4

VFN PRAHA

VSEOBECNA FAKULTNI
NEMOCNICE

Paediatric metabolic medicine

Tomas Honzik



Porphyrin and I
chlorophyll metablism =

-1
ol ‘Tyrosine metaby
Ascorbate and Phe, Tyr & Trp
CARBOHYDRATE e | ke oy
METABOLISM )
$ Phenylalanine
y N\ £ ‘metabolism
lysis / 5 Cyteine metabolisni Gly,Ser & Thr
Gluconeogenesis ) ‘metabolism
Val, Loy & lle
5 2 Pentose and biosyntesis
metabolis glucuronate Val Log e
f interconversions degradation oo
metal m
C RN EZ I
Lysine bjosynthesis
Frutose and J I
mnmost_z Po sl Lysine degradati
metabolism J j T
metabolism
/] ——
C “Pentose
[ phosphate cycle
Inositol metabolism :} futamate metabolism Arg& Pro
metabolism
Irynuvaue BOLISM
: 7 \ / ﬁmetabolism TORS AND VITAMIN
Butanoate :j (N Nicotinate and
metabolisri I I e ‘metabolis
metabolism 34

.,q
1 vt -1
) C5-Branched biosynthesis = % & '
{ dibasiclac [oadgt sl
P .1 T3 1 | 1 FlRibofavin metabolism
[ . 101 T l g
ﬁ J / > + || Foate .
jsynthess|

3 == b
Cigratecye : ~ —
Gly 4 o) e | ‘ t LAV
dicar - ey 1 1) (fe
m f ‘ || ¢ (‘)iu:urhonp;ol
z \ ! — by folate
I 2

Disorders of amino acids metabolism
Disorders of lipid metabolism
Disorders of carbohydrate metabolism
Lysosomal disorders

neonatal screening

breast feeding (contraindication)
jaundice dif. dg.,

dis. of consciousness dif. dg.,
epilepsy in children dif. dg.
liver dis., hepatopathy dif. dg.
hypoglycemia

blood-gas and acid-base
developm. delay dif. dg.
hepatosplenomegaly dif. dg.
myopathy, hypotonia, dif. dg.
growth dis. dif. dg.

genetics in paed.



Case report

www.phedup.co.uk

» progressive neurol. impairment
» moderate ID (1Q 35-49)

» microcephaly

» spasticity, hyperreflexia

» parkinsonism

» gait disturbance



Case report

» mousey odour
» eczema
» sparse and fair hair

» L iris pigmentation
(photophobia)

» stunted growth

www.slideshare.net
www.faculty.ksu.edu.sa,
www.pkuacademy.org
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Case report

» oligophrenia

» under legal guirdianship

» qudruspasticity

» only attempts to vocalize words
» extrapyramidal symptoms

» gait disturbance

» cortical atrophy, leukoencephalopathy

Phenylalanine 1936 umol/I

(ref. range 30-120 umol/l),
Phenylalanine/tyrosin (Phe/Tyr) 32,8
(ref. range < 2,0)
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Case report

» FGR, microcephaly

» HC 44.2cm /-4.15SD/, at birth 30cm
» height 101 cm (0,9.p)

» hypoplasia of corpus callosum

» moderate ID
Phenylalanine 32 pmol/!

(ref. range 30-120 umol/l)

r.2015

RA: mother *1975, phenylketonuria (PKU), oligophrenia

Sibs: brother *1995, phenylalanin fetopatie, oligofrenie,

Sister *2002, oligofrenie, maternal PKU syndrome, attends a spec.-
need school, can count up to 6, unable to produse complex
sentences, develop. Corresponds to app 6 years of age. Epilepsy is
well controlled with Orfiril long.



Phenylketonuria (PKU), hyperphenylalaninemie (HPA)

NS - 1963, 1975 Czechia

Imbecilitas

http://pkuworld.org/home/docs/history/guthrie200.jpg

e dry blood spot

* Beta-2-fenylalanin in growth
inhibition B. subtillis

« T Phe enables bacterial growth

fenylpyruvica

Protein hydrolyzat

_ Claresal Prof. Robert Guthrie 1916-1995

Pediatrics 1963




Phenylalanine hydroxylase deficiency - PKU

phenylalanine _“ | decreaf:,e of
tyrosine

O o
OH OH

NH» NH,

HO
- Reduced skin, hair and
iris pigmenation
Phenyllactic acid - Photosensitivity
- Parkinsonisms
- Behviour problems
Phenylacetic acid - eczema - Disturbed myelination

Phenylpyruvic acid - mousey { L-DOPA

odour



PKU - derangement

1 blood Phenylalanine

acetyl-CoA

== mmmes) HMG-CoA ) mevalonic mm) mm) ¥ cholesterol
acetoacetyl-CoA acid

/

! Myelin lipid synthesis in forebrain

WwWw.msra.org.au

| Impaired synaptogenesis, arborisation and disturbed
myelination correlate with Phenylalanine levels



Malignant PKU - etiopatogenesis
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PKU — therapy

Phe content in selected foods

]
European guidelines on diagnosis and treatment of phenylketonuria: By Food P F C Energy Phenylalanine | Methionine
. C o x
First revision 100 ¢ . o o keal me me
A.M.J. van Wegberg “, A. MacDonald b, K. Ahring , A. Bélanger—Quimana‘l, S. Beblo“, N. Blau f,
AM. Bosch?, A. Burlina®, J. Campistol’, T. Coskun’, F. Feillet*, M. Gizewska, Eidam cheese (45% fat) 26 26 1,0 343 1370 ol4
S.C. Huijbregts™, V. Leuzzi *, F. Maillot °, A.C. Muntau*, J.C. Rocha “**>, C. Romani ", F. Trefz ",
F.J. van Spronsen lentil 243 1,2 60,3 319 1261 187
beef 223 1,3 101 912 613
vek doporucena hladina frekvence chicken 205 | 6 136 852 573
(roky) Phe (umol/l) monitorovani pork 228 | 38 125 819 387
. . egg 12,5 11 0,9 151 728 403
hladin (min) :
croissant 11,4 14 73,1 351 518 163
0-1 120-360 1x tydné rice 69 | 07 | 795 349 350 137
1-12 120-360 2X mésiéné wafers/biscuit 5.4 150 | 755 449 220 40
>12 120_600 1X méSiéné cow milk 33 3,5 4.8 63 145 73
. q. ’ v otatoes 2.8 0.2 20 98 86 25
gravidita 120-360 1x tydné . -
human milk 1,2 3,1 7 67 47 22
. . . grapefruit 0,6 0,2 10 40 16 6
DIET FOR LIFE — restricted natural protein intake |_ . os | os | 15 | 5 > p
Phe-free amino acid mixtures orange 07 | 02 | 0 | & 12 :

Tolerance of Phe about one quarter
Phe 10-20mg/kg/day
Adults 600-900mg/day

Human milk has low Phe content (50mg/100ml)




PKU — therapy

CENIK PRIPRAVKU
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POTRAVINY PRO ZVLASTNI LEKARSKE UCELY H R 2 ABO
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CENA
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Foods for special medice -

Phe-free, various protein
With minimal Phe conten

VEKOVA MAPA PKU/HPA

[ B

AMINOKYSELINOVE SMESI

AntiFen «

PRODUKTY NA BAZI GMP*
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4410KE

PKU EASY
MICROTABS PLUS
6x100g

4590 K&

PKU EASY
TABLETY
6 x 77 tablet

5950 K&
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10715 Ke
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Low-protein foods in PKU therapy

NUTRICIA | Home oeivery [IIRy Dortime fiase produkly

az k vdm domd

LIFE-TRANSFORMING NUTRITION

Price aspects

i comparison of selected prices to illustrate the cost of dietary therapy for PKU
1 kg NB mouky Damin (PZLU) 250 K¢ x 1 kg hladké mouky 20 K¢ (v akei ale bézné 12,90 K¢)
1 500 g téstoviny Mevalia (PZLU) 149 K¢ x 500 g bézné téstoviny 29,90 K¢
500 g chléb Mevalia Pan Carré (PZLU) 292 K¢ x 500 g chléb konzumni 25 K¢&

