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MEDICAL GENETICS

Mission
The mission of the Division of Medical Genetics is:

¢ To provide state-of-the-art diagnostic evaluations, testing, and genetic
counseling for children and families with genetic, teratogenic, metabolic, 1@
and dysmorphic conditions at Children’s Hospital of Pittsburgh of UPMC
and throughout the entire UPMC health system

e To provide or recommend therapeutic interventions to maximize clinical
outcomes for each child

e To provide excellence in teaching

¢ To advance knowledge in pediatric genetics and metabolism through
ongoing research and collaborations
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n 2017, the Division of Medical Genetics clinical team consisted of 10 MDs, nine clinical genetic counselors, two

metabolic dieticians, three clinical nurses, two research nurses, and three genetic counselors dedicated to special

projects. Three additional tenure-track and four non-tenure-track research faculty provide a strong basic science

foundation. The division’s goal is to provide state-of-the-art medical genetics services, as well as to generate new

information and rapidly incorporate that information into care for children. Basic and clinical research is an intrinsic goal

of the division. Faculty members are internationally recognized and play highly visible roles in national and international

academic societies and government advisory panels. They participate in graduate-level education within the University of
Pittsburgh’s School of Medicine and Graduate School of Public Health. The division integrates genetic counseling duties
with counselors based in the Division of Laboratory Medicine and the Center for Rare Disease Therapy.

In addition to basic and clinical research, the Medical Genetics team is devoted to the provision of medical genetic di-

agnostic and counseling services. Members of the division serve as consultants, manage inpatients with inborn errors

of metabolism, and provide diagnostic and counseling services to additional Children’s Hospital genetic disease clinics,

including neurofibromatosis, cleft lip and palate, cystic fibrosis, and fragile X clinics, as well as to providers through-

out Western Pennsylvania, eastern Ohio, and northern West Virginia. The clinics for inborn errors of metabolism,

lysosomal storage disease, mitochondrial disease, and PKU provide care for patients with chronic, rare metabolic

disorders and function as the follow-up center for Pennsylvania’s state-mandated newborn screening. The division’s

physicians provide genetic services for the Hereditary Telangiectasia Center of Excellence at UPMC and are active

in the newly constituted Center for Rare Disease Therapy at Children’s Hospital. In 2017, the Neurodevelopmental

Research Program joined the division, bringing an expanded focus on neurodegenerative disorders.

The physicians utilize a team approach to evaluate children thought to have metabolic disorders as well as congenital

anomalies, teratogenic disorders, and/or genetic disorders, and they strive to engage patients and families with necessary
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support and specialists to optimize clinical and emotional outcomes. Families are provided with state-of-the-art laboratory
diagnostic testing. Genetic counseling is provided to optimize the outcomes of children, to provide information to help
parents make individualized decisions for family planning, and to initiate support from the community. The division

strives to provide realistic hope to families and to provide services in a compassionate and empathetic manner.

CLINICAL ACTIVITIES

n eight-year history of faculty growth in the division has kept pace with increasing patient volume. There were
1,941 visits (981 new and 960 returns) in 2017. Additional visits to the PKU and Program for the Study of NDRD
subspecialty clinics totaled 178 and 32, respectively. 1,003 inpatient consultations were performed. The division
remains committed to seeing critical inpatients within 24 hours and provides 24/7 on-call coverage for genetic emergencies.

Noncritical consultations may be referred to the outpatient clinic upon patient discharge.

The division’s specialty clinics offer treatment for lysosomal storage disease, PKU, mitochondrial disorders, and connec-
tive tissue disorders. The Neurogenetics Clinic, staffed in conjunction with the Division of Child Neurology, provides
comprehensive team care for patients with a known diagnosis of neurogenetic disease, including mitochondrial myopa- f @
thies. A Connective Tissue Disorders Clinic serves as a regional referral center for patients with such disorders, and the

division participates in a nationally recognized Cutis Laxa Clinic. A Plain Communities Translational Medicine Program

focuses on the extensive Amish and Mennonite population in Western Pennsylvania and eastern Ohio.

The Inborn Errors of Metabolism Clinic, including its follow-up center for state newborn
screening, continues to operate at capacity and is among the largest in the country. It pro-
vides expert diagnostic evaluations and ongoing metabolic management to a national popula-

tion. Children’s Hospital is recognized as a national center for the study and treatment of
biochemical genetic diseases. The state of Pennsylvania recently passed new legislation
increasing the number of disorders in the standard newborn screening panel from seven to
36. Screening for severe combined immune deficiencies and congenital heart disease has
been added. The additional disorders are inborn errors warranting referral to the division

for additional evaluation and treatment.

Adult genetic services are an integral part of the division’s clinical mission, and nearly

one-third of patients are adults. The division’s leadership anticipates continued

growth in this area, with two internal medicine faculty members. The division

views the opportunity to demonstrate growing capabilities in adult genet-
ics and to represent Children’s Hospital and the University of Pittsburgh

as further evidence of its leadership role across UPMC. A proposal to
establish a formal adult genetics clinic in internal medicine is in de-
velopment. In addition, several outside institutions have inquired

l about possible outreach or telemedicine clinics. The division

also looks to explore outreach activities as staffing increases.

DIVISION HIGHLIGHTS

L esearch and teaching constitute major activities
within the division. All division faculty members
participate in research and receive at least some

external funding (see individual faculty member entries).

Division faculty members were awarded more than $7.78

million in research funding in 2017: $5.03 million in faculty

grants and $2.75 million in clinical trials funding.

The entire faculty and many genetic counselors

participate in and have salary support from externally
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funded projects. The division anticipates continued and expanding support. The division has more than 50 protocols
approved by the Institutional Review Board. Two PhD students from the Department of Human Genetics are currently
performing their thesis research under the direction of Medical Genetics faculty. Multiple genetic counseling students
are pursuing thesis projects. The division’s faculty and counselors are much in demand for a wide range of continuing
medical education, as well as for lectures for fellows and residents. Members of the division have published 60 articles in

peer-reviewed journals in the past three calendar years.

Jerry Vockley’s service at the state, national, and international levels raises the prominence of the division. He is chair
of Pennsylvania’s Newborn Screening and Follow-Up Technical Advisory Board, and he serves on the Department of
Health’s Committee on Lead Exposure and its Birth Defects Registry. He served on the Therapeutics Committee of the
American College of Medical Genetics and Genomics (ACMG) and served as co-chair for the PKU clinical guideline
work group. Vockley chairs the research career development (“K”) award Metabolomics Study Section for the National
Institutes of Health (NTH). Vockley is founder and chair of the International Network for Fatty Acid Oxidation Research

and Management (INFORM). He is a distinguished editor for the NIH Director’s New Innovative Editorial Board.

Vockley is past president of the Society for Inherited Metabolic Disorders and is founder and director of its national

training program for medical genetics residents, the North American Metabolic Academy. This important program

reaches half of the medical genetics residents in the country annually, as well as many from Canada and Mexico. He serves

on the European Registry and Network for Intoxication Type Metabolic Diseases, for which he co-chairs the working

group on isovaleric acidemia guidelines.

Georgianne L. Arnold is the chair of the Maintenance of Certification Committee for the American Board of Medical

Genetics and Genomics. Robert Nicholls and Eric Goetzman have both received major new research grants in the past year.

The division runs an Accreditation Council for Graduate Medical Education (ACGME) training program for the

newly established Medical Biochemical Genetics Fellowship, one of only seven in the country.

RESEARCH AND OTHER SCHOLARLY ACTIVITIES

Vockley, MD, PhD

RESEARCH

Jerry Vockley’s research focuses on mitochondrial energy
metabolism, branched chain amino acid metabolism, inborn
errors of metabolism, and development of novel therapies
for inborn errors of metabolism. He also has a strong inter-
est in the genetics of the Plain Communities (Amish and
Mennonites) and in identification of novel genetic disorders

in the general population.

Characterization of @ Multifunctional Fatty Acid Oxidation
Complex. Fatty acid p-oxidation (FAO) and oxidative phos-
phorylation (OXPHOS) are key pathways involved in cel-
lular energetics. Genetic disorders of FAO and OXPHOS
are among the most frequent inborn errors of metabolism.
Patients with deficiencies of either FAO or OXPHOS often
have clinical or biochemical findings indicative of a disor-
der of the other pathway. This study examined the physical
and functional interactions between these pathways. It pro-
vided evidence of a multifunctional FAO complex within
mitochondria that is physically associated with OXPHOS

supercomplexes and promotes metabolic channeling.

Very-Long-Chain Acyl-
CoA Debydrogenase
(VLCAD) Deficiency.
More than 100 cases
of VLCAD deficiency
have been documented
in the literature, with
three different disease
phenotypes. A severe
infant-onset form is

characterized by acute

metabolic decompen-

sation with hypoke-

Jerry Vockley, MD, PhD
Division Chief, Medical Genetics

totic hypoglycemia,
dicarboxylic aciduria,
liver dysfunction, and cardiomyopathy. A second form of
the disease presents later in infancy or childhood but has
a milder phenotype without cardiac involvement. The
third form is of adolescent or adult onset and is dominated
by muscle dysfunction often induced by exercise. Not
surprisingly, a study found that children with the severe
phenotype tended to have null mutations (71% of identi-

fied alleles in these patients), whereas patients with the
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two milder forms of the disease were more likely to have
missense mutations (82% and 93% of identified alleles for
the milder childhood form and the adult form, respec-
tively). Nevertheless, a few missense mutations were clearly
associated with the severe phenotype. Although the data
suggest that missense mutations in VLCAD might obviate
clinical symptoms due to some degree of residual activity,
no correlation was seen between the mutations identified
and residual VLCAD activity in fibroblasts. Moreover, the
function effects of few of the known VLCAD missense

mutations have been directly characterized.

Team researchers have previously used prokaryotic ex-
pression systems to express, purify, and characterize the
biochemical properties of several ACAD enzymes. Sev-
eral have been crystallized and studied by X-ray diffrac-
tion, yielding informative three-dimensional models. The
team has used its prokaryotic expression system to study
six previously missense mutations described in VLCAD-
deficient patients (T220M, V243A, R429W, A450P,
L462P, and R573W). T220M and V243A are the most
frequently reported missense mutations in VLCAD-
deficient patients. R429W and R573W are among the
few missense mutations believed to result in the severe
clinical phenotype. A450P and L462P are located in the
C-terminal domain unique to VLCAD and ACAD9.
Characterization of purified wild-type, A450P, and L462P
VLCAD proteins confirmed the long-held assumption
that the C-terminus plays a key role in mitochondrial
membrane association. The prokaryotic system developed
will greatly facilitate investigation of VLCAD structure
and function. Funding for this project is included in the

above-referenced grant.

Based on this progress, the laboratory is developing
therapeutic agents for treatment of long-chain fatty acid
oxidation disorders. Several potential drugs have already

been patented and are moving toward clinical trials.

ACADY. Mitochondrial B-oxidation of long-chain fatty
acyl-CoAs is a primary metabolic pathway for mainte-
nance of energy homeostasis and body temperature. It
also recycles carbons from many long-chain fatty acids
for lipid synthesis. Little is known about the mechanis-
tic role of the latter in the pathogenesis of symptoms

in genetic defects of B-oxidation, and its derangement
may, in part, explain features of these disorders, such as
neurological dysfunction and acute respiratory distress
syndrome, which respond poorly to treatment with

alternative energy sources. VLCAD is considered the

dominant long-chain acyl-CoA dehydrogenase (LCAD)
in energy generation in human muscle and heart cells.
In contrast, this study provides evidence that acyl-CoA
dehydrogenase 9 (ACADY) and LCAD more likely func-
tion in lipid recycling and synthesis in human brain and
lung, respectively, given their unique substrate utiliza-
tion and tissue distribution pattern. Furthermore, the
team has identified a new genetic deficiency of LCAD
presenting with congenital surfactant deficiency. This
disorder represents the first in an a, B-oxidation enzyme
primarily involved in lipid recycling or synthesis, reveal-
ing a new mechanism of pathogenesis in human disease.
Funding for this project by the NTH has been renewed,
and a supplement through the economic stimulus grant

program has been received. 189
Human ACADIO0. In the last half of the 20th century, the
incidence of type 2 diabetes mellitus (T2DM), previously
unrecognized in the Pima Indians, began to rise. Multiple
factors were postulated to be responsible, including envi-
ronmental factors, such as diet and resultant obesity, along
with a number of genetic determinants. ACAD10 was one
of 30 genes examined after demonstrating a significant
signal for diabetes in a genome-wide association study. To
characterize the physiologic role of ACADI0 in interme-
diary metabolism and its possible link to T2DM, the re-
searchers have characterized an ACADI0 gene trap mouse
model. Aging animals become obese on a normal diet and
develop insulin-resistant hyperglycemia in response to an
intraperitoneal glucose challenge. Tissue and blood acyl-
carnitine profiles are similar to those previously described
for adult humans with T2DM. The findings identify
ACADIO deficiency as a new monogenic cause of T2DM in
mice and provide valuable insight into its potential role in
the development of T2DM in Pima Indians.

