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Nomination of GAMT Deficiency

Nominator:

Nicola Longo, MD, PhD (University of Utah)

Co-Sponsoring Organizations:
I Marzia Pasquali, PhD (University of Utah, ARUP Labs)

I (no advocacy group mentioned)

Advocate Organizations:

Association for Creatine Deficiencies (ACD; creatineinfo.org)



KeyQuestions

The nominated condition(s) is medically serious?

Prospective pilot data (U.S. and/or international) from
population-based assessment are available for this
disorder?

A case definition and the spectrum of this disorder is well
described, to help predict the phenotypic range of those
children who will be identified based on population-based
screening?

Analytic validity: The characteristics of the screening test(s)
are reasonable for the newborn screening system (among
other aspects, a low rate of false negatives)?

Clinical utility: If the spectrum of disease is broad, those
who are most likely to benefit from treatment are
identifiable, especially if treatment is onerous or risky?

Defined treatment protocols, FDA approved drugs (if
applicable) and treatment are all available?
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Fig. 1. The enzymes involved in the creatine biogenesis and metabolic pathway. AGAT: L-Arginine:Glycine amidinotransferase. GAMT: Guanidinoacetate Methyltransferase. SLC6A8:
creatine transporter (CT1).
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# of Epilepsy Movement Disorder st
Deficiency Affected Ac‘)gnesgtf IrE)tieSI;ebc”til:al Drug _ Prob(l)f;ne Sr e &
Persons Y Frequency Resistance Frequency  Severity Symptoms Outcome
Treatment:
Hyperactivity, Creatine, Orn
autism supplementation;
3 spectrum Arg or protein
months Mild to 69/80 30/80 Mild to disorder, restriction
GAMT 110 T severe (86%0) 46% (37.5%) severe aggressive
3years behavior, self- Qutcome:
injurious Improvement but
behavior best when
initiated early!
Treatment:
Creatine
supplementation
Mild to Muscle
AGAT 14 moderate 2114 (14%) None None weakness (67%) Outcome:
Improvement but
best when
initiated early
Treatment:
86/191 (85%). Creatine, Arg, Gly
<3 59/101 attention deficit supplementation;
CRTR Mild to 3/59 41/101 Mildto | hyperactivity, o
i >160 years severe (60%) (5%) (40%) severe autism (Cyclocreatine)
(X-linked) (males) males 0 °
spectrum Outcome:
disorder =
poor

Adapted/modified from: Mercimek-Mahmutoglu S, Salomons GS. Creatine Deficiency Syndromes. 2009 Jan 15 [Updated 2015 Dec 10].
In: Pagon RA, Adam MP, Ardinger HH, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-

2016. Available from: http://www.ncbi.nlm.nih.gov/books/NBK3794/



Scriver's

OMMB<D

From: Guanidinoacetate Methyltransferase Deficiency
The Online Metabolic and Molecular Bases of Inherited Disease, 2014

Legend: ‘

Two patients with GAMT deficiency. (A1 C) The index patient. Oral supplementation with creatine was started at the age of 23
months. (A) Severe muscular hypotonia and weakness at 9 months. (B) Dystonia at 22 months. (C) Considerable improvement of
motor abilities after treatment with creatine at 5%z years. (D) The second patient with GAMT deficiency at the age of 4 years.

(Courtesy of Prof. Rating, Heidelberg.)

Date of download: 5/6/2016 Copyright © 2016 McGraw-Hill Education. All rights reserved.
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# of Epilepsy Movement Disorder st
- Age of Intellectual Problems and
Deficiency  Affected (o Disability F Drug = Severi other &
Persons requency oocictance | reduency everity ST Outcome
Treatment:
Hyperactivity, Creatine, Orn
autism supplementation;
3 spectrum Arg or protein
months Mild to 69/80 0 30/80 Mild to disorder, restriction
GAMT 110 T severe (86%0) 46% (37.5%) severe aggressive
3years behavior, self- Outcome:
injurious Improvement but
behavior best when
initiated early!
Treatment:
Creatine
supplementation
Mild to Muscle
0
AGAT 14 moderate 2114 (14%) None None weakness (67%) Outcome:
Improvement but
best when
initiated early
Treatment:
0
86/191 (85 /.0). Creatine, Arg, Gly
<3 Mild to 59/101 3/59 41101 | Mildto aﬁf;é'&@ﬁﬁ?;'t supplementation;
0 ’ i
CRTR >160 years severe (60%) (5%) (40%) severe autism (Cyclocreatine)
(males) males
spectrum ,
. Outcome:
disorder
poor

