
1

Director s̓ Report
Warner C. Greene
It is heartbreaking to know that one out of every three AIDS patients admitted to Mulago Hospital 
in Kampala, Uganda, die there because lifesaving antiretroviral medications are simply not 
available. And this is the tip of the iceberg. In 2004, HIV/AIDS remained the leading cause of death 
worldwide for people 15–49 years of age. Currently, 42 million people are infected. 
AIDS is hitting hardest where resources to fight the virus are most limited. For example, sub-
Saharan Africa, with only 10% of the world’s population, is home to 60% of the people living with 
HIV/AIDS. Women and girls now account for the majority of HIV-infected persons. Children are 
not spared either—1,700 new pediatric infections occur every day through transmission from 
mother to child. AIDS is also systematically destroying families. It has already orphaned 12.3 
million children in sub-Saharan Africa and has caused life expectancy to plummet below 40 years 
of age in nine African countries.
During a recent visit to Kampala, I witnessed the scope of the problem and the immense challenges 
posed by HIV infection. However, I also saw the remarkable promise offered by the increasing 
trickle of antiretroviral drugs now flowing and by the development of the nascent infrastructure 
to ensure their effective delivery. Nevertheless, we stand on the brink of losing an entire generation 
in many parts of the world. The battle against AIDS is far from won. We must continue our work 
with a true sense of urgency. 

Highlights of the ongoing research featured in this annual report of the Institute include:

Robert Grant, associate investigator: new studies 
demonstrating that HIV superinfection is quite rare, a 
finding with important positive implications for HIV vaccine 
development. 

Warner Greene, senior investigator: studies identifying a 
new anti-HIV action of the innate antiviral factor, APOBEC3G. 
These experiments reveal APOBEC3G as a prime player 
mediating the strong early block in HIV growth in resting 
CD4 T cells.  

Mike McCune, senior investigator: new insights into immune 
abnormalities occurring during HIV infection, including 
defective production of long-lived memory T cells. 

Laura Napolitano, assistant investigator: new studies on the 
use of growth hormone and interleukin-7 to enhance immune 
recovery after control of HIV infection. 

Doug Nixon, associate investigator: novel studies of the 
inhibitory function of the T-regulatory cell in HIV infection 
that counter the prevailing notion that HIV-specific CD4 T-

cell responses in infected subjects are deleted. Instead these 
responses are specifically suppressed by T-regulatory cells. 

Melanie Ott, staff research investigator: studies exploring 
the intriguing targeting and functional interplay of the 
core protein of the hepatitis C virus with mitochondrial 
membranes. This interplay may facilitate encapsidation 
of the HCV RNA genome and modify key intracellular 
processes, such as apoptosis and fat metabolism.

Cheryl Stoddart, assistant investigator: in vivo investigations 
of a new class of HIV drugs termed maturation inhibitors, 
one of which has the attractive feature of being easily 
synthesized from an inexpensive byproduct of the paper 
industry.

Eric Verdin, senior investigator: studies exploring the 
molecular basis of how HIV establishes latent forms of 
infection and how various chromatin-modifying enzymes 
such as histone deacetylases and sirtuins regulate gene 
expression and cellular metabolism.

GIVI now includes 126 scientific staff and is supported by a 45-member Institutes-wide 
administrative team. GIVI investigators and scientists published 52 papers during 2004 and 
successfully competed for over $12 million in grant funding. In October 2004, the Institute moved 
to its new home at Mission Bay. Dr. Mike McCune and his laboratory remained at the San Francisco 
General Hospital campus, where he will lead a joint Gladstone-UCSF International Center for AIDS 
Research in space previously occupied by GIVI. Mike was also one of nine scientists selected to 
receive the NIH Director’s Pioneer Award. 
It continues to be my privilege to work with a group of truly outstanding investigators, postdoctoral 
fellows, graduate students, research associates, and administrative staff. All have committed their 
professional lives to advancing our understanding of HIV and AIDS in the hopes that we can 
contribute to curbing and one day stopping the global HIV pandemic. Much work remains to be 
done, but I approach 2005 confident that we can and will make a difference. 
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Superinfection: Can HIV Bite Twice?
Robert M. Grant
Our interest in HIV superinfection—defined as sequential infection with different 
variants of the virus from different partners—stems from our 1998 report of the first 
case of multidrug-resistant HIV transmission to an uninfected man. At the international 
AIDS conference in Geneva, we were asked if an HIV-positive person could be reinfected 
with a drug-resistant strain. 
Unfortunately, it was not known if HIV superinfection occurs at all or if drug-resistant 
HIV could be transmitted in that manner. As antiretroviral therapy has become 
more widely available, and we have documented high rates of drug resistance in our 
communities, this question has become even more important for many persons living 
long-term with HIV infections. Further, if it does occur, superinfection would have direct 
implications for vaccine development, protective immunity, and the predicted course of 
the epidemic. 
We designed a study to answer these questions. Sponsored by the NIH, the “Positive 
Partners” study enrolls couples who are both infected but with genetically distinguishable 
variants of HIV such that superinfection could be readily detected if it occurred. Despite 
extensive sexual exposure during 1 year of follow-up, the first 36 couples who completed 
the study showed no evidence of systemic superinfection. Moreover, our careful 
virological analysis of blood samples from cohorts representing more than 1200 person-
years of observation revealed no evidence of superinfection. Thus, superinfection appears 
to be rare, if it occurs at all, in the context of established partnerships and individuals 
with well-established infections.
We are now testing the hypothesis that superinfection is more common in recently 
infected persons. Ultimately, we want to identify mechanisms that develop over the 
first months of infection that provide protection from superinfection. The social and 
biological dimensions of transmission, which underlie the evolutionary success of HIV 
and its devastation of humankind, are the focus of our work, and we are energized by 
the recent combination of our clinical and epidemiological research operations with our 
bench laboratory under one roof at Mission Bay.

