Otazky k testu:

9)

Duchennova/Beckerova svalova dystrofie - gen, molekularni podstata
onemocneni, typy mutaci, molekularni diagnostika a jeji metody.

Spinalni svalova atrofie - gen, molekularni podstata onemocnéni, typy mutaci,
molekularni diagnostika a jeji metody.

Rozdil mezi SMN1 a SMN2 genem, vysvétleni rozdilného sestfihu obou genu.

Nemoci spojené s expanzi repetitivnich sekvenci - myotonicka dystrofie,
molekularni podstata onemocnéni.

Nemoci spojené s expanzi repetitivnich sekvenci - Syndrom fragilniho
chromozomu X, molekularni podstata onemocneéni.

Novorozenecky screening v CR.
Fenylketonurie, hyperfenylalaninemie - gen, molekularni podstata onemocnéni.

Kongenitalni adrenalni hyperplazie - gen, molekularni podstata onemocnéni,
mechanizmy vzniku mutaci.

Nonsense mediated mMRNA decay

10) Metody detekce bodovych mutaci, deleci, duplikaci



Duchennova svalova dystrofie (DMD)

Incidence: 1/3500 chlapcl; Mutace v genu pro dystrofin (DMD, Xp21); dystrofin - protein
membranoveého skeletu svalovych bunék, zajiStuje stabilitu svalové membrany
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Molekularné geneticka diagnostika: analyza DNA

Izolace DNA :> Analyza 79 exonl metodou MLPA - multiple
(leukocyty) Ligation dependent Probe Amplification
P034 lot 0906 male. A0S 07012409 2F
Delece/duplikace
neni detekovana <: 7o £
Analyza jedn0t|lvy0h exonﬂ 2000 —; I = e mﬁ:;’lw - e m.‘ulsm. i
na pritomnost bodovych bL i ]
mutaci (PCR-sekvenovani I
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j Delece/duplikace je

Uréeni pfenasecstvi delece/duplikace v rodiné .
detekovana

(cca 60% pacienti)




Na urovni DNA delece/duplikace neni detekovana —
imunohistochemicka analyza dystrofinu ve svalu

Normalni
vzorek

kDa

427 Dystrophin

BMD 230 Dysferlin

Calpain 3




Molekularné geneticka diagnostika: analyza mRNA

Izolace RNA (svalové bunky) :>

Delece/duplikace neni detekovana

J

Protein truncation test -
specificka detekce nonsense a
frame-shift mutaci

Reverzni transkripce,
amplifikace (10 fragmentu)

<

J

Elektroforéza

J

Delece/duplikace je detekovana
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Detekce rozsahlych deleci/duplikaci — Multiplex Ligation-dependent Probe Amplification
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proba hybridization
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- Denatured genomic DNA is hybridised
with a mixture of probes. Each MLPA
probe consists of two oligonucleotides.

- Oligonucleotides hybridise to adjacent
target sequences and are ligated by a
thermostable ligase.

- All probe ligation products are
amplified simultaneously by PCR using
a single primer pair. The amplification
product of each probe has a unique
length.

- Amplification products are separated
by capillary electrophoresis. Relative
amounts of probe amplification products
reflect the relative copy number of
target sequences.



Protein truncation test
MRNA

@ Reverzni transkripce

cDNA

@ 1. PCR
H 2. PCR

PCR produkt
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R PCR produkt
In vitro transkripce/translace
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f Protein :



Duchennova svalova dystrofie - nonsense mutace, delece a duplikace
meénici ¢teci ramec translace

Beckerova svalova dystrofie - delece a duplikace zachovavajici Cteci
ramec translace

Imunodetekce dystrofinu pomoci
protilatky DYS2 ve svalové tkani
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Spinalni svalova atrofie (SMA)

* Incidence: 1/6000
* Incidence prenasecu onemocnéni: 1/50
« Charakterizovana degradaci alfa-motorickych neuronu michy a atrofii svald.

* Onemocnéni s autozomalné recesivnim typem dédicnosti.

* 95% SMA je zpusobeno homozygotni deleci genu SMN1 (Survival of
Motor Neuron 1), ktery je lokalizovan na chromozomu 5q12-5913.38. Tato
oblast obsahuje invertovanou duplikaci - SMN1 a SMN2 gen.

« VV dusledku rekombinace (crossing-over a genova konverze) vznikaji delece,
duplikace, zmény poctu kopii SMN gend, ...........
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Alternatively spliced product

~85% A7 (lacks exon 7) == @ +—FL SMN
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Coding sequence identical to SMN1

Only present in humans

Human Molecular Genetics, 2010, Vol. 19, Review Issue 1, R111-R118



SMN1

~Genomic DNA
Exon 6HExon 7HExon 8

* MRNA
16/ Exon 7}HExon 8

SMN1: TTC (Phe)

SMN2

|ﬂGnanc:-mic DNA
lEkﬂn' BH Exon 7| Exon 8|

¢ MRNA

Exon BI

SMN2: TTT(Phe)