Adapted/modified from: Mercimek-Mahmutoglu S, Salomons GS. Creatine Deficiency Syndromes. 2009 Jan 15 [Updated 2015 Dec 10].
In: Pagon RA, Adam MP, Ardinger HH, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-

2016. Available from: http://www.ncbi.nlm.nih.gov/books/NBK3794/
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Global developmental delay; Intellectual disability; Seizures;
Movement disorder; Behavior disorder; Speech delay

Diagnostic Algorithm |, l

Measure GAA, creatine, and creatinine in urine

! I
I High GAA in urine | | Low GAA in urine l High creatine/creatinine
ratio in urine *
Yes Yes
A
| Low plasma GAA l Yes
Yes
Y v v
Molecular Genetic Testing: Molecular Genetic Testing Molecular Genetic Testing
GTR: GENETIC TESTING REGISTRY
Clinical tests (39 available) v J’ v N Y '
Two known 1or2 Two known lor2 Known VOUS 2
variants VOus 2 variants VOus 2 variant k
Biochemical Genetics Tests
Yes Yes Yes
Enzyme assay (1) v < .
Assay GAMT Assay AGAT Assay creatine
Analyte (5 enzyme activity enzyme activity uptake
(fibroblasts) (lymphoblasts) (fibroblasts) 2

Molecular Genetics Tests
. A 4 A

Targeted vanant analysis (6] | Low GAMT activity | Low AGAT activity Deficient
creatine uptake

Linkage analysis (1]

Y
Sequence analysis of the entire coding region (30] Yes i Yes
Deletion/duplication analysis (15) v v v v
Sequence analysis of select exons (1] | GAMT deficiency | | AGAT deficiency | | SLC6AB8 deficiency

1. Males only. The only reliable testing for females is molecular genetic testing.

2. VOUS = variant of uncertain significance

3. Creatine uptake can be used in females when molecular genetic testing has identified either a novel
variant of uncertain clinical significance or no variant despite strong clinical suspicion. Note: In some
heterozygous females, creatine uptake studies are normal because X-chromosome inactivation results in
expression of only the normal SLC6AS allele.

from: Mercimek-Mahmutoglu S, Salomons GS. Creatine Deficiency Syndromes. 2009 Jan 15 [Updated 2015 Dec 10]. In: Pagon RA, Adam
MP, Ardinger HH, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2016. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK3794/
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Merchant links are sponsored @

STS Creatine 5000 180 vcaps
$10.99 from 5+ stores
Muscle Growth - Capsule

Creatine Monohydrate is an athlete’s ultimate supplement. Taken as part of your workout plan,
it is intended to provide nutritive support for ..

Now Foods Creatine Monohydrate 1,200 mg, Tablets - 150 count
$141.49 fom 10+ stores
NOW - Muscle Growth - Pill

NOW Sports Creatine Monohydrate Tablets Dietary Supplement. Fast Acting Disintegration.
ATP Energizer. Viegetarian/Vegan. Creatine Monohydrate is a ...

Creatine Monohydrate 1000 mg 2 Bottles x 120 Coated Caplets
$12.79 friom Piping Rock Health Products ks 13,952 seller reviews
Ak 2 product reviews

Energy - Capsule

Creatine Monhydrate capsules deliver natural energy support Creatine is a popular supplement
because it serve as an energy reserve for physically -

Puritan's Pride Fitness Creatine Monohydrate 700 mg-120 Capsules
$5.49 from Puritan's Pride Jkdkkd 16,357 seller reviews
Capsule

Looking to get the most out of your workout? - Fitness Creatine Capsules are a key, foundational
supplement for athletes, bodybuilders and anyone ...

