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presented, but they eompletely fail in exerting sy proctical inflsence
b the sabject. Y
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Klinischer Phanotyp beim Down — Syndrom (DS)

Wachstumsdefizit (auch IUGR)
Intelligenzdefekt

Dysmorphiemuster

Brachyzephalie

ansteigende Lidachse

Epicanthus

Brushfield-Irisflecken

Vier-Finger-Furche

kurze, breite Hande & Finger

kurze Nase / eingesunkene Nasenwurzel
kurzer Hals mit Hautfalten

offener Mund / Makroglossie

fakultativ angeborene Fehlbildungen

Verlauf

Herzfehler
Gastrointestinal-Trakt

Hypotonie (Ngb., Kinder & Jugendl.)
Infektionserkrankungen

Leukamien (insbes. frihkindl.)
Morbus Alzheimer

75%

82%
59%

56%

53%
64%
68%
81%
58%

40%

5%

100% ?

50x
25-100%



Simian
crease

Normal palm

Vierfingerfurche

Growth failure (Broad flat face
Mental retardation T Slanting eyes

B ] thic eyefold
Flatbackothead — ' = 1 !%ﬁm&;{};ﬁw °
Abnormal ears 5 5%, - Short and
Mefiy "loons" | e. broad hands
on finger tips ' Q [Small and
Paim crease |arched palate

. wrinkled

special skin E:Egue
ridge patterns Dental anomalies

Unilateral or bilateral 2\
absence of one rib

Congenital hear!
Intestinal blockage disease
Umbilical hernia Enlarged colon
Abnormal pelvis
v Big toes widely
Diminished muscle tone spaced
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Down-Syndrom - Trisomie 21



Nachweis einer Trisomie 21

Chromosomenanalyse
FISH / Interphase — FISH
QF PCR

(pranatale Risikomodifikatoren:
Serum-Marker, Nackentransparenz)

Veranderungen von (maternalen)
Serum — Markern bei fetalen Trisomien

Tris21 Tris18 Tris 13

PAPP-A ! 1!
R-HCG 1 Ll
Ostriol 1 l
AFP ! 1l

Kagan et al. (2008) Human Reprod 23, 1968

Kagan et al. (2008) Prenat Diag 28, 1209

Risiko (%)
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Miitterliches Alter (Jahre)

Hb6he des Risikos flr
ein Down-Syndrom
in Abhangigkeit von
Nackentransparenz
und mutterlichem
Alter

50 mm
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Meiotisches Nondisjunction

a) Allgemein

(A) First divigion nondisjunction

b) Trisomie 21

(B) Second division nondispunction
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Karyotyp: 47,XX,+21

freie Trisomie 21
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Karyotyp: 46,XY,rob(14;21)(q10;q10),+21

Translokationstrisomie 21
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Meiose bei Tragern einer Robertsonschen Translokati  on
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Keimzellen

Eefr'uchtung durch gine normale Keimzelle
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Az SlrachanRaad, Mokodiare Huriaigonolk, 5 Aul, B 2005 Esavior GrilkH



an

14 14;21 21 f

P

mogliche Erg:ebmsse einer Meiose

Keimzellen ﬂ? H\W ( 8\ 71\’ |f'\' ﬂ\ﬁ
\azy/ \CU/ NIANY, ALY,

Befruchtung durch eine normale Keimzelle

N N -
@) @b () Q) @

i
w () @ (w .
! l \
/s /
) ) U
| nnrmall lhal_?-l]ﬂiﬁl'tﬂl' |"{T'risnmie 14}.| |{Munnsnmie 14'_l| |Wnnnsumle 21) | |Tnsnmae 21 |
SR ger
S Slrachan'Road, Mokasutane Mumaviporall, 5, a0l 22005 Exavior Gl
pranatal letal T T ity
lebensfahig + + +

Wahrscheinlichkeit fiir DS bei Kindern eines TL-Tragers (formal): 33%

Wahrscheinlichkeit (empirisch): 10-12 % bei QQ TL - Tragern
1-2 % bei &3 TL - Tragern



Chromosomenveranderungen beim DS

Freie Trisomie 21 sporadisch,
meiotisches ND,
Alterseffekt,
Mosaike mdglich

Translokationstrisomie 21 Robertsonsche TI.,
oft familiar

Partialtrisomien Duplikationen,
unbalanzierte reziproke
Translokationen,

u.U. familiar

< 95%

< 5%

~ 1%



Chromosom 21

Kleinstes Autosom L

Ca. 1% des Genoms

Anzahl Gene (s.u.): 477

Chromosome Statistics =

Length (bps): 45,129 895
Known Protein-coding Genes: 278
Novel Protein-coding Genes: Z
Pseudogene Genes: 141
miRNA Genes: 16
rRNA Genes: 5
snRNA Genes: 13
snoRNA Genes: 14
Misc RNA Genes: B

http://www.ensembl.org



Pathogenese des Down — Syndroms

- Down-Syndrom - Gen ?
- direkte Gendosis — Effekte ?

