
31

Conference Highlights—Virus–Host Cell Interplay   Volume 19 Issue 2   May/June 2011

In the Bernard Fields Lecture, Cullen 
discussed the role of a novel class of 
small regulatory RNA molecules, called 
microRNAs (miRNAs), in the replica-
tion of viruses, in particular, herpes 
viruses (Abstract 17). MiRNAs bind to 
messenger RNA (mRNA) molecules 
that have partially or fully complemen-
tary sequences and as a result are able 
to impair mRNA translation and re-
duce mRNA stability. Cullen described 
miRNAs that play a central role in the 
regulation of herpes virus latency as 
well as virus-encoded miRNAs that reg-
ulate cellular functions important for 
virus survival in the host. The search 
for miRNAs that regulate HIV-1 replica-
tion is ongoing, and whether there are 
microRNAs encoded by HIV-1 is still a 
matter of debate. Cullen discussed the 
role of virus-encoded miRNAs in the 
maintenance of Epstein-Barr virus la-
tency. He described how miRNAs par-
ticipate not only in the maintenance 
of latency, but also in maintenance of 
B-cell transformation that is important 
to sustain the viral reservoir. 

Dr Stevenson is professor of medicine and 
chief of the Division of Infectious Diseases 
at the University of Miami Leonard M. Miller 
School of Medicine in Miami, Florida.

The Conference on Retroviruses and Opportunistic Infections (CROI) 
provides an annual international forum for basic scientists and clinical 
and global health researchers to present and become current on the most 
recent advances in the field of HIV and AIDS research. The 18th conference 
contained a number of strong basic science sessions. HIV-1 infection of the cell 
is opposed by cellular factors that attack the viral replication cycle at various 
points. However, the virus has evolved defenses against these innate cellular 
antiviral proteins. CROI continues to be a strong forum for presentation of 
the most recent developments in this area of research. In addition, there 
were numerous presentations on cellular factors that regulate virus–host 
cell interplay as well as on research that is providing detailed insight into 
the mechanism of action of integrase inhibitors. Some presentations focused 
on approaches to studying and intervening with viral latency, particularly in 
primary cell models. Research on the use of zinc-finger nucleases to knock 
out CC chemokine receptor R5 expression in CD34+ stem cells also received a 
lot of interest. The hope is that these strategies will provide new therapeutic 
approaches to generate resistance to HIV-1 infection.

Factors Influencing Virus–Host Cell Interplay
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Viral Replication and Cell Cycle

Infection of a cell is initiated by in-
teractions of the viral envelope glyco-
protein with receptor and coreceptor 
molecules on the cell surface. Expo-
sure of fusogenic domains on the viral 
envelope leads to fusion between viral 
and cellular membranes; this fusion 
allows the viral core, which contains 
the viral nucleic acid, to be inserted 
into the cytoplasm of the target cell. 
Sessions 24 and 50 included presenta-
tions on studies that focused on regula-
tion of virus entry. In quiescent CD4+ 
T cells, infection events leading up  
to establishment of a complementary 
DNA (cDNA) are inefficient. However, 
latent infection is established in qui-
escent T cells, and it is unclear how 
latency is initiated. One possibility is 
that some infection events in cycling 
CD4+ cells result in latent infection if 
the cell rapidly returns to a state of 
quiescence after establishment of the 
integrated provirus. An alternative pos-
sibility is that binding of the virus to a 
quiescent cell may engender a signal 
that would increase the permissivity of 
the cell to infection, thereby facilitating 
the establishment of a latent infection. 

Abstract 88 demonstrated that chi-
meric constructs between human CD8α 
and the cytoplasmic tail of gp41 (gp41CT) 

induced nuclear factor kB (NF-kB)-
dependent luciferase activity in both 
HIV-1 and simian immunodeficiency 
virus (SIV). The second tyrosine of 
the cytoplasmic tail was important for 
the induction of NF-kB activity. Acti-
vation of NF-kB was independent of  
the activation of either nuclear factor 
of activated T cells (NF-AT) or activat-
ing protein 1 (AP-1). Several important 
questions arise from the study. For 
example, it will be necessary to deter-
mine whether envelope glycoprotein, 
within the context of an intact virion, 
is able to induce sufficient NF-kB to in-
crease target-cell permissivity during 
infection given the consensus that tru-
ly quiescent CD4+ T cells are not per-
missive to HIV-1 infection. It is unlikely 
that such a mechanism is sufficient to 
render quiescent T cells permissive to 
infection. However, there may be dif-
ferent activation states between phas-
es G0 and G1 in which envelope-de-
pendent signaling may be sufficient to 
render the cell permissive to infection. 