GAT Creatine
$39.99 from Walmart - Mega Retail Store
GAT Creatine



GAMT Deficiency

A Pathophysiology:
A Creatine deficiency

A Accumulation of
neurotoxic GAA

A Treatment rationale:
A Restore Creatine pool:

A Creatine supplementation in

high doses to overcome poor

uptake by CNS
A (SAM supplementation)

A Reduce GAA:

A Ornithine supplementation

A Arginine restriction
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GAMT Deficiency

A Treatment outcomes:

A Symptomatic patients
Improve

A Patients treated early
In life have (near)
normal development

A Treatment interruption
may result in

iIrreversible damage
(El-Gharbawy AH et al. Mol
Genet Metab. 2013; 109:
2151 7)

300 o

Age (months) at treatment start

200
<@
100 T
! o
01 —e— == - N
MNomrnal Bordering Mild Modarate Severeg

Severity of DD / ID

Fig. 1. Mean ages at diagnosis/treatment onsetand severity of developmental delay/intel-
lectual disability (DD/ID) in 48 patients with GAMT deficiency. (a) normal development
(n = 2): min age = 0 months ( treatment started prenatally), max age = 0.23 months
(1 week); 25th, 50th, 75th percentile = 0, 0.12, 0.23 months. (b} borderline DD/ID
(n = 2): min age = 0.68 months (3 weeks), max age = 9 months; 25th, 50th, 75th
percentiles = 0.69, 4.9, 9 months. {¢) mild DD/ID (n = 8): min age = 10.0 months,
max age = 81 months; 25th, 50th, 75th percentiles = 16.5, 25.5, 46 months. (d) moder-
ate DD/ID (n = 11): min age = 11 months, max age = 300 months; 25th, 50th, 75th
percentiles = 17, 39, 87 months. (e) severe DD/ID (n = 25): min age = 15 months,
max age = 408 months; 25th, 50th, 75th percentiles = 54, 132, 228 months. More
data are required for statistical analysis, exploring the possible causative effect of time of
treatment onset on developmental outcomes, controlling for various confounding factors.

From: Stocklerlpsiroglu$S et al.Mol
GenetMetab. 2014; 111:1625




KeyQuestions

1. The nominated condition(s) is medically serious? Yes

3. A case definition and the spectrum of this disorder is Yes (based
well described, to help predict the phenotypic range of  on 110 pts.)
those children who will be identified based on
population-based screening?

6. Defined treatment protocols, FDA approved drugs (if
applicable) and treatment are all available?
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Evidence-Based Treatment of Guanidinoacetate Methyltransferase
(GAMT) Deficiency

Krista S. Viau **, Sharon L. Ernst ¢, Marzia Pasquali *"¢, Lorenzo D. Botto ¢, Gary Hedlund ¢, Nicola Longo *"*

? Department of Pediatrics, Division of Medical Genetics, University of Utah, 50 North Mario Capecchi Drive, 2C412 SOM, Salt Lake City, UT 84132, USA

b Department of Pathology, University of Utah, USA

© ARUP Laboratories, University of Utah, 500 Chipeta Way, Salt Lake City, UT 84108, USA

4 Department of Medical Imaging, Primary Children’s Medical Center, University of Utah School of Medicine, 100 N Mario Capecchi Drive, Salt Lake City, UT 84113, USA

| Recommendations for treatment of GAMT deficiency are evolving
Initiation of creatine treatment lead to a decrease in gu-anidinoacetate
levels (Fig. 3A). However, once creatine levels were normalized there
was no further decline in guanidinoacetate (Fig. 3B). This probably
reflects the effect of creatine on AGAT, the first enzyme in creatine
synthesis, whose expression and activity are upregulated in creatine-
deficiency states [23-25].
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