NewbornScreeningNews

A NEWSLETTER OF THE NEWBORN SCREENING PROGRAM AND THE NEWBORN 5CREENING LABORATORY

Fall 2005

Tandem Mass
Spectromet

(MSMS):

Testing Starts January 2006

> | SRS
o N

DEFICIENCE. CARNITINE PALMITOYL TRANSFERASE-1 DEFICIENCY. ARGINASE
DEFICIENCY. ASA- CIT. HOMOCYSTINURIA. PKU. TYR. BETA-KETOTHIOLASE
DEFICIENCY. GA-l~ TYPE L ISOBUTYRYL COA DEHYDROGENASE DEFICIENCY. IVA.
MALONIC ACIDURIA~ MSUD- CBL A+ CBL B+ PAs HMG: 2-HETHYL-3-
HYDROXYBUTYRYL COA DEHYDROGENASE DEFICIENCY Z-METHYLBUTYRYL COA

\ DEHYDROGENASE DEFTCIENCY MCD
'\ ETTACARCCTTARAGTTTCCCARAMGGGAACCCTAC

CCTTARACCETTEAACCCCTTAGEGATTEACCTTAGE
‘LabProcesses "

Methods

)J CUD+ MADD. SCAD+ MCAD+ LCHADs VLCAD: CARNITINE-ACYLCARNITINE TRANSLOCASE

i

Interpretation




“Metabolic Disorders Identified
by Expanded Newborn Screening

INTRODUCTION

In January, 2006, Utah will start
sereening newborns for an increased
number of disorders. These include a
number of inborn errors of meta-
bolism, biotinidase deficiency, and
congenital adrenal hyperplasia. The
new inborn errors of metabolism will
be in addition to phenylketonuria and
galactosemda that have been screened
for several years. A new technology,
tandem mass spectrometry, will be
used to screen for additional inbom
errors of metabolism. Two main
classes of chemicals will be measured
by this technique: acylcarnitines and
amino acids.

Disorders identified by abnormal
acylearnitines include disorders of
fatty acid oxidation and organic
acidemias. The abnormal organic
acids formed as the result of the

Disorders of fatty acid oxidation.

Fatty acids are utilized within mito-
chondria to produce energy. Camitine
and the camnitine cycle are required to
transfer fatty acids into the
mitochondria for subsequent beta-
oxidation. In beta-oxidation, long-
chain fatty acids are progressively
shortened by two carbon units at each
cycle to generate acetyl CoA that is
used by the Krebs cycle to uce
energy. Defects of fatty acid
oxidation, such as MCAD (Medium
Chain Acyl CoA Dehydrogenase)
deficlency, are usually silent and
become evident only when the body
needs energy from fat at times of
fasting, infections, or fever.
Apparently healthy children become
acutely sick, can lose consclousness,
become comatose and die from the
very first episode. (During episodes,

"The purpose of newborn screening is to identify
infants at risk and in need of more definitive
testing. As with any laboratory test, both false
negative and false positive results are possible.
Screening test results are insufficient information
on which to base diagnoses or treatment.”

metabolic imbalance are conjugated
with carnitine in the mitochondrial
matrix, released in the cytoplasm and
in the bloodstream, producng
abnormal acylcarnitines in blood and
plasma. This conjugation process
usually aids in the removal of toxic
metabolites and  provides a
biochemical marker to identify these
disorders. All disorders identified by
an abnormal acylcamitine profile are
autosomal recessive, with an
incidence rate of 1:10,000-200,000
newboms, Two main groups of
disorders are identified by abnormal
acylcarnitines: disorders of fatty acid
oxidation and organic acidemias,

laboratory testing can indicate hypo-
glycemia and increase in liver
function tests.) Other fatty acid
oxidation disorders (LCHAD
deficiency) can also affect the muscle
and the heart with pain and
cardiomyopathy.

Organic Acidemias.

Organic acids are chemicals produced
in the intermediate metabolism of
amino acids, nuclectides, and fatty
acids. Organic acidemias are all
autosomal recessive and the affected
infant can be the first within a family.
Disorders such as proplonic acidemia,
methylmalonic acidemia, isovaleric

By Nicola Longo, MD, PhD

deficiency can present shortly after
birth with refusal of feeding,
vomiting, and lethargy progressing to
coma. Laboratory evaluation can
reveal metabolic acidosis (with low
plasma bicarbonate) and hyper-
AmMmOonemia.

