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Abstract
Acquired immune deficiency syndrome (AIDS) is caused by a chronic infection by the human
immunodeficiency virus (HIV). Over the last 30 years, research in this area has made many
advances on the knowledge of the genetics of the virus and the role of its components in the
disease progression, thus giving rise to the development of more efficient therapeutic
strategies. HIV-1 viral protein R (Vpr) is an accessory and multifunctional protein that plays
an important role at multiple stages of the HIV-1 viral life cycle. This protein interacts with a
number of cellular and viral proteins and shows multiple activities including nuclear transport
of the pre-integration complex (PIC) to the nucleus, transcriptional activation, cell cycle arrest
at G2/M transition phase and induction of cell death via apoptosis. Vpr has been shown to
control many host cell functions through a variety of biological processes and by interaction
with several cellular pathways. The different functions of Vpr have been linked to
enhancement of viral replication and impairment of the immune system in HIV-1 infected
patients. Moreover, Vpr is required for efficient viral replication in non-dividing cells, namely
macrophages, promoting to some extent, viral replication in proliferating CD4+ T cells.
Importantly, Vpr mutations leading to functional defects in this protein have been correlated
with slow disease progression of HIV-infected patients and may constitute potential
therapeutic targets in future treatments.
This thesis will be mainly focused on HIV-1 Vpr, its functions and the multiple roles of this
viral protein during the virus replication cycle. A special attention will be drawn towards the
importance of its structural mutations on the progression of HIV infection.

Keywords: AIDS; HIV-1; Vpr; nuclear transport; G2 arrest, apoptosis; mutations
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Resumo
O síndrome da imunodeficiência adquirida (SIDA), é causado por uma infeção crónica pelo
vírus da imunodeficiência humana (HIV, do inglês “human immunodeficiency vírus”). Ao
longo dos últimos 30 anos, a investigação desenvolvida nesta área tem feito inúmeros avanços
no conhecimento da genética do vírus e do papel dos seus constituintes na progressão da
doença, dando origem ao desenvolvimento de estratégias terapêuticas mais eficazes. A
proteína viral R (Vpr, do inglês “viral protein R”) do vírus HIV-1 é uma proteína acessória
com múltiplas funções e que desempenha um papel importante nas várias fases do ciclo de
vida do HIV-1. Esta proteína interage com muitas outras proteínas celulares e virais e é
caracterizada pela sua participação em diferentes atividades, nomeadamente no transporte
nuclear do complexo de pré-integração (PIC, do inglês “pre-integration complex”) para o
núcleo, ativação da transcrição, interrupção do ciclo celular na fase de transição G2/M e
indução de morte celular por apoptose. A Vpr tem sido ainda descrita por controlar várias
funções da célula hospedeira através de diversos mecanismos biológicos e vias celulares. Para
além disso, as funções da Vpr têm sido associadas a um aumento da replicação viral e
disfunção do sistema imunitário em doentes infetados com HIV-1. Em células que não se
dividem, como é o caso dos macrófagos, a Vpr é necessária para que ocorra replicação viral
de forma eficiente, promovendo também este processo em células proliferativas, tais como os
linfócitos T CD4+. As mutações que ocorrem na Vpr podem originar defeitos funcionais nesta
proteína que têm sido correlacionados com uma forma mais lenta de progressão da doença em
indivíduos portadores de HIV, pelo que podem constituir um potencial alvo terapêutico em
tratamentos futuros.
Esta tese terá como tema principal a proteína Vpr do vírus HIV-1, as suas funções e os vários
papéis que desempenha durante o ciclo de replicação do vírus. Será dada uma especial
atenção à importância das suas mutações estruturais na progressão da infeção por HIV.
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1. Introduction
Human immunodeficiency virus type 1 (HIV-1), the causative agent of acquired immune
deficiency syndrome (AIDS), is a member of the lentivirus sub-family (1).
The HIV-1 genome encodes a 14 kDa accessory protein named viral protein R (Vpr) which is
a virion-associated protein composed of 96 amino acids (2). Vpr has a variety of biological
functions, including cell cycle G2 arrest, apoptosis induction, nuclear import of the preintegration complex (PIC), modulation of gene expression and suppression of immune
activation. Vpr contains a flexible N-terminal region, three alpha-helical domains and a
flexible C-terminal region. Each function of Vpr is attributed to one or more of its domains
and seems to correlate with the partners interacting with these domains. The role of Vpr in the
pathophysiology of AIDS is of particular interest since it causes many cellular dysfunctions.
Furthermore, Vpr is necessary for the efficient infection of non-dividing cells and
differentiated macrophages (reviewed in 3), which are important targets during the initial
stages of the infection, thus contributing for the establishment of viral reservoirs (4).
Numerous studies have demonstrated that mutations in HIV-1 Vpr could seriously affect its
known functions, leading to the expansion of several hypotheses about the role of Vpr in the
course of the infection. Indeed, the association of Vpr mutations with long-term nonprogressors (LTNPs) gave rise to the interest in this research field, due to the possibility of
developing therapeutic approaches directed to this viral protein that could interfere in the
virus life cycle.
The main reason for writing about this subject arouse from the knowledge acquired at the
Microbiology laboratory from the Faculty of Medicine of the University of Coimbra, while
collaborating in a study of HIV-1 vertical transmission. Since then, the growing awareness of
the role of Vpr in HIV-1 viral life cycle came as a particular interest in a research field where
the knowledge about this viral protein is currently under strong investigation. Moreover, the
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theme of this thesis brings new insights and new ideas for further development of research
work combining both clinic and basic research, which certainly will constitute a valuable
issue in these important areas.
The main objective of this thesis was to gather information underlying the principal functions
of Vpr in HIV-1 infection and viral replication. Furthermore, an extensive search through
published work about Vpr mutations was carried out in order to understand and correlate their
clinical implications with the progression of HIV-1 infection. Importantly, this topic is
thought to contribute to increase the ability to draw new lines of investigation directed to the
development of therapeutic strategies involving Vpr manipulation and ultimately, work on the
improvement of the quality of life of HIV-1 infected patients.

Rui Soares | 2013
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2. Materials and Methods
For the preparation of this work, we started with a brief description of AIDS and went
through the analysis of several studies describing the main characteristics of HIV virus, the
course of the infection and disease progression. Next we went deeper into the subject of this
thesis by searching for published data supporting a description on clinical implications of Vpr
mutations and their influence on disease progression under HIV infection. As such, we
focused on the structure and possible functions of the protein, its role during HIV cell cycle,
its mutations and how they can be involved in HIV disease progression.
A search of scientific articles related to the topics of this review was performed by searching
the PubMed database (http:// http://www.ncbi.nlm.nih.gov/pubmed/) using the keywords
“HIV and AIDS”; “HIV cell cycle”; “lentiviruses”; “Vpr functions”; “Vpr mutations”; “HIV1 associated pathologies” and “Vpr as a therapeutic target” to establish a relationship between
Vpr mutations and its role on HIV disease progression and the different clinical aspects that
may be determined by these protein alterations. Therefore, reviews and original articles
published in English were selected, dating from 1985 to the present (2013). Data from the
World Health Organization (WHO) available online was also used to refer to the actual
numbers related to HIV and AIDS in the world.

Rui Soares | 2013
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3. Overview of AIDS and HIV
Acquired immune deficiency syndrome (AIDS) is caused by a chronic infection with the
human immunodeficiency virus (HIV). Considered as an epidemic, the official start of AIDS
occurred in 1981 when the US Centres for Disease Control and Prevention (CDC) reported on
a cluster of Pneumocystis carinii (now P. jirovecii) pneumonia (PCP) in five homosexual men
(Centres for Disease Control. http://www.cdc.gov/mmwr/preview/mmwrhtmal/june_5.htm).
PCP is commonly found in the lungs of healthy people, although it can also be a source of
opportunistic infection, causing lung disease in people with a weak immune system.
However, there are strong evidences showing that HIV first crossed the simian-human species
barrier earlier, possibly in West Africa (5). According to the Global Health Observatory
(GHO) from the World Health Organization (WHO), the world number of people living with
HIV in 2010 was 34.0 million, compared to 28.6 million in 2001, representing approximately
a 17% increase. This reflects the high number of people newly infected with HIV, along with
significantly access to antiretroviral therapy, which contributed to reduce the number of
people dying from AIDS-related causes, namely since 2004-2005. Nevertheless, the WHO
African Region still bears the highest share of the global HIV burden, revealing that the
number of people infected with HIV in 2010 reached 22.9 million, 68% of the total global
number

of

infected

(http://www.who.int/gho/hiv/epidemic_status/cases_all_text/en/index.html).

subjects
Despite

the

improvements on HIV medications, the lower morbidity and death rates in the past decade,
there is still great variability in HIV disease progression. Therefore, understanding the basic
biology of the virus, the phases of disease progression, the genetic diversity and the cell cycle
of HIV, are subjects of crucial interest to find new therapeutic strategies to fight against this
fatal disease.

Rui Soares | 2013
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3.1. Phases of HIV disease progression
Over the last three decades, many efforts have been made on HIV research to study the virus
behaviour. There is abundant and current information about the impact of the infection on the
immune system as well as the dynamics of the acute and chronic infection. During the first
weeks of HIV infection, the patients often reveal symptoms of a flu-like illness together with
a rash, an illness termed acute HIV-1 infection syndrome (6). This initial phase of HIV
infection is then followed by a gradual decline of the immune system defenses. HIV has the
capacity to infect CD4+ lymphocytes and a variety of other cells in the organism, including
monocytes and thymocytes (7;8). The virus infects target cells via cell surface molecules,
including CD4+ and chemokine co-receptors (CXCR4, CCR5) (9). T-helper cells expressing
the protein CD4 in the surface, or CD4+ cells, play a central role in the immune response,
since they signal other cells, such as the CD8+ cytotoxic T cells and the B cells to execute
their functions (10). The progressive decline of CD4+ T cells is a major characteristic of HIV1 infection and CD4+ count in blood has been used as a marker of disease progression and
forthcoming to the development of the syndrome of AIDS. A healthy adult individual has
CD4+ counts of 800 to 1200 CD4+ T cells per mm3 of blood. The CD4+ T-cell depletion
induced by HIV infection will compromise many immunological functions essential for
effective defenses. Consequently, the immune system becomes weak and vulnerable. Once
the CD4+ count falls to numbers below 500 cells/mm3, it is considered that half of the immune
reserve has been destroyed and minor infections including cold stores (herpes simplex),
condyloma (warts) and fungal infections, thrush and vaginal candidiasis, frequently occur.
These infections are difficult to deal with, but not life threatening. However, as the CD4 + falls
to levels lower than 200 cells/mm3, the patients become particularly vulnerable to the serious
opportunistic infections and neoplasic processes typically associated with AIDS, the endstage of HIV disease. Therefore, AIDS is defined as a CD4+ count of <200 cells/mm3, or the

Rui Soares | 2013
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presence of a dangerous infection, namely PCP, toxoplasmosis, cytomegalovirus infections of
the eye or intestine, as well as debilitating weight loss, diarrhea, HIV dementia, cancers, such
as Kaposi’s sarcoma and lymphomas (11).
Indeed, monitoring and tracking individuals infected with HIV, together with clinical
observations, is currently based on two laboratory criteria: quantification of HIV viral load
and CD4+ lymphocyte count. Antiretroviral treatment (ART) should not only be based in
laboratory criteria, but also in clinical criteria, namely by testing the patient’s resistance to
antiretroviral agents. Present criteria are used to apply early therapy in symptomatic patients,
in asymptomatic patients older than 50 years with less than 350/mm3 CD4+, when viral load is
higher than 100,000 copies, when a rapid decline of CD4+ cells occurs, and at the time of
HCV (Hepatitis C virus) or HBV (Hepatitis B virus) coinfection takes place or in
serodiscordant couples. According to the European standards, treatment should be started as
soon as possible, depending on (http://www.aidsmap.com/CD4-cell-counts/page/1327484/):
-

Opportunistic infections and CD4+ less than 200/mm3;

-

CD4+ decrease to less than 350/mm3;

-

Occurrence of HIV-associated nephropathy or other specific organ failure and the
patient is over 50 years old, or in cases of pregnancy or malignancy;

-

Individual factors should always be considered, including willingness to adhere to
treatment and personal reasons.

However, until present, it was not possible to define a default limit in normal CD4+ count,
since this parameter may vary according to race, ethnicity, gender and geographic
distribution. Due to mechanisms that are not yet understood, HIV-1 infected patients show
different modes of disease progression. For instance, long-term non-progressors (LTNPs), i.e.,
those in which degradation of immunological status is not observed or there are no evident
symptoms of the disease, have the opportunity to delay the start of the treatment. On the other
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hand, potential fast progressors can take advantage of an early treatment start. Therefore,
knowing the potential of the disease progression may be a factor of high importance as it will
help to adjust the start of the therapy.

