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Understanding the inflammation that causes
death in COVID-19 patients
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FIG 1 The massive elevation of plasma Gal-9 discriminates COVID-19 patients
from healthy subjects. (A) Detected concentrations of Gal-9 in the plasma
specimens of COVID-19-infected individuals compared to healthy controls
(HCs) as measured by ELISA. (B) Detected plasma levels of Gal-9 in
COVID-19 patients with mild/moderate or severe disease versus HCs. (C and D)
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Comparing the plasma levels of Gal-9 in total COVID-19-infected females
versus males (C) and those with mild/moderate versus severe disease (D). (E)
Graph showing the plasma Gal-9 levels in two COVID-19 patients with moderate
and two with severe disease 1 day posthospitalization up to 21 days later. (F) The
receiver operating characteristic (ROC) curve of comparison between plasma
Gal-9 levels in COVID-19 patients (n = 120) and HCs (n = 57). (G) The ROC
curve of comparison of plasma Gal-9 levels in COVID-19 patients (n = 120)
versus HCs + cancer patients + HIV-infected individuals (n = 161). (H) The
ROC curve of comparison of plasma Gal-9 levels in COVID-19 patients (n =
120) versus cancer patients + HIV-infected individuals (n = 103). (I and J)
Detected concentration of Gal-9 in culture supernatants of PBMCs (I) and
neutrophils (J) from COVID-19 patients or HCs after 6 h of incubation at 37°C
as quantified by ELISA. Each point represents data from a patient. Bar, mean *
I standard error. AUC, area under curve; ns, not significant. Credit: DOI:
10.1128/mBi0.00384-21

As clinical evidence mounts that the leading cause of death in
COVID-19 patients is the dangerous condition known as a cytokine
storm, University of Alberta researchers have identified a protein in the
blood that could be responsible.

The team found that COVID-19 patients have significantly elevated
levels of a protein called galectin-9 in their blood plasma. Perhaps more
importantly, they also found a positive correlation between the levels of
galectin-9 and pro-inflammatory cytokines released in the blood, which
can lead to a cytokine storm.

The research was led by Shokrollah Elahi, associate professor in the
School of Dentistry's Division of Foundational Sciences.

Expanding on his prior work with HIV, AIDS and cancer patients, Elahi
and his team analyzed the blood plasma of 120 patients with COVID-19.
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They found that levels of galectin-9 were substantially higher in those
patients than in individuals with HIV and cancer.

"We have reported in the past that galectin-9 levels go up in HIV
infection and with some cancers," said Elahi, who 1s also a member of
the Women and Children's Health Research Institute and Cancer
Research Institute of Northern Alberta.

"However, when we compared the levels of galectin-9 in the COVID-19
patients to HIV and cancer patients, we could easily distinguish the
COVID patients based on the galectin-9 levels."

The findings suggest that galectin-9 levels in the body could be used as a
biomarker to diagnose COVID-19 using a patient's blood, potentially
providing another non-invasive tool for COVID-19 testing. The levels
could also be used to indicate the severity of the disease, though further
study on that aspect is required, Elahi said.

Eye of the storm

The discovery of elevated galectin-9 levels in COVID-19 patients is
important because of the positive correlation between the protein and a
wide range of pro-inflammatory cytokines.

"Cytokines as small cell-signaling proteins are involved in checks and
balances in the immune system; they can turn on or turn off some cells
to regulate the immune system," said Elahi.

"In the context of COVID, the problem is that there is a dysregulation of
cytokine production—they are released very quickly in elevated levels.
That's what we call a 'cytokine storm."

Elahi found that galectin-9 is responsible for instructing immune cells to
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release the pro-inflammatory cytokines quickly in response to
COVID-19 infection by binding to immune cells and forcing them to
produce the cytokines. Further, as tissues are damaged as a result of
inflammation, more galectin-9 is released from the cells—which
activates more immune cells and releases more cytokines in a vicious
cycle. The resulting cytokine storm damages tissue and organs, causes
severe inflammation and can lead to death, Elahi said. Even if patients
survive the storm, the dysregulation of the immune system can have
ongoing consequences and could be associated with the condition known
as post-COVID-19 syndrome or long COVID.

The next step is to develop treatments that block or inhibit the protein,
Elahi said. While there are compounds available that could potentially be
used, such as lactose or anti-galectin-9 antibodies, currently there are no
treatments on the market specifically for blocking galectin-9 in humans.

"We are now looking at expanding our study to a larger cohort of
patients, and then working on a proof of concept in animal models,"
Elahi said. "What is killing COVID patients is not the virus; it's the
cytokine storm. Therefore, if we can reduce the cytokine storm damage
by inhibiting galectin-9, then we can reduce complications, reduce
hospitalizations and prevent mortality."

The work was shared in a study published in the American Society for
Microbiology journal, mBio.

More information: Najmeh Bozorgmehr et al, Galectin-9, a Player in

Cytokine Release Syndrome and a Surrogate Diagnostic Biomarker in
SARS-CoV-2 Infection, mBio (2021). DOI: 10.1128/mBi0.00384-21

Provided by University of Alberta
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