Disorders of amino acid metabolism.
Amino acids are not only the building
blocks of proteins, but also serve as
neurotransmitters (glycine, glutamate,
g-aminobutyric acid) or as precursors
of hormones, coenzymes, pigments,
purines, or pyrimidines. Eight amino
acids, referred to as essential, cannot
be synthesized by humans and must
be obtained from dietary sources. The
others are formed endogenously.
Each amino acid has a unique
degrading pathway by which its

nitrogen and carbon components are
used for the synthesis of other amino

acids, carbohydrates, and lipids.
Disorders of amino acd metabolism
are individually rare, but collectively
they affect perhaps 1 in 8,000
newborns. Almost all are transmitted
as autosomal recessive traits.

In general, these disorders are
named for the compound that
accumulates to highest concentration
in blood (-emias) or urine (-urias). For
many conditions (often called
aminoacidopathies), the parent amino
acd is found in excess; for others,
generally referred to as organic
acidemias, products in the catabolic
pathway  accumulate.  Which
compound(s) accumulates depends
on the site of the enxymatic block, the
reversibility of the reactions proximal
to the lesion, and the availability of
alternative pathways of metabolic
"runoff.” The manifestations of these
conditions differ widely from no
clinical consequences to neonatal
mortality. Central nervous system
(CN5) dysfunction, in the form of
developmental retardation, seizures,
alterations in  sensorium, or
behavioral disturbances, is present in
more than half the disorders. Protein-



induced  vomiting, neurologic
dysfunction, and hyperammonemia
oocur in many disorders of urea cyele
intermediates. Metabolic ketoacidosis,
often accompanied by
hyperammonemia, is a frequent
presenting finding in disorders of
branched-chain amino acid
metabolism  (that  cause
acidemias). Occasional disorders
produce focal Hssue or organ
involvement such as liver disease,
renal failure, cutaneous abnormalities,
or ocular lesions,

Diagnosis of fatty acid oxidation
disorders, organic acdemias, or amino
acidopathies is confirmed by measuring
urine organic acids, plasma carnitine
levels (quantitative), 3-OH-fatty acids,
plasma acylearnitine profile, and plasma
amino aclds. DNA testing and enzyme
assays are available for further
confirmation of most of these conditions.

Treatment of fatty acid oxidation
disorders consists in the avoidance of
fasting, low-fat diet sometimes
supplemented with specific types of fat
such as medium-chain trigl that
can enter mitochondra independently
from  carnitine, and  carnitine
supplementation. In addition, conditions
increasing catabolism (such as fever,
vomiting, infections) need to be
aggressively  treated with causative
therapy and intravenous glucose when

Therapy for organic ackd disorders and
amino acidopathies consists in special
diets restricting the compounds (usually
aming acids) that result in the formation
of the abnormal organic acid or the
accumulation of high levels of amino
acids, supplementation with vitamins
specific for each disorder, carnitine
supplements, and sometimes fasting
avaidance. For some of these conditions,
aggressive therapy of infectons with IV
fluids containing glucose is essential to
avold catabolism and trigger aggravation
of clinical symptoms.

Screening Practice Considerations

For organic acidemias or amino
acidopathies, a positive screening test
may depend upon protein ingestion.
Specimens obtained before 24 hours of
age should be repeated. A second
screening test obtained after 7 days of age
s the preferred specimen to exclude
primary carnitine deflelency, tyrosinemia
type L, arginase deficiency,
homocystinuria, carnitine palmitoy]
transferase 1 deficiency. Repeated
screening, between 7-21 days of age,
should be obtained in all children. For
fatty acid oxidation defects, the stress of
birth iz usually adequate to cause
acylearnitine elevation especially if the
specimen s collected less than 24 hours
from birth. A positive screen strongly
suggestive of a fatty acid oxidation, such

Dehydrogenase) deficdency, defect might
require direct enzyme assay even if
confirmatory testing obtained at a later
tme (Le. when the child s more meta-
bolically compensated) is normal
Consultation with a center familiar with
these disorders is critical in determining
the best procedure to follow on a case-by-
case basis.

For the severity of the illnesses caused by
certain disorders, prompt confirmatory
testing is required in some cases even if
there is evidenoe to suggest that one of
the situations associated with false
positive screens 18 present (these include
carly specimen collection, prematurity,
heat-damaged specimen, hyperalimen-
tation, or antibiotic therapy). The pres-
ence of any of these conditions associated
with false-positive results does not
exclude the possibility of disease. gy
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Principles and Results Interpretation +s; e resquas, mo

Screening for metabolic disorders in
newborns began over 30 years ago
with assays of phenylalanine on
dried blood spots to identify infants
with  phenylketonuria  (PKU).
Technology, instrumentation, and
clinical advances over the past
several years have led to newbomn
screening  using  tandem  mass
spectrometry (Chace, Kalas et al.
2003y (MSMS or TMS). The advan-
tage of MSMS as compared to
traditional screening techniques is
that multiple metabolites can be
detected simultaneously with one
analysis from one blood spot,
allowing the identification of several
metabolic disorders at onmce. Two
main classes of metabolites are
detected by this technique: amino
acids and acylcarnitines.

