scheid, J. F., H. Mouquet, N. Feldhahn, M. S. Seaman, K. Velinzon, J.
Pietzsch, R. G. Ott, R. M. Anthony, H. Zebroski, A. Hurley, A. Phogat, B.
Chakrabarti, Y. Li, M. Connors, F. Pereyra, B. D. Walker, H.
Wardemann, D. Ho, R. T. Wyatt, J. R. Mascola, J. V. Ravetch, and M. C.
Nussenzweig. 2009. Broad diversity of neutralizing antibodies isolated from
memory B cells in HIV-infected individuals. Nature.

Scott-Algara, D., L. X. Truong, P. Versmisse, A. David, T. T. Luong, N. V.
Nguyen, 1. Theodorou, F. Barre-Sinoussi, and G. Pancino. 2003. Cutting
edge: increased NK cell activity in HIV-1-exposed but uninfected Vietnamese
intravascular drug users. J Immunol 171:5663-7.

Scriba, T. J., H. T. Zhang, H. L. Brown, A. Oxenius, N. Tamm, S. Fidler, J.
Fox, J. N. Weber, P. Klenerman, C. L. Day, M. Lucas, and R. E. Phillips.
2005. HIV-1-specific CD4+ T lymphocyte turnover and activation increase
upon viral rebound. J Clin Invest 115:443-50.

Seaman, M. S., L. Xu, K. Beaudry, K. L. Martin, M. H. Bedall, A. Miura,
A. Sambor, B. K. Chakrabarti, Y. Huang, R. Bailer, R. A. Koup, J. R.
Mascola, G. J. Nabel, and N. L. Letvin. 2005. Multiclade human
immunodeficiency virus type 1 envelope immunogens elicit broad cellular and
humoral immunity in rhesus monkeys. J. Virol. 79:2956-2963.

Seth, A., Y. Yasutomi, H. Jacoby, J. C. Callery, S. M. Kaminsky, W. C.
Koff, D. F. Nixon, and N. L. Letvin. 2000. Evaluation of a lipopeptide
immunogen as a therapeutic in HIV type 1-seropositive individuals. AIDS Res
Hum Retroviruses 16:337-43.



295.

296.

297.

298.

299.

300.

301.

302.
303.
304.
305.
306.

307.
308.
3009.

310.
311.

312.

313.

Shoukry, N. H., A. Grakoui, M. Houghton, D. Y. Chien, J. Ghrayeb, K. A.
Reimann, and C. M. Walker. 2003. Memory CD8+ T cells are required for
protection from persistent hepatitis C virus infection. J Exp Med 197:1645-55.
Siliciano, J. D., and R. F. Siliciano. 2000. Latency and viral persistence in
HIV-1 infection. J Clin Invest 106:823-5.

Simon, A. J., D. R. Casimiro, A. C. Finnefrock, M. E. Davies, A. Tang, M.
Chen, M. Chastain, G. S. Kath, L. Chen, and J. W. Shiver. 2008. Enhanced
in vivo transgene expression and immunogenicity from plasmid vectors
following electrostimulation in rodents and primates. Vaccine 26:5202-9.
Sodroski, J., C. Rosen, F. Wong-Staal, S. Z. Salahuddin, M. Popovic, S.
Arya, R. C. Gallo, and W. A. Haseltine. 1985. Trans-acting transcriptional
regulation of human T-cell leukemia virus type Il long terminal repeat. Science
227:171-3.

Spearman, P., S. Kalams, M. Elizaga, B. Metch, Y. L. Chiu, M. Allen, K. J.
Weinhold, G. Ferrari, S. D. Parker, M. J. McElrath, S. E. Frey, J. D.
Fuchs, M. C. Keefer, M. D. Lubeck, M. Egan, R. Braun, J. H. Eldridge, B.
F. Haynes, and L. Corey. 2009. Safety and immunogenicity of a CTL
multiepitope peptide vaccine for HIV with or without GM-CSF in a phase |
trial. Vaccine 27:243-9.

Steigbigel, R. T., D. A. Cooper, P. N. Kumar, J. E. Eron, M. Schechter, M.
Markowitz, M. R. Loutfy, J. L. Lennox, J. M. Gatell, J. K. Rockstroh, C.
Katlama, P. Yeni, A. Lazzarin, B. Clotet, J. Zhao, J. Chen, D. M. Ryan, R.
R. Rhodes, J. A. Killar, L. R. Gilde, K. M. Strohmaier, A. R. Meibohm, M.
D. Miller, D. J. Hazuda, M. L. Nessly, M. J. DiNubile, R. D. lIsaacs, B. Y.
Nguyen, and H. Teppler. 2008. Raltegravir with optimized background
therapy for resistant HIV-1 infection. N Engl J Med 359:339-54.