500 g Loprofin NB ryze 195 K¢ x 500 g bezna ryze 39,90 K¢

Phe 20mg/100g
flour Phe 630mg/100g



Outcome - PKU

If poor compliance
iDQ/IQ

tremor, brisk reflexes

* hyperactivity, temper tantrums,
« T anxieta
» depressive sympt, low self-esteem
* |leukoencephalopathy
,a_t’Ee"r' a?rj
Special PKU therapy,

def. syntesis of BH4 - malignant PKU

U.S. FDA APPROVES EMA marketing
™
ﬂm” (SE.P!'".E)NCE authorisation issued
et seplapterin S i e
= FOR HYPERPHENY- 19/06/2025 ‘ e e \A_\ "\"'?.Ej_"'""j:—‘-..—-&$
INADULTAND. -VOTONINE PP O
L LEV W e g
+ biosimilars BT e .- - e
“““““ Sephience™ o o
o . RESPONSIVE PKU (sepiapterin) Oxitriptan SRR . 100 b
sapropterin 100mg N , sanoo®

Tablets PTC \ X 100 <« ERNEERDUD




Case report

» rachitic rosary
» Harrison groove
» rickets on X-ray

Ca 1,88 mmol/l (2,0-2,75)
P 0,42 mmol/l (1,16-1,9)
ALP 22 ukat/l (do 6,2)

age 6 months

» distended abdomen from 3 months
» hepatomegaly
» ascites

ALT 1,39 mmol/I (hor mez 0,66)
AST 4,63 mmol/I (do 0,6)

INR 3,6 (0,8-1,2)

AT 11l 40% (90-130)

PC <10% (70-130)




Case report

Lécba (dny) pred 2 5 14 26. 7
sucha kapka krve

sukcinylaceton (< 0,1 pmol/I) 3 3,08 2,27 0,73 0,35
tyrosin (40-100 pmol/) 247 214 169 108 62
metionin (5—-50 pmol/1) 100 113 330 263 28
nitisinon (NTBC) (20-50 pmol/1) 40,9 549 442
sérum

AFP *(0-8,1 pg/) 275 06,1 | 123385 783,8
mo¢

sukcinylaceton (< 2 mmol/mol Kr) 7,5 6,87 0,52

§-aminolevulova kyselina (< 3 mmel/mol Kr) 21

*AFP — o-fetoprotein, ** 70. den po wransplantaci (dietai NTBC byly po ransplantaci vysazeny)

B4

PR T &
T




Tyrosinemie 1. typu

TYROSINE

2.2

4-OH-phenyllactate %

4-OH-phenylpyruvate

— 4-OH-phenylacetate

Succinylacetoacetate <

CO,

Succinylacetone

5-ALA % Porphobilinogen

23,24
NTBC

Homogentisate
- .
v

Maleylacetoacetate

v
Fumarylacetoacetate

2.1

Fumarate + Acetoacetate

Blau, Duran, Gibson, Dionisi-Vici (2014)



Case report

» severe myopia

» marfanoid habitus
177cm (90.P), 59kg, BMI18,8
mother 163cm, father 170cm

» kyphoscoliosis, pectus excavatus
Hormonal contraception

» headache, seizures
Central venous sinus thrombosis

age 15 years



Case report

» perinatal history unremarkable
» always taller than peers
» gradually worsening school performance

» gradual decline in visual acuity

age 10 years



Case report

40+2

3530g, 50cm .

AS 9-10-10 Breastfeeding Breastfeeding Breastfeeding Breastfeeding

Mother omnivor Refusal of compl.food Refusal of compl.food Refusal of compl.food Refusal of compl.food

Om 6m 9m 12m 15m
p
Flattening of the weight curve Arrested development Developmental regression Neurology —
Slowing of head growth Decline in social GP dg. M-CHAT-R g.y

. . . hypotonia,
Interaction Autismus

delayed PM dey,
mikrocephaly

( Hb 113 g/ (105-135) \
MCV 105,3 fl (70-86) ( \
MCH 35 pg (23-31) Hb 103 g/I (105-135)
Fe <2 umol/I (5,2-16,3) MCV 108,6 fl (70-86)
\Ferritin <10 ug/I (ZO-ZOOU ALT 3.36 ukat/I (<0,6)
AST 3.16 ukat/l (<0,63)
\_ K522 ukat/l (<2,27) )




Case report

Exclusive breastfeeding until 16 months Atrophic gastritis in mother i
Introduction of complementary foods
16m 17m R 2 J
y <= - £
(" Moderate devel. Brain MRI — delayed e
delay, post- myelination (corr. to 12 -_.
regression status, months < %
\_2apathy, hypotonia Cortical atrophy

Hb 99 g/l (105-135)

MCV 102 fI (70-86) S-homocystein 136.8 umol/I (3,5-10)

Total.vit. B12 <109,2 U-kys.methylmalonova 1224 mg/g kr (<15)
pmol/l (138-652)

Nutritional vit B12 deficiency



Sulfur amino acids

£F

Lenticular myopia, | : AZA

lens dislocation

Vit.8_(Cbl)

folat
& Methyl skupina
Methyl-THF

e 1f
_— | S-adenosylmethionin (SAM) | + . M

ethylované produkty
(> 300 SAM depen-

———— Glycin  dentnich methyltrans-

—| Dimethylglycin L faraz)
— —» 5arkosin napt. kreatin, bazicky

M3® METHIONINSYNTAZA Y cinovy protein,
c_ X | S-adenosylhomocystein (SAH) | r:eyir:)ntor::s?\;ﬁ;

fosfolipidy atd.

Deﬁclt
AN, O k|

)

kd homocystinurie [def. CBS)

‘u"rt._By

BASKENT UNIVERSITESI BASKENT UNNVERSITESI

15/08/2008
13:43:46
21IMA 54720

MedLink Neurology + www.medlink.com

Symphony 440341 HFS

MR A30 *03/11/2004, F, 3 +LPH
HFS 28
+LPH e

_______________
> 100 pmol/l — TEN

ha sekreca k. f.

ntracelularni signalizace

1smise (S-sulfohomocystein,

ucha metylaénich reakei

ein

c 13 i‘ MF 1.05

s gg\ '\§ L
chadi TN ’ 14, I T TR
Methyltolatova past: metabolismus jedn v ‘.‘42‘2“‘ 1é reverzibilnf az do trovné me-
© drcomﬂ;lmc com 10172337467 © Michaouszycki
thylentetrahydrofoldtu. Reakce z methyle = aug g v ppaue gerretieny podminéného deficitu methio-
ninsyntdzy (nebo nedostatku jejiho kofaktoru methylkobalamlnu (Methyl Cbl) nutri¢ntho ¢i genetického plvodu) se methylTHF
hromadi, snizuje se mnoZstvi volného THF, ktery je nezbytny pro akceptaci jednouhlikatych zbytki a syntézu purind a pyrimidina.
Fenomén methylfoldtové pasti se povaZuje za hlavni mechanismus vzniku megaloblastové anemie.

TEN - trombeembolickd nemoc; ROS — kyslikové radikély (reactive oxygen species)



Cobalamin is a cofactor for two enzymes
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Nutritional vitamin B12 deficiencies in infants and toddlers

e 40 Cbl def. infants (2002-2006),
17 severe def.

Official Journal of the European Paediatric Meurology Society
Original article

Clinical presentation and metabolic consequences in 40
o (]
Sy m pto m S . breastfed infants with nutritional vitamin B, deficiency -

What have we learned?

fa i I U re tO t h rive (48% ) ) refu Si n g Tomas I-;anzik“", Miriam Adamovicova ®, Vratislav Smolka®, Martin Magner°,

. .. Eva Hruba , Jiri Zeman °
breastfeeding (20%), vomiting e e e
( 2 O % ) , hy p oton | a (40 % ) , o Rl Deorier sty of o, Gerls Cnierelly i Pregue nd GonerlCbersty eplnln e
microcephaly (23%), delay ——— e S——
P M D ev ( 3 8% ) ) re g ress | on Of Reciued i e Liiﬁ?f‘ii“‘.".‘?fi’.‘.‘j . e e
PMDev (28%), anemia 63%  EVery breastfed child with :

(megaloblastic 28%) failure to thrive, delayed
| | PMDev or hypotonia should
* Since then >30 infants have a B12 metabolism test as -

1090-3798/$ - see front matter © 2008 European Paediatric Neuralogy Socisty. Published by Elsevier Ltd. Al rights reserved.
doi:10.1018/].ejpn. 2009.12 003




Incidence of Cbl deficiency: a pilot study in the Czech republic

Congenital Hypothyroidism T
PKU/HPA +

B12 Deficiency T

Cystic Fibrosis T

SMA T

Biotinidase Deficiency T
CAH T

MCADD T

SCID T

MSUD T

LCHADD T

GAI T

IVA T

VLCADD T

Citrulinemia T
Homocystinuria— MTHFRD T
Homocystinuria- CBS T

® 1:2,870
® 1:4,856
® 15136
® 1:6,218
® 1:6,800
® 1:9,905
® 1:12,335
® 1:23,532
[

