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« Syndrom fragilniho X chrc;rﬁ”car’fé‘r’nu;je _nlejc“;astéjél'
pricinou dedicnych mentalnich retardaci s

frekvenci vyskytu 1 j,DOQ:'wmuzua 1:8000 u
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- Je zplisobenex ﬁah*p,CGG repetlc v 5’'UTR
fragile X mer{tal retﬁrdailon genu (FMR1, Xq27).

* Prvni ﬁakgﬁany bnlﬁl’ad choroby zpusobené
expanzi trinukleotidovych repetic.



ast 1: Klinické projevy




Mutace ve FMR1 genu vedou ke tfem rozdilnym projevim.
- Normalni lidsky FMR1 gen ma poctet CGG repetic v rozmezi 5= 54.

* Rozsahlé expanze na 200x CGG vedou k metylaci CpG ostrovii a
transkripcnimu umiceni FMR1 genu — syndrom fragllnlho X chromozému
(FXS). /

» Expanze CGG repetic mezi 55 az 200 opalg‘bvém’mi (pre’mutace) je spojena s
progresivnim neurodegenerativnim. onemodne’ﬁlm zvanym fragile X-associated
tremor/ataxia syndrome (FXTAS) (Onemocnenl manifestujici se v nebo po paté
dekadé Zivota). U Zen nosicek se pritomnost premutace muze projevit
pred€éasnou ovarialni msufwiencL(FXPOI)

- Nemetylované expanze55-200 - “ D{.’::iqﬁf;e
jednotek CGG jsou nestabllnl < l
b&hem meidzy amohbu = = * #

expandovat do plné mutacé. K= , ./ Three Disorders

expanzim dochézi pouze pfi / l i

maternalnim prenosu.
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Saul, RA and Tarleton 1C. § MR1-related disorders GeneReviews 2008




Morfologicke projevy. FXS

* normal structure

* broad forehead

* elongated face

* large prominent ears

* strabismus (crossed eyes)
* highly arched palate

* hyperextensible joints —._,._a' =4

* hand calluses —-L-----:- T —
(from self-abuse) '
* pectus excavatum
(indentation of chest)

* mitral valve prolapse

(benign heart condition)
* enlarged testicles

* hypotonia (low muscle tone)
« soft, Neshy skin

* flat feet

* selzures (in about 10 percent)




Psychosocialni projevy FXS

SniZzené 1Q. e
Hyperaktivita, hypers;e;nzﬂwﬂa spOJena se
senzorickymi podﬁ’éty uzkost a zpozdéni
VyVOje /.-" AN

30% pacner;tu JSOU aui‘lste (2-5%
autlstjekygih déti rﬁa FXS).

25% pamentu trp| epilepsii.
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adapted from Rivera et al. (2002)



Fragile X-assosiated

tremor/ataxia syndrom (FXTAS)

The physical symptoms of FXTAS includefan-intention tremor,
ataxia, Parkinsonism (this includes small, shuffling steps, muscle
r|g|d|ty and slowed speech), as well as neurepathic symptoms. As
the disease progresses to the more’ advanced.stages; an individual
with FXTAS is also at risk of autonémic dysfupctlon This includes
hypertension, bowel and pl’aﬂflerfd;gfsfunctlon as well as impotence.

An individual with FXTAS:may:also exhibit the following symptoms:
a decrease in cog{}rﬂ’ W which includes diminishing short-term
memory and executive: fun61|on skills, declining math and spelling
abllltles and decisiQn-makir abI|ItI§S FXTAS may also result in
changes in personality; du€.to alterations of the limbic area in the
brain. This mcﬁﬂeﬁmerease‘d irritability, angry outbursts, and
impulsive ﬁehawour

] s

(Hagerman, PJ; Hagerman RJ (2004). "Fragile X-associated tremor/ataxia syndrome (FXTAS)". Mental Retardation and Developmental Disabilities
Researegh Reviews 104(1): 256-30.)



Fragile X associted primary
ovarian insufficiency:(FXPOI)

* Approximately 20-28%, efWomen with an
FMR1 premutation (55-200. CGG-repeats)

experience fraglle,(x ’p‘}?/fﬁary oOvarian
msufflClency aho_ther 23% experience

early meno ause’ (.e; ,menopause before
the age of(f‘@rty fr’ve)

(https//www.fragilex.org/html/menopause .htm) '...'
# j
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The CGG repeat in the FMR1 éerie Schematic representation of normal, PM
(premutation)and FM (full mutation) alleles of the FMR 1 gene and the effect of
the expansion on transcription and translation. Methylation due to extensive

elongation of the CGG repeat in the 5-UTR of the FMR1 gene is depicted as a
lock.