Establishment and maintenance of 
latency in primary, infected CD4+  
T cells in vitro is difficult. This has 
hampered detailed investigation of the 
molecular mechanisms regulating vi-
ral latency in a physiologically relevant 
system. Research has indicated that 
quiescent T cells are difficult to infect 
in vitro, and this hampers the establish-
ment of a latency model using primary 
lymphocytes.1,2 Abstract 174 presented 
evidence that quiescent T cells can be 
infected through an endosomal route. 
The authors produced HIV-1 variants 
that were pseudotyped with an R5-trop-
ic HIV-1 envelope and with the fusogen-
ic G gycloprotein of vesicular stomatitis 
virus (VSV-G). They demonstrated that 
both CD4+-dependent binding and 
subsequent VSV-G fusion were neces-
sary for infection of naive CD4+T cells. 
This study could be important because 
it would provide an approach for the es-
tablishment of latent infection in vitro, 
thereby allowing detailed investigation 
of the mechanisms regulating latency 
in a physiologically relevant model. 
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Virologic Synapse: Sensitivity to 
Neutralization

In lymphoid tissue, where there is a 
high density of substrate CD4+T cells, 
viral spread may occur not only as free 
viral particles but also directly between 
cells through cell-to-cell contact. HIV-1 
has been reported to form virologic 
synapses (VS) between the HIV-1-in-
fected cell and the target cell’s inter-
face. Formation of VS involves interac-
tion between the viral envelope and 
CD4+cell–coreceptor complexes and 
further requires cytoskeletal rearrange-
ments and stabilization of infected and 
target-cell membranes by adhesion 
molecules. The nature of the VS has 
prompted speculation that this mode 
of viral transfer may afford the virus 
some degree of protection from neu-
tralizing antibodies or from inhibitors 
that prevent interactions with receptor 
and coreceptor molecules. 

Research presented in Abstract 
181 provided evidence that the VS 
may provide an infection route that 
is less sensitive to some broadly neu-
tralizing antibodies. The investigators 
observed that although most neutral-
izing antibodies blocked both cell-free 
and cell-associated HIV-1 infection, a 
17b antibody that is reactive against 
a CD4-induced binding site of enve-
lope glycoprotein as well as patient se-
rum both inhibited cell-free infection 
more effectively than they inhibited 
VS-mediated infection. Deletion of the 
gp41CT enhanced sensitivity to 17b af-
ter VS-mediated infection. 

Abstract 182 presented evidence 
that 2- to 3-fold higher concentrations 
of entry or fusion inhibitors including 
maraviroc, enfuvirtide, and the investi-
gational drug AMD 3100 were required 
to disrupt transinfection between ma-
ture dendritic cells and CD4+ T cells 
than were required for cell-free virus 
infection of CD4+ T cells. 

Abstract 89 presented evidence for 
cellular factors that regulate envelope 
incorporation into the virion. During 
assembly of the HIV-1 particle at the 
plasma membrane, the viral envelope 
glycoprotein is incorporated into the 
budding virus particle. The cellular 
protein Rab11a plays a central role in 

the recycling of cellular glycoproteins 
to the plasma membrane. The authors 
demonstrated that a dominant nega-
tive mutant of Rab11a did not affect 
envelope incorporation, but expres-
sion of a constitutively active form of 
Rab11a appeared to direct the enve-
lope glycoprotein to a cellular location 
for degradation, thus dramatically de-
creasing envelope incorporation into 
released virions. Therefore, the Rab11a 
family of interacting proteins appears 
to be a key mediator of viral envelope 
glycoprotein trafficking.