Amino acids can identify inbom
errors of amino acid metabolism
(phenylketonuria, tyrosinemia, maple

p urine disease, eic.), while the
study of the acylcamnitine profile can
identify defects of fatty acid oxi-
dation and organic acidemias.

Method

A small punch (one-eighth inch
diameter) of the blood collected on
filter paper provides the sample
needed for MSMS analysis. The
sample is then extracted with
methanol. After drying, aceto-
nitrile/water are added to the sample
that is then injected in the mass
spectrometer.

A mass spectrometer measures the
ratic of the mass (m} of a chemical
and its charge (z). For this reason, all
molecules are first ionized usually by
electrospray (a process by which
molecules are electrically charged).
The ions (negatively or positively
charged molecules) formed are
separated according to their mass to
charge ratios. Since most of the ions
have one positive charge, their mass
to charge ratio corresponds to the
mass of the molecules ionized in this
process. Two mass spectrometers are
used in tandem to separate and
analyze mixtures of compounds, such

as amino acids or acylcarnitines.
After the ions are separated by the
first mass spectrometer, they enter
the "collision cell” where they are
broken down into fragments by
collision with a neutral gas. The
fragments pass through a second
mass spectrometer that separates
them according to their mass to
charge (m/z) ratio. Each molecule
has a characteristic fragmentation
pattern and classes of compounds
will fragment in a similar way. For
example, all acylcamnitines (carnitine
conjugated with organic acids or
short-, medium-, ]ung—d;:hain f.a.l;l::,r
acids) generate a fragment of m/z 85.
Conversely, all amino acids lose a
neutral fragment after fragmentation
of m/z 102. The tandem mass
spectrometer used for newbomn
screening is set up to measure only
these classes of metabolites (acyl-
carnitines and amino acids) using the
information about their mass and
fragmentation pattern. The analysis is
very fast (<2 minutes) and suitable
for high throughput application, such
as newbom screening.

Interpretation of Results

Metabolic disorders are caused by a
block in a biochemical pathway,
causing the accumulation of disease-
specific amino acids or acylcamitines.
With traditional newborn screening
methods, samples are flagged when
the quantity of a measured meta-
bolite is above a certain value (cut-
off). With M5MS, several markers are

detected at the same time and the
interpretation of the results is based
heavily on pattern recognition, while
the measurement of the concentration
of the different metabolites supports
the interpretation {(Chace and Kalas
2005). The ability to detect multiple
metabolites allows the use of ratios of
metabolites to define whether an
elevated value is due to a metabolic
derangement or to the clinical and
nutritional status of the newbom. The
increased number of metabolites
momitored will result in increased
number of results "flagged” as out of
range, for which, even though the
pattern is not consistent with a
metabolic disorder, another screen
might be required. Premature infants
and infants receiving intravenous
h}"_pera]iment.aﬁun will have a highe-r
rate of out-of-range results, due to the
immaturity of their liver and other
organs and/or to the components of
the intravenous fluids received.

Elevated tyrosine is probably the
most commonly found abnormality
in premature infants. This is caused
by immaturity of the liver, which is
the main organ responsible for the
catabolism of tyrosine. The abnor-
mality will resolve, in most of these
cases, by the time of the routine
second screen. Elevated tyrosine is
also caused by genetic defects, such
as Tyrosinemia type [, [1, III, in these
cases the routine repeat screen will
show an even greater deviation from
the normal value.

Intravenous hyperalimentation
and/or impaired he-
patocellular  function
are responsible for the
increase in  several
amino acids, such as
phenylalanine, methio-
nine, tyrosine, leucine,
valine,

Tandem mass specirometer
fof newibarn sereening,



This pattern, in addition to the
analysis of specific ratios (phenyl-
alanine/tyrosine; methionine
phenylalanine; leucine/alanine), is
easily identified. In these cases a
repeat screen might be indicated
(after hyperalimentation has been
discontinued for at least 2 hours)
when the infant is older.