Recent Publications
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no evidence for HIV-1 superinfection. 
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Host Factors and Anti-HIV Defense
Warner C. Greene
The recent discovery of innate host cell factors exhibiting potent antiviral functions has 
galvanized the field of HIV biology. One of these antiviral factors is APOBEC3G (A3G). Prior 
work in my laboratory showed how HIV utilizes its Vif protein to defeat the antiviral effects of 
A3G by blocking its production and accelerating its intracellular degradation in the proteasome. 
Many scientists in the field now regard the Vif–A3G axis as the single most compelling new HIV 
drug target to emerge since the discovery of the HIV co-receptors. 
In the last year, our understanding of A3G has taken another leap forward. Dr. Ya-lin Chiu in 
the laboratory discovered that A3G is a key factor responsible for blocking the growth of HIV 
in resting CD4 T cells. In activated T cells, where HIV grows readily, A3G is sequestered in an 
inactive, high-molecular-weight RNA–protein complex. However, in resting CD4 T lymphocytes, 
A3G is expressed in a small, enzymatically active, low-molecular-weight form. When small 
interfering RNA duplexes are used to “knock down” the expression of A3G, these resting CD4 
T cells now readily support HIV infection. These findings reveal A3G’s new function as a potent 
post-entry restriction factor for HIV in resting T lymphocytes. 
These studies shed light on one of the long-standing mysteries in HIV biology—why the virus 
fails to replicate in resting CD4 T cells. These new findings may lead to new therapeutic strategies 
involving the use of small molecules to disassemble the inactive high-molecular-weight A3G 
complexes, thereby conferring protection against HIV in cells normally highly permissive for 
growth of the virus. However, additional studies must be conducted to determine if expression 
of active A3G in proliferating cells will lead to mutation of host chromosomes.

Recent Publications

Cavrois M, Neidleman J, Yonemoto W, Fenard D, Greene WC 
(2004) HIV-1 virion fusion assay: Uncoating not required and 
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Restoring the Immune System
Laura A. Napolitano
HIV impairs the immune system by infecting and destroying T cells, 
which are not easily replaced afterward. The thymus gland—the 
primary site of T-cell development—involutes after childhood and 
has been assumed to be inactive in adults, making it especially 
difficult for HIV-infected adults to rebuild their immune system. 
Thus, agents that stimulate the thymus to produce T cells during 
HIV infection may be therapeutically useful.
Our research focuses on developing immune-based strategies 
to augment T-cell production and restore the immune system 
in HIV-infected individuals. Our recent findings challenge the 
assumption that the thymus cannot be reactivated in adults. In a 
small clinical study based on promising results in animals, we found 
that growth hormone (GH) appears to reverse thymic involution 
and facilitate immune reconstitution in HIV-infected adults. GH 
therapy significantly increased thymic mass, as shown by computed 
tomography, and the number of naive CD4+ T cells, an important T-
cell subset. These findings suggest that it may be possible to induce 
new T-cell production during HIV infection. 
Currently, we are leading a larger clinical study of the effects of 
GH on immune function in HIV-infected patients. We are also 
conducting laboratory studies to determine how GH stimulates 
thymic function. In addition, we are studying other agents that may 
prove useful for treating immune deficiency, including interleukin-
7 (IL-7), an important regulator of T-cell production and function. 
Previously, we reported that IL-7 may help regulate the number of 
T cells and may stimulate T-cell production by providing crucial 
survival signals to developing human T cells. Clinical trials of IL-7 
therapy to stimulate immune function in cancer patients have been 
initiated by the National Institutes of Health, and IL-7 will soon be 
tested in patients with HIV infection.

