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Researchers uncover new congenital heart
disease genes
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This stylistic diagram shows a gene in relation to the double helix structure of
DNA and to a chromosome (right). The chromosome is X-shaped because it is
dividing. Introns are regions often found in eukaryote genes that are removed in
the splicing process (after the DNA is transcribed into RNA): Only the exons
encode the protein. The diagram labels a region of only 55 or so bases as a gene.
In reality, most genes are hundreds of times longer. Credit: Thomas
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Approximately one in every 100 babies is born with congenital heart
disease (CHD), and CHD remains the leading cause of mortality from
birth defects. Although advancements in surgery and care have improved
rates of survival for these infants, CHD patients remain at elevated risk
for heart complications later in life, other congenital abnormalities and
neurodevelopmental deficits. With relatively little known about the
genes underlying many cases of CHD, pressing questions from parents
about their children's future health and about risk of CHD for future
offspring remain difficult for physicians to answer. But a new study
from the NHLBI Pediatric Cardiac Genomics Consortium (PGCG), part
of the Bench to Bassinet Program, has helped shed new light on some of
the underlying genetic causes of cases of CHD as well as the long-term
outlook for patients who carry these mutations.

The team, led by researchers at Brigham and Women's Hospital,
publishes its latest findings in Nature Genetics this week.

"As a clinician, there's nothing more devastating than when parents ask
us about future risk for a child with CHD or for having another child,
and we have to tell them, 'We don't know," said co-corresponding author
Christine Seidman, MD, director of the BWH Cardiovascular Genetics
Center and Howard Hughes Medical Institute investigator. "The
discoveries revealed through this work not only teach us about the
fundamental biology through which the heart gets built, but also have
important clinical implications: Detecting these mutations could help us
alert patients and parents to risk of ongoing problems that can be
addressed and managed, and define risk for a second child."

The new study, conducted in collaboration with researchers at seven
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academic centers across the U.S., leverages clinical and genetic data
from more than 2,800 patients with CHD as well as information from
parents. This allowed the researchers to determine which genetic
mutations had been passed from parents to offspring and which had
appeared spontaneously in the child's genome (known as de novo
mutations). The team reports several important findings:

1. Some genetic mutations are transmitted from parents to children:

® The team identified mutations in one gene, FLL'T4, that
consistently led to a condition known as Tetralogy of Fallot, a
complex malformation that often presents with cyanosis, or "blue
baby syndrome."

® The team found that mutations in the gene encoding myosin, a
contractile protein that is highly expressed during development
accounted for about 11 percent of Shone syndrome (which
affects four regions of the left-side of the heart).

® The team also reports a shared mutation among some CHD
patients with Ashkenazian ancestry. The identical mutation in
both gene copies of GDF1 accounted for approximately 5
percent of severe CHD among children of Ashkenazian descent
could have direct clinical implications for assessing risk among
people with this ancestry.

2. Some mutations appear for the first time in a child's genome:

® The team reports de novo mutations in many genes, but
particularly in those that modify chromatin, a complex material
that surrounds DNA and that undergoes dynamic changes during
development.

® These mutations occurred most often in CHD children with other
congenital defects and/or neurodevelopmental issues. Notably,
these same genes have been previously associated with autism,
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which may account for high rates of neurocognitive issues in
some children with CHD.

These new findings could be used to expand current genetic testing
panels for CHD, to improve both information for parents about the
recurrence risks in future children, and the long-term care of the CHD
infants. Seidman notes that while this research is still ongoing, these
findings already indicate that as many as 400 genes contribute to CHD.
Given that, sequencing a baby's whole genome may be a better approach
than screening for specific mutations.

"Whole-genome sequencing may be the most effective way to detect
genetic variants that cause birth defects and may effect a child's short-
and long-term care," said Seidman.

More information: Contribution of rare inherited and de novo
variants in 2,871 congenital heart disease probands, Nature Genetics
(2017). nature.com/articles/doi:10.1038/ng.3970
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