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HUMAN IMMUNODEFICIENCY VIRUS CO-
MORBIDITIES: HOW LIPID HOMEOSTASIS
ALTERATIONS LEAD TO CARDIOVASCULAR
AND NEUROLOGICAL DISORDERS

Although human immunodeficiency virus (HIV) is still prevalent worldwide, life-saving antiretroviral

drugs can now prevent an infection from progressing into acquired immunodeficiency syndrome (AIDS).

Nevertheless, people who are HIV-positive are still at increased risk of developing neurological disorders

and cardiovascular diseases, known as co-morbidities. Professor Michael Bukrinsky from the George

Washington University in Washington DC works to understand the underlying biological mechanisms that

lead to these disorders. His research has produced interesting results that demonstrate the role of altered

lipid (cholesterol) homeostasis in HIV-infected cells and how this comes to pass.

Uncovering Causes and Proposing
Solutions

Over 37 million people worldwide are
infected with human immunodeficiency
virus (HIV), and an estimated 1.7

million of these are children. The

virus replicates by entering immune
cells, particularly CD4+ T cells and
macrophages, and multiplying inside
them. Once new HIV virions have been
produced, they burst out of the host cell
to repeat replication, which kills the cell
in the process. Due to viral reproduction
in the immune cells, the immune
systems of people infected with HIV

are greatly impacted and they become
susceptible to additional diseases.

HIV is spread via certain bodily fluids
and can, therefore, be transmitted
during unprotected sex, sharing needles
and during pregnancy or breastfeeding.
Although initial infection may result

in a few weeks of flu-like symptoms,
many people usually will not present
any symptoms for a number of years.
However, if it is left untreated, HIV

leads to acquired immunodeficiency
syndrome (AIDS), whereby the immune
system is so damaged and unable

to repair itself, that previously minor
infections and illnesses become life-
threatening.

Thankfully, treatments have been
found that allow those living with HIV
infection to live long, healthy lives.
These treatments come in the form
of antiretroviral drugs, which prevent
the virus from infecting new T cells
and macrophages and in turn, allow
the immune system to repair itself.
Eventually, taking these tablets every
day results in an undetectable viral
load, meaning that the amount of HIV
in the body is so low that it cannot
be detected by a test and the risk of
transmission is minimal.

Although impressive progress has

been made to improve the lives of
those living with HIV/AIDS, research has
shown that they still have a high risk of
co-morbidities. These are ailments that
are not caused by a damaged immune
system, but by other, HIV-associated,
yet less clear mechanisms. For example,
people who are HIV-positive are more
likely to have high blood pressure and
high cholesterol, develop heart disease,
kidney disease, neurological issues and
cancer.

Uncovering the reasons behind and
solutions to these troubling HIV
co-morbidities is Professor Michael
Bukrinsky from the Department of
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Microbiology, Immunology and Tropical
Medicine at the George Washington
University in Washington DC. In
collaboration with scientists across the
globe, Professor Bukrinsky is working
to elucidate the molecular mechanisms
behind these comorbidities so that they
can be targeted with therapies.

Lipid Homeostasis in HIV-infected
Macrophages

The role of cholesterol in cardiovascular
diseases has been well established.
However, prior to Dr Bukrinsky’s studies,
there has been little investigation into
the impact HIV has on cholesterol
homeostasis. Cholesterol is an essential
lipid (or fat) in the body that aids in the
synthesis of cell membranes, hormones
and vitamins. But when there is an
imbalance between the high-density
lipoprotein (often called ‘good’ HDL)
and low-density lipoprotein (‘bad’

LDL) forms, the risk of cardiovascular
diseases increases. An excess of LDL in
the bloodstream also frequently leads to

.




Professor Bukrinsky’s group during an informal lunch meeting

atherosclerosis, which is a thick deposit of cholesterol, fat and
calcium within an artery. As this deposit (known as a plaque)
grows, the artery narrows and a blood clot trapped in the small
space can resultin a heart attack or stroke.

