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Syndromes Suggestive of
AntUnderlying Metabolic Cause

isorder, including mental retardation,
ling or close relative.

rrent episodes of altered consciousness or
(plained vomiting in an infant.

ent unexplained ataxia or spasticity
Progressive central nervous system degeneration.

3. Mental retardation without obvious cause.
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Disorders of amino acid
metabolism
Phenylketo

mutation in the gene that codes for
enylalanine hydroxylase (PAH), the enzyme
at hydroxylates phenylalanine to tyrosine.

nylketonuric infants appear healthy at
birth. In untreated infants, vomiting, which at
times is projectile, and irritability are frequent
during the first 2 months of life.



Phenylketonuria
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‘ders of amino acid
metabolism

Phenylketonuria:

ed intellectual development becomes

ntreated classic case, nental retardation is severe.
1in this category have an IQ below 50.

5, common in the more severely retarded, usuall
efore 18 months of age and can cease spontaneously.

= Dulrimgl infancy, they often take the form of infantile spasms,
later changing into tonic-clonic attacks.



ders of amino acid
metabolism

Phenylketonuria:

hild is blond and blue-eyed, with
nal and often pleasant features. The skin is rough
dry, sometimes with eczema.

eculiar musty odor, attributable to phenylacetic
can suggest the diagnosis.

cant neurologic abnormalities are rare, although
activity and autistic features are not unusual.

cephaly .

A fine, irregular tremor of the outstretched hands.
Parkinsonian-like extrapyramidal

The plantar response is often extensor.




Because o child with PKU
lacks the normolly
functioning enzyme

necessary to breok down

phanylalanine (FHE), It
accumulates in the blood
and body tissues.

This excess PHE con
pravent normol braoin
dewelopment ond result
in mantal retardation,

Say with wwitreated PKU






‘ders of amino acid
metabolism

1ce of seizures, and single and multiple
of spike and polyspike discharges are the

common.



‘ders of amino acid
metabolism

ignal abnormalities are seen in brainstem,
pellum, or cortex, although cortical atrophy
ay be present

jo Treatment can improve MRI abnormalities.






T

Jisorders of amino acid

metabolism

Phenylketonu

U treatment is to maintain the blood
inine between 2 and 10 mg/dl.

ome phenylalanine is needed for normal growth.
s requires a diet that has some phenylalanine but in
h lower amounts than normal.

protein foods, such as: meat, fish, poultry, eggs,
ese, milk, dried beans, and peas are avoided.
Instead, measured amounts of cereals, starches, fruits,
and vegetables, along with a milk substitute are
usually recommended.

=@ Phenylalanine free formulas are available for all age
groups.






‘ders of amino acid
metabolism

oranched-chain alpha-keto
BCKD) necessary for the
down of the amino acids leucine,
cine, and valine.

Without the BCKD enzyme, these amino acids
~ build up to toxic levels in the body.
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Vigple Syrup disease
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Jisorders of amino acid

metabolism
Maple syrup u

DOT weigh gain
easing lethargy (difficult to wake up)
acteristic burned sugar smell to urine

anges in muscle tone, muscle spasms, and
res

\ = If left untreated, these infants will die with the first
months of life.

m Individuals with intermittent MISUD, the second
most common form of the disorder, develop
normally but when ill show the signs of classic

MSUD.



‘ders of amino acid
metabolism

ine disease is suspected based on
mptoms,  especially  the
teristic urine odor, a blood test for amino

an be done.

oisoleucine is detected, the diagnosis is

d. Several U.S. states screen newborns at

confir Y
~ birth for MSUD.



‘ders of amino acid
metabolism

Maple syrup urine ¢

aple syrup urine disease is restriction of
amino acids leucine, isoleucine, and
These restrictions must be lifelong. There are several

cial formulas and foods for individuals with MSUD.

ly, with adherence to the dietary restrictions and regular
medical checkups individuals with maple syrup urine disease can

live long and relatively healthy lives.



Djsorders of amino acid
metabolism
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Disorders of sulpher amino acid
metabolism

ia can be caused by the deficiency of
1ithase. This is the classic form.

e gene for this deficiency is located on band
q22.3.

ymocystinuria can be caused by insufficient

min B-12 synthesis resulting from a defect in

\: the remethylation of homocysteine to methionine;
' methylmalonic aciduria is present.

= Homocystinuria can be caused by a deficiency in
methylenetetrahydrofolate reductase.



PDisorders of sulpher amino acid
metabolism
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PDisorders of sulpher amino acid
metabolism

Methionine

Glutathione




Disorders of sulpher amino acid
metabolism

nfants appear healthy at birth, and
velopment is unremarkable until

velopmental slowing.

rebrovascular accidents occur between 5 and 9
\ months of age(thromboembolic episodes ).

= Ectopia lentis is seen in more than 90% of affected
individuals.

= Lenticular dislocation has been recognized as early
as age 18 months, but it generally occurs between 3
and 10 years of age.



Disorders of sulpher amino acid

metabolism

Homocystint

i al older homocystinuric child's hair is
sparse, blond, and brittle, and multiple
rythematous blotches are seen over the skin,
irticularly across the maxillary areas and

e gait is shuffling, the extremities and digits
are long, and genu valgum is present in most
instances.

= Secondary glaucoma and cataracts are common
In approximately 50% of the patients reported,
major have occurred on one or more occasions.



Disorders of sulpher amino acid
metabolism







Table 2. Main diagnostic work-up for Marfan's syndrome
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s of sulpher amino acid
metabolism

palamin C/D defect and
de wunusual basal ganglia lesions,
ephalus, and supratentorial white
er abnormalities.



0f sulpher amino acid
metabolism

testing is especially helpful in families of
ts with homocystinuria.
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‘Disorders of amino acid

metabolism
Defects in Ure

the five steps in the conversion of ammonia to
B .

include  argininosuccinic  aciduria,
rullinuria, = hyperargininemia, @ and  two
ditions termed hyperammonemia, the more
N, common one attributable to a defect of ornithine

; transcarbamylase (OTC) and the other the result of

a defect in mitochondrial carbamyl phosphate
synthetase (CPS).



Disorders of amino acid
metabolism

stemic and neurologic symptoms

es are the consequences of
or the accumulation of urea
clinical manifestations of the
cycle defects are nonspecific and overlap
derably.

their classic presentation, which occurs in some
60% of cases ,the conditions become apparent
between 24 and 72 hours of life.



‘ders of amino acid
metabolism

nzyme  deficiency is less  severe,
2pisodes are delayed to late infancy or

des of lethargy, vomiting, and,

ctivity, behavioral abnormalities, and moderate to
nental retardation are common, as is intolerance of
ontaining foods



‘ders of amino acid
metabolism

drial diseases and pyruvate carboxylase deficiency
e ingestion
ase ingestion

Reye syndrome



‘ders of amino acid
metabolism

nent when clinical signs and symptoms are
nonemia.

substitute for this measurement, nor does
T it.

Blood gas levels

@ BUN level: This is often very low (<3 mg of urea/100 mL) in persons with
urea cycle disorders.