A New Disorder in Sterol Metabolism. Defects in cholesterol
synthesis result in a wide variety of symptoms, from neo-
natal lethality to the relatively mild dysmorphic features
and developmental delay found in Smith-Lemli-Opitz syn-
drome (SLOS). The team identified mutations in SC4MOL
as the cause of a newly recognized autosomal recessive
syndrome that includes psoriasiform dermatitis, arthral-
gias, congenital cataracts, microcephaly, and developmen-
tal delay. This gene encodes a sterol-C4-methyl-oxidase,
catalyzing demethylation of C4-methylsterols in the cho-
lesterol synthesis pathway. C4-methylsterols are members
of the meiosis-activating sterols (MAS) family of molecules.
MAS are ligands of the liver X receptors a and B, which are

important in regulating not only lipid transport in epider-
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mis but also the innate and adaptive immunity. They were
first found in high concentration in testis and ovary cells
and play roles in meiosis activation. The team found that
MAS affect cell proliferation in both skin and blood. They
also found that inhibition of sterol-C4-methyl-oxidase
significantly altered immune regulation in immunocytes.
Deficiency of SC4MOL represents a new biochemical defect
in the cholesterol synthesis pathway, the clinical spectrum

of which remains to be defined.

Sterol Rare Disease Consortium. Vockley is the site principal
investigator for a new, unique clinical research consortium
(the Sterol and Isoprenoid Diseases Research Consortium,
or STAIR) to study a group of diseases bound by common
biochemistry, impact on health, and rarity: cerebrotendi-
nous xanthomatosis (CTX), hyperimmunoglobulinemia

D with periodic fever syndrome (HIDS), Niemann-Pick
disease type C (NPC), sitosterolemia, Sjogren-Larsson
syndrome (SLS), and SLOS. STAIR activities will be
performed by a team of investigators chosen for their clini-
cal research strengths and resources, diverse geographic
access to potential research subjects, and the commitment
of their institutions to support the consortium. In five years,
STAIR will conduct two major clinical studies (a longitudi-
nal natural history study of NPC and a therapeutic trial to
evaluate the efficacy of antioxidant therapy in SLOS) and
six pilot research studies involving patients with SLS, SLOS,
CTX, HIDS, or sitosterolemia. Together with the intramu-
ral NTH program, the consortium will support a full-scale
training program in the field of sterol and isoprenoid
diseases and share its resources and data with the NTH
Rare Diseases Clinical Research Network. Participating
institutions include Oregon Health and Science University
(OHSU), Eunice Kennedy Shriver National Institute of
Child Health and Human Development, Children’s Hospi-
tal of Pittsburgh of UPMC, Cincinnati Children’s Hospital
Medical Center, University of Nebraska Medical Center,
and University of Manitoba (Canada). OHSU will be the
administrative home of the consortium. Patient-support
organizations (Smith-Lemli-Opitz/RSH Foundation, Hide
and Seek Foundation, Ara Parseghian Medical Research
Foundation, Dana’s Angels Research Trust, Foundation for
Ichthyosis and Related Skin Types, and United Leukodys-
trophy Foundation) will participate in consortium activi-
ties. STAIR will foster multidisciplinary clinical research,
promote training and education, and support projects to
explore promising leads in the mechanisms, diagnostics,
and treatments of sterol and isoprenoid diseases. This grant

is in its third year of funding from the NTH.

A Pig Model of PKU. Phenylalanine hydroxylase (PAH)
deficiency, traditionally known as PKU, results in accu-
mulation of phenylalanine (PHE) in the blood of affected
individuals and was the original motivation for population-
based newborn screening. This project is developing a min-
iature pig model for greater genetic homology and more
clinical relevance. The new model system will elucidate
biomedical bases, facilitating development of therapeutic
approaches, especially for mental retardation and neurolog-
ical and neuropsychological features. Using bioinformatics
and phylogenetic comparison to humans, the researchers
initially assembled the entire pig Pzh gene encoding a 452
amino acid enzyme and confirmed high expression of PAH
in pig liver and kidney. Furthermore, they successfully
targeted deletions and inversions of the Pah gene using a
CRISPR/Cas9 RNA-guided nuclease approach. Studies
over the first eight months of the National PKU Alliance
funding period have utilized that iz vitro model system and
successfully optimized the genome editing reagents and
mutation-detection assays for the pig Pah locus. Working
with Missouri collaborators, the researchers have shown
that the CRISPR gRNAs function iz vivo in pig pre-
implantation embryos, and a pregnancy has been obtained
from embryo transfers of genome-edited embryos (~ 35%
modified alleles). Affected animals have now been identified,

and clinical characterization is proceeding.

Development of a Home PHE Meter. Early identification of
PKU and dietary treatment prevent neurological devasta-
tion, but neurodevelopmental and psychological problems
are regularly diagnosed even in patients who are identi-

fied early and treated continuously. The ACMG recently
published a clinical treatment guideline that recognizes the
difficulty of lifelong compliance to therapeutic regimens.
The guideline reports that nearly all adolescents and adults
have blood PHE levels that are out of the recommended
therapeutic range, leading to diminished executive function
and other neurologic and neuropsychiatric problems. To
improve PKU patient outcomes, the ACMG guideline says:
“Better tools and strategies are required to optimize care for
the individual and improve long-term outcomes.” Vockley
has recently been awarded two NIH grants to develop and

test a home PHE meter for use in treatment of this disease.

Characterizing the Burden of Genetic Disease in Old Order
Amish. The Old Order Amish communities (Plain People)
of North America have altered health risks that stem from
unbalanced population sampling of European founders
followed by genetic drift in derivative generations. The

population effects have resulted in a high prevalence
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of specific genetic disorders that vary from the general
population and from each other. Several characteristics
of those communities facilitate genetic analysis. Most
isolates keep excellent historical and genealogical records.
Due to their sociologic and/or geographic isolation, there
is usually little or no migration into the group, and the
members of the group exhibit relatively homogeneous
lifestyles. Large nuclear families are frequent, which
provides adequate numbers of affected and unaffected
siblings within a sibship for blood samples. The primary
genetic advantage, however, results from the interaction
of two overlapping phenomena: the founder effect and
inbreeding. In collaboration with Ghaloul-Gonzalez,
Vockley has developed a new program to characterize the
genetic variability between the Amish population in Mer-
cer County and Amish populations in other counties by
doing whole-exome and mitochondrial DNA sequencing.
This will be crucial to determining the phenotype and
frequency of other known and unknown genetic disorders
in the populations. This project will allow the research-
ers to characterize the genetic disease load in Old Order
Amish of Mercer County and identify disorders that can

benefit from early treatment.

Metabolic Imbalance in Treatment-Resistant Depression.
Treatment-refractory depression, defined as depression
that has no response to three or more maximum-dose
treatment trials of adequate duration, is a devastating
clinical problem with significant morbidity and mortal-
ity that affects at least 15% of adolescents and adults
with depression. Its etiology remains unclear. Several
metabolic disorders affect neurotransmitter pathways
and are associated with psychiatric symptoms, includ-
ing depression. The team recently published a report of
a sentinel patient with severe and unremitting depres-
sion and multiple suicide attempts who was unresponsive
to pharmacotherapy or electroconvulsive therapy. A
neurometabolic evaluation identified a severe deficiency of
all metabolites of biopterin. Treatment with sapropterin,
a BH4 analog, led to a dramatic remission of his depres-
sion and suicidal ideation that has lasted four years and
is still maintained. This finding triggered an exploratory
case-control trial in which researchers found 24 of 40
additional patients with treatment-refractory depression
to have central nervous system neurometabolic abnor-
malities. Additional therapeutic options were identified
for 23 of the 24 patients based on their metabolic findings.
Fourteen patients were identified as having cerebral folate
deficiency, and subsequent treatment with folinic acid

resulted in a sustained improvement of depressive symp-

toms in 11 of the individuals. The experience has allowed
streamlining of the experimental testing protocol in this
population. None of the current tools aimed at develop-
ing personalized strategies for the treatment of depression
(e.g., functional neuroimaging, pharmacogenetics) would
have identified the defects or led to effective therapy. The
research continues, funded by a generous donor to the
Children’s Hospital of Pittsburgh of UPMC Foundation.

Clinical Research. Vockley continues to coordinate a vigor-
ous program in clinical research for the treatment of inborn
errors of metabolism. Expanded detection of inborn errors
of mitochondrial fatty acid oxidation via tandem mass
spectrometry has placed them among the most frequently
identified errors. Vockley formed and leads INFORM,
which provides a collaborative framework for clinicians and
investigators to exchange information on the disorders and
their global effect on metabolism. Two medications for fatty
acid oxidation disorders that were developed in the Vockley
laboratory have reached phase IT and IIT U.S. Food and
Drug Administration trials, including triheptanoin, the first
drug in development to treat long-chain fatty acid oxidation
disorders. Additional diseases under study include lysosomal
storage diseases, disorders of sterol metabolism, disorders of

the urea cycle, and abnormalities of bone mineralization.

STUDY SECTIONS

e Review Panel, NIH Pioneer Award

* Review Panel, NIH Young Innovators Award

* Ad hoc panels to review Big Data project, Human
Mutant Cell Repository Application, NIH

® Chair, NIH K Award Metabolomics Study Section

* Basic to Clinical Collaborative Research Program,
University of Pittsburgh

ADVISORY COMMITTEE MEMBERSHIPS

* Collaborating partner, European Registry and Network
for Intoxication Type Metabolic Diseases

® Chair, Therapeutics Committee, ACMG Work Group
on Evidence-Based Clinical Practice Guidelines, ACMG

* Founder and chair, International Network for Fatty Acid
Oxidation Disorders Research and Management

® Chair, INFORM annual meeting, 2017

* Scientific Advisory Board, United Mitochondrial
Disease Foundation

® Chair, Pennsylvania State Newborn Screening
Advisory Committee

* Member, Pennsylvania State Birth Defects
Registry Committee

* Member, Pennsylvania State Lead Screening Committee
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Medical advisor, Organic Acidemia Family Foundation
Medical advisor, Fatty Acid Oxidation Family

Support Group

Medical advisor, Saving Lives Through

Screening Foundation

Director’s Young Investigator Award Second Tier
Review Group, NIH ad hoc review committee,
Director’s Award, NIH, 2017

EDITORSHIPS

Assistant editor, Molecular Genetics and Metabolism
Founder and managing editor, North American
Metabolic Academy

Communicating editor, fournal of Inherited
Metabolic Disease

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING
University of Pittsburgh:

School of Medicine Biochemistry and Molecular
Medicine course lecturer

Graduate School of Public Health Biochemical and
Molecular Genetics course lecturer

Medical genetics and pediatric resident lectures

National:

Course creator and director, North American Metabolic
Academy, a weeklong course on inborn errors of metabo-
lism given to medical genetics residents from across the
United States and Canada. The course has trained more
than half of the medical genetics residents nationally in
the past four years.

“Positive Response to Infliximab in a Patient with
VLCAD Deficiency,” ACMG annual meeting,

Phoenix, Ariz., 2017

“Newborn Screening for Heavy Metals,” Newborn
Screening Translational Research Network annual
meeting, Baltimore, Md., 2017

International:

Course faculty, academy course on fatty acid oxida-
tion defects, Society for the Study of Inborn Errors of
Metabolism, Lyon, France

“Triheptanoin in the Treatment of Long-Chain Fatty
Acid Oxidation Disorders: Report of Two FDA Phase
II Trial Results,” Portuguese Society of Metabolic
Disorders annual meeting, Lisbon, Portugal, 2017
“Fatty Acid Oxidation Update,” plenary lecture,
International Congress on Inherited Metabolic
Disorders, Rio De Janeiro, Brazil, 2017

“Results from a 78-Week Single-Arm, Open-Label
Phase II Study to Evaluate UX007 in Pediatric and Adult

Patients With Moderate to Severe Long-Chain Fatty Acid
Oxidation Disorders,” International Congress on Inherited
Metabolic Disorders, Rio De Janeiro, Brazil, 2017

“Phase II Long-Term Pegvaliase Treatment for Adults with
PKU: Updated Year 5 Safety and Efficacy Data From the
PAL-003 Extension,” International Congress on Inherited
Metabolic Disorders, Rio De Janeiro, Brazil, 2017
“Endoplasmic Reticulum-Mitochondria Crosstalk and
Redox Homeostasis Disruption in VLCAD-Deficient
Fibroblasts,” International Congress on Inherited
Metabolic Disorders, Rio De Janeiro, Brazil, 2017
“Antioxidant Therapy as an Adjunct for Treatment

of Long-Chain Fatty Acid Oxidation Disorders,”
International Congress on Inherited Metabolic
Disorders, Rio De Janeiro, Brazil, 2017

“Novel Mechanisms of Pathogenesis in Mitochondrial
Trifunctional Protein Deficiency: Implications for Clinical
Outcome and Treatment,” International Congress on
Inherited Metabolic Disorders, Rio De Janeiro, Brazil, 2017
“Elucidating the Mitochondrial Architecture of
Branched-Chain Amino Acid Metabolism Enzymes,”
International Congress on Inherited Metabolic
Disorders, Rio De Janeiro, Brazil, 2017

