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5P Medicine is:

ÅPersonalized: Specific for each patient in diagnosis, therapy, and monitoring.

ÅPredictive: Analyzes and calculates the risk that a person will develop a 

disease.

ÅPreventive: Helps make decisions that prevent the appearance of diseases.

ÅParticipatory: Tries to put the patient at the center of the healthcare system, 

teaching and providing appropriate tools so the patient can participate in the 

responsibility for his or her health care.

ÅPopulational: Must assure access to healthcare for the entire population.



The concept of personalized medicine

Biomarkers
CYPs
Importantpop. 
differences



Colorectalcancer: 35%
Breastcancer: 28%
Lungcancer: 5%
ASD: 80%
ADHD: 70%
Schizophrenia: 80%
Bipolar disorder:80%
Averagedisease: 50%

Heritability

The study included 37570 twin 
pairs, 2642064 full sibling pairs, 
and 432281 maternal and 445531 
paternal half-sibling pairs. Of 
these, 14516 children were 
diagnosed with ASD. The model 
including additive and nonadditive 
genetic, shared and nonshared 
environmental parameters.
0.83 general, 0.87% using only 
twins

Heritability: Genetic variance/Total variance

Heritabilityestimates:
Basedin familystudies: Overstimated(shared
enviromentin somestudies)
Basedin GWAS: Underestimated(the total genetic
varianceisnot captured)



Commonand rare functionalvariation(H: 0.80)
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ASD

Rare/functional

Common variation

Schizophrenia

Rare/functional

Common variation

BD

Rare/functional

Common variation

Rare/ functionalforms

-Earlyonset
-More syndromic(co-morbility)



GENOMIC BIOMARKERS FOR PERSONALIZED MEDICINE

Discovery phase:
GWAS and sequencing projects

Validation
Regulatory approval

Translation: 
Implementation  
in clinical 
applications



NGS

NGS
Exome 
arrays 

Lookingfor the geneticcomponentof the disease



Evolución tecnológica rapidísima

Exige capacidad de computación

Análisis complejo de la variación: 
Necesidad de bioinformática

Secuenciación de nueva 
generación o 
secuenciación paralela 
masiva



Diagnostic of 90% of rare disease within one year 
from symtoms in 2027

Number of tretaments for rare diseases: Expected to 
increase x 20 in 10 years (more than 1000 new treatments expected for 
2027) (IRDiRC, Paris, 2017)

IRDiRC new objectives 2027



Premio Nobel Química 2020: Emmanuelle 
Charpentier y Jennifer A. Doudna



Populationdatabases
Diseasespecific
databases
Locus specificdabases
(LSDB)
Scientificliterature

Data mining of 
clinical data

Fromgene panelsto WES and WGS 
Thebottleneckis from prioritizedvariantsto the report

HPO training
CIBERER-IMPaCT



CHALLENGE:  UNCERTAIN VARIANTS

Segregation

Mutation databases
-Levelof evidencevariable

Functionalstudies
-Levelof evidencevariableCell

Cell- Animal models
-CRISPER models

International CollaborativeProjects

EXOME DATABASES

http://www.facebook.com/album.php?profile&id=10227370177


PBMCs Fibroblasts

iPSCs

Mutation carrier ASD patient 

Cortical neurons 

(WT)

Cortical neurons 

(Knockout and 

Knockin)

Reprogramming

Skin biopsy 

and fibroblast 

expansion

Blood 

extraction

PBMCs 

purification

Comparative Neural 

Functional Assays

vs

Cell 

differentiation

Genome Editing(CRISPR-Cas)

Cellularand animal models

Method

Gene selection;

CRISPR-Cas9 design;

Knock-out procedure

Analyses: 

Functional and behavioral anomalities  

Zebrafish as a model in neurodevelopment

76-82% of human genes 

involved diseases are conserved 

Reduced complexity of the 

nervous system

Molecular and structural 

homology of brain regions

Some typical ASD 

repetitive behaviors 



Cerebral organoids

Retos
Necesidad de estudios funcionales
Mapa de recursos a nivel 
nacional/internacional
Bases de datos de variantes validadas



Genetic architecture of ASD

Rare variation (SNVs and CNVs) (25/45 %)

De novo Inherited (regulatory regions)

Data modified  and updated from Alonso-Gonzalez et al, 2018, Bourgeron et al, 2016.