* v 95% vznika mRNA
obsahujici vsechny
exony

v 85% vznika mRNA s
deleci exonu 7

* v 10% vznika mRNA
obsahuji vSechny exony




SMN protein has a ubiquitous and essential function involving
production of small nuclear ribonucleoprotein complexes - active
in pre-mRNA splicing.

nucleus pre-snRNA

e
scaRNP
Ran PHAX / 1[
Sm m3G ﬁ Cajal body

Sm proteins cytoplasm

g -— (_)(-)/o

T l T ¢ Sm protein
methylation

‘9 - ‘9 e

PRMT5 COmp'eX ¢ Binds Gemin5 l Q

' TGS1 o
i 3 c« snurportln/, N
unrip \ D
snRNA

snRNP import

m7G —p M3
importin

SMN complex Sm protein
binding binding

Sm core 5'-cap import receptors
assembly hypermethylation binding




Stanoveni delece genu SMN1

* PCR a restrikéni analyza (stanoveni
homozygotni delece SMN1 - sledovani

pritomnosti 7. exonu)

SMN1 gen: 188 pb,
SMN2 gen: 149 pb + 39 pb

« SALSA MLPA kit P060
(stanoveni homozygotni
delece SMN1 + stanoveni
pocCtu kopii SMN1)
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exon 8

* Real-time PCR
(stanoveni homozygotni
delece SMN1 + stanoveni
poCtu kopii SMN1)




Intron 6 Exon7 Intron 7
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SMN2: C—U transition
destroys the ESE

l s"’@ : hnRNPA1/2
S 5 PP vact #mm

element 1 SE1 SE?2 ) Gum [SS-N1ISEAT7-1 ISEA1T7-2
inhibitory

hnRNPTE terminal stem loop

SMN2: C—U transition
creates an ESS RNA Biology 7:4, 430-440; July/August 2010

Splicing architecture of exon 7 of the human SMN71 and SMNZ2 genes. The
diagram represents exon 7 (yellow box) and its flanking intronic regions (lines).
Elements inhibiting exon 7 inclusion are shown in red, whereas the positive
elements are represented in dark blue. The suboptimal branch point (BP) and
polypyrimidine tract (PP tract) are indicated in light blue. SF2/ASF and Tra2/p1
bind to the exonic splicing enhancers SE1 and SE2, respectively. The recognition
of SE1 by SF2/ASF is prevented in SMNZ2, due to the C — U transition. This
sequence alteration also creates a hnRNP A1-dependent splicing silencer.

Exon 7 is extremely short (only 54 bp).



Intron

SR proteins
Regulatory
complex
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MNature Reviews | Genetics

a | The essential splicing signals that define the exon boundaries - GU and AG dinucleotides, the branch-point
adenosine, polypyrimidine tract of variable length. Components of the basal splicing machinery bind to the
consensus sequences and promote assembly of the splicing complex. The U1 snRNP binds to the 5'-splice site, and
the U2 snRNP binds the branch site through RNA-RNA interactions. Additional enhancer and silencer elements in the
exons and introns (ESE, ESS, ISE, ISS) allow the correct splice sites to be distinguished from the many cryptic splice sites
that have identical signal sequences. Trans-acting splicing factors can interact with enhancers and silencers and can
accordingly be subdivided into two main groups: members of the SR family of proteins and of the hnRNPs. In general, SR
protein binding at ESE facilitates exon recognition whereas hnRNPs are inhibitory. Protein—protein interactions in the
spliceosome that modulate the recognition of the splice sites are the probable cause of splicing inhibition or activation. b |
Genomic variants (GVs) can affect different splicing regulatory elements, leading to aberrant splicing.

Nature Reviews Genetics 5, 389-396


http://www.nature.com/nrg/journal/v5/n5/glossary/nrg1327.html

a | The essential splicing signals that define the exon boundaries are relatively short and poorly
conserved sequences. Only the GU and the AG dinucleotides that directly flank the exon (at
the 3' and &' ends, respectively) and the branch-point adenosine (all in red) are always
conserved. In most cases, there is also a polypyrimidine tract of variable length (the
consensus symbol 'y' represents a pyrimidine base — cytosine or thymine) upstream of the 3'-
splice site. The branch point is typically located 18—40 nucleotides upstream from the
polypyrimidine tract. Components of the basal splicing machinery bind to the consensus
sequences and promote assembly of the splicing complex. This multiprotein complex, known
as a spliceosome, performs the correct identification of the splicing signals and catalysis of the
cut-and-paste reactions. Five small nuclear ribonucleoproteins (snRNPs) and more than 100
proteins make up the spliceosome. The U1 snRNP binds to the 5'-splice site, and the U2
snRNP binds the branch site through RNA—RNA interactions. Additional enhancer and silencer
elements in the exons (EXON SPLICING ENHANCER (ESE); EXON SPLICING SILENCER
(ESS)) and/or introns (INTRON SPLICING ENHANCER (ISE); INTRON SPLICING SILENCER
(1SS)) allow the correct splice sites to be distinguished from the many cryptic splice sites that
have identical signal sequences. Trans-acting splicing factors can interact with enhancers and
silencers and can accordingly be subdivided into two main groups: members of the serine
arginine (SR) family of proteins and of the HETEROGENEOUS NUCLEAR
RIBONUCLEOPROTEIN PARTICLES (hnRNPs). In general, SR protein binding at ESE
facilitates exon recognition whereas hnRNPs are inhibitory. Protein—protein interactions in the
spliceosome that modulate the recognition of the splice sites are the probable cause of splicing
inhibition or activation. b | Genomic variants (GVs) can affect different splicing regulatory
elements, leading to aberrant splicing. Exonic GVs (eGVs) can either change the amino acid,
result in synonymous GVs in exons (sGVs) or introduce a nonsense codon. Intronic GVs might
be located within approximately 50 bp from the splice sites (that is, 3'-splice site GVs (ssGVs)
and 5' ssGVs) or deep in the introns (intronic GVs (iGVs)).