3.2. HIV transmission
HIV can be transmitted sexually, by contact with infected blood or by mother to child. During
sexual contact, the virus can cross the mucosal barrier of the vagina, vulva, penis or rectum,
reaching first the immune (dendritic) cells that ultimately carry the virus across the mucosa
(12). The immature dendritic cells (iDCs) are present at all mucosal surfaces and come into
contact with HIV-1. Once virus contact with iDCs is established, these cells can undergo
maturation and migrate to the lymph nodes, where they present processed antigens to T cells
and B cells, triggering an adaptive immune response against HIV-1 and the first cycle of
infection begins (reviewed in 13). Women are generally more likely to acquire HIV than men
during heterosexual intercourse due to female physiologic characteristics, namely the large
amount of mucosal surface area that is exposed to the seminal fluid (11). The risk of
heterosexual transmission is greatly decreased with consistent and correct condom use.
HIV can also spread by contact with infected blood, which commonly occurs between
individuals from risk groups, most often through the practice of reusing or sharing syringes
and needles to inject drugs (14). Occupational risk to healthcare workers also exists, mainly
through accidental needle stick or mucosal splash with HIV contaminated blood, although the
percentage of infection by this type of transmission is very low (11).
There is a risk of vertical HIV transmission from the mother to the fetus or newborn, either
during pregnancy or by breast feeding. Optimal interventions, including ART, caesarean
delivery and formula feeding have reduced the rate of mother-to-child transmission of HIV-1
from about 25% to 1% to 2% in developed countries (15).

Rui Soares | 2013
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3.3. Factors that may influence viral load and disease progression
Disease progression in HIV infected patients is likely to be dependent on a number of
physiological and psychosocial factors. Drug abuse, high-risk sex behaviours and depression
may be important elements in the utilization of available HIV prevention and treatment
resources (16).
Once HIV enters the organism, it replicates very rapidly, producing a viral burst that infects
many CD4+ cells and gets into all lymphatic tissue. In this early infection, viral load can reach
millions of virions per ml of blood, which increases the risk of HIV transmission to other
recipients. It has been identified a number of key factors with a strong impact on the rate and
severity of HIV infection namely, the type of immune response, age, behavioural variables
and coinfection with other sexually transmitted diseases (11). In this context, LTNPs are
patients who have been infected with the HIV virus for more than 10 years and, yet, are
clinically healthy, without any treatment and developed characteristics that demonstrate a
beneficial anti-HIV immune response (11;17). Coinfections may also have a role in HIV
disease progression. For example, in individuals who were under ART, infection with
hepatitis C virus (HCV) was associated with a lower CD4+ cell number (18). Furthermore, in
the absence of ART, older individuals have higher rates of disease progression than younger
adults. This could be due to fewer naïve cells and more memory CD4+ cells (the preferred
target of HIV infection), which occurs with age. Moreover, it seems that either the memory
cells are more rapidly depleted or the bone marrow and thymus cannot cope with cell loss in
older people (11).

Rui Soares | 2013
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4. HIV- The virus
HIV has two genetically distinct viral types (19). HIV-1 is the type associated with the disease
in the USA, Europe, Central Africa and most other areas in the World. HIV-2 has been found
mainly in infected individuals in Western Africa. It shares a high degree of similarity with
HIV-1, since it shows the same tropism for cells of the immune system and leads to illness
resulting in immune deficiency. All HIV types and subtypes are thought to have origin from
zoonotic introductions from nonhuman primates (20).
HIV is a member of the viral family Retroviridae (retroviruses) and belongs to the sub-family
Retrovirinae, genus Lentivirus, or “slow” viruses (11;21), that are characterized by their use
of viral reverse transcriptase (RT) and IN (integrase) for stable insertion of viral genomic
information into the host genome. Unlike other retroviruses, lentiviruses can replicate in nondividing cells (22-24) and cause slowly progressive diseases, including immunodeficiency,
anaemia, pneumonitis and encephalitis, in their specific hosts (human, monkey, cat, horse,
cow, goat and sheep) (reviewed in 24). Moreover, the course of the infection caused by these
viruses is characterized by a long period between the initial infection and the onset of the
severe symptoms.

4.1. HIV-1 genome and viral particles
Like all viruses, HIV can only replicate inside the host cells, by sequestering the cell’s
machinery to reproduce. Retroviruses have their genetic material composed of ribonucleic
acid (RNA) molecules. HIV has two copies of a single-stranded RNA genome of
approximately 9 kb in length that encodes 15 individual proteins (Figure 1A). The three
largest open-reading frames encode its three major structural proteins, namely: Gag, Pol and
Env. The gag gene encodes viral core proteins [consisting of matrix (MA), capsid,
nucleocapsid and p6 proteins], whereas the pol gene encodes a set of enzymes required for
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viral replication [proteases (PR), RT and IN proteins]. The env gene encodes the viral
glycoprotein gp160 from the virus surface. In addition to these major proteins, the viral
genome also encodes the regulatory proteins Tat and Rev, which are responsible for the
activation of the transcription and control of the splicing and nuclear exports of viral
transcripts, respectively. Furthermore, there are four other genes that encode the accessory
proteins Vif (viral infectivity factor), Vpr, Vpu (viral protein U) and Nef (negative factor).
The viral genome is flanked by long terminal repeats (LTRs) that are involved in viral
transcription, reverse transcription and integration (Figure 1A).
Gag and pol genes encode HIV core proteins that are synthesized from the same transcripts
by a ribosomal frameshift (24), which compose the core structure of the infectious viral
particle, called the virion. The Gag-Pol precursor protein is also packaged and proteolytically
cleaved into their constitutive parts during maturation of the virion, making them available to
carry out their respective functions upon infection of a new cell. Env gp160 protein is cleaved
in gp120 and gp41, the outer HIV virion’s membrane proteins. Gp120 is referred to as the
surface subunit (SU) and gp41 as the transmembrane (TM) subunit. Both gp120 and gp41 are
essential for normal infection of CD4+ cells by the virus. Once encapsidated, each virion
contains Gal, Pol and Env proteins, accessory proteins Vif, Vpr and Nef and two copies of the
viral genomic RNA (Figure 1B) (reviewed in 24).
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A

B

Figure 1 – Schematic representations of the viral genome and structure of HIV-1.
A – The HIV-1 viral genome encodes three structural proteins (Gag, Pol and Env), the regulatory
proteins Rev and Tat and the accessory proteins Vif, Vpr, Vpu and Nef. The Gag precursor consists of
MA, capsid protein (CA), nucleocapsid protein (NC) and p6. The Gag-Pol precursor protein encodes
three essential replication enzymes: RT, IN and PR. The Env gene encodes the viral glycoprotein
gp160, which is cleaved in gp120 (referred as SU) and gp41 (referred as TM). The RRE domain is
also represented, which is located at the Env region of HIV is also represented. B – The viral RNA,
RT, PR, IN and the accessory proteins are surrounded by CA (p24). The inner and the outer viral
membranes are coated with MA (p17) and Env, respectively.
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4.2. HIV-1 infection
The first step in HIV infection cycle is the attachment of a viral particle (SU) to the primary
receptor CD4 and to its co-receptor CXCR4 (CXC chemokine receptor 4), expressed on Tlymphocytes or CCR5 on monocytes/macrophages, DCs and activated T-lymphocytes. Upon
recognition of the receptor, TM changes its conformation to facilitate HIV membrane fusion
with the host cell, leading to viral entry (Figure 2). After fusing the host cell, the capsid
proteins from the virus are uncoated, leading to the release of two copies of the viral RNA and
matrix protein, RT, IN and Vpr proteins into the cytoplasm. Once there, HIV RT converts the
positive sense RNA strand into double-stranded DNA, the nucleic acid form in which the
cells carry their genes. The newly synthetized HIV DNA is imported into the nucleus, where
the HIV IN helps splicing the viral DNA into the host’s DNA. This integrated form of the
virus is known as provirus (24). Once the viral DNA is integrated into the host cell DNA, the
cell, if activated, will produce new viral proteins. This process occurs by copying the DNA
back to RNA through a mechanism called transcription, which is controlled by both the host
cell and the viral genes. In a more detailed description, after integration of the proviral DNA,
the LTRs at the ends of the viral genome will regulate transcription and polyadenylation of
viral mRNAs. The LTR at the 5’-end of the genome acts as a combined enhancer and
promoter for transcription by host cell RNA polymerase II. The LTR at the 3’-end of the
genome helps stabilizing these transcripts by mediating polyadenylation. In the absence of the
viral transactivator Tat, the basal promoter activity by the 5’-LTR is minimal. Initial
transcription in the absence of Tat is inefficient and produces viral mRNAs that are spliced
into short transcripts, which encode the non-structural proteins Tat, Rev and Nef that facilitate
subsequent events in the viral life cycle. Newly synthesized Tat binds to transactivationresponse element (TAR) on the 5’-end of HIV-1 mRNAs and transactivates and amplifies the
transcription process of other structural viral proteins (25). At the same time, Rev binds to the
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Rev-responsive element (RRE) on the viral transcripts to facilitate nuclear export of singly
spliced or non-spliced viral transcripts and genomes (26). These singly spliced transcripts
encode Env, Vif, Vpr and Vpu, whereas non-spliced viral RNAs are used for translation of
Gag and Pol and as the genomic RNAs for progeny viruses. Exported viral genomes and
proteins are assembled at the plasma membrane. After release from the host cell,
multimerization of Gag and Gag-Pol activates the viral PR that converts these immature
virions into mature infectious viruses (27;28) (Figure 2). A single cell can make thousands of
infectious particles of HIV, either chronically, over weeks, or as a single burst resulting in cell
death.

Figure 2 – Schematic view of the HIV-1 life cycle. The HIV envelope glycoproteins interact
with CD4 receptors to enter the host cells. HIV outer membrane fuses with the host cell membrane,
leading to the virus-host-cell-fusion. The viral capsid core then disassembles and viral nucleic acids
enter the cytosol together with virion proteins. RT converts RNA into cDNA which is transported to
the host cell nucleus, where IN mediates the integration of viral cDNA into the host cell DNA.
Expression of the viral DNA produces a precursor polypeptide that is proteolytically cleaved by HIV
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protease to give mature structural and functional proteins. The proteins will then assemble with HIV
RNA at the cell membrane, from which they bud to release new mature virions

5. HIV-1 Viral Protein R (Vpr)
The Vpr of HIV-1 is a small basic protein (14 kDa) constituted by 96 amino acids that is
highly conserved among primate lentiviruses, namely HIV-1, HIV-2 and SIV (simian
immunodeficiency virus) (29). Vpr was isolated almost two decades ago (30;31) and
numerous studies along these last 20 years have shown that it is a multifunctional protein.
Therefore, Vpr is reported to exhibit numerous biological activities, including modulation of
transcription of the virus genome (32;33), induction of T-cell apoptosis and defects in mitosis
(34-36), nuclear transport of the HIV-1 pre-integration complex (PIC) (37), facilitation of
reverse transcription (38), reduction of the HIV mutation rate (39) and protein transduction
through cell membranes (40) (Figure 3).

Figure 3 – The role of Vpr in HIV-1 infection. This diagram represents the principal processes
in which Vpr is involved during HIV-1 life cycle. Vpr has been shown to be a multifunctional protein
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that is involved in the nuclear import of the PIC, reverse-transcription process, HIV-LTR
transactivation, cell cycle progression and regulation of apoptosis.

Furthermore, Vpr was shown to mediate many processes that contribute to HIV-1 infection,
evasion of the immune system and persistence in the host, thus having a role in the morbidity
and mortality of AIDS. Taking this into account and the numerous functions that Vpr plays in
the viral life cycle, it has been suggested as an attractive and potential target for therapeutic
intervention (41).
Vpr is expressed at the late stage of the virus life cycle, but it is present during the early
phases of infection of the target cells, since it is packaged into virions released from the
producing cells. Incorporation of Vpr occurs through a direct interaction with the C-terminal
p6 region of the Gag precursor (42). While the integrity of the α-helices of Vpr is required for
efficient packaging into virions (43), a leucine-rich motif found in the p6 region of the Gag
precursor is directly involved in the interaction with Vpr (44;45). Efficient incorporation of
Vpr was found to be estimated with a Vpr/Gag ratio of approximately 1:7 (46) that may
represent 275 molecules of Vpr per virion. Incorporation of Vpr into HIV-1 virions is blocked
by a set of mutations occurring in different regions of the protein, indicating that different
domains of Vpr may be involved in its incorporation into virions (section 6).

5.1. Structure of Vpr
The tertiary structure of Vpr was determined by Morellet and colleagues (2003) (47) who
performed a nuclear magnetic resonance (NMR) analysis of the full length (1-96)
polypeptide. Vpr contains three α-helical domains with amphipathic properties, which are
linked by loops and are folded around a hydrophobic core (47) surrounded by a flexible Nterminal domain and a C-terminal arginine-rich region that are negatively and positively
charged, respectively (Figure 4).
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Figure 4 – The three-dimensional structure of Vpr. Representation of the N- and C-terminal
domains (in brown), the α-helix 1 (in blue), the α-helix 2 (in light blue) and the α-helix 3 (in green).