Stephen, S. L., V. G. Sivanandam, and S. Kochanek. 2008. Homologous and
heterologous recombination between adenovirus vector DNA and chromosomal
DNA. J Gene Med 10:1176-89.

Stickl, H.-M. 1974. MVA vacciniation against smallpox: clinical tests with an
attenuated live vaccinia virus strain Dtsch Med Wochenschr 99:2386-92.
Stinchcombe, J. C., G. Bossi, S. Booth, and G. M. Griffiths. 2001. The
immunological synapse of CTL contains a secretory domain and membrane
bridges. Immunity 15:751-61.

Stott, E. J. 1991. Anti-cell antibody in macaques. Nature 353:393.

Strebel, K. 2003. Virus-host interactions: role of HIV proteins Vif, Tat, and
Rev. Aids 17 Suppl 4:525-34.

Stremlau, M., C. M. Owens, M. J. Perron, M. Kiessling, P. Autissier, and J.
Sodroski. 2004. The cytoplasmic body component TRIM5alpha restricts HIV-1
infection in Old World monkeys. Nature 427:848-53.

Suhasini, M., and T. R. Reddy. 2009. Cellular proteins and HIV-1 Rev
function. Curr HIV Res 7:91-100.

Sutter, G., and B. Moss. 1992. Nonreplicating vaccinia vector efficiently
expresses recombinant genes. Proc Natl Acad Sci U S A 89:10847-51.

Sutter, G., and B. Moss. 1995. Novel vaccinia vector derived from the host
range restricted and highly attenuated MVA strain of vaccinia virus. Dev Biol
Stand 84:195-200.

Tang, D. C., M. DeVit, and S. A. Johnston. 1992. Genetic immunization is a
simple method for eliciting an immune response. Nature 356:152-4.

Tatsis, N., S. W. Lin, K. Harris-McCoy, D. A. Garber, M. B. Feinberg, and
H. C. Ertl. 2007. Multiple immunizations with adenovirus and MVA vectors
improve CD8+ T cell functionality and mucosal homing. Virology 367:156-67.
Teleshova, N., T. Chang, A. Profy, and M. E. Klotman. 2008. Inhibitory
effect of PRO 2000, a candidate microbicide, on dendritic cell-mediated human
immunodeficiency virus transfer. Antimicrob Agents Chemother 52:1751-8.
Thacker, E. L., D. J. Holtkamp, A. S. Khan, P. A. Brown, and R. Draghia-
AKli. 2006. Plasmid-mediated growth hormone-releasing hormone efficacy in
reducing disease associated with Mycoplasma hyopneumoniae and porcine
reproductive and respiratory syndrome virus infection. J Anim Sci 84:733-42.

79



314.
315.

316.

317.
318.
319.

320.
321.

322.
323.

324.

325.

326.

327.

328.
329.
330.
331.

80

Thomson, M. M., and R. Najera. 2005. Molecular epidemiology of HIV-1
variants in the global AIDS pandemic: an update. AIDS Rev 7:210-24.
Thomson, M. M., L. Perez-Alvarez, and R. Najera. 2002. Molecular
epidemiology of HIV-1 genetic forms and its significance for vaccine
development and therapy. Lancet Infect Dis 2:461-71.

Thoulouze, M. 1., N. Sol-Foulon, F. Blanchet, A. Dautry-Varsat, O.
Schwartz, and A. Alcover. 2006. Human immunodeficiency virus type-1
infection impairs the formation of the immunological synapse. Immunity
24:547-61.

Tonini, T., S. Barnett, J. Donnelly, and R. Rappuoli. 2005. Current
approaches to developing a preventative HIV vaccine. Curr Opin Investig
Drugs 6:155-62.

Tonks, A. 2007. Quest for the AIDS vaccine. Bmj 334:1346-8.

Trautmann, L., L. Janbazian, N. Chomont, E. A. Said, S. Gimmig, B.
Bessette, M. R. Boulassel, E. Delwart, H. Sepulveda, R. S. Balderas, J. P.
Routy, E. K. Haddad, and R. P. Sekaly. 2006. Upregulation of PD-1
expression on HIV-specific CD8+ T cells leads to reversible immune
dysfunction. Nat Med 12:1198-202.

Trinvuthipong, C. 2004. Thailand's Prime-Boost HIV Vaccine Phase IIl.
Science 303:954-5.

Trkola, A., H. Kuster, P. Rusert, B. Joos, M. Fischer, C. Leemann, A.
Manrique, M. Huber, M. Rehr, A. Oxenius, R. Weber, G. Stiegler, B.
Vcelar, H. Katinger, L. Aceto, and H. F. Gunthard. 2005. Delay of HIV-1
rebound after cessation of antiretroviral therapy through passive transfer of
human neutralizing antibodies. Nat Med 11:615-22.