http://www.nature.com/nrg/journal/v5/n5/glossary/nrg1327.html
http://www.nature.com/nrg/journal/v5/n5/glossary/nrg1327.html
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Table 1. The repeat expansion diseases

Disorder Affected gene Repeat” Repeat location  Mormal repeat no.  Symptomatic repeat no.  OMIM no.
Coding repeats
DRPLA ATN1T CAG ORF 7-25 49-88 125370
HD HTT CAG ORF 6-34 36-180 143100
SEMA AR CAG ORF 11-24 40-62 313200
SCA1 ATXN1 CAG ORF 6-19 39-83 164400
SCA2 ATANZ CAG ORF 15-29 34-59 183090
SCA3 ATXN3 CAG ORF 13-36 55-84 109150
S5CA6 CACNATA CAG ORF 4-16 21-30 183086
SCA7 ATENT CAG ORF 4-35 34->300 164500
SCA17 TBP CAG ORF 25-44 45-66 607136
MNoncoding repeats
—DM1 DMPK CTG 3" UTR 5-37 >50->2000 4 160900
—DM2 CNBP CCTG Intron 1 <27 75-11,000 608768
EPM1 C5TB (C),G(C),GCG Promoter 2-3 30-75 254800
XS FMR1 CGG 5" UTR 6-52 ~55->2000 4 309550
FRAXE MR AFF2/FMR3 CCG 5" end 6-25 >200 309548
FRAT2A MR DiP2B CGG 5" UTR 6-23 ? 136630
FRDA FXN GAA Intron 1 7-22 >66->900 229300
SCA10 ATXNTO ATTCT Intron 9 10-29 280-4500 603516
Coding and noncading repeats
SCASB ATXNE/ATXNEOS CAG and CTG ORF and NCT 6-37 ~107-250 603680
Repeats with uncertain location
HDL-2 JPH3 CAG/CTG ? <50 =50 606438
SCAT12 PPP2RZB CAG/CTC ? <66 =66 604326

{OMIM) Online Mendelian Inheritance in Man database of human genes and genetic disorders (http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim);
{DM1) myotonic dystrophy type 1; (DM2) myotonic dystrophy type 2; (DRPLA) dentatorubral-pallidoluysian atrophy; (EPM1) progressive myoclonus
epilepsy type |; (FX5) Fragile X syndrome; (MR) mental retardation; (FRDA) Friedreich ataxia; (HD) Huntington disease; (HDL-2) Huntington disease-like

2; (NCT) noncoding transcript; (SBMA) spinobulbar muscular atrophy; (SCA) spinocerebellar ataxia.

*The strand shown corresponds to the top strand of the affected gene where it is known. The sequence of both strands is given where this is not known.

Genome Res. 2008 18: 1011-1019


http://genome.cshlp.org/content/18/7/1011/T1.large.jpg

FMR1, 5 UTR,
CGG repeats

* FXS: >200

« FXTAS: 55-200
* Normal: 5-54

5'UTR Coding Region Intron JUTR

* Repeat expansions can occur in 5'UTRs, coding regions, introns, or 3'UTRs.
* Premutation alleles do not show usually disease symptoms, but are primed to
expand in the next generation.

* As repeats get longer, symptoms are seen at an earlier age and are more severe.
* Repeat lengths in introns, 3'UTRs, and 5'UTRs can become much larger than in
coding regions.

Spinocerebellar ataxias (SCA12), Spinal Bulbar Muscular Atrophy (SBMA), myotonic dystrophy (DM)



* The expanded CTG repeat -
‘dynamic’ mutation - the number of
repeats tends to increase in size over
generations.

. Diagnosed at 55y

Cataracts
120 repeats
Diagnosed at 48y Diagnosed at 50y
Grip myotonia Bilateral cataracts
Facial weakness Facial weakness
500 repeats Myotonia

Cardiac problems
700 repeats
(iagnosed at birth

« Expansion of the CTG repeats
commonly occurs during meiosis. As a
result, children of affected individuals
tend to have severe symptoms and
earlier onset than their parents.

Facialweakness
Severe neonatal hypotona
1200 repeats




Myotonic dystrophy, AD inheritance, frequency: 1/17000

* DM1 - an expansion of the CTG
repeat in the 3’'UTR of the dystrophia
myotonica protein kinase gene
(DMPK).

* DM2 - an expansion of the CCTG
repeat in the first intron of the zinc
finger 9 gene (Znf9).