1:59,100
® 1:88,976
® 1:101,973
® 1:152,960
® 1:191,200
® 1:254,933
® 1:411,052
® 1:411,052
® 1:822,104

1:1,000

1:10,000

1:100,000 1:1,000,000



Homocystinuria: therapy

| orIGINAL ARTICLE

Cystathionine g-Synthase Deficiency in the E-HOD
Registry—Part II: Dietary and Pharmacological Treatment

Andrew A. M. Morris' | Jitka Sokolova? © | Markéta Pavlikova® ©@ | Florian Gleich* @ | Stefan Kolker* ® |
Carlo Dionisi-Vici® | Matthias R. Baumgartner® | Luciana Hannibal” | Henk J. Blom® | Martina Huemer®? |

Journal of Inherited Metabolic Disease, 2025; 48:e12844
https://doi.org/10.1002/jimd.12844

J Inherit Metab Dis (2017) 40:49-74
DOI 10.1007/510545-016-9979-0

GUIDELINES

Guidelines for the diagnosis and management
of cystathionine beta-synthase deficiency

Andrew A. M. Morris? « Viktor KoZich* - Saikat Santra* . Generoso Andria® -
Tawfeg L. M. Ben-Omran® - Anupam B. Chakrapani’ - Ellen Crushell® -

Mick J. Henderson™ + Michel Hochuli'” - Martina Huemer ''*"* -

Miriam C. H. Janssen'* - Francois Maillot'® - Philip D. Mayne'® - Jenny McNulty® -
Tara M. Morrison'” - Helene Ogier'® - Siobhan OSullivan ' - Markéta Pavlikova? -
Isabel Tavares de Almeida®’ - Allyson Terry'*' - Sufin Yap*? - Henk J. Blom™ -
Kimberly A. Chapman®*

Methionin <50 umol/I
Tolerance of Met per day 30mg/kg/den
In adults 500mg/den

100mg methioninu per 4,0 g of protein

Methionin content in selected foods

Food P F C Energy Phenylalanine | Methionine
100 g g g g keal mg mg
Eidam cheese (45% fat) 26 26 1,0 343 1370 614
lentil 24,3 1,2 60,3 319 1261 187
beef 22,3 1.3 - 101 912 613
chicken 20,5 6 - 136 852 573
pork 22,8 3,8 - 125 819 587
egg 12,5 11 0,9 151 728 403
croissant 11,4 1.4 73,1 351 518 163
rice 6,9 0,7 79,5 349 350 137
wafers/biscuit 5.4 15,0 75,5 449 220 40
cow milk 3.3 35 48 63 145 73
potatoes 2.8 0.2 20 98 86 25
human milk 1,2 3,1 7 67 47 22
grapefruit 0,6 0,2 10 40 16 6
apple 0,3 0,4 15 57 15 4
orange 0,7 0,2 20 84 12 3




Homocystinuria: therapy

Pyridoxine 10mg/kg/day (max 500mg/day)

low-protein/methionin diet
Cystein supplementation
Betain 100mg/kg/day

—

} @mCIA. )
wAnamix infant =

Pyridoxin Lécivg

Pyridoxini hydrochlorium

tablety

20 tabler

Pyridoxini hydrochi
v1tabletg, Rl

e oz
\
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n | S-adenosylmethionin (SAM) | + i Mf:';‘;g?;: m‘::w
dentnich methyltrans-

——————— Glycin
Dimethylglycin . feraz)
——— Sarkosin napt. kreatin, bazicky

LEME METHIONINSYNTAZA Y - myelinovy protein,
chl | S-adenosylhomocystein (SAH) ‘ neuratransmitary,
fosfolipidy atd.

Deficit

Vit. E” (Cbl) a folatu -
Homocystein 3 | Klasicka homocystinurie (def. CBS)

XI Remetyla¢ni formy homocystinurie |

_Cystathicnin

' i Sirovodik (H$) |
Glutathionin (GSH) | | sulfat | Taurin

Y INOREOd iehovia 8 10 mi rertony

— Calciumfolinat
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chtadane' ] Antidetum, detosinan
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Case report

38+0 Refusal of meat and dairy desserts: curd, cream
(IUGR) Normal PM devel. Still normal PM devel.
Om 6m 12m toddler and preschool age
TemYﬁ;‘"EmMaagclafzml a ‘: gran ; : ; ; . Hmmo%, ‘do-lf,.g’ x;o!m(CAV 1991 ‘ x
£200.0 boodosdeod 30.01 5 {558 [ :
seSaadvednes .j“?"
25.04 i R
758
4 1} 508
" EoSETEIgnEEcs 5 oo
i 8 15 R -8 Ko 1 ( = 2 5590 338 Mol
e »e-"f’*‘
[ 2 R 5T TN $ 1 e i x:',t: ‘.%,, o P
10.12008 12.62008 5.1.2010 25.1.2012 2.1.2014 29.12015 %6 EE
10 14 30 sl 70 81 REREnT o
S S PR )0
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Case report

-

.

|

Virosis Refusal of meat Virosis
Fever Nausea Fever
7L 8L
I / Vomiting, \
Severe vomiting, Refusal of eat and drink,
marked restlessness, Agitation, restlessness
headache, gait Gait disturbance
disturbance EEG — diffuse slowing with
J \_ occipital accentuation J
CSF — mild /" MAC(BE-10,pH7,30) )
pleocytosis AG 19 mmol/I
Ketonuria

Glycemia 4.7 mmol/I

ALT 0,8 ukat/I, AST 1,3 ukat/I
\_ Ammonium 13 umol/l  /

8 years

120cm (<3.P)

18kg (<1.P)
Weight/height <3.P
HC 49.5cm (<3.P)

S-leucin 2299 umol/I (<200)
S-isoleucin 835 umol/I (<100)
S-valin 1634 umol/I (<300)
S-alloisoleucin 169 umol/I (nedet.)
U-2-oxoisokaproat T11

Leucinosis



Case report

3,2kg

birth day 6 day 7

Poor feeding, 4 Apathy, )

320ml of breast praktically not ;
milk drinking, Fitr Low
arching,
dystonia
\ / Fitr 50Hz
50 mm/s
a )

MAC (BE+0,6, pH 7,45) . .
AG 10,5 mmol/I Leucinosis
Glycemia 3.8 mmol/I
ALT 0,31 ukat/I, AST 0,57 ukat/I
Ketonuria ++ o ) LNS )
\ J Leucin, izoleucin, hydroxyprolin 1269 umol/I (<270)
vstupné
S-leucin 2762 umol/l (<100)
isoleucin 429 umol/I (<100)
S-valin 814 umol/I (<300)
S-alloisoleucin 233 umol/I (nedet.)
U-2-oxoisokaproat ™1




Leucine Isoleucine Valine

Case report I ; 1

2-0xo-3-methyl

2-Oxoisocaproic acid ; 2-Oxoisovaleric acid J_‘
. -N-valeric acid . . .
(1) e (1) (Hwm  leucinosis
. . . . .v * *
ISOVa Ie ric aci d uria Isovaleryl-CoA 2-Methylbutyryl-CoA Isobutyryl-CoA
@) O, ©)
3-Methyicrotoniyl-CoA Tiglyl-CoA il

) 3-OH-Isobutyryl-CoA

} L 2-Methyl-3-OH iy
3-Methylglutaconyl-CoA _butyryl-CoA ®)

( 4 ) + ;:‘7"/-: + 3-O|-!-.|50but',rrlc acid
- 12)

++

3-OH-3-Methylglutaryl-CoA e Methyimalonic
(5) semialdehyde
Tl ok o
Acetoacetate —» Acetyl-CoA Propionyl-CoA
(4) (s)

Malonyl-CoA Methylmalonyl-CoA

ﬁ. 5 * + (a7

Acetyl-CoA Succinyl-CoA
Schiff et al. in Sadubray 2022
. . . CO2 celkowvy Rk
» metabolic acidosis EE— e
odil 02 21.0
» hyperammonemie 02-art alv tlak grad
» sucking difficulties Typ krve e
. Akt. télesna teplota 36.8
» altered consciousness 502/FI02
» Seizu res Ca2+korig.napH7.4 *
. pH korig na tél tep. 7.135
» Cytopenla pCO2 korig 18l tep. 231




Case report

» 42g.t, BW 3.6kg, breastfed till 6 months §
» began eating solid food at 6 months
» refused to eat meat

» since 7 months eats Cottage cheese dess

weight 7.8kg az nearly 8 months
apathy, hypotonia, seizures,
brain oedema

ALT 4,73, AST 4,1 umol/l (< 0,6)
Ammonia 396 umol/I (< 60)




