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Biomarcador: Caracteristica que puede medirse
objetivamente y que refleja cambios durante un proceso
fisioldgico o patologico o como respuesta a un tratamiento .

Biomarker definition working group 2001, BEST guidelines 2016, NIH.



BIOMARCADOR
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» |dentificar pacientes con una enfermedad (enf. raras, genética)
»Mejorar manejo clinico/atencidn paciente
»Mejorar coste-eficiencia ensayos clinicos e informar implementacién
tratamientos




Caracteristicas de un buen biomarcador.

* Sensible: capaz de identificar correctamente a los
pacientes.

* Especifico: capaz de identificar correctamente a los
individuos sin esa enfermedad.

* Relevante para la enfermedad: asociado a la patologia
de la enfermedad.

* Que pueda medirse en muestras de facil acceso: en
muestras de sangre, orina.

* Estable: que su concentracion no varie mucho segun
hora del dia, ayuno, temperatura etc..

* Que se pueda medir de forma reproducible :
comparacion entre distintos centros.



¢ Como identificar y validar un biomarcador?

* Candidato/s: validar en un grupo de pacientes.

 Estudio de un grupo de pacientes (protedmica,
metabolomica): identificar candidatos: validar.
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¢ Que puede utilizarse como biomarcador?

* Proteinas/metabolitos/vitaminas: GDF-15,
aminoacidos (e.g. serina), folato, Vitamina B6,
tiamina.

* Acidos nucleicos/mutaciones: mutaciones,
polimorfismos en genes, ARN no codificantes
(miRNAs, IncRNA).

* Hallazgos de pruebas de imagen: resonancia
magnética (muscular, cerebral, cardiaca),
espectroscopia (MRS).



The non-coding transcriptome ©SJD
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aminoacidchain 2% of human transcriptome

98% of human transcriptome

rRNA, tRNA, snRNA siRNA, miRNA, piRNA

shnoRNA INcRNA

10,000-50,000 annotated IncRNAs in human genome



miRNAs como biomarcadores y dianas

terapéuticas
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éPor que estudiar miRNAs?
= "
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Ana Rivera-Barahona; Belén Pérez Eva Richard; Lourdes R. Desviat. Journal of Inherited Metabolic Disease 2017, Vol 40, pp 471-480



https://link-springer-com.sire.ub.edu/journal/10545

mMiRNAs & enfermedades neurolégicas

Abeta miR-206
miR-24, miR-186 NEFH
mifi-455, mif-137,

miR-2
miR-146a, miR-181c
PDCD4 SNCA
miR-144 miR-7, mif-153
APP Ageing | iR
miR-101, miR-16, |
miR-106a,b, miR-520c, A D SIRTL “’IIIBEEN1 i ;
miR-17, miR-20a, BECN1 o i
miR-147, miR-655, F / mik-30a PD I:'I_'];] symptomgn;cumnsig?ﬁ“:%%ﬁgé =il ;B‘-’em;s
s | Autophagy i &t e
/ HSC70 LAMP-2A
BACE-1 miR-1060  miR-224 LRRK2
mif-107, mif-3 let-7, miR-184*
miR-29a-1, iR-205
miR-23b-1, HD &
miR-24
REST-coREST
miR-9, 9* . .
i miR-134 como biomarcador de respuesta a
miR-156a anti-epilepticos, dafio tras episodio y como

terapia en modelos animales.
(Jimenez-Mateos 2012).

AD: Alzheimer; ALS: ELA; PD: Parkinson; Basak et al., 2016



MiRNA & Distonia

MicroRNA-mediated dysregulation of neural
developmental genes in HPRT deficiency: clues

for Lesch—Nyhan disease?

Ghiabe-Henri Guibingal, Gorjan Hrustanovic!, Kathryn Bouic', Hyder A. Jinnah23:4 and

Theodore Friedmann*

Human Molecular Genetics, 2012, Vaol. 21, No. 3

doi: 101093/ hmg/ddr495
Advance Access published on October 31, 2011
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Obijetivos:

1. Identificacion miRNAs implicados en DYS-11.

2. Validacion: Analizar la expresion de una seleccion de
los miRNAs identificados mediante PCR digital.

3. Correlacionar los niveles de los miRNAs con variables
clinicas y escalas funcionales para evaluar el potencial
pronostico de los miRNAs.