Affected (n=50-400('

Pre-mutation with

no symptoms (n=38-50)'

Unaffected (n=5-37)

CUG Repeats in the :
5 DMPK Gene p 3
'ﬁected (7511000

' Pre-mutation with no symptoms
(n=22-33) +/- intenmuptions

Unaffected (n=7-24)

5 CCUG Repeats in the 3
1st Intron Region

J’ Untranslated Region

* Individuals with a premutation are asymptomatic. However, these repeats are
unstable and very likely to expand during meiosis (risk of having affected

children).



Despite the different expansions within two unrelated genes,
both diseases share many common clinical manifestations
(myotonia, muscle weakness, cataracta, insulin resistance,
and cardiac defects). The shared symptoms suggest the
mechanisms causing the disease may also be shared.

* Nuclei of cells of DM1/DM2 patients — expression of
genes containing CTG/CCTG repeats — nuclear foci
containing pre-mRNA with expanded CUG/CCUG
repeats — capture of RNA binding proteins that
regulate mRNA splicing: muscleblind-like (MBNL)
factor and others — misregulation of splicing of
certain genes: chloride channel 1 (CLCN1), insulin
receptor (IR), cardiac troponin T (cTNT/TNNT2),
skeletal troponin T (TNNT3), and others.

* Insulin receptor and chloride ion channel pre-mRNAs
are misspliced in DM patients — The lack of appropriate
IR and CLCN1 splice isoforms in DM patients is thought
to lead to the symptoms of insulin resistance and
myotonia, resp.

Myotonic dystrophy is thought to be caused by the binding of a protein called Mbnl1 to abnormal RNA repeats. In these two
images of the same muscle precursor cell, the top image shows the location of the Mbnl1 splicing factor (green) and the
bottom image shows the location of RNA repeats (red) inside the cell nucleus (blue).



DM1 DM2

DNA DMWD DMPK SIX5 ZNFO
(CTG), (CCTG),
Pre-mRNA AVAVAY, AAAY

(CUG)n\/ (CCUG),

Altered activity of RNA binding proteins regulating
splicing, including CUG-BP and MBNL 1

Chloride

Aberrant  Insulin Channel Cardiac RYR1 NMDAR1
splicing  Receptor CLCN1 Troponin T MTMR1 Tau APP

?cardiac  ?Muscle CNS effects
abnormalities weakness
and wasting

Disease Insulin

Myotoni
features Resistance yotonia




Myotonicka dystrofie typu 1 Myotonicka dystrofie typu 2

Molekularné geneticka diagnostika na urovni DNA:

» detekce expanze repetice (CTG)n v DMPK genu
» detekce expanze repetice (CCTG)n v ZNF9 genu

PCR Repead—prlmed PCR
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Fragile X syndrome (FXS)
* FSX is the most prevalent cause of inheritable mental retardation with a

frequency of 1:4000 males and 1:8000 females.
* FSX is caused by an expansion of the CGG repeat in the 5'UTR of the

fragile X mental retardation gene (FMR1, Xq27).
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Mutations in the FMR1 gene can lead to three distinct disorders.
* The normal human FMR1 gene has a CGG repeat size of between 5 and 54.

* A large expansion of over 200 CGG repeats triggers CpG methylation and
transcriptional silencing of FMR1 — fraqile X syndrome (FXS).

* CGG repeat expansions between 55 and 200 (premutation) are associated
with an progressive neurodegenerative disorder called fragile X-associated
tremor/ataxia syndrome (FXTAS). Female carriers may suffer from primary
ovarian insufficiency (POI).

One Gene
* Unmethylated expansions of 55— (FMR1)
200 CGG units are unstable in l
meiosis and are found in both
males and females and may Three Disorders

expand to a full mutation only upon / l \

maternal transmission to the next
. Fragile X-Associated
generatlon . Tremor/Ataxia Syndrome

(FXTAS)

Primary Owarian

Fragile X Syndrome Insufficiency (POI)
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Phenotype Normal Fragile X Syndrome

Genotype—phenotype correlation at the FMR1 locus. In fragile X syndrome, large
expansions of the CGG repeat (>200) cause hypermethylation of the FMR1
promoter, which leads to the transcriptional silencing of FMR1 and the loss of the
FMR1 product, FMRP. In premutation carriers (55-200), the level of FMRT mRNA
is elevated above normal level, whereas the amount of FMRP appeared to
remain below normal level.