The N-terminal domain is characterized by the presence of four conserved prolines in the
positions 5, 10, 14 and 35 that show cis/trans isomerization (48). Zander and co-workers
(2003) (49) reported an interaction between the cellular peptidylprolyl isomerase cyclophilin
A and Vpr via prolines in position 14 and 35, which insured the correct folding of the viral
protein. Furthermore, the C-terminal domain of Vpr contains six arginines between residues
73 and 96, showing similarity with dose of arginine-rich protein transduction domains and
may be the explanation for the transducing properties of Vpr, including its capacity to cross
cell membrane lipid bilayers. Indeed, alterations in the cell cycle, including apoptosis, cellcycle arrest and defects in mitosis, are mostly carried out by the C-terminal domain of Vpr,
although alterations in the cell cycle by other regions of Vpr have also been described
(reviewed in 50).
Investigation of the structure of Vpr, led to the identification of three α-helical domains, α-H1
[13-33], α-H2 [38-50] and α-H3 [55-77] as well as other structural properties capable of
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mediating a variety of biological functions (47). Indeed, Vpr’s structure allows the direct
binding of many cellular proteins, which seems to enable Vpr to mediate functions related
with nuclear import and G2 arrest. The three α-helices have been implicated in Vpr mediated
nuclear localization (reviewed in 41), whereas the G2 arrest capacity of Vpr has been mainly
assigned to the C-terminal region of the protein (51).

5.2. Vpr and nuclear transport of HIV-1 pre-integration complex (PIC)
Resting T cells and terminally differentiated macrophages are important targets for viral
replication during the initial steps of infection. Such primary infection of these cell
populations contributes to establish virus reservoirs that are determinant for subsequent
dissemination of the virus to lymphoid organs and T-helper lymphocytes (52). Lentiviruses
such as HIV-1 have developed a strategy to import their own genome through the envelope of the
interphasic nucleus via an active mechanism 4-6h after infection of non-dividing cells (53). After

virus entry into the cell, the viral capsid is immediately uncoated and the genomic HIV-1
RNA is transformed in the full length double-stranded DNA by RT. This viral DNA then
associates with viral and host cell proteins into the so-called PIC. Indeed, the ability of HIV-1
to replicate in non-dividing cells depends on the active nuclear import of the PIC (54). Vpr
has been reported to increase the transport of the proviral DNA into the nucleus of nondividing cells by promoting direct or indirect interactions with the cellular machinery that
regulates nucleus-cytoplasm shuttling (reviewed in 50).
In normal cells, nuclear transport of a particular protein is a two-step process, which includes
an energy-independent step involving the docking of the cargo protein to the nuclear envelope
(NE) and the subsequent energy-dependent translocation and release of the cargo protein from
the NE into the nucleoplasm. The imported protein usually carries a nuclear localization
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sequence (NLS) domain, consisting of a short region of basic amino acids (lysines and
arginines) (55;56).
In addition to Vpr, the viral proteins MA and IN have been reported to take part in nuclear
entry. Both proteins hold a functional NLS sequence and the nuclear import function of these
proteins requires classical cellular collaborators, namely importin-α and importin-β.
Furthermore, the HIV-1 central DNA flap and capsid protein also play a role in the PIC
nuclear targeting (57;58), promoting nuclear localization by a linked mechanism that involves
PIC uncoating. Thus, HIV-1-PIC nuclear entry can be mediated by multiple and, sometimes,
redundant nuclear localization signals (41).

The NLS- and M9-dependent pathways were described as two classical pathways for the
transport of proteins across the nuclear pore complex (NPC). The NLS pathway involves the
binding of a peptide holding a NLS signal to importin-α via central armadillo repetitive
motifs. Importin-α binds to importin-β through and amino-terminal importin-β-binding (IBB)
domain (59;60). The binding of the classical NLS to importin-α cannot occur until this IBB
binding to importin-β is processed, which leads importin-α to exhibit an internal NLS (60).
This multiprotein structure then interacts with the NPC, while importin-β transports this NLS
component into the nucleoplasm. The GTPase Ran/TC4 is also involved in NLS mediated
nuclear transport. In the M9-dependent pathway, transportin facilitates both nuclear import
and export of RNA binding protein heterogeneous nuclear ribonucleoprotein A1 (hnRNP A1)
by recognizing a M9 signal sequence (reviewed in 41). Like the classical NLS system, M9
nuclear trafficking is also dependent on the function of Ran/TC4 (61).
Localization of Vpr into the nucleus appears to use cellular machinery independent from the
classical NLS and M9 pathways. While MA protein was shown to be inhibited by NLS
blocking peptides and dominant negative importin-α, Vpr nuclear transport was not affected
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by none of the treatments mentioned, which strongly supports the concept that Vpr works in a
NLS-independent manner (62). Furthermore, Vpr mediated import was also unaffected by
treatment with RanQ69L, a dominant negative form of Ran, that inhibits both M9 and NLS
pathways (61;63;64). Studies with GTPγS, a nonhydrolyzable GTP that inhibits Ran function
(65-67), demonstrated that this molecule exerted no effect on Vpr localization, further
suggesting that Vpr localizes into the nucleus in a non-established, Ran-independent manner
(68). In addition, Vpr nuclear localization also seems to be independent of energy, or at least
seems to require less energy than the conventional transport. Incubation with adenosine
triphosphate (ATP) was shown to impact on the localization of proteins that use the classical
NLS, however, it had no effect on Vpr localization (68). Kamata et al. (2005) suggested that
Vpr could enter the nucleus via two different mechanisms: one involving importin-α and the
other involving energy (69). Nevertheless, it is consensual that Vpr may use importin-α in a
non-classical energy-independent manner; even so it is possible that it may also use a yet
undetermined mediator in the absence of importin-α in a process involving ATP.
According to Vpr’s ability to promote nuclear localization of the PIC, this protein has been
shown to be essential for efficient HIV-1 and HIV-2 infection of macrophages (reviewed in
41). However, there is some controversy around this issue. While HIV-1 IN can compensate
the loss of Vpr at high multiplicity of infection (MOI) of the virus (62;70), there are other
studies showing that HIV-1 deficient for Vpr is non-efficient in macrophages, at least in part
due to its inability to cross nuclei of non-dividing mononuclear cells (reviewed in 41).
Moreover, Vpr was shown to directly be involved in targeting the HIV-1 PIC to the NE (71).
It was also reported that Vpr’s nuclear localization and consequent G2 arrest properties have
an important role in HIV-1 infection of primary CD4+ T-cells, no matter the proliferative
status (72;73). In vivo studies demonstrated that HIV-1 clearly infects resting T cells, where
Vpr mediated transport of the PIC into the nucleus was expected to be relevant. However,
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Vpr’s action seemed to be required for CD4+ T-cell infection, even under promoting
proliferation conditions. Therefore, it may be inferred that the transport of the PIC across the
NE is important in both proliferating and resting T-cells and macrophages in vivo. The
karyophilic Vpr properties required for infection of proliferating cells suggest that the
targeting of the PIC to the NPC is a characteristic of lentiviral infection, irrespective of cell
cycle progression. Analysing these facts from an evolutionary perspective, one can infer that
lentiviruses may have evolved to infect non-dividing macrophages and may have expanded
later to infect T-cells, although continuing using the infection machinery from the original
non-dividing, target cell populations. Indeed, macrophages are a common target of all known
naturally occurring lentiviruses (41). T-cell infection is a common process only to lentiviruses
that cause immunodeficiency, suggesting once again that these cells may probably be later
targets of tropism during evolution of lentiviral viruses. In this context, Vpr may contribute to
nuclear localization, while other viral proteins, such as capsid, may help in additional
mechanisms necessary for an efficient infection of non-dividing cells. Therefore, Vpr seems
to be an important mediator of human lentiviral infection, due to its nuclear localization
properties, which may constitute an important effect during periods of low HIV-1 plasma
viral load or transmission between individuals.

5.3. Vpr coactivator function in the HIV-1 LTR-mediated transcription
Vpr has been described to promote HIV-1 LTR gene transcription through interactions with
several transcription factors in both proliferating T-cells and non-dividing macrophages.
Subsequent to the integration of HIV-1 proviral DNA into the human genome, Vpr promotes
HIV-1 viral genes transcription by direct interaction with the LTR promoter. LTR gene
transcription mediated by Vpr is reached by association of this protein with a variety of
transcription factors or co-factors on the LTR promoter. DNA-protein binding assays have
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revealed a direct binding of Vpr to the LTR DNA sequences that include a number of
transcriptional binding sites on LTR, namely the nuclear factor kappa B (NF-kB); specificity
protein 1 (SP1), a Tat responsive RNA element; p300/CBP binding sites and the adjacent
CCAAT-enhancer-binding proteins (C/EBP) sites (reviewed in 74). Therefore, in the presence
of Vpr, viral production is likely amplified via coactivation of the HIV-1 LTR by a
mechanism that seems to be dependent on multiple binding sites within the viral LTR.
Furthermore, it should be mentioned that Vpr also promotes transcription of un-integrated or
pre-integrated HIV-1 gene expression (75;76). For example, enhancement of the preintegration mediated by Vpr is LTR-dependent and selective, which mainly increases the
transcription of Gag and Nef genes (75). Thus, Vpr from both virion or newly synthesized,
was shown to be essential for un-integrated viral DNA gene expression, in particularly Nef. In
the absence of Vpr, the expression of un-integrated viral DNA is decreased 10 to 20-fold (76).

5.4. Vpr and induction of cell cycle G2 arrest
Numerous studies have focused on the ability of Vpr to inhibit host cell proliferation by
blocking infected cells in the G2/M phase of the cell cycle, which is usually denominated G 2
arrest (74;77-79). In brief, G2 phase is the third and final subphase of interphase in the cell
cycle, directly preceding mitosis. It follows the successful completion of S phase, during
which the cell’s DNA is replicated. Vpr’s induction of cell cycle G2 arrest is believed to
supress human immune capacity and function by preventing T-cell cloning expansion (80). In
addition, this process is thought to provide an optimized cellular environment for maximal
levels of viral replication since the transcription levels of the provirus is higher during G2
(81;82). Induction of cell cycle G2 arrest by Vpr is a highly conserved activity, since similar
effects were observed also in other eukaryotes such as fission yeast (Schizosaccharomyces
pombe) (reviewed in 74).
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Several proteins and genes control the eukaryotic cell cycle. Cyclin-dependent protein kinases
(CDKs) initiate the crucial steps of the cell cycle by phosphorylating specific protein targets.
This phosphorylation activity is tightly dependent on binding to cyclins, resulting in CDKcyclin complexes, which are regulated either by inhibitory phosphorylation of the CDK
subunit or by binding to inhibitory molecules identified as CDKs inhibitors (83). G2 arrest is
characterized by low levels of cyclin B1-p34Cdc2 activity and inhibitory phosphorylation of
p34Cdc2. Indeed, Vpr was shown to induce in vitro cell cycle G2 arrest specifically through
inhibition of the phosphatase Cdc25C, which normally activates cyclin B1-p34Cdc2. In the
absence of Cdc25C phosphatase activity, cyclin B1-p34Cdc2 remains in its phosphorylated
form, which is inactive, therefore arresting the cell cycle (reviewed in 74).
Another evidence of Vpr-induced G2 arrest is the involvement of ubiquitin (Ub) proteasome
system (UPS). There are recent information regarding an interaction between Vpr and a
specific Cullin Ub E3 ligase known as Cul4A-DDB1-DCAF1, or VprBD, in the G2 arrest
process (74). This E3 ligase association is mediated through direct interaction of Vpr binding
protein (VprBP) with Vpr on chromatin (84;85), interfering with the DNA replication
machinery of infected cells, resulting in cell cycle arrest (86). As the Cul4A-DDB1-DCAF1
complex is involved in proteasomal degradation, it was suggested that G2 arrest was Vprinduced through degradation of an unknown protein needed for cell progression from G2
arrest to mitosis (86). Recently, Li et al. (2010), identified Cdc25C to be one of those
unidentified proteins as a downstream effector during Vpr-induced cell cycle G2 arrest (87).

5.5. Vpr and apoptosis
HIV infection causes a depletion of CD4+ T cells in AIDS patients, which leads to an
impaired immune system and a decrease in its capacity to fight against opportunistic
infections. The major mechanism for CD4+ T cell depletion in HIV-1 infection is
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programmed cell death, or apoptosis. Vpr is also known to cause cell death; however, its role
in this process is still unclear. Even so, the cytotoxic effect is predicted to be associated with
clinical symptoms such as dementia and the painful neuropathy of HIV-1 infected patients
(88;89). On the other hand, there is evidence that Vpr is a cell-penetrating protein that is
present in the fluids of HIV-infected patients, potentially leading to apoptosis of bystander
cells (90).
Apoptosis is regulated by one of two recognized pathways: the extrinsic and intrinsic
pathways.