Digital PCR quantification of miR-30c and miR-181a as serum biomarkers
for Duchenne muscular dystrophy
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Correlacion con la clinica
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Sistema dopaminérgico de neurotransmision

Enriquecido en membrana
pre- y post-synaptica

Neuroimagen pacientes
DYT11: reduccion de la
capacidad de unién del D2R
en el estriatum.

Ratones deficientes en Sgce
(modelo animal):

* Niveles extracelulares
aumentados de dopaminay
sus metabolitos

* Niveles de D2R reducidos
en striatum (Western Blot)

 Aumento en la liberacién
de dopamina tras
tratamiento con
amfetamina comparado
con ratones normales

Postsynaptic
GABAergic Neurons
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Figure 2. Western blot analysis of striatal D1R, D2R and DAT.
Western blot analysis by using the striatal protein extracts from
paternally inherited Sgce KO mice and their WT littermates. The
representative bands D2R (Fig. 24), D1R (Fig. 2C), DAT (Fig. 2B), and
GAPDH are shown in the left side, and the quantified results are shown
in the right side. The vertical bars represent means = SEM of 3 or 4 mice
(*p<0.01).

doi:10.1371/journal.pone.0033660.9002

Zhang et al., 2012.



Extraccion ARN

Control calidad

0, [

Universal cDNA synthesis kit

Ready-to-use panel
or individual assays
+

SYBR® Green master mix

Lo GenEx software

ANALYSIS

4 DYT11 patients (2 males 4 and 11 years

old and 2 females 10 and 14 years old).

4 age and sex matched controls

Number of assays

sample

miRCURY LNA™ Universal RT 752
microRNA PCR Human panel [+l

Assays with signal in all samples 140
Average number of assays detected per 245




ANALISIS BIOINFORMATICO

* Analysis of Exigon expression matrix

* Imputation ND = 11 (highest value) to recover the
miRNAs that appear/dissappear (327 miRNAs) +
additional noise reduction and normalisation.

* Unsupervised analysis (Heat-Map).

 Calculation of significance (t-test, p < 0.05), (no multiple
testing correction).

* Relative fold change calculation (22T or 1/ 2-ACT).

e Functional enrichment (miRWalk), miRNA databases and
other DB (malacards).
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ENRIQUECIMIENTO F
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SELECCION CANDIDAT
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Degradacion del mRNA

>

Seleccion de los mejores candidatos miRNA

Predicciones bioinformaticas de interacciones
entre miRNA-genes + datos experimentales
miRNA-genes.

miRWalk y otras bases de datos de miRNAs
(TargetScan and MiRTarBase).

Otras BD Malacards database (human disease
database)

Busqueda de literatura

Inhibicion de la
traduccion del mRNA

0S.
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Kyoto Encyclopedia of
Genesand Genomes