Biochim Biophys Acta. 2009 June; 1790(6): 467—-477.



Trinucleotide repeat sequences (TRS) -
dynamic mutations - the number of repeats
tends to increase in size over generations.
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» Several factors contribute to mutational ( e
dynamics - number of repeats, composition’ —~
and length of the repeating motif, presence é- E
of interruptions within the sequence and.” R |ﬂ*wtﬂh R
the rate of intracellular processes suchr as i 7 S\ -
replication, transcription, repalr or, - - ;:Mf“i‘)f‘:lm
recombination. ;' CA P 2 o
— 3
A significant featu re;of tandemr “&M'mgwmt o

repeats is ability to.form unusual DNA T

structures (léft-handed Z-DNA, @ <

cruciforms, slipped-stranded DNA, €

triplexes, andtetraplexes). Such non-B- SO0 mmwm;u NI
DNA structures potentially may be Slipped DNA " €

hazardous for genome stability if not
removed by repair mechanisms.



The simplest explanation of an repeat expansion — an slippage of
DNA polymerase during DNA replication.

.
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Schematic representation of
the chromatin structure of the

FMR1 gene
In the normal situation the active

“gene has an-open.chromatin
' structure. When the CGG

repeat' (red line) is expanded,
deacetylation and methylation
of the promoter and CGG
re'éion takes place leading to
a-packaged and less

-accessible chromatin

structure causing inactivation
of the FMR1 gene. Treatment
with 5-azadC results in
demethylation and acetylation
leading to an open chromatin
structure and transcription will
be (partly) restored.

Biochim Biophys Acta. 2009; 1790(6):
467-477.




R pobyrmarate Transcriptionally active
Trargcrghcn ]:- & Acatyison chromatin regions tendto be
hyperacetylated and
hypomethylated. If a region of
DNAvor g gene is'destinated for
silencing,chromatin remodeling
enzynies'such as histone
—deadetylases and ATP-
dependent chromatin
5, remodelers. likely begin the
_ gene-silencing process. One or
more, of these activities may
' recruit DNA methyltransferase
resulting in DNA methylation,
followed finally by recruitment of
the methyl-CpG binding
proteins. The region of DNA will
then be heritably maintained in
an inactive state.
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H3K27

Silent chromatin
| . =
http://www.nature.com/emboj/journal/v24/n15fimages/7600743f6,jpg
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Kumari D , Usdin K Hum. Mol. Genet. 2010;hmg.ddq394
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http://lwww.erasmusmc.nl/47421/5101 9/2004677/hoogevee_n-figuur.JPG

e
"z~ Excess, expanded
CGG repeat FMR1

igure 1. Schematic of the two separate pathogenic mechanizms leading to FXTAS
CRMA toxicity™) and fragil yrdrome (absence of FMRT pratein). Gold, CGG
epeat region in DNA and RNA; marcon, protein coding portion of the gene; pink,
ndicates hypermethylation and silencing, also involving upstream promoter region.

http://www.ucdmc.ucdavis.edu/ntri/images/body/figure1.gif



Matune Reviews | Heurosciemncs

The figure shows a hypc'>thetica'l meché&nism through which the absence of fragile X mental
retardation protein (FMRP) could lead.to failure of synapse pruning and, as a
consequence, dendrite pruning, in a_typlt:al spiny stellate neuron in a whisker barrel
(centre). The model assumes'that FMRP.egulates the synthesis of structural proteins (for
example, po;stsynaglc dénsity proteir 95 (PSD-95)) or signalling proteins that form part of
a complex that issimportant for stabilizing and maturing developing synapses (see next fig.
for one possible conceptualization.of‘this process). When FMRP is present, this
stabilization complex (carried by‘the transport granule) is selectively targeted to active
synapses (upper left), which results in selective maturation and stabilization of spines
(upper right) and pruning of hon-stabilized synapses. In the absence of FMRP (lower left),
the stabilization complex is equally targeted to active and inactive synapses, which results
in a weaker form of maturation and stabilization, and gives rise to greater numbers of
synapses and‘an immature morphology (lower right).