Citrulinemia- ASS & ASL
incidence 1: 647 000

. m X porucha
2 _—>X Fumarat I enzym
e 4 I:I I transportér

rginin

hyperammonemic coma ["Giatamat | u [ropar] /[ i
vomiting |
headache | Glutamat | H E=1

altered conciousness ; v,

Karbamoyl- || | Citrulin | | Citrulin | Kyselina orotova
/ -fosfat

e e [ TR / K—
" (D - r
Argininemia il | qm e ]
:

develop. delay
) L & S "“""':""'h—]'"’m|--
epilepsy :
pfi NH, = 400 umol/l edém mozku

spastic paraparesis \ v
hyperammonemia [Gtarmin | || ettt Houm

T | . orucha vadomi, neurotoxicita
— 2 > AMONIAK RO o
L - pfi NH; < 250 pmol/l somnolence
CAVA X pfi NH, 250-400 umol sopor

Excitotoxicita
MITOCHONDRIE Inhibice mTOR komplexu —
indukee apoptézy
v
L3 o
IOW' p rote I n d Iet Cast reakce probih4 v mitochondrialni matrix a ¢ast v cytoplazmé. Amoniak se véZe i na glutamat a tvol glutamin. Jednotlivé enzy-

matické & transportnl defekty jsou vyobrazeny ¢ervenym kiizkem. V pferusovaném ¢tverdi je uvedena patofyziologie poruch cyklu

a m m o n ia scave nge rs modcoviny s moznym klinickym dopadem.

ARG - arginaza; ASL - arginosukcinat lyaza; ASS - arginosukcinat syntetaza; CAVA - karboanhydraza VA; CPS - karbamoylfosfatsyntetaza; mTOR - proteinkinéza
Glycero l-feny/b u tyra te, Na_b enzoa te fidici bunécny rlst a déleni; NAGS - N-acetylglutamatsyntetiza; OTC - omitintranskarbamylaza
enzyme replacement therapy
Pegzilargindza (Loargys)

s.ca 1 tyden

Honzik, Zeman (2025) DPM in Pediatrie, Galen



VEk ditéte

Case report

Syr-old Stépan

Results referred from the GP
Chol: 9.0 mmol/l (2.6-4.8),
TAG: 1.0 mmol/I,

HDL-C: 1.43 mmol/I,

LDL-C: 8.02 mmol/l (0.52-1.4)

0-14 dni

6 tydna

3 mésice
4-5 mésicd
6 mésicd

8 mésicl

12 mésicd
18 mésicl
3 roky

5 let

mother: ¥*1991, Chol: 9.2 mmol/
LDL-C: 6.05 mmol/I

7,9, 11 let
13 let
15 let
17 let
19 let

Summary
a pathogenic variant in the LDLR gene was

identified in the heterozygous state. The result
supports the diagnosis of familial
hypercholesterolemia (HeFH form) based on
the genetic finding.

The identified genotype is LDLR
(NM_000527.5):c.[2068del];[=].

10-11 mésicd

Tabulka 1: Preventivni prohlidky v primarni péci

Napln preventivni prohlidky

Zhodnoceni poporodni adaptace, rdst, vyZiva, vyvoj, prevence rachitis (vit. D), plan oc¢kovani
Fyzikalni vySetient, kycle (sono), rist, vyvoj, psychomotorika, ockovani

Somaticky vyvoj, rist, o¢kovani, psychomotorika

Fyzikalni vysetienf, rist, psychomotorika, ockovani

Somaticky vyvoj, psychomotorika, prevence anémie

RUst, vyvoj, psychomotorické milniky

Rist, vyvoj, ockovani, kontrola dentice

Kompletni vySetreni, rist, vyvoj, ockovani, socialni kontakt

Screening PAS (M-CHAT-R), vyvoj fedi, rdst, ockovani

Vysetfeni moci, krevniho tlaku, pulzu, barvocit, zrak, sluch, vyvoj, ockovani

Skolni zralost, lipidogram, fyz. vysetieni, vyvoj, ockovani, screening sluchu - audiometrie
RUst, vyvoj, somatické zmény, ockovanf

Pohlavni vyvoj, prevence rizikového chovani, ockovani, lipidogram

Sexualni chovani, rizikové chovani, fyzikalni vysetreni

Somaticky stav, pfiprava na prechod do dospélé péce

Zavérecna prohlidka, prechod do péce PL pro dospélé



Case report

» hepatosplenomegaly

s
-

» steatosis

» lipaemia retinalis

» pancreatitis

:

d
1

LPL concentration (ng/ml)
g S 3

a & B

E * -
. . w =
w =

. LPL immunoreactive mass in pre-heparin [J and
post-heparin Il serum in three children with LPL deficien-
cy (P1, P2, P3) compared to their parents.

Kolarova H et al., Fol Biol, 2014



Lipoproteins

Bile Acid
Cholesterol
Dletary Fat
Enterohepatic
circulation

Liver

SR-
4
LRP1 |
M l
CMR |
|
I
apoB-48, apoC-lIl, apoA-| |
| LCAT | !
apoC-ll, apoE :
LPL Blood vessel i
i
» HDL =
LCAT apoA-|

CETP Cholesteryl Ester Transfer Protein
HTGL Hepatic trighyceride lipase

LZAT lecithin cholesterol acyltransferase
LPL lipoprotein lipase

DL

HDOL High density lipoprotein

LDL low density lipoprotein
Intermediate density lipoprotein
VLDL very low density lipoprotein

LDLR Peripheral
LDLR /* Tissues
-~ @ £ - :
=8
£
!
-1
R1 5!
apoB-100, apoC-l, apoC-lll, apoE ) HTGL
apoC-ll, apoE ~ | - w i
¥ ——
a Reverse
@ VLDL Cholesterol
Transport
SR B
1
! LCAT
LPL Blood vessel I
i
CETP i

M Chylomicrons
CMR Chylomicron remnants

LDLR LDl receptor
SRBP Scavenger receptor B
LEP1 LDLR-related protein 1

Saudubray M et al, Inborn Metabolic Diseases, diagnosis and treatment, 7ed, Springer 2022



Cholesterol-restricted diet

Omezeni Zivodi8njch tukil bohatyich na cholesterol
Strava je pestrd, se zvySenym mnozstvim zeleniny a viakniny

Dieta je vybérovd, potraviny neni nutné odvazovat a provadét
kalkulaci obsahu Zivin a energie

Vyvazeny pfijem zakladnich Zivin s dostatecnym pfijmem viakniny
Cholesterol je obsaZen pouze v potravindch Zivotidného plivodu

Rostlinny tuk je diilefité ve stravé ponechat, je dilleZitym zdrojem
esencidlnich mastnych kyselin

Nezafazovat potraviny s vysokym obsahem cholesterolu
(sddlo, $pek, tucné uzeniny, saldmy, vnitinosti, mofské plody
a kavidr, pinotu¢né mlécné vyrobky, Slehatku)

Volit libové druhy mas (kufeci, kriiti, krdlik, libové hovézi a vepfové)
Vhodnd je konzumace ryb (vysoky podil omega-3 mastnyich kyselin)

Omezit smazené potraviny a pokrmy pfipravené v trojobalu
(chipsy, hranolky, krokety, smaieny syr)

Upiednostnit vareni, peceni nebo duseni na mensim mnoZstvi tuku

Poutivat rostlinné oleje (fepkovy a slunecnicovy na pripravu
pokrmi, olivovy do salatdi a zalivek)

Stfidat mdslo a margarin na pedivoa do pomazanek

Vyhybat se trans-mastnym kyselindm (tavené syry, nékteré fritovaci
smeési pouzivané v restauracich, susenky s ndpini)

Vejce omezit Zloutek na 1ks denné, bilky neomezené. Pfi pfipravé
michanych vajicek zafadit jeden cely Zloutek a doplnit bilky

Neni vhodnd tatarskd omécka a majonéza (nepoddvat salaty
s majonézou)

Nahradit pInotuéné mlééné vyrobky polotucnymi (mléko 1,5 %
tuku, jogurty do 3 % tuku, syry do 30 %, smetana 12 %)

Volit light verze smetanovyich sjril

Dbdt na dostatecny pfijem vidkniny (zelenina, ovoce, celozmné
vyrobky, lusténiny)

Ovoce podavat idedlné se slupkou, kterd je zdrojem viakniny

Ovoce nezafazovat pred spanim, spise v dopolednich hodinach
nebo odpoledni svacina

Pii peceni preferovat tésta s nizsim obsahem tuku (piskotové)
pred tunéjsimi (listové)