HIV/Flavivirus GB Virus C 
Coinfection

The regulation of cellular activation 
state and CC chemokine receptor 5 
(CCR5) down-regulation were reported 
to provide mechanisms for limiting 
HIV-1 target-cell availability in individ-
uals coinfected with the flavivirus GB 
virus C (GBV-C). GBV-C infects approxi-
mately 30% of individuals with HIV-1, 
and coinfected individuals have longer 
average survival times than HIV-1-
infected individuals without GBV-C.3,4 
The mechanisms underlining the GBV-C 
benefits are not well understood. 

Abstract 26 examined the frequen-
cies of CCR5+ CD4+ T cells in GBV-C-
seropositive and -seronegative HIV-1-
infected individuals. The investigators 
determined that levels of the cytokine 
RANTES (regulated on activation nor-
mal T-cell expressed and secreted), a 
ligand for CCR5, were higher in GBV-
C-seropositive individuals than in GBV-
C-seronegative subjects. The plasma 
level of RANTES was inversely cor-
related with the frequency of CCR5+ 
CD4+  memory T cells, which itself was 
related to the median fluorescence in-
tensity of CCR5. Therefore, one of the 
mechanisms underlying the survival 
benefits conferred by GBV-C infection 
might involve higher plasma levels 
of CCR5-binding chemokines, subse-
quent down-regulation of CCR5 ex-
pression, and a reduction in target-cell 
availability. 

Abstract 27 presented additional 
evidence for decreases in CD4+ and 
CD8+ cell activation and proliferation 
in GBV-C/HIV-1–coinfected individuals 

compared with HIV-1-infected individ-
uals without GBV-C. CD4+ cell count 
and percentage were statistically sig-
nificantly higher in GBV-C-seropositive 
individuals than in GBV-C-uninfected 
subjects. 

However, in contrast to  results from 
Abstract 26, there were no differences 
in CCR5 or CXC chemokine receptor 4 
(CXCR4) expression on CD4+ cells be-
tween GBV-C-seropositive and -nega-
tive subjects. In individuals who had 
detectable HIV-1 viremia, CD4+ cell 
proliferation was lower in GBV-C-sero-
positive subjects than in GBV-C-unin-
fected subjects, and activation levels of 
CD4+ cells and CD8+ cells were also 
lower in this group. Therefore, GBV-C 
viremia appears to be associated with 
decreased CD4+ T-cell proliferation 
and activation, which may contribute 
to improved survival in HIV-1 subjects 
coinfected with GBV-C. 

Studies on Viral Uncoating 
During Infection

After fusion of HIV-1 with the host cell 
surface, the viral capsid core enters 
the cytoplasm. The viral capsid deas-
sembles to release viral nucleic acids 
into the cytoplasm to be reverse-tran-
scribed. How the reverse transcription 
and uncoating processes are coordi-
nated during infection remains poorly 
understood. Abstract 90 presented evi-
dence that drugs that inhibit reverse 
transcription delayed the uncoating 
process. The study used a fluores-
cence-based uncoating assay as well 
as an owl monkey kidney cell line as-
say that manifests TRIM-CypA-mediat-
ed restriction. 

Data from both assays indicated 
that uncoating is initiated within an 
hour of viral fusion. Inhibition of re-
verse transcription using nevirapine 
delayed uncoating from approximate-
ly 40 minutes to 2 hours. Further-
more, analysis of reverse transcription 
products in owl monkey kidney cells 
indicated that appearance of early re-
verse transcription products coincided 
with the intiation of uncoating. This 
suggests that reverse transcription fa-
cilitates, but is not required for, HIV-1  
uncoating in infected cells. 
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Viral Integration

In a plenary presentation, Cherepanov 
presented structural insights into the 
process of retroviral integration and 
the mechanism of action of strand-
transfer inhibitors (Abstract 75). After 
reverse transcription, the viral inte-
grase enzyme binds to the viral DNA 
ends to form a stable nucleoprotein 
complex, the intasome. In the nucleus, 
the intasome interacts with target-cell 
DNA and catalyzes the joining of viral 
with cellular DNA. Using the proto-
type foamy virus (PFV) integrase as a 
model system, Cherepanov presented 
the crystal structure of the PFV inta-
some, which comprises an integrase 
tetramer tightly associated with a pair 
of viral DNA ends. Integration inhibi-
tors, including raltegravir, elvitegravir, 
and related strand-transfer inhibitors, 
were found to bind within the active 
site of the PFV intasome to dislocate 
the reactor viral DNA. Furthermore, 
because of strong sequence conser-
vation within the active sites of PFV 
and HIV-1 integrase, the mechanism 
by which raltegravir resistance muta-
tions impact antiviral activity could be  
visualized within the PFV intasome 
model. The availability of crystal struc-
tures for the retroviral intasome is an 
important step in the development of 
next-generation integrase inhibitors. 