PZM

Common missing heritability (? %)

Common variation (SNPs) (55%)

- Increase GWAS sample size
- Reduce phenotype heterogeneity

- Causal genes identificationτGBA method (A.Gonzalez et al. 2019)
- TWAS (Transcriptome Wide Association analysis)

- (Rodriguez-Fontenla et al. Transl Psych  2021)
- eQTLs colocalization methods

Dominguez Alonso et al.(WCongress PG 2022) in review Transl Psych

The non-coding genomeProtein coding genome  

-WES (whole-exome sequencing)
A.Gonzalez et al. 2021. Scientific Reports)

-Targeted sequencing
-WGS (whole-genome sequencing) 

ASD heritability~ 83% 

3D Genome 

PI22/00208

PI19/ 00809



The  Cancer  Genome  Projects   



Kris M, et al. JAMA 2014

Scientific Advances in Lung Cancer 2015
Tsao et al.  2016, 11( 5): 613ς638

Retos: Muchos tratamientos sin 
evidencia suficiente. 
Estratificación de biomarcadores 
desde el principio en ensayos 
clínicos
Gestión y organización de la 
información clínica y genómica
Real world data



Approved or potentially repurposableimmunosuppressants for RA treatment. Existing immunosuppressants 
(shown in yellow boxes) are connected with drug targets (shown in dark blue boxes) that were extracted from 
potential RA effector gene products and their interaction partners. A network of the drug targets was retrieved 
from HumanNetv2-XN and visualisedby Cytoscape. RA, rheumatoid arthritis

HaE, BaeS-C, KimK. Ann RheumDis2021;80:558ς565.



Fenotipo 1
Esquizofrenia

Adición

Fenotipo 2
No esquizofenia

No adición é

Alelo T Alelo G

El SNP rs1  está
asociado con el

fenotipo

Alelo T ORx4

SNP rs1:

Alelo T =

Alelo G =

Diseño de un estudio de asociación

SNP: SINGLE NUCLEOTIDE POLYMORPHIS M

ATCGGCGTACCTGA TTCCGAATCCGTATCG

ATCGGCGTACCTGA ATCCGAATCCGTATCG



Necesidad de N muy alto para poder tener estadístico para 
detectar riesgos relativos pequeños

Necesidad de consorcios

La definición del fenotipo es muy importante. Se  puede 
incrementar el poder con fenotipos extremos



GWAS

Most of biomarkersfor ADRs
Most of biomarkers for complexςlow
heritability disease

Hit p<5x10-8 after QC and Bonferroni

Manhattan plot



Common variants conferring risk of schizophrenia
Nature  Stefansonnet al. Aug 2009 (SGENE Consortium)

19,000 cases and 35,000 controls from  Iceland, Denmark, 
Denmark, Germany, Hungary,
the Netherlands, Norway, Russia, Sweden, Finland; Spain 
(Santiago) and Spain (Valencia)
1st 2,663 cases and 13,498 controls 
2nd top 1,500 in 4500 cases and 4500 controls
3rd top 25 in 4,999 cases and 15,555 controls
4th top 10 in 14,000 cases and 16,000 controls

Kandhaleret al. Inflammation and immunity in schizophrenia: implications for 
pathophysiology and treatment. Lancet Psychiatry. 2015 Mar; 2(3): 258ς270. 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26359903


GWAS for prob.alcohol use, problematic tobacco use, and cannabis and 

opioid use disorders in a sample of 1,025,550 individuals of European 

and 92,630 individuals of African descent.

Substance Use Disorder Working Group of 
the Psychiatric Genomics Consortium

DRD2 plays a role in 

reward sensitivity and 

may also be central to 

executive functioning

PDE4B, which has been implicated in prior GWASs. 

The PDE4 antagonist, ibudilast , has been shown 

to reduce heavy drinking among patients with 

AUD and also shown to reduce inflammation in 

methamphetamine use disorder. Th



Phenome Wide Association Study (PheWAS) of theaddiction-
rf polygenic risk score (PRS) in the BioVUelectronic health record 
database (N=66,915).

άhǳǊ ŀƴŀƭȅǎŜǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ Ǌƻōǳǎǘ ƎŜƴŜǘƛŎ 
association of the addiction-rf with serious 
mental and somatic illness. The addictionrf
PRS was more strongly associated with using 
drugs to cope with internalizing disorder 
symptoms (anxiety, depression; rG Ґ лΦслς
0.62) than with the individual psychiatric 
traits and disorders themselves(rG Ґ лΦоύΣ 
suggesting that genetic correlations between 
SUDs and mood disorders may partially be 
attributable to a predisposition to use 
substances to alleviate negative mood states 
όΨǎŜƭŦ-ƳŜŘƛŎŀǘƛƻƴΩύϊ

PheWAS is a study design in 

which the association between 

SNPs or other types of DNA 

variants is tested across a large 

number of different phenotypes 



TWAS(TranscriptomeWide AssociationStudies)which integrate tissueexpressionand genetic
data,area greatapproachto identify new ASDsusceptibilitygenes.