“PKU Research Update,” Asia-Pacific PKU Summit,
Osaka, Japan, 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS

ACMG

American Society of Human Genetics

American Academy of Pediatrics

American College of Pediatrics

American Association for the Advancement of Science
Society for the Study of Inborn Errors of Metabolism
Society for Inherited Metabolic Disorders

American Society for Clinical Investigation

HONORS/AWARDS

Haworth Visiting Professor, University of Manitoba
and Children’s Hospital of Manitoba, April 2017
Boston Children’s Hospital Grand Rounds Manton
Lecture, Boston, Mass., October 2017

Past president, Society for Inherited Metabolic Disorders
Champion for Babies Award, March of Dimes, 2015
Distinguished editor, NIH Director’s New Innovator
Award Editorial Board, 2016

Past chairman, International Congress on

Metabolic Disorders

Postdoctoral trainee Emir Tas, 2016 Fellow Basic
Research Award, Society for Pediatric Research, 2016
Faculty Honors, University of Pittsburgh, 2014
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Georgianne L. Arnold, MD

RESEARCH

Clinical Outcomes in FAO Disorders. Georgianne Arnold

is part of a collaborative, funded by the NIH and Health
Resources and Services Administration, that collects
information on clinical management protocols and out-
comes studies for common disorders of FAO, including
VLCAD, long-chain 3-hydroxyacyl-CoA dehydrogenase
(LCHAD), medium-chain acyl-CoA dehydrogenase, and
short-chain acyl-CoA dehydrogenase deficiencies. In ag-
gregate, the disorders are fairly common, and expanded
newborn screening has profoundly changed the landscape
regarding patient outcomes and recommended manage-
ment. LCHAD and VLCAD deficiencies were initially
believed to be life-threatening disorders in infancy, yet
many patients diagnosed by newborn screening remain
asymptomatic. Furthermore, the severe fat restriction
formerly recommended for older patients may be harmful
to the developing brain. Some studies suggest that the use
of carnitine, a staple in the management of FAO disorders,
might actually be harmful in long-chain FAO disorders.
At present, Arnold’s team is seeking information regarding
which patients require more rigorous management versus
those who might actually be harmed by over-management.
Arnold has published Delphi-based clinical practice proto-
cols for patient management (for which the VLCAD defi-
ciency protocol was awarded the Emmanuel Shapira Award
for best paper in Molecular Genetics and Metabolism by a
member of the Society for Inherited Metabolic Disorders).
Her outcomes study on MCAD deficiency was presented
to the International Congress of Inborn Errors of Metabo-
lism and published in Molecular Genetics and Medicine. She
is research funded for participation in gathering outcomes
data through the Inborn Errors of Metabolism Informa-
tion System and is actively seeking funding to conduct

outcomes studies on the data.

3-Methylcrotonyl-CoA Carboxylase (3-MCC) Deficiency. This
is a disorder in the catabolism of the amino acid leucine.
Before the advent of expanded newborn screening, 3-MCC
deficiency was believed to be a rare and life-threatening
disorder, causing acidosis, failure to thrive, and mental
retardation. It is now apparent that most infants who have
the disorder detected by newborn screening appear healthy,
and some countries have removed the disorder from the
newborn screen. However, data collected by Arnold sug-
gest that a subset of affected individuals may indeed be at
higher risk of poor outcomes. The study database is being
expanded, and a multicenter outcomes study is also under
way. Arnold published a Delphi-based management proto-

col for this disorder and is seeking funding for additional

long-term studies for the development of evidence-based
guidelines. If some infants are at risk from this disorder, it
is important to identify the at-risk infants and offer them

appropriate evidence-based treatment.

A Clinical Trial of Sapropterin Dibydrochloride for Cognitive
Dysfunction in PKU. Well-managed patients with PK'U
have long been known to have neuropsychological dif-
ficulties and depression even though intelligence quotient
is preserved by diet therapy. The drug sapropterin dihy-
drochloride is a commercial preparation of biopterin, the
cofactor for PAH. It appears that a larger than expected
number of patients achieves better control of PHE levels
while taking supplemental biopterin as sapropterin dihy-
drochloride. However, the biochemistry of biopterin as a
cofactor for tyrosine hydroxylase (important in dopamine 1@
metabolism) and tryptophan hydroxylase (important in
serotonin metabolism) suggests a biological basis for im-
proved well-being and neurocognitive function reported
by patients taking sapropterin dihydrochloride, even if
PHE levels do not improve. Arnold is currently funded

as a part of a national study to determine the effects of
sapropterin dihydrochloride on cognitive and psychologi-
cal functioning in patients with PKU.

Additional Clinical Investigation Studies. Arnold is an

active participant in other clinical studies in the divi-
sion, including a phase II clinical trial on the use of an
investigational medication (triheptanoin) for treatment

of FAO defects. Arnold is now leading the UPMC site for
phase III trials investigating the safety and efficacy of new

enzyme-replacement therapies in the treatment of PKU.

ADVISORY COMMITTEE MEMBERSHIPS

¢ Database Advisory Board, PKU Demographics,
Outcomes, and Safety registry

® Chair, Maintenance of Certification Committee, ACMG

* Program Committee, Evidence-Based Review Group,
ACMG

* Board of Directors and program chair, Society for
Inherited Metabolic Disorders

® Pennsylvania Newborn Screening Lysosomal Disorders
Advisory Board

* Board of Directors, program chair, and president-elect,
Society for Inherited Metabolic Disorders

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* Society for Inherited Metabolic Disorders

* Society for the Study of Inborn Errors of Metabolism

* ACMG

* American Society of Human Genetics

¢ International Society for Neonatal Screening
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MAJOR LECTURESHIPS, SEMINARS, AND TEACHING
* Core biochemical genetics curriculum, University of
Pittsburgh, Pittsburgh, Pa., 2016

HONORS/AWARDS

¢ Best Doctors, Pittsburgh Magazine, 2012-2015

o Best Doctors in America, Woodward/White, Inc.,
2007-2017

e Top Doctors, Castle Connolly, 2009-2017

* Visiting professorship, Children’s National Medical
Center, Washington, D.C., July 2013

* Visiting professorship, University of Colorado,
September 2013

* Visiting professorship, Greenwood Genetic Center,
Greenwood, S.C., February 2017

Jane Breck, MD

RESEARCH

Jane Breck is involved in the recruitment and preparation of
PKU patients for several research grants. They include the
use of hepatocyte transplant for the treatment of metabolic
diseases; the use of enzyme-replacement therapy (Peg-Pal)
to treat PKU with alternative nondietary treatment; and the
neuropsychological effects in addition to the biochemical

effects of a PKU medication, sapropterin (Kuvan®).

As a research co-investigator, Breck works with Steve
Dobrowolski as he studies the DNA gene mutations of the
many patients who attend the PKU Clinic and develops a
gene database tracking the effects of gene interaction on

various responses to PKU treatment.

Breck’s teaching activities include precepting medical
students, lecturing graduate students, and interacting
with pediatric residents who rotate through an elective in
medical genetics. Breck is also active in welcoming genetic
counseling students and postdoctoral fellows to observe
and participate in the PKU Clinic.

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* American Academy of Pediatrics
® American Medical Association

® Physicians for Social Responsibility

ADVISORY COMMITTEE MEMBERSHIPS

* Consultant, Head Start Programs of Fayette and
Green Counties

® Professional Advisory Committee, Epilepsy
Foundation of Western Pennsylvania

® Board of Trustees, Easter Seals Society of
Allegheny County

* Advisory Board, Parental Stress Center

* Advisory Board, Caring Foundation, Center for
Grieving Children and Adolescents

* Consultant in family communication, WQED TV

* Medical consultant, Shuman Center Juvenile

Justice Center

Areeg El-Gharbawy, MD

RESEARCH

Currently, Areeg El-Gharbawy participates as a co-investi-
gator on industry-sponsored clinical trials being conducted
in the division on novel pharmaceuticals for inborn errors of
metabolism. They include trials that address new therapies
for patients with PKU; fatty acid oxidation and glycogenosis
disorders; hypophosphatasia; urea cycle disorders; and
lysosomal storage disorders, including Pompe, Fabry, and
Gaucher disease, and mucopolysaccharidoses. In Vockley’s
laboratory, she has begun a series of experiments examining
cell lines from patients with LCHAD/trifunctional protein
(TFP) deficiency and Barth syndrome who share overlap-
ping features with patients with complex 1 respiratory
chain defects, including cardiomyopathy, fatigue, exercise
intolerance, hypoglycemia, and lactic acidosis, to study
the relationships between cellular bio-energetic pathways.
Preliminary results on the mechanisms involved and
availability of new treatments that target the mitochondria
and stabilize cardiolipin are encouraging. EI-Gharbawy has
submitted an investigator-initiated clinical trial proposal to
study the use of the novel anaplerotic agent triheptanoin in

patients with glycogen storage disease type 1.

MAJOR LECTURESHIPS AND SEMINARS

¢ “Fatty Acid Oxidation Disorders,” Endocrine
Seminar, Children’s Hospital of Pittsburgh of UPMC,
Pittsburgh, Pa., 2016

* “Clinical and Translational Insights in Pompe
Disease: Disease Pathology, Patient Identification,
and Treatment,” Pompe Disease Continuing Medical
Education Symposium, American Society of Human
Genetics meeting, Orlando, Fla., 2017

¢ “Energy Defects: More to Learn, More To Do,”
molecular medicine grand rounds, Oregon Health and
Science University, Portland, Ore., 2017

¢ “Understanding the Underlying Mechanisms Involved in
Energy Defects Associated With Overlapping Features,”
Molecular Medicine Research Symposium, Children’s
Hospital of Pittsburgh of UPMC, Pittsburgh, Pa., 2017

* “Glycogen Storage Disorders: Overview and Updates,”
endocrine grand rounds, University of Pittsburgh,
Pittsburgh, Pa., 2017
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* “Study of the Relationship Between Fatty Acid Oxidation,
the Electron Transfer Chain, and Cardiolipin in
Patients’ Cells with LCHAD/TFP Deficiency and Barth
Syndrome: Implications for New Patho-Mechanisms and
Therapeutic Targets,” abstract, United Mitochondrial
Foundation meeting, Alexandria, Va., 2017

* “The Biochemical Basis for Overlap of Clinical Features
of LCHAD/TFP Deficiency With Mitochondrial
Respiratory Chain Defects: Implications for New
Therapeutic Approaches,” poster presentation,
International Congress of Inborn Errors of Metabolism,
Rio de Janeiro, Brazil, 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* Society for Inherited Metabolic Disorders
* American Medical Association

HONORS/AWARDS

* Research grant award, Promoting Academic Talent
in the Health Sciences, 2014

* Nominee, Climb Metabolic Hero Award, 2017

Maria Escolar, MD, MS

RESEARCH

Maria Escolar recently transitioned from the Division

of Neurology to the Division of Medical Genetics. Her
research takes a multidisciplinary approach focused on the
interactions of genes, brain, and behavior and their influ-
ences on aberrant development in rare neurodegenerative
diseases. Escolar is an expert in leukodystrophies, such as
Krabbe disease, metachromatic leukodystrophy (MLD), and
adrenoleukodystrophy, as well as other metabolic condi-
tions that can affect the brain, such as Sanfilippo syndrome,

Hurler’s syndrome, and Hunter’s syndrome, among others.

Natural History of Krabbe Disease. Krabbe disease, also known
as globoid cell leukodystrophy, is a rare autosomal reces-
sive metabolic disorder characterized by the deficiency of
galactocerebrosidase, a lysosomal enzyme responsible for
the degradation of psychosine to galactose and sphingo-
sine. The subsequent accumulation of psychosine destroys
oligodendrocytes and Schwann cells, causing the formation of
multi-nucleated globoid cells, severe demyelination, axonopa-
thy, and neuronal death. The degradation of the central and
peripheral nervous systems clinically manifests as progressive
neurodegeneration, spasticity, irritability, blindness, deafness,
seizures, and premature death. The incidence of Krabbe
disease has been estimated as 1 in 100,000 live births. The dis-
ease is divided into four subgroups based on age at symptom
onset: early infantile (birth to 5 months), late infantile (647
months), juvenile (4-17 years), and adult (> 18 years).

As a leading center in the study and treatment of Krabbe
disease, the NDRD team has evaluated more than 180
patients, providing the largest single-center database on
Krabbe disease in the world. Because of the large and
comprehensive database, Escolar has been able to advance
research on the different phenotypes. With 97 early-
infantile patients and 39 late-infantile patients, Escolar has
designed natural history studies to evaluate variability in
progression. In Escolar’s natural history design, children are
evaluated prospectively following a protocol of standardized
mulddisciplinary testing. Evaluations are completed by a
multidisciplinary team of specialists, including neurodevel-
opmental pediatricians, neuroradiologists, ophthalmologists,
speech pathologists, audiologists, physical therapists, genetic

counselors, and psychometricians.