Recent Publications 

Napolitano LA (2003) Approaches 
to immune reconstitution in HIV 
infection. Top. HIV Med. 11:160–163.

Napolitano LA, Lo JC, Gotway 
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Schmidt D, Grant RM, Halvorsen 
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circulating naive CD4+ T-cell counts 
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growth hormone. AIDS 16:683–692.
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Effects of interleukin-7 on early 
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Immunol. 171:645–654.
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Taking the Measure of the Immune System
Joseph M. McCune
HIV attacks the very cells that defend us against infections. The virus cripples two key components 
of the immune response: short-lived effector T cells that fight off acute infection and longer-lived 
memory T cells that prevent subsequent infections. Effector T cells are destroyed or rendered 
nonfunctional, and immunologic memory evaporates. We want to understand how the virus 
mediates these effects and how to best protect against them.
A key first step is to create assays to measure important features of the immune system in HIV-
infected humans. Two such assays have been developed during the past 5 years. The cytokine flow 
cytometry (CFC) assay permits evaluation of CD4+ and CD8+ effector T cells, and the stable isotope/
fluorescence-activated cell sorting/mass spectrometric method measures T-cell proliferation in vivo. 
We have used these assays to explore interactions between the virus and the immune system.
The first study was carried out in collaboration with our colleagues Steven Deeks and Jeffrey 
Martin (UCSF Positive Health Program) and Elizabeth Sinclair and Barry Bredt (UCSF Core 
Immunology Laboratory). The CFC assay was used to study CD4+ and CD8+ T-cell responses to 
HIV in patients who, despite detectable levels of circulating, drug-resistant virus, maintain stable 
CD4+ T-cell counts and remain clinically well. Among these “partial virologic responders,” strong 
CD4+ and CD8+ T-cell responses were associated with a subsequent lack of virologic progression. 
By inference, these responses appear to contribute to immunologic protection.
A second study was carried out in collaboration with Marc Hellerstein (UCSF and University of 
California, Berkeley). HIV-infected patients were infused with deuterated glucose or deuterated 
water (stable isotopes that are incorporated into the DNA of dividing cells), and the kinetic lifespan 
of sort-purified subpopulations was analyzed by mass spectrometry. This approach revealed, 
for the first time, long-lived human CD4+ and CD8+ T cells that likely constitute true memory 
subpopulations. Interestingly, the capacity to produce such long-lived CD4+ T cells was deficient in 
patients with HIV/AIDS and was restored by effective antiretroviral therapy.
These studies are significant for several reasons. First, they define features of the immune system 
that appear to be important for protection against the progression of HIV disease. Second, they 
provide a framework for future studies to enhance immunity. Such studies, it is to be hoped, will 
ultimately provide insights pertinent to the development of an effective vaccine against HIV.

Recent Publications

Deeks SG, Martin JN, Sinclair E, Harris J, Neilands T, Maecker HT, 
Hagos E, Wrin T, Petropoulos CJ, Bredt B, McCune JM (2004) HIV-
1-specific CD4+ T-cell responses are associated with the partial 
control of drug-resistant HIV. J. Infect. Dis. 189:312–321.

Hellerstein MK, Hoh RA, Hanley MB, Cesar D, Lee D, Neese RA, 
McCune JM (2003) Subpopulations of long-lived and short-
lived T cells in advanced HIV-1 infection. J. Clin. Invest. 112: 
956–966.
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Innate and Adaptive Anti-HIV Defense
Douglas F. Nixon
The clinical course of HIV disease is variable. In some patients, the plasma viral load remains 
low for long periods without antiretroviral treatment. These “long-term nonprogressors” are 
intensively studied to identify virological, genetic, and immunological correlates associated with 
long-term survival. We are interested in how host immunological responses work in these and 
other patients and have recently turned our attention to the role of innate immune responses in 
protection, or lack thereof, in HIV-infected persons. 
Our interest centers on a type of regulatory T cell, or T-reg. T-regs are circulating CD4+ T cells with a 

key role in immune tolerance and in controlling immune responses in 
transplant recipients. Two subsets of T-regs were described 

recently: a naturally occurring subset originating in the 
thymus and an adaptive subset induced in the periphery. 
We have shown that induced CD4+CD25+ T-regs suppress 
HIV-specific T-cell responses in vitro; their depletion 
from peripheral blood mononuclear cells enhanced T-cell 
responses to HIV antigens. 