Nezafazovat sladké, komeréni ndpoje

Omezit cukrovinky a tuéné dezerty (Cokolady, dezerty s mdslovou
ndpini, bonbony, susenky s ndpini), dit prednost susenkém bez napiné

Denné Ize zafadit hrst pfirodnich ofech(i bez polevy a cukru

(z archivu autord)

Vejce slepidi, Zloutek

Vejce slepidi, celé

Jatra kufeci

Jatra teled

Jatra hovézi

Jatra vepiovd

Ledviny hovézi

Ledviny vepfové

Mslo

Droby kufeci

Pastika jatrova

Jdtra tresdi v oleji i ve vlastni Stavé
Piskoty détské

Syr Lucina 70 % tuku v susiné

Majonéza

Smetana ke Slendni 33 %

Tradi¢ni pomazankové

Jitmice

Miéko susené, pinotuéné

Smetana ke Slehdni 30 %

Niva syr 50 % tuku v sudiné

Sadlo vepfové

Syr cerstvy, nezrajici 60 % tuku v susiné
Syr balkdnskéno typu 50 % tuku v sudiné
Parky jemné

Saldm lovecky

Parky Debrecinské

Maso kufed, stehno s kiizi

Syr Eidam, uzeny, 40 % tuku v suiné
Maso husf s kzi

Maso hovézi, plec bez kosti, libova, petend
Maso vepfové, plec bez kosti, libovd, pecena
Maso vepfové, kyta, bez kosti, libovd, pecend
Maso jehnédi, kyta

Maso kufeci, prsa bez kiize

Maso hovézi, rosténec, libovy, duseny

1281
372
497
346
310
308
479
380
274
262
255
235
235
m
110
109
106
10
104
99
95
90
81
87
85
85
85
83
82
80
80
79
79
78
77
76

WA

HeFH — Therapy

diet (chol 200mg/day)
rosuvastatin > 6 years
ezetimib

PSCK9 inhibitors
alirocumab (MoAb)
inclisiran (siRNA)

LPL def —therapy

diet (fat 0,3g/kg/day)
max 10-20g/den
LC-PUFA

MCT oils

velanesorsen
antisense oligonukleotid apo-ClIl



Secondary causes of hypercholesterolemia
Tab. 60.1 Sekundarni pficiny hypercholesterolemie Renalni priciny

Exogenni pficiny
Alkohol

Léky: kortikosteroidy, néktera perordini antikoncepce, izotretinoin,

vybrand chemoterapeutika nebo antiretrovirovd léciva
Infekéni priciny

Akutni virovd nebo bakteridlni infekce (s pozdéjSim nastupem
dyslipidemie)

Hepatitidy

Infekce HIV

Endokrinni pficiny
Hypothyredza
Hypopituitarismus

Diabetes mellitus (1.1 2. typu)
Syndrom polycystickych ovarii
Gravidita

Dédicna metabolicka onemocnéni
(vyjma DMP uvedenych v kapitole Vzacné dyslipidemie)

Glykogendzy

Gaucherova choroba
Niemannova—Pickova choroba
Tayova—5achsova choroba
Akutni intermitentni porfyrie
Lipodystrofie

Chronicka rendini postiZeni
Hemolyticko-uremicky syndrom
Nefroticky syndrom

Jaterni priciny

Bilidrni cirhdza

Alagilliv syndrom

Obstrukeni ikterus, cholestaza
Autoinflamatorni pFiciny
Systémovy lupus erythematodes
Juvenilni revmatoidni artritida
Ostatni pficiny

Mentalni anorexie

Kawasakiho nemoc

Idiopaticka hyperkalcemie
Klinefeltertv syndrom
Wemner(v syndrom




microcephaly :

- receding forehead
micrognathia
low-set ears

Case report B£
: 9 years old boy




Disorders of cholesterol

synthesis

mevalonatkinase def.

squalensynthase def.

Acetyl-CoA — Acetoacetyl-CoA

1 | 2

HMG-|C0#|

L
Mevalonate

4
Mevalonate-P

5-10

Squalene
[ 19412

desmosterolosis

Lathosterolosis

,,,,,,,,,,,,,,,,

{ 7-dehydrocholesterol-reduktiza
patogenni varianty v genu DHCR7
(dédiénost autosomalné recesivni)

d cholesterol
T 7-dehvdrocholesterol

— poruchy embryogeneze,

rrozené vyvojoveé vady mozku
nikrocefalie

hypospadis u chlapen
totosenzitivita

uprava hladin cholesterolu zvySenym piijem
cholesterolu 20-150 mg'kg/den

,,,,,,,

dehydrocholeterolu, ale 1é¢ba jiZ neovlivni

mtranterinni postizeni CNS

bunééné signalizace, plazma-

intelektualni nedostateénost
autisticke rysy
poruchy chovani

orucha spanku

O

¥ =
4 4-dimethylcholesta-8(9), 24-dien-3f-ol -

cholesta-8(9),24-dien-3f-ol
(zymosterol)

18
HO

cholesta-7,24-dien-3f-ol

cholesta-5,7,24-trien-3f-ol

e v

- 1} 4 4-dimethylcholesta-8({9),14-dien-3¢-ol
16
~ - HO ">
Teeas , 4 4-dimethylcholesta-8(%)-en-3f-ol
17
HO
— ; cholesta-8(3)-en-3f-ol
18
. 13 HO
S cholesta-7-en-3f-ol
- SELAER

o8

13

cholesta-5,24-dien-3f-ol S
[desmosterol) /\,. E@VY &X
HOY

cholesta-5-en-3f-ol
(cholesterol)

HO

19 -
cholesta-5,7-dien-3g-ol
(7-dehydrocholesterol)

A-dominantne vazana cnronaroayspilasia

punctata

CHILD syndrom (congenital hemidysplasia
with ichthyosiform erythroderma and limb

defects)

porucha SC4MOL

Antley-Bixley syndrome

Saudubray M et al, Inborn Metabolic Diseases, diagnosis and treatment, 7ed, Springer 2022




Case report

» 7yrs —weakness of lower extr.

» school failure — attention deficit
» ataxie

» hairing impairment

» adrenal insuficiency

» hyperproteinorhachia 2g/I

12-months” time

» leukodystrophy (Loes skore 18b)

Rozséahlé symetrické demyeliniza¢ni léze (hyperintenzity) v pa-
rietookcipitdinf oblasti mozku v T2 vaZené projekci na MRI
u dvandactiletého chlapce s pozdé diagnostikovanou cerebrél-
nf formou X-vazané adrenoleukodystrofie a Loesovym skérem
18 bod

Z archivu autort, Radiodiagnosticka klinika 1. LF UK a VFN v Praze

X- linked adrenoleukodystrophy



PEROXISOMAI FUNCTION

50 enzymes -

* Oxidation FA >C,, (hexakosanoic C,;)
odd-chain and branched-chain FA
fytanic — pristanic acid

* Synthesis of ether phospholipids
(plasmalogens, PAF)

* cholesterol and isoprenoid biosynthesis

* Synthesis of docosadexaenoic acid (C,,:6®3)

* Glykolate detoxification

* Pipekolic acid oxidation

 Hydrogen peroxide detoxification



Case reports

Q)

» heonatal heart failure
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a) mikrovezikuldrni difuzni steatéza jater (H&E, origindlni zvétideni 400x)
b) mikrovezikuladrnisteatéza jater — vimunohistochemické detekci lysozomalniho membranového proteinu (LAMP1) je patrna

separace lysozomalniho systému od kapének neutralnich lipidd, coz potvrzuje cytosolicky charakter steatézy (k porovnani
lysozomalni charakter mikrovezikularni steatézy u deficitu lysozomalni kyselé lipazy viz obr. 18.42) (originalni zvétieni

400x)
retinal periphery

pes cavus
distal muscle atrophy in neuropathy



Fatty acid oxidation deficiency

Metabolismus mastnych kyselin « MCAD - deficit acyl-CoA dehydrogenazy MK se stiedné dlouhym fetézcem
* LCHAD - deficit 3-hydroxyacyl-CoA dehydrogenazy MK s dlouhym fetézcem
S dlicbusmadlipiios CYTOSOL  «  V/LCAD - deficit acyl-CoA dehydrogenazy MK s velmi dlouhym Fetézcem

K : > achCon Kammitin  CPT | - deficit karnitinpalmitoyltransferazy |
VNES MITOCHONDRI PPl ¢ CPT Il - deficit karnitinpalmitoyltransferazy II
SEHEE NA e CACT - deficit karnitinacylkarnitintranslokazy

MEZIMEMBRANOVY
PROSTOR

Pathophysiology

acyl-karnitin  + CoA

» peroxidation of membrane phospholipids

» J mitochondrial membrane potencial->J ATP

i » P membrane permeability

» —> I NAD(P)H; - J retention capacity for Ca2+

» altered mitochondrial morphology (swelling)

»  acetylCoA - { gluconeogenesis, |, ketogenesis a |, NAG
Karnitin » I CPS1in urea cycle

acyl-karnitin

MITOCHONDRIALNI
MATRIX

Krebsuv
cyklus, < acetyl-CoACD
ketogeneze, ...