Neuroscience Letters, Volume 466, Issue 2, 2009, 103-108



http://www.sciencedirect.com/science/journal/03043940

U v8ech novorozencd narozenych na uzemi CR se provadi novorozenecky laboratorni
screening vrozenych onemocneni. Cilem novorozeneckeho screeningu je rychla
diagnostika a véasna leéba novorozencti s onemocnénim. V ramci novorozeneckeho
laboratorniho screeningu jsou vySetfovany uvedena onemocneéni:

* Endokrinni onemocnéni (EO):
a) kongenitalni hypotyreoza (CH)
b) kongenitalni adrenalni hyperplazie (CAH)

* Dédi€éne poruchy metabolismu (DMP):

c) fenylketonurie (PKU) a hyperfenylalaninemie (HPA)
d) leucinoza (nemoc javoroveho sirupu, MSUD)

e) izovalerova acidurie (IVA)

f) deficit acyl-CoA dehydrogenazy mastnych kyselin se stfedné dlouhym fetézcem (MCAD)
g) deficit 3-hydroxyacyl-CoA dehydrogenazy mastnych kyselin s dlouhym fetézcem (LCHAD)
h) deficit acyl-CoA dehydrogenazy mastnych kyselin s velmi dlouhym fetézcem (VLCAD)

i) deficit karnitinpalmitoyltransferazy | (CPT I)

j) deficit karnitinpalmitoyltransferazy |l (CPT II)
k) deficit karnitinacylkarnitintranslokazy (CACT)
) glutarova acidurie typ | (GA 1)

* Jina onemocneéni:
m) cysticka fibroza (CF)




Kongenitalni hypotyre6za (CH)

Nalez pfi novorozeneckém screeningu: zvyseny tyreotropni hormon.

Popis stavu: snizena tvorba hormonu $titné Zlazy.

Etiologie: v 80% porucha prenatalniho vyvoje stitné zlazy, ve 20% porucha nékterého
stupné biosyntézy tyreoidalnich hormonu.

Dédi¢nost: PriCiny CH jsou multifaktorialni, u 5% lze predpokladat autozomalné recesivni
dédi¢nost na pokladé mutaci v genech pro jodidoveé transportéry, enzymatické systémy a
tyreoglobulin a mutace v genech pro transkrip¢ni faktory.

Incidence: celosvetové 1 : 3 000 - 4 000

Dusledek nedostatku hormonu: Hypotyroxinémie vede ke zpomaleni metabolismu, rustu,
poruse vyvoje centralniho nervového systému a tézké psychomotorické retardaci.

Lécba: substituce levothyroxinem.

Prubéh onemocnéni bez Ié¢Eby: tézka psychomotoricka retardace, neurologické symptomy,
porucha rUstu.

Prubéh onemocnéni s Ié€bou: normalni kvalita Zivota.

www.novorozeneckyscreening.cz

www.udmp.cz/laborator/laborator_files/lUDMP-2010.pdf




Cysticka fibréza (CF)

Nalez pfi novorozeneckém screeningu: zvyseny imunoreaktivni trypsinogen

Popis stavu: CFTR protein (cystic fibrosis transmembrane conductance regulator,
transmembranovy regulator vodivosti) reguluje transport chloridovych iontu, ktery je dalezity
pro funkci plic, hornich cest dychacich, pankreatu, jater, potnich Zlaz a pohlavniho ustroji.
Klasifikace: porucha chloridového kanalu, zvySena vazkost hlenu na sliznicich

Dédi€nost: autozomailné recesivni, gen CFTR

Incidence: 1:2 500 -4 000 (vCR1:2736)

Gen: CFTR

Nastup symptomu: Obvykle kolem 6 mésicu véku, i s ohledem na genotyp je znacné
variabilni.

Symptomy: v dusledku insuficience zevné sekretorické funkce pankreatu, v dusledku poruchy
hlenotvorby v dychacich cestach, dalSi symptomy mimo respiracni trakt (vyrazné slany pot,
metabolicky rozvrat v dusledku ztrat elektrolytt, muzska neplodnost, pankreatitidy, dilatacni
kardiomyopatie.

Lécba: zakladni pilife IéEby CF: péce o dobrou prichodnost dychacich cest, péce o dobry stav
vyZzivy, kontrola infekce.

Prabéh onemocnéni bez Ié€by: Casté exacerbace respiracnich infekci, postupna ztrata
funkcni plicni tkané se selhanim dychani, neprospivani, podvyziva, rozvoj cirhdzy jater,
diabetu, osteoporodzy.

Prabéh onemocnéni s Ié€bou: Onemocnéni je v souCasné dobé |éCitelné, i kdyz stale jesté
nevylécitelné. Cilem IéCby je oddaleni rozvoje komplikaci a udrzeni co nejlepSiho stavu funkce
plic a dobrého stavu vyzivy. Stfedni vék preziti je v sou€asné dobé ve vyspélych statech 37 let.

www.novorozeneckyscreening.cz




Fenylketonurie a hyperfenylalaninemie

Nalez pfi novorozeneckém screeningu: zvySeny fenylalanin a pomér Phe/Tyr

Diferencialni diagnoza: deficit fenylalaninhydroxylazy; poruchy biosyntézy a recyklace tetrahydrobiopterinu
Popis stavu: je zpUsoben deficitem jaterniho enzymu fenylalaninhydroxylazy; nahromadéni fenylalaninu a
nedostatek tyrosinu vedou k poruse v syntéze neurotransmitertl. Poruchy pterinového metabolismu mohou byt
zpusobeny deficitem enzymu podilejicich se na syntéze Ci recyklaci tetrahydrobiopterinu; disledkem poruch
jsou zmény v produkci neurotransmiteru.

