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Proj ect Description

Over 97% of children with congenital heart defects (CHD) are expected to
reach adul thood due to the success of nobdern surgical intervention. However,
up to 50% of these patients will devel op neurodevel opnental disorders (NDD)

i ncludi ng auti sm spectrum di sorder (ASD). The cause of this co-occurrence is
unknown, however there are two nmajor theories: 1) the heart defect leads to
poor brain devel opment and thus NDDY ASD i s a secondary outcome or 2) there
are nutations in DNA that cause both disorders. A collection of studies

i nvestigated the DNA sequence of thousands of patients with ASD or CHD have
uncovered hundreds of nutations that appear to confer risk for these

di sorders conpared to controls. Interestingly, many of the genes where

nmut ati ons were found are shared between both patient popul ati ons suggesting
that these genes may be causing both disorders. Unfortunately, a sinple
survey on the function of the genes do not provide clues on to how hundreds
of mutations could be related and manifest into a disorder. W then wondered
whet her subsets of these genes could funnel into a conmon pathway of action.
From our analysis, we identified a key devel opnental pathway that is shared
bet ween both patient populations and is critical for both heart and brain
devel opnent. W posit that several nutations associated with ASD and CHD wil |
converge onto this key pathway to disrupt both enbryonic heart and brain
devel opnent .

It is challenging to test these theories because during enbryonic

devel opnent, the heart and the brain do not devel op i ndependently and thus is
chal l enging to disentangl e cause and effect. Therefore, we opted to

i nvestigate nmaj or devel opnental pathways and a subcl ass of genes nutated in
CHD and ASD using a human pluripotent stemcell (hPSC) devel opnenta

platform hPSCs are cells that can be nmade into all the different cell types
of the body and current technol ogi cal advancenent have uncovered nethods to
generate organ-1like structures called “organoids”. The differentiation of
hPSCs into heart and brain organoids recapitul ate several mlestones of
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organogenesi s and i nclude several devel opnentally accurate cell types and
organi zation found in the devel opi ng organ. These organoi ds can be generated
i ndependently which will allow us to test whether mutations independently
cause defects in the heart and brain. Inportantly, organoid technology is not
advanced enough to forma fully functional heart and brain but does provide
insight into early hunman devel opment which is |argely unknown. Using these

organoids, we will identify when and in which cell types utilize certain
prograns and pi npoi nt key pathways shared between the heart and brain.
Secondly, we will performa clinical-trial-in-a-dish where heart and brain

organoi ds are generated from 28 ASD or ASD+CHD patient-associ ated mutati ons
and assessed for the cellular conposition as well divergence from shared
pat hways.

Fromthis work, we expect to answer whether there are shared pat hways between
human heart and brai n devel opnent, which patient associated mnmutations inpact
t hese shared pat hways and whether CHD and ASD are caused by shared nutations

i ndependently. The results will lay the foundation of our research program on
co-occurring disorders with ASD and provide insight into this highly conplex
di sorder. As a new Assistant Professor in Pediatrics, | want the ability to

hel p devise treatnments or therapies for children with neurodevel opnenta

di sorders. Expanding my basic research goals using hPSCs and organoid
technol ogy toward nore translational goals will help fill an unnmet need in
the ASD research comunity. This award will advance ny career in this space
and solidify ny collaborations with clinicians specializing in CHD and ASD
While there is no silver bullet in treatnments for ASD, understandi ng the
underlying framework for how organs devel op and untangling the genetic
diversity are first steps to identifying patient specific treatnments. CQur
work could be incorporated into the Exceptional Fami |y Menber Program where
servi ce nmenbers woul d have access to resources describing current research
and findings for those with children diagnosed with ASD. Finally,
fundanentally, this is a basic science study and will unlikely inpact
patients and fanmilies directly, however as our research program progresses,
we foresee the devel opment of diagnhostics and therapeutics within 5-8 years
that will enable clinicians and famlies to adopt alternative treatnent

regi nens based on the genetic makeup of the child.
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