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This case provides an example of genetic conditions associated with “copy number variation,”where
portions of the genome are either excessively repeated as “copies” (i.e., duplications) or where normal
“copies” are absent (i.e., deletions). The early-life developmental abnormalities in this patient were
associated with what?

A. A trinucleotide repeat on the huntingtin gene.
B. Chromosome 21 trisomy.
C. A deletion on chromosome 22.
D. Multiple deletions on chromosome 4.

“Mr. E,” a 41-year-old man, participated in a precision
medicine study of highly treatment-resistant schizophrenia.
Study procedures were ethically approved, Mr. E’s legal
guardian provided written informed consent, and the pro-
tocol allowed for return of results and subject recontact.

Table 1 lists milestones for Mr. E’s life events, devel-
opment, and course of illness.Mr. Ewas born at term as a
breech presentation, with hernia, cleft palate, and ante-
verted auricles. He was delayed in some developmental
milestones, and he needed extra support in school. At age
21, he developed psychotic symptoms, and he resided in
a psychiatric hospital or in a supported living facility
nearly continuously for the next 20 years.

The initial psychiatric presentation at age 21 included
elaborate delusion of strangers surrounding his family
home threatening to do harm. At one point, the police
were calledwhenhewas striking relatives anddestroying
furniture. He experienced persistent auditory halluci-
nations of multiple distinct voices making derogatory
comments. He was often observed talking to himself and
laughing inappropriately. Given data available for the
initial year of illness (ages 21–22), Mr. E met DSM-5
criteria for schizophrenia: he had continuously present
delusions, hallucinations, thought disorder, and bizarre

behavior; his functioning was markedly impaired; he had
continuous illness for.6 months; he had no clinically sig-
nificant manic or depressive episodes; he had no significant
drug use or (at the time) any known potentially causal
medical condition; andhis psychotic symptomswerenew
and prominent despite a history of developmental delay.

Mr. E’s clinical response to conventional antipsy-
chotics was inadequate because of persistent positive
symptoms, so he received clozapine early in his illness (at
age 21). Despite medication adherence, Mr. E’s response
to clozapine was inadequate, and he was transferred to a
state psychiatric hospital (ages 22–27). Augmentation of
clozapine with risperidone led to an improved clinical
response, indicated by discharge to a supervised com-
munity living program (ages 27–29). During this period,
Mr. E was warmly sociable, consistently denied auditory
hallucinations and delusions, usually made good eye con-
tact, evidenced a sense of humor, was active in thera-
peutic groups, followed professional sports, and enjoyed
hiswork in a shelteredworkshop.Mr. Ewas considering
vocational education or community college, and thiswas
judged reasonable by his treatment team.

At age 29, Mr. E’s medications were abruptly discon-
tinued, leading to marked deterioration, with aggression,
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paranoid delusions, and hallucinations. Despite resumption
of a previously effective medication regimen,Mr. E required
a lengthy inpatient stay before his clinical improvement was
sufficient to allow him to be discharged back to the su-
pervised community living program, although he never
returned to his prior baseline. Beginning in his early 30s,
Mr. E experienced cognitive decline, which was un-
equivocal by age 35. In the 5 years before hewas examined
by our group, his condition had deteriorated to the point
where he had lost all capacity for meaningful communi-
cation and sat silently in a chair for hours, occasionally
swinging his arms and grunting.

Given this unusual presentation and profound cog-
nitive decline, we requested evaluation by a behavioral
neurologist (M.L.).

Past Medical History
Mr. E’s past medical history included myopia, asthma,
chronic obstructive pulmonary disease, resolved obe-
sity, obstructive sleep apnea, idiopathic thrombocyto-
penia, hypocalcemia, psoriasis, seborrheic dermatitis,
reflux esophagitis, dyslipidemia, kyphoscoliosis, and con-
stipation. Surgeries included two herniorrhaphies, cleft
palate correction, and reduction of protuberant ears.

Family History
The patient’s psychiatric and neurological family history
was unclear, asMr. Ewas adoptedwhen hewas 6months
old.

