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Retrovirus
replicative cycle

Giacca, M. 2010. Gene Therapy. Springer

1908 Chicken leukosis is caused by a virus (Ellerman and Bang)

1911  Cell-free transmission of sarcoma in chickens (Rous)

1936  Mammary carcinoma in mice caused by a filterable agent 
(Bittner)

1958  Development of the focus assay for RSV (Temin and Rubin)

1964  Provirus hypothesis (generation of viral DNA copy and 
integration in cellular genome) (Temin)

1970  Reverse Transcriptase (Temin and Mizutani; Baltimore)

1976  Probe for src oncogene hybridizes with cellular DNA 
(Stehelin)

1980/82:  First human retrovirus (HTLV-I)

1983:  HIV-1

Months Years

Primary infection

Acute infection
Viral dissemination to the 
lymphoid organs

Clinical latency

Full blown AIDS

Opportunistic 
infections
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Natural history of HIV infection



Latency. In resting cells, HIV-1 is dormant. These cells are not 
recognized by the immune systems and are insensitive to 
antiretroviral therapy. Latency prevents eradication

Variation/Escape. RT makes one error per 10,000 nt and HIV-1 is 
highly recombinogenic. Because billion of viruses are produced 
each day, the potential for variation is enormous

Camouflage. Most antibodies react very poorly with the native 
oligomeric envelope proteins present on HIV-1 particles. Half of 
the mass of Env consist of carbohydrates; conserved functional 
domains are masked by variable loops

Cell tropism. Activated helper CD4+ T cells that sense the 
infection are also the first viral targets.



Two major types: HIV-1 and 
HIV-2

HIV-1 has four major groups 
(M, N, O, P)

Within group M, there are at 
least nine subtypes or clades 
that differ by about 15% in 
sequence

Nearly 50% of all HIV 
infections belong to HIV-1 
clade C

HIV-2 infection has a very low 
prevalence with two dominant 
groups A and B and no clades

The sequence diversity of HIV-1 
clades does not seem to 
substantially impact the disease 
course, except, perhaps, for a 
slower progression rate with 
subtype A.

34 million people living with HIV, including 3.4 million children in 2010

2.7 million new HIV infections, including 390,000 among children less 
than 15 years

Globally, the annual number of people newly infected with HIV continues 
to decline

The annual number of people dying form AIDS-related causes worldwide 
is steadily decreasing from a peak of 2.2 million in 2005 to 1.8 million in 
2010

However, the annual number of people newly infected with HIV has risen 
in the Middle East and North Africa. The incidence of HIV infection in 
Eastern Europe and Central Asia has been accelerating again since 2008

Introducing antiretroviral therapy has averted 2.5 million 
deaths in low- and middle-income countries since 2005

Providing antiretroviral therapy to pregnant women 
living with HIV has prevented more than 350,000 children 
from acquiring HIV infection since 1995.



Why immunodeficiency?
Vaccine and correlates of 
immune protection?
Eradication therapy?
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Highly exposed seronegatives (HESNs) remain uninfected 
despite multiple exposures to HIV

Long-term survivors (LTSs) or long-term nonprogressors 
(LTNPs) are a selected group of HIV-infected people who remain 
healthy beyond the typical asymptomatic period of 9 years. 
They exhibit low viral loads and slow CD4+ T-cell decline and 
show evidence of host anti-HIV immunity.

Elite Controllers (EC) maintain virtually undetectable plasma 
viral loads for years, despite infection with intact and fully 
pathogenic HIV. Proviral sequences obtained from 89 ECs 
revealed no striking differences from the viral sequences of 
progressors. Furthermore, HIV has been transmitted from an 
AIDS patient to an individual who became an EC . These findings 
indicate that host-specific factors, and not the virus, are the 
major determinants of disease

