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Shown is a cross section through an atherosclerotic plaque of an LDLR knockout
mouse fed a high fat diet for 12 weeks. The plaque is stained for senescence-
associated beta galactosidase to visualize senescent (often referred to as
“zombie”) cells. Our research shows that these cells are present throughout
plaque development. We find that at the earliest stages of disease, senescent cells
propel plaque emlargement through the secretion of factors that attract
circulating monocytes to the plaque. At advanced disease stages, senescent cells
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produce enzymes that dissolve the fibrous cap that overlays the plaque to give it
stability, thereby promoting plaque rupture, coagulation of platelets at the site of
rupture, full arterial occlusion and myocardial infarction. We show that drugs
that eliminate senescent cells (referred to senolytics) inhibit plaque expansion
and preserve the cap, giving plaques long-term stability. Credit: Jan van Deursen
and Bennett Childs

Atherosclerosis is a disease in which arteries narrow due to plaques. That
narrowing can lead to heart attacks and strokes—both of which are
leading causes of death in the U.S. Now, in a paper published in Science,
Mayo Clinic researchers and colleagues show that senescent cells drive
plaque formation in animal models of atherosclerosis.

When stressed, healthy cells undergo senescence. In this process, cells
are blocked from growing or dividing. The cells also release bioactive
molecules called the senescence-associated secretory phenotype, or
SASP. These molecules break down the normal tissue structure. They
also attract immune cells that cause local inflammation.

Using three mouse models, the team, led by Mayo Clinic scientist Jan
van Deursen, Ph.D., discovered that senescent cells have negative effects
at all three stages of the disease process:

Stage 1

Healthy mice on a high-fat diet that promotes atherosclerosis develop
plaque-promoting lesions within days. Bennett Childs, Mayo graduate
student, the lead author of the study, found that these so-called "fatty
streaks" contained many senescent cells. When mice were treated with a
drug that selectively eliminates senescent cells, these fatty streaks
disappeared within days.
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Stage 2

Fatty streaks progress to larger plaques through the recruitment of white
blood cells from the circulation. Two molecules present in streaks and
plaques, VCAM1 and MCP1, drive this process. Dr. van Deursen and
the team discovered that senescent cells are responsible for the
production of VCAM1 and MCP1 in plaques. Selective elimination of
senescent cells in growing plaques resulted in fewer and smaller plaques.

Stage 3

In advanced disease, plaques become unstable and are at high risk for
rupture. That is a major determining factor in acute heart attacks and
strokes. At this stage, senescent cells drove plaque growth. Senescent
cells also produced enzymes that dissolve the fibrous cap that initially
forms around plaques to provide stability. Selective elimination of
senescent cells from mature plaques inhibited further growth of plaque
and preserved the integrity of the cap structure and, thus, its stability.

Based on their work, the authors conclude that senescent cells are key
drivers of plaque formation and maturation.

  More information: "Senescent intimal foam cells are deleterious at all
stages of atherosclerosis," Science, science.sciencemag.org/cgi/doi …
1126/science.aaf6659
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