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Upplagg

e Oversikt sjukdomsgruppen

e Olika strategier for behandling av neurometabola
sjukdomar

o
e Nagra exemplar

e Fragor
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Vad ar en neurometabol sjukdom?
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Vitamin therapy
Pyridoxine-dependent epilepsy (B6)
T

BRBGD (B1&8)
CBS deficiency (B6)
MTHFR deficiency (B9)
Cobalamin metabolism defects (B12)
Biotinidase deficiency (B8)
Cerebral folate deficiency (B9)
PDC deficiency (B1)
AVED (E)
Abetalipoproteinemia (A,D,E&K)
Riboflavin transporter deficiency (B2)
Coenzyme Q10 deficiency (Q70)
MADD (B2)

Liver and kidney transplant
Cerebral organic acidurias

Urea cycle disorders

b

Gaucher Il
Fabry
Pompe

Enzyme replacement ther\gx

Chaperon therapy
Fabry (Migalastat)
Niemann Pick C (Arimoclomol)

HSCT

X-ALD

Krabbe

Metachromatic leukodystrophy

Diet
GLUT1 (ketogenic)
PDC deficiency (ketogenic)

MTP/LCHAD (|LCFA+MCT sup)

Idebenone
LHON*

@ Substitution

ﬂa
Cerebral organic acidurias (| Lysine)

CBS deficiency (|protein)
Phenylcetonuria (| protein)
Urea cycle disorders (| protein)

AMACR deficiency (| phytanic & pristanic)

Refsum (| phytanic)
Tangier (|fat)

r: nthesis inhibitio
Niemann Pick C (miglustat)
Gaucher Il (miglustat)
Acute intermitent porphyria (Givosiran)

N

Chelation therapy
Aceruloplasminemia (iron chelation)
Wilson (Penicilfamin, Trientine)
SLC30A10 deficiency (CaNa2EDTA)

Substrate removal

Cerebral organic acidurias (carnitine)
Urea cycle disorders (Na-Butyrate, Na-
Benzoate)

CBS/MTHFR/CbIC deficiencies (betaine)

S

AD GTP-CH1 deficiency (L-DOPA)
CTX (chenodeoxycholic acid)**
AMACR deficiency (cholic acid)

Acute intermitent porphyria (Heme arginate)**

UCD (Arginine/citrulline in OTC)
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Behandling

Dietary restriction Substrate reduction

Toxin removal

Substrate

Enzyme replacement

Gene therapy Gene |Enzyme Organ/cell
transplantation
Chaperone therapy
Cofactor: Cofactor replacement
Product Product supplementation
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Terapier som paverkar substrat -

e Diet

e Borttagning av toxiner

e Minskar produktion av substrat
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BACKGROUND
PHENYLKETONURIA (PkV)
* ESSENTIAL AMINO ACID INVOLVED

in BIOSYNTHESIS of PROTEINS, * GENETIC DISORDER caused by DEFICIENCY in

NEUROTRANSMITTERS & HORMONES PHENYLALANINE HYDROXYLASE (PAH)

~ ACQUIRED through PROTEIN or ~ HELPS BREAK DOWN PHENYLALANINE into TYROSINE
- SUBPLEMENTS in DIET * 11 PHENYLALANINE CONVERTED +o
I e PHENYLKETONES EXCRETED in URINE

' o ’ 0 L5 BUILD UP of PHENYLALANINE & PHENYLKETONES

09 @ DIAGNOSIS
O . o * NEONATAL SCREENING
@)

@ o ~4

- SIGNS & SYMPTOMS
* WIDESPREAD TESTING Sor PKU in NEONATAL SCREENING
MAKES CLINICAL MANIFESTATIONS RARE

* TYPICALLY ASYMPTOMATIC until START of BREASTFEEDING
or STANDARD INFANT FORMULA

% |F NOT DETECTED as NEWBORN, ONSET INSIDIOUS & MAY
NOT CAUSE SYMPTOMS until EARLY INFANCY

~ DEVELOPMENTAL DELAYS, INTELLECTUAL DISABILITY,
BEHAVIORAL PROBLEMS, SEIZURES, SKIN DISORDERS

TREATMENT

% DIETARY RESTRICTION of NATURAL PROTEIN
to PREVENT ACCUMULATION of
PHENYLALANINE in BODY
~ DIET DRINKS & FOODS CONTAINING ASPARTAME ALSO