‘ders of amino acid
metabolism

greatly depends on the etiologic

in restriction is helpful in most cases, and
tion of specific amino acids may be imperative in
ment of particular entities.

y treatment of urea cycle disorders is highly
specialized and usually requires consultation with a
registered dietitian who works in a metabolic disease
clinic.



Jisorders of amino acid

metabolism

Defects in
wlacetate and sodium benzoate

“injection (100 mg/mL):
mg)/kg IV over 90-120
via central line

tenance: 2.5 mL (250 mg)/kg/d IV over 24
via central line

te IV dose in at least 25 mL/kg of dextrose
- before agministration

>20 kg: Administer as in adults
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Disorders of amino acid
transport

caused by impaired neutral (ie,

ycarboxylic) amino acid transport

border membrane of the small
imal tubule of the kidney.

and the prc

ostine

1ame is that of the family in which it was first
ected.

= The first gene to be identified was that for
SLC6A19, a sodium-dependent amino acid
transporter, on chromosome 5p15.



‘ders of amino acid
transport

~ dermatitis(pellagralike  skin

‘disturbances.

s Renal aminoaciduria.



ders of amino acid
transport

Hartnup disease
occurs.

> skin reddens after exposure to sunlight.

er exposures lead to the development of dry,
,  well-marginated eruptions, sometimes
1bling chronic eczema.

"® This eruption preferentially affects the forehead,
the cheeks, the periorbital regions, the dorsal
surfaces of the hands, and other light-exposed
areas.



Djsorders of amino acid
transport
Hartnup disease



‘ders of amino acid
transport

diet can overcome the deficient
al amino acids in most

utrition leads to more frequent and more
attacks of the disease, which is
Nvise asymptomatic.



ders of amino acid
transport

nts who are symptomatic to use
hemical protection from

iding  excessive exposure to sunlight,
ing protective clothing, and using physical

and chemical sunscreens are mandatory.

@ Recommend sunscreens with a skin protection
factor of 15 or greater.



- " | = =
Jisorders of amino acid
transport

Hartnup dises:

or nicotinamide (50-300 mg/d)
from both the skin
~and the neurologic

‘ inistration of tryptophan ethyl ester (a
lipid-soluble tryptophan metabolite) in a child
with Hartnup disease at a dose of 20 mg/kg
every 6 hours resulted in normalization of
serum and cerebrospinal fluid tryptophan
levels.




Disorders of amino acid
transport

Lowe syndron

e gene responsible for the disorder encodes a
phatidyl inositol phosphatase located on
ans-Golgi network.

= The substrate for this phosphatase is a
phospholipid with an important role in several
basic cell processes, including cellular signaling,
protein trafficking, and polymerization of the
actin skeleton.

\



‘ders of amino acid
transport

claucoma or cataract.

reneralized aminoaciduria of the Fanconi
ype, renal tubular acidosis, and
hypophosphatemic rickets






of lysine are more elevated
ner amino acids
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sification
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Disorders of carbohydrate
etabolism and transport

ommon disorders are acquired.
secondary derangements in
etabolism, such as diabetic
toacidosis, hyperosmolar coma, and
oglycemia, all affect the central nervous
m.

forms and variants of peripheral nerve
disease also are seen in diabetes.

@ The remaining disorders of carbohydrate
metabolism are the rare inborn errors of
metabolism (i.e, genetic defects).



Djsorders of carbohydrate
metabolism and transport

ited disorders of carbohydrate



Isorders of carbohydrate
etabolism and transport

syndromes, which are classified

ants and early

isodic lactic acidosis from early infancy, failure to
ive, and hypotonia with or without features that
ay suggest specific defects

antile or early childhood mental retardation,
hypotonia, failure to thrive, and other features

= Mental retardation/developmental delay with
features that suggest storage disorders

= Episodic vomiting in infants or young children.



rs of carbohydrate
olism and transport

dolescence

s in childhood or early adulthood,
f a specific disorder

ataxia in childhood and



s Of Carbohydrate
bolism And Transport

more rarely, in adolescents or

s, often with some episodes of
myoglobinuria, during or
heavy anaerobic exercise

metrical neuromuscular disease with weakness
wasting of proximal muscles



Galactosemia

Disorders Of Carbohydrate
Vietabolism And Transport

Intoleran

9p13
17931
1p36
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ganic acidemia” or “organic aciduria”
to a diverse group of metabolic
disorders characterized by the excretion of non-
amino organic acids in urine.

st organic acidemias results from a dysfunction
a specific step in amino acid catabolism, usually
to deficient enzyme activity.

= This leads to the accumulation of organic acids in
the biological fluids (blood and urine), which, in
turn, produces disturbances in the acid-base
balance and causes alterations in pathways of
intermediary metabolism.



T

Organic Acidemias

ic acidemia occurs when the activity
| CoA mutase is defective in the
valine, methionine and threonine
gradative pathway.

jonic acidemia occurs when the activity of
pionyl CoA carboxylase is defective in the
ucine, valine, methionine and threonine
degradative pathway.

= Isovaleric acidemia occurs when the activity of
Isovaleryl CoA dehydrogenase is defective in the
leucine degradative pathway.




- Organic Acidemias

ia type I occurs when the activity of
drogenase is defective in the lysine,
yptophan degradative pathway.

droxy-3-methy1glu’;éryl CoA (HMG-CoA) lyase
iency occurs when the activity of HMG CoA lyase
efective in the leucine degradative pathway.

=@ 3-Methylcrotonyl CoA carboxylase deficiency occurs
when the activity of 3- methylcrotonyl-CoA
carboxylase is defective in the leucine degradative
pathway.

\



Organic Acidemias

ed with an organic acidemia is usually
the first few days of life.

usual clinical symptoms of OA disorders may
de vomiting, metabolic acidosis, ketosis,
dration, coma, hyperammonemia, lactic acidosis,
oglycemia, failure to thrive, hypotonia, global

| opmental delay, sepsis and hematologic
\ disorders.

@ The non-distinct clinical presentation may initially be
attributed to sepsis, poor breast-feeding, or neonatal
asphyxia.



ic Acidemias
or organic acidemias by tandem

. It is a screening test



rganic Acidemias
Genetic Testing:

ed in this screening are

ited in an autosomal recessive manner.

le a family history of neonatal death
ld prompt consideration of an organic
nia, a negative family history does not

preclude the possibility.



rganic Acidemias

of treatment is the dietary

r treatment options include low protein
ts, carnitine or vitamin supplements and/or
avoidance of fasting.
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T

Acid Oxidation Disorders

ansport and mitochondrial oxidation is
hway that plays a major role in
ion during times of fasting and

e pr
etabolic stress.

e free acids are released into the blood they are
en up by the liver and muscle cells and activated
enzyme A esters.

= Then they are transported into the mitochondria
and oxidized in a cyclic fashion by four sequential
reactions that are each catalyzed by one of multiple
enzymes.



Eatty Acid Oxidation Disorders
Acetyl-CoA

Oxaloacetate ——————— Citrate

l - lsoc‘itra te
# ‘

Malate o-Ketoglutarate

Succinyl-CoA

| e
EADHD \ |

Succinate




Eatty Acid Oxidation Disorders

Fatty Acid Oxidation Pathway
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Fatty Acid Oxidation Disorders




e

Acid Oxidation Disorders

dehydrogenases are chain-length

eficiencies or abnormalities in these result in
y long chain acyl-CoA dehydrogenase
iciency (VLCAD), long chain acyl CoA
1ydrogenase deficiency (LCAD), medium
\ n acyl-CoA dehydrogenase deficiency
: (MCAD), and short <chain acyl-CoA
dehydrogenase deficiency (SCAD).



