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Shift happens: family background influences clinical
variability in genetic neurodevelopmental disorders
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There was a time in medical genetics when intellectual disability
(ID), autism, and other neurodevelopmental symptoms were
predominantly viewed within the context of distinct clinical
syndromes. By definition, a syndrome has a circumscribed pat-
tern of phenotypic features that can be quantified into objective
prevalence estimates, such as a 44% risk for a cardiac defect in
a newborn with Down syndrome. From a practical standpoint,
knowing the prevalence of associated clinical features in genetic
syndromes allows targeted assessment and anticipatory medi-
cal management of these conditions. Binary categorizations
(i.e., “present” versus “absent”) work well for symptoms such
as congenital structural defects and most other physical aspects
of a clinical phenotype. Traditionally, cognitive and behavioral
features of genetic syndromes have been described in the same
categorical way as physical findings, based on prevalence statis-
tics that imply an all-or-none chance for symptoms such as ID
and psychiatric disorders.

Recent trends toward more fine-grained research on cognitive
and behavioral phenotypes, along with genomic evidence that
blurs the lines among formerly distinct psychiatric diagnoses,
have revealed the inadequacy of using a categorical model to
describe neurodevelopmental outcomes in genetic disorders.!
For example, parents of an infant newly diagnosed with 22q11.2
deletion syndrome worry whether their child will be among
the 30% with ID or the estimated 70% without this diagnosis,
not appreciating that the syndrome’s intellectual deficits occur
along a continuum, where the threshold demarcating ID is set,
by convention, at a particular point. In addition, the diagnosis
of well-described, discrete genetic syndromes has been over-
taken by newly identified copy-number variants (CNVs) and
single-gene variants about which little is yet known, apart from
avague risk for a broad array of cognitive and behavioral symp-
toms. These are challenging times for geneticists and genetic
counselors, but even more so for families who leave the medi-
cal genetics clinic with many worries and few focused answers
about neurodevelopmental risk.

Emerging new perspectives in psychiatry,' based partly
on genomic findings, provide an opportunity to reevaluate
our approach to the assessment and discussion of intellec-
tual and behavioral prognoses in the medical genetics setting.

Whole-genome copy-number and sequencing studies have
revealed that identical genetic causes are common among
apparently distinct developmental and psychiatric condi-
tions.”™* Shared etiological underpinnings now directly connect
a host of seemingly unrelated disorders, including autism and
schizophrenia. From a genomics perspective, the reconceptu-
alization and merging of childhood developmental and adult-
onset psychiatric disorders have profound implications for
pedigree construction, risk modeling, and anticipatory guid-
ance. The traditional pedigree that separates autism, ID, bipolar
disorder, and schizophrenia as distinct and unrelated condi-
tions in a family can no longer be considered valid (Figure 1).
In many cases these multiple diagnostic subtypes of brain dys-
function represent variable expressivity of a single underlying
genetic cause. Developmental brain disorders reflect varying
degrees of dysfunction along a continuum of heritable human
traits, including intelligence, social abilities, and motor skills.*
All humans fall somewhere along the functional continuum
for these quantitative traits, with categorical diagnoses such as
autism and ID defined by an artificial threshold at one end of
a spectrum.

Family background has long been known to play an impor-
tant role in influencing patterns of phenotypic expression in
genetic syndromes and common diseases. Parental height, for
example, is a significant predictor of adult stature in girls with
Turner syndrome,” whereas family history modulates lifetime
risk for cardiovascular disease. Phenotypic variability in women
with BRCA1/2 mutations has been linked to genomic modify-
ing factors that may ultimately be used to further refine their
lifetime cancer risk.® Relatively few studies have directly exam-
ined the relationship between parental functioning and neuro-
developmental outcomes in children with genetic syndromes.
Significant intelligence quotient correlations between probands
and their first-degree relatives have been documented in Down,
Klinefelter, Prader-Willi, fragile X, and 22q11.2 deletion syn-
dromes.” Our recent family study of de novo 16p11.2 deletions®
demonstrated that neurodevelopmental outcomes in children
with this CNV represent a predictable “shift” from expected
functioning, based in part on parental background across mul-
tiple domains.
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Such studies have important implications for genetic counsel-
ing and medical genomics practice. Depending on the parental
starting point for quantitative traits such as intelligence and
social abilities, the shift in functioning due to a specific CNV
may or may not cause a child to reach the defined threshold
for a diagnosable clinical disorder (Figure 2). For example, the
empiric risk for autism in children with a de novo 16p11.2 dele-
tion is about 15%.% The deletion confers a 2.2 standard devia-
tion deleterious effect on social behavior, a highly heritable and
continuously distributed trait that can be reliably measured
using the Social Responsiveness Scale” An infant with a de
novo 16p11.2 deletion whose parents have higher than aver-
age social abilities, as measured on the Social Responsiveness
Scale, actually has a lower risk for autism than one born to par-
ents whose personalities are naturally skewed toward the less
sociable end of the scale.?