CoA

NADH+H*

Mitochondrial oxidation of FFA
Palmitoyl-CoA — 129 mol ATP

Keeping normglycemia

80 % energy during fasting

Ketogenesis

Muscle fibres type | (exercise >40min)
Cardiomyocytes 60 % energy

Hepatocytes in fasting state 80-90 % energy




The signifikance of FAOD screening

LCHADD/MTPD

Article

Impact of Newborn Screening and Early Dietary Management
on Clinical Outcome of Patients with Long Chain
3-Hydroxyacyl-CoA Dehydrogenase Deficiency and Medium
Chain Acyl-CoA Dehydrogenase Deficiency—A Retrospective
Nationwide Study

Kristina Riicklova 2*(, Eva Hruba !, Markéta Pavlikovi ?, Petr Hanak !, Martina Farolfi !, Petr Chrastina !,
Hana Vlaskova !, Bohdan Kousal ¢, Vratislav Smolka %, Hana Foltenova %, Toma$ Adam °, David Friedecky °(,
Pavel Jesina !, Jifi Zeman !, Viktor Kozich '* and Tomas Honzik '*

Nutrients 2021, 13, 2925,

Abstract: Long chain 3-hydroxyacyl-CoA dehydrogenase deficiency (LCHADD/MTPD) and medium
chain acyl-CoA dehydrogenase deficiency (MCADD) were included in the expanded neonatal
screening program (ENBS) in Czechia in 2009, allowing for the presymptomatic diagnosis and
nutritional management of these patients. The aim of our study was to assess the nationwide
impact of ENBS on clinical outcome. This retrospective study analysed acute events and chronic
complications and their severity in pre-ENBS and post-ENBS cohorts. In total, 28 children (12 before,
16 after ENBS) were diagnosed with LCHADD/MTPD (incidence 0.8/100,000 before and 1.2/100,000
after ENBS). In the subgroup detected by ENBS, a significantly longer interval from birth to first
acute encephalopathy was observed. In addition, improvement in neuropathy and cardiomyopathy
(although statistically non-significant) was demonstrated in the post-ENBS subgroup. In the MCADD
cohort, we included 69 patients (15 before, 54 after ENBS). The estimated incidence rose from
0.7 /100,000 before to 4.3/100,000 after ENBS. We confirmed a significant decrease in the number
of episodes of acute encephalopathy and lower proportion of intellectual disability after ENBS
(p < 0.0001). The genotype—phenotype correlations suggest a new association between homozygosity
for the ¢.1528C > G variant and more severe heart involvement in LCHADD patients.

Acute encephalopathy
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Case reports

» hepatosplenomegaly
» dyslipidemia
» cholestatis

age 6 weeks

TUGH |
A K

» hepatosplenomegaly
» dyslipidemia




Intracellular cholesterol metabolism

LDL CYTOPLASMA

(VLDL, chylomikrony)
ENDOSOM

EC (TAG)

Mikrovesikularni
T1EC (TAG) »intralysosomalni
CESD steatoza
Wolmanova
nemoc

Hepatomegalie,
cirhoza jater

NC (MK, glycerol)

T syntéza LDL receptor

T syntéza endogenniho NC a TAG TNCaTAG
T fluidita membran

. svntéza Zlucovych kyselin

| esterifikace cholesterolu

1 ABCALI transportér J HDL



Niemann-Pick type C

Niemann-Pickova nemoc typ C
(hepato)splenomegalie se objevi vzdy
dfive neZ neurologické pfiznaky

ADOLESCENTNI/
ADULTNI TYP (> 15 let)
psychiatricka symptomy,

ataxie, dystonie,
demence

NEONATALNIi TYP
fetalni ascites / hydrops,
neonatalni cholestaza,

fatalni pro 10%
novorozencu

JUVENILNI TYP (7 - 14 let)
poruchy u€eni a pozornosti,
ataxie, kieCe, kataplexie

vertikalni supranuklearni pohledova obrna (VSGP)

VEK(roky) 0 1 3 6 20 60




Lisosomal acid lipase deficiency
ERT - sebelipase alfa- SBC 102 - rekombinantni enzym

Ct .. .
. Preclinical studies
h h FTT
enatonathv diarrhoea
e Terminal mannose/GlcNac and hepatopathy
mannose-6-phosphate (M6P) for 4 weeks 8 weeks
targeted delivery
Normal
 Uptake into key cells, including e\.@a%iec
macrophages — o <&

X

* Lysosomal localization -
demonstrated Deficient £

* Corrects enzyme deficiency

sebelipase alfa 5mgkg  jednou tydné po dobu 4T

Sebalipase alfa since 2015



Mean Observed Values in U/L

Lisosomal acid lipase deficiency

Sebelipase alfa: Effects on Transaminases in

110 Phase I/Il late onset clinical study
100

N=7
90 m ALT

80 B AST

o\

ALT ULN

\
- N O\

AST ULN

30

AAA AAA A A A A A A A A A A
0 0o + == +12 416 2 42
9-28 weeks between doses + + 5 + 0 +4
Weeks from First Dose (= sebelipase-alfa dosing)

Balwani M, Malinova V, Honzik T et al (2013) Hepatology



Lisosomal acid lipase deficiency

Sebelipase alfa: Effects on Dyslipidemia in
Phase I/l late onset clinical study

° 120 N=7
% m T-Chol
Q100

(4]

0 m LDL
§ 80 TRIG
O HDL
= 60

o

o 40

(@)]

c

8 o

&)

QC) 0 B

o

(O]

o -20

c

(]

= -40

AAAA AAAA A A A A A A A A A
0 0 + +12 + 16 20 + 24
9-28 weeks between doses + + & 5

Weeks from First Dose (= sebelipase alfa dosing)
CLO4 Change from CLO1 Baseline has p<0.05 as indicated: =~ TCHOL LDL TRIG HDL

Balwani M, Malinova V, Honzik T et al (2013) Hepatology



» hepatosplenomegaly

Case reports » thrombocytopenia

» hepatosplenomegaly
» thrombocytopenia
» hypotonia, delayed development

T2W/TSE

Bone infarct Osteolytic lesions age 3.5 years




Case reports

» splenomegaly

» neuropathy/muscle weakness
» umbilical hernia

» interstitial pneumonitis

» hepatosplenomegaly
» FTT

» neurodegeneration
» cherry red spot




Case report  Male patient

» acroparestesia since 5 years of age

» hypohidrosis

» angiokeratoma since 8 years

» cornea verticillata

» hypertrophic cardiomyopathy since 16 years
» iktus/stroke at 22 years

» 4 glomelural filtration at 35 years

& )

h a8 .




More complex ganglicsides

!
L wﬂer
B BB

GM1 c B-Hexosaminidase A, B
ar
E.j 5 dhoff
GM1-B-Galactosidase Tm

GM1-gangliosidosis ] +

m'Eer
8 Gh3
GM2 Cer
Tay-Sachs, Sandhoff J e a-Galactosidase A
GM2-activator protein sap-8
GM Cer
5|a||daie
4 cic
LacCer
Gal
g ..Ecer
€__» GalNAC
GALC, GMI1-A-gal
O MeuSAc sap-A, sap-C l GlcCear

o

Gl brosida
5ulhtlde [ GEHZET ET . Sphingomyelin
?—Eer —I—h '.'CEF —} - Cer -i—l— Pcholine-Cer

GALC Sphingomyelinase
s =ph s2pC | Niemann-Pick A/B |
oo e
Fab sap-D
abry o-Galactosidase A

sap-B Sphingoid base jmastly sphingasine)

“-r:er + LCFA / VLCFA
Gb2

Case report

Gaucher dis. type 1 and 3
Niemann-Pick type A/B

Fabry dis.



Gaucher disease - ERT

Bone marrow — Gaucher cells

16m dg.