Acid Oxidation Disorders

lead to a fasting state that can
lepletion of glucose stores.

en lead to

ce this occurs, fatty acid metabolism
mes the dominant energy source. If there is
abnormality in fatty acid metabolism, then
threatening  episodes of  metabolic
decompensation can ensue.

\

= Relatively simple dietary management may
avoid symptomes.



S

Acid Oxidation Disorders

individuals with one of the fatty
disorders may present with
poglycem1a Tiver disease, encephalopathy,
opathy, cardiomyopathy, or sudden death.
ptoms may appear at any age from birth to

dren with MCAD are typically normal at
birth and develop episodes of hypoketotic
hypoglycemia, vomiting, lethargy, and seizures
associated with fasting.



cid Oxidation Disorders

iIsode usually occurs between 6
| 0 years of age. The plasma
lcarnitine le is diagnostic and a
mon gene mutation is found in the

e organic acids in these patients typically
elevations of dicarboxylic acids, glycine
conjugates and acylcarnitines.



xidation Disorders

and treatment is essential for

onditions may result in
, ultimately, death.



Acid Oxidation Disorders

e conditions are chronic, with life-
ong episodes of hypoglycemia.

r most fatty acid oxidation disorders,
luding MCAD, management involves long-
m monitoring of serum glucose, a low-fat,
h-carbohydrate diet, avoidance of fasting,

aggressive support during illness, and carnitine
supplementation.

= It is strongly recommended that infants under
age 1 be fed around the clock every 2-4 hours.



cid Oxidation Disorders

Genetic Testing

IS of fatty acid oxidation are
e and therefore are
recurrence risk in future
ancies. If one child is diagnosed

a fatty acid oxidation disorder, their
s should also be tested, even if

= the sibling is asymptomatic.
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5 of serum lipoproteins

disorders

Peroxisomal disorders

= Disorders of metal metabolism

m Porphyrias
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ncy of the enzyme hypoxanthine-guanine
oribosyltransferase (HPRT).

an X-linked recessive disease. The lack of

-auses a build-up of uric acid in all body
~fluids



2Orine &Pyrimidine disorders

Lesch-Nyhan s

| patients with HPRT deficiency fall
to three groups.

most severely affected have all the features
assic Lesch-Nyhan disease, another group
~ neurologic manifestations and
hyperuricemia, and yet a third group has
isolated hyperuricemia without neurologic
deficits.



2Orine &Pyrimidine disorders

Lesch-Nyhan sy

e claooe
ildren appear heal
or milestones are

m of Lesch-Nyhan disease
thy at birth, and initial gross
achieved appropriately.

ing the first year of life, psychomotor
dation becomes evident.

O Extrapyramidal movements appear between 8 and
- 24 months of age and persist until obliterated by
progressive spasticity.



nts. A curious and unexplained feature of
isease is the involuntary self-destructive
> of fingers, arms, and lips, which becomes
ent by 4 years of age.



2Orine &Pyrimidine disorders

Lesch-Nyhan s

_ urbed by their compulsion to
[f-mutilation are happier when
tained in restraints. The teeth may have to
moved to prevent damage to the lips and
ue.

=@ In later years, a large proportion of patients
develop vocal tics reminiscent of those seen in
Tourette disease.



Arine &Pyrimidine disorders

Lesch-Nyhan syndrome



e &Pyrimidine disorders

Lesch—Nyhah

nd group of patients there is
cessive uric acid production, gouty arthritis,

mild neurologic symptoms, most
only a spinocerebellar syndrome or mild
tal retardation, or mild mental retardation,
t stature, and spasticity.

@ The least severely affected group has defective
HGPRT with hyperuricemia



Plivine &Pyrimidine disorders

Lesch-Nyhan s

is symptomatic. Gout can be
ol to control excessive amounts

‘- stones may be treated with Ilithotripsy, a
nique for breaking up kidney stones using shock
s or laser beams.

- @ There is no standard treatment for the neurological
| ilymptoms of LNS. Some may be relieved with the

rugs carbidopa/levodopa, diazepam, phenobarbital,
or haloperidol.
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= Disorders of metal metabolism

m Porphyrias



ssification

Disorders of ami
Disorders of rena
Disorders of carbohy
Carbohydrate-def1c1en ;

of serum lipoproteins
disorders

al disorders
Disorders of metal metabolism
= Porphyrias



ers of lipid and
rotein metabolism

ell leukodystrophy and
- leukodystrophy have been
rom a disorder in lipid
olism.



wdroxylase = deposition of cholestanol
drocholesterol) within the nervous



Disorders of lipid and
Ipoprotein metabolism

ogressive spinocerebellar ataxia,
ramidal signs, and mental retardation is seen
~ the large majority of patients with
rebrotendinous xanthomatosis, and mental
ardation is seen in more than 90% .

Cataracts are present in 76% of patients and
generally are seen as early as 56 years of age.
Seizures are encountered in 40% to 50% of
patients and can be the presenting symptom



orders of lipid and
ipoprotein metabolism

Cerebrotendinot
can be a major

nifestation childhood (chologenic
hea) . ;
sory and motor neuropathy also has been

mented.

‘@ Ten on xanthomas can be apparent in
childhood, most commonly over the Achilles

and triceps tendons.






Disorders of lipid and
ipoprotein metabolism

Cerebrotendinous xanthom

Figure1: Bilateral Achilles Tendon Xanthomas



Disorders of lipid and
ipoprotein metabolism

Cerebrotendinous xantk



Disorders of lipid and
jpoprotein metabolism

Cerebrotendino

-

ra



Disorders of lipid and
ipoprotein metabolism

Cerebrotendinous



Ijisorders of lipid and
Ipoprotein metabolism

Cerebrotendinot

eveals the presence of hyperdense nodules in the
rebellum and diffuse white matter hypodensity. MRI
onstrates atrophy of cerebrum and cerebellum,
i’ih occasional atrophy of the brainstem and corpus
osum.

sed signal is seen on T2-weighted images in the
dentate nucleus, globus pallidus, substantia nigra, and
inferior olive, extending into the white matter as the
disease progresses.

Occasionally hypodensity on T2-weighted images is
resent in the dentate nucleus, related to deposition of
emosiderin and calcifications



chenodeoxycholic acid (15
reverses the elevated CSF
estanol levels and induces a 50% reduction
asma cholestanol, an increase in 1Q, and a
ersal of neurologic symptoms.

o Add'itionally, improvement occurs in the EEG,

somatosensory-evoked potentials, and the
MRI.






Disorders of serum lipoproteins

Ceroid lipofus

ronal ceroid lipofuscinoses (NCLs) are
haracterized the accumulation of
tofluorescent neuronal storage material

neuronal lysosomes, leading to
uronal death and cerebral atrophy.

raditionally the  various NCLs  were
differentiated according to the age at which
neurologic symptoms first become evident and
the wultrastructural morphology of the
inclusions.