Investigations
BrainMRIperformedwhenMr. Ewas in hismid-20swas
reported as normal. Another at age 40was confoundedby
movement artifact but was interpreted to show general
volume loss without lobar predominance, as well as left
lens dislocation. Laboratory investigations were notable
for thrombocytopenia and hypocalcemia.

Neurological Examination
Functional status.Mr. E’s caretakers had noted amarked
decline in cognition and functionbeginningwhenhewas
in his mid-30s, to the point where he required continual
one-to-one assistance. He insidiously became nonverbal
except for occasional grunting. He became disengaged
from external stimuli, sat in a chair for hours, and did not
spontaneously initiate anypurposeful activities.He appeared
unable to recognize family. He was unable to use utensils
and ate with his hands. He needed assistance in dressing
and bathing, and he was incontinent of stool and urine.

Physical examination.Thepatient’sheightwas 173cmand
his weight 71.7 kg (body mass index 24.0). He had mild
scoliosis and long, thin hands and feet. Facial features

included a long, tubular nose with bulbous tip, narrow
palpebral fissures, and anteverted auricles with extra
cartilage. Hewas edentulous (as a result of dental caries),
and he had a small mouth with a crowded oral cavity.
He had dermatitis and dry skin on his cheeks and fore-
head. The examination was otherwise unremarkable.

Mental status examination. The patient was mostly
awake, but he dozed briefly several times during the
interview and examination. His engagement with the en-
vironment was limited. He was nonverbal and did not
respond to commands or to his name, but he did orient to
voice. He did not appear to be responding to visual or
auditory hallucinations.

Neurological examination. Mr. E’s right pupil was round
and reactive to light. The left cornea was opacified, with
an unreactive pupil, and he did not blink to threat on the
left. He did not pursue moving objects in his visual field.
There was no gaze deviation and no obvious facial asym-
metry or ptosis. He showed very brief orienting responses
to loud noises.

A hyperkinetic movement disorder was evidenced
by multiple components: oro-lingual-buccal dyskinesia;
nearly continuous right upper extremity choreoathetosis
mingled with repetitive semipurposeful grabbing move-
ments; and posturing of the left upper extremity. Hyper-
kinetic movements ceased when he was asleep. There
were no adventitious movements of the lower extremities.
Muscle tone was increased in the right upper extremity
(likely because it was constantly in motion). Tone was
normal in the other extremities. The patient did not par-
ticipate in strength testing, but there was no obvious focal
weakness. Plantar responses were flexor, and deep ten-
don reflexes were unremarkable. The patient withdrew to
touch in all extremities. He was unable to stand indepen-
dently from a seated position. His gait was wide-based and
ataxic, with a choreiform component.

Genetic Analyses
A peripheral venous blood sample was collected, and geno-
mic DNA was extracted using standard methods. Assays in-
cluded genotyping (Illumina InfiniumOmniExpressExome-8
array, version 1.3) and whole-genome sequencing (Illu-
mina HiSeq X Ten, PCR-free library preparation, 150 bp
paired-end reads, 303 coverage). All genetic assays were
done according to themanufacturer’s protocols. Sequence
alignment and variant calling were performed using the
GenomeAnalysis Toolkit. Copy number variation in the
SNP array data was analyzed using PennCNV (http://
penncnv.openbioinformatics.org/).

Using the SNP array data, we identified a large one-
copy deletion on chromosome 22 from 18.66 to 21.70Mb
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Schizophreniausuallyemerges in lateadolescenceorearly
adulthood (1, 2). If cognitive deterioration occurs, it generally
appears early and with relatively stable impairment over the
next 5–10 years. Later in the illness, psychotic symptomsmay
become less intense, and there can be modest improvement
in function later in life (3–5). Mr. E’s early development
was abnormal and showed multiple indications of a genetic
syndrome such as 22q11 deletion syndrome (22q11DS) (e.g.,
cleft palate, dysmorphic features, and developmental delay).
Mr. E’s initial psychiatric presentation was consistent with
idiopathic schizophrenia, but treatment resistance was no-
table. He subsequently developed profound dementia with a
hyperkinetic movement disorder. Genetic analysis, clinical
evaluation, and neuropathology provided definite diagnoses
of 22q11 deletion syndrome and Huntington’s disease.

