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Scientists Map How HIV Hijacks Human
Cells—and How Cells Can Fight Back

Gladstone Institutes and UCSF researchers have created the first comprehensive genetic
roadmap of how HIV interacts with real human cells.

The human immunodeficiency virus (HIV), which is the cause of AIDS, is a master of deception,
using just nine genes to hijack the complex cellular machinery of the human body. Yet, even after
decades of research on how the virus replicates and persists, researchers still haven’t solved the
mystery of exactly which human genes influence HIV infection.

Now, scientists at Gladstone Institutes and UC San Francisco (UCSF) have opened a new door to
understanding HIV by creating the first comprehensive genetic roadmap of how the virus interacts
with real human cells. In a study published in the journal Cell, the team identified a multitude of
human proteins that either help the virus thrive or work to stop it.

“HIV has been a global crisis for over 40 years,” says Alex Marson, MD, PhD, Connie and Bob Lurie
Director of the Gladstone-UCSF Institute of Genomic Immunology, who led the study. “By studying
human T cells, which are the primary target of the virus, we've finally mapped the genes—many of
which were previously unknown—that influence whether or not they can be infected by HIV.”

Marson trained as an infectious disease doctor and used to work in an HIV clinic in San Francisco.
For this study, he collaborated closely with Nevan Krogan, PhD, director of the HIV Accessory and
Regulatory Complexes (HARC) Center, a multidisciplinary program aiming to better understand the
interactions between HIV and human cells.

“This was the first genome-wide effort to show how human genes affect HIV infection in cells taken
directly from human blood samples.” says Krogan, a senior investigator at Gladstone and director
of the Quantitative Biosciences Institute at UCSF. “Our findings could eventually lead to new
treatments that help the body’s immune system resist the virus.”

Studying HIV in Real Human Cells

HIV mainly infects CD4+ T cells, which orchestrate the body’s immune response. Yet, historically,
most HIV research has been conducted in so-called “immortalized” cell lines—essentially, cancer
cells that are easy to study in the lab. But because these cells don’t come directly from human
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donors, they’re not as relevant to what actually happens in the human body.
As a result, scientists have had an incomplete picture of how cells respond to HIV attack.

A team of scientists in Marson’s lab, including Ujjwal Rathore, PhD, has been working to overcome
this limitation for the past decade. They have chipped away at unleashing the power of CRISPR
gene editing in actual human T cells to study every gene in the genome and identify which ones
are important for HIV.

“One challenge of using real human T cells for research is they're very difficult to infect with HIV;
out of a whole dish of cells, typically only one or two percent would get infected,” says Rathore, a
staff research scientist in Marson’s lab who is both a first author and a corresponding author of the
study. “We spent years figuring out how to optimize HIV infection in these cells, and we can now
infect up to 70% of them with the virus.”

Once that was accomplished, the scientists found a way to test all 20,000 human genes at once to
determine which ones get hijacked by the virus and which ones fight back.

They leveraged CRISPR gene editing in a two-part strategy: First, they disrupted every human
gene to identify the ones HIV needs to survive. Then, they separately boosted each gene activity
to over-produce proteins, which allowed the scientists to spot the proteins skilled at defending
against the virus.

“Over-activating the genes gave us a wealth of information,” says Eli Dugan, PhD, a postdoctoral
scholar in Marson’s lab and a first author of the study. “We discovered natural antiviral proteins
that were previously invisible because the virus could effectively silence them. By ramping up the
levels of these genes in T cells, we could finally see them win the fight against HIV.”

Two New Cell Defenders

Through these efforts, the scientists identified hundreds of proteins that play some role in boosting
or repressing HIV infection in human T cells.

Then they dove into understanding how the proteins function. Two of them stood out for their
potent antiviral properties. Known as “PI16” and “PPID,” these proteins had never before been
linked to HIV infection.

The team discovered that increased levels of PI16 can block HIV from fusing with T cells, which
could stop infection before it even starts. PPID, on the other hand, acts on the virus after it enters
the cell, limiting HIV’s ability to reach the nucleus and start making copies of itself.

“We found ways to tweak PPID in the lab and make it 10 times more effective at stopping HIV,”
Dugan says.

The team reached out to Jay Levy, MD, professor emeritus at UCSF, who helped identify the HIV
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virus in 1983. He shared rare samples of the virus isolated from patients early in the AIDS crisis.

“We found that increased levels of PPID or PI16 could reduce HIV infection in these human T cells,
proving that the new proteins could stop even the most aggressive, natural strains of HIV,”
Rathore says.

A New Way to Study HIV

While HIV is now generally manageable through antiretroviral therapy, the virus roars back if
treatment ever stops. That’'s because even when HIV is undetectable in people on therapy, the
virus is never really gone; it hides in pockets throughout the body.

The team’s advanced screening methods in human T cells could provide new data to better tackle
this critical, yet poorly understood, issue.

“We haven't had a good model to identify the important players in HIV latency,” Rathore says.
“Now, we have the platform to ask the biggest questions in the field and hopefully learn how to
eliminate hidden HIV that current drugs can’t reach.”

The new study also gives scientists a powerful new resource to study the disease, opening up vast
research possibilities.

“This study provides a new view of how human genes shape HIV infection,” Marson says. “We
hope this will be a foundational resource for the HIV research community and also serve as a
prototype for understanding infectious diseases in other human cell types.”

This news release was published by the Gladstone Institutes on April 20, 2026.
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