Trombetta, E. S., and 1. Mellman. 2005. Cell biology of antigen processing in
vitro and in vivo. Annu Rev Immunol 23:975-1028.

Tubiana, R., G. Carcelain, M. Vray, K. Gourlain, C. Dalban, A. Chermak,
C. Rabian, D. Vittecog, A. Simon, E. Bouvet, R. El Habib, D. Costagliola,
V. Calvez, B. Autran, and C. Katlama. 2005. Therapeutic immunization with
a human immunodeficiency virus (HIV) type 1-recombinant canarypox vaccine
in chronically HIV-infected patients: The Vacciter Study (ANRS 094). Vaccine
23:4292-301.

Turner, J. L., J. R. Kostman, A. Aquino, D. Wright, S. Szabo, R. Bidwell,
J. Goodgame, A. Daigle, E. Kelley, F. Jensen, C. Duffy, D. Carlo, and R. B.
Moss. 2001. The effects of an HIVV-1 immunogen (Remune) on viral load, CD4
cell counts and HIV-specific immunity in a double-blind, randomized,
adjuvant-controlled subset study in HIV infected subjects regardless of
concomitant antiviral drugs. HIV Med 2:68-77.

Tussey, L. G., U. S. Nair, M. Bachinsky, B. H. Edwards, J. Bakari, K.
Grimm, J. Joyce, R. Vessey, R. Steigbigel, M. N. Robertson, J. W. Shiver,
and P. A. Goepfert. 2003. Antigen burden is major determinant of human
immunodeficiency virus-specific CD8+ T cell maturation state: potential
implications for therapeutic immunization. J Infect Dis 187:364-74.

Ulmer, J. B., J. J. Donnelly, S. E. Parker, G. H. Rhodes, P. L. Felgner, V. J.
Dwarki, S. H. Gromkowski, R. R. Deck, C. M. DeWitt, A. Friedman, and et
al. 1993. Heterologous protection against influenza by injection of DNA
encoding a viral protein. Science 259:1745-9.

Underhill, K., D. Operario, and P. Montgomery. 2007. Systematic review of
abstinence-plus HIV prevention programs in high-income countries. PLoS Med
4:e275.

Wabhren, B., and M. Liu. 2004. Therapeutic vaccination against HIV. Expert
Rev Vaccines 3:5179-88.

Valentine, L. E., and D. I. Watkins. 2008. Relevance of studying T cell
responses in SIV-infected rhesus macaques. Trends Microbiol 16:605-11.
Walker, B. D. 2007. Elite control of HIV Infection: implications for vaccines
and treatment. Top HIV Med 15:134-6.

van Lunzen, J., T. Glaunsinger, I. Stahmer, V. von Baehr, C. Baum, A.
Schilz, K. Kuehlcke, S. Naundorf, H. Martinius, F. Hermann, T. Giroglou,
S. Newrzela, 1. Muller, F. Brauer, G. Brandenburg, A. Alexandrov, and D.



332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.
343.
344,
345.

346.

von Laer. 2007. Transfer of autologous gene-modified T cells in HIV-infected
patients with advanced immunodeficiency and drug-resistant virus. Mol Ther
15:1024-33.

Wang, B., K. E. Ugen, V. Srikantan, M. G. Agadjanyan, K. Dang, Y.
Refaeli, A. I. Sato, J. Boyer, W. V. Williams, and D. B. Weiner. 1993. Gene
inoculation generates immune responses against human immunodeficiency
virus type 1. Proc Natl Acad Sci U S A 90:4156-60.

Wang, R., T. L. Richie, M. F. Baraceros, N. Rahardjo, T. Gay, J. G.
Banania, Y. Charoenvit, J. E. Epstein, T. Luke, D. A. Freilich, J. Norman,
and S. L. Hoffman. 2005. Boosting of DNA vaccine-elicited gamma interferon
responses in humans by exposure to malaria parasites. Infect Immun 73:2863-
72.

Wang, S., J. S. Kennedy, K. West, D. C. Montefiori, S. Coley, J. Lawrence,
S. Shen, S. Green, A. L. Rothman, F. A. Ennis, J. Arthos, R. Pal, P.
Markham, and S. Lu. 2008. Cross-subtype antibody and cellular immune
responses induced by a polyvalent DNA prime-protein boost HIV-1 vaccine in
healthy human volunteers. Vaccine 26:3947-57.

Wang, Y., S. A. Blozis, M. Lederman, A. Krieg, A. Landay, and C. J.
Miller. 2009. The enhanced antibody responses elicited by a CpG adjuvant
does not improve the protective effect of an AT-2 inactivated SIV therapeutic
AIDS vaccine. Clin Vaccine Immunol.