Klasifikace: porucha metabolismu aminokyselin

Dédi¢nost: autosomalné recesivni

Incidence: 1: 13 000 (v CR 1 : 6 500)

Gen: phenylalanin hydroxylase

Nastup symptomu: Obvykle kolem 6 mésicu véku, ale mize byt variabilni.

Symptomy: Pozvolna mentalni retardace, zacinajici po porodu, ale obvykle neni zjevna pred Sestym
mésicem zivota. Rozsah retardace je zavisly na stupni enzymového deficitu a na tom, jak dlouho byl mozek
vystaveny zvySené hladiné fenylalaninu.

Lécba: Standardni péce je IéCba vSech osob s hladinou fenylalaninu nad cca 350-400 pmol/l, spociva

v nizkobilkovinné dieté s omezenim fenylalaninu a podavanim smési aminokyselin bez fenylalaninu. Dieta je

AT &> &4

Jako experimentalni a nové postupy se objevuje podavani sapropterinu (synteticky derivat
tetrahydrobiopterinu), podavani velkych neutralnich aminokyselin (LNAA), které kompetitivné blokuji transport
fenylalaninu do mozku.

Priubéh onemocnéni bez lécby: VétSinou tézka mentalni retardace, zmény na bilé hmoté pfi hladiné
fenylalaninu nad 1500 pymol/l. Mirné&jsi poskozeni mozku pfi hladiné fenylalaninu (600 — 1500 pmol/l). Mohou
se pridat kifeCe, ekzém, a naladové chovani nebo poruchy soustfedéni.

Pribéh onemocnéni s Ié€bou: Neni mentalni retardace, mohou mit specifické problémy v uceni. Pfi
preruseni diety se snizenym obsahem fenylalaninu dochazi k poklesu IQ, porucham chovani a soustfedéni,
objevuje se ekzém a kfede. Zeny fenylketonuriéky maji 95% $anci narozeni poskozeného ditéte (mikrocefalie
a postizeni mozku plodu, vrozené srdecéni vady), jestlize nedrzi pfisnou dietu béhem téhotenstvi.

www.novorozeneckyscreening.cz




* Phenylalanine hydroxylase (PAH) is a homotetrameric enzyme.

« Each subunit is composed of three functional domains: the N-terminal regulatory
domain; the catalytic domain, which includes binding sites for substrate and
cofactor; and the oligomerization domain at the C terminus.

 PAH mutations can lead to misfolding, with aggregation and/or disturbed
tetramer assembly.

Phenylalanine hydroxylase

Single phenylalanine
hydroxylase subunit

Phenylalanine hydroxylase
protein consisting of 4 subunits

.5, Hatiomal Librany of Medicine
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4a-hydroxy-BH4

During the hydroxylation of phenylalanine by PAH (molecular oxygen O2 and iron Fe+2 are present),
tetrahydrobiopterin (BH4) is oxidised to 4a-hydroxy-BH4 intermediate, which is subsequently regenerated
back to BH4 via quinonoid (q) dihydrobiopterin by the enzymes carbinolamine-4a-dehydratase (PCD) and
by the NADH-dependent dihydropteridine reductase (DHPR). BH4 is synthesised from guanosine
triphosphate (GTP) by three additional enzymes GTP cyclohydrolase | (GTPCH), 6-pyruvoyl-
tetrahydropterin synthase (PTPS), and sepiapterin reductase (SR). Mutations in genes coding for
PCD, DHPR, GTPCH, PTPS, and SR result in BH4 deficiency.

Phenylketonuria, hyperfenylalaninemia — about 98% cases are due to defective or
deficient PAH, 1-2% of cases are due to mutations in genes coding for enzymes
involved in BH4 biosynthesis or regeneration.



http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6T1B-5192NSH-13&_image=B6T1B-5192NSH-13-3&_ba=&_user=835458&_coverDate=10%2F29%2F2010&_rdoc=1&_fmt=full&_orig=search&_cdi=4886&_pii=S0140673610609610&view=c&_isHiQual=Y&_acct=C000045159&_version=1&_urlVersion=0&_userid=835458&md5=c35d6f257dd6087145d4a0f0bfc93f80

A number of factors have been proposed as contributing to the neurotoxicity in PKU:

» Although PAH deficiency occurs at the hepatic level, the clinical effects of
hyperphenylalaninaemia are on brain development and function.

* The primary consequence of increased blood Phe is increased brain Phe.

* The second consequence, resulting from the competition that exists between
Phe and all the other large neutral amino acids (LNAA) for transport at the
blood brain barier level (the amino acid transporter LAT1). Phe has the highest
affinity for LAT1. Thus, high plasma Phe concentrations impairs uptake of the
other LNAA into the brain.

* The competition for LAT1 has the effect of blocking transport tyrosine and
tryptophane (precursors of dopamine and serotonine, resp.).
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Kongenitalni adrenalni hyperplazie (CAH) (deficit 21-hydroxylazy)

VysSetrovany analyt: 17-hydroxyprogesteron (17-OHP), u CAH je zvySen.

Klasifikace: onemocnéni zlaz s vnitfni sekreci, porucha steroidogeneze v kufe nadledvin
Dédi€nost: autosomalné recesivni

Incidence: 1:10 000 - 1:15 000 v Evropé (v CR 1 : 11 000)

Gen: 21-hydroxylase gene

Dusledek a(hypo)funkéniho enzymu: nedostatek kortizolu a aldosteronu, nadbytek
androgend.