Overall, the data collected help establish the initial symp-
toms and characteristics of disease progression, which can
be beneficial in staging of the disease. Resolution of early
symptoms can be used for monitoring disease progression
and assessing the efficacy of therapeutic interventions.
Further work is necessary to understand the correlations
among symptoms, function, and genetic mutations. A bet-
ter understanding of the presenting symptoms of Krabbe
disease will increase awareness among pediatricians and
result in earlier diagnostic referrals and recruitment for
future clinical trials. Such knowledge will become increas-
ingly important as methodological and legislative advances in
newborn screening practices continue. Ultimately, natural
history data will enable researchers to establish rate and
severity of disease progression, allowing clinicians to make
better decisions regarding the management and treatment

of patients diagnosed via newborn screening.

Psychosine, a Marker of Krabbe Phenotype and Treatment Effect.
Although the phenotypic spectrum associated with this
condition is broad, the most common form, known as early-
infantile Krabbe disease, results in rapid neurodegeneration
and death within the first few years of life. Because the only
treatment for this condition, hematopoietic stem cell trans-
plantation (HSCT), is most effective if performed prior to
the onset of neurological deterioration, it is essential that
affected patients be diagnosed during the presymptomatic
or minimally symptomatic period. Biomarkers are urgently
needed to aid in the prediction of phenotype and assess-
ment of clinical course in patients who are diagnosed with
or determined to be at risk for Krabbe disease. Two small
prior studies have found evidence that the concentration of
psychosine, a substrate of the galactocerebrosidase enzyme,
is elevated in patients with early-infantile Krabbe disease.
However, given that the prior studies were limited to

cross-sectional measurements in a small number of patients,
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additional data are needed to assess the value of dried
blood spot (DBS) psychosine as a potential biomarker for
Krabbe disease.

In July 2017, Escobar reported the findings of the largest
study of DBS psychosine concentrations in patients with
Krabbe disease to date. The team was the first to longitudi-
nally assess DBS psychosine concentrations in a pheno-
typically diverse cohort of patients with early-infantile,
late-infantile, and juvenile-onset Krabbe disease, along
with carriers and at-risk patients who screened positive

for Krabbe disease at birth but remain asymptomatic.
Substantially elevated DBS psychosine during the newborn
period has 100% specificity as a biomarker for infantile-
onset Krabbe disease. The findings suggest that measuring
psychosine as a second-tier newborn screening test could aid
in phenotypic prediction and help clinicians to determine
which patients require urgent treatment with HSCT. Future
work is aimed toward examining the relationship between
psychosine increase and disease progression in later-onset
patients and the implications of psychosine concentration

changes over time.

Developmental Outcomes of Cord Blood Transplantation for
Krabbe Disease: A 15-Year Study. Currently, Krabbe disease

is without cure, but umbilical cord blood transplantation
(UCBT) has been shown to significantly improve neurologi-
cal outcomes in asymptomatic neonates. However, when
transplantation is performed in symptomatic patients with
early-infantile disease, the neurologic insult remains severe.
The purpose of this prospective study, which was accepted
for publication in Neurology in August 2017, was to summa-
rize long-term neurodevelopmental outcomes of 18 children
with early-infantile Krabbe disease who were transplanted
in the first 7 weeks of life. Long-term outcomes of trans-
planted patients were assessed with a standardized protocol.
Despite failing to cure Krabbe disease, HSCT performed
before the onset of severe symptoms delayed disease pro-
gression and improved length and quality of life. Children
who survived the peritransplant period functioned at a much
higher level than untreated patients. Gross motor function
responded less well to treatment. Fine motor skills were
generally preserved. Cognition was normal or developed at
a slightly slower rate than that of typical children. The clini-
cally and statistically significant associations between age

at transplantation and expressive language and gross motor
function highlight the importance of transplantation as soon
as possible for children with early-infantile disease, ideally
before 2 weeks of age.

Improvements in Brain Development Following HSCT in
Krabbe Disease. Krabbe disease causes severe demyelination
of the brain, with rapidly progressing atrophy of certain
regions. HSCT is the only treatment available that can
halt disease progression. In this study, the NDRD team
investigated the development of cerebral myelination

by magnetic resonance imaging (MRI) and propose a
more sensitive and objective tool to assess the effects of
this treatment. The team also compared MRI data from
patients who underwent HSCT against natural history.
Diffusion tensor imaging (DTT), which utilizes fractional
anisotropy to measure the water diffusion property of

the white matter and reflects the direction of the axonal
microstructure, was used to assess the white matter integ-
rity of the brain. Combined with Escolar’s neuroimaging
protocol and algorithm, the methods allow for precise
quantification of myelin content. A total of 55 patients
with early-infantile Krabbe were analyzed, 14 of whom
underwent transplantation and 31 who had natural disease
progression. Patients treated with HSCT mostly followed
the normal developmental trajectory of the corticospinal
tract, albeit in the lower part of the normal range. Patients
who were not treated with HSCT started with lower-than-
normal fractional anisotropy, and the measure decreased
significantly within two years after an initial increase. The
fractional anisotropy values are consistent with the motor
function as measured in behavioral testing. Diffusion-
based brain MRI quantitates abnormalities in white matter
integrity in patients with early-infantile Krabbe disease.
Patients who are treated with HSCT early in life retain
corticospinal tract integrity and follow a normal trajec-
tory over time. More broadly, the findings support using
diffusion tensor imaging as a tool to measure white matter
integrity and effects of treatment in persons with neurode-

generative diseases.

Treatment of Krabbe Disease With Intravenous Adeno-
Associated Virus Gene Therapy. Treatment with UCBT can
extend life and preserve cognitive function in presymp-
tomatic patients with early-infantile Krabbe disease and
in presymptomatic/minimally symptomatic patients with
the late-infantile form of the disease. However, all treated
children experience some degree of motor disability
post-UCBT due to a combination of peripheral nerve
disease and early, irreversible damage of the corticospinal
tracts. Intravenous gene transfer has been shown to cor-
rect myelination of both central and peripheral nervous
systems in mice, addressing the critical problem that
HSCT is not able to correct—progressive deterioration
of the peripheral nerves. Furthermore, UCBT offers no

significant benefit once a patient is already symptomatic
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because of the extensive early damage to the motor tracts.
Therefore, no effective treatments are available once a
child manifests signs or symptoms of Krabbe disease.
In mice, as explained above, intravenous gene therapy
administered shortly after HSCT rapidly improves
myelination in both brain and peripheral nerves while
the immune system reconstitutes after myeloablative
conditioning. In this way, adding gene therapy may
shorten the interval between diagnosis and delivery of
normal galactocerebrosidase enzyme to oligodendrocytes
and Schwann cells, potentially extending the benefits of

treatment to patients who have begun to show symptoms.

There is renewed interest in gene therapy, as the develop-
ment of new viral vectors has reduced the risk of immu-
nogenicity and insertional mutagenesis. Results of recent
clinical trials evaluating gene therapy for genetic diseases
such as adrenoleukodystrophy and MLD are highly
encouraging. Recent advances in gene delivery technolo-
gies and the team’s newly patented treatment combining
gene therapy with reduced-conditioning UCBT may
hold the key to effective treatment for more infants and
children affected by Krabbe disease. If successful, the
proposed clinical trial may transform the standard of care
for patients with Krabbe disease. Currently, the project
is in the preclinical stages, the toxicology studies. Once
those studies are completed, the team intends to move
into a phase I/11 clinical trial, which will test for safety

and explore efficacy in humans.

Krabbe Translational Research Network. Escolar began hold-
ing the annual Krabbe Translation Research Network
(KTRN) meeting in 2010 while at the University

of North Carolina. The KTRN is a consortium of scien-
tists and clinicians who are dedicated to helping children
with Krabbe disease live longer and healthier lives. The
KTRN brings together the complementary knowledge
and skills of investigators who are working in different
disciplines at different institutions; it aims to accelerate
the development of research findings into new treatments.
KTRN members share data and resources to identify
promising therapeutic approaches for further development.
Specific goals of this year’s meeting will include addressing
the challenges of gene therapy and effective designs for
future trials, discussing the use of gene therapy in patients
who were previously transplanted, and considering the

treatment of peripheral nerve disease.

Natural History of MLD. MLD is an inherited lyso-
somal storage disease caused by deficient activity of

arylsulfatase A, an enzyme involved in the degradation

of 3’-O-sulphogalactosylceramide, otherwise known as sul-
fatide. Sulfatide exists as a membrane-bound sphingolipid
abundant in the myelin sheath and predominantly found
in oligodendrocytes in the central nervous system and
Schwann cells in the peripheral nervous system. In MLD,
the gradual accumulation of undegraded sulfatide in these
myelin-producing cells results in progressive demyelin-
ation and neurodegeneration in both the central nervous
system and peripheral nervous system. The disease is fatal,
with a variable clinical course, and it is typically classified
into subtypes based on age of onset. The limitations of
previous cohort studies inspired the team to carry out a
larger, more comprehensive (prospective and retrospec-
tive) study of the onset, prevalence, and severity of clinical
manifestations of MLD, enabling physicians to recognize
early symptom onset and to select patients likely to benefit
from current and future therapies. The data will be used
to design clinical trials and to assess treatment outcomes.

Because all evaluations were conducted at a single site with
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a standardized protocol, the data are the most reliable to
date. They also favor patients with early onset, the time of
greatest therapeutic opportunity. The substantially larger
cohort—totalling 134 patients—enabled arraying the
population on a continuous spectrum as opposed to discrete
subtypes. The approach allows physicians to conceive of
the disease as a diverse set of symptoms and varying forms
of clinical presentation, instead of distinct, nonoverlapping
phenotypes. In sum, the prospective, longitudinal study
provides an improved understanding regarding the clinical
course of the insidious disease. The findings will lead to
improved clinical outcomes by facilitating earlier diagnoses
and assisting in the treatment and management of MLD.
Additionally, they will provide a baseline for investigators

designing clinical trials for novel therapies.

NDRD Brain and Tissue Bank. This biorepository is housed
in Rangos Research Center, and post-mortem specimens
are housed at the Alzheimer’s Brain Bank at the University
of Pittsburgh. It currently houses more than 1,000 speci-
mens collected since 2010. The project has been funded by
grants awarded by the Legacy of Angels Foundation and a
donation from the Believing for Bryleigh Foundation and
Partners for Krabbe Research. The tissue bank provides a
plethora of research opportunities for multiple collabora-
tions, as most specimens are connected to clinical data

in the NDRD database. Escolar works closely with Julia
Kofler to draw connections among histological, pathologi-

cal, and clinical findings.

Clinical Trials. In addition to coordinating internal research
at the NDRD, Escolar continues to be involved as principal
investigator in several industry-sponsored projects.

Current projects include a safety, pharmacokinetics, and
pharmacodynamics/efficacy phase I trial of SBC-103, a new
treatment for mucopolysaccharide disease (Sanfilippo) type
B (MPS IIIB); a phase I/1I trial investigating a treatment for
pantothenate kinase—associated neurodegeneration; and a

retrospective cross-sectional study to evaluate the neurode-

velopmental status of patients with severe MPS type II.

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

e “Neurodevelopment in MPS Syndromes, Natural
History, and Treatment Outcomes,” International
Symposium on MPS and Related Diseases, Bonn,
Germany, July 2016

® “Gene Therapy for Rare Diseases,” New York Academy
of Sciences and the Biochemical Pharmacology
Discussion Group, New York, N.Y., April 2017

* MLD Family Conference, Suffolk, Va., July 2017

® 20th Annual Family and Medical Symposium, Hunter’s
Hope, Ellicottville, N.Y., July 2017

* “Outcomes of First GM3 Synthase Deficiency Unrelated
Matched Umbilical Cord Transplant Following Reduced
Conditioning Regimen,” Translational Medicine in the
Plain Populations Conference, Pittsburgh, Pa., August 2017

* “Psychosine, a Marker of Krabbe Phenotype and
Treatment,” 13th International Congress of Inborn Errors
of Metabolism, Rio de Janeiro, Brazil, September 2017

* Keynote speaker, Paul M. Fernhoff Memorial Lecture,
Centers for Disease Control and Prevention and Emory
University, Atlanta, Ga., September 2017

e “MPS II Early Diagnosis,” Shire Human Genetics
Advisory Board Meeting, September 2017

e “MPS IL,” Regenxbio Advisory Board Meeting,
Washington, D.C., September 2017

e “Krabbe Disease Natural History Outcomes,” 2017
Global Leukodystrophy Initiative Conference,
Philadelphia, Pa., November 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS

¢ Adrenoleukodystrophy Advisory Board, MPS II Advisory
Board, Regenxbio

o Zellweger Spectrum Disorders Advisory Board, Retrophin

* Lysosomal Storage Disease Advisory Board, Regenxbio

* Advisory Board, Abeona

¢ Shire Human Genetics

¢ Global Leukodystrophy Association

* Global Leukodystrophy Initiative

* Newborn Screening Translational Network Workgroup,
ACMG, supported by the National Institute of Child
Health and Development

® Medical Advisory Board, Jacob’s Cure

* Advisory Committee, Senator Paul D. Wellstone Muscular
Dystrophy Cooperative Research Center (U54)

* New York State Krabbe Newborn Screening Consortium

* Medical and Scientific Advisory Board, MLD Foundation

¢ KTRN

HONORS/AWARDS
* RARE Tribute to Champions of Hope, Medical Care
and Treatment Award Recipient, Global Genes Summit

(chosen among 300 nominees)

Lina Ghaloul-Gonzalez, MD

RESEARCH

Ldentification of Novel Genetic Disorders by Exome and Genomze

Sequencing. Lina Ghaloul-Gonzalez recently transitioned from
her position as a fellow in medical genetics to the faculty of the
division. Her primary focus is genome and personalized medi-
cine. Current projects include exome and genome sequencing

in newborns and genome sequencing in the Western Pennsyl-

vania Plain Communities (Amish and Mennonite).
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Characterizing the Burden of Genetic Disease in Old Order
Amish. The Old Order Amish communities (Plain People)
of North America have altered health risks that stem from
unbalanced population sampling of European founders
followed by genetic drift in derivative generations. The
population effects have resulted in a high prevalence of
specific genetic disorders that vary from the general popu-
lation and from each other. Several characteristics of the
communities facilitate genetic analysis. Most isolates keep
excellent historical and genealogical records. There is usu-
ally little or no migration into the group, and the members
of the group exhibit relatively homogeneous lifestyles.
Large nuclear families are frequent, which provides ad-
equate numbers of affected and unaffected siblings within a
sibship for blood samples. The primary genetic advantage,
however, results from the interaction of two overlapping

phenomena: the founder effect and inbreeding.