' 15m on ERT—>

aglucerase since 1991
imiglucerase 1994
velaglucerase 2010
taliglucerase alfa 2012
miglustat (SRT) 2012
eliglustat (SRT) 2015




Case report

» vomiting Day 4
» weight loss

» jaundice

» hepatomegaly
» cataract

» E.coli sepsis

ALT 3.4 pkat/I (N<0.6)

AST 4.7 pkat/I (N <0.63)

Bilirubin 532 umol/I (N <100)
Conj. bilirubin 42 umol/I (N <20%)
Glycemie 0.6 mmol/I (N 3.3-5.4)
INR 6.5 (N 0.8-1.2)

APTT >180s (N 26-40)

Ammonia 101 umol/I (N <80)

Galaktitol in urine (mmol/mol Kr.)
18.407 (<90)

Galaktose-1-phosphate in dry blood spot
(mmol/l) >0,5 (<0,2)

Galaktose in dry blood spot

(mmol/l) >0,5 (<0,2)



Classic galactosemia

UDPgaIactuse < UDPglucose
-GALT
galactose—‘l -phosphate & i

HEPATIC CARBOHYDRATE METABOLISM

unpgalmc

LIDPgIcNAc

glucose (to brain)

[

GLUT2
glucose

w

glucose-G-phosphate

o]

glum\q‘l phosphate

,,,,,,,,,,,,,,,

(upraveno |dle Coss KP. et al., 2013)
Kognice
- IQ pod 70 31%
- 1Q 70-79 26%
- 1IQ 80-89 25%
- IQ90-109 12%
- IQ110-119 7 %
Porucha reci 50 %
Ataxie 6 %
Hypergonadotropni 91
4]
hypogonadismus u divek
Osteopenie/osteoporoza |29 %
Katarakta 8 %

» I Galactitol:
toxic — liver. kidnev. lens. brain

Obsah galaktozy v mg ve 100 ml vybrané vyzivy nebo 100 g potravin

VyZiva/vyrobek/potravina | Obsah galaktézy v mg ve 100 ml vyzivy
nebo 100 g potravin
Mateiské mléko 3500
MIéko kravské 2500
Tvaroh nizkotuény 1836
Jogurt (3,5%) 1800
Parmazan 472
Syr Eidam 427
Hoika ¢okolada 330
Cocka gervena 303
Cocka hnéda 236
Hrasek zeleny vareny 50
Vejce (zloutek/bilek) 16/0,3
Kiwi 42
Hrusky 17,6
Pomeran¢ 13,3
Tablka 3.1-7,1
Kapusta 42
Kvétak 25
Brokolice 15
Mrkev 13
Kukufice 11
Mandle se slupkou 152
Orech liskovy 72
Chléb 12,5




Case reports

» vomiting since 6weeks of life
» failure to thrive (FTT)

» hepatomegaly

» hepatopathy/liver failure

» hypoglycemia

» hypophosphatemia

» Fanconi syndrome

12 years, medical history
» fruit intolerance

» diarrhea

» FTT during infancy

» absence of dental caries



HIF (1:20.000)

glukéza-6-fosfatdza

T
~_

T glukokinaza
¥,

hypoglykemie «—— | glukéza

.
R

T glukoza-6-fosfat

hepatotoxicita
nefrotoxicita

| glykolyza
glykogen

3

[e)Ie) IR N

| glukoneogeneze

fruktokinaza aldoldza B DHAP
fruktoza T fruktoza-1-fosfat N
glyceraldehyd

> Lfosfat ———» LATP - &kaowza

» = signal hyperglykemie
pro glukokinazu — zpomaleni
glukoneogeneze a glykolyzy

fffff » T pyruvatkinaza —» 7 laktat, alanin, pyruvat ——»

metabolicka
acidoza

Obr. 18.31 Schematické znazornéni patofyziologie hereditarni fruktézové intolerance

ATP - adenosintrifosfat, DHAP — dihydroxyacetonfosfat

5-10 g fructose/day —
nausea, vomiting, bloating,

chronic diarrhea, hepatopathy, hepatomegaly, jaundice

>10 g fructose/day —
Reye-like syndrome

Fruits and vegetables

Honey

Dried dates
Dried apples
Dried figs

Soft drinks
Dried plums

Apples
Cherries

in 100 g food
39
33
31
29
25
20
13.6

12.5




| C O e I l | Nuachdruck verbotem.
4 Ubevsetaungsrecht vorbeRalten,

BRITISH MEDICAL JOURNAL XK,

LONDON SATURDAY JUNE 22 1957 Hepato—Nephromegaha glykogemca.
(Glyhogenspeicherkrankheit der Leber und Nieren.)

CLAUDE BERNARD AND THE DISCOVERY OF GLYCOGEN ;
A CENTURY OF RETROSPECT* Von

BY E. von Gierke.
F. G. YOUNG, D.Sc, PhD, F.RS.

Department of Biochemistry, Universty of Cambridse Aus der Proseltur des Stidtisehen Krankenhanses Karlsrahe i. B.

(Vorstand: Prof Dr. v. (GIERKE.)

Mit 1 Abbildung im Text und Tafel EVL.

(Bingegungen am 21, Mirs 1929)

" Carl Ferdinand Cori (1896-1984)
' Ta o misCerty Theresa Cori née Radnitz (18%-1957)

Carl and Gerty Cori, Science History Institute, Bernard Becker Medical Library, Washington University School
of Medicine.




Glycogen — 30000-60000 glc residue

glycogen in liver 8-10 % of weight (150g)
glycogen in muscles 2 % of weight (1000g)

molekula
glykogenu

o L. glykogenin {5
“O000000R

amyléza amylopektin

/
/

/
/ ERT
/

LYSOSOM

GLYKOGEN
kysela
a-1,4-glukosidaza

GLUKOZA

GSD IV
amylo-(1,4-1,6)-
transglukosidaza

glykogensyntaza
GSD 0

UDP-GLUKOZA

<'GSD non Ia

ENDOPLAZMATICKE
RETIKULUM

Honzik, Zeman ed. (2016) DMP v kazuistikdch

glykogenfosforylazakinaza

GLYKOGEN

GLUKOZA-1-FOSFAT

CYTOPLAZMA

GSD IX

fosforylaza B

LIMITNI DEXTRIN
GSD Il

amylo-a-1,6-glukosidaza

Krebsuv
cyklus

__—

mmms=  porucha

fosforylaza A A

----- » TERAPEUTICKE ZASAHY

@ transportér



- hepatomegalia

- hepatopathy

- growth failure
- dyslipidemia

- hypoglycemia

- hyperuricemia
- lactic acidosis

Délka (eam)

Télesna délka, divky

0 2 4 6 & 10 12 14

16 18 20 22 24
Vék (mésice)

T T T oo
:: 15 mésicti | 1= Late dg at the age of 15 months
85 // 25
. B e s e
» e



Boris Senior, M.D.,* and Liliane Loridan, M.D,

BOSTON, MASS.
April, 1969
The Journal of PEDIATRICS 529

Gluconeogenesis and insulin in the ketotic
yariety of childbood bypoglycemia and in

control children

Enough for 8-10 hours
GLYCOGEN 70g glucose

]
GLUCOSE ~I=P

need 180-250g
GLUCOSE

GLUCOSE -6-FP
[

FRUCTOSE -6-P

»

FRUGTQSE =1,6—DiP

Create 20 - 30g glucose/day

TRIOSE PHOSPHATES

GLYGEROL
]
I
|
{
PHOSPHOENOL PYRUVATE ~———OXALACGE TATE
create 30 — 40 g glucose/day l /

LACTATE == PYRUVATE ————————=MALATE

Create 75g glucose/day €




Liver glycogenoses — dietary regime

Daily routine, 20-year-old male, dg. GSD la — von Gierke
Nocturnal fasting interval 7 hours




Glycogenosis type llI

Molecular Genetics and Metabolism Reports 32 (2022) 100904

\

Contents lists available at ScienceDirect

Molecular Genetics and Metabolism Reports MGM
Reports

ELSEVIER journal homepage: www.elsevier.com/locate/ymgmr

Case Report

5]

Improvement in hypertrophic cardiomyopathy after using a high-fat,
high-protein and low-carbohydrate diet in a non-adherent child with
glycogen storage disease type Illa