Disorders of serum lipoproteins

Infantile Neus

ition that becomes apparent
onths of age (later than the
eralized Gy, gan liosidoses), ataxia, myoclonic
ires, and v1sua% failure, with a brownish
entation of the macula, hypopigmentation of
undi, and optic atrophy .

retinal cherry-red spot is absent, but a
pigmentary retinal degeneration is not unusual .

'@ Head growth ceases early, and in contrast to Gy,
%angliosidosis, most infants become microcephalic
efore age 24 months.




Disorders of serum lipoproteins

Late Infantile

(Late Infantile 2

Bielschc '
‘onset of the clinical syndrome occurs later
that of the classic form of Gy,
iosidosis. The condition does not affect
children predominantly, its progression
ver, and patients lack the usual retinal
- cherry-red spot.




ders of serum lipoproteins

racterized by normal mental and
pment for the first 24 months of life,
although in many instances, slight clumsiness or a
owing in the acquisition of speech can be recalled
trospectively.

e usual presenting manifestations are myoclonic
major motor seizures. Ataxia develops
)sequently and is accompanied by a slowly
progressive retinal degeneration, which is
generally not obvious until the other neurologic
symptoms have become well established. Visual
acuity is decreased, and a florid degeneration
occurs in the macular and perimacular areas.



disorders of serum lipoproteins

Juvenile Neuronal C

Amaurotic Idiocy;
CLN3)
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Disorders of serum lipoproteins

nemia, an unusual disorder, was
Bassen and Kornzweig in 1950.

le main clinical manifestations include
inthocytosis (large numbers of burr-shaped
ythrocytes) (which may account for more than
-half of the circulating erythrocytes,
bocholesterolemia,  progressive  combined
posterior column  degeneration, peripheral
neuritis, mental retardation, retinitis pigmentosa,
and steatorrhea.

E AR



Disorders of serum lipoproteins

rear of life, infants develop a typical
eliac syndrome with abdominal distention,
arrhea, foul-smelling stools, decreased fat
sorption, and, occasionally, osteomalacia.

e majority of affected infants are below the
percentile for height and weight.
Neurologic symptoms are first noted between
ages 2 and 17 years, and 33% of patients are
symptomatic before age 10 years.






ers of serum lipoproteins

the initial symptom  is
~ gait. This is caused by a
mbination of ataxia, proprioceptive loss, and

scle weakness.

p tendon reflexes are generally absent, and
aneous sensory loss is often demonstrable (

= Extensor plantar responses are noted
occasionally.

@ Mental retardation has been seen in
approximately 33% of patients



ers of serum lipoproteins

degeneration is accompanied by
acuity and night blindness.

isual-evoked potentials are
n abnormal even in the early stages of the
ase.

atosensory-evoked potentials were
ormal in some 40% of patients

=@ Cardiac abnormalities, including irregularities
of rhythm, are common.



Disorders of serum lipoproteins

~ disorder of lipid metabolism
istinguished by almost complete absence of high-
nsity plasma lipoproteins, reduction of low-
sity plasma lipoproteins, cholesterol, and
ospholipids, normal or elevated triglyceride
vels, and storage of cholesterol esters in the
reticuloendothelial system of the liver, spleen,
lymph nodes, tonsils, and cornea. T

B he name of the disease refers to an island in
Chesapeake Bay where the first two patients were
found.



Disorders of serum lipoproteins

Tangier disease

are limited to enlargement
1s, notably the tonsils

pigmentosa and peripheral
pathy have been observed.

N Peripheral neuropathy was noted in nearly 50%
of the reported patients.



Disorders of serum lipoproteins
Tangier disease

different types of changes. One group

. multifocal demye ion with large amounts of neutral

weakness, weakness of the small hand muscles, spontaneous pain,
and loss of pain and temperature sensations), no demyelination

occurs, but lipid is deposited in Schwann cells.



Disorders of serum lipoproteins

Tangier disea:
a distal sensory neuropathy

gene has been mapped to chromosome

\ m It codes for ATP-binding cassette transporter 1
- (ABCA1l), whose function is to bind and
promote cellular cholesterol and phospholipid
efflux to apolipoprotein I (apoA-I) .







(A) In noemal cells ABCL
(4) h:‘gg’ o.:clm LOL VLOL helps cholesterol et the cell,
- @ e whara & combings v th lipid
Hpe more lipids poor ApoAl lipopr cbein to

_L . I l form high densty lipoprotein
'W (l-m) HDL picks up more
Iipdsfromlwdenn (LOL)

Frae
cholostmd ABCL

Intracellular  extracellular and very lowdensty (VL)
Icihp:lptotdgs m: blansfus the
esterol tothe liver,
(B) |,:§§$}n LOL VLEK wherd & is processed, (B) In
frae ema @ o TMOQ' disesse, mutations in
cholesterel #BCL more lpids  ABCT cause cholesterol to
oee . C wancc \ ‘ ' accun‘nlm vithin tha cell
eee ey e [Adaptad from Youn and
P‘W e Fueldnq (1999) Nt Garwt,
itracellular  edracelulr Augi224)1316+8, vith

parrrizsion. |
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T

sosomal disorders

are  subcellular  organelles
rolases with a low optimal pH
hydrolases) that catalyze the degradation
macromolecules.

e lysosomal storage diseases, as first

ineated by Hers ,are characterized by an

y, accumulation of undegraded macromolecules
within lysosomes. The various groups are
named according to the nature of the storage
product.



e

sosomal disorders

e the glycogen storage diseases

coge - the mucopolysaccharidoses,
e mucolipidoses, the glycoproteinoses, the
ingolipidoses, and the acid lipase deficiency
ases.

= The disease entities result from various single-
gene mutations, with each of the enzyme
defects induced by one of several different
abnormalities on the genomic level.

\



somal disorders

GM1- 3p21
Gangliosidosis

150923
5013

8p22




omal disorders

Niemann-Pick
Type A,B
Type C g

11p15
18q11

Gaucher
disease

1921




somal disorders

Refsum ‘ R [22q11.21
80921.1

Fabry dist XQg22




lysosomal enzyme [3-

- in accumulation of

1in and visceral organs.



> infantile form (type 1) is a severe
legenerative  encephalopathy  presenting
between birth and 6 months with coarse facial
features, skeletal dysostosis, and
hepatosplenomegaly, leading to death within
the first 2 years of life.




ysosomal disorders
GM1 ganglio
e late infantile or juvenile form

ype 2) present

er 1 year of age with motor
ay in the absence of dysmorphisms and

panomegaly; later, mental deterioration and

astic, cerebellar, and extrapyramidal signs
dominate the neurologic picture, probably as a
consequence of predominant basal ganglia

storage of gangliosides.



M1 gangliosidosis are

and have mainly included brain atrophy
- white matter and basal ganglia

abnormalities.












iency of hexosaminidase A causes Tay-
disease = and  late-onset @ GM2-
gliosidosis.