Integration of viral DNA into host 
chromatin is not a random process 
but appears to occur preferentially in 
transcription units. Lens epithelium-
derived growth factor (LEDGF) is a 
cellular cofactor of HIV-1 integrase 
that promotes viral integration into 
gene-rich regions of host chromatin.5,6 

Abstract 191 examined the ability of 
HIV-1 to replicate in the absence of 
LEDGF in a human LEDGF knock-out 
cell line. In the absence of LEDGF, in-
tegration did not occur in transcription 
units but instead, showed a prefer-
ence for the genomic regions termed 
CpG islands. Although spreading HIV-1 
replication was delayed in the knock-
out cell line, residual replication was  
observed. Nevertheless, the authors 
demonstrated that this residual repli-
cation was still sensitive to the inves-
tigative compound termed LEDGIN, 

which interrupts the interaction be-
tween HIV-1 integrase and LEDGF. 
These data reinforce the critical role of 
LEDGF as a cofactor in HIV-1 integra-
tion. The mechanism by which HIV-1 
is able to integrate in the absence of 
LEDGF is under investigation. 

Mechanisms of Latency

The site of integration has also been 
proposed as an important component 
of the mechanism by which HIV-1 la-
tency is regulated. Both HIV-1 integra-
tion and latent proviruses appear to 
occur in actively expressed host genes. 
As a consequence, transcriptional in-
terference between the HIV-1 long-ter-
minal repeat (LTR) and the juxtaposed 
cellular transcription unit has been 
proposed in epigenetic regulation of 
HIV-1 latency.7 To further understand 
the mechanisms regulating HIV-1 la-
tency, Abstract 197 described the de-
velopment of a dual promoter system 
that examined the interaction between 
the HIV-1 LTR and upstream promot-
ers. The authors demonstrated that the 
maintenance of latent HIV-1 infection 
depends upon the level of expression 
of the gene proximal to the provirus. 
This provides a model for how latent 
infection can be established in actively 
expressed cellular genes. 

Equally important to an understand-
ing of the mechanisms by which laten-
cy is established is an understanding 
of the processes that can trigger reac-
tivation from latency. Because the la-
tent reservoir is considered the most 
important obstacle to viral eradication, 
many investigators have turned their 
attention to strategies that reactivate 
latency to reduce the size of the latent 
reservoir. In Abstract 198, Wightman 
and colleagues described the develop-
ment of a primary resting-T-cell model 
of HIV latency. In this model, resting 
CD4+ T cells are incubated with the CC 
chemokine receptor 7 (CCR7) ligand 
CCL19. The authors have previously 
demonstrated that treatment of resting 
CD4+ T cells with certain chemokines 
such as CCL19 is sufficient to render 
them permissive to HIV-1 infection.8 

They used this model to examine 
the potency and toxicity of histone 

deacetylase (HDAC) inhibitors and 
other immune activators in reactivat-
ing HIV-1 latency. The authors ob-
served statistically significant variation 
in the potency and toxicity of a vari-
ety of HDAC inhibitors, including the 
lymphoma drug vorinostat and the in-
vestigational cancer drugs pamabino-
stat and etinostat as well as cytokines 
including interleukin 7 (IL-7), tumor 
necrosis factor alpha (TNF-α), and pro-
stratin. HDAC inhibitors showed vary-
ing degrees of activity in the primary 
model of HIV-1 latency. However, tox-
icity in peripheral blood mononuclear 
cells was also observed with concen-
trations close to those required to re-
activate HIV-1 latency. Vorinostat ex-
hibited the lowest toxicity and highest 
potency in the primary T-cell model of 
HIV-1 latency, underscoring a poten-
tial role for this drug in clinical trials to 
eliminate the resting cell reservoir. 