Nastup symptomu: u divek jiz pfi narozeni, dale dle klinické zavaznosti (formy) bud 2.-4.
tyden Zivota u formy se solnou poruchou tzv. "salt-wastig" nebo 2.-8. rok zivota u formy bez
solné poruchy - pouze virilizujici tzv. "simple-virilizing".

Symptomy: intersex (obojetny genital, resp. virilizace genitalu) u divek jiz pfi narozeni).
Neprospivani, vahova stagnace, ubyvani na vaze, zvraceni, apatie, hypotonie, kfeCe porucha
védomi, umrti v ramci metabolického rozvratu pfi adrenalni krizi (hyponatremie, hyperkalemie,
hypoglykemie) v 2.-4. tydnu Zivota pfi SW formé (75% pacientll) nebo pfed€asna puberta s
rustovou akceleraci a ztratou finalni dospélé vysky v 3.-8. roce zivota (25% pacientq).
Fyzikalni nalez: virilizace genitalu u divek, hyperpigmentace, pfedCasna puberta - pubické
ochlupeni, rastova akcelerace s pokrocilym kostnim vékem.

Lécba: substituce glukokortikoidy a mineralokortikoidy.

Pribéh onemocnéni bez 1é€by: SW forma - umrti v metabolickém rozvratu pfi adrenalni krizi,
SV forma - predCasna puberta s vyraznou redukci finalni dospélé vysky, riziko umrti v akutni
zatézove situaci - napf. infekci.

Priubéh onemocnéni s Ié€bou: normalni kvalita zivota, u divek operace s cilem normalizace
vzhledu a funkce genitalu, fertilita zachovana.

www.novorozeneckyscreening.cz




Gene conversion is an event in DNA genetic recombination. It is a process by
which DNA sequence information is transferred from one DNA helix (which remains
unchanged) to another DNA helix, whose sequence is altered.

» Efficient gene conversion generally requires homology between interacting
sequences, the homology between the interacting sequences is always >92% and
usually >95%.
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* Gene-conversion events have been implicated as the molecular
cause of an increasing number of human inherited diseases.

» Pathogenic gene conversion - the transfer of genetic information from
non-functional pseudogenes to their closely related functional genes.
* Events in which pseudogenes have acted as donors resulted in the
functional loss of the acceptor genes through the introduction of
frameshifting, aberrant splicing, nonsense mutations, deleterious missense

mutations and so on.
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Kongenitalni adrenalni hyperplasie (CAH)

zahrnuje autosomalné recesivni enzymové defekty steroidogeneze v
klire nadledvin s riznym biochemickym a klinickym obrazem

Chalesteral
| sccrsrar
Pregnenclone | 1o IKI 4 701 _Pregnenclone 122 LI%E pUEA
| 2-Hs l IP-H5D l 3p- H5D
17 - fare .
Progesterone M. lT{!H-Prnguumnimc Androstenedione
|2 Fiydraxyiase™ 1 (T -Hydraxyiass
: S 11. ——
mmm%ﬂ}ﬂtrﬂﬂt Deoxycortisol R
Corticosterone CORTISOL TESTOSTEROME
(B)
l,a,ld.,.s.:,mrh:.sq 11p-HSD1 H 11p-H5D2 Eu-Rw.::'rn:r: Aromciase
180H Corticostercne Cortisone / 1
ludu Synthase BIMYDROTESTOSTEROME ESTRAGIOL
(LHT)
ALDOSTERONE
MIMERALOCORTICOIDS ELUCOCORTICOIDS SEX HORMONES
[Salt-Water Homeostasis) (Stress response)

* DNA diagnostika CAH - analyza
genu pro 21-hydroxylazu (zavedena
od roku 2003)

* Novorozenecky screening
deficitu 21-hydroxylazy (v CR
zaveden od roku 2007)




Mutace zpusobujici 21-OHD

Intergenové rekombinace mezi CYP21A2 genem a CYP21A1P pseudogenem

(~ 95% pripadu CAH):

« Genové konverze — prenos bodovych mutaci z pseudogenu do genu,

 Nerovnomérny crossing-over — delece/duplikace CYP21A2, chimérni
CYP21A1P/CYP21A2 geny).
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Nové vzniklé mutace v CYP21A2 genu (~ 5% pripada CAH).