Tay-Sachs disease is the classic infantile form,
seen mainly in Ashkenazi Jews.



mal disorders

arks include an abnormal

e response and psychomotor deterioration
the first months of life, together with

Iness with macular cherry red spots.






e

sosomal disorders

Farber disea

as Farber's lipogranulomatosis,
‘deficiency, "Fibrocytic
smucopolysaccharidosis," and
pogranulomatosis'lis an extremely rare
tosomal recessive.

e clinical features are unique and manifest
during the first few weeks of life. The infant
becomes irritable, has a hoarse cry, and
develops nodular erythematous swelling of the
wrists.


http://en.wikipedia.org/wiki/Ceramidase
http://en.wikipedia.org/wiki/Farber_disease
http://en.wikipedia.org/wiki/Autosomal_recessive
http://en.wikipedia.org/wiki/Autosomal_recessive
http://en.wikipedia.org/wiki/Autosomal_recessive

T

sosomal disorders

Farber disez

| quent months, nodules develop in
numerous sites, particularly in areas subject to
auma, such as joints and the subcutaneous
sue of the buttocks. Severe motor and mental
ardation occur. Hepatosplenomegaly has
een seen in approximately 70% of reported
cases

= In approximately two-thirds of cases, the
disease progresses rapidly, and death usually
occurs by 2 years of age.



(4

lysosomal disorders
Jisea:

\




Lysosomal disorders

Fabry's disease

is a potentially fatal lyposomal
hich results from deficient
osidase A. This multi-

X-linked recessive disease was first

N

ed in the dermatological literature in 1898.









ior of
1sease

the basal layer of
corneal

epithelium.

A 30-year-old male
patient has the
distinctive corneal
verticillate (whorled
streaks) extending to
the periphery.



mal disorders

eta (Fabrazyme) has been
ms to be a highly effective

ministered IV every two weeks for the
hese affected patients.



ucopolysaccharidoses

charidoses are a group of
ers caused by the absence or
lysosomal enzymes needed
dowt molecules called

break

m Glycosaminoglycans (formerly called
mucopolysaccharides) are also found in the

fluid that lubricates joints.


http://en.wikipedia.org/wiki/Metabolic_disorder
http://en.wikipedia.org/wiki/Lysosome
http://en.wikipedia.org/wiki/Enzymes
http://en.wikipedia.org/wiki/Glycosaminoglycans
http://en.wikipedia.org/wiki/Joint

1.

ucopolysaccharidoses

a mucopolysaccharidosis disease
roduce enough of one of the 11
nzymes required to break down these sugar
ains into simpler molecules, or they produce
ymes that do not work properly.

er time, these glycosaminoglycans collect in the
s, blood and connective tissues.

= The result is permanent, progressive cellular
damage which affects appearance, physical
abilities, organ and system functioning, and, in
most cases, mental development.
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‘The eyes are widely spaced.
The bridge of the nose is flat
the lips are large.

Corneal cloud
The mouth is open and an almost constant nasal obstruction or upper

respiratory infection exists.









osomal disorders

Mucolipidosis

1:ave the clinical features of both

ucopolyscc aridoses and the lipidoses.
east four mucolipidoses have been
\ \guished, characterized by MPS storage
despite normal excretion of MPS. All of them

- are rare.



Tvpe

Name Enzvme Defect Storace Material Genetics Age of Onset
Pelizasus-Merzbacher Syndrome
1 Classical Proteolipid protein Sudanophilic material XH-linked Infantile
= Connatal Seitelberger's disease Mot known Sudanophilic material MNot known Birth
3 Transitional disease Mot known Sudanophilic material Sporadic Infantile
4 Adult Lowenberz-Hull Not known Sudanophilic material Autosomal Adult
5 Variant Not known Sudanophilic material Not known Variable
Cockayne’s Syndrome
] Classic DNA repair Sudanophilic material Autosomal 6 to 12 months
Alexander’s Syndrome
7 Classic infantile GFAP GFAP Sporadic Infants
3 Juvenile GFAP GFAP Autosomal Children 7 to 14
o Adule GFAP GFAP Autosomal Young adults
Canavan’s Syndrome
10 Classic infantile Aspartoacvlase MN-acetvlaspartate in Autosomal Infants
11 MNeonatal Aspartoacylase MNoacetvlaspartate in Sporadic MNewborns
12 Juvenile Aspartoacvlase MNoacetvlaspartate in Sporadic Children 5 to teenage
Krabbe®s Syndrome
13 Classic, infantile Galactocerebroside B- Galactocerebroside Autosomal Infants
14 Late onset Galactocerebroside B- Galactocerebroside Autosomal Usually childhood,
Metachromatic Leukodystrophy
15 Greenfield's, classical, or late Arvisulfatase or SAP-B Sulfatids Autosomal Late infantile 1 to 24
16 Scholz's Arvisulfatase A Sulfatide Autosomal Juvenile 4 to 10 vears
17 Anstin's Arvisulfatase A Sulfatide Auftosomal Adult
Adrenoleulkodystrophy
18 Multiple peroxisomal enzvime Peroxins {1, 2. 5,6, 12) Excessive very long-chain | Autosomal Meonatal
19 Ulrich's disease Acvl-CoA oxidase Excessive very long-chain | Autosomal Meonatal
Pseudonsonatal adrencleukodvstrophy (INALD)
20 |X-linked Siemerling-Creutzfeldt's | ABC protein srcesshm eerplong Sl | kit oression: [ et anschis

fatty acids

classic




HISTORY OF THE LSDs
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Ernest GAUCHER (1854-1919)



HISTOory of the LSDs

some LSDs were described as early as

y had been described and classified before the
ome was discovered in 1955 and before their
emical and genetic basis was fully understood

IS why they received common names (i.e.:
\er disease, name of discovering physician).

= Later, an additional, more clinically descriptive name
often came into use (glucocerebrosidase deficiency)



T

HIStory of the LSDs

S the role of lysosomes in cellular
ubstrate management was wel|

pe became the first disease formally
nized as a lysosomal storage disorder.

- = By the 1970s scientists had recognized many
more LSDs as such and had begun identifying
and classifying the specific enzymatic
problems.



IS S Uub-Categories

osomal enzyme (or another
Irects it) Is deficient or

the substrate it targets
cumulates, interfering with normal

lular activity.

Healthy cell vs. LSD cell with accumulated substrate



T

LS Sub-Categories

les are based on the type of
enzymatic ct and/or stored substrate

roduct.

or example, the mucopolysaccharidoses

PS) are grouped together because each
~ results from an enzyme deficiency that

,, causes accumulation of particular

glycosaminoglycan (GAG) substrates.

and diseases that fall under them



PRYEIECLIVETNELabolism of glycosaminoglycans
g e mucopolysaccharidoses™

B Hurler-Scheie, Scheie)

. pes A,B, C and D)
S IV (Morquio type A and B)

B (Maroteaux-Lamy)

VII (Sly)

MPS IX (Hyaluronidase deficiency)

Multiple Sulfatase deficiency




fective degradation of glycan
ortion of glycoproteins

lucosaminuria
| Fuco s, type I and I
|Mannosidos

Sialidosis, type | and Il

active degradation of glycogen

ROmpe disease




V. - Daiagﬂua- of sphingolipid
components

2ficiency (Niemann-Pick A & B)

dosis, type I, Il and Ili

0sis (Tay-Sachs type |, I, lll and Sandhoff

eukodystrophy, type |, Il and Il




VB ECLIVe degradation of polypeptides

nodysostosis

active degradation or transport of
erol, cholesterol esters, or other

Neuronal eroid lipofuscinosis, type |, I, Il and IV




ultiple deficiencies of lysosomal

aIactosia*idosm

lipidosis, type Il and Il

ansport an fficking defects

Danon disease

Viucolipidosis type IV

Infantile sialic acid storage disease
Salla disease




ysosomal disorders

Mucolipido:s

- all other lysosomal disorders,
considerable clinical and biochemical
neterogeneity exists.

e clinical and radiologic features of this
iutosomal recessive disorder are reminiscent of

urler syndrome, although in distinction, I-cell
lisease is apparent at birth.