Amish populations are unique in that they represent genetic
bottlenecks dating back to the 18th century, distinguishing
them from the European population as well genetic drift,
which has given rise to variable distributions of pathogenic
alleles among North American settlements. The division’s
mitochondrial studies and other clinical encounters led to
the hypothesis that many unrecognized genetic disorders are
present in the Mercer County Amish.

The Mercer County Amish are among the least genetically
characterized Amish communities in the United States,
with no catalog of either genetic disorders or variants seen
in the community. The division’s researchers have devel-
oped a new program to characterize the genetic variability
between Amish Mercer County population and other
Amish counties by doing whole-exome and mitochondrial
DNA sequencing. The project will allow the team to char-
acterize the load of genetic disease in Old Order Amish

of Mercer County and identify disorders that can benefit

from early treatment.

Mitochondrial DNA mutations have not previously been
reported in any Old Order Amish community. The team
recently described an Amish family with the MTTLI
mitochondrial gene mutation m.3243A>G. A second
patient with an m.13513G>A (D393N) mutation has also
been diagnosed. The mutations classically cause mitochon-
drial encephalomyopathy, lactic acidosis, and stroke-like
episodes (otherwise known as MELAS) syndrome. A third
patient in that Amish community has been diagnosed with
an autosomal recessive respiratory chain disorder due to a
homozygous deletion in the NDUFAF2 gene, which was
in one of the nine areas of homozygosity detected on single

nucleotide polymorphism microarray.

Identification of Reticular Dysgenesis Due to AK2 Mutation: A
Novel Genetic Disorder in the Amish Population. Homozygous
AK?2 gene mutation [c.622T>C; p.S208P] was identified in
an Amish boy for the first time, with immunodeficiency by
whole-exome sequencing. AK2 mutation causes reticular
dysgenesis, which is characterized by severe combined im-
munodeficiency and leukopenia. No Amish patients with
AK2 deficiency have been reported in the literature. This
highlights the importance of whole-exome sequencing

as a diagnostic tool and will add this gene to the already-
available Plain People’s database of genetic disorders.
Functional studies are ongoing to confirm pathogenicity of

this mutation.

Human I'TCH E3 Ubiquitin Ligase Deficiency in a Non-Amish
Girl. Syndromic multisystem autoimmune disease due to
human I'TCH E3 ubiquitin ligase deficiency was first re-
ported in 10 Old Order Amish children. The children had
failure to thrive, with weight and height below the third
percentile; relative macrocephaly; developmental delay;
delays in gross motor and cognitive skills; dysmorphic fea-
tures; organomegaly; and autoimmune inflammatory cell
infiltration of the lungs, liver, and gut. The team identified
a 13-year-old, non-Amish female with a medical history
significant for failure to thrive, with height below the third
percentile, relative macrocephaly, and mild dysmorphic
features with ITCH deficiency. Whole-exome sequencing
identified a novel, maternally inherited variant in exon 8,
¢.599 dupC (p.S201fs) that causes frameshift. Deletion
studies revealed a de novo deletion involving exons 25 and
26. ITCH gene mutations in a non-Amish patient provide
additional evidence connecting I7CH deficiency to human
disease. The case also highlights the cost-effectiveness of
whole-exome sequencing as a first-tier genetic test in com-
plex patients, which would have reduced the time to diag-
nosis and saved numerous other tests and procedures that
were either non-specific or unrevealing. Functional studies

are ongoing to prove pathogeneticy of the mutations.

Characterization of Genetic Factors Contributing to Sepsis in
Subjects With Concurrent High Ferritin Levels by Whole-
Exome Sequencing. Ghaloul-Gonzalez is co-investigator
on this research project with Joseph Carcillo, MD. Organ
shutdown in multiple organ dysfunction syndrome
(MODS) results when persistent macrophage activa-

tion induces inflammation-driven endothelial, epithelial,
mitochondrial, and immune cell dysfunction. Ferritin is
released into the circulation by activated macrophages.
Hyperferritinemic MODS (ferritin > 500 ng/mL) is char-
acterized by reticuloendothelial system activation-induced
hepatobiliary dysfunction and disseminated intravascular

coagulation. It is variably described by clinicians as sepsis
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MODS, macrophage activation syndrome (MAS), and
reactive hemophagocytic lymphohistiocytosis. The Histio-
cytosis Society recommends etoposide and chemotherapy
for the condition. In contrast, the researchers studied
children with five to six organ failure hyperferritinemic
MODS and showed 100% survival with daily plasma ex-
change, methylprednisone, and intravenous gamma globulin
compared to only 50% survival in those treated with the
Histiocytosis Society etoposide-based protocol. They also
showed that adults with sepsis and features of MAS treated
with interleukin 1 receptor antagonist protein had a reduc-
tion in mortality to 30%, compared to 60% with placebo.
"To address this therapeutic controversy, the researchers

will test the hypothesis that hyperferritinemic MODS is a
common end pathway of inflammation in children, caused
by a group of inflammatory conditions that are best treated
with precision medicine rather than an etoposide-for-all
approach. The researchers are addressing several knowledge
gaps in that regard. First, they have determined the ferritin
threshold and isotypes related to mortality, which can be
used as therapeutic triggers. Second, they have identified
the unique “inflammasome” cytokine pattern, which can

be targeted with anti-cytokine therapies in patients with
ferritin levels above the threshold. Third, they have ident-
fied the proportion of patients with gene variants related

to (a) inflammasome-driven cryopyrin-associated periodic
syndrome and macrophage activation syndrome (IRAP is
approved by the U.S. Food and Drug Administration), (b)
hypercomplementemia-driven atypical hemolytic uremic
syndrome/aHUS (C5a antibody is approved by the U.S.
Food and Drug Administration), and (c) failed granzyme/
perforin or Fas/FasL-mediated activated immune cell death
syndromes in hemophagocytic lymphohistiocytosis (etopo-
side is recommended by the Histiocytosis Society). Fourth,
they will explore the feasibility of targeting ferritin heavy-
chain potentiation of MODS inflammation with inhibitors
of ferritin heavy-chain production and inhibitors of ferritin

heavy-chain-induced monocyte/macrophage activation.

STUDY SECTIONS
® Research grant reviewer, Clinical and Translational
Science Institute, 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
® American Society of Human GeneticsSociety for
Inherited Metabolic Disorders

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING
® “Genetic Variants Associated With Hyperinflammation
in Septic Shock, poster/oral presentation, Society of

Critical Care Medicine meeting, Hawaii, 2016

e “Translational Medicine in the Plain Communities,”
grand rounds, Children’s Hospital of Pittsburgh of
UPMC, Pittsburgh, Pa., February 2017

¢ “Mitochondriopathy in AK2 Deficiency, a Novel
Genetic Disorder in the Amish Population,” Fifth
Annual Plain Populations Translational Medicine
Meeting, Pittsburgh, Pa., 2017

* “Diagnostic Mysteries Cases,” Fifth Annual Plain
Populations Translational Medicine Meeting,
Pittsburgh, Pa., 2017

* “Metabolic Diseases in the Plain People: The Path
From Genomic Discovery to Therapy,” co-chair,
International Congress of Inborn Errors of Metabolism,
Rio de Janeiro, Brazil, 2017

¢ “Reticular Dysgenesis and Mitochondriopathy Induced
by Adenylate Kinase 2 Deficiency Identified in the
Amish Population,” International Congress of Inborn
Errors of Metabolism, Rio de Janeiro, Brazil, 2017

* “Reticular Dysgenesis and Mitochondriopathy
Induced by Adenylate Kinase 2 Deficiency Identified
in the Amish Population,” poster/oral presentation,
International Congress of Inborn Errors of Metabolism,
Rio de Janeiro, Brazil, 2017

Eric Goetzman, PhD

RESEARCH

Regulation of Mitochondrial Metabolism by Reversible Lysine
Acylation. Eric Goetzman’s laboratory studies mitochondrial
FAO, the pathway by which fatty acids are broken down for
energy. Mutations in the FAO genes are among the most
prevalent inborn errors of metabolism. FAO enzymes are
heavily modified by post-translational modifications. There
are three mitochondrial sirtuin deacylases (SIRT3, SIRT4,
and SIRTY), which are believed to reverse some of those
modifications. The laboratory’s current research focuses on
the functional effects of lysine acetylation and succinylation
on the FAO pathway and the role the sirtuins play in regu-
lating metabolism. Preliminary data show that SIRTYS also
may regulate peroxisomal FAO, important in the kidney and
liver. SIRTS “knockout” mice have reduced mitochondrial
and peroxisomal function in the kidney but paradoxically are
protected from acute kidney injury. Experiments are under

way to investigate the phenomenon.

Lung FAO. Mice “knocked out” for the FAO enzyme
LCAD demonstrate reduced lung function. Goetzman’s
team hypothesizes that LCAD and the FAO pathway are
involved in synthesizing and secreting pulmonary surfactant
in a specialized lung cell known as the type II pneumocyte.
Surfactant is a mixture of phospholipids and proteins that
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reduces surface tension in the lung; the effect is necessary

to prevent the collapse of the alveoli and promote gas
exchange. LCAD knockout mice have reduced amounts of
surfactant lipids and an altered phospholipid composition.
Preliminary studies have shown an increased susceptibility
to infection by influenza. Efforts are under way to determine

the molecular mechanisms behind the changes.

Cancer Metabolism. Cancer cells have an unusual reliance on
glycolysis for energy. Research has not revealed how and
why cancer cells alter their metabolism or what role changes
in mitochondrial energy metabolism play in the etiology of
cancer or in the ability of cancer cells to escape apoptosis.
Answering those questions may reveal cancer’s Achilles heel
and lead to a cure. Goetzman’s team is collaborating with
Ed Prochownik to study how the oncogenic transcription
factor c-Myc drives cells toward an anabolic metabolic
phenotype. It may involve changes in mitochondrial enzyme
lysine acetylation, as well as changes in partitioning among

glucose, glutamine, and fatty acid metabolism.

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

* “Regulation of Fatty Acid Oxidation by Reversible
Lysine Acylation,” Sanford Burnham Prebys Medical
Discovery Institute, Lake Nona, Fla., 2016

¢ “Novel Protein Modifications as Regulators of Fatty
Acid Oxidation,” INFORM, Boston, Mass., 2016

* “Sirtuin Regulation of Peroxisomes in Cancer,”
Stimulating Pittsburgh Research in Geroscience Work in
Progress Seminar Series, Pittsburgh, Pa., November 2016

e “Fatty Acid Oxidation: Relevance and Regulation,”
endocrine grand rounds, Children’s Hospital of
Pittsburgh of UPMC, Pittsburgh, Pa., November 2016

* “Mitochondrial Fission/Fusion” and “Mitochondria in
Health and Disease,” MSCBMP2880: Cellular Biology
of Normal and Disease States, University of Pittsburgh,
Pittsburgh, Pa., April 2017

* “Gm3 Synthase Deficiency in Mice,” Gm3 Synthase
Family Day, Clinic for Special Children, Strasburg, Pa.,
May 2017

STUDY SECTIONS

* Research grant reviewer, Discovery Award, U.S.
Department of Defense, August 2016

* Research grant reviewer, Prinses Beatrix Spierfonds,
Netherlands, March 2017

* Research grant reviewer, Fondiazone Telathon, Italy,
April 2017

* Research grant reviewer, Young Investigator Award
Program, Children’s Hospital of Pittsburgh Foundation,
April 2017

® Research grant reviewer, , Peer-Reviewed Medical Research
Program, U.S. Department of Defense, June 2017

® Research grant reviewer/ad hoc member, DDK-B Study
Section, NIH, June 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
® Society for Inherited Metabolic Disorders

® Mitochondria, Aging, and Metabolism Working Group
® Scientific Organizing Committee, INFORM

HONORS/AWARDS

e Team lead, Basic Science, Gm3 Research Summit,
Strasburg, Pa., October 2016

* Scientific advisor, International Network for Fatty Acid
Oxidation Disorders Research and Management,
July 2015 to the present

Uta Lichter-Konecki, MD

RESEARCH

Uta Lichter-Konecki joined the division in August 2016
and has a longtime clinical and research interest in inborn
errors of metabolism, beginning with her early clinical and
laboratory training. She is an internationally recognized
expert in the molecular genetics of PKU. She has published
groundbreaking work in the molecular characterization

of PKU, including the first description of a mutation in

the PAH gene causing PKU, and she helped establish the
molecular basis for the phenotypic heterogeneity of PKU,
a novel genetic property that ultimately became known as
genotype-phenotype correlation. In addition to her seminal
research in the laboratory, Lichter-Konecki was a member
of the multicenter German Collaborative Study on PKU, as
well as a member of the international Maternal PKU Study.