Watkins, D. I, D. R. Burton, E. G. Kallas, J. P. Moore, and W. C. Koff.
2008. Nonhuman primate models and the failure of the Merck HIV-1 vaccine in
humans. Nat Med 14:617-21.

Wawer, M. J., R. H. Gray, N. K. Sewankambo, D. Serwadda, X. Li, O.
Laeyendecker, N. Kiwanuka, G. Kigozi, M. Kiddugavu, T. Lutalo, F.
Nalugoda, F. Wabwire-Mangen, M. P. Meehan, and T. C. Quinn. 2005.
Rates of HIV-1 transmission per coital act, by stage of HIV-1 infection, in
Rakai, Uganda. J Infect Dis 191:1403-9.

Weaver, E. A., Z. Lu, Z. T. Camacho, F. Moukdar, H. X. Liao, B. J. Ma,
M. Muldoon, J. Theiler, G. J. Nabel, N. L. Letvin, B. T. Korber, B. H.
Hahn, B. F. Haynes, and F. Gao. 2006. Cross-subtype T-cell immune
responses induced by a human immunodeficiency virus type 1 group m
consensus env immunogen. J Virol 80:6745-56.

Veenstra, J., I. G. Williams, R. Colebunders, L. Dorrell, S. E.
Tchamouroff, G. Patou, J. M. Lange, I. V. Weller, J. Goeman, S.
Uthayakumar, 1. R. Gow, J. N. Weber, and R. A. Coutinho. 1996.
Immunization with recombinant pl7/p24:Ty virus-like particles in human
immunodeficiency virus-infected persons. J Infect Dis 174:862-6.

Weiss, W. R., K. J. Ishii, R. C. Hedstrom, M. Sedegah, M. Ichino, K.
Barnhart, D. M. Klinman, and S. L. Hoffman. 1998. A plasmid encoding
murine granulocyte-macrophage colony-stimulating factor increases protection
conferred by a malaria DNA vaccine. J Immunol 161:2325-32.

Whatmore, A. M., N. Cook, G. A. Hall, S. Sharpe, E. W. Rud, and M. P.
Cranage. 1995. Repair and evolution of nef In vivo modulates simian
immunodeficiency virus virulence. J Virol 69:5117-23.

Vignali, D. A., L. W. Collison, and C. J. Workman. 2008. How regulatory T
cells work. Nat Rev Immunol 8:523-32.

Wong, P., and E. G. Pamer. 2003. CD8 T cell responses to infectious
pathogens. Annu Rev Immunol 21:29-70.

Voskoboinik, I., M. J. Smyth, and J. A. Trapani. 2006. Perforin-mediated
target-cell death and immune homeostasis. Nat Rev Immunol 6:940-52.

Yang, Z. Y., L. S. Wyatt, W. P. Kong, Z. Moodie, B. Moss, and G. J. Nabel.
2003. Overcoming immunity to a viral vaccine by DNA priming before vector
boosting. J Virol 77:799-803.

Yeni, P. G., S. M. Hammer, M. S. Hirsch, M. S. Saag, M. Schechter, C. C.
Carpenter, M. A. Fischl, J. M. Gatell, B. G. Gazzard, D. M. Jacobsen, D. A.
Katzenstein, J. S. Montaner, D. D. Richman, R. T. Schooley, M. A.
Thompson, S. Vella, and P. A. Volberding. 2004. Treatment for adult HIV

81



347.

348.

349.

350.

82

infection: 2004 recommendations of the International AIDS Society-USA
Panel. Jama 292:251-65.

Zhang, J. Y., Z. Zhang, X. Wang, J. L. Fu, J. Yao, Y. Jiao, L. Chen, H.
Zhang, J. Wei, L. Jin, M. Shi, G. F. Gao, H. Wu, and F. S. Wang. 2007. PD-
1 up-regulation is correlated with HIV-specific memory CD8+ T-cell
exhaustion in typical progressors but not in long-term nonprogressors. Blood
109:4671-8.

Zhao, J.,, L. Lai, R. R. Amara, D. C. Montefiori, F. Villinger, L.
Chennareddi, L. S. Wyatt, B. Moss, and H. L. Robinson. 2009. Preclinical
studies on HIV/AIDS vaccines: Inverse correlation between avidity of anti-Env
Ab and peak post challenge viremia. J Virol.

Zhu, T., L. Corey, Y. Hwangbo, J. M. Lee, G. H. Learn, J. I. Mullins, and
M. J. McElrath. 2003. Persistence of extraordinarily low levels of genetically
homogeneous human immunodeficiency virus type 1 in exposed seronegative
individuals. J Virol 77:6108-16.

Zou, S. M., P. Erbacher, J. S. Remy, and J. P. Behr. 2000. Systemic linear
polyethylenimine (L-PEI)-mediated gene delivery in the mouse. J Gene Med
2:128-34.