* The process of eukaryotic gene expression involves a number of interlinked steps -
transcription, capping, polyadenylation, splicing, translation, and mRNA degradation.
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Wiley Interdisciplinary Reviews — RNA,Vol. 1, Is. 1, 2010

Birth of an mRNA begins with RNA-polymerase
lI-mediated transcription from a chromosomal
gene sequence. Packaging of the message into
an mRNP begins almost immediately with the
initiation of transcription, with addition of the
m7GpppG cap. Intron splicing from the pre-
mRNA can also begin before transcription is
complete and results in the deposition of the
exon-junction complex (EJC). Upon
transcriptional termination, the 3' end is
processed resulting in the addition of the poly(A)
tail. Nuclear export of the mature message is a
regulated process which in metazoans involves
the EJC. Once in the cytoplasm, the message
undergoes a pioneer round of translation which
removes many of the proteins bound to the
mRNA in the nucleus and these proteins shufttle
back into the nucleus. In mammalian cells, the
message is subject to several cytoplasmic
surveillance mechanisms during the pioneer
round of translation. If the surveillance decay
mechanisms are not activated, then the
message is either translated into protein, stored
for later translation, or degraded. Message
degradation utilizes both the 5'-to-3' and 3'-to-5'
exosome-mediated decay pathways.


http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1757-7012
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1757-7012
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1757-7012
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1757-7012

* NMD (nonsense-mediated mRNA decay) - mechanismus

zabranujici vzniku pred¢asné zkracenych proteinu, které vznikaji
translaci mMRNA obsahujici PTC (pred¢asny terminac¢ni kodon, PTC+
MRNA).

« ,Normalni“ (fyziologickd) mMRNA mUze byt také substratem NMD — NMD
pusobi 1) jako mechanismus kontrolujici kvalitu mRNA a 2) jako

translacne zavisly post-transkripcni regulator genové exprese.

(Srovnani transkripcniho profilu normalnich bunék a NMD-deficitnich bunék
odhalilo, ze NMD kontroluje mnozstvi 3—10% RNA.)



http://muehlemann.dcb.unibe.ch/pictures/NMDlogo_big.jpg

« PTC+ mRNA vznika transkripci genli nesoucich nonsense mutace nebo frame-
shift delecel/inzerce. Je odhadovano, ze cca 30% mutaci
asociovanych s geneticky podminénymi nemocemi je spojeno s
PTC.

« Substraty NMD jsou i PTC+ transkripty vznikajici alternativnim
sestfihem pre-mRNA sestfihem. 95% lidskych genu je alternativné
sestfihovano - primérny pocet alternativné sestrizenych mRNA na
gen je asi 3.5 a tretina alternativné sestrizenych transkriptu
obsahuje PTC.



http://muehlemann.dcb.unibe.ch/pictures/NMDlogo_big.jpg
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Model for NMD

In mammals, newly synthesized CPB80—-CBP20-bound mRNA is targeted for NMD once mRNA has been
generated by pre-mRNA processing and exported from the nucleus to the cytoplasm. During pre-mRNA
processing, splicing results in the deposition of an EJC of proteins upstream of mMRNA exon—exon junctions.
EJC components include elF4Alll, Y14, MAGOH, BTZ and many other proteins. The UPF3 or UPF3X NMD
factor is mostly nuclear but shuttles to the cytoplasm and is thought to join EJCs in the nucleus so as to be
exported with mRNA to the cytoplasm.

In the cytoplasm, UPF3 or UPF3X recruits UPF2. The translation of CBP80—CBP20-bound mRNA
constitutes the pioneer round. Translation termination during the pioneer round at a premature termination
codon (PTC) that is situated 50-55 nt upstream of an exon—exon junction (i.e. 25-30 nt upstream of an EJC)
involves the SURF complex, which consists of the PI3K-related protein kinase that phosphorylates UPFA1,
SMG1, together with UPF1, eRF1 and eRF3. As a consequence, NMD generally occurs. During the process,
UPF1 together with SMG1 is thought to bind EJC-associated UPF2 in a way that is promoted by CBP80.
UPF1 binding to the EJC results in UPF1 phosphorylation. Phospho-UPF1 triggers NMDby promoting
translational repression of the NMD target. Translational repression involves the binding of phospho-UPF1 to
elF3 within the 43S pre-initiation complex that is poised at the AUG translation initiation codon so as to
prevent 60S ribosomal subunit joining. Phospho-UPF1 also promotes NMD by recruiting mRNA degradative
activities. Not shown are SMG5, SMG6 and SMG7, which activate UPF1 dephosphorylation and thus
recycling. SMG6 appears to additionally function as an endonuclease. Very recently, roles for SMG8 and
SMG9 as SMG1-interacting proteins have been defined. Notably, mammalian-cell NMD can also target
MRNAs that have not undergone splicing downstream of a PTC, in a mechanism that has been called
failsafe NMD or EJC-dependent NMD, provided that they have undergone a splicing event upstream of the
PTC. Nucleolytic activities are indicated by the red irregular hexagons. PABP, poly(A)-binding protein, where
darker shapes specify the largely nuclear PABPN1 and lighter shapes denote the largely cytoplasmic
PABPC1; AUG, translation initiation codon; STOP, normal termination codon; 1, eRF1; 3, eRF3.

Biochemical Society Transactions (2009) Volume 37, part 6



Metody detekce bodovych mutaci, deleci, duplikaci, ....

« Metody detekce bodovych mutaci — PCR, PCR-RFLP (Restriction Fragment Length
Polymorphism), PCR-sekvenc¢ni analyza, PCR-DHPLC (Denaturing High
Performance Liquid Chromatography), .......

» Metody detekce deleci/duplikaci — PCR-fragmentacni analyza, repeat-primed PCR,

Southern blot a hybridizace, MLPA ...........