Cellular Restrictions

The area of cellular restrictions con-
tinued to draw strong interest at the 
conference. As a virus with a limited 
genetic repertoire, HIV-1 comman-
deers cellular factors at various stages 
in its replication cycle. The seminal 
discovery, by Malim’s research group, 
of the cellular restriction APOBEC 3G 
revealed the existence of cellular fac-
tors that oppose viral infection.9 

Since that discovery, additional cel-
lular factors that antagonize viral repli-
cation have been identified. For exam-
ple, TRIM5α exerts a species-specific 
effect on viral uncoating, and tetherin/
BST2 interferes with disassociation of 
viral particles from the cell surface. 
The existence of these potent antiviral 
restrictions has forced primate lenti- 
viruses to adopt evasion strategies, and 
almost all of the viral counterdefenses 
are directed by the viral accessory 
proteins. The Vif protein antagonizes 
APOPEC 3G by promoting its prema-
ture proteasomal destruction, and the 
protein Vpu antagonizes tetherin/BST2 
by directing it away from sites of virus 
assembly. Because Vpu is not encod-
ed by the majority of SIV variants or  
by HIV-2, an important question is how 
these viruses evade the antiviral action 
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of tetherin/BST2. Studies by Evans  
previously established that SIV Nef 
proteins antagonize tetherin/BST2.10 

Abstract 85 presented further in-
sight into the mechanism by which 
SIV Nef antagonizes tetherin/BST2. 
Nef proteins have previously been 
demonstrated to bind adaptor protein 
2 (AP-2).11,12 SIV Nef mutants incapable 
of binding AP-2 were unable to antago-
nize tetherin, and down-regulation of 
tetherin/BST2 from the cell surface 
was observed with wild-type Nef but 
not with AP-2-binding-site mutants. 
Therefore, SIV Nef proteins antagonize 
tetherin/BST2 in an AP-2-dependent 
mechanism that allows displacement 
of tetherin/BST2 from the site of virus 
assembly or down-regulation of teth-
erin/BST2 from the cell surface. 

Recent studies from our research 
group have presented evidence that 
primate lentiviral Vpx proteins en-
hance infection of myeloid cells by 
antagonizing a cellular restriction.13,14 

Although the identity of the restriction 
as well as its viral target are yet to be 
revealed, the restriction appears to be 
a major barrier to infection of myeloid 
cells. Our published studies have dem-
onstrated that although HIV-1 Vpr is 
unable to neutralize the myeloid cell 
restriction, HIV-1 is sensitive to restric-
tion, and packaging of Vpx within HIV-1 
substantially increases its infectivity 
for macrophages. 

In Abstract 87, Sunseri and col-
leagues presented evidence that in-
creasing HIV-1 infectivity for macro-
phages and dendritic cells after Vpx 
packaging within HIV-1 virions led to 
an enhanced innate immune response. 
Vpr and Vpx proteins are packaged 
into virions through association with 
the p6 domain of Gag. The authors 
constructed a chimeric HIV-1 Gag con-
taining the SIV p6 domain, and this 
allowed packaging of Vpx into HIV-1 
virions. HIV-1 that was engineered to 
package Vpx was more infectious in 
both macrophages and dendritic cells 
and induced a strong type 1 interferon 
response. It is intriguing to speculate 
that HIV-1 has evolved to lack a strat-
egy to neutralize a myeloid cell restric-
tion in order to avoid activating an 
innate immune response. Therefore, 

it would be important to determine 
whether the ability of HIV-1 to remain 
sensitive to the myeloid cell restriction 
impacts its biology within the host. 

Abstract 28LB presented evidence 
that some form of antiviral restriction 
may be playing a role in viral control 
within elite controllers. Research from 
Crumpacker and colleagues demon-
strated that the cyclin-dependent ki-
nase inhibitor p21 restricted HIV-1 
infection of primary hematopoietic 
cells.15 In Abstract 28LB, Huang and 
colleagues examined p21 expression 
in CD4+ T cells from elite controllers 
and HIV-1 progressors. Expression 
of p21 was statistically significantly 
higher in CD4+ T cells from elite con-
trollers, and silencing of p21 by RNA 
interference increased HIV-1 replica-
tion. This group demonstrated that 
p21 interacted with the cyclin-depen-
dent kinase 9 (CDK9), which is essen-
tial for HIV transcriptional elongation. 
The authors proposed that p21 acts as  
an inhibitor of CDK9-mediated tran-
scriptional elongation of HIV-1 in elite 
controllers. 