Lichter-Konecki’s strongest research interest remains the
pathophysiology of the brain injury caused by inborn errors
of metabolism, whether PKU or urea cycle disorder (UCD).
Focusing on an animal model of ornithine transcarbamylase
deficiency, a UCD, as well as the patients enrolled in the lon-
gitudinal study of UCD, she has examined the role of ammo-
nia and the amino acid glutamine as the toxic agents in UCD.
In the culmination of her animal experiments, she was able to
show that the primary pathophysiology in acute hyperammo-
nemic encephalopathy was likely a disturbance of astrocyte-
mediated water and potassium homeostasis in brain, a major
shift in a field previously focused on glutamine-induced
hyperosmolality. The findings hold the potential key to
developing neuroprotective therapies for acute hyperam-
monemia in patients with inborn errors of metabolism and
hepatic encephalopathy of other causes. Lichter-Konecki has
conducted a multicenter pilot study that demonstrated feasi-
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bility and safety of hypothermia treatment in acute hyperam-
monemia, and she has obtained an R34 planning grant from
the National Institute of Child Health and Human Develop-
ment to plan for a large multicenter clinical trial and build
consensus regarding treatment during the trial across four
different pediatric subspecialties at the 30 sites involved.
The planning phase was completed successfully, but the trial
was not funded by the NIH. She is now focusing her efforts
regarding neuroprotection in hyperammonemia on drugs that
can affect water and potassium homeostasis in brain and is
collaborating with a researcher that performs drug screens in
hyperammonemic zebra fish to take the best candidates and
test them in a new mouse model for acute hyperammonemic
encephalopathy (from the same collaborator) due to a UCD.
On the clinical research side, she is completing analysis of
é@ data collected during the longitudinal study for UCD to show

the effect of ammonia and glutamine on outcomes in UCD.

She is a co-investigator on the RO1 grant for the PHE
meter and is working on that clinical research project, too,
as well as on the division’s industry-sponsored clinical trials

regarding inborn errors of metabolism.

Lichter-Konecki studies lysosomal storage diseases. She
participated in the hunt for the gene responsible for cys-
tinosis and mapped the locus for an autosomal dominant
form of renal Fanconi syndrome (ADRFS) in the human
genome. She has an ongoing collaboration with colleagues
in the United States and Europe regarding the pathophysi-
ology of the gene defect in ADRFS, and the group is in the

process of publishing their work.

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

* Grand rounds speaker, Children’s Hospital of Pittsburgh
of UPMC, Pittsburgh, Pa., October 2016

e Fellow lecturer, Pediatric Intensive Care Unit (ICU),
Children’s Hospital of Pittsburgh of UPMC, Pittsburgh,
Pa., October 2016

* Fellow lecturer, Neonatal ICU, Children’s Hospital of
Pittsburgh of UPMC, Pittsburgh, Pa., October 2016

STUDY SECTIONS

® Research grant reviewer, Scientific Advisory Board,
National PKU Alliance, 2011 to the present

® Research grant reviewer, U.S.~Israel Binational Science
Foundation, 2011 to the present

® Research grant reviewer, Raine Medical Research
Foundation at the University of Western Australia,
2011 to the present

ADVISORY COMMITTEE MEMBERSHIPS
® Metabolism Work Group, Clinical Genome (ClinGen)

Resource Program

* Ad Hoc Review Committee, reviewing staff clini-
cians of the Medical Genetics Branch of the National
Human Genome Research Institute, NTH

¢ Scientific Advisory Board, National PKU Alliance
Therapeutics Committee, ACMG

* Consultant regarding new product development for
PKU and UCD, Sanofi

Suneeta Madan-Khetarpal, MD

RESEARCH

Suneeta Madan-Khetarpal is a co-investigator on Vockley’s
clinical trial projects. She also is a co-investigator on an
RO1 grant with Zsolt Urban of the Department of Human
Genetics in the Graduate School of Public Health, examin-
ing genetic disorders of the extracellular matrix. She is

a co-investigator on a grant with Judith Yanowitz of the
Magee-Womens Research Institute, looking at the effects of
the CHD7 genetic mutation. Madan-Khetarpal is collabo-
rating with Cecilia Lo and Ashok Panigraphy on researching
the genetic causes of congenital heart defects and brain—cilia
defects. She also collaborates with Beth Roman on research
regarding hereditary hemorrhagic telangiectasia (HHT).

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* American Society of Human Genetics

* American Medical Association

* ACMG

* American Cleft Palate—Craniofacial Association

* National Marfan Foundation

* Society for Inherited Metabolic Disorders

* Society for the Study of Inborn Errors of Metabolism

* German Society for Pediatric and Adolescent Medicine
® German Society for Human Genetics

* Society for Neuroscience

* Society for Pediatric Research

MAJOR LECTURESHIPS AND SEMINARS

* “Dysmorphology Assessment for Ear, Nose, and
Throat,” Children’s Hospital of Pittsburgh of UPMC,
Pittsburgh, Pa., 2016

* “Introduction to Dysmorphology,” Children’s Hospital
of Pittsburgh of UPMC, Pittsburgh, Pa., October 2016

* “A Day in Clinical Genetics,” immunology grand
rounds, Children’s Hospital of Pittsburgh of UPMC,
Pittsburgh, Pa., November 2016

* HHT rounds speaker, UPMC Presbyterian Hospital,
Pittsburgh, Pa., 2016

e HHT rounds speaker, Children’s Hospital of Pittsburgh
of UPMC, Pittsburgh, Pa., 2016
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Al-Walid A. Mohsen, PhD

RESEARCH

Al-Walid A. Mohsen has a dual role. His primary role has
long been to provide Vockley’s research personnel with
experimental design support and research direction to
pursue the specific aims of his NIH grants and his new
biotech-funded projects. Mohsen has for years been a driver
of discovery and innovation. Last year, he introduced a
concept with breakthrough potential in drug discovery for
biochemical genetic disorders. He demonstrated evidence of
its viability in three different pathways in patient cells. One
patent application was filed for trimetazidine (TMZ) to treat
fatty acid oxidation disorders, and clinical trials are under
way. Mohsen is currently focused on optimizing drug efficacy
and confirming drug mechanism interaction. Confirming the
mechanisms and the pharmacodynamics and characterization
of the proposed drug therapy for five fatty acid mitochondrial
metabolic disorders, on the molecular level i vitro and in
vivo, will help win a “Breakthrough Therapy” designation by
the U.S. Food and Drug Administration.

Development of Chemical Chaperone for Inberited Metabolic
Enzyme Deficiencies. Genetic disorders that result from
missense mutations can often render the mutated proteins
structurally defective, leading to their misfolding or
instability. Mutant enzymes that reach the native tertiary
or quaternary assembled state may have partial activity, but
they are usually thermolabile and vulnerable to proteolysis,
making fever, strenuous exercise, or other stress factors
life-threatening decompensation triggers. Often protein
thermostability and vulnerability to proteolysis improve
significantly by ligand binding. Ligands that improve
protein stability include the protein/enzyme’s own sub-
strate, a substrate analog, or its reaction product(s). Other
stabilizing ligands also include ones that bind to allosteric
sites or small chaperone molecules that provide stability
through mostly undefined mechanisms. Although screen-
ing for small chaperone molecules that bind enzymes at
sites away from their catalytic sites to stabilize structurally
compromised mutants has been a major rationale for drug
development, stabilizing molecule(s) such as the enzyme’s
own reaction product or pathway intermediates of the
distal pathway steps may provide such stabilizing effect.
Inhibitors of downstream pathway reactions may increase
the presence of a defective enzyme’s product or other path-
way intermediates iz situ to levels high enough to bind to
the defective enzyme/protein. This is the basis for the con-
cept that Mohsen introduced, which has the potential to
be a breakthrough in drug discovery for genetic disorders.

The validity of his concept, now named inhibitor-induced

in situ chaperone therapy (I3CT), was tested by investiga-
tion of the effect in patient cells with missense mutations

of three known drugs that are inhibitors of distal reactions
in three different pathways: fatty acid B-oxidation, leucine

metabolism, and PHE metabolism pathways.

Development of an I3CT for Fatty Acid B-Oxidation Cycle
Enzyme Deficiencies. Mitochondrial fatty acid -oxidation
cycle is a spiral pathway that includes four enzymatic reac-
tion steps. Inherited defects in the ACADVL or HADHA/
HADHB genes coding for the VLCAD and TFP proteins,
respectively, are the cause of some of the most serious
life-threatening metabolic disorders. Although VLCAD
deficiency is the most common among the defects, TFP
deficiency shows more life-threatening symptoms. VLCAD
deficiency results in a decrease in energy output from
long-chain fatty acid -oxidation, causing the heart, which
draws ~ 80% of its energy requirement from long-chain
fatty acids, to be at risk of cardiomyopathy. More than

65 of the mutations identified in patients with defects in
the ACADVL gene are missense mutations, which are
hypothesized to cause instabilities. TMZ is an inhibitor of
long-chain ketoacylthiolase (LCKAT) recognized to slow
long-chain fatty acid p-oxidation enough, shifting cardiac
energy fulfillment from fatty acid oxidation to glucose
oxidation, and it is used to treat angina pectoris induced by
ischemia of the heart. Compared to conventional therapy,
TMZ is reported to have shown significant improvements
in non-ischemic and ischemic cardiomyopathy. Because it
is an inhibitor of LKCAT, Mohsen examined the effect of
TMZ on the presence of -oxidation enzymes in patients
with -oxidation disorders. Experimental results supported
the concept, showing a positive effect of TMZ FAOD cells.
In addition, other TMZ analogs have been introduced and
have a similar effect on slowing B-oxidation by inhibiting
LCKAT. The advantages of the TMZ derivatives are in their
added reactive oxygen species (ROS) scavenging activity,
a needed feature, as experimental evidence suggests that
increased ROS in VLCAD patients may contribute to the
pathophysiology of the disease.

Development of Chemical Chaperone for MCAD Deficiency.
Deficiency of MCAD rivals PKU as the most common bio-
chemical genetic disorder. Patients with MCAD deficiency
are asymptomatic at birth but are at risk for episodes of
acute, life-threatening metabolic decompensation. They
usually first occur between three and 24 months of age but
can occur at any age in association with physiologic stress,
such as fasting or infection. The mortality rate during an
acute crisis in previously undiagnosed patients pushes 20%.

Newborn screening via tandem mass spectrometry now

DEPARTMENT OF PEDIATRICS 2017 ANNUAL REPORT



DIVISION OF MEDICAL GENETICS

identifies MCAD deficiency pre-symptomatically, nearly
eliminating mortality from the disease. However, treat-
ment requires lifelong dietary monitoring, and significant
morbidity still occurs due to hospitalizations for intrave-
nous glucose therapy in the face of reduced oral intake.

A single mutation in the MCAD gene (a G985A point
mutation) has been identified in 90% of the alleles in the
MCAD gene in deficient patients. The K304E destabilizes
the quaternary structure of the enzyme, and the resultant
mutant protein is rapidly degraded. In vivo, the mutant
protein is catalytically active when stabilized, and restora-
tion of only a few percent of normal MCAD activity will
restore near-normal metabolic balance in patients. The
objective of this current research is to establish the dru-
gability of the MCAD K304E mutant by identifying lead
compounds that can stabilize the mutant protein using in
vitro and in silico approaches. Mohsen’s current research has

led to three different drug-development approaches.

1. Targeting the substrate binding site by using substrate
analogs as stabilizing agents. An example that has seen
success is the use of phenylbutyrate to stabilize the
protein in vivo and provide thermal stability. Mohsen’s
studies led to a clinical trial led by Horizon Pharma
to evaluate the effects of the drugs Buphenyl (sodium
phenylbutyrate) and Ravicti (glycerol phenylbutyrate) on
patients with MCAD K304E and their biochemical ac-
ylcarnitine profiles. Mohsen will continue with detailed
characterization of Buphenyl’s effects in other MCAD-
deficient cell lines harboring other missense mutations
and use a mouse model with the MCAD K304E muta-

tion to better understand the pharmacokinetics.