- Storung der pra- und postnatalen Entwicklung ?
(indirekte Gendosis — Effekte)



Box 1 | Hypothesis for Trisomy 21 phenotypes
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i1 = Expression level
| e

Allele-non-speacific

L M s |
Down syndrome
phenotypes

3x gene H5AZ21-MNon-H5A21 gene interactions
4 Non-sensitive

3x gene
Sensitive

CNGs direct or indirect contribution

i

Antonarakis et al. (2004) NatRevGenet 5: 725-738



Table 2. Transcriptome analyses of trisomy

Study Samples Tissues Array or assay type  Number of Parcentage of 3n genes Primary gena-  Disomic gens
genes arrayed  genes <1.24old dosage effect”  dysregulation”
expressed increasa®{ %)
FitzPatrick etal 7] Human 121 Cultured CDNA 9126 B87% 5-10% r— B
amniocytes
Mao et al. [B] Human T21 Cultured Oligo microarray 15 106 T1% 5-10% +++ -
astrocytes
Maao et al. |8 Human T21 Carebrum Oligo microarray 15106 ba% 5=10% +++ =
Saran et al. [12) Mouse TsB50n Cerebellum Oligo microarray 12 488 b5% 24% +++ ++
Amang et al. |9 Mousa Ts1Cje PO brain Oligo microarray 11300 3% 0% +++ -
Dauphinotet al [15]  Mouse Ts1Cje Caraballum Oligo microarray 12 488 BE% 1% +++ 4+
andior gPCR
Kahlem &t al. [10] Mouse Ts6E0n  Adult tissuss cDNA Bz0* B2% ~B% +++ Mot applicable
Lyle et al”[11] Mouse Ts650n P30 and adult RT-PCR ag° 6% ~8% +++ Not applicable
tissues

136 mouse genes are orthologous to those on HSA21 (77 are trisomic in Ts650n) and 384 non-triplicated genes from elsewhere in the genome.
"88 genes are orthalogous to those on HSA21 (82 are triplicated in Ts65Dn) and 11 other mouse genes.

“Possible dosage-compensation effect.

“A strong gene-dosage effect is represented by + + + and a milder gene-dosage effact is represented by + +.

Fitzpatrick (2005) TIG 21, 249



Class | -
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erect
30 genes
Class Il - Amplified
1.64 9 dehes 2.27
Class lll -
0.74 Compensated 1.4
77 genes and predictions
Class IV - Variable
1.08 20 genes 1.6
and predictions
I i I 1 § i I I 1 I I [l I | 1 3 } Raﬁo
T T Ll l T 1 T T I T L] L L] I L] L]
1 1.5 2 DS/control

GENE-DOSAGE EFFECT

Figure 1.

Classification of HSA21 genes according to the expression ratio between DS and control LCLs. The sum of classified genes

is 136 genes minus 2 ((210RF108 and PRMT2) that appear twice, depending on the oligonucleotide probe considered (see the “Results”

section for details).

Yahya-Graison et al. (2007) AmJHumGen 81,475



Oxford grid  (J.Edwards, 1984) http://oxgrid.angis.org.au/
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[11: DYRK1A dual-specificity tyrosine-(Y)-phosphorylation regulated kinase 1A [ Homo sapiens ]
GenelD: 1859 updated 02-Aug-2009

Summary b2
Official Symbol DYRK1a
provided by HGNC

Official Full Name dual-specificity tyrosine-({¥)-phosphorylation regulated kinase 14
provided by HGNC

Primary source HGMNC:3091
See related Ensembl:ENSGO0000157540; HPRD:09018; MIM: 600855
Gene type protein coding
RefSeq status REVIEWED

Organism Homo sapiens

Lineage Eukaryota; Metazoa, Chordata; Craniata; Vertebrata, Eutelsostomi; Marnmala; Eutherta; Euarchontoglires;
Primates; Haplorrkin, Catarrhing, Homimidae, Horno

Also known as MNE; DVRE; HPE6; MMBH; DYRK1; DYRK1A

Summary This gene encodes a member of the Dual-specificity tyrosine phosphorylation-regulated kinase (DYRED) family.
This member contains a nuclear targeting signal sequence, a protein kinase domain, a leucine zipper motif, and a
highly conservative 13-consecutive-histidine repeat, It catalyzes its autophosphorylation on serine/threconing
and tyrosine residues. It may play a significant role in a signaling pathway regulating cell proliferation and may be

LoCUSIC: |

.