= Features seen in the affected newborn include
hypotonia, coarse facial appearance, striking
gingival hyperplasia, congenital dislocation of
the hips, restricted joint mobility, and tight,
thickened skin.




other lysosomal disorders,
inical and biochemical

‘clinical and radiologic features of this
omal recessive disorder are reminiscent of
ler syndrome, although in distinction, I-cell
e is apparent at birth.



ysosomal disorders
Mucolipidosi
changes of dysostosis multiplex
n 6 and 10 months of age,

ough periosteal cloaking can occur even
natally.

bsequently, growth failure, microcephaly,
progressive mental deterioration become
apparent. Hepatomegaly and corneal clouding
are inconstant. Most patients die during

childhood.




al disorders

Mucolipidosis

drops fetalis can be seen in
ncies. Bone marrow
hown some promise.



1.

vsosomal disorders

‘ML III, a number of lysosomal
enzymes are elevated markedly in plasma and
ficient in fibroblasts. Enzyme levels in liver
d brain are normal.

[L III is a milder form of ML II. In this
ondition, the defect in the phosphorylation of
mannose is also defective, although to a lesser
degree than in ML II, and the activity of N-
acetylglucosaminyl-1-phosphotransferase  is
considerably reduced.




T

sosomal disorders

Mucolipidc

f ML III do not become apparent
ige 2 years, and learning disabilities
mental retardation are mild. Restricted
obility of joints and growth retardation occur.
diographic examination shows a pattern of
sostosis multiplex with severe pelvic and
rertebral abnormalities. Fine corneal opacities
y, and valvular heart disease are occasionally

present.



mes in plasma. Prolonged
complicated by osteopenia,
may respond to bisphosphonates.

V is a relatively common disease in Ashkenazi
Jews with the estimated heterozygote frequency

~ being 1/100.




Lysosomal disorders

Sialidosis :
of sialidosis are recognized. In type I sialidosis
s syndrome), the milder form of the disease,

er age 10 years.

these include diminished visual acuity (notably night blindness),

cherry-red spot, ataxia with gait abnormalities, nystagmus, and

Patients do not have dysmorphic features or deterioration of intelligence

and have a normal life span.



osomal disorders

Sialidosis :

ongenital form of primary neuraminidase deficiency
res, is characterized by hepatosplenomegaly,
sis multiplex, hydrops fetalis, ascites, and a

rdial effusion. The cond is rapidly fatal.

examination of the brain discloses membrane-bound vacuoles

al neurons and Purkinje cells and zebra bodies in spinal cord

@ Vacuoles are also seen in the glomerulus and tubular epithelial cells of the

kidney and in hepatocytes, endothelial cells, and Kupffer cells of the liver



osomal disorders

Sphingolipidose:

ders includes a number of hereditary

ically, these conditions assume a progressive course
~ that varies only in the rate of intellectual and visual

deterioration.



is caused by a hereditary deficiency of the
zyme glucocerebrosidase (also known as
1d P-glucosidase).

enzyme acts on a fatty substance

glucocerebroside (also known as
glucosylceramide).
When the enzyme is defective,

glucocerebroside accumulates, particularly in
white blood cells (mononuclear leukocytes).



http://en.wikipedia.org/wiki/Lysosomal_storage_disease
http://en.wikipedia.org/wiki/Lysosomal_storage_disease
http://en.wikipedia.org/wiki/Lysosomal_storage_disease
http://en.wikipedia.org/wiki/Glucocerebrosidase
http://en.wikipedia.org/wiki/Glucocerebroside
http://en.wikipedia.org/wiki/Mononuclear_leukocytes

vsosomal disorders

Gaucher's di

atomegaly and splenomegaly; the
can be 1500-3000 ml, as
nal size of 50-200 ml.

hosed to the no

persplenism: the rapid and premature
lestruction of blood cells, leading to anemia,
neutropenia and thrombocytopenia (with an
increased risk of infection and bleeding).

m Cirrhosis of the liver is rare.



http://en.wikipedia.org/wiki/Hepatomegaly
http://en.wikipedia.org/wiki/Splenomegaly
http://en.wikipedia.org/wiki/Hypersplenism
http://en.wikipedia.org/wiki/Anemia
http://en.wikipedia.org/wiki/Neutropenia
http://en.wikipedia.org/wiki/Thrombocytopenia
http://en.wikipedia.org/wiki/Infection
http://en.wikipedia.org/wiki/Bleeding
http://en.wikipedia.org/wiki/Cirrhosis

Gaucher Disease - a phenotypic continuum

Fotiavts Wil GauCher disease cavm Nave 2 spectrum of syymploms, ranging
frem M 1O Sevevd Newrelogezal affecrs. THha SlassiC cateporias OF types
1, 2 and 3 hove Blwrry €G'ges 200 this cominuum



e

sosomal disorders

75%  develop visible bony
~l: abnormalities @due to the accumulated
" glucosylceramide. A deformity of the distal femur
in the shape of an Erlenmeyer flask is commonly
described (aseptic necrosis of the femur joint).

= Yellowish-brown skin pigmentation


http://en.wikipedia.org/wiki/Neurology
http://en.wikipedia.org/wiki/Myoclonus
http://en.wikipedia.org/wiki/Osteoporosis
http://en.wikipedia.org/wiki/Femur
http://en.wikipedia.org/wiki/Erlenmeyer_flask
http://en.wikipedia.org/wiki/Pigmentation

> is sometimes necessary to confirm the
osis. Prenatal diagnosis is available, and
seful when there is a known genetic risk


http://en.wikipedia.org/wiki/Genetic_test
http://en.wikipedia.org/wiki/Genetic_test

e

sosomal disorders

diagnosis can also be implied by biochemical
onormalities such as high alkaline phosphatase,
giotensin-converting enzyme ACE) and
nunoglobulin levels, or by cell analysis showing
kled paper" cytoplasm and glycolipid-laden
crophages.

