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HIV Infection

Over 38 million people are currently 
living with human immunodeficiency 
virus (HIV) worldwide and 1.8 million 
of these are children. Although new 
infection rates are decreasing, an 
estimated 1.7 million individuals 
become infected with HIV each year. 
HIV is spread through bodily fluids, 
including breastfeeding, needle sharing, 
or sexual transmission.

HIV is a retrovirus – a type of pathogen 
that uses the body’s own replication 
mechanisms to its advantage. It works 
by attaching to receptors on immune 
cells called CD4 T cells, before fusing 
and then entering the cell. Once HIV is 
inside, it uses its reverse transcriptase 
enzyme to transform its genetic material 
from RNA to DNA, which becomes 
transported to the nucleus. Within the 
nucleus, another viral enzyme known 
as integrase inserts the viral DNA into 
the host’s DNA so that it is replicated by 
the host’s mechanisms to create new 
viral proteins and RNA. These newly 
formed viral components assemble 
near the cell surface and combine to 

form complete HIV particles which burst 
out of the cell. The newly released virus 
particle then undergoes maturation, a 
step that is triggered by using the viral 
protease enzyme. Mature HIV particles 
are now free to infect more CD4 cells 
in the bloodstream and the process of 
infection continues.

CD4 T cells are an essential part of the 
immune system for fighting off disease-
causing agents like bacteria and viruses. 
However, when they are hijacked by HIV, 
the immune system cannot function 
properly and becomes progressively 
weaker until AIDS develops. AIDS 
creates a dramatically augmented risk 
of infections and opportunistic tumours, 
almost invariably leading to death 
if antiretroviral therapy (ART) is not 
administered.

Fortunately, the development of ART 
means that people who are living with 
HIV can live longer and healthier lives, 
without developing AIDS or passing 
on HIV to their partner. About 67% 
of people who are HIV positive are 
receiving ART around the world. The 
medication works to reduce the viral 

load (the amount of virus present) 
in a person’s blood by disrupting 
the virus’s replication. This can be 
achieved through nucleoside reverse 
transcriptase inhibitors, non-nucleoside 
reverse transcriptase inhibitors, 
protease inhibitors, entry inhibitors or 
integrase inhibitors. Each one of these 
drugs targets and disrupts a different 
part of the viral replication process and 
so prevents HIV from multiplying.

Keeping up with Drug Resistance

Although ART has played a vital role in 
reducing global HIV numbers, continued 
research is necessary to keep up with 
the virus. As with all viruses, HIV can 
mutate and become resistant to drugs 
that were once sufficient to keep a 
person healthy. This means that new 
drugs or newer versions of established 
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drugs are needed to ensure that people living with HIV can 
continue to be treated effectively.

One scientist taking on this challenge is Dr Eric Freed from the 
USA’s National Cancer Institute in Frederick, Maryland. Dr Freed 
has undertaken multiple projects investigating the molecular 
mechanisms of HIV maturation and replication and how they 
may lead to new therapeutic targets. His contributions will 
provide important insights into how new anti-HIV drugs could 
work to bypass or avoid resistance.

Solving Mechanisms of HIV Drug Resistance

Gag proteins are the main structural proteins of retroviruses 
like HIV-1 and are an important element of viral replication by 
playing the central role in assembly, budding and maturation. 
During the Gag processing cascade when the virus is exiting its 
host, Gag’s polyprotein precursor known as Pr55Gag is cleaved 
(cut) by the viral protease enzyme. This step is essential for the 
maturation and infectivity of the virus. For a number of years, Dr 
Freed has been working to develop maturation inhibitors (MIs) 
that target HIV-1 maturation by blocking a specific step in the 
Gag processing cascade.

In collaboration with Panacos Pharmaceuticals, Dr Freed 
characterised how the first-in-class MI known as bevirimat 
(BVM) works. The collaboration found that BVM works by 
blocking a late step in the Gag processing pathway, namely, 
the conversion of CA-SP1 (the capsid-spacer peptide 1) Gag 
processing intermediate to mature capsid protein. As a result, 

HIV-1 maturation and therefore replication is inhibited. Finding 
the molecular target of the compound relied on identifying HIV-
1 mutants that are resistant to BVM.

Alongside the studies with resistant mutants, structural 
studies strengthened the team’s understanding of MI activity 
on a deeper level. At a CA-SP1 junction, an immature lattice 
structure is made up of a protein formation called a six-helix 
bundle. MIs stabilise this bundle, which actually prevents 
CA-SP1 processing and therefore introduces a block in the Gag 
processing cascade.

However, when a certain resistance mutation occurs in the 
genetic material of HIV-1, the six-helix bundle is destabilised. 
This counteracts the inhibitory abilities of MIs and results in 
resistance of the virus to BVM. Subsequently, Dr Freed and 
his collaborators are now studying a new generation of BVM 
analogues that are more potent than their predecessors and 
can combat drug resistance. Many of them have been identified 
and clinical trials are already taking place and the results seem 
promising so far.

Developing New and Effective HIV Drugs

Continuing on from this research, Dr Freed is partnering with 
structural biology laboratories to determine precisely where MIs 
bind to the viral Gag protein. They will determine the structure 
of the CA-SP1 region in the immature Gag lattice, in both the 
presence and the absence of bound inhibitor.
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Uncovering and understanding 
structures like these involved in the 
assembly and maturation of HIV-1 are 
key to developing MIs as antiretroviral 
drugs. These drugs, together with 
those against other new targets, may 
help to provide a solution to drug 
resistance and the long-term tolerability 
of currently available drugs. At the 
moment, other than protease inhibitors, 
there are no drugs that target this late 
stage of the replication cycle of HIV-1, so 
this is an exciting avenue to explore.

More Mechanisms of HIV Replication

Adjacent to this research, Dr Freed is 
also involved in studies that investigate 
other steps in HIV-1 assembly 

and maturation. One interesting 
molecule in the pathway is inositol 
hexakisphosphate (IP6) which has 
unusual abilities. During assembly of 
the virus, it can promote the formation 
of the immature Gag lattice and 
during maturation, it can promote the 
assembly of the mature capsid lattice. 
IP6 binds to the six-helix bundle which 
we’ve seen is an important element in 
the maturation process, so the team are 
studying it in relation to MIs, which also 
bind to the six-helix bundle. 

Another molecule of interest is neutral 
sphingomyelinase 2 (nSMase2) 
which is an enzyme used in ceramide 
biosynthesis. In cells, disruption of 
nSMase2 prevents maturation by 

blocking Gag protein processing. 
Learning about the role of this molecule 
in viral replication is important to 
understand how new HIV drugs could be 
developed.

Additional projects by Dr Freed 
and his team have revealed the 
involvement of envelope glycoproteins 
in HIV-1 drug resistance. The envelope 
glycoproteins are found on the outer 
surface (envelope) of the virus and are 
responsible for the binding of the virus 
to the receptor on target cells and virus 
entry into those cells. In cell cultures, 
envelope glycoproteins that contained 
mutations to enhance cell-to-cell 
transfer could counteract the replication 
inhibition effects of antiretrovirals. This 
is another previously unknown path 
of resistance that is a high priority for 
further study.

Dr Freed’s novel research is paving 
the way for better understanding 
mechanisms of drug resistance in HIV-1 
and as a result, significantly improving 
HIV therapies. His work will undoubtedly 
make a real difference to the lives of 
people living with HIV in the years to 
come.
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