2. Targeting remote pharmacophore sites to identify
ligands that can bind to known sites on the MCAD
tetramer and that have stabilizing pharmacophore
characteristics. Using molecular modeling, Mohsen has
identified the electron transfer flavoprotein docking
site as a drug-development target for MCAD and other
ACADs. A mutant 12-mer peptide designed to bind to
the docking site increased thermal stability by 2-2.5°C.
The proof-of-concept finding was critical in pursuing
this site for drug design. Future experiments will focus
on this peptide, and its structure will be used to scaffold

fragment-based drug design and iz silico screening.

3. Development of an I3CT to treat MCAD deficiency.
Patients’ fibroblasts with MCAD K304E mutation
respond positively to TMZ treatment. The increase in
enzyme activity and protein presence is hypothesized to

be due to inhibition of the medium-chain 3-ketoacyl-

CoA thiolase in a mechanism similar to the case of the

long-chain acyl-CoA mentioned above.

4. Use of chaperone generating agents, namely triphen-
ylbutyrylglycerol or trimetazidine in combination with
PPARd agonist, which was shown to increase VLCAD
mutant presence. Mohsen found that the combination
of trimetazidine and a PPARd agonist tripled the effect

of either alone.
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Development of Chaperone for Leucine Metabolism Pathway
Disorders. Using the I3CT concept, Mohsen identified a
potential drug therapy for patients afflicted with Leucine
metabolism pathway disorders. Treating patient cells with
various Leucine metabolism pathway disorders with epigal-
locatechin gallate (EGCG), a naturally occurring com-
pound found in green tea, is promising. The intent is to use
EGCG, the enzyme that catalyzes the end-product step of
the leucine catabolism pathway, to slow pathway intermedi-
ates’ generation and accumulate ones that can bind back

to enzymes and catalyze reactions in the pathway. Several
diseases can be targeted with this treatment. Follow-up

experiments will be carried out to prepare for clinical trials.

De-Risking the Use of Nitisinone (NTBC) for the Treatment
of PKU. Using the same I3CT concept, Mohsen has used
NTBC on PKU patients’ cells. NTBC is an inhibitor of
4-hydroxyphenylpyruvate dioxygenase and is expected to
cause an accumulation of 4-hydroxyphenylpyruvate and
tyrosine and bind to tyrosine aminotransferase and PAH,
respectively, and increase their stability in case of their
deficiencies. Mohsen’s studies on PKU patient cells provide a
possible mechanistic explanation of the efficacy of NTBC in
the PKU mice. The new patient cell data are expected to en-
able funded clinical trials and further de-risking experiments.

Elucidating the Function of New ACADs and Detailing the
Roles of ACADY and VL.CAD in Physiology.

1. Identification of roles for ACAD10 and mouse Acadl2
in physiology. ACADI0 has been implicated in diabetes
in humans. Acad10 knockout mice experiments have
confirmed a relationship. Although ACAD10 protein
has an ACAD domain that is very similar to the ACAD
family of flavoenzymes, it also has an extra-large domain
that Mohsen hypothesizes is an electron transfer domain
that likely binds NAD. Moreover, its active site according
to the crystal structure of ACAD11 and modeling seem
to contain basic residues, implying possibly more than
just an a,B-dehydrogenation biochemical function, but
perhaps another function comparable to glutaryl-CoA
dehydrogenase, which has an additional decarboxylation
function. Another exciting result from the investigations
of ACAD10 in mice is the confirmation of the presence of
another ACAD protein, ACAD12. This one is surpris-
ingly very similar to a short peptide at the N-terminus, ~
160 amino acids, plus the ACAD domain of ACAD10 to
almost 97% homology. Mohsen is currently pursuing the
identification of the function of this version of an ACAD.

2. Differentiation of roles for ACAD9 and VLCAD vari-
ant 3 in physiology. A mitochondrial B-oxidation spiral
is mostly known to start with VLCAD for long-chain
substrates. Whereas ACAD?9 seems to utilize mostly
unsaturated fatty acids and has been implicated to have a
role as an assembly factor interacting with ECSIT, an ap-
parent VLCAD variant, named variant 3, has never been
studied for function and role in physiology; only its isoen-
zyme VLCAD short has been studied. The latter is more
specific to very long (> 16 carbon chain length), saturated
acyl-CoAs, respectively. Recombinant ACAD9 has activ-
ity toward saturated and unsaturated long-chain acyl-CoA
substrates, but it is not upregulated in the case of VLCAD
deficiency. Mohsen is studying this mechanism.

Characterization and Stability Studies of Isovaleryl-CoA @@
Dehydrogenase (IVD) Naturally Occurring, Disease-Causing
Missense Mutations. As many as six naturally occurring
missense mutations found in IVA patients have been
introduced into recombinant IVD cloned in a prokaryotic
expression vector. Four were stable enough to produce,
and two failed to produce protein in the cell-free extract.
Three of the four had activity. Mohsen intends to charac-
terize the mutants and their thermal stability, then assess

them as potential targets for therapy.

Optimization of Anaplerotic Agents for Treating p-Owxidation
Disorders. Triheptanoin (UX007) is a synthetic C7 fatty
acid triglyceride that is being tested by Ultragenix to treat
long-chain fatty acid oxidation disorders and glucose trans-
porter 1 deficiency. Although clinical trials using UX007
have shown positive indicators and met some end points in
clinical trials (unpublished), they have missed end points
in phase II for the latter indication. Mohsen has proposed
to compare the use of other branched chain organic acids
to compare their efficacy in alleviating the biochemical
phenotypes of many of the energy pathway deficiencies.
Mohsen will continue to refine some of the anaplerotic

agents and look for metabolic phenotype differences.

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

* “Mitochondrial Energy Metabolism and Reactive
Oxygen Species Level Disruption in ACAD9-Deficient
Fibroblasts,” abstract, INFORM, Boston, Mass., 2016

* “Assessment of Mitochondrial Bioenergetics in
Medium-Chain and Very-Long-Chain Fatty Acid
Oxidation—Deficient Fibroblasts,” abstract, INFORM,
Boston, Mass., 2016

* “Mitochondrial Bioenergetics Disturbance and Increased
Superoxide Production in Very-Long-Chain Acyl-CoA

Dehydrogenase—Deficient Fibroblasts,” abstract, annual
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symposium of the Society for the Study of Inborn Errors
of Metabolism, Rome, Italy, September 2016

“Characterization of the Impairment of Mitochondrial
Bioenergetics and Dynamics in Fibroblasts From
Patients With Complex I Deficiency,” abstract, annual
symposium of the Society for the Study of Inborn Errors
of Metabolism, Rome, Italy, September 2016

“Newborn Screening for Time-Critical Metabolic
Disorders: A New Paradigm to Test at Point of Care,”
oral presentation, Pediatric Academic Societies meeting,
San Francisco, Calif., May 2017

* “Inhibitor-Induced I Situ Chaperone Therapy: A Novel
Strategy for Treating MCAD and VLCAD Deficiencies,”
abstract, Flavins and Flavoproteins 19th International
Symposium, Groningen, Netherlands, July 2017
“Inhibiting Long-Chain 3-Ketoacyl-CoA Thiolase:

A Novel Strategy for Treating Fatty Acid Oxidation
Disorders,” abstract, INFORM, Rio de Janeiro, Brazil,
September 2017

“Endoplasmic Reticulum-Mitochondria Crosstalk and

Redox Homeostasis Disruption in Very-Long-Chain
Acyl-CoA Dehydrogenase—Deficient Fibroblasts,” abstract,
INFORM, Rio de Janeiro, Brazil, September 2017
® “A Mitochondrial Targeted Antioxidant and a
Cardiolipin Binding Peptide Decrease Superoxide
Generation and Improve Mitochondrial Respiration
in ACAD9-Deficient Fibroblasts,” abstract, INFORM,
Rio de Janeiro, Brazil, September 2017
“A Novel Small-Molecule PPARS Modulator for the
Treatment of Fatty Acid Oxidation Disorders,” abstract,
INFORM, Rio de Janeiro, Brazil, September 2017
“Elevated Superoxide Levels, Mitochondrial

Dysfunction, and Endoplasmic Reticulum-Mitochondria
Crosstalk Disruption in ETHE1- and Sulfite Oxidase-
Deficient Fibroblasts,” abstract, International Congress
of Inborn Errors of Metabolism, Rio de Janeiro, Brazil,
September 2017

“Mitochondrial-Targeted Compounds Improve

Mitochondrial Bioenergetics Disturbance in Very-Long-
Chain Acyl-CoA Dehydrogenase-Deficient Fibroblasts,”
abstract, International Congress of Inborn Errors of
Metabolism, Rio de Janeiro, Brazil, September 2017
* “The Biochemical Basis for Overlap of Clinical Features
of LCHAD/TFP Deficiency with Mitochondrial
Respiratory Chain Defects: Implications for New
Therapeutic Approaches,” abstract, International
Congress of Inborn Errors of Metabolism, Rio de
Janeiro, Brazil, September 2017
“Developing a Tissue-Specific ACAD9-Deficient
Mouse Model Using Cre-lox Recombination,” abstract,

International Congress of Inborn Errors of Metabolism,
Rio de Janeiro, Brazil, September 2017

* “Reticular Dysgenesis and Mitochondriopathy Induced
by Adenylate Kinase 2 Deficiency Identified in the
Amish Population,” abstract, International Congress of
Inborn Errors of Metabolism, Rio de Janeiro, Brazil,
September 2017

¢ “Inhibitor-Induced In Situ Chaperone Therapy: A
Novel Drug Targeting Strategy for Treating Metabolic
Disorders,” abstract, International Congress of
Inborn Errors of Metabolism, Rio de Janeiro, Brazil,
September 2017

* “A Novel Drug Therapy Strategy for Treating Fatty
Acid p-Oxidation Disorders,” abstract, National
Organization of Rare Disorders Summit, Washington
D.C., October 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* Society of Inborn Errors of Metabolism
* Society for the Study of Inborn Errors of Metabolism,

European Union

Robert D. Nicholls, DPhil

Robert D. Nicholls is a professor of pediatrics and director
of the Birth Defects Laboratories.

RESEARCH

A Pig Model of Prader-Willi Syndrome (PWS). The over-
arching goals of this work have been to establish a preclini-
cal model for therapeutic testing and to determine the
pathophysiological basis of PWS. PWS results from loss
of function of a cluster of paternally expressed, imprinted
genes and features neonatal failure to thrive, abnormal
body composition, childhood-onset hyperphagia, and obe-
sity. In contrast to mouse models, the team hypothesizes
that pig models of PWS will display hyperphagia, obesity,
and other clinical features of PWS. Using CRISPR/Cas9
genome editing in pig zygotes to generate mutations of the
2.05-kb imprinting control (PWS-IC) region, the team es-
tablished the first pig models of PWS. Each non-rearranged
allele has site-specific mutations (“scarring”) at the gRNA
target sites, indicating a 100% efficiency of genome editing
in vivo. Manuscripts describing this work are in preparation.
Next, the team will breed gene-edited pigs with PWS-IC
mutations to generate cohorts of ~ 4 minipigs each for a
PWS group and a control group. Affected animals have
the mutation on the paternal allele, and unaffected car-
riers (mutation on the maternal allele) will allow natural
breeding to maintain each stock (via maternal transmission)
and continuous production of PWS piglets (via paternal
transmission). The team will perform preliminary pheno-
type analyses for hypoglycemia; hormone deficiencies; body

weight; height and length; hyperphagia; and obesity.
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A Pig Model of PKU. Nicholls, in collaboration with UPMC
pathologist Steven Dobrowolski, PhD, and Randall S.
Prather, PhD, and colleagues at the University of Missouri,
has generated the first PKU pig and a heterozygous carrier
by CRISPR/Cas9 genome editing of the Pah gene. The
PKU pig presents classic PKU with growth retardation
and hypopigmentation; neurological features are currently
under study. The PAH locus is heterozygous for a deleted
allele and has an intact allele having mutations at each
gRNA target site, whereas the PKU pig shows compound
heterozygosity for deletions of exon 6 and of exons 6-7.
The porcine model of PKU is expected to provide a suit-
able preclinical model for understanding PKU neuro-

pathophysiology and for exploring new therapeutics.

Understanding Multiple Hormone Secretion Deficits in PWS.
This project includes collaboration with Peter F. Drain,
Department of Cell Biology at the University of Pitts-
burgh, for his expertise in mechanisms of secretory granule
maturation and exocytosis, especially for insulin from
cells. PWS is a multisystem disorder with neonatal failure
to thrive; childhood-onset hyperphagia; obesity; and
deficits in growth hormone, gonadotropin-releasing hor-
mone, oxytocin, insulin, and glucagon. In a PWS mouse
model with failure to thrive, the team previously found
severe pancreatic endocrine abnormalities, including early
developmental defects and deficient basal and glucose-
stimulated insulin secretion. To overcome genetic and
physiological complexities in mouse models or humans,
the team is using endocrine cell models that express PWS
genes to determine the molecular and cellular mechanisms
by which PWS genes control hormone secretion, focusing
initially on insulin and glucagon (and on growth hormone
in a collaboration with Leticia Guida’s laboratory in Rio
de Janeiro, Brazil). The team demonstrated a deficiency in
insulin secretion specifically for the PWS cells, establish-
ing an in vitro model. The work is now being written up
for publication. Further work is ongoing to: (a) generate
sublines with specific deletion of the top PWS candidate
gene, (b) assess a small-molecule inhibitor of an enzyme
considered to be a therapeutic target for PWS, and (c)
generate PWS deletions in the o TCI1-6::mCherry model

of glucagon secretion.

