
 

Research improves understanding of
mechanism of atrial fibrillation
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A 12 lead ECG showing atrial fibrillation at approximately 150 beats per minute.
Credit: James Heilman, MD/Wikipedia/CC BY-SA 3.0

Atrial fibrillation is the most common heart arrhythmia in humans. This
condition increases the risk of heart failure, stroke, dementia and death,
and current treatments have suboptimal efficacy and carry side effects.
Looking to identify clues that might lead to better treatments, a group
headed by researchers at Baylor College of Medicine and the Texas
Heart Institute used a mouse model system to investigate how noncoding
DNA regions that increase atrial fibrillation risk in humans work to
predispose to the condition.
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The team reports in the Proceedings of the National Academy of Sciences
a functional connection between noncoding DNA regions called Pitx2
enhancers, expression of the Pitx2 gene and atrial fibrillation. The
researchers found that distant Pitx2 enhancers loop and fold to make
contact with the Pitx2 gene, and this interaction prevents predisposition
to atrial fibrillation.

"Atrial fibrillation occurs when the two upper chambers of the heart, the
atria, are beating out of sync with the two lower chambers, the
ventricles. The uncoordinated beats prevent the heart from pumping
effectively and thus increase the risk of heart failure, dementia, stroke
and death," said corresponding author Dr. James F. Martin, professor
and Vivian L. Smith Chair in Regenerative Medicine at Baylor and
director of the Cardiomyocyte Renewal Lab at the Texas Heart Institute.

There is an unmet need for effective treatments for atrial fibrillation,
and one approach to identify potential therapeutic strategies is to
conduct genome-wide association studies (GWAS) to identify genes that
are involved in this condition. GWAS identify molecular alterations
across the entire genome; that is, on both protein-coding genes and on
their noncoding regulatory regions.

Previous GWAS studies implicated the Pitx2 gene—a gene that
produces a protein involved in mammalian development—as the most
commonly found gene in the human genome that was associated with
atrial fibrillation. GWAS studies also have determined that a noncoding
DNA region located near the Pitx2 gene is well associated with increased
risk for atrial fibrillation. However, a connection between the Pitx2 gene
and the noncoding region has not been shown.

In the current study, Martin and his colleagues developed a mouse model
to investigate whether the noncoding DNA region was functionally
linked to the Pitx2 gene.
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"We know that the DNA's linear structure can loop and fold and this
enables regions that are sequentially far away from each other to make
contact," Martin said. "Here we showed that noncoding DNA regions
associated with predisposition to atrial fibrillation loop to the Pitx2 gene.
Furthermore, deleting the noncoding DNA regions, called Pitx2
enhancers, resulted in decreased Pitx2 gene expression and predisposed
mice to atrial fibrillation."

"In summary, noncoding DNA regions linked to atrial fibrillation risk
can display long-range regulatory functions directed at Pitx2 gene and in
this way predispose to the condition," Martin said.

Interestingly, deleting Pitx2 enhancers decreased Pitx2 gene expression
and raised the risk for atrial fibrillation only in males. The Martin lab is
interested in investigating the reasons behind this gender difference.

  More information: Min Zhang el al., "Long-range Pitx2c
enhancer–promoter interactions prevent predisposition to atrial
fibrillation," PNAS (2019).
www.pnas.org/cgi/doi/10.1073/pnas.1907418116
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