To our knowledge, this is the only reported co-occurrence
of 22q11DS and Huntington’s disease. The prevalence of the
22q11DS is around 1 in 4,000 live births (6–9), and a patho-
genic trinucleotide expansion in HTT occurs in approxi-
mately 1 in 10,000 live births (10). These genetic variants are
on different chromosomes, and we are not aware of a mu-
tational mechanism that could predispose to both events. If
thesewere independent events, the probability of co-occurrence
would be around 1/40million, or fewer than 10 similar cases

in the United States. The co-occurrence of multiple genetic
syndromes (referred to as “blended” phenotypes) has been
reported in∼4%of individuals referred for clinical genetic
testing (11, 12), particularly in people like Mr. E, with multi-
system disease.

22q11DS is caused by a hemizygous deletion (i.e., the
presence of one instead of two copies) of a region on chro-
mosome 22 (13). The deleted region is usually ∼3 million
bases (chr22:18.6–21.7Mb, hg19), contains over 50 genes, and
is a de novo event in∼90% of cases (7, 14). 22q11DS has been
observed worldwide because the fine structure of this region
increases the chances of its occurrence (the deleted region is
flanked by low copy repeat regions that predispose to non-
allelic homologous recombination). The clinical presenta-
tion of 22q11DS is variable and can include developmental
delay, intellectual disability, cardiac anomalies, palatal defects,
immunodeficiency, thrombocytopenia, andhypocalcemia (15).
The neuropsychiatric concomitants of 22q11DS are diverse. It
is the strongest known genetic risk factor for schizophre-
nia (with a prevalence of 0.3% in cases, and a genotypic rela-
tive risk .20) (16, 17). While 25%230% of individuals with
22q11DS will develop psychosis, it is also associated with
autism, attention deficit hyperactivity disorder, pervasive de-
velopmental delay, and early-onset Parkinson’s disease (18).

(hg19) that was also present in the whole genome se-
quencing data. This finding was consistent with 22q11
deletion syndrome, and its presence was confirmed
with array comparative genome hybridization and fluo-
rescent in situ hybridization on an independent blood
sample in a laboratory certified in accordance with the
Clinical Laboratory Improvement Amendments (CLIA).

Because the neurological examination showed pro-
found early-onset dementia with choreoathetoid move-
ments, we carefully examined the sequence data aligning
to exon 1 of the huntingtin gene (HTT). There was a large
“insertion”adjacent to theHTTexon1CAGrepeatknown
to be causal for Huntington’s disease, suggesting mis-
alignment of sequencing reads due to the presence of
many CAG repeats over that in the hg19 genome ref-
erence. A triplet-primed polymerase chain reaction assay
followed by fragment analysis in a CLIA-certified labora-
tory revealed a 48-copy CAG allele (pathogenic range$40
copies). AnHTTCAG repeat of this size is “full penetrance”
for Huntington’s disease.

Death and Pathological Examination
Mr. E died about 3 weeks after the neurological exami-
nation. He appeared to staff to be in his usual state of
health, but he died suddenly during routine daily care. An
autopsy was performed by a county medical examiner,
and the cause of death was recorded as lobar pneumonia.
There was no report of a large embolism in an artery to
the lung, heart, or brain.