Both of them share identical features and molecules, namely caspases. The

extrinsic pathway is initiated by external stimuli that are detected by cell death receptors
localized on the cell membrane. The intrinsic pathway in centred on mitochondria and is
characterized by the release of particular apoptosis-triggering molecules (91;92). Several lines
of evidence have shown that HIV-1 Vpr is able to induce the intrinsic pathway of apoptosis in
a large number of cell lines and promote apoptosis during HIV-1 infection. Furthermore, Vpr
not only induced apoptosis in infected cells, but it has also been suggested to trigger this cell
death mechanism in uninfected bystander cells (33).
Research studies on apoptosis indicate that mitochondrial intermembrane proteins, such as
adenine nucleotide translocator (ANT), apoptosis-inducing factor (AIF), cytochrome c (cyt c),
procaspases and heat-shock proteins (HSPs), are released during apoptosis and are essential
for the activation of caspases and DNases. A major pathway for Vpr-induced apoptosis is
through the mitochondria. This intrinsic pathway is initiated by mitochondrial membrane
permeabilization (MMP) (93). Vpr is thought to induce MMP through binding to ANT protein
at its C-terminal domain (94;95) possibly upon crossing the outer mitochondrial membrane
(OMM). After this process, depolarization and consequent swelling of the inner mitochondrial
membrane (IMM) occurs, followed by the release of apoptotic factors. Evidence supporting
this model came from studies in fission yeast and mammalian cells, where Vpr depolarized
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IMM (96). Furthermore, depolarization of isolated mitochondria by purified Vpr was also
demonstrated, together with a strong binding between Vpr and ANT. Reduced cell death in
the presence of decreased ANT levels (94;96) and activation of caspases 9 and 3 (97-99) were
observed as well. Activation of caspase 9 with no activation of caspase 8 (a hallmark of the
extrinsic pathway) gives support to the role of Vpr in mitochondria-dependent induction of
apoptosis (98). However, data concerning activated caspase 8 by Vpr have already been
published (89;100;101), suggesting that the extrinsic receptor-mediated pathway of apoptosis
may also be involved.
While there is strong support for the involvement of mitochondria in Vpr-induced apoptosis,
there are some studies that do not fit in this model and increase the possibility that Vpr may
induce cell death through other mechanisms. Indeed, Vpr has been consistently demonstrated
to be in the nucleus or at the nuclear membrane rather than in the mitochondria (reviewed in
74), which may raise important questions about its localization. Therefore, one could predict
that small amounts of Vpr may be localized to the mitochondria and may be sufficient to
trigger apoptosis. On the other hand, the predominant nuclear Vpr localization may have
some role in initiating cell killing. Consistent with this theory, Roumier and colleagues (2002)
revealed that Vpr fragments induced cell death with no caspase activation. Therefore, it is
possible that Vpr-induced apoptosis may depend on the protein localization within the cell or
cellular compartments (102).

5.6. Vpr and the immune system
HIV-1 has many ways to escape the immune system of infected patients. The high sequence
variability of the HIV genome allows virus evasion from both humoral and cell-mediated
immune responses. Thus, HIV mutations leading to cytotoxic T cells (CTL) escape have been
attributed to the immune system failure to control HIV infection (103). HIV also contributes
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to disturb cytokine profiles in the plasma of HIV patients, blocking an effective immune
response against the infection (104). T helper (Th) 1 cytokines are detected in the plasma of
infected individuals during early HIV infection, whereas at later stages of the disease, the
cytokine profile switches to a Th2 profile, indicating a decline in the antiviral immune
response (105). Interleukine-12 (IL-12), which is associated with Th1 polarization, was
reported to be diminished in HIV-patients comparing to healthy individuals (106). IL-12 is
produced by activated antigen presenting cells (APCs), macrophages and DCs and its levels
can be regulated by HIV infection, where Vpr is thought to have a role. A study by Majumder
et al. (2005) showed that Vpr impaired expression of CD80, CD83 and CD86 costimulatory
molecules, together with inhibition of DCs IL-12 production (107). This work supported the
idea of the Vpr’s relevance as a virulent factor in HIV infection and suggested that the
suppressed immune response could be mediated by Vpr through blockade of IL-12
production. In addition, the mechanism of immune dysfunction caused by Vpr seems to
trigger apoptosis and G2 arrest of the cell cycle (described above) in bystander T-cells,
leading to the reduction of immune cells (reviewed in 41). In general, one may predict that
Vpr significantly contributes to the immune deficiency observed in AIDS patients by altering
immune cellular function.

6. Implications of Vpr mutations
Vpr is found in HIV-1 virions in infected cells, but has also been shown to be present in sera
and cerebro-spinal fluid of AIDS patients, suggesting that it takes part in several mechanisms
of HIV-1 biology (108). The role of Vpr in vivo has been investigated in rhesus macaques
infected with SIVmac. It has been reported that monkeys infected with SIV lacking the Vpr
gene displayed a lower virus load and did not developed immunodeficiency disease. As stated
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before, diverse functions have been attributed to Vpr in vitro, including a role in reverse
transcription process, nuclear import of the PIC, cell cycle arrest at G2/M transition, induction
of apoptosis and transactivation of the HIV-1 LTR (reviewed in 50).
Although numerous studies have demonstrated that HIV-1 Vpr mutations could dramatically
affect its known functions (109-111), these mutations were artificially manipulated and
probably did not represent the profile of the naturally occurring mutations over the course of
the infection. Indeed, in order to address the correlation between the structural domains and
Vpr function, a set of molecular strategies involving deletion, insertion and/or substitution
mutagenesis was developed.
Taking into account the three-dimensional structure of Vpr (Figure 4), the effect of mutations
on the protein conformation has been being studied by several research groups. Vpr’s
structure can be modified or denatured by deletion of one or numerous residues, by
substitution of residues involved in the helices or loop conformation, or by those that do not
allow the formation of the hydrophobic core. Furthermore, numerous mutations that did not
modify the secondary or tertiary structure of the protein have been shown to alter Vpr
activities, particularly if these residues are directly involved in the interaction of Vpr with
cellular or viral components (3). In general, mutations that alter the secondary and tertiary
structure of Vpr are involved in the abrogation of several Vpr activities, namely localization
in the nucleus, incorporation into the virion, oligomerization and cell cycle arrest function.

Vpr intermolecular interactions seem to be biologically important due to their role in nuclear
localization (112). Vpr oligomerization is described to occur in human cells (112), at the NE
(3) and has been demonstrated by different methods for Vpr and its fragments. In this context,
SDS-PAGE data suggested that Vpr has a tendency to form oligomeric structures (40) and
was even detected in a molecular weight consistent with dimers and trimmers. Furthermore, it
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has been demonstrated by dynamic light scattering analysis, that in aqueous solution, Vpr
appeared in high order aggregates, namely decamers (40). Point mutations located in the Nand C-terminal domains of Vpr were reported to abolish or decrease the capacity of this
protein to form oligomers by altering the secondary structure of each α-helix and
consequently the three dimensional structure of Vpr (43;113). Fritz et al., 2008 showed that
Vpr forms homo-oligomers at or close to the NE and that these dimers and trimmers were
both found in the cytoplasm and in the nucleus. Point mutations outside the helical regions
(e.g. Q3R; W54G; R77Q and R90K) led Vpr to present an accumulation at the nuclear margin
similar to that of the WT protein. Other mutational studies have been performed in residues
from the α-helices, showing Vpr’s loss of ability to oligomerize even at or near the NE (113).
Thus, some of these mutations localized at the α-helices (e.g. R36W, I64E, L67A and I70S),
led to the disruption of the intermolecular hydrophobic core formed by the mutated amino
acids and to the impairment of Vpr oligomerization and localization at the NE (reviewed in
3).
The first N-terminal amphipathic helical domain of Vpr has an important function in Vpr
packaging into virions and contains the main factors essential for efficient incorporation.
Mutational analysis of the α-helices located at the N-terminal domain of Vpr, confirmed the
implication of this region in virion incorporation, since the majority of the studied mutations
blocked Vpr incorporation into viral particles (3). Furthermore, the capacity of HIV-1 to
replicate in non-dividing cells such as macrophages, is dependent on the active import of the
PIC (54) and both amino- and carboxy-terminals of Vpr seem to contain the nuclear targeting
function (64;114). For example, Vpr mutants localized at the N-terminal α-helix affected
Vpr’s localization into the nucleus, suggesting that at least, one α-helix is required for nuclear
import. In addition, when negative charges of the accessible acidic residues located at the
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amino-terminal of Vpr were altered by substitution of uncharged glutamines, the protein
showed an intense cytoplasmic expression (115).
Several mutational studies have also been performed regarding the function of Vpr in cell
cycle G2/M arrest. The first mutational analysis reported that the C-terminal region of Vpr
had an important role on the cell cycle arrest at the G2 phase, since C-terminal deletion, as
well as point mutations in various residues of the same region, have been demonstrated to
suspend or strongly reduce this activity. The mutated residues were all located at the third αhelix and accessible for inter-molecular interactions. Furthermore, the

71

HFRIGCRHSRIG82

Vpr sequence is highly conserved in HIV-1, HIV-2 and SIV isolates and has been identified
as critical for cell cycle arrest in the G2/M phase in yeast and mammals. Deletion of the SRIG
sequence (between amino acids 79 and 82) or mutation of all arginines in the C-terminal
domain, revealed a prevention of the G2 arrest by Vpr (reviewed in 3).
Vpr was shown to disrupt the mitochondrial membrane (116) leading to the subsequent
release of cyt c, later activation of caspase 9 and cleavage of caspase 3, thus playing a role in
the apoptotic process. Point mutations in residues from the N-terminal domain, in the middle
region and in the C-terminal of Vpr sequence, led to the reduction or even abrogation of its
apoptosis-inducing capacity (3). Interestingly, a single amino acid substitution in the position
64 (L64P, A, R), was demonstrated to dramatically enhance the pro-apoptotic activity of Vpr
(117). Moreover, Jacotot and colleagues (2001) demonstrated that the C-terminal half of Vpr
(Vpr 52-96) was more efficient than the full protein in inducing apoptosis (118).
The extensive mutational analysis performed by several groups has provided a strong basis to
understand the relationship between the structure and the main functions of Vpr. However,
studies in isolated Vpr from HIV-1 infected patients are of crucial importance to correlate
naturally occurring mutations in this protein and its role on disease progression. An initial
study by Lum et al. (2003) demonstrated the presence of a point mutation at position 77 of
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HIV-1 Vpr that led to a substitution of an arginine (R) by a glutamine (Q) (R77Q), with a
higher frequency (80%) in Vpr alleles coming from LTNPs compared to patients developing
progressive disease (89). This mutation localized at the C-terminal region of Vpr was shown
to abolish the interaction of Vpr with the adenine nucleotide translocator component of the
mitochondrial permeability transition pore complex, impairing Vpr’s ability to induce
apoptosis of T lymphocytes. While other authors confirmed this observation (119), several
other groups were not able to find any association between the R77Q substitution and disease
progression (120;121). A more recent study from Jacquot et al. (2009) aimed to analyse the
molecular and functional properties of primary Vpr proteins isolated from two HIV-1 infected
patients (classified as LTNP and fast progressors) and their binding to cellular components,
namely docking to NE and cytostatic and apoptotic activities (108). The authors verified that
Vpr alleles from the LTNP patient samples (collected in different years) all contained R77Q
substitution. This patient also revealed a Q65R (glutamine by an arginine) substitution within
the leucine-rich domain of Vpr and failed to interact with DCAF1 subunit from the
Cul4A/DBB1 E3 ligase, confirming the important role of this residue in mediating
Vpr/DCAF1 interaction. Interestingly, Vpr protein containing this Q65R substitution failed to
accumulate at the NE, suggesting that this residue may be involved in the correct localization
of Vpr. In contrast, residue 77 had no impact on Vpr binding to other cell partners, including
the nucleoporin hCG1 and DCAF1. Furthermore, LTNP patient containing Q65R mutation
failed to induce G2-arrest. Surprisingly, Vpr variants carrying the R77Q substitution were
even slightly more efficient for G2 arrest and pro-apoptotic activities than those containing an
arginine at residue 77, which runs against a deleterious impact of the R77Q mutation on Vpr
functions (89). In contrast with these latter results, at the Microbiology laboratory from the
Faculty of Medicine of the University of Coimbra, we isolated Vpr genes from the HIV-1
viruses isolated from the blood of two infected children who were respectively classified as
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LTNP and fast progressor. Consistently with these observations, we were able to detect a
mutation in residue 77 (R77Q) in the vpr gene of the virus carried by the LTNP child,
whereas the other did not present alterations in Vpr structure at this specific residue (annex 1).
Another study from Caly and co-workers (2008) on Vpr sequence derived from a LTNP
patient revealed a significant reduction in Vpr nuclear import and virion incorporation,
establishing a link between this Vpr function and HIV disease progression. These authors
identified a naturally occurring mutation in Vpr protein at the amino acid 72, F72L
(phenylalanine by a leucine), which was responsible for decreasing Vpr nuclear import in
viral infectivity (122). The explanation for this great reduced infectivity lies probably on the
lack of virion incorporation of the F72L mutant Vpr resulting in absence of PIC nuclear
import and consequent less efficient HIV-1 replication in non-dividing cells. In more detail,
Caly et al. (2008) demonstrated that wild type (WT) Vpr was able to bind to human importinβ3 with high affinity and that F72L mutation led to a reduction of Vpr nuclear import and
consequently to a reduced virion incorporation due to a less efficient binding to importin-β3,
corroborating the previous theory (37;123).
Recently, the group of Fourati et al. (2012) evaluated the impact of primary Vpr variants from
infected patients as a mechanism underlying resistance to antiretroviral agents (ARV) (124).
The authors based their hypothesis on the fact that patients harbouring viral strains encoding
partially active Vif proteins are more likely to develop resistance to certain ARVs as these
strains are able to promote the selection of some G-to-A substitutions leading to drugresistance mutations (125). Based on these observations, they investigated Vpr genetic
variability in patients failing ARV to assess whether their polymorphisms could have
contributed to viral escape to ARV. Interestingly, the authors identified one mutation in Vpr,
E17A (glutamic acid by alanine), located at the first α-helix, which was associated with ART
failure. However, besides the role of the first α-helix in several Vpr properties and functions,
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the results indicated that this mutant had no impact on Vpr activity regarding the binding to its
cellular partners, subcellular localization and incorporation into virions. By analysing
treatment histories of the patients, Fourati et al. (2012) (124) observed an association between
E17A and didanosine (a RT inhibitor). In the population under combination antiretroviral
therapy (cART), Vpr E17A was associated with 3 thymidine analog mutations (TAMs) in RT.
Furthermore, viruses holding a high number of TAMs have been related to didanosine
resistance (126-128). The authors found that the presence of 3 TAMs within RT did not affect
didanosine susceptibility; however, when combined with mutant Vpr E17A, these viruses
demonstrated a significant reduction in susceptibility to didanosine. The results led the team
to conclude that association between TAMs and Vpr E17A in cART-treated patients may be
related to a potentiating effect of viruses with TAMs in increasing resistance to didanosine.
Therefore, one may infer that the use of didanosine in viruses holding TAMs may select for
Vpr mutations that in turn, enhance resistance to didanosine. Other explanation is that HIV-1
infected patients with E17A mutant Vpr before therapy application may be more likely to
spring up resistance to didanosine when this drug is introduced and when holding viruses
containing TAMs.
As stated before, Vpr has been shown to negatively regulate the function of APCs, namely
macrophages and DCs (107;129) and to suppress IL-12 secretion. Based on the hypothesis
that Vpr R77Q mutation is associated to LTNPs, Tcherepanova and co-workers (2009),
analysed the effect of this mutation in the preservation of IL-12 expression (130). However,
the authors realized that WT R77 Vpr and the mutant Q77 did not differ on IL-12 production.
Interestingly, they found that another Vpr mutation localized at the C-terminal, R90K,
completely reverted IL-12 suppression, restoring the levels of this interleukin in DCs. Reports
on R90K substitution have also been associated with LTNP patients (131) and therefore, it is
possible that virus encoding Vpr R90K may relieve the blockade of IL-12 secretion. This
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finding reinforces Vpr protein as a virulent factor during HIV-infection and the importance
that should be given to the preservation or restoration of IL-12 secretion.