Professor Bukrinsky and his colleagues carried out research
to discover why this is so common in HIV patients. His team
included Professor Dmitri Sviridov at the Baker Heart and
Diabetes Institute, Dr Zahedi Mujawar (Astra Zeneca, a former
graduate student), and Professor Michael Fitzgerald at Harvard
Medical School. They discovered that the virus inhibits a
cholesterol transporter protein in macrophages - a type of
white blood cell in the immune system. This transporter is
called ATP-binding cassette transporter A1 (ABCA1) and when
itis prevented from functioning normally, cholesterol cannot
leave the macrophage cell. The inhibition of cholesterol
efflux is a condition previously documented as causing high
atherosclerosis risk.

The team ascertained that in HIV-infected cells, this inhibition
event was regulated by an HIV protein called Nef, and further
investigation found that two biological mechanisms were
responsible. First, Nef binds to and down-regulates ABCAL,
meaning that it reduces its abundance - and thus, its ability to
facilitate cholesterol efflux. Second, Nef interacts with another
cellular protein, calnexin, which regulates glycosylation and
maturation of ABCAL. As a result, ABCA1 cannot mature and

is sent to the degradation pathway as a cellular defence
reaction to the accumulation of immature proteins. Together,
these mechanisms cause the reduction of ABCAL and prevent
the transfer of cholesterol to apolipoprotein A-l, a major
component of HDL cholesterol. These processes result in an
imbalance of blood lipoprotein cholesterol.

Studies by Dr Brichacek in Professor Bukrinsky’s group further
demonstrated that the described above effects of Nef are also
reproduced by treating cells with Nef-containing extracellular
vesicles (EVs). These vesicles are produced by HIV-infected
cells and persist in infected individuals even when the virus

is undetectable. The reason for this is that the antiretroviral
drugs used to treat infected patients prevent new infections,
but do not block low-level production of Nef in infected cells.

Circulation of these Nef-containing EVs may be the reason
for the persistence of co-morbidities in successfully treated
patients with undetectable HIV load.

Professor Bukrinsky’s studies also showed that HIV-infected
and Nef-EV-treated macrophages accumulated a significant
amount of lipids within them. This gave them a resemblance

to foam cells, a type of macrophage that sticks to blood

vessel walls, internalising LDL and facilitating atherosclerosis
formation. In addition, cholesterol enrichment leads to
changes in the cellular membrane, increasing the size and
number of cholesterol-rich islets called ‘lipid rafts’ These

lipid rafts are places where cellular receptors sensing and
responding to inflammation accumulate, making cholesterol-
rich macrophages overresponsive to inflammatory stimuli.

This mechanism may underlie another important cause

of atherosclerosis in HIV-infected individuals, persistent
inflammation. When Professor Bukrinsky stimulated cholesterol
efflux from HIV-infected macrophages, the HIV viruses that were
produced inside were much less infectious. This shows that the
virus requires a certain, high cholesterol level within its host
cell to maximise its replication ability, and HIV achieves this by
preventing cholesterol efflux.

These exciting results revealed brand-new mechanisms by
which HIV Nef regulates intracellular lipid homeostasis within
HIV-infected cells and cells encountering Nef-containing

EVs. In this way, Professor Bukrinsky’s work showed how HIV
infection of macrophages contributes to the co-morbidity of
atherosclerosis and its associated risks. A subsequent study
with Dr Ruth Hunegnaw (National Institutes of Health, a former
graduate student) and Professor Alexei Adzhubei (Engelhardt
Institute of Molecular Biology) and Amol Kulkarni (Howard
University) revealed that specific interactions with Nef could
be blocked and therefore potentially targeted with drugs to
prevent HIV from impacting cholesterol homeostasis and thus,
reduce the risk of atherosclerosis.

Neurodegeneration in HIV

Professor Bukrinsky’s group has further studied lipid rafts,

the solid structures in the plasma membrane and the barrier
between a cell and its surroundings. These rafts are full of
cholesterol molecules and help to mediate interactions with
the cell’s environment. Whilst these interactions are usually
beneficial, pathogens can take advantage of lipid rafts and

use and even modify them to facilitate their own replication.
Lipid raft therapy can be implemented as a treatment for viral
infections by reducing unwanted modifications of lipid rafts or
preventing viral interactions with these regions, and Professor
Bukrinsky suggests this may even be an effective treatment for
COVID-19.