ELIMINATED BECAUSE of PHENYLALANINE CONTENT
~ MOST FRUITS & VEGETABLES CAN BE EATEN

* SUPPLEMENTATION with MEDICAL FOODS
CONTAINING PHENYLALANINE-FREE PROTEIN
SUBSTITUTES PROVIDING MOST of BODY'S
PROTEIN REQUIREMENTS

% MILD CASES: SYNTHETIC FORM of BHY CALLED
SAPROPTERIN GIVEN to MAKE DIET LESS
RESTRICTIVE & MANAGE BLOOD LEVELS

* PEGVALIASE (RECOMBINANT ENZYME
CONVERTING PHENYLALANINE to NON-TOXIC
METAROLITES USED in ADULTS with 111 LEVELS
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Toxin borttagning The Urea Cycle

Glutamate + Acetyl-CoA

NAGS
e AmMmonium

Ammeonia + Bicarbonate + Phosphate

Y
\ |
e Natriumbensoat N-acetylglutamate b~ | CPS
5
; Carbamylphosphate ====== » Orotic acid
e Carbiglu L
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Minskar produktion av substrat

Disease (GBA mutation) Treatment
Golgl Lysosome Golge Lysosome
Cer  GlcCer G'CCQr Cer Cer GlcCer Glchn Cer

@ & o @
Glc§ph Sph Al ~'°/ GleSph  sph

T-036 (GCS inhibitor)
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Behandling

Dietary restriction Substrate reduction

Toxin removal

Substrate

Enzyme replacement

Gene therapy Gene |Enzyme Organ/cell
transplantation
Chaperone therapy
Cofactor: Cofactor replacement
Product Product supplementation
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Genterapi

Fatient’s stem cells 5 The altered stem cells

3 In the lab, the stem
cells of the patient are
infected with a virus that
genetically changes the

Infusion

& The altered stem cells are given back
to the patient through an intravenous

infusion

Patient

Blood vessel

travel to the bone
marrow of the patient
and start to produce new
blood cells.

calls of the patient by 6 These new blood cells
inserting a healthy copy are healthy and contain
of the ARSA gene @ waorking copies of the

™

2 The patient receives
high dose chemotherapy
to kill the remaining stem
cells.

1 The patient receives
medication to harvest
stern cells. The stem cells
are collected and are
brought to the lab,

Sulfatides

»

Merve cell

ARSA gene. Among the
new blood cells are
special cells imacropha-
ges} that can travel to the
brain.

7 The iaccumulated)
sulfatides in and around
the nerve cells are
cleaned up.
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Behandling

Dietary restriction Substrate reduction

Toxin removal

Substrate

Enzyme replacement

Gene therapy Gene |Enzyme Organ/cell
transplantation
Chaperone therapy
Cofactor: Cofactor replacement
Product Product supplementation
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Enzymterapi

Mechanism of enzyme activity
Substrate Products O
Enzyme Enzyme-substrate Enzyme
complex

Lysosomal storage disorder Defective enzyme

Type 1 Gaucher disease p-GCase

Fabry disease

Late infantile neuronal
ceroid lipofuscinosis type 2
(CLN2 disease)

MPS | (Hurler-Scheie and
Scheie syndromes)

a-lduronidase

MPS Il (Hunter syndrome)

MPS IV (Morquio syndrome A)  N-acetylgalactosamine-
6-sulfate sulfatase

MPS VI (Maroteaux-Lamy
syndrome)

MPS VII (Sly syndrome)
Pompe disease a-Glucosidase

Wolman disease
deficiency

GCase, glucocerebrosidase; MPS, mucopolysaccharidosis.

a-Galactosidase A

Tripeptidyl-peptidase 1

lduronidase-2-sulfatase

N-acetylgalactosamine-
4-sulfatase (arylsulfatase B)

B-Glucoronidase

Lysosomal acid lipase

2024-10-27

Enzyme replacement
therapies

Imiglucerase,
velaglucerase alfa and
taliglucerase alfa

Agalsidase beta and
agalsidase alfa

Cerliponase alfa
Laronidase
Idursulfase and
idursulfase beta
Elosulfase

Galsulfase

Vestronidase alfa
Alglucosidase alfa

Sebelipase alfa

NATURE REVIEWS | DRUG DISCOVERY
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Stamcells transplantation

Phenotype

Median age
of onset?