Retrovirus Acronimo Recettore Funzione

Virus della leucemia di 
Moloney – ecotropico

Mo-MLV eco Rec-1 (mCAT-1) Trasportatore di aminoacidi 
basici

Virus della leucemia di 
Moloney – anfotropico

Mo-MLV anfo Ram-1 Trasportatore di fosfati

Virus della leucemia del 
gibbone

GaLV GLVR-1 Trasportatore di fosfati

Virus della leucemia dei 
gatti

FeLV

Virus del sarcoma della 
scimmia

SSV

Virus del sarcoma/
leucemia degli uccelli 
sottotipo A

ASLV-A Tv-a Proteina correlata al 
recettore delle lipoproteine 
a bassa densita' (LDL)

Virus del sarcoma/
leucemia degli uccelli 
sottotipo B

ASLV-B CAR1 Proteina correlata al 
recettore delle lipoproteine 
a bassa densita' (LDL)

Virus 
dell'immunodeficienza 
umana di tipo 1

HIV-1 CD4
CXCR4 o CCR5

Recettore delle cellule T
Recettore delle chemochine



Cellular Factor Viral cycle phase Activity Reference

CD4 Binding with Env Dalgleish et al., 1984

CXCR4
Entry

Binding with Env Endres et al 1996

CCR5
Entry

Binding with Env Choe et al., 1996 

DC-SIGN Virion Internalization in DC cells Geijtenbeek et al., 2000
Dynamins Necessary for virions endocytosis Miyauchi et al., 2009
TRIM5-alpha Uncoating Interferes with the uncoating process Hatziioannou et al., 2004; Keckesova et al., 2004
Cyclophilin A Protects HIV-1 from an unknown antiviral factor Luban et al., 1993; Braaten and Luban 1996
APOBEC3 Reverse Transcription Induces mutations in viral cDNA Sheeny et al 2002; Harris et al., 2003
Uracil-DNA glycosylase Controls dUTP misincorporation in viral cDNA Bouhamdan M et al., 1996; Priet et al., 2005
Cofilin Trafficking and Actin depolymerizing factor Yoder et al., 2008
Transportin-SR2 nuclear translocation PIC entry Chirst et al., 2008
Importin7 PIC entry Fassati et al., 2003
BAF Prevents autointegration Lee and Craigie, 1994
INI1/hSNF5 Integration IN interactor involved in virion production Kalpana et al., 1994; Sorin et al., 2006
LEDGF Tethering factor Cherepanov et al., 2003; Maartens et al., 2003
Emerin Bridges together chromatin and viral cDNA Jacque and Stevenson 2006; Shun et al., 2007

p300/CBP
Integration/ 
Transcription

Positively modulates integration and 
transcription 

Cereseto et al., 2005; Marzio et al., 1998; Benkirane et al., 
1998

Cyclin T1 and other cellular 
transcription factors/
coactivators Transcription

Regulation of HIV-1 transcription Fujinaga et al., 1998; Bieniasz et al., 1999

NAP-1 and other factors 
involved in chromatin 
regulation

Regulation of HIV-1 transcription Vardabasso et al., 2007

CRM-1 Nuclear export Nuclear export receptor for unspliced viral RNA Askjaer et al., 1998
TSG 101

Assembly and
Interaction with ESCRT machinery Garrus et al., 2001

Tetherin Assembly and 
Budding

Inhibits Budding Neil et al., 2008
Calcium-modulating 
cyclophilin ligand (CAML)

Budding
Inhibits Budding Varthakavi et al., 2008

PACS-1 Down-regulation of MHC Piguet et al., 2000
lck Down-regulation of CD4 Salghetti et al., 1995
PAK Host-Virus Interaction

Prevention of apoptosis
Nunn et al., 1996; Wolf et al., 2001

ASK
Prevention of apoptosis

Geleziunas et al., 2001

PI3-Kinase
Prevention of apoptosis/ Down-regulation of 
MHC

Graziani et al., 1996; Wolf et al., 2001; Blagoveshchenskaya et 
al., 2002

Cellular factors regulating HIV-1 replication (some!) 