Mr. E’s brain was removed, sectioned, fixed in for-
malin, and sent to clinical neuropathologists for evalua-
tion (Figure 1).Gross inspectionof thebrain revealedmild
leptomeningeal fibrosis and mild cortical atrophy in the
parietal regionwith focal thinningof the corpuscallosum.
There were no obvious abnormalities of the gyral pattern
and no gray matter heterotopias. The deep gray nuclei
showedmildflattening of the head of the caudate nucleus
and atrophyanddiscoloration of the globus pallidus.Mild
dilation of the ventricular system was also seen. The
putamen, amygdala, left hippocampus, posterior thala-
mus, and cerebellum were normal. The brainstem was
not available for evaluation. On histological examination,
moderate chronic neurodegenerative changes were seen
in the basal ganglia, which were most marked in the
caudate nucleus. Small, round ubiquitin-immunoreactive
neuronal intranuclear inclusions were present in the basal
ganglia and neocortex, consistent with abnormal accu-
mulation of expanded huntingtin protein. Tau, TDP-43,
and alpha-synuclein immunohistochemistry were unre-
markable. Thorough evaluation of multiple tissue blocks
for developmental abnormalities revealed only subtle
changes of uncertain significance, includingmildly ectatic
vessels in the cerebral and cerebellar white matter, focal
thinning of the cerebellar granular cell layer, and focal
periventricular nodular ependymitis.

The neuropathological diagnoses were Huntington’s
disease and minor vascular and structural abnormalities
of uncertain significance.
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TABLE 1. Life Course Chart for the Patienta

Age Life Event Clinical Notes

0 Birth Breech birth, hernia, cleft palate, protuberant ears
3 months Surgery Two herniorrhaphies
6 months Adopted
4 years Delayed milestones Preschool staff did not view him as ready for kindergarten compared

with peers
Surgery Surgery to correct cleft palate

Grades K–5 Elementary school Learning disability; “warm, sociable”
Grades 6–8 Middle school Special education classes. IQ measured at 80, dyslexia, auditory

processing problems. Surgery to correct protuberant ears
14–19 years High school Graduated 2 years behind grade level; angry, possible substance

misuse
20 years College Brief college attendance. Few friends, abused by peers, possible

substance misuse
21 years Psychotic episodes resulting in two admissions to

community psychiatric hospital (14 days each)
and day treatment

Delusions of strangers surrounding house with intent to do physical
harm, auditory hallucinations, hitting mother, throwing objects.
GAF score, 20–25. Medications: perphenazine, lithium

21–22 years Three inpatient admissions in university psychiatry
unit for psychosis (1 month each)

Intense paranoia, auditory hallucinations, aggressive threats, suicidal
ideation. GAF score, 10–20. Brain MRI was unremarkable.
Thrombocytopenia. Medications: perphenazine, olanzapine,
clozapine

22–27 years Long-term state inpatient hospitalization Admission GAF score, 20, due to severe paranoia and auditory
hallucinations. Poor initial response to clozapine, but good
response with adequate dose and duration. Obesity. No
extrapyramidal symptoms and normal gait noted on annual
medical/neurological examination. Thrombocytopenia.
Medications: clozapine, risperidone, fluoxetine

27–29 years 24-hour supervised community living program Few delusions or auditory hallucinations; the patient was actively
involved in discharge processing; vocational training
recommended as part of therapy program. GAF score, ∼60.
Medications: clozapine, ziprasidone

29 years Acute psychotic episode, medication abruptly
stopped; 7-month inpatient admission

Extensive bruising, fetal position, incontinent, incoherent, randomly
swinging fists. Thrombocytopenia. Medications: clozapine

29–41 years 24-hour supervised community living program Initially relatively functional; able to do most self-care, worked in
sheltered environment, participated in group outings, could play
video games. Decline in function beginning in early 30s. By his late
30s, marked cognitive impairment, impaired gait, incontinence,
incoherence, randomly swinging fists, language limited to
grunting, required 24-hour one-to-one care. GAF score, 10–20.
Loss of speech prominent at age 37. Thrombocytopenia (workup
unrevealing). Medications: clozapine, lorazepam (for agitation),
p.r.n. temazepam, melatonin (for sleep)