The importance of pattern recog-
nition in the interpretation of MSMS
results is better illustrated by the
interpretation of acylcarnitine pro-
files. Carmnitine functions as a shuttle
to transport long chain fatty acids
inside mitochondria where they
undergo metabolism. In this process,
the fatty acid is shortened producing
acetyl-CoA. In addition to this role,
carnitine conjugates with organic
acids to facilitate their removal. When
one step in the metabolism of fatty

MCAD deficiency (CB-carnitine) is
elevated in other diseases (Multiple
Acyl-CoA Dehydrogenase Deficien-
cy, MADD) or result from drug
thera]::],-' (valproic acid) or dietarrl.-'
supplements (MCT oils used in
special care formulas for premature
infants). In the same way that the
amino acid profile aids in the
detection of true PEKLU, the full
acylcarnitine profile aids in the
detection of disorders of fatty acid
oxidation and organic acidemias.
Ratios of key metabolites, as well as
the absolute wvalues of them, are
widely used to ascertain true positive
results,. In  some cases, the
abnormality observed in the infant's
newborn screening test, reflects a
metabolic disorder in the mother.
This has been described for two
different disorders: 1) 3-
methylcrotonyl-CoA

Interpretation

the cut-off value.

of acylcarnitine profiles,
therefore, cannot be based only on cut-
off wvalues, because acylcarnitines
might not be sufficiently higher than

- |
carboxylase deficiency (3
methylerotonylglycin-
uria), an inherited dis-
order of leucine meta-
bolism; 2) primary carni-
Hne deﬁn::ienc}r, an in-
herited disorder of car-
nitine uptake affecting

acids or amino acids//organic acids is
impaired, there is an increase in the
corresponding  acylcarnitine. In
MCAD deficiency, a defect in the
metabolism of medium chain (6 to 10
carbon atoms) fatty acids, there is an
increase in 8-, C6= and Cl0-camitine
(carnitine conjugated with C8
[actanoic], C& [hexanopic] and C10
[decanoic] acids). The concentration
of CB-carnitine (the marker common-
ly used for MCAD deficiency in
newborn screening programs) is not
always higher than the established
cut-off. The excessive formation of
acylcarnitines in fatty acid oxidation
disorders leads to depletion of
carnitine resulting in lower con-
centration of all acylcamitines and a
possible decline of C8-camitine levels
below defined cut-offs.
Interpretation of acylcarnitine
profiles, therefore, cannot be based
nnl],-' on cut-off values, because aq-’l—
carnitines might not be 5|.1I"l"1mentl1.-'
higher than the cut-off value. Furl.her
the same metabolite elevated in

fatty acid oxidation.
C50H (3-hydroxyisovaleryl)
carmmiting 15 elevated in infants with
S-mgﬂ'lylﬂrntnn}rl-[:nﬁu carboxylase
deficiency and remains elevated in
subsequent screens. Confirmatory
tests in these infants will also be
positive. By contrast, infants of
mothers with the disease will have
normal subsequent screens or
confirmatory tests [(Koeberl,
Millington et al. 2003).

In patients with primary camitine
deﬁcismc:.r the concentration of free
carnibineg is low and will be even
lower in subsequent screens or
confirmatory tests. In infants of
mothers with primary carnitine
deficiency, carnitine levels might
normalize over time even without
therapy. For these two conditions it is
indicated to perform additional tests
on the mother as well as on the baby.
While amino acids concentrations do
not change significantly with age,
acylcarnitine concentrations vary
significantly. For most acylcarnitines,
their concentrations are highest in the

first week of life and decrease rapidly
afterwards. Age-appropriate cut-off
values are used for the interpretation
of the newborn screening results.

Conclusions

Tandem mass spectrometry can pre-
symptomatically identify many
metabolic disorders. The inter-
pretation of the results requires
personnel familiar with the disorders
and the biochemical abnormalities
caused by them.

4+ Marzia Fasquall, Pk, Assodat: Professor of Pihology (Clinical)
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Key Points of

MSM5S

7 Multiple metabolites can be detected
simultameously with omne analysis from
one blood spot.

¥ MSM3 allows the identification of
sevaral metzbolic disonders at once,

¥ Two main classes of metabalites are
detected throuwgh MSMS: Amino Acids
and Acylcarmitines,

¥ Premature infants and infants recelving
intravenous hyperalimentation [TPM)
will hawe a higher rate of put-of-range
results, due to the Bmmaturity of thair
liver and other ongans and/or 1o the
components of the intravenous fluids
recelved,

¥ Intravenous hyperalimentation and/or
impaired hepatocallular function ane
respansible for the increase in several
amino acids, such as phamylalaning,
miethioning, tyrosing, leucing and valine,

¥ Another screen is recommended when
hyperalimentation has been discontin-
wed for at least 2 hours or when the
inifant is older,

¥ In some cases the abnomality reflects
a metabaolic disorder in the mother.