Burcu Kumru Akin ™, Burcu Ozturk Hismi ", Anne Daly ©

Summary of publications on dietary intervention and outcomes in GSDIIL

Author/year Number of  Dietary treatment Outcome
patients/
age
» | Dagli [7] 123 Protein: 30% Cardiomyopathy
* | years) improved
m Lipid: saturated and CK levels
carbohydrate: 70% decreased
b Valayannopoulous 1(2 Protein: 15% Cardiomyopathy
(1] months) improved
Lipid: 65% (with Insulin and CK
b synthetic ketone levels decreased
bodies)
“ Carbohydrate: 20%
Sentner [2] 1(32 Protein: 37% to 43% Cardiomyopathy
years) improved
Lipid: 2% Body mass index
decreased
| U Carbohydrate: 61%
60 /2,107 Mayorandan [15] 2(9, 11 Protein: 7 g/kg/perday  Cardiomyopathy
. years) improved
- Lipid: 8 g/kg/per day CK levels
hepatomegalia —
Carbohydrate: 0.4 g/
kg/per day
- h e a t O a t h L % Brambilla [2] 25,7 Protein: 25% Cardiomyopathy
p p y years) improved
Lipid: 60% CK levels
. decreased
- t h f I Carbohydrate: 15%
g ro W a I u re Francini-Pesenti 1034 Protein and lipid: Cardiomyopathy
el years) allawed ad libitum improved
o o . with olive oils and
medium chain
- dyslipidemia
Carbohydrate: limited CK levels
o to 20 g/per day decreased
Marusic [14] 1(15 Protein: 11%
- h y p O g I yC e l I l I a years) Lipid: 87% Cardiomyopathy
improved
Carbohydrate: 2%

cardiomyopathy/myopathy
(GSD llla)



Glycogenosis type IX; n=51 patients (45 GSD IXa)

Magner M et al. in preparation

Patients 1973-2022 —— Prvni priznak %
R 40x Prlzpak_ Median | Min/Max hepatomegalie 43
prvni projev 1,7 let 0-7 let :

Chorvatsko 5x dg zpozdéni 05roku | 0-13 let H&!@lﬂﬂ@ﬂ&_ 20
Srbsko 5x vék posledni kontroly | 144 let | 15-77 let | | NYPOglykemie 23
Slovinsko 1x sledovani 87let |0-482let | | porucha rustu 17

V dobe diagnozy | %
3,5years old boy dg. delay 10months hepatomegalie 70
Height 92cm (z-2,42SD) 4 cm pod oblouk | 0-12 cm
Liver +5cm hepatopatie 87
ALT 5.06 ukat/l — infection T25x O6x had horni branici | 0-41x
AST 4.87 ukat/I hypoglykemie L5
Chol 6.19 mmol/I porucha rustu 31

TAG 4.78 mmol/I
dglc po 12h lagnéni —




Infantile form N

Ca sefre pO rt - severe hypotony (floppy)

- hypertrofic CMP
1| l I ’ - hepatomegaly

( 15 months



Pompe disease — infantile form

- positive prognostic markers: early initiation of ERT, CRIM+
- improvement of heart parameters and gross motor skills

- complications: nasal speech, residual muscle weakness, ptosis,
osteopenia, hearing impairment, dysphagia, risk of arrhythmia

The most successful combination of immunomodulating treatment
and ERT in the presence of antibodies:

rituximab and metotrexat+IVIG
(Messinger et al. 2012; Mendelsohn et al. 2009)



Zménav FYC(%)

Pompe disease — late onset form

62 adult patients with the late form of Pompe disease

a) FVC(%) 6-minute walk test Muscle strength

=
[*]
-
1")' :
E z
= w
- N
3 3
5 g
- n "
3 g
> ]
] -
S« >
= m
o =
e 4
edf=1.44; p=0.15 g , edf=2.8; p<0.001 rg ' edf=2.7; p<0.001
N
; ] W71 1 N V01110 TR0 B OO B0 0
) - 51100 VO TRV 1 TRV - 1 ’ 1011 IIUI LU0V D i 1 1 1 2 3 4
0 1 2 1 4 0 - - 3
therapy in years therapy in years therapy in years

Improvement in 6-minute walk test and muscle strength
(p <0.001) on ERT. Improvement observed in the first two years of
treatment.

Anderson et al. J Inherit Metab Dis, 2014



Case report

» DOB 2016 uneventful

» clumsiness in toddlerhood

» 2017 pinching of the third finger in a drawer (left hand)

» 2017, 2019 a 2020 hand contractures release surgery (2x Left hand a 1x right hand)
» 2020 referred to rheumatology after the third surgery

'i h i E
= & H

Rheumatology

» no arthritis

» splenomegaly +2cm
» umbilical hernia

» adenoid hyperplasia



Case report

deformed metacarpal bones

I

Massive

Claw hand




Upon diagnosis

» clumsiness in fine and gross motor skills

» delayed speech development

» nonverbal component of DQ in the lower
borderline range

» contractures of both small and large
joints, most pronounced in the upper extre.
» mild conductive hearing loss



HSCT

At the age 9 years
-borderline DQ
-develop. dysphasia

| -contractures of the upper
| extremities

4 -weakness in fine motor

= skills

-second grade of primary
school with teaching
assistent



Mukopolysaccharidoses (MPS

- C.Proteoglycans

100nm | S

Ribosome /%)
for (
comparison

coo® CH,0H
|
—  Hf/—o0 H/J—o‘
1 ' 8} H T\o\
OH H N W
H HO H
H O H HN—C—CH;

Hyaluronate o

Core protein

~ 3 Glycosamino-

glycans
Wrn— = q\)xw1
'l
20-40
Disaccharide
units
IduUA = Iduronate
GlcUA = Glucuronate

GalNAc = N-Acetyl-
galactosamine

GlcNAc = N-Acetyl-
glucosamine

Koolman J, Réhm KH (2005) Color atlas of biochemistry, 2nd edition, Thieme

Disaccharide units
- Uronicacid - Amino sugar -

R CH50H
wk—07%% %00
coc® \| O O
OH H H/
H H H
H OH H HN—-ﬁ—CH3
IduUA GalNAc©
cooP H,C—0—S0P
H{—OH H/—OH
COH H OH H
H 0-S0f H HN—sSOP
GlcUA GlcNAC
cod® H,C—0—50£
HO . (0] \ Hif—0 f\
| HA O ROH HA O
H H H
~H o H HN—C—CH,
GalUA  GlcNAC©
coo® HL—0—50;°
H— HO /—0
s O/ O
OH H H)
H H H
H OH H HN—ﬁ~CH3
GIcUA  GaINAC®

MPS |, I, MPS VI, MPS VII

Dermatan
sulfate

MPS |, 1l, MPS 1lIA, MPS I1IB,
MPS 1IIC, MPS 1IID, MPS VII

Heparin

MPS IVA, MPS IVB, MPS IlID

Keratan
sulfate

Present in healthy individuals

Chondroitin
6-sulfate




Mukopolysaccharidoses (MPS)

* Macrocephaly

* Frontal bossing

* Coarse facial features
* Bushy eyebrows

* Hypertelorism

e Depressed nasal bridge
* Anteverted nostrils

* Macroglosy

* Gingival hyperplasia

e Pectus excavatum or carinatum
* Umbilical hernia

* Claw hand, wide wrist
* Recurrent mesotitis




MPS — dysostosis multiplex

W T
- &
=y

Defective endochondral and membranous growth



Lysosomal storage disorders
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Lysosomal storage disorders
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Late diagnosis

9 months 11 months




Lysosomal storage disorders - HSCT

v'Lysosomal storage disorders
 MPS typ | (Hurler, Hurler/Scheie)
* (MPS typ VI, VII)
e Alfa-manosidosis
* Morbus Krabbe
* Metachromatic leukodystrophy
v'Peroxisomal disorders
 X-linked adrenoleukodystrophy

MPS | 6 years after HSCT MPS | 4 years after HSCT

= MPS | before HSCT



The importance of
early therapy

Skoliosis in the older
sisterwith MPS | at 3.6 years.
The brother at the same age.
The sister did not received
therapy, the boy received
therapy early following
prenatal diagnosis (182
weeks of laronidase
treatment)

McaGill et al. (2010) Clin Genet




The importance of early therapy

MPS Il

Tylki-Szymanska et al. (2012) Acta Pzediatrica



KPDPM VEN je clenem MetabERN

MetabERN je Evropska referencni sit pro vzacna
dédicna metabolicka onemocnéni

92 poskytovatelll zdravotni péce v 27 zemich a 41
pacientskych organizaci

Web uvadi podrobnosti o cilech, aktivitach a
poskytuje i edukacni materialy

MetabERN: European Refence Network for
Hereditary Metabolic Disorders (ern-net.eu)

\ European

Reference I TR v v , - v/
0250 Network VEN je jedinym pracovistéem této sité v CR a slouzi

forrae o low prevaence jako Centrum vysoce specializované péce pro
o vzacna dédi¢na metabolickd onemocnéni (Véstnik
Hereditary Metabolic MZ CR 1/2022)

Disorders (MetabERN)

@ Member
Vieobecna fakultnf
Qemocnice v Praze —
Ceska republika


https://metab.ern-net.eu/
https://metab.ern-net.eu/
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