\ @ Some lysosomal enzymes are elevated, including
" tartrate-resistant acid phosphatase, hexosaminidase,
and a human chitinase, chitotriosidase. This latter
enzyme has proved to be very useful for monitorin
Gaucher's disease activity in response to treatment, an
may reflect the severity of the disease



http://en.wikipedia.org/wiki/Alkaline_phosphatase
http://en.wikipedia.org/wiki/Alkaline_phosphatase
http://en.wikipedia.org/wiki/Angiotensin-converting_enzyme
http://en.wikipedia.org/wiki/Angiotensin-converting_enzyme
http://en.wikipedia.org/wiki/Angiotensin-converting_enzyme
http://en.wikipedia.org/wiki/Immunoglobulin
http://en.wikipedia.org/wiki/Acid_phosphatase
http://en.wikipedia.org/wiki/Acid_phosphatase

T

sosomal disorders

Gaucher’s d

1d most type 3 patients, enzyme
reatment with intravenous
)combinant glucocerebrosidase (imiglucerase)
n dramatically decrease liver and spleen size,
duce skeletal abnormalities, and reverse
er manifestations.

- @ Due to the low incidence, this has become an
orphan drug in many countries

= Velaglucerase alfa was approved by the Food
and Drug Administration (FDA) as an
alternative treatment on February 26, 2010



http://en.wikipedia.org/wiki/Enzyme_replacement_treatment
http://en.wikipedia.org/wiki/Enzyme_replacement_treatment
http://en.wikipedia.org/wiki/Intravenous
http://en.wikipedia.org/wiki/Recombinant_DNA
http://en.wikipedia.org/wiki/Imiglucerase
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Orphan_drug
http://en.wikipedia.org/wiki/Velaglucerase_alfa
http://en.wikipedia.org/wiki/Velaglucerase_alfa
http://en.wikipedia.org/wiki/Velaglucerase_alfa
http://en.wikipedia.org/wiki/Food_and_Drug_Administration
http://en.wikipedia.org/wiki/Food_and_Drug_Administration

As of June 2009k , another oral drug,
romine tartrate, is under development.

marrow transplantation cures the non-
irological manifestations of the disease



http://en.wikipedia.org/wiki/Miglustat
http://en.wikipedia.org/w/index.php?title=Gaucher's_disease&action=edit
http://en.wikipedia.org/wiki/Isofagomine_tartrate
http://en.wikipedia.org/wiki/Isofagomine_tartrate
http://en.wikipedia.org/wiki/Isofagomine_tartrate
http://en.wikipedia.org/wiki/Bone_marrow_transplantation

osomal disorders

Wolman Disea
(Acid Lipase Deficie: ).

lipase deficiency - lack the ability to
olyze cholesterol esters entering the cells
nd to low-density lipoproteins.

linical manifestations resemble those of
NPA and include failure in weight gain, a
malabsorption  syndrome, and  adrenal
insufficiency.

The ¢



S

sosomal disorders

Wolman Di

and plasma cholesterol are reduced
es are evident .

massive hepatosplenomegaly occurs, and
lographic examination reveals the adrenals to
e calcified. Neurologic symptoms are usually
ited to delayed intellectual development.

= Pathologic examination shows xanthomatosis of
the viscera. Sudanophilic material is stored in the
leptomeninges, retinal ganglion cells, and nerve
cells of the myenteric plexus. Sudanophilic
granules.
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=

eroxisomal Disorders

es are ubiquitous organelles
ore than 50 enzymes involved in
catabolic reactions, including
lasmalogen and bile acid biosynthesis,
uconeogenesis, the removal of excess
oxides, purine catabolism, and I2-oxidation
very long chain fatty acids.

m Peroxisomes do not contain DNA, and
peroxisomal matrix and membrane proteins,
therefore, must be imported from the cytosol
where they are synthesized.



T

eroxisomal Disorders

disorders of peroxisomal function
identified. They can be classified

group 1, a disorder of peroxisome
enesis, the number of peroxisomes is
uced and the activities of many peroxisomal
mes are deficient.

= Zellweger cerebrohepatorenal syndrome,
neonatal adrenoleukodystrophy, and infantile
Refsum disease belong to this group.



T

eroxisomal Disorders

eroxisomal structure and function

which a single peroxisomal enzyme is
ctive.

iked adrenoleukodystrophy, in which
peroxisomal fatty acid 12-oxidation is defective,
and adult Refsum disease, in which phytanic
acid oxidation is deficient, belong to this group.

Y



daroxisomal Disorders

of the disorders of
jogenesis into  Zellweger
~ adrenoleukodystrophy,
infantile Refsum disease is not based on a

rity of the disease, with Zellweger
syndrome the most severe and infantile
Refsum disease the least severe.



daroxisomal Disorders

les are autosomal recessive
e Zellweger form having a
3 uency of 1 in 100,000 births. Several genetic
2cts cause the disorders of peroxisomal
oenesis.

ations in either one of two
adenosinetriphosphatases (ATPases), peroxin 1

(PEX1) and peroxin 6 (PEX6), are common
causes of these disorders




)des a 147-kd member of the AAA protein

amily (ATPases associated with diverse
cellular activities), and at least 30 mutations of
this gene have been recorded



.

Paroxisomal Disorders

Zellweger Synd

| 7ed to interact with PEX6, a different
nember of the AAA protein family, and the two
oteins are active in the import of protein into the
xisomal matrix. At least seven other genetic
tations have been delineated .

phenotypic severity of Zellweger syndrome
~l: appears to correlate well with the gene defect, in
' that mutations with the most significant loss of
protein function result in the most severe clinical
symptomes.






daroxisomal Disorders

Neonatal Ads
Refsum Disea

hese two entities represent less severe
xpressions of disordered peroxisomal biogenesis.
onatal adrenoleukodystrophy is an autosomal
essive disease.

| o
atrast to the X-linked adrenoleukodystrophy of
: onset, with symptoms becoming apparent
during the first 3 months of life.

m It is marked by dysmorphic features, hearin
deficit, hypotonia, hepatomegaly, seizures, an
retinal degeneration.



=

eroxisomal Disorders

eatures of infantile Refsum disease
. They include a sensorineural
earing loss, retinitis pigmentosa, and mental
tardation. = Facial = dysmorphism  and
otonia are less marked, and neonatal
1zures are less common than in Zellweger
drome .

@ As in Zellweger syndrome, serum phytanic
acid, pipecolic acid, and very long chain fatty
acids are present in increased amounts in
plasma, and urinary pipecolic acid is elevated




roxisomal Disorders

1s of these conditions is best made
a very long chain fatty acids

e

phologic examination of established
blast cultures or tissue obtained by liver
biopsy is also of diagnostic assistance



daroxisomal disorders

iIsease, heredopathia  atactica
olyneuritiformis, phytanic acid oxidase
ficiency and phytanic acid storage disease,lis
autosomal recessive neurological disease
1at results from the over-accumulation of
ytanic acid in cells and tissues.

m It is one of several disorders named after

Norwegian neurologist Sigvald Bernhard
Refsum (1907-1991).
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Jaroxisomal disorders

Refsum’s dis
sources of phytanic acid

In ruminant animals, the gut fermentation of
consumed plant materials liberates phytol, a
mstituent of chlorophyll, which is then converted
0 phytanic acid and stored in fats.

Although humans cannot derive significant
amounts of phytanic acid from the consumption of
chlorophyll present in plant materials, it has been
proposed that the great apes (bonobos,
chimpanzees, gorillas, and orangutans) can derive
significant amounts of phytanic acid from the
hindgut fermentation of plant materials.
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tanic acid-restricted diet and
oid the consumption of fats from ruminant
imals and certain fish.

ent research has shown that CYP4 isoform
mes could help reduce the over-
accumulation of phytanic acid in vivo.