c c - Je | Term
A B 5 D E F G H I il
Count % PValue Genes List Total  Pop Hits PopTotal  Fold Enrichiy FDR
2 |hsa05200:Pathways in cancer 91 3,35298452 6,84E-06 FGF19, F2RL: 1018 393 6379 1,56468303 0,009091891
3 |hsa05205:Protecglycans in cancer 53 1,95283714 1,90E-05 HRAS, MMPS 1018 200 6379 1,79070236 0,025196735|
4 |hsa05213:Endometrial cancer 20 0,73691%968 8,45E-05 EGFR, HRAS, 1018 32 6373 2,59398746 0,112284967)
5 |hsa04390:Hippo signaling pathway 41 1,51068534 1,11E-04 WNTSA, WN 1018 151 6379 1,83478187 0,146801725
6 |hsa05210:Colorectal cancer 22 0,81061164 1,29E-04 DCC, MSH3, ) 1018 62 6379 2,39777552 0,171809445
7 |hsa04310:Wnt signaling pathway 37  1,3633014 3,32E-04 WNT3A, WN 1018 138 63879 1,81175792 0,440756169|
8 |hsa05223:Non-small cell lung cancer 13 0,70007369 7,90E-04 PRKCA, EGFF 1018 56 6379 2,29267322 1,044487521]
9 |hsal4350:TGF-beta signaling pathway 25 0,92114359 8,02E-04 E2F4, E2F5, G 1018 a4 6379 2,01112125 1,060751999|
10 |hsa04611:Platelet activation 34 1,25276345 9,71E-04 F2RL3, TLM1, 1018 130 6879 1,76731147 1,283352032
11 |hsa04015:Rapl signaling pathway 45 1,80545321 0,0010301 FGF19, F2RL3 1018 210 6379 1,57671306 1,360762843
12 |hsa05166:HTLV-1 infection 57 2,10022108 0,00102043 XPO1, E2F2,. 1018 254 6379 1,51641709 1,361206495
'| 13 |hsa04912:GnRH signaling pathway 26 0,95799558 0,00117707 ADCY1, HRAS 1018 91 6379 1,9306764 1,55352117|
14 |hsa04550:Signaling pathways regulating 35 1,28960%943 0,00186133 WNTSA, WN 1018 140 6379 1,68934185 2,446573554
15 |hsa04360:Axon guidance 32 1,17307148 0,00266229 DCC, ABLIM1 1018 127 6379 1,70264375 3481388655
16 |hsa04110:Cell cycle 31 1,1422255 0,00356532 E2F2, YWHA: 1018 124 6379 1,68934185 4,637218602]
17 hsa05134:Legionellosis 17 0,62638172 0,00386102 C3, CYCS, BN 1018 34 6879 2,12731936 5,012746583
18 hsa05217:Basal cell carcinoma 17 0,62638172 0,002836102 WNTSA, DVL 1018 54 6379 2,12731936 5,012746583
19 hsa04010:MAPK signaling pathway 54 1,58968312 0,00441425 FGF19, MEF2 1018 253 6379 1,44228395 5,711657826
20 hsa05219:Bladder cancer 14 0,51584377 0,00469315 EGFR, E2F2, | 1018 41 6379 2,30739374 6,062189261
21 hsa04916:Melanogenesis 26 0,957995338 0,00474541 PRKCA, WNT 1018 100 6373 1,75691552 6,127744206
22 hsa04014:Ras signaling pathway 45 1,80545321  0,0049904 FGF19, HRAS 1018 226 6379 1,46509293 6,434464248
23 hsa05214:Glioma 15 0,70007369 0,00501591 PRKCA, EGFF 1018 65 6379 1,97523047 6,466343152
24 hsa00240:Pyrimidine metabolism 26 0,95799558 0,00544606 NT5C1B-RDH 1018 101 6879 1,73952032 7,002480281
25 hsaD4921:0xytocin signaling pathway 35 1,28960%43 0,00605589 MEF2C, ADC 1018 150 6379 1,57671906 71, 757685726
26 hsa04068:FoxO signaling pathway 32 1,17507148  0,0062651 USP7, HRAS, 1018 134 6879 1,61369967 8015466515
27 hsa05220:Chronic myeloid leukemia 20 0,73691968 0,00705324 E2F2, CTBFP1, 1018 72 6879 18770465 8,98059679
28 hsaD4141:Protein processing in endople 38 1,40014738 0,00773936 DERL1, WF51 1018 169 6379 1,51340805 9,873549344
29 hsa04915:Estrogen signaling pathway 25 0,92114359 0,00838062 EGFR, HRAS, 1018 93 6379 1,70640591 10,58491623
30 hsa05145:Toxoplasmosis 27 0,99484156  0,0087942 CINTA, IRAKL 1018 110 6379 1,65862654 11,07941694
31 hsa03013:RMA transport 38 1,40014738 0,01037718 NCBP2, NXTI] 1018 172 6379 1,49290675 12,94883657
32 hsa05161:Hepatitis B 33 1,21391746 0,01134441 E2F2, HRAS,® 1018 145 6379 1,53788361 14,07313307
33 hsa05212:Pancreatic cancer 18 0,66322771 0,01150828 EGFR, E2F2, | 1018 65 6379 1,87127097 14,26227609
34 hsa04020:Calcium signaling pathway 39 1,43699337 0,01175128 SLCBA3, ADC 1018 179 6879 1,47227558 14,54205143
35 hsa04720:Long-term potentiation 18 0,66322771 0,01343017 PRKCA, HRA! 1018 66 6379 1,84291338 16,45204217
36 hsa04722:Neurotrophin signaling pathw 28 1,03168735 0,01485016 HRAS, CAMEK 1018 120 6379 1,57671506 18,0366026
37 hsa04910:Insulin signaling pathway 31 1,1422255 0,01709159 HRAS, EXOC] 1018 138 63879 1,51795934 20,48133542
38 hsaD4664:Fc epsilon Rl signaling pathwe 18 0,66322771 0,01802087 PRKCA, HRA! 1018 68 6379  1,7387149 21,4743866
39 hsa04270:Vascular smooth muscle contr 27 0,99484156 0,01936159 ADCY1, ADOI 1018 117 6379 1,55939247 22,88834876
40 hsa05164:Influenza A 37 1,3633014  0,0204494 NXT1, XPO1, 1018 174 6879 1,43691146 24,01778076