37 years Psychiatric consultation (second opinion) Prompted by decline in function comparedwith early 30s: decline in
activities of daily living (had done most self-care independently,
e.g., personal hygiene, making meals); worsening performance
in sheltered work environment; lessened interest in activities that
had previously been of interest. Staff had initiated plan to try
to correct lessened verbal output (e.g., from lengthy responses to
queries to very brief responses). Examination: halting/listing gait;
inconsistent responses to questions; bizarre behavior (e.g.,
standing in center of room in “almost catatonic state”). Occasionally
incontinentof stoolandurine.BrainMRI:poorqualityduetomotion,
read as unremarkable. Thrombocytopenia, hypocalcemia

39 years Admission to inpatient neurology unit at a major
academic center

Cognitive decline now severe. No expressive language, minimal or
no comprehension. Evaluated for frontotemporal dementia. Brain
MRI without contrast: poor quality due tomotion, and terminated
prematurely because the patient was unable to cooperate, but
read as no gross intracranialmass or disproportionate atrophy. No
movement disorder noted. Discharged back to community living
program

41 years Enrolled in precision medicine study Review of all records, genetic testing, examination by behavioral
neurologist

41 years Death Autopsy (cause of death, lobar pneumonia), neuropathology

a GAF5Global Assessment of Functioning Scale.
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Huntington’s disease is a dominantly inherited neurode-
generativedisorder (19).Mostcases (∼90%)are inherited (20).
It is caused by a mutation in the first exon of the hunting-
tin gene (HTT), where three DNA bases (cytosine-adenine-
guanine, or CAG) are repeated multiple times (21, 22). The
number of CAG repeats is normally in the range of 11–35, but
if there are $40 CAG repeats, Huntington’s disease virtually
always occurs, as the resulting protein becomes selectively
toxic to neurons in the caudate, putamen, and deep layers
of frontal and parietal cortex (23, 24). Key manifestations of
Huntington’s disease include chorea, cognitive decline or
dementia, and psychiatric symptoms (25). Although chorei-
form movements are its diagnostic hallmark, cognitive and
psychiatric manifestations often predate motor signs (26, 27).
Although mood symptoms are common, psychotic symptoms
occur in6%225%of casesofHuntington’s disease (25, 28–30).

With the benefit of hindsight and a genotype-driven re-
view of all available medical records, it is apparent thatMr. E
manifested multiple physical signs (e.g., hernia, cleft palate,
facial dysmorphism, thrombocytopenia, and hypocalcemia),
developmental signs (developmental delay, lowered IQ), and
psychosis, collectively strongly suggestive of 22q11DS (31).
Mr. E subsequently experienced an early-onset progressive
dementia due toHuntington’s disease. The onset of cognitive
decline inHuntington’sdiseaseusuallyoccurs in themid-40s,
but it can be earlier in individuals with longer CAG repeats
(32), as was the case with Mr. E. Mr. E had dyskinetic as
well as choreiformmovements in the context of prolonged
antipsychotic use, which may be why Huntington’s dis-
ease was not suspected earlier. Mr. E’s chronic psychotic

symptoms during most of his third decade support a diagnosis
of schizophrenia. Informed clinicians disagree as to whether
the presence of 22q11DS is sufficient to negate DSM-5’s cri-
terionE(“notattributable to…anothermedicalcondition”), as
it is a probabilistic but not deterministic risk factor. In either
case, Huntington’s disease led to a profound neurocognitive
disorder, which had an overwhelming impact during Mr. E’s
last decade of life.

We speculate that Mr. E was affected both independently
and interactively by this extremely rare combination of ge-
netic insults. Mr. E’s abnormal development and predispo-
sition to schizophrenia can be reasonably attributed to
22q11DS. The early onset and rapidly progressive dementia
were certainly due to pathologically confirmedHuntington’s
disease. These two features of Mr. E’s clinical course were
probably independent, given their distinctive ages at onset.
We speculate that these two genetic conditions may have
interacted, particularly later in his illness. Brain regions
jointly affected by Huntington’s disease, schizophrenia, and
antipsychotic treatment converge on a limited set of neuronal
cell types (e.g., medium spiny neurons of the ventral striatum
and cortical pyramidal neurons) (23). This could have been
most evident in Mr. E’s atypical chorea, where an overt
movement disorder may have been masked. The combina-
tion of a hypokinetic movement disorder (22q11DS increases
the risk of early-onset Parkinson’s disease, associated with
overactivity in the indirect striato-pallido-thalamo-cortical
pathway, which predisposes to hypokinesia) (33) and a hy-
perkinetic movement disorder (due to Huntington’s disease,
associated with underactivity of this pathway) as well as the