Although research in this area is still evolving, it is likely
that different CNVs and single-gene disorders have distinct
profiles of deleterious impact on various functional domains.
The well-established 25% risk for schizophrenia among indi-
viduals with a 22q11.2 deletion does not hold true for those

Developmental brain disorders

O HO HOO o &

Schizophrenia Depression Bipolar Intellectual
disorder disability,
epilepsy
Autism Anxiety Intellectual
disability

Developmental

/ delay

Epilepsy,
autism

SPECIAL ARTICLE

with fragile X syndrome, for example, although the likelihood
of autism in fragile X syndrome is much higher. In addition,
family studies are unlikely to refine prognosis for some dis-
orders, including those with severe cognitive effects and a
narrow range of phenotypic variability. Parental studies may
prove particularly helpful in focusing the prognosis for condi-
tions with milder and more variable constellations of cogni-
tive and behavioral features, including the growing number of
pathogenic but poorly characterized CNVs involving psychi-
atric symptoms.

A potential future application of family studies might be
the development of neurodevelopmental risk algorithms,
similar to those in use for cancer and cardiovascular genetic
counseling. Such algorithms could take into account variables
that compound developmental risk, including the results of
parental assessments on relevant functional domains, such as
cognition, social behavior, and motor skills; the known del-
eterious effect on those domains for a specific genetic con-
dition; other diagnosis-specific variables (e.g., gender, the
presence of congenital anomalies); and environmental fac-
tors, such as prematurity. The result could be a customized
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Figure 1 At left, a traditional pedigree representing a large family with categorically defined developmental brain disorders. On the right, the same pedigree

indicating inherited FMRT expansions with variable expressivity.
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Figure 2 The blue curve represents the normal distribution of intelligence quotient (IQ) in the general population. The smaller, orange curve shows the I1Q
distribution for individuals with a particular copy-number variant (CNV). Circles on each curve indicate IQ scores for specific family members. In both family A
and family B, this CNV confers the same magnitude of deleterious impact (“shift”) on a child’s IQ. In family A, the CNV shifts the affected child’s IQ into the
range of intellectual disability. In family B, because the family IQ starting point is higher, the CNV shift does not reach the defined threshold for intellectual
disability. Even in family B, however, the shift has an effect, lowering the child’s IQ from where it would have been without the CNV.
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profile that would ideally guide intervention by identifying
a child’s main area(s) of neurodevelopmental vulnerability.
A child with a 15q11.2-13.1 duplication, for example, might
have a particularly high risk for developing autism, warrant-
ing early and intensive behavioral therapy. Another child with
the same genetic diagnosis might have a relatively low risk for
autism but a heightened chance for significant ID. By better
quantifying the type and magnitude of neurodevelopmental
risks in children with various CNVs and sequence variations,
clinicians could more effectively pinpoint areas for proactive
intervention, as opposed to the current approach of “watch-
ful waiting” The ability to preemptively identify subgroups of
children with distinct neurodevelopmental vulnerabilities will
become increasingly important as pharmaceuticals that target
dysfunctional molecular pathways in the brain enter clinical
practice in future decades.

In light of genomic evidence and the rapidly evolving psychi-
atric landscape, traditional models of pedigree interpretation
and categorical description are no longer adequate to explain
the neurodevelopmental aspects of genetic disorders. Gone are
the days when an empiric prevalence figure for ID or autism
can simply be listed in the same breath as a cleft lip or a club
foot. Counseling about neurodevelopmental prognosis for
genetic disorders needs to more accurately convey the continu-
ously distributed nature of intellectual and behavioral traits, as
well as their cross-connections with clinical psychiatric diagno-
ses. Those discussions could potentially be enhanced by fam-
ily studies that identify vulnerabilities and target interventions.
Such an approach is wholly consistent with efforts to expand
“precision medicine” beyond cancer treatment to other areas of
medical practice.'

Could the future of medical genetics management include
assessment of measures of social responsiveness, motor skills,
language abilities, and cognitive functioning in a genetically
diagnosed child, as well as his parents? This notion is intrigu-
ing, but one that must be carefully researched and approached
with great caution. Genetics has a well-documented and check-
ered past with regard to family studies that resulted in errant
social policies, including involuntary sterilization, based on
naive notions about the heritability of intelligence, criminality,
and antisocial behavior. The future goal of family studies in the
context of neurodevelopmental disorders should be to enhance
prognostic focus and maximize the appropriateness of interven-
tions to improve outcomes. Regarding family studies for intel-
lectual and behavioral traits, medical genetics now has a rare
opportunity for a “do-over;” with the benefit of hindsight in a
(hopefully) more socially enlightened era. Meticulous research
on clinical applications of neurodevelopmental “shift,” in close
collaboration with families and with careful consideration of
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social consequences, may allow us to get it right the second
time around.
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