Similar to atherosclerosis, lipid raft structures are key players
in HIV-associated neurocognitive disorders (HAND), which are
very frequent even in HIV patients receiving treatment. HAND is
often seen as behavioural changes, declining cognitive function
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and motor impairment, and Professor Bukrinsky studied the
role of Nef in HAND.

His studies showed that the Nef protein secreted from HIV-
infected cells in EVs was rapidly internalised by neural and glial
cells, and as seen in previous experiments, reduced ABCA1
abundance and cholesterol efflux, and also increased the
number of modified lipid rafts in the plasma membrane.

Nef EVs also caused the increase and redistribution of amyloid
precursor protein (APP) and Tau to lipid rafts, both of which

are associated with brain disorders. With the addition of the
activation of inflammatory pathways, Professor Bukrinsky
observed consequent neuronal functional impairment which
was reversed when the lipid rafts were disrupted. These findings
were supported by evidence from brain tissue of deceased

HIV patients with HAND, which showed lower levels of ABCAL
and more lipid rafts compared to HIV-negative brain tissue.
Additionally, an abundance of Nef in the HIV-positive tissue
correlated with APP and Tau levels. Finally, Jessica Schenck,

a graduate student in Bukrinsky’s laboratory, demonstrated
that Nef-carrying EVs cause demyelination of the brain. Myelin
forms cholesterol-rich sheaths of neurons required for neuronal
functions, and cholesterol transport is essential for their
maintenance.

As a result, Professor Bukrinsky concluded that the cholesterol
homeostasis alterations arising from the presence of Nef

in the brains of HIV-infected people may contribute to
neurodegeneration and HAND. Understanding the underlying
mechanisms of disease facilitates the development of
therapies to target them, and Professor Bukrinsky’s research
suggests that treatments preventing Nef-induced alterations of
cholesterol homeostasis and/or normalising lipid raft structure
may reverse HAND.

Discovering HIV-Specific Memory

The most recent discovery by Larisa Dubrovsky, a scientist in
Professor Bukrinsky’s group demonstrated that cells treated
with Nef EVs acquire a memory of this encounter. This memory
is maintained by epigenetic (not involving genetic material)

changes that regulate the expression of pro-inflammatory and
lipid metabolism genes. As a result, cells, and in particular
macrophages, become overresponsive to inflammatory stimuli.

This mechanism supplements and potentiates the mechanisms
described above. The length of this memory is extended by
the possibility that Nef EVs affect progenitor cells in the bone
marrow, thus potentially impacting cells produced from these
progenitors for a very long time. This finding adds another
complication to be considered in the efforts to cure HIV
infection. Indeed, besides silencing HIV, either by eliminating

it from the body or by permanently blocking the virus from
producing proteins and nucleic acids, care should be taken

to clear the memory formed during the encounter with the
virus or Nef EVs. Professor Bukrinsky’s studies support the
development of approaches aimed at reversing or blocking the
establishment of this memory.

Discovering and Blocking a Pro-inflammatory Protein

While Professor Bukrinsky has devoted much of his research

to HIV and its co-morbidities, his laboratory explores other
avenues of research as well. These include obtaining a better
understanding of inflammatory diseases, the biological
interactions that cause them and how they can also be targeted
by drugs. Studies with Professors Yurchenko (University of
Ostrava) and Sherry (Feinstein Institutes) identified that
extracellular proteins called cyclophilins and their receptor
onimmune cells called CD147 regulate various inflammatory
disorders such as acute lung inflammation, cardiovascular
disease and rheumatoid arthritis. CD147- mediated signalling
by cyclophilins guide immune cells to the sites of inflammation.

Therefore, Professor Bukrinsky and his colleagues believed that
targeting these interactions would be a promising possibility
for anti-inflammatory therapeutics. Together with Professors
Stephanie Constant (National Institutes of Health) and Gunter
Fischer (Max Planck Research Unit) he developed and patented
an exciting new drug that blocks the action of extracellular
cyclophilin A. They hope that this could be used to alleviate
the symptoms of both acute and chronic inflammation and
mitigate the subsequent risks associated with it.
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