FIGURE 1. Postmortem Neuropathological Findingsa

a The basal ganglia showed mild atrophy of the caudate nucleus and brown discoloration of the globus pallidus (panel A). On microscopy, mild chronic
neurodegenerative changes (panel B) andubiquitin-immunoreactive intranuclear inclusions (arrows inpanelC)wereobserved. The cerebellumwas subtly
globular in shape (panel D) and showed focal thinning of the cerebellar cortical granular cell layer (between asterisks in panel E). Ectatic vessels as shown
in panel F were seen focally in the deep white matter. Cb5cerebellum; HE5hematoxylin and eosin; Ubiq5ubiquitin; IHC5immunohistochemistry.
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extrapyramidal side effects of antipsychotic treatment may
have resulted in the observed atypical motoric presentation.

RECOMMENDATIONS AND CONCLUSIONS

Given that the diagnostic yield of genetic testing for copy
number variants (like 22q11DS) in peoplewith schizophrenia
is on the order of 2%23% (34),we advocate broader and even
routine testing. Many psychiatrists evaluate people with a
new-onset psychotic disorder with tests to exclude rare
causes of psychosis (e.g., brain imaging, endocrine,metabolic,
viral exposure, and autoimmune studies), although the di-
agnostic yield is considerably lower than evaluating genomic
structural variants. Psychiatrists need not become experts in
genetic testing but should have sufficient familiaritywith and
working knowledge of medical genetics to identify patients
with signs and symptoms suggestive of a genetic condition
that would benefit from referral. Psychiatrists can work
closely with specialists in medical genetics to identify which
patients should be tested, what clinical circumstances warrant
closer evaluation, howto interpret results and incorporate them
into clinical care, and how to convey important results to pa-
tients in a way that augments and informs the clinical process.

Certain clinical features raise the index of suspicion for the
presence of a cryptic copy number variant in people with
schizophrenia. Many copy number variants associated with
schizophrenia also increase the risk for childhood psychiatric
disorders, including intellectual disability, autism spectrum
disorder, attention deficit hyperactivity disorder, and perva-
sive developmental delay. Because these copy number variants
change thedosagesofmanygenes ineverycell, clinical features
can include multisystem abnormalities. For example, as a
group, copy number variants linked to schizophrenia are also
associatedwith craniofacial dysmorphisms (e.g., cleft palate or
atypical facial appearance), macro- or microcephaly, neuro-
logical disorders (e.g., epilepsy), congenital heart disease,
immune and hematological dysfunction (e.g., thrombocyto-
penia and thymic aplasia), and renal disease. However, these
additional somatic features can be subtle or absent, under-
scoring the importance of having a low threshold for screening
for copy number variants.

In many health care systems, a clinician can order a
“postnatal whole genome copy number variation by array
comparative genomic hybridization.” A peripheral venous
blood sample is the source of DNA for this test. The test can
take several weeks. If abnormalities are found, the reportwill

Perspective From Mr. E’s Mother
I lostmy son tomental illness.According to staffmembers
whowerewithhim,heawoke thatmorning andwasbeing
dressed when he collapsed to the floor. First responders
who arrived at the facility were unable to rouse him, and
on the way to the hospital there were nomeasurable vital
signs. He was formally pronounced dead on arrival.

But that was not the first time I lost him. That had hap-
pened two decades earlier when he came home from his
first year at college andexperiencedapsychotic break.He
had auditory hallucinations, was talking, laughing, and
shouting at imaginary people, constantly rocking back
and forth, andhad adeeplyheldbelief that strangerswere
stalking our homewith the intent of doing extreme harm
to everyone. The voices in his head were unbearable to
him. When he starting destroying furniture in his room,
the police were called and they took him for the first of
many psychiatric admissions. I had no frame of reference
for what was happening, but clearly his life was unrav-
eling and none of us were ever going to be the same.