MIRNA CENTERED NETWORKS
KEGG PATHWAYS OF INTEREST




miR-181b-5p

Evidences: Malacards, miRWalk, literature,
KEGG pathways

KEGG pathways found for genes
targeted:

GnRH
signalling

Cholinergic Glutamatergic
synapse synapse

Morphine Dopaminergic
addiction synapse




® https://www.malacards.org/card/dystonia_11_myoclonic_2?search=DYT11

Diseases related to Dystonia 11, Myoclonic via text searches within MalaCards or GeneCards Suite gene sharing: (show all 45)
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Related Disease
dystonia

dystonia 26, myoclonic
dystonia 15, myoclonic

torticolis

spasmodic dysphonia
dystonia 24
myoclonus

thiamine metabolism dysfunction syndrome 2

early-onset generalized dystonia

10 spasmodic dystonia

Top Affiliating Genes

10.6 | THAP1 TOR1A
10.5 | THAP1 TOR1A
10.4

Graphical network of the top 20 diseases related to Dystonia 11, Myoclonic:

thiamine metabolism dysfunction syndrome 2

torticollis
hyperphenylalaninemia, bhd-deficient, b /
dystonia-3; torsion, x-linked
blepharespasm seqmental dystonia
cranio-facial dystonia
spasmodic:dysphonia i mulfogal dysiopia
dystonia oromandibular dystonia
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dystonia 15, myeclonic S o1 gilles de la tourette syndrome
S~ . opposilionat fefiant disorder
~dystonia-26;myoclonic
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mMiRNAs targeting these
genes:

-miR-1227

-miR-27b

-miR-181b

-miR-337

-miR-1972

-miR-595

-miR-937

-miR-15a



Finally bioinformatics is necessary tool for analysis of the big data but is
necessary to combine it with the background knowledge of the studied
diseases to narrow and centre the search for validation candidates.

miRNA miRWalk Target Scan MiRTarBase Malacards Top 5
hsa-miR-27b-3p \' \' ' \'

hsa-miR-1227-3p \' \' \'

hsa-miR-181b \ \4 v \

hsa-miR-337 \' \' \ \4
hsa-miR-1972 \ \ \ \4
hsa-miR-595 \ \ \ \4
hsa-miR-937 v v v v
hsa-miR-15a \ \4 ' \

hsa-miR-190a v v



CONCLUSIONES

 DYT11 esta asociado a un perfil de expresion
diferencial de miRNAs

* Entre los miRNAs DE existen candidatos cuyos targets
estan implicados en varias vias de senalizacion
importantes y relacionados con la transmision
nerviosa y distonia.

* La validacion de estos miRNAs y |la correlacion con |la
clinica de los pacientes nos permitira evaluar su
utilidad como biomarcadores prondsticos

* Proponemos estudios funcionales para entender su
papel en DYT11