Early and
prevalent
signs?

Median age
of diagnosis?

Impact on
coghnition

Severe MPS |
Rapid
Progression

Hurler

6 months

Hernia, coarse
facial features,
kyphosis/gibbus

1 year

Significant mental
delay with loss of
acquired skills?

Patient photo courtesy of Dr Guelbert

Attenuated MPS |

Slower

Progression

HurlerScheie

1.5 years

Hemia, corneal
clouding,
hepatomegaly

4 years

Normal or slightly
delayed, learning
disabilities*®

5.3 years

Hernia, joint
contractions,
coreal clouding

9.4 years

None?

- Stem Cell Transplantation | o
- Enzyme replacement therapy

Neuron

Ll ™
.-"" :
.

Microglia ﬁ ‘ ﬂ{-{?
IS

=
/
@Zy— Macrophage

[Central Hervous System]

Granulocyte
Lymphocyte| Monocyte
-\-.__“:

Bloodstream

Capillary wall

Bloodstream

= 2
Monocyte |Lym'|)hocyte

[Peripheral tissues. eqd] S
Liver, spleen et @D Blood-brain barrier Granulocyte
N IR
Heart . - Macrophage

Adenoids, tonsils =~
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Chaperone therapi

Enzyme

Normal

Mutant
Chaperone(-)

Mutant
Chaperone(+)

Rough ER Golgi

~ Substrate
Storage

¢ | Chaperone »

(exogenous)

Lysosome

Substrate
Digestion

~N N

\ s

Substrate
Digestion
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Behandling

Dietary restriction Substrate reduction

Toxin removal

Substrate

Enzyme replacement

Gene therapy Gene |Enzyme Organ/cell
transplantation
Chaperone therapy
Cofactor: Cofactor replacement
Product Product supplementation
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Cofactor replacement

smmf

Coenzyme
4+ 1 _—
Cofactor Holoenzyme
(protein portion), (nonprotein portion), (whole enzyme),

inactive activator active
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Behandling

Dietary restriction Substrate reduction

Toxin removal

Substrate

Enzyme replacement

Gene therapy Gene |Enzyme Organ/cell
transplantation
Chaperone therapy
Cofactor: Cofactor replacement
Product Product supplementation
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Product supplementation

Guanosine triphosphate (GTP)
1 GTP cyclohydrolase | ,ll

Dihydroneopterin triphosphate - = Neopterin
6-Pyruvoyl-tetrahydropterin synthase
6-Pyruvoyl-tetrahydropterin
Seplapterin reductase

Tetrahydrobiopterin [| \ Tyrosine

Dihydropteridin Tyrosine hydroxylase
quinonoid-Dihydrobiopterin Dopa
Aromatic L-amino
acid decarboxylase

Biopterin anamlne Jl
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Dopa-responsive dystonia | Tidsskrift for -
Den norske legeforening



https://tidsskriftet.no/en/2018/11/oversiktsartikkel/dopa-responsive-dystonia
https://tidsskriftet.no/en/2018/11/oversiktsartikkel/dopa-responsive-dystonia
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Stodjande behandling

Potentially mitochondrion-toxic agents. Mitochondrial patients needing one of these

treatments should be carefully monitored, clinically and by laboratory exams, including

. E p i | e p S i , S p a Sti C i tet , d ysto n i e r, creatine kinase and lactate (for further details, see text).

Aminoglycosides

sOmn mm

Clevudine

Chloramphenicol

e OBS mitokondriella sjukdomar e

Isoflurane

Linezolid

Metformin

Propofol

Statins

Topiramate

Valproic acid

Zonisamide
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