Transcription Wide Association Studies (TWAS) in ASD

NKX2-2, MANBA,ERI1, and  MITFassociated in gastrointestinal tissue
ASD can be a multisystemic disorder  involving the participation of other body tissues as the 
gastrointestinal



España

46 grupos clínicos

14 grupos de investigación

9 biobancos

Latinoamérica: 

22 grupos

IP: A. Carracedo (USC-FPGMX)
Co-IP: P. Lapunzina(H. La Paz)

20,000 España
8,000 LA Población control 

(BNADN+CeGEN): 8000

CRD: 174 variables 
grouped in 8 forms
Minimal set of 17 
variables to enter 
data



21519 critically ill cases comprising a 
combination of microarray genotype and 
whole genome sequence data from 
critically ill cases in the GenOMICCUK 
(11,440 cases)
GenOMICCBrazil (2,186) studies
ISARIC4C (678 cases)
SCOURGE consortium (5,934 cases)

Expression of PDE4A in monocytes is associated with critical Covid-19). This 
phosphodiesterase regulates production of multiple inflammatory cytokines by 
myeloid cells. Inhibition of PDE4A by several existing drugs is under 
investigation in multiple inflammatory diseases and has been shown to be safe 
in small clinical trials in patients with Covid-19. We find a strong association in 
a key intracellular signallingkinase, JAK1, which is stimulated by numerous 
cytokines including Type I interferons and IL-6. Along with TYK2, which we 
previously reported to be associated with severe Covid-19,1 JAK1 is the target 
for JAK inhibitors, which have recently been shown to be effective therapeutics 
in Covid-19.11 In addition to ACE2, we see for the first time a genome-wide 
significant association in TMPRSS2, a key host protease which facilitates viral 
entry, which we have previously studied as a candidate gene.

Nature, 2023



Major COVID-19 biological pathways mapped with susceptibility and severity GWAS loci. Genome-wide 

significant variants associated with COVID-19 (white circles) and the annotated genes (peach circles) are mapped 

on to pathways known to be involved in (a) viral entry, (b) entry defense in airway mucus, and (c) type I interferon



Implementación 
Clínica

Interpretación
Clínica

Anotación e integración de la 
información

Extracción de conocimiento
Literatura

Testing required

Testing recommended

Actionable PGx

Informative PGx

www.pharmgkb.org

EE

E



A new generation of drugs especially for chemotherapy are designed for 
specific groups of patients requiring specific PGx tests

Her2 expression
Trastuzumab

BRCA mutations 
PARP inhibitors

Anti EFGR
Kras mutations

Diseasestratificationincludedin drugpipelinedesign

Challenge: Needof translationof ALL validbiomarkers

Someof the valid biomarkersare widely used



The value of genetic polymorphisms to predict toxicity in 
metastatic colorectal patients with irinotecan-based 
regimens. BJCP  Lamas et al. 2013 

EMA
FDA

Challenge: Needof translationof ALL validbiomarkers

DPYD testing(*2A-1%)  -FU Toxicity

UGT1A Mandatory for EMA and FDA

Retos:
Mutación somática: 
Estándares técnicos y de procedimiento (incluyendo 
bioinfromática: filtrado, priorización y análisis de variantes)
Esquemas de PT. 
Organización de datos genómicos y clínicos

¢ƻŘŀǾƝŀ ƳǳŎƘƻ  ǉǳŜ ƘŀŎŜǊ Ŝƴ ά5ƛǎŎƻǾŜǊȅ 
para biomarcadores de nuevos medicamentos- Necesidad de 
redes.
Necesidad de biobancos nacionales para ADRs



a través del ajuste 
individualizado de dosis

a través del ajuste 
individualizado de dosis

a través del ajuste 
individualizado de dosis

SERGAS strategy to 
implement pharmacogenetics 

in Psychiatry.

Farmacokinetics

Farmacogenetics
a través del ajuste 

individualizado de dosis

a través del ajuste 
individualizado de dosis

Action I. Patientstreated
with depot antipsychotics
aripripazole/ risperidone)

Action II.  Pediatric
patients treetad with

psychodrugs

ACCI

Translación de biomarcadores obligatorios o recomendados

Estudios de coste-eficacia para los accionables



Retos: Estándares, cohortes específicas de enfermedad y organización de las mismas, cohortes poblacionales, 
validación de modelos.



ACCE Model

Challenge: Ethical, legal and social implications

Ethicalaspects
Social aspects
Psychologicalaspects
Actionability
ΧΦ



Cortesía de Peter Donnelly, 2022



36

313 variantes= BREAST CANCER POLYGENIC RISK SCORE

Puntuación de riesgo poligénico: 
suma ponderada de los alelos de riesgo. 