Activation of Silenced Genes in PWS. The major goal is

to develop CRISPR-dCas9 reactivation of imprinted

genes from the silenced maternal chromosome for PWS
genes. Using standard approaches for epigenetic editing,
researchers can activate further the paternal PWS-IC allele
encoding the bicistronic SNURF-SNRPN locus but not the
maternal allele. Therefore, the team is currently assessing a

novel approach using the DNA binding domain of a chro-

matin protein that binds only to the silent, maternal allele.
In addition, a novel approach is being tested to increase the
frequency of DNA repair by homologous recombination
during CRISPR/Cas9 genome editing, because HR-based
methods would improve the applications of genome edit-
ing for generation of novel cellular and animal models of

disease as well as gene therapy approaches.

Transcriptional and miRNA Regulation in the Spastic Paraplegias
(SPGs). The major goals of this project are to characterize
the transcriptional and miRINA regulatory mechanisms for
the 24 cloned SPG loci and to use the regulatory signatures
to predict top candidate genes for the ~ 25 uncloned SPG
loci. Following their identification of NIP41 mutations in
SPG type 6 (SPGO), the researchers characterized tran-
scriptional and miRNA regulation in the SPGs, beginning g@
with work published on SPAST, the gene most frequently
mutated in hereditary SPG, and continuing with identifica-
tion of regulation of many additional SPG genes by a single
miRNA operon (manuscript in preparation).

Molecular Basis for Overexpression of the BMI1 Oncogene in
Cancer: The major goal of this project is to determine the
molecular basis for overexpression of BMI1 in most cancer
types that have been examined, based on epigenetic (DNA
hypermethylation) or rare mutation of transcription factor
binding sites in a novel “goldilocks enhancer” that normally
acts to keep levels of BMI1 mRNA at moderate levels. Fund-

ing is being sought to move this exciting project forward.

Other Ongoing PWS-Related Research Projects. The Nich-
olls laboratory has characterized the PWS imprinted

gene domain and the phenotypic characteristics of a
brain-derived cell line in ferrets, representative of an
epithelial-mesenchymal transition stage. They have also
demonstrated efficient genome editing, as a prelude to
attempting to generate ferret models of neurobehavioral
disease as an alternative mammalian model with a complex,
gyrencephalic brain (similar to humans and pigs but unlike
rodents, which are lissencephalic). The group has char-
acterized the cat PWS-imprinted domain as a potential
mammalian model that is gyrencephalic and useful for
reproductive technologies; next steps include collaboration
with Leslie Lyons in Missouri to apply genome editing in
this species to generate unique animal models. The latter
two projects are aimed at ensuring the successful develop-
ment of a clinically appropriate model of PWS for study of
hyperphagia, obesity, and neurobehavioral features of this
complex disorder in a species, with lower costs and space
requirements for housing, care, and feeding than the cur-
rent pig models of PWS.
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Another ongoing project is assessing the role and translational
mechanisms in expression of the SNURF-SmN operon in
PWS, and, in collaboration with Vockley, the evolution and
function of SNURE, putatively as a ubiquitin-like molecule.
New collaborative studies include: (a) a project examining
genetic susceptibility to schizophrenia, led by Vishwajit L.
Nimgaonkar (Department of Psychiatry, University of Pitts-
burgh); and (b) collaboration on “A Postmortem Study of von
Economo Neurons From Frontal Cortex of Brains of Persons
With PWS” with Patrick R. Hof (Mt. Sinai, New York, N.Y.)
and Jan Forster (Pittsburgh), funded by a research grant from
the Foundation for Prader-Willi Research (FPWR).

STUDY SECTIONS
® Research grant review, FPWR

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

e “Research Into the Cause (and Cure) of Human Genetic
Disease: The Roles of Genetically Modified Animal
Models,” middle school eighth-grade science, Winchester
Thurston School, Pittsburgh, Pa., March 2017

* “Clinical Implications of Genome Editing,” Summer
Undergraduate Breakfast with Mentors Program,
Children’s Hospital of Pittsburgh of UPMC, Pittsburgh,
Pa., July 2017

e “Pancreatic § Cells with CRISPR/Cas9-Engineered
3.16 Mb Deletions Recapitulate the Insulin Secretory
Deficits in Prader-Willi Syndrome,” FPWR Scientific
Day Conference, Indianapolis, Ind., August 2017

* “PWS Hormone-Secreting Cell Lines Generated by
CRISPR/Cas9 Genome Editing,” FPWR Workshop on
Cell-Based Assays for PWS, Indianapolis, Ind., August 2017

* “Porcine Models of Neurobehavioral Genetic Disorders:
PKU and PWS,” sixth Swine in Biomedical Research
Conference, Baltimore, Md., September 2017

ADVISORY COMMITTEE MEMBERSHIPS
® Member, Scientific Advisory Board, PWS Association
(United States), includes scientific and medical state-

ments on PWS and grant review, 1992 to the present

Damara Ortiz, MD

RESEARCH

Damara Ortiz is a co-investigator in several studies inves-
tigating the natural history of and potential therapeutics
for several inborn errors of metabolism, including PKU,
FAO defects, and urea cycle disorders. She is the primary
investigator for several lysosomal storage disorders, includ-
ing Fabry disease, Gaucher disease, and select mucopoly-
saccharidosis. She is a co-investigator for experimental

therapies for Hunter disease and Fabry disease.

ADVISORY COMMITTEE MEMBERSHIPS

¢ Faculty member, Diversity and Inclusion Committee,
Children’s Hospital of Pittsburgh

* Regional advisor, LAL-D Regional Advisory Board,

Alexion Pharmaceuticals

MAJOR LECTURESHIPS AND SEMINARS

* “Introduction to the Dysmorphology Exam,” Department
of Pediatrics, Division of Neonatology, Children’s Hospital
of Pittsburgh of UPMC, Pittsburgh, Pa., 2016

® “General Principles of Emergency Management of
Genetic Disorders,” Department of Pediatrics, Division
of Emergency Medicine, Children’s Hospital of
Pittsburgh of UPMC, Pittsburgh, Pa., 2016

* “Introduction to the Dysmorphology Exam,”
Department of Pediatrics Noon Conference, Children’s
Hospital of Pittsburgh of UPMC, Pittsburgh, Pa., 2017

® “The Pennsylvania Newborn Screening Experience for
Pompe Disease,” abstract, WORLD Symposium of the
Lysosomal Disease Network, San Diego, Calif.,, 2017

* “Newborn Screening for Pompe Disease: The
Pennsylvania Experience,” abstract, ACMG annual
meeting, Charlotte, N.C., April 2017

* “A Novel Derivative Chromosome 5 in a Patient With
Multiple Congenital Anomalies: Two-Step Mechanism
for Segmental Duplication Mediated Chromosomal
Rearrangement,” abstract, ACMG annual meeting,
Charlotte, N.C., April 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* American Academy of Pediatrics

* American Society of Human Genetics
* ACMG

HONORS/AWARDS

* UPMC’s Award for Commitment and Excellence
in Services (ACES), 2017

® Assistant program director, Medical Genetics,
2016 to the present

* Director, Lysosomal Storage Disorders Program,
2015 to the present

Michele D. Poe, PhD

RESEARCH

Michele D. Poe is the lead statistician and research
manager for the Program for the Study of NDRD. Her
research interests include finite population statistics and
the analysis of longitudinal neurodevelopmental data and
neuroimaging. She has been the primary statistician for
the NDRD since 2003.
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ADVISORY COMMITTEE MEMBERSHIPS

* Early Diagnosis/HGT-HIT-090 MPS II Advisory
Board, Shire

¢ Consensus Conference on Cognitive Endpoints in MPS,
National MPS Society, MPS Society of the UK

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

¢ “Natural History of Metachromatic Leukodystrophy,”
WORLD Symposium of the Lysosomal Disease
Network, San Diego, Calif., 2016

* “Natural History of Hurler Syndrome,” WORLD
Symposium of the Lysosomal Disease Network,
San Diego, Calif., 2016

® “Psychosine as a Biomarker for Krabbe Disease,”
WORLD Symposium of the Lysosomal Disease
Network, San Diego, Calif., 2016

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* International Society for Pharmacoepidemiology
* Newborn Screening Translational Research

Network Workgroup

Yudong Wang, PhD

RESEARCH

Yudong Wang’ research is focused on the functional and
physical interactions among FAQO, electron transfer chain,
and tricarboxylic acid cycle. Mitochondria are the site of
three of the most important energy-generating pathways
in humans: OXPHOS, FAO, and the tricarboxylic acid
cycle. The general perception is that the three energy
metabolism systems are working independently. Wang’s
research explores the physical basis of these interactions,
hypothesizing that the enzymes together form a functional
complex within the mitochondrial matrix. Defining the
functional linkages is important to the theoretical under-
standing of energy metabolism and has potential direct
benefit for the clinical diagnosis and treatment of patients

with genetic defects in these enzymes.

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

¢ “Elucidating the Architecture of Branched Chain
Amino Acid Metabolism Enzymes,” Seventh Annual
Rangos Research Symposium, Children’s Hospital of
Pittsburgh of UPMC, Pittsburgh, Pa., June 2017

* “Elucidating the Architecture of Branched Chain
Amino Acid Metabolism Enzymes,” Dean’s Day,
Children’s Hospital of Pittsburgh of UPMC,
Pittsburgh, Pa., April 2017

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
e Consular, Association of Chinese Scholars and Students

of West Virginia University

Audrey Woerner, MD

RESEARCH

Audrey Woerner’s primary research interests overlap her
clinical efforts to develop telemedicine for medical genetics
consultation. Prior to moving to Pittsburgh, she was
funded through the Innovation Acceleration Program at
Boston Children’s Hospital for a pilot project to provide
inpatient genetics consultations to Beverly Hospital and
South Shore Hospital utilizing telemedicine. The project
ultimately moved into clinical practice. Woerner has
continued those efforts in Pittsburgh and is launching both @@
an outpatient telemedicine clinic at the Erie Specialty Care
center and an inpatient telegenetics consultation service for
the UPMC Hamot neonatal ICU in Erie.

ADVISORY COMMITTEE MEMBERSHIPS

* New England Genetics Collaborative, Quality
Improvement Workgroup, University System of
New Hampshire, 2016

PROFESSIONAL AFFILIATIONS/SOCIETY MEMBERSHIPS
* ACMG

® American Telemedicine Association

e American Medical Association

* New England Regional Genetics Group

MAJOR LECTURESHIPS, SEMINARS, AND TEACHING

e “A Novel Derivative Chromosome 5 in a Patient With
Multiple Congenital Anomalies: Two-Step Mechanism
for Segmental Duplication Mediated Chromosomal
Rearrangement,” abstract, ACMG annual clinical

genetics meeting, Phoenix, Ariz., March 2017
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TEACHING ACTIVITIES

he division’s physicians are actively involved in the training of fellows, medical residents, medical students, genetic

counseling students, and nursing students at the University of Pittsburgh. Faculty members lecture in the School

of Medicine, School of Nursing, and Graduate School of Public Health. In addition, faculty members give
presentations for local support and community groups. They actively teach pediatric residents and medical students in
one- to four-week genetics electives or rotations, usually for one month at a time, as well as on routine inpatient rounds.
Approximately five to six medical students and residents per year take the genetics elective. Additionally, the division, with
extensive involvement of genetic counselors, trains master’s-level genetic counseling students. This commitment recently
increased from eight to 10 students, each for a one-month rotation. Madan-Khetarpal coordinates the division’s teaching

activities. The division is one of a handful nationally that have a Medical Biochemical Genetics Fellowship Program.

The division actively participates in the Medical Genetics Residency Training Program recognized by the American Board

of Medical Genetics. Ortiz is the program’s codirector. Medical genetics residents (as many as four per year) rotate on the

clinical genetics service for two months at a time and collaborate on clinical research projects, as time and interest allow. The

division has been approved for an ACGME fellowship training program in medical biochemical genetics, with Lichter-

Konecki as the program director. Vockley is the founder and director of a national training course given each year by the

Society for Inherited Metabolic Disorders for all first-year genetics residents nationally.

Genetic counselors and physicians play an active role in the curriculum of the master’s degree program in genetic

counseling in the Graduate School of Public Health. This includes lecturing in didactic courses and serving as

supervisors for counseling students’ rotations through the division. In addition, division counselors provide educational

content to a number of patient support groups, including the National Niemann-Pick Disease Foundation, the Fatty

Oxidation Disorders Family Support Group, the Organic Acidemia Association, the United Mitochondrial Disease

Foundation, and the Pennsylvania chapter of the PKU Family Support Group.
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