7. Vpr and HIV-1 associated clinical pathologies
Although cART has enabled constant progress in reducing HIV-1 replication, the problem of
insufficient immune restoration remains, exposing the patients to the risk of development of
immune deficiency-associated pathologies.

7.1. Vpr and HIV dementia
The effects of HIV-1 in the central nervous system (CNS) have been a topic of great interest
to investigators and clinicians focused on HIV. HIV-1 infection in macrophages in the CNS
as well as its accessory protein Vpr, have been associated with dementia in HIV-1-infected
patients. HIV-1 associated dementia (HIV-D) is a disease characterized by motor and
cognitive deficits and seems to be caused by the presence of HIV-1 in the brain. HIV
encephalopathy (HIV-E) is an associated underlying condition observed in autopsy of patients
with HIV-D. The prevalence of HIV associated neurocognitive disorders has been increasing,
despite the introduction of cART. The mechanism of HIV-D pathology is not yet understood,
however, there is evidence suggesting that mononuclear cells play a crucial role in disease
progression. Furthermore, the major sources of HIV-1 replication in the brain seem to be
macrophages and microglia (41).
Vpr has been implicated in the development of dementia in HIV-infected patients and may
also be involved in the more subtle forms of neurologic diseases. It may work as a direct
effector of HIV-1 mediated HIV-E, since elevated levels of this protein have been found in
the cerebral spinal fluid (CSF) of patients with HIV related deficits. Thus, Vpr was detected
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in the basal ganglia and frontal cortex of brains with HIV-E and is elevated in CSF and sera of
seropositive HIV patients (132;133). In HIV-E brains, Vpr was found in neurons and
macrophages, where it was shown to be essential for the induction of neuronal apoptosis in
striatal and cortical cells (134). In addition, Vpr was shown to increase reactive oxygen
species production in microglia cells and in neuroblastoma cell lines, to lower ATP levels
and plasma membrane Ca2+ ATPase protein levels, which has been linked to cell death
signalling in these cells. Vpr produced in HIV-1 infected macrophages was also reported to
impair axonal growth of neuronal precursors in a process independent from apoptosis (135).
Therefore, Vpr seems to contribute to the development of HIV-D by mediating cell death and
neuronal impairment in HIV-1 infected patients, together with a role in the infection and
survival of macrophages.

7.2. Vpr and HIV-associated nephropathy (HIVAN)
Kidney diseases have also been described in HIV-infected patients. The most common type of
HIV associated nephropathy (HIVAN) is a collapsing focal segmental glomerulosclerosis
(FSGS), mainly characterized by heavy proteinuria and a rapid decline in renal function due
to infection and subsequent expression of viral genes in renal epithelial cells (136). However,
HIVAN is not the only cause of kidney disease in patients with HIV infection. Acute kidney
injury is also more frequent in HIV-infected people than in general population and is
associated with poor health outcomes. The prevalence of kidney chronic disease is also
increasing in the HIV-infected population (137).
Research using animal models and in vitro studies has shown that Vpr and Nef proteins are
the HIV-1 genes most responsible for prompting the typical clinical and histopathologic
features of HIVAN. The generation of a mouse model bearing a c-fms/Vpr transgene, led to
the induction of FSGS in these animals, suggesting that specific Vpr expression in
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macrophages might be sufficient for kidney disease (138). Furthermore, Zuo et al. (2006)
expressed Vpr in FVB/N transgenic mice and verified the development of podocyte damage
and glomeruloslerosis (139). These authors also reported that double-transgenic mice for Nef
and Vpr expression showed severe podocyte injury and glomerulosclerosis by 4 weeks of age,
indicating that these two viral proteins can induce kidney damage in a synergistic interaction.
Several host factors deregulation, including inflammatory mediators, apoptosis, transcription,
cell to cell interactions, among others, may also be critical factors in determining whether
renal epithelium infection will result in HIVAN. Additional research is required to determine
the mechanisms of HIVAN pathology, whereby Vpr/Nef nephrotoxicity targeting could be a
promising area of intervention to prevent and treat this HIV-infection associated disease.

8. Vpr as a possible therapeutic target
The role of Vpr in the pathogenesis and life cycle of HIV has raised considerable interest in
the development of potential therapeutic targets for the treatment of HIV infection. Many
studies based on several key observations have provided additional support to this notion. For
example, in tonsilar cultures infected with defective HIV-1 Vpr, a reduction of fifty per cent
in HIV- production was observed (140). Moreover, Muthumani and colleagues (2002)
demonstrated that Vpr decreased the efficiency of DNA and SIV-Nef vaccination in rhesus
macaques, suggesting that in the absence of this protein a more effective immune response to
HIV would be possible (141). A study conducted in six vertically infected children that were
classified as LTNPs, showed that every patient had a mutated Vpr gene together with
mutations in other genes that were not shared by all patients (142). The authors from this
investigation concluded that these mutations were involved in Vpr’s apoptotic effects, giving
rise to the theory that Vpr mutations have clinical implications in the course of HIV infection.

Rui Soares | 2013

45

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

However, as mentioned above, there is another report suggesting that the cytotoxic properties
of Vpr could be more related to nuclear localization, taking into account the Vpr Q65R
mutation (108).
One of the major clinical consequences of Vpr in HIV-1 infected patients is the contribution
to viral reservoirs in macrophages. There is no current therapeutic approach for eliminating
macrophage reservoirs that also represent drug resistance sources to HIV-1 infection and
contribute to the development of AIDS. RT and PT inhibitors make part of the actual
established treatments for HIV-infected patients and are described to be effective in
macrophages and in CD4+ T-cells in different periods of the infection. However, while this
range of inhibitors prevent cell to cell spread of HIV-1 infection, it is not known what is their
efficiency in addressing viruses produced from infected macrophages.
Another useful strategy for targeting macrophage reservoirs is to modify the specific host
mediators of Vpr function, since Vpr interacts with many cellular proteins and is involved in
many biochemical pathways. HSPs, which are a family of molecular chaperones involved in
innate immunity and protection from environmental stress, have been proposed as cellular
targets of Vpr and may be involved in the mechanism of antiviral response (143). For
instance, overexpressed HSP70 was shown to reduce the Vpr-dependent G2 arrest and
apoptosis and to inhibit HIV-1 replication in fission yeast (144). Suppression of HSP70
expression by RNA interference (RNAi) also resulted in increased apoptosis of cells infected
with Vpr-positive HIV-1 together with an increase in HIV-1 replication. Another HSP,
HSP27, was shown to inhibit Vpr dependent G2 arrest and cell death in T-lymphocytes when
exogenously expressed, however it did not seem to suppress viral replication in macrophages
(145). The heat shock response is described as cellular protective. Therefore, increasing heat
shock pathways may be a promising tool to promote the survival of chronically infected cells.
The involvement of Vpr in the apoptotic process and in G2 arrest, both underlying Vpr
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binding to DCAF-1, also led to the suggestion that targeting Vpr ubiquitination pathways may
be suitable for clinical intervention (41).
Many other pharmacological approaches have already been proposed to target Vpr pathways.
Vpr is required to the PIC entry into the nucleus of non-dividing cells and consequently has
become an interesting tool to investigate as a potential treatment. Indeed, CNI-H0294, a
specific inhibitor of HIV nuclear localization, was demonstrated to inhibit viral production, by
preventing new macrophage infection (146). In addition, Suzuki et al. (2009) demonstrated
that hematoxylin is a specific inhibitor of the Vpr/importin α interaction, leading to the
prevention of the nuclear import of the HIV PIC complex (147).
Due to its multifunctionality, Vpr is able to cooperate and facilitate several HIV-1 functions.
Thus, Vpr can traffic into cells and incorporate into HIV particles. Vpr peptide region from
residue 14 to 88 amino acid has been used to introduce other protein products into HIV-1
particles (148). In other words, Vpr has already been tested as a vector system for drug
delivery. ApoEC3G (A3G), a deoxycytidine deaminase, is a potent antiviral factor that can
prevent HIV-1 infection. During Vif-negative HIV-1 replication, A3G was shown to be
incorporated into HIV-1 particles, inducing mutations in reverse transcribed viral DNA and
inhibiting reverse transcription. However, in the presence of Vif, A3G’s activities are
counteracted and it loses the ability to incorporate into virions and its therapeutic efficacy
(149). The fusion of Vpr 14-88 to A3G facilitated the packaging into the HIV-1 particles and
restored the capacity of A3G to inhibit viral replication, demonstrating the use of Vpr to
amplify the effect of antiviral molecules or at least facilitate drug delivery.

Targeting the cellular effects of Vpr as a road to treat the consequences of Vpr function in
HIV-1 infection, constitute the base of many research studies in this field. Thus, combining
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these approaches with the established cART regimens may be useful in lowering viral loads,
increasing immune response and even in contributing to the depletion of viral reservoirs.
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9. Conclusion
In the last 30 years there have been outstanding advances in the knowledge of the
immunopathogenesis of HIV-1 infection and AIDS. Understanding the biological and
molecular mechanisms of the viral replication cycle and the host response to infection is
currently a well-documented subject, which has contributed to virus specific interventions and
consequently to, at least, the partial recovery of the immune system. Therefore, even
individuals in late stages of the infection can now have an expectation of long-term survival,
whether they can access to cART and improved healthcare.
Vpr is a short viral soluble protein that is expressed late during viral replication and is
detectable in the serum of HIV-1-infected patients. Vpr remains the most enigmatic of the
accessory proteins from HIV due to its interference with many distinct cellular pathways
along the virus life cycle, together with different functions that contribute to the pathogenesis
of HIV-1 infection. Huge progresses have already been done in the comprehension of the role
of Vpr in the most important steps of the viral replication, namely incorporation, nuclear
localization, implication in the cell cycle arrest, LTR activation and subsequent apoptosis.
Thus, the involvement of Vpr in these key processes has stimulated the interest in unravelling
its structure and understanding the interaction with cellular partners. Although the molecular
details of these Vpr actions are still not fully understood, Vpr has greatly contributed to the
knowledge of the available information about HIV-1. The findings show that while not
essential for viral replication per se, Vpr is biologically crucial in the infection of nondividing target cells, including macrophages and resting T-cells and also promotes the
infection of dividing cells.
Strategies involving deletions, insertions and point mutations have been developed to
investigate the functions of the structural domains of Vpr. The biological variations occurring
in HIV-1 Vpr sequence may influence the function of the protein, depending on the nature of

Rui Soares | 2013

49

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

the mutation and its localization on Vpr sequence. Furthermore, genotypic analysis of the Vpr
alleles from HIV-1-infected patients with naturally occurring mutations in this protein have
been essential to highlight its relevance in the modulation of the course of the infection, since
these alterations seem to delay the adverse consequences of HIV in infected patients.
However, one limitation of this research area is the scarce availability of infected blood and
tissue samples.
In conclusion, highlighting the pathophysiologic roles of Vpr-mediated pathogenesis in HIVinduced immune disease and its mechanisms of action may constitute a road of investigation
to develop useful therapeutic strategies in the future, contributing to control the spread of
AIDS.