Die Ts65Dn — Maus [ Ts(17 16)65Dn |

- Segmentale (partielle) Trisomie 16
ausgehend von einer Translok. 16;17

- Orthologe flr ca. 50% der bekannten

Gene des humanen Chr. 21

) Human chromosama 21
(entspricht ~ 28Mb = 72%)

Ms1Rhr Matl
TeGS50n TsiCle TeiRhr TsEEDn TsE50R

Entwicklungsstdrung I
Craniofaziale Auffalligkeiten
DSCR I

Hirnfehlbildungen
Lern — und Verhaltensauffalligkeiten

da

Figure 1: Compariscn of human chromesamae 21 with currently avallable
mouad models, Nobo that aach mousse modol has o different number of

a triplicated gones.
>> transgene Mause I:IEl:Fl:ll.'lnﬂniarr-dr&rnlcrIH:H ragian
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Down — Syndrom — kritische Region (DSCR)

16

Mouse-chromosome
homologies

About 30 Mb

22.11

22.12

5013

222

22.3

21

Trisomic regions in
mouse models

Ts65Dn
GABPA/AFF T
Tsi1Cje
SO
ZNFZ235

Gardiner, 2004




NFAT signalling (nuclear factor of activated T-cells)

Cell

Genes Activated
for Normal Neuron

Mormal Neuronal Development
Epstein (2006) Nature 441: 582-583

®
Arron et al. (2006) Nature 441: 595-600 2 INFATS

CYTOPLASM

MFAT: Cant
Enter Mucleus

oo et

Can't be Activated

Down Syndrome

Crabtree 2001, O‘Day 2009



Calcineurin und N-Methyl-Aspartat

(u.a. Lernen, Gedachtnis) Berityluriol sixacibe:
PCPA rescues hippocampal
'| chefcits (MO, AL
E:M
GABRA
 ading
m | ’ —* M a— H-I]'S o=t ml
m'J‘]ﬁ Mwumm:
rescuid hippocampal
\ deficits (CFCY
Cabd: calimadulin

Cah calcineunn
RO%: reactive axygen spocies

Figure 2 | Chromosome 21genes directly and indirectly impact
calcineurin {CaN) and the NMDA receptor (NMDAR). Chromosome
21genes are shown shaded. Large arrows indicate targets of known
pharmacological reagents.

NMDA: N-Methyl-D- Aspartat
NMDAR: ionotroper Glutamatrezeptor

Gardiner, 2008



Serotonin
o I pope (Neurogenese)

| JE ol — memitrane)
S T _; &\“* ADAR2
/ N N/ 5HT:  Serotonin
:p-uﬂi;yudplir. SHT2CR «
| H 5HT1AR: Serotonin type 1A receptor

CaM -'L'-u...,_‘_ - TiAM2 |gbbr.|l.|j'|lt'
PLP4 l ITSNT - - ."; isodarma
Erk1/2 TR Akt ’

.Baw \‘fam—wh " L V) st 2000 5HT2CR: Serotonin type 2C receptor

DYRK1A —— CREE .y |
H,/"’, I '“‘“-,.\ ¥
| Tl e

neural ’

plasticity

CREB: cAMP response
element-binding protein

pralifaration
BDONF

DSCR1 +
NFATcd —— pvmkia

Figure 3 | Pathways relevant to adult neurogenesis: predicting perturbations in
Down syndrome and effects of fluoxetine. Signalling through SHT1AR is reguired for
neurogenesis; YWEGF and BOMF are required for praliferation of neural precursars and
sundval of newborn neurans, respectively. Serotonin (5HT) levels are decreased in Down
syndrame, possibly due to GIRKZ activation by SHT1A autoreceptors causing
hyperpolarisation of the presynaptic membrane and inhibition of SHT release. Fluoxetine
(FL=) blocks reuptake of S8HT and thus increases SHT concentrations and resultant
signaling through the integrated pathways that invalve cAMP, Ras/Erk and PI3kiAKE,
and that converge on CREB. Several chromosome 21 proteins (shaded) interact with
pathweay components and are predicted to affect pathway flux when overexpressed.
Fluoxetine also alters functional properties of SHTZCR (%) which may also be affected by
increased ADARZ™. Zolid arrows | activation; dashed arrows, indirect activation; blunt
lines, inhibition; dotted lines, alters functional properties. (Figure is a composite fram

Gardiner, 2008



Reversion von DS — Phanotypen in der Ts65Dn - Maus

Treatment

Memantine
]

Pentylenetetrazole

{(PT)

Fluoxetine (Frozac)

MHere growth factar
(HGFY

Activatar aof sanic
hedgehog (SHH)

Genetic reduction
of APP {chri
genel @

Phenotypic feature

Hippocampal-hased
learning deficit (CFC)

Hippocampal-based
learning deficits
(MOR; MWD

Impaired
heurogenesis
(hippocampus)

Meurodedenearation

Cellular abrnormalities
inthe cerebellum

Failed MGF transport,
neurodegeneration)

Cirtcome

Fescue of CFC
deficit

Fescue of
RIOR, bbb
deficits

Itpraved
neurogenesis

Fescue of
cellular
abnormality

Fescue of
cellular
abnormality

Partial rescue
of cellular
abnormality

Reference
Costa et al.
[17]

Fernandez
et al. [E;

Fueda et al.