\

= Plasmapheresis is another medical intervention
used to treat patients.
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Jisorders Of Metal Metabolism



Disorders of metal metabolism

Aceruloplasmit

nutation in the gene that codes for
asmin, which acts as a ferroxidase, mediating
idation of ferrot erric iron.

clinical picture of aceruloplasminemia is one of
ntia, iabetes, ataxia, and extrapyramidal

nd neuropathologic examinations demonstrate iron
deposition in the basal ganglia. The condition has its
onset in middle age, and to our knowledge has not been
reported in the pediatric population.



Disorders of metal metabolism

Menkes Dise

. y Menkes and
ciates (908). It is transmitted as an X-linked

D is a rare disorder; its frequency has been
estimated at 1 in 114,000 to 1 in 250,000 live
births



lers of metal metabolism

Menkes Disease :

elevated in several other tissues, notably intestinal

mucosa, muscle, spleen, and kidney.



Disorders of metal metabolism

Menkes Disease :

lent, copper-transporting P-type membrane

pressed in most tissues, including brain, but not in liver. At basal
5, the protein (MNK) is located in the trans-Golgi network, the
for proteins exiting from the Golgi apparatus, where it is

opper uptake into its lumen

increased intra- and extracellular copper concentrations the MNK protein
shifts toward the plasma membrane, presumably to enhance removal of

excess copper from the cell



lers of metal metabolism

Menkes Disease :

e defect in the transport protein, copper

nking caused by dysfunction of the key enzyme for this process,

copper-dependent lysyl hydroxylase.



s of metal metabolism

Menkes Dise

of the illness symptoms
neonatal period. Most
only, one observes hypothermia, poor
g, and impaired weight gain. Seizures
become apparent.




Disorders of metal metabolism

Menkes :

and delayed
teeth. The optic discs are pale,
vigment epithelium are seen.

mination under the microscope reveals a
variety of abnormalities, most often pili torti
(twisted hair), monilethrix (varying diameter of
hair shafts), and \




s of metal metabolism

Menkes Dise

the cortical area
lar infarctions .

5, the consequence of

also can be shown by MRI



ers of metal metabolism

Menkes Dise

are seen in the systemic

most invariable, and when these occur in
nction with a skull fracture, the diagnosis
nonaccidental trauma is frequently
considered .
- @ EEGs show

. . Visual-evoked potentials are of
low amplitude or completely absent.



Disorders of metal metabolism

Menkes Dis

ne clini story and the appearance of the
infant should suggest the diagnosis. Serum
eruloplasmin and copper levels are normally low

the neonatal period and do not reach adult
els until 1 month of age.

O orefore, these determinations must be
performed serially to demonstrate a failure of the
expected increase. The diagnosis can best be
confirmed by demonstrating the intracellular
accumulation of copper and decreased efflux of
Cu from cultured fibroblasts .



s of metal metabolism

Menkes Dise

pper content of chorionic villi
st-trimester diagnosis of

' analyses require considerable expertise,
ly few centers can perform them

reliably.



ers of metal metabolism

Menkes Dise

entation, using daily injections

- copper and ceruloplasmin levels to normal.



ers of metal metabolism

Menkes Dise

T of treatment in arresting or
‘ersing neurologic symptoms probably
ds on

her some activity of the copper-

sporting enzyme MNK has been preserved

hether copper supplementation has been
initiated promptly .









PDisorders of metal metabolism

= Three enzymes require molybdenum for
their function: sulfite oxidase, xanthine
dehydrogenase, and aldehyde oxidase.
Three genetically distinct disorders result in
a defect of the molybdenum cofactor. Each
of these represents a defect in one of the
four genes involved in the biosynthesis of
the molybdenum cofactor.

= Most commonly, one encounters a defect in
MOCS], the gene that codes for the enzyme
involved in the formation



pisorders of metal metabolism

M

nctlon sulfite oxidase, xanthine dehydrogenase,
d aldehyde oxidase. Three genetically distinct
orders result in a defect of the molybdenum
actor.

‘ = 1 of these represents a defect in one of the four
: genes involved in the biosynthesis of the
molybdenum cofactor.

= Most commonly, one encounters a defect in
MOCS1, the gene that codes for the enzyme
involved in the formation



Disorders of metal metabolism

disorders are autosomal recessive
intractable seizures, often starting
he neonatal period, severe developmental delay,
multiple cerebral infarcts producing a
dimaging picture that resembles severe perinatal
yxia.

jo Neurofnaging studies show initial cerebral edema
- followed |9)% dramatic multicystic
leukoencephalopathy.



pisorders of metal metabolism

ofactor deficiency can be suspected
elevated serum lactate levels, low serum and
ary uric acid, and increased urinary sulfite.

atment with dietary restriction of methionine
 been attempted

etary therapy of this condition with reduced
methionine intake and a synthetic amino acid
mixture lacking cystine and methionine has
resulted in normal growth and apparently normal
psychomotor development
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Porphyrias

s inherited disorders of the heme
thway that result in the
umulation - porphyrin or porphyrin
cursors, only congenital erythropoietic

hyria is observed with any frequency
ing childhood.

sults in cutaneous photosensitivity and
hemolytic anemia but it is not accompanied by
neurologic symptoms.

[=]



- Porphyrias

littent porphyria is transmitted as

ominant trait with variable, but
ly low, 1 rance. Symptoms usually
in at puberty or shortly thereafter, and are
- pronounced in young adults.

o that symptoms are vague and of short



Porphyrias

consist of recurrent attacks of
1ction, intermittent colicky abdominal

, convu nd a polyneuritis, which usually
edominantly affects the motor nerves.

upper limbs are generally more involved, and the
alysis progresses until it reaches its maximum
in several weeks. Seizures are relatively rare.
tal disturbances, notably anxiety, insomnia, and
confusion, are common, but no skin lesions develop .

@ Attacks can be precipitated by a variety of drugs,
notably anticonvulsants.



Porphyrias

activity of  porphobilinogen
50% of normal has been
emonstrated several tissues, notably in
throcytes, where the enzyme can be assayed
st readily.

he gene for the enzyme is located on the long
arm of chromosome 11 , and more than 100
allelic variants have been documented (976).
This heterogeneity is in part responsible for the
variable expression of the disease.




orphyrias

is of the neurologic symptoms

erstood,factors, = notably

(ALA), which has

levulinic aci
al resemblance to GABA, act on the

s system concomitantly or sequentially.



- Porphyrias

is arrived at by demonstrating
ry porphobilinogen and urinary
ack. Between attacks, the
bolites decreases but is

v normal.

ally silent carriers do not excrete
sed amounts of these metabolites.



tabolic Causes for
essive Myoclonic Epilepsy

epilepsy  with ragged-red fibers

disease.
1scinosis (Batten-Spielmeyer-

ronal ceroid lip
disease; CLN 3).

) disease.

onset GM, gangliosidosis.
ngliosidosis, juvenile type.
Niemann-Pick disease.

8. Galactosialidosis.

9. Arylsulfatase A deficiency.



yman

eslam.ayman@gmail

<C
e
o
)
QJ
O