Rui Soares | 2013

50

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

References
(1) Levy DN, Fernandes LS, Williams WV, Weiner DB. Induction of cell differentiation by human
immunodeficiency virus 1 vpr. Cell 1993 Feb 26;72(4):541-50.
(2) Felzien LK, Woffendin C, Hottiger MO, Subbramanian RA, Cohen EA, Nabel GJ. HIV
transcriptional activation by the accessory protein, VPR, is mediated by the p300 coactivator. Proc Natl Acad Sci U S A 1998 Apr 28;95(9):5281-6.
(3) Morellet N, Roques BP, Bouaziz S. Structure-function relationship of Vpr: biological
implications. Curr HIV Res 2009 Mar;7(2):184-210.
(4) Crowe S, Zhu T, Muller WA. The contribution of monocyte infection and trafficking to viral
persistence, and maintenance of the viral reservoir in HIV infection. J Leukoc Biol 2003
Nov;74(5):635-41.
(5) Keele BF, Van HF, Li Y, Bailes E, Takehisa J, Santiago ML, et al. Chimpanzee reservoirs of
pandemic and nonpandemic HIV-1. Science 2006 Jul 28;313(5786):523-6.
(6) Levy JA. HIV pathogenesis: knowledge gained after two decades of research. Adv Dent Res
2006;19(1):10-6.
(7) Nilsson J, Kinloch-de-Loes S, Granath A, Sonnerborg A, Goh LE, Andersson J. Early immune
activation in gut-associated and peripheral lymphoid tissue during acute HIV infection.
AIDS 2007 Mar 12;21(5):565-74.
(8) Ho Tsong FR, Colantonio AD, Uittenbogaart CH. The role of the thymus in HIV infection: a
10 year perspective. AIDS 2008 Jan 11;22(2):171-84.
(9) Berger EA, Murphy PM, Farber JM. Chemokine receptors as HIV-1 coreceptors: roles in viral
entry, tropism, and disease. Annu Rev Immunol 1999;17:657-700.
(10) Fahey JL, Taylor JM, Detels R, Hofmann B, Melmed R, Nishanian P, et al. The prognostic
value of cellular and serologic markers in infection with human immunodeficiency virus
type 1. N Engl J Med 1990 Jan 18;322(3):166-72.
(11) Klimas N, Koneru AO, Fletcher MA. Overview of HIV. Psychosom Med 2008 Jun;70(5):52330.
(12) Lekkerkerker AN, van KY, Geijtenbeek TB. Viral piracy: HIV-1 targets dendritic cells for
transmission. Curr HIV Res 2006 Apr;4(2):169-76.
(13) Coleman CM, Gelais CS, Wu L. Cellular and viral mechanisms of HIV-1 transmission
mediated by dendritic cells. Adv Exp Med Biol 2013;762:109-30.
(14) Chitwood DD, McCoy CB, Inciardi JA, McBride DC, Comerford M, Trapido E, et al. HIV
seropositivity of needles from shooting galleries in south Florida. Am J Public Health 1990
Feb;80(2):150-2.
(15) Coovadia H. Antiretroviral agents--how best to protect infants from HIV and save their
mothers from AIDS. N Engl J Med 2004 Jul 15;351(3):289-92.

Rui Soares | 2013

51

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(16) Kalichman SC. Co-occurrence of treatment nonadherence and continued HIV transmission
risk behaviors: implications for positive prevention interventions. Psychosom Med 2008
Jun;70(5):593-7.
(17) Clerici M, Balotta C, Meroni L, Ferrario E, Riva C, Trabattoni D, et al. Type 1 cytokine
production and low prevalence of viral isolation correlate with long-term nonprogression
in HIV infection. AIDS Res Hum Retroviruses 1996 Jul 20;12(11):1053-61.
(18) Cheng DM, Nunes D, Libman H, Vidaver J, Alperen JK, Saitz R, et al. Impact of hepatitis C on
HIV progression in adults with alcohol problems. Alcohol Clin Exp Res 2007 May;31(5):82936.
(19) Butler IF, Pandrea I, Marx PA, Apetrei C. HIV genetic diversity: biological and public health
consequences. Curr HIV Res 2007 Jan;5(1):23-45.
(20) Tebit DM, Nankya I, Arts EJ, Gao Y. HIV diversity, recombination and disease progression:
how does fitness "fit" into the puzzle? AIDS Rev 2007 Apr;9(2):75-87.
(21) Chiu IM, Yaniv A, Dahlberg JE, Gazit A, Skuntz SF, Tronick SR, et al. Nucleotide sequence
evidence for relationship of AIDS retrovirus to lentiviruses. Nature 1985 Sep
26;317(6035):366-8.
(22) Bukrinsky MI, Haggerty S, Dempsey MP, Sharova N, Adzhubel A, Spitz L, et al. A nuclear
localization signal within HIV-1 matrix protein that governs infection of non-dividing cells.
Nature 1993 Oct 14;365(6447):666-9.
(23) Freed EO, Martin MA. HIV-1 infection of non-dividing cells. Nature 1994 May
12;369(6476):107-8.
(24) Sakuma T, Barry MA, Ikeda Y. Lentiviral vectors: basic to translational. Biochem J 2012 May
1;443(3):603-18.
(25) Wei P, Garber ME, Fang SM, Fischer WH, Jones KA. A novel CDK9-associated C-type cyclin
interacts directly with HIV-1 Tat and mediates its high-affinity, loop-specific binding to TAR
RNA. Cell 1998 Feb 20;92(4):451-62.
(26) Malim MH, Hauber J, Le SY, Maizel JV, Cullen BR. The HIV-1 rev trans-activator acts through
a structured target sequence to activate nuclear export of unspliced viral mRNA. Nature
1989 Mar 16;338(6212):254-7.
(27) Fanales-Belasio E, Raimondo M, Suligoi B, Butto S. HIV virology and pathogenetic
mechanisms of infection: a brief overview. Ann Ist Super Sanita 2010;46(1):5-14.
(28) Haseltine WA. Replication and pathogenesis of the AIDS virus. J Acquir Immune Defic Syndr
1988;1(3):217-40.
(29) Tristem M, Marshall C, Karpas A, Hill F. Evolution of the primate lentiviruses: evidence from
vpx and vpr. EMBO J 1992 Sep;11(9):3405-12.
(30) Cohen EA, Terwilliger EF, Jalinoos Y, Proulx J, Sodroski JG, Haseltine WA. Identification of
HIV-1 vpr product and function. J Acquir Immune Defic Syndr 1990;3(1):11-8.

Rui Soares | 2013

52

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(31) Yuan X, Matsuda Z, Matsuda M, Essex M, Lee TH. Human immunodeficiency virus vpr gene
encodes a virion-associated protein. AIDS Res Hum Retroviruses 1990 Nov;6(11):1265-71.
(32) Sawaya BE, Khalili K, Gordon J, Taube R, Amini S. Cooperative interaction between HIV-1
regulatory proteins Tat and Vpr modulates transcription of the viral genome. J Biol Chem
2000 Nov 10;275(45):35209-14.
(33) Romani B, Engelbrecht S. Human immunodeficiency virus type 1 Vpr: functions and
molecular interactions. J Gen Virol 2009 Aug;90(Pt 8):1795-805.
(34) Sorgel S, Fraedrich K, Votteler J, Thomas M, Stamminger T, Schubert U. Perinuclear
localization of the HIV-1 regulatory protein Vpr is important for induction of G2-arrest.
Virology 2012 Oct 25;432(2):444-51.
(35) Chang F, Re F, Sebastian S, Sazer S, Luban J. HIV-1 Vpr induces defects in mitosis,
cytokinesis, nuclear structure, and centrosomes. Mol Biol Cell 2004 Apr;15(4):1793-801.
(36) Roshal M, Zhu Y, Planelles V. Apoptosis in AIDS. Apoptosis 2001 Feb;6(1-2):103-16.
(37) Vodicka MA, Koepp DM, Silver PA, Emerman M. HIV-1 Vpr interacts with the nuclear
transport pathway to promote macrophage infection. Genes Dev 1998 Jan 15;12(2):17585.
(38) Rogel ME, Wu LI, Emerman M. The human immunodeficiency virus type 1 vpr gene
prevents cell proliferation during chronic infection. J Virol 1995 Feb;69(2):882-8.
(39) Jowett JB, Xie YM, Chen IS. The presence of human immunodeficiency virus type 1 Vpr
correlates with a decrease in the frequency of mutations in a plasmid shuttle vector. J Virol
1999 Sep;73(9):7132-7.
(40) Henklein P, Bruns K, Sherman MP, Tessmer U, Licha K, Kopp J, et al. Functional and
structural characterization of synthetic HIV-1 Vpr that transduces cells, localizes to the
nucleus, and induces G2 cell cycle arrest. J Biol Chem 2000 Oct 13;275(41):32016-26.
(41) Kogan M, Rappaport J. HIV-1 accessory protein Vpr: relevance in the pathogenesis of HIV
and potential for therapeutic intervention. Retrovirology 2011;8:25.
(42) Bachand F, Yao XJ, Hrimech M, Rougeau N, Cohen EA. Incorporation of Vpr into human
immunodeficiency virus type 1 requires a direct interaction with the p6 domain of the p55
gag precursor. J Biol Chem 1999 Mar 26;274(13):9083-91.
(43) Singh SP, Tomkowicz B, Lai D, Cartas M, Mahalingam S, Kalyanaraman VS, et al. Functional
role of residues corresponding to helical domain II (amino acids 35 to 46) of human
immunodeficiency virus type 1 Vpr. J Virol 2000 Nov;74(22):10650-7.
(44) Jenkins Y, Sanchez PV, Meyer BE, Malim MH. Nuclear export of human immunodeficiency
virus type 1 Vpr is not required for virion packaging. J Virol 2001 Sep;75(17):8348-52.
(45) Kondo E, Gottlinger HG. A conserved LXXLF sequence is the major determinant in p6gag
required for the incorporation of human immunodeficiency virus type 1 Vpr. J Virol 1996
Jan;70(1):159-64.

Rui Soares | 2013

53

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(46) Muller B, Tessmer U, Schubert U, Krausslich HG. Human immunodeficiency virus type 1 Vpr
protein is incorporated into the virion in significantly smaller amounts than gag and is
phosphorylated in infected cells. J Virol 2000 Oct;74(20):9727-31.
(47) Morellet N, Bouaziz S, Petitjean P, Roques BP. NMR structure of the HIV-1 regulatory
protein VPR. J Mol Biol 2003 Mar 14;327(1):215-27.
(48) Bruns K, Fossen T, Wray V, Henklein P, Tessmer U, Schubert U. Structural characterization
of the HIV-1 Vpr N terminus: evidence of cis/trans-proline isomerism. J Biol Chem 2003 Oct
31;278(44):43188-201.
(49) Zander K, Sherman MP, Tessmer U, Bruns K, Wray V, Prechtel AT, et al. Cyclophilin A
interacts with HIV-1 Vpr and is required for its functional expression. J Biol Chem 2003 Oct
31;278(44):43202-13.
(50) Le RE, Benichou S. The Vpr protein from HIV-1: distinct roles along the viral life cycle.
Retrovirology 2005;2:11.
(51) Mahalingam S, Ayyavoo V, Patel M, Kieber-Emmons T, Weiner DB. Nuclear import, virion
incorporation, and cell cycle arrest/differentiation are mediated by distinct functional
domains of human immunodeficiency virus type 1 Vpr. J Virol 1997 Sep;71(9):6339-47.
(52) Cohen OJ, Fauci AS. Current strategies in the treatment of HIV infection. Adv Intern Med
2001;46:207-46.
(53) Greber UF, Fassati A. Nuclear import of viral DNA genomes. Traffic 2003 Mar;4(3):136-43.
(54) Bukrinsky MI, Sharova N, Dempsey MP, Stanwick TL, Bukrinskaya AG, Haggerty S, et al.
Active nuclear import of human immunodeficiency virus type 1 preintegration complexes.
Proc Natl Acad Sci U S A 1992 Jul 15;89(14):6580-4.
(55) Nakielny S, Dreyfuss G. Transport of proteins and RNAs in and out of the nucleus. Cell 1999
Dec 23;99(7):677-90.
(56) Wente SR. Gatekeepers of the nucleus. Science 2000 May 26;288(5470):1374-7.
(57) Arhel NJ, Souquere-Besse S, Munier S, Souque P, Guadagnini S, Rutherford S, et al. HIV-1
DNA Flap formation promotes uncoating of the pre-integration complex at the nuclear
pore. EMBO J 2007 Jun 20;26(12):3025-37.
(58) Dismuke DJ, Aiken C. Evidence for a functional link between uncoating of the human
immunodeficiency virus type 1 core and nuclear import of the viral preintegration complex.
J Virol 2006 Apr;80(8):3712-20.
(59) Herold A, Truant R, Wiegand H, Cullen BR. Determination of the functional domain
organization of the importin alpha nuclear import factor. J Cell Biol 1998 Oct
19;143(2):309-18.
(60) Kobe B. Autoinhibition by an internal nuclear localization signal revealed by the crystal
structure of mammalian importin alpha. Nat Struct Biol 1999 Apr;6(4):388-97.