Thus, the prevailing notion that HIV-specific CD4+ 
T-cell responses in HIV-infected 

subjects are deleted is incorrect. 
Removal of T-regs reveals an 
active HIV-specific CD4+ T-cell 
compartment. This work helps open 

up new potential immunomodulatory 
therapies to boost anti-HIV defenses.

Recent Publications

Aandahl EM, Michaelsson J, Moretto WJ, Hecht FM, 
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control T-cell responses to human immunodeficiency 
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Hepatitis C Virus Core Protein Associates with the Surface of Mitochondria
Melanie Ott
Complications from infection with hepatitis C virus (HCV) are emerging as one of the most 
important issues facing HIV-infected individuals. An estimated 170 million people worldwide are 
infected with HCV; 36.1 million are living with HIV/AIDS. HCV is the major cause of non-A, non-
B hepatitis. In about 80% of the cases, the infection persists and can cause symptoms of chronic 
hepatitis, liver cirrhosis, and hepatocellular carcinoma. There is no vaccine for HCV, and drug 
therapy is not effective against all viral isolates.
The HCV RNA genome, which consists of a single “plus” strand of RNA, encodes a single 
precursor polyprotein of about 3000 amino acids that is processed into several smaller proteins. 
During translation, the first 191 amino acids are inserted into the endoplasmic reticulum (ER). 
Further processing yields the 179–amino acid core protein, the presumed nucleocapsid in the viral 
particle.  
We have used several methods to study the intracellular locations of the core protein. Using 
confocal microscopy, we noticed that it colocalized with mitochondrial markers. When the cells 
were fractionated, the core protein was found in the purified mitochondrial fractions and in 
mitochondria-associated membranes, a site of physical contact between the ER and mitochondria. 
Using immunoelectron microscopy and in vitro mitochondrial import techniques, we further 
localized the core protein to the surface of the mitochondrial outer membrane. In collaboration 
with the group of T.S. Benedict Yen from UCSF, we identified 10 amino acids in the C terminus of 
the core protein as the motif responsible for the mitochondrial localization.
Why the core protein associates with mitochondria is unknown. It might alter mitochondrial 

functions, including fat metabolism and apoptosis, to better support viral 
replication. In addition, mitochondrial and mitochondria-associated 

membranes might be used for viral RNA replication. If so, the core protein 
present at the surface of these membranes would be in a good position 

to encapsidate progeny positive-stranded RNAs released 
from the replication complex. Future experiments will 

test these hypotheses and will fully characterize the 
mode by which the core protein is targeted to the 

mitochondria.
Recent Publication

Schwer B, Ren S, Pietschmann T, Kartenbeck 
J, Kaehlcke K, Bartenschlager R, Yen TSB, Ott 
M (2004) Targeting of the hepatitis C virus core 

protein to mitochondria through a novel C-terminal 
localization motif. J. Virol. 78:7958–7968.
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Potent Pharmacologic Inhibition of HIV-1 Capsid Maturation
Cheryl A. Stoddart
There can be no doubt of the urgent need for more effective, less toxic, and highly affordable 
antiretroviral agents to treat the global AIDS epidemic. PA-457, the lead drug candidate in a 
recently discovered class of antiretrovirals termed maturation inhibitors, holds great promise for 
specific and potent pharmacologic inhibition of HIV-1 replication. This small-molecule inhibitor 
acts at a unique point of vulnerability in the viral life cycle. It blocks cleavage of p2 from the 
capsid precursor (p25) by the viral protease and release of mature capsid protein (p24), resulting in 
noninfectious viral particles.
PA-457 is derived from betulinic acid, a weakly active anti-HIV-1 principle in Syzigium claviforum, 
an herb used in traditional Chinese medicine. The chemical modification that yields PA-457 
increases anti-HIV-1 activity more than 1000-fold. PA-457 has potent antiviral activity against 
multiple wildtype and drug-resistant clinical HIV-1 isolates.
We evaluated the activity of an orally bioavailable salt form of PA-457 in the SCID-hu Thy/Liv 
mouse model of HIV-1 infection. The human thymus implants were inoculated with HIV-1 
(NL4-3) by direct injection, and the mice were treated with PA-457 salt at 10, 30, and 100 mg/kg/
day by twice-daily oral gavage. Implants were collected 3 weeks after inoculation, dispersed 
into single-cell suspensions, and assayed for p24 by ELISA and for Gag-p24+ thymocytes by 
multicolor flow cytometry.
Oral administration of the PA-457 salt reduced viral loads in a dose-dependent manner, causing 
>90% reductions in implant p24 levels at 30 and 100 mg/kg/day. Importantly, the treatment caused 

statistically significant protection of thymocytes from virus-
mediated depletion at 10 and 30 mg/kg/day.
These results establish PA-457 as a potent inhibitor of HIV 
replication in vivo. The early-phase clinical profile and promising 
in vivo activity of PA-457 support further clinical development of 
this first-in-class inhibitor.