. Claudia Bagni & William T. Greenough
Nature Reviews Neuroscience 6, 376-387 (May 2005)


http://www.nature.com/nrn/journal/v6/n5/full/nrn1667.html

Nature Reviews | Noeuroscience
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At synapsess prote'rr_]"!"yntheé'is is itfated by différent cellular stimuli, and this leads to an independent response of a single synapse that can
influence synaptic plasti€ity.'a | In‘a wild=type spine, stimulation of metabotropic glutamate receptors enhances the synthesis of fragile X mental retardation
protein (FMRP), which cotild act to'negatively regdlate the translation of proteins that are involved in ionotropic receptor internalization during long-term
depression and of proteins that regulate the cytoskeleton' (suéh-as microtubule-associated protein 1B (MAP1B), activity-regulated cytoskeletal-associated
protein (ARC), arginine-binding,protein 2 (ARGBP2), postsynaptic density protein 95 (PSD-95) and Rac1). This receptor-coupled signalling pathway might also
be responsible for FMRP-phosphorylation and the consequent release of mMRNAs from translational inhibition and/or the activation of translation of other
specific depdritic MRNAs. The correct balance between synthesis and degradation of these proteins would promote and maintain the mature shape of the
synapse. b | In a spine of a patient with fragile X syndrome, or in the mouse model of the syndrome, the absence of FMRP would lead to an increase and/or
decrease in the translation of protein regulators of the cytoskeleton, both of which might have an effect on the lengthening of dendritic spines. ¢ | The absence
of FMRP could also lead to an increase in the translation of proteins that are involved in ionotropic (AMPA (  -amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid) and NMDA (N-methyl-D-agpartate)) receptor internalization (INT.) during hippocampal long-term depression, which could lead to fewer receptors being
present on the postsynaptic membrane and to thinner spines. mGIuR, metabotropic glutamate receptor.

. Claudia Bagni & William T. Greenough
Nature Reviews Neuroscience 6, 376-387 (May 2005)


http://www.nature.com/nrn/journal/v6/n5/full/nrn1667.html
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Abnormal dendritic spine morpholﬂc')gy in patients with FRAXA (an increased density of long,
immature dendritic spines). During transport FMRP-mRNA, FMRP suppresses translation.
Stimulation of postsynaptic glutamate receptors (mGIuRSs) results in increased protein synthesis.

FMRP, which is also,upregulated by mGIuRs, serves to dampen this process. The absence of
FMRP.in FRAXA results in over-amplification of this response.

Dendritic Spine Structural Anomalies in Fragile-X Mental Retardation Syndrome: Scott A. Irwin, Roberto Galvez and William T. Greenough.
Cereb. Cortex (2000) 10 (10): 1038-1044.
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Spektrum metod .
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Home-made metody 7~ A2
GC-rich PCR sys,r(;,myi’m ;.;
Metylacne Eemﬂqka PCR

Triplet- Prlmgd PCR' (Abbott Molecular)
Sizing PCR (Abb@tt Molecular)

Southern blottmg

- o



Home-made metody

VétSinou zalozeny na prosté
amplifikaci daného useku

VétSinou odhali pouze alely
o normalni velikosti

Nutno pouzit polymerazy s
proof reading aktivitou



GC rlch PCR systemy
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Ampllfrkace GC rlxch“t.emplatu slozita —
specialni pufry, specialnipolymerazy, specialni
PCR programy

Vetsinou pouze-alely-o normalni velikosti, dolni
. hranice premutaci
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Metylacne specificka PCR
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Male vstupni

mnozstvi DNA

PGR +
fragmentacni
analyza (2 + 1 h)
Robustni, rychla,
jednoducha

Draha




Sizing PCR (Abbott)

—
fp—

Male prem on (118

The FMR1 Sizing PCR simultaneocusly amplifies gender specific targets in the X and
Y chromosomes as well as the CGG triplet repeat region within the X chromosome’s
FMR1 gene. A test developed using these reagents may assist the laboratory in the
detection and measurement of FMR1 alleles without reflexing to Southern Blot,
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Male vstupni
mnozstvi DNA

PCR+
fragmentacni
analyza (4 + 2 h)

Robustni, rychia,
jednoducha

Velmi draha




Southern blotting

stack of paper towels remave nitrocellulose

paper with tightly bound DNA

icl

af known si
size markers

sponge o LABELED DNA PROBE
alkali solution - HYBRIDIZED TO

! SEPARATED DNA

DA FRAGMENTS SEPARATED SEPARATED DNA FRAGMENTS BLOTTED

BY AGAROSE GEL ELECTROFHORESIS ONTO MITROCELLULOSE PAFER

http:/ /www.accessexcellence.org/f

AB /GG fsouthBlotg.html .
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