Pathogenesis

Several clear mechanisms have emerged 
to explain the processes of lentiviral 
pathogenesis. In pathogenic primate 
lentiviral infection, viral replication 
depletes TH17 cells that are neces-
sary to maintain the integrity of the 
gut mucosa. A subsequent loss in gut-
mucosal integrity leads to transloca-
tion of bacterial products that drive 
cell activation, including lipopolysac-
charide (LPS). This increases the pool 
of cells permissive to viral infection 
and erodes the architecture of the 
lymphoid tissue. As originally hypo- 
thesized by Giorgi and colleagues, im-
mune activation (as measured by fre-
quency of activated CD8+ T cells) cor-
relates with plasma viral load and is 
a strong predictor of disease progres-
sion.16 Immune activation persists in 
HIV-1-infected individuals, is not nor-
malized by antiretroviral suppression, 
and undermines CD4+  cell count gains 
during treatment. 

In one study, no correlation be-
tween bacterial translocation and im-

mune activation and low-level vire-
mia was observed in HIV-1-infected 
individuals who exhibited poor CD4+ 
T-cell recovery during suppressive an-
tiretroviral therapy (Abstract 304). 
The researchers examined the asso-
ciation between CD4+ T-cell gains and 
T-cell activation (CD38+HLADR+CD8 
cells), markers of microbial transloca-
tion (LPS and 16S ribosomal DNA), as 
well as monocyte activation (soluble 
CD14). In 71 participants, no markers 
of bacterial translocation were associ-
ated with CD4+ T-cell counts. Nor was 
there a correlation of CD4+ T-cell count 
or immune activation with low-level 
plasma HIV RNA. There was an asso-
ciation of CD8+ lymphocyte activation 
with lower CD4+ cell count. Therefore, 
additional studies are required to iden-
tify biological correlates of a nontreat-
ment response in patients receiving 
suppressive therapy. 

Strategies for Viral Eradication

There has been a single documented 
case of HIV-1 eradication: the “Berlin 
patient,” an HIV-1-infected individual 
with leukemia.17 He received chemo-
therapy followed by transplanted he-
matopoietic stem cells from a CCR5-
negative donor. This case has provided 
proof-of-concept for strategies that 
engineer stem cells to become CCR5-
negative. Abstracts 164 and 165 dis-
cussed the potential use of zinc-finger 
nucleases to edit the CCR5 gene in 
stem cells. In Abstract 164, Cannon 
and colleagues discussed the use of 
zinc-finger nucleases to knock out 
the CCR5 gene in human CD34+ stem 
cells. Those stem cells were then trans-
planted into immune-deficient mice. 
Infection of these mice with R5-tropic 
strains of HIV-1 led to the preferential 
survival of CCR5-negative T cells, sub-
stantial declines in HIV-1 viremia, and 
eventual restoration of normal levels 
of CD4+ T cells in lymphoid tissues of 
the mouse. 

Abstract 165 discussed the applica-
tion of this strategy to humans in on-
going phase I clinical trials involving a 
group of patients for whom 2 or more 
antiretroviral regimens have failed and 
who remain viremic and a second 
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group of patients who are doing well 
on antiretroviral therapy. In this study, 
the CCR5 locus is disrupted with zinc-
finger nucleases, and then the CCR5-
deficient T cells are transplanted into 
the patients. 

Although these are exciting stud-
ies, an important question arises as 
to whether the preexisting viral res-
ervoirs will persist in individuals who 
receive transplanted CCR5-negative 
cells. The success of the Berlin patient 
likely hinged on the fact that the ex-
isting reservoir was depleted through 
chemotherapy. However, in allogeneic 
stem cell transplantation, for which 
chemotherapy is not necessary, the 
preexisting latent reservoir is likely 
to persist. Therefore, at best, CCR5 
removal through allogeneic stem cell 
transplantation may offer a means for 
viral control but may not achieve the 
goal of viral eradication.
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