Rui Soares | 2013

54

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(61) Nakielny S, Siomi MC, Siomi H, Michael WM, Pollard V, Dreyfuss G. Transportin: nuclear
transport receptor of a novel nuclear protein import pathway. Exp Cell Res 1996 Dec
15;229(2):261-6.
(62) Gallay P, Hope T, Chin D, Trono D. HIV-1 infection of nondividing cells through the
recognition of integrase by the importin/karyopherin pathway. Proc Natl Acad Sci U S A
1997 Sep 2;94(18):9825-30.
(63) Palacios I, Weis K, Klebe C, Mattaj IW, Dingwall C. RAN/TC4 mutants identify a common
requirement for snRNP and protein import into the nucleus. J Cell Biol 1996
May;133(3):485-94.
(64) Jenkins Y, McEntee M, Weis K, Greene WC. Characterization of HIV-1 vpr nuclear import:
analysis of signals and pathways. J Cell Biol 1998 Nov 16;143(4):875-85.
(65) Melchior F, Paschal B, Evans J, Gerace L. Inhibition of nuclear protein import by
nonhydrolyzable analogues of GTP and identification of the small GTPase Ran/TC4 as an
essential transport factor. J Cell Biol 1993 Dec;123(6 Pt 2):1649-59.
(66) Efthymiadis A, Shao H, Hubner S, Jans DA. Kinetic characterization of the human
retinoblastoma protein bipartite nuclear localization sequence (NLS) in vivo and in vitro. A
comparison with the SV40 large T-antigen NLS. J Biol Chem 1997 Aug 29;272(35):22134-9.
(67) Gorlich D, Henklein P, Laskey RA, Hartmann E. A 41 amino acid motif in importin-alpha
confers binding to importin-beta and hence transit into the nucleus. EMBO J 1996 Apr
15;15(8):1810-7.
(68) Jans DA, Jans P, Julich T, Briggs LJ, Xiao CY, Piller SC. Intranuclear binding by the HIV-1
regulatory protein VPR is dependent on cytosolic factors. Biochem Biophys Res Commun
2000 Apr 21;270(3):1055-62.
(69) Kamata M, Nitahara-Kasahara Y, Miyamoto Y, Yoneda Y, Aida Y. Importin-alpha promotes
passage through the nuclear pore complex of human immunodeficiency virus type 1 Vpr. J
Virol 2005 Mar;79(6):3557-64.
(70) Blomer U, Naldini L, Kafri T, Trono D, Verma IM, Gage FH. Highly efficient and sustained
gene transfer in adult neurons with a lentivirus vector. J Virol 1997 Sep;71(9):6641-9.
(71) Popov S, Rexach M, Ratner L, Blobel G, Bukrinsky M. Viral protein R regulates docking of
the HIV-1 preintegration complex to the nuclear pore complex. J Biol Chem 1998 May
22;273(21):13347-52.
(72) Iijima S, Nitahara-Kasahara Y, Kimata K, Zhong ZW, Kamata M, Isogai M, et al. Nuclear
localization of Vpr is crucial for the efficient replication of HIV-1 in primary CD4+ T cells.
Virology 2004 Oct 1;327(2):249-61.
(73) Bukrinsky MI, Haffar OK. HIV-1 nuclear import: in search of a leader. Front Biosci 1999 Oct
15;4:D772-D781.
(74) Zhao RY, Li G, Bukrinsky MI. Vpr-host interactions during HIV-1 viral life cycle. J
Neuroimmune Pharmacol 2011 Jun;6(2):216-29.

Rui Soares | 2013

55

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(75) Poon B, Chang MA, Chen IS. Vpr is required for efficient Nef expression from unintegrated
human immunodeficiency virus type 1 DNA. J Virol 2007 Oct;81(19):10515-23.
(76) Poon B, Chen IS. Human immunodeficiency virus type 1 (HIV-1) Vpr enhances expression
from unintegrated HIV-1 DNA. J Virol 2003 Apr;77(7):3962-72.
(77) He J, Choe S, Walker R, Di MP, Morgan DO, Landau NR. Human immunodeficiency virus
type 1 viral protein R (Vpr) arrests cells in the G2 phase of the cell cycle by inhibiting
p34cdc2 activity. J Virol 1995 Nov;69(11):6705-11.
(78) Jowett JB, Planelles V, Poon B, Shah NP, Chen ML, Chen IS. The human immunodeficiency
virus type 1 vpr gene arrests infected T cells in the G2 + M phase of the cell cycle. J Virol
1995 Oct;69(10):6304-13.
(79) Re F, Braaten D, Franke EK, Luban J. Human immunodeficiency virus type 1 Vpr arrests the
cell cycle in G2 by inhibiting the activation of p34cdc2-cyclin B. J Virol 1995
Nov;69(11):6859-64.
(80) Poon B, Grovit-Ferbas K, Stewart SA, Chen IS. Cell cycle arrest by Vpr in HIV-1 virions and
insensitivity to antiretroviral agents. Science 1998 Jul 10;281(5374):266-9.
(81) Belzile JP, Duisit G, Rougeau N, Mercier J, Finzi A, Cohen EA. HIV-1 Vpr-mediated G2 arrest
involves the DDB1-CUL4AVPRBP E3 ubiquitin ligase. PLoS Pathog 2007 Jul;3(7):e85.
(82) Goh WC, Rogel ME, Kinsey CM, Michael SF, Fultz PN, Nowak MA, et al. HIV-1 Vpr increases
viral expression by manipulation of the cell cycle: a mechanism for selection of Vpr in vivo.
Nat Med 1998 Jan;4(1):65-71.
(83) Csikasz-Nagy A, Battogtokh D, Chen KC, Novak B, Tyson JJ. Analysis of a generic model of
eukaryotic cell-cycle regulation. Biophys J 2006 Jun 15;90(12):4361-79.
(84) Belzile JP, Abrahamyan LG, Gerard FC, Rougeau N, Cohen EA. Formation of mobile
chromatin-associated nuclear foci containing HIV-1 Vpr and VPRBP is critical for the
induction of G2 cell cycle arrest. PLoS Pathog 2010;6(9):e1001080.
(85) Zhang S, Feng Y, Narayan O, Zhao LJ. Cytoplasmic retention of HIV-1 regulatory protein Vpr
by protein-protein interaction with a novel human cytoplasmic protein VprBP. Gene 2001
Jan 24;263(1-2):131-40.
(86) Wen X, Duus KM, Friedrich TD, De Noronha CM. The HIV1 protein Vpr acts to promote G2
cell cycle arrest by engaging a DDB1 and Cullin4A-containing ubiquitin ligase complex using
VprBP/DCAF1 as an adaptor. J Biol Chem 2007 Sep 14;282(37):27046-57.
(87) Li G, Park HU, Liang D, Zhao RY. Cell cycle G2/M arrest through an S phase-dependent
mechanism by HIV-1 viral protein R. Retrovirology 2010;7:59.
(88) Acharjee S, Noorbakhsh F, Stemkowski PL, Olechowski C, Cohen EA, Ballanyi K, et al. HIV-1
viral protein R causes peripheral nervous system injury associated with in vivo neuropathic
pain. FASEB J 2010 Nov;24(11):4343-53.
(89) Lum JJ, Cohen OJ, Nie Z, Weaver JG, Gomez TS, Yao XJ, et al. Vpr R77Q is associated with
long-term nonprogressive HIV infection and impaired induction of apoptosis. J Clin Invest
2003 May;111(10):1547-54.
Rui Soares | 2013

56

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(90) Sherman MP, Schubert U, Williams SA, De Noronha CM, Kreisberg JF, Henklein P, et al. HIV1 Vpr displays natural protein-transducing properties: implications for viral pathogenesis.
Virology 2002 Oct 10;302(1):95-105.
(91) Budihardjo I, Oliver H, Lutter M, Luo X, Wang X. Biochemical pathways of caspase
activation during apoptosis. Annu Rev Cell Dev Biol 1999;15:269-90.
(92) Green DR. Apoptotic pathways: paper wraps stone blunts scissors. Cell 2000 Jul 7;102(1):14.
(93) Green DR, Kroemer G. The pathophysiology of mitochondrial cell death. Science 2004 Jul
30;305(5684):626-9.
(94) Brenner C, Kroemer G. The mitochondriotoxic domain of Vpr determines HIV-1 virulence. J
Clin Invest 2003 May;111(10):1455-7.
(95) Jacotot E, Ferri KF, El HC, Brenner C, Druillennec S, Hoebeke J, et al. Control of
mitochondrial membrane permeabilization by adenine nucleotide translocator interacting
with HIV-1 viral protein rR and Bcl-2. J Exp Med 2001 Feb 19;193(4):509-19.
(96) Huard S, Chen M, Burdette KE, Fenyvuesvolgyi C, Yu M, Elder RT, et al. HIV-1 Vpr-induced
cell death in Schizosaccharomyces pombe is reminiscent of apoptosis. Cell Res 2008
Sep;18(9):961-73.
(97) Muthumani K, Zhang D, Hwang DS, Kudchodkar S, Dayes NS, Desai BM, et al. Adenovirus
encoding HIV-1 Vpr activates caspase 9 and induces apoptotic cell death in both p53
positive and negative human tumor cell lines. Oncogene 2002 Jul 11;21(30):4613-25.
(98) Muthumani K, Hwang DS, Desai BM, Zhang D, Dayes N, Green DR, et al. HIV-1 Vpr induces
apoptosis through caspase 9 in T cells and peripheral blood mononuclear cells. J Biol Chem
2002 Oct 4;277(40):37820-31.
(99) Zelivianski S, Liang D, Chen M, Mirkin BL, Zhao RY. Suppressive effect of elongation factor 2
on apoptosis induced by HIV-1 viral protein R. Apoptosis 2006 Mar;11(3):377-88.
(100) Patel CA, Mukhtar M, Pomerantz RJ. Human immunodeficiency virus type 1 Vpr induces
apoptosis in human neuronal cells. J Virol 2000 Oct;74(20):9717-26.
(101) Snyder A, Alsauskas ZC, Leventhal JS, Rosenstiel PE, Gong P, Chan JJ, et al. HIV-1 viral
protein r induces ERK and caspase-8-dependent apoptosis in renal tubular epithelial cells.
AIDS 2010 May 15;24(8):1107-19.
(102) Roumier T, Vieira HL, Castedo M, Ferri KF, Boya P, Andreau K, et al. The C-terminal moiety
of HIV-1 Vpr induces cell death via a caspase-independent mitochondrial pathway. Cell
Death Differ 2002 Nov;9(11):1212-9.
(103) Gulzar N, Copeland KF. CD8+ T-cells: function and response to HIV infection. Curr HIV Res
2004 Jan;2(1):23-37.
(104) Decrion AZ, Dichamp I, Varin A, Herbein G. HIV and inflammation. Curr HIV Res 2005
Jul;3(3):243-59.