Expanded Newborn Screen and Genetics +piar a Lengit, s, ccc

The information that follows
provides a brief description about the
genetic basis and inheritance of the
metabolic disorders that are detected
on expanded newbom screening, as
well as implications for other family
members.

What causes these conditions?
These conditions are caused by
mutations in genes that code for
specific enzymes. Enzymes are
responsible for breaking down lar
substances into smaller units. If an
enzyme does not work properly, the
substance that it was supposed to
breakdown will build up in different
organ systems causing various health
and medical problems. The enzyme
deficiency and related metabolic
abnormalities can also lead to
problems with normal growth and
development. Each condition has a
different enzyme that does not
function properly. The manifes-
tations and clinical features of each
condition will depend upon the
specific enzyme that is deficient and
the effect of that deficiency on the
child's overall health.

Genes act as a blueprint for telling
the body how to function properly.
We have thousands of genes that
code for many different proteins,
some of which code for certain
enzymes. Mutations in a gene can
cause the gene to not function
properly, which can result in an
enzyme that is deficient or that is not
made at all. Everyone has two copies
of every gene, one copy inherited
from the mother and one from the
father. Individuals with these meta-
bolic disorders have a mutation in
both copies of the gene that codes for
a specific enzyme.

How are these conditions inherited?
All of the expanded newborn
screening conditions are inherited in
an autosomal recessive manner and
can affect both boys and girls equally.
Parents of children with one of these
metabolic conditions are carriers of
the condition. Carriers have one
normal copy of the gene and one

gene that has been mutated or
changed. Carriers do not show
clinical signs of the condition because
the other gene is working correctly.
When both parents are carriers of the
same condition, there is a 25% chance
in each pregnancy of having a child
with that specific metabolic disorder.
These children inherit one non-
working gene for the condition from
each parent (see picture). There is a
50% chance for the child to be a
carrier, just like the parents. And,
there is a 25% chance for the child to
have two working

Genetic counseling is available to
families who have children with
inborm errors of metabolism and to

answer your questions about how
they are inherited, choices during
future pregnancies, and how to test
other family members.

What kind of testing is available?
The specific test that is needed to
diagnose these conditions depends
upon the metabolic disorder. Some
of these tests may include: plasma
amine acids, plasma acylcarnitine
profile, urine organic acids, and
ific enzymatic testing {either on
blood or fibroblasts). Genetic testing,
which involves identifying the
specific mutations within the gene
that caused the metabolic disorder,
may be available for some of these
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conditions. Genetic testing is often
useful for carrier testing of other
family members, but is not
necessarily required to diagnose the
specific metabolic disorder of interest
in the affected child. The sensitivity
of detecting mutations within the
gene  depends on the specific
condition. More information about
available testing options can be
obtained by contacting your local
metabolic  specialist or  genetic
counselor.

Other family members have an
increased risk of being a carrier of the
specific eondition. The chance that
someone is a carrier depends on the

relationship of that person to the
affected child. Healthy siblings of
affected children have a 2/3 chanee of
being a carrier of the condition. Aunts
and uncles of the affected child
(siblings of the parents) have a 1/2
chanece of being a carrier.

Carrier testing for family members
interested in de ing their carrier
status or for unrelated spouses may be
available and can be discussed with
the metabolic genetics team. The
chance that someone in the general
population is a carrier of one of these
conditions can range from 1 in 60 to 1
in 200, depending on the specific
condition, the incidence in the

population, and the ethnic

predilection.

What are the reproductive options?
Prenatal  diagnosis, either wvia
chorionic vili sampling (CV5) or
amniocentesis, may be clinically
available by enzyme analysis or
molecular genetie testing (if both
gene changes have been found in the
child with the condition). Repro-
ductive testing options can be
discussed with a genetic counselor in
your area. gy

+ Pilar Lemglee, M5, CGC, University of Utah, Division of
Medical Cenetics.
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and the Mewborn Screening Laboratory
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Check out the following websites for more
information on Acylcarnitine/Amino Acid
and newborn screening.

¥ Utah Department of Health, Newborn Screening
Follow Up Program
http:/ /health.utah.gov /newbornscreening

¥  National Organization for Rare Disorders
http:/ /www rarediseases.org

¥  Expanded Newborn Screening using Tandem Mass
Spectromelry
hitp:/ S www.newbomscreening.info/
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