Cellular factors restricting HIV-1 replication
TRIM5α
RING domain-E3 ubiquitin ligase that restricts infection by HIV-1 and other retroviruses 
immediately following virus entry. Binds the capsid lattice. Promotes innate immune 
signaling. (Sayah D et al. Nature 2004; Stremlau M et al. Nature 2004; Pertel T. Nature 
2011)

Tetherin
Interferon-inducible, membrane protein that physically tethers enveloped virus particles to 
the plasma membrane thus preventing escape from infected cells. Downregulated by HIV-1 
Vpu (Neil et al., Nature 2008; Perez-Caballero etl al. Cell 2009)

APOBEC-3G
Cytidine deaminase incorporated into HIV-1 virions; induces accumulation of deoxyuridine 
residues in the nascent minus strand of the transcribed retroviral DNA - these mutations 
diminish second-strand DNA synthesis by RT, increasing lability of the viral genome. 
Counteracted by Vif

SAMHD1
Blocks efficient infection of macrophages and dendritic cells by HIV-1 acting at an early 
step after internalization (reverse transcription?). HIV-2 and SIV Vpx relieves inhibition by 
promoting SAMHD1 degradation by an E3 ubiquitin ligase complex containing DCAF1/
VPRBP (Hrecka, H et al. Nature 2011; Laguette N et al. Nature 2011)



Guangzhou, July 2011 

Second generation nucleoside 
analogues and non-nucleoside 

analogue RT inhibitors

Fusion inhibitors

CCR5 inhibitors

CD4 receptor 
inhibitors

Integrase 
inhibitors

Maturation 
inhibitors

LEDGF inhibitors

Capsid assembly 
inhibitors

Protease 
inhibitors



Cellular Reservoirs of HIV-1 Replication 
and Persistence
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Sterilizing cure 
elimination of all HIV-1 
infected cells

Functional cure 
generation of effective 
host immunity to HIV 
that would result in 
lifelong control of the 
virus in the absence of 
therapy

Therapeutic gene Vector Target cells

RevM10 (dominant negative Rev mutant) Plasmid transfection 
using gold 
microparticles

CD4+ T lymphocytes

Retrovirus CD4+ T lymphocytes

CD34+ bone marrow cells

Mobilized allogenic CD34+ cells from 
peripheral blood

RevM10 and/or RevM10 plus antisense TAR Retrovirus CD4+ T lymphocytes from HIV-
negative identical twins

RRE decoy Retrovirus CD34+ bone marrow cells

Antisense RNAs against TAR and Tat/Rev (HGTV43) Retrovirus CD34+ bone marrow cells

Long antisense against env, driven by the HIV-1 LTR 
(VRX496)

Lentivirus CD4+ T lymphocytes

Hairpin ribozyme against HIV-1 U5 leader sequence Retrovirus CD4+ T lymphocytes

Hammerhead ribozyme targeted to tat and rev Retrovirus CD34+ bone marrow cells

CD34+ bone marrow cells after 
myeloablation

Hammerhead ribozyme against the translation 
initiation region of tat (Rz2, OZ1)

Retrovirus CD4+ T lymphocytes from HIV-
negative identical twins

Mobilized CD34+ cells from peripheral 
blood

Gp41-derived peptide blocking fusion (M87o) Retrovirus CD4+ T lymphocytes

TAR decoy RNA, siRNA against Tat and Rev, 
ribozyme against cellular CCR5

Lentivirus CD34+ bone marrow cells



More than 20 different antiretroviral drugs now available in many 
countries 
Patients with a drug-susceptible viral strain and fully compliant with 
therapy can achieve and maintain complete, or near complete, viral 
suppression for years to decades
Standard therapies do not fully restore a normal immune status; 
patients still experience co-morbidities, such as increased 
cardiovascular disease, bone disorders and cognitive impairment
Interruption of antiretroviral therapy almost invariably leads to the re-
emergence of detectable viral replication and the progression of AIDS
Only a minority of HIV-infected individuals globally have access to 
antiretroviral therapy; for every HIV-infected person who starts 
antiretroviral therapy, two individuals are newly infected with HIV; thus, 
the infected population is likely to grow

Chronic inflammation during therapy is associated with persistent 
inflammationand immune activation, which in turn is associated with and 

presumably causally related to higher than expected risk of premature heart 
disease, kidney disease, liver disease, bone disease, cancer, and 

neurocognitive dysfunction