After nearly a decade of inpatient treatment, includ-
ing several years in a large state psychiatric hospital with
clozapine treatment, his psychotic symptoms became less
intense and it seemed that there was a modest improve-
ment in his condition. I began to hope that this diminished
quality of his life was not how he would live out his days.

Then the trajectory of his illness took a devastating
turn. Itwas as if his personhood began to be slowly erased.

Although he was alive, there seemed to be nothing inside
him.His eyeswerevacant andheno longer recognizedhis
name or any of his family. He sat in a chair swatting at the
air with his right arm and grunting. It was not likemy son
was trapped within the haze of schizophrenia—rather, it
seemed like he was literally not there anymore.

I have always been one who believes that there is
something sacred in every human life. TheQuakers call it
“the light that is within.”But therewas no light left inside
my son—a living body without a living person. We tried
every test known in modern psychiatry, but there was no
explanation. My son’s treatment team and I reached out
to the best academic minds, and yet when he died, there
were no answers.

Many mornings after he died I would lie in bed a few
extra minutes, trying to conjure up specific images of my
son. He was once a boy, gentle and kind, playing with
his friends, knees stained green and grass clippings in his
hair. But even in those mornings, the haunt of unknow-
ing was always present.

When I learnedabout the genomicfindings of 22q11DS
and Huntington’s disease, my deepest feelings were sad-
ness and palpable relief. Finally I knew what had gone
wrong. There was nothing more I could have done.

I have now been able to let my son go, knowing that
although his life ended too soon, in this tragedy he has
made a vibrant contribution to science that will live into
the future. And for that, I am deeply grateful.
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list thenatureandsignificanceof thefindingandusuallypoint
to additional resources for the clinician and patient. Referral
to clinical genetics may be indicated to ensure optimal care.
Many copy number variants associated with schizophrenia
have medical comorbidities. For instance, clinical manage-
ment of people with 22q11DS requires care across medical
specialties (15). In Mr. E’s case, there was extensive clinical
investigation of long-standing thrombocytopenia (deemed
“idiopathic” in life), and his hypocalcemia was untreated.

Identifying copy number variants may become therapeuti-
cally important. Multiple academic groups and companies are
pursuing development of therapies for people with psychiat-
rically important structural variants. Although there are no
approved medications, the situation could change in the next
decade, and knowing which patients have a large structural
variant could prove important therapeutically. This can also be
important to families, to connect them to support networks that
are available for many rare genetic syndromes. Knowledge of
recurrence risk can be important for reproductive planning.

As genomic evaluation becomes more common clinically,
phenotypes associated with “classic” genetic disorders will
likely expand, and additional features may be recognized as
part of a syndrome (including neuropsychiatric conditions).
This may be particularly important for people with long-
standing psychiatric disorders who develop new signs and
symptoms (e.g., dementia and a movement disorder, as with
Mr. E). Although individually rare, dozens of single gene
disorders can initially present with a clinical portrait con-
fusablewith idiopathic psychosis (35), andmanyare detected
only when new neurological or medical symptoms develop.

This is by no means a unique recommendation, but a
strong case can be made for the rigorous and structured
reevaluation of complex cases likeMr. E’s. In routine clinical
care, important therapeutic and diagnostic decisions are
often constrained by a lack of data. Systematic reassessment
of medical records, psychiatric and medical reexamination,
consideration of a broader differential diagnosis, and di-
agnostic testing can lead to new etiological insights.

In summary, this case report illustrates the value of gene-
tic testing in psychiatry. What we call schizophrenia is a com-
plex disorder caused by a heterogeneous disease process. The
diagnosis and treatment of some proportion of people with
schizophrenia will be influenced by the presence of rare,
mechanistically potent variation.
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