Rui Soares | 2013

57

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(105) Clerici M, Shearer GM. A TH1-->TH2 switch is a critical step in the etiology of HIV infection.
Immunol Today 1993 Mar;14(3):107-11.
(106) Chehimi J, Starr SE, Frank I, D'Andrea A, Ma X, MacGregor RR, et al. Impaired interleukin 12
production in human immunodeficiency virus-infected patients. J Exp Med 1994 Apr
1;179(4):1361-6.
(107) Majumder B, Janket ML, Schafer EA, Schaubert K, Huang XL, Kan-Mitchell J, et al. Human
immunodeficiency virus type 1 Vpr impairs dendritic cell maturation and T-cell activation:
implications for viral immune escape. J Virol 2005 Jul;79(13):7990-8003.
(108) Jacquot G, Le RE, Maidou-Peindara P, Maizy M, Lefrere JJ, Daneluzzi V, et al.
Characterization of the molecular determinants of primary HIV-1 Vpr proteins: impact of
the Q65R and R77Q substitutions on Vpr functions. PLoS One 2009;4(10):e7514.
(109) Di MP, Choe S, Ebright M, Knoblauch R, Landau NR. Mutational analysis of cell cycle arrest,
nuclear localization and virion packaging of human immunodeficiency virus type 1 Vpr. J
Virol 1995 Dec;69(12):7909-16.
(110) Chen M, Elder RT, Yu M, O'Gorman MG, Selig L, Benarous R, et al. Mutational analysis of
Vpr-induced G2 arrest, nuclear localization, and cell death in fission yeast. J Virol 1999
Apr;73(4):3236-45.
(111) Yao XJ, Subbramanian RA, Rougeau N, Boisvert F, Bergeron D, Cohen EA. Mutagenic
analysis of human immunodeficiency virus type 1 Vpr: role of a predicted N-terminal alphahelical structure in Vpr nuclear localization and virion incorporation. J Virol 1995
Nov;69(11):7032-44.
(112) Bolton DL, Lenardo MJ. Vpr cytopathicity independent of G2/M cell cycle arrest in human
immunodeficiency virus type 1-infected CD4+ T cells. J Virol 2007 Sep;81(17):8878-90.
(113) Fritz JV, Didier P, Clamme JP, Schaub E, Muriaux D, Cabanne C, et al. Direct Vpr-Vpr
interaction in cells monitored by two photon fluorescence correlation spectroscopy and
fluorescence lifetime imaging. Retrovirology 2008;5:87.
(114) Sherman MP, De Noronha CM, Heusch MI, Greene S, Greene WC. Nucleocytoplasmic
shuttling by human immunodeficiency virus type 1 Vpr. J Virol 2001 Feb;75(3):1522-32.
(115) Mahalingam S, Khan SA, Murali R, Jabbar MA, Monken CE, Collman RG, et al. Mutagenesis
of the putative alpha-helical domain of the Vpr protein of human immunodeficiency virus
type 1: effect on stability and virion incorporation. Proc Natl Acad Sci U S A 1995 Apr
25;92(9):3794-8.
(116) Jacotot E, Ravagnan L, Loeffler M, Ferri KF, Vieira HL, Zamzami N, et al. The HIV-1 viral
protein R induces apoptosis via a direct effect on the mitochondrial permeability transition
pore. J Exp Med 2000 Jan 3;191(1):33-46.
(117) Jian H, Zhao LJ. Pro-apoptotic activity of HIV-1 auxiliary regulatory protein Vpr is subtypedependent and potently enhanced by nonconservative changes of the leucine residue at
position 64. J Biol Chem 2003 Nov 7;278(45):44326-30.

Rui Soares | 2013

58

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(118) Jacotot E, Ferri KF, El HC, Brenner C, Druillennec S, Hoebeke J, et al. Control of
mitochondrial membrane permeabilization by adenine nucleotide translocator interacting
with HIV-1 viral protein rR and Bcl-2. J Exp Med 2001 Feb 19;193(4):509-19.
(119) Mologni D, Citterio P, Menzaghi B, Zanone PB, Riva C, Broggini V, et al. Vpr and HIV-1
disease progression: R77Q mutation is associated with long-term control of HIV-1 infection
in different groups of patients. AIDS 2006 Feb 28;20(4):567-74.
(120) Fischer A, Lejczak C, Lambert C, Roman F, Servais J, Karita E, et al. Is the Vpr R77Q mutation
associated with long-term non-progression of HIV infection? AIDS 2004 Jun 18;18(9):13467.
(121) Rajan D, Wildum S, Rucker E, Schindler M, Kirchhoff F. Effect of R77Q, R77A and R80A
changes in Vpr on HIV-1 replication and CD4 T cell depletion in human lymphoid tissue ex
vivo. AIDS 2006 Apr 4;20(6):831-6.
(122) Caly L, Saksena NK, Piller SC, Jans DA. Impaired nuclear import and viral incorporation of
Vpr derived from a HIV long-term non-progressor. Retrovirology 2008;5:67.
(123) Heinzinger NK, Bukinsky MI, Haggerty SA, Ragland AM, Kewalramani V, Lee MA, et al. The
Vpr protein of human immunodeficiency virus type 1 influences nuclear localization of viral
nucleic acids in nondividing host cells. Proc Natl Acad Sci U S A 1994 Jul 19;91(15):7311-5.
(124) Fourati S, Malet I, Guenzel CA, Soulie C, Maidou-Peindara P, Morand-Joubert L, et al. E17A
mutation in HIV-1 Vpr confers resistance to didanosine in association with thymidine
analog mutations. Antiviral Res 2012 Jan;93(1):167-74.
(125) Fourati S, Malet I, Binka M, Boukobza S, Wirden M, Sayon S, et al. Partially active HIV-1 Vif
alleles facilitate viral escape from specific antiretrovirals. AIDS 2010 Sep 24;24(15):2313-21.
(126) Flandre P, Chappey C, Marcelin AG, Ryan K, Maa JF, Bates M, et al. Phenotypic
susceptibility to didanosine is associated with antiviral activity in treatment-experienced
patients with HIV-1 infection. J Infect Dis 2007 Feb 1;195(3):392-8.
(127) Marcelin AG, Flandre P, Pavie J, Schmidely N, Wirden M, Lada O, et al. Clinically relevant
genotype interpretation of resistance to didanosine. Antimicrob Agents Chemother 2005
May;49(5):1739-44.
(128) Whitcomb JM, Parkin NT, Chappey C, Hellmann NS, Petropoulos CJ. Broad nucleoside
reverse-transcriptase inhibitor cross-resistance in human immunodeficiency virus type 1
clinical isolates. J Infect Dis 2003 Oct 1;188(7):992-1000.
(129) Muthumani K, Hwang DS, Choo AY, Mayilvahanan S, Dayes NS, Thieu KP, et al. HIV-1 Vpr
inhibits the maturation and activation of macrophages and dendritic cells in vitro. Int
Immunol 2005 Feb;17(2):103-16.
(130) Tcherepanova I, Starr A, Lackford B, Adams MD, Routy JP, Boulassel MR, et al. The
immunosuppressive properties of the HIV Vpr protein are linked to a single highly
conserved residue, R90. PLoS One 2009;4(6):e5853.
(131) Cali L, Wang B, Mikhail M, Gill MJ, Beckthold B, Salemi M, et al. Evidence for host-driven
selection of the HIV type 1 vpr gene in vivo during HIV disease progression in a transfusionacquired cohort. AIDS Res Hum Retroviruses 2005 Aug;21(8):728-33.
Rui Soares | 2013

59

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(132) Levy DN, Refaeli Y, MacGregor RR, Weiner DB. Serum Vpr regulates productive infection
and latency of human immunodeficiency virus type 1. Proc Natl Acad Sci U S A 1994 Nov
8;91(23):10873-7.
(133) Wheeler ED, Achim CL, Ayyavoo V. Immunodetection of human immunodeficiency virus
type 1 (HIV-1) Vpr in brain tissue of HIV-1 encephalitic patients. J Neurovirol 2006
Jun;12(3):200-10.
(134) Sabbah EN, Roques BP. Critical implication of the (70-96) domain of human
immunodeficiency virus type 1 Vpr protein in apoptosis of primary rat cortical and striatal
neurons. J Neurovirol 2005 Dec;11(6):489-502.
(135) Kitayama H, Miura Y, Ando Y, Hoshino S, Ishizaka Y, Koyanagi Y. Human immunodeficiency
virus type 1 Vpr inhibits axonal outgrowth through induction of mitochondrial dysfunction.
J Virol 2008 Mar;82(5):2528-42.
(136) Leventhal JS, Ross MJ. Pathogenesis of HIV-associated nephropathy. Semin Nephrol 2008
Nov;28(6):523-34.
(137) Wyatt CM. The kidney in HIV infection: beyond HIV-associated nephropathy. Top Antivir
Med 2012 Aug;20(3):106-10.
(138) Dickie P, Roberts A, Uwiera R, Witmer J, Sharma K, Kopp JB. Focal glomerulosclerosis in
proviral and c-fms transgenic mice links Vpr expression to HIV-associated nephropathy.
Virology 2004 Apr 25;322(1):69-81.
(139) Zuo Y, Matsusaka T, Zhong J, Ma J, Ma LJ, Hanna Z, et al. HIV-1 genes vpr and nef
synergistically damage podocytes, leading to glomerulosclerosis. J Am Soc Nephrol 2006
Oct;17(10):2832-43.
(140) Eckstein DA, Sherman MP, Penn ML, Chin PS, De Noronha CM, Greene WC, et al. HIV-1 Vpr
enhances viral burden by facilitating infection of tissue macrophages but not nondividing
CD4+ T cells. J Exp Med 2001 Nov 19;194(10):1407-19.
(141) Muthumani K, Bagarazzi M, Conway D, Hwang DS, Ayyavoo V, Zhang D, et al. Inclusion of
Vpr accessory gene in a plasmid vaccine cocktail markedly reduces Nef vaccine
effectiveness in vivo resulting in CD4 cell loss and increased viral loads in rhesus macaques.
J Med Primatol 2002 Aug;31(4-5):179-85.
(142) Tzitzivacos DB, Tiemessen CT, Stevens WS, Papathanasopoulos MA. Viral genetic
determinants of nonprogressive HIV type 1 subtype C infection in antiretroviral drug-naive
children. AIDS Res Hum Retroviruses 2009 Nov;25(11):1141-8.
(143) Li G, Bukrinsky M, Zhao RY. HIV-1 viral protein R (Vpr) and its interactions with host cell.
Curr HIV Res 2009 Mar;7(2):178-83.
(144) Iordanskiy S, Zhao Y, Dubrovsky L, Iordanskaya T, Chen M, Liang D, et al. Heat shock protein
70 protects cells from cell cycle arrest and apoptosis induced by human immunodeficiency
virus type 1 viral protein R. J Virol 2004 Sep;78(18):9697-704.
(145) Liang D, Benko Z, Agbottah E, Bukrinsky M, Zhao RY. Anti-vpr activities of heat shock
protein 27. Mol Med 2007 May;13(5-6):229-39.

Rui Soares | 2013

60

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

(146) Haffar OK, Smithgall MD, Popov S, Ulrich P, Bruce AG, Nadler SG, et al. CNI-H0294, a
nuclear importation inhibitor of the human immunodeficiency virus type 1 genome,
abrogates virus replication in infected activated peripheral blood mononuclear cells.
Antimicrob Agents Chemother 1998 May;42(5):1133-8.
(147) Suzuki T, Yamamoto N, Nonaka M, Hashimoto Y, Matsuda G, Takeshima SN, et al. Inhibition
of human immunodeficiency virus type 1 (HIV-1) nuclear import via Vpr-Importin alpha
interactions as a novel HIV-1 therapy. Biochem Biophys Res Commun 2009 Mar
20;380(4):838-43.
(148) Yao XJ, Kobinger G, Dandache S, Rougeau N, Cohen E. HIV-1 Vpr-chloramphenicol
acetyltransferase fusion proteins: sequence requirement for virion incorporation and
analysis of antiviral effect. Gene Ther 1999 Sep;6(9):1590-9.
(149) Ao Z, Yu Z, Wang L, Zheng Y, Yao X. Vpr14-88-Apobec3G fusion protein is efficiently
incorporated into Vif-positive HIV-1 particles and inhibits viral infection. PLoS One
2008;3(4):e1995.

Rui Soares | 2013

61

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

ANNEX 1
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Impact of HIV1-Vpr mutation R77Q in disease progression: two paradigmatic
clinical cases1

Brief summary
A broad study aimed to tackle the naturally occurring HIV1-Vpr mutations at the aa position 77 in a
group of vertically infected children, lead to the identification of some cases of LTNPs bearing Vpr
variants with the mutation R77Q. Herein, two cases are described, one LTNP with the R77Q mutation
and a FP with no mutation at this aa position, as examples of the impact of this mutation R77Q in the
progression of HIV1-related disease.

Clinical cases description
In what regards the clinical examination of the two patients (A and B), several parameters were
evaluated as seen in Table A1. The patient A was a 8 year old child with clinical signs of disease,
including asthenia, weight loss, weakness, recurrent fungal infections, poor performance in school and
developmental delay. As to patient B, a 10 year old child, with no specific symptoms of disease,
clinically followed for medical control, only because the parents are HIV1 carriers.

The clinical cases here described are part of an ongoing study together with the Hospital Pediátrico de
Coimbra aimed to characterise vertically HIV1-infected children.
1

Rui Soares | 2013

63

Clinical Implications of Viral Protein R Mutations in the Progression of HIV Infection

Table A1. Some clinical parameters of the patients
Patient A

Patient B

Age

8

10

Weight (kg)

21

30,2

18467

25705

CD4 T cells/ml

400

482

CD4 T cells (%)

24,1

28,2

CD4/CD8

0,612

0,723

Clinical Classification

2

1

Imunological Classification

B

A

Vertical

Vertical

HIV RNA (copies/ml)

Transmition

The methodology used in order to characterise the Vpr variant (and currently being used in an ongoing
study) involves the collection of blood from HIV1-vertically infected children, followed by leukocyte
extraction. From the leukocyte population obtained, DNA was extracted and the vpr gene amplified
using a Nested PCR strategy. The DNA obtained was sequenced and the sequences analysed using the
Mega4 Program.
In Figure A1 it is possible to observe the alignments of the DNA sequences obtained in the two
patients HIV1-vpr genes and the predicted aminoacid sequence of Vpr protein.
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Figure A1. Alignments of the DNA sequences obtained in the two patients HIV1-vpr genes and the
predicted aminoacid sequence of Vpr protein

CONCLUSION
With these data we can conclude that the HIV-1 child, without specific symptoms, is a LTNP.
The other one is clinically compatible with FP.
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