(2]

Clark et al.
[12]

Cooper et
al. E

Foper et al.
[21]

Cataldo et
al. I2—2];

Salehi et al.

=1

Atvamtages

Approved for
use in AD

Effects
lasted 3
months after
last drug
exposure

Approved for
human use
fmaoad
disorders)

Limitations

Mattested in
children

Mot approved for
human use; can
induce seizures

Mot tested in
children; effects on
learningfmemary
hot tested

Effects on
lrarningfmemaory
hot tested; no drug
availahle

Effects on
lrarningfmemaory
hot tested;
increased cancer
risk

Effects on
learning/memary
hot tested; no drug
availahla

Tests of hippocampal-based learning: CFC: Contextual Fear Conditioning, NOR, Bowvel Object Recognition; MW, Marris Water

Maze. AD, Alzheimer's Disease

Table 1 | Successful interventions using Ts650n mice: pharmacolegical, biochemical and

genetic

Gardiner, 2008



Feature

Cognitive
deficits

hMemantine
rESponse

Altism
Seizures

Hearing
impairment
YWision
impairment
Alzheimer's
pathalogy
AD-like
dementia
Anxiety

Early
mMenopause

Inflammatian

Frequency in Down

synidrome

Faormal

distribution; mean

G =45,
range, 25-70

LInknown™

7%
7%

16%

40%

All

0% atage 50

9

hromosome 21 gene associations

RCAMT, ITSMNT, S¥MJT, DYRE1A,
TlaM1, PCP4, BACHT, 5001, AFPF,
microRMAS;

*5100B8; SIMZ; DSCAM

RCAMT, ITSMT, SYMJT, DYRKA,
Tlam1, PCFP4, BACHT, 5001, APF

CHADR-BTG3-MCAMZ region
*C5TH, GRIET (JAE), GIRKZ, HLCS,

CLDM14 (DFNB23), *TMPRSS3
(DMFBE,10), KCHET (JLNE1)

*CRYAA, FCBS ¥ LSS

APF, BACEZ

APP, BACEZ

*EUMO3Z, *NREIPT; MREAP

*EUMO3Z, *MEIP1

IFMART,Z, IL10RB, IFNGR2* 51008

\

Non-chromosome 21 gene associations

mHMDAR, MAFE, calcineurin, Ras, Elk, BOMF,
GAERA + 300 gene mutations associated with
cognitive deficits

HRE1, MREZ2a,b, calcineudrin, calmaoduling, GSk38,
Akt Erk1r2

MLGH 3, RLGH4K, GABRAL MRXMT (7

+401 gene mutations associated with seizures

+27T gene mutations associated with
deafriess

+155 gene mutations assaciated with vision
impairment

APFL1, APFLZ, BACET, P51, PE2, APOE, MAPT

APPLT, APPLZ, BACET, PS1, PS2, APOE, MAPT
GR, BONF; MC2R
ER

IL1

Dioweny syndrome features and frequency B33 chromosome 21 and non-chramosome 21: Online Mendelian Inheritance in
han (hitp:hasana nchi.nlmonih.gowsitesientrez ?db=omim. *, genes that are not present in the Ts650n model and thus their
study requires development of new mouse models.

Table 2 | Down syndrome features and variable frequency and candidate gene associations

Gardiner, 2008



Zusammenfassung

Down — Syndrom (DS) zahlt zu den komplexesten geneti  schen Erkrankungen
und stellt die haufigste genetische Ursache flr gei stige Behinderung dar
(1 : 600 Ngb.).

In 95% der Falle mit DS liegt ursachlich eine freie  Trisomie 21 vor, die i. d. R.
durch meiotisches Non-Disjunction entsteht, und deren Haufigkeit mit dem
mutterlichen Alter korreliert ist.

Familidre Robertsonsche Translokationen (insbes. 14; 21) kbnnen zu Trans-
lokationstrisomie 21 bei den Nachkommen eines Transl| okationstragers
fuhren (ca. 4 — 5 % aller Falle von DS).

Das Krankheitsbild ist sehr variabel, sowohl was de n Grad der geistigen Be-
hinderung als auch das Auftreten fakultativer Auffal ligkeiten / Fehlbildungen
betrifft.

An der Pathogenese des DS sind Gen — Dosis — Effekte von Chr.21 — Genen
direkt und indirekt beteiligt (Genexpressions — Studi en, Maus — Modell).
Therapeutische Ansatze sind flr die nahere Zukunft ZU erwarten.