Recent Publications

Brilot F, Geenan V, Hober D, Stoddart CA (2004) Coxsackievirus B4 infection
of human fetal thymus cells. J. Virol. 78:9854–9861.

Napolitano LA, Stoddart CA, Hanley MB, Wieder E, McCune JM (2003) Effects of 
interleukin-7 on early human thymocyte progenitor cells in vitro and in SCID-hu Thy/Liv 
mice J. Immunol. 171:645–654.

Sandberg JK, Stoddart CA, Brilot F, Jordan KA, Nixon DF (2004) Development of innate 
CD4+ |-chain variable gene segment 24 (V|24) natural killer T cells in the early human 
fetal thymus is regulated by IL-7. Proc. Natl. Acad. Sci. USA 101:7058–7063.
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SIRT Proteins Deacetylate Tubulin and Mitochondrial Proteins:
Possible Roles in Cancer and Aging
Eric Verdin
Many proteins are modified by phosphorylation, methylation, acetylation, ubiquitination, 
glycosylation, ribosylation, and other less common modifications. These modifications regulate 
protein function by several mechanisms. Our laboratory focuses on the biological role of reversible 
protein acetylation in a variety of biological systems and their role in disease mechanisms. 
Histones, which package DNA into chromatin, are important in the transcriptional regulation of 
gene expression. These proteins are acetylated, and the level of acetylation is under the competing 
influences of histone acetyltransferases and histone deacetylases. Currently, we are characterizing a 
family of seven histone deacetylases called sirtuins (SIRT1–7). Sirtuins are homologous to the yeast 
protein Sir2, an enzyme that controls the aging process in a variety of organisms. The enzymatic 
activity of SIRT proteins is dependent on nicotinamide adenine dinucleotide (NAD), a reducing 
equivalent acceptor that plays a critical role in intermediary metabolism. NAD links cellular 
metabolism, silencing of transcription, and the aging process via the SIRT proteins. We observed 
that SIRT2 and SIRT3 are not present in the nucleus, where histone proteins reside, suggesting that 
SIRT2 and SIRT3 target nonhistone proteins for deacetylation. 
Brian North, a UCSF graduate student in our laboratory, showed that SIRT2 is a cytoplasmic protein 
that regulates the acetylation of tubulin, the major protein component of microtubules. New 
observations demonstrate that SIRT2 shuttles between the nucleus and the cytoplasm and plays an 
important role in controlling the cell cycle. Expression of SIRT2 is lost in some tumors, indicating that 
SIRT2 plays a role in the pathogenesis of cancers. Inhibiting the enzymatic activity of SIRT2 could 
lead to novel cancer therapies, a possibility we are currently exploring. 
SIRT3, in contrast, was shown by postdoctoral fellow Bjoern Schwer to be a mitochondrial matrix 
protein. SIRT3 is imported specifically to the mitochondria and is clipped to a smaller protein in the 
mitochondria matrix by a specific protease. This clipping activates the deacetylase activity of SIRT3. 
We recently demonstrated that several mitochondrial proteins are acetylated and can be deacetylated 
by SIRT3. Future efforts will be directed at identifying all acetylated mitochondrial proteins and their 
regulation by SIRT3. Given the central role of mitochondria in regulating metabolism and controlling 
apoptosis, we anticipate that SIRT3 could play an important role in aging and in metabolic disorders.
We will explore this possibility in transgenic mice models.

Recent Publications

North BJ, Marshall BL, Borra MT, Denu JM, Verdin E (2003) 
The human Sir2 ortholog, SIRT2, is an NAD+-dependent tubulin 
deacetylase. Mol. Cell 11:437–444.

Schwer B, North BJ, Frye RA, Ott M, Verdin E (2002) The human 
silent information regulator (Sir)2 homologue hSIRT3 is a 
mitochondrial nicotinamide adenine dinucleotide-dependent 
deacetylase. J. Cell Biol. 158:647–657.
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