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Human neuroscience in Portugal:
Here we go!

Diana Prata

Marie Curie Fellow

Group Leader, iMM Lisboa

Visiting Lecturer, loPPN, King's College London
Visiting Lecturer, FMUL

Lecturer, I[UL-ISCTE

Co-founder and CSO, NeuroPsyCAD
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Dopamine

— exploration, learning, new challenges

Oxytocin
— familiarity, bonding, building
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Black-box Mechanisms

Descriptive v' Quantitative
Subjective v' Obijective

Stigmatizing v’ Ecological

Trial-and-error v/ Rational design

One-size-fits-all v’ Stratified & personalized

Unpredictable v Predictable

5 @ How can we get insights into the basic mechanisms?
i How can we empower psychiatry with guantitative biomarkers?

6



MY TEAM Medics + biomedical engineers + psychologists

Vania Tavares Marina Balseiro Carina Mendes
(PhD student)  (MSc student) (Technician)

Bernardo Neves Bernardo Moura André Sousa
(Psychiatrist) (PhD Student) (Psychiatrist)

+ Many eager
volunteers!

Katja Brodmann Monica Costa Alessia Avila Gongalo Oliveira
(Post-doc) (MSc student) (PhD Student) (Post-Doc)
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Lisboa Neuroiging

Eye-tracking &
pupilometry BASIC

i APPLIED '

role of Can we develop

oxytocin neuropsychiatric
in human social biomarkers/treatments?

cognition? Genetics

Psychology o







“Oxytocin” AND “Social”
Publications

2015




They are better mothers if they have more oxytocin
receptors in their brain’s reward centre.

Oxytocin
Further increases this. «
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Reverted with an antagonist.



Monogamic vole Polygamic vole



Polygamic vole

Monogamic vole



Oxytocin= . ?



How can we take some of it?!




Oxytocin activates our reward center when we look at
our partner’s photo (vs unfamiliar).
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... and when others reciprocate our cooperation

In an economic game.
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INNOVATION

Hypothesis

FP7 Marie Curie Career Integration Grant

Oxytocin boosts the reward value of good social
Interactions...

wr W

... by “collaborating” with the dopamine system.




SOCIAL PURPOSE

Trust

GENERAL PURPOSE

Dopamine

Reward

. v
Reinforcement
learning



\

Cooperation

/ (from me) \

Trust Reciprocity
(in you) (from you)

Oxytocin
\ Dopamine

Reinforcement

Social Reward

Learning (by me) (for me)
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Dopamine & Oxytocin receptor dimers

found in mice’s “pleasure centre”.

LETTERS TO THE EDITOR

Molecular Psychiatry (2013) 18, 849-855
© 2013 Macmillan Publishers Limited All rights reserved 1359-4184/13

www.nature.com/mp

Evidence for the existence of dopamine d2-oxytocin receptor
heteromers in the ventral and dorsal striatum with facilitatory

receptor—receptor interactions

Molecular Psychiatry (2013) 18, 849-850; doi:10.1038/mp.2012.103;
published online 24 July 2012

The pioneering work of the Insel group has demonstrated a key
role of oxytocin neurons and their striatal oxytocin receptors (OTR)
in producing pair bonding in the monogamous prairie vole
female,* with the oxytocin neurons likely communicating mainly

Acb oxytocin at 3nm, but not at 1 and 100nm, highly signifi-
cantly increased the affinity of the high- (Kiy) but not the low-
affinity (Ki.) agonist state of the D,R, as seen from a marked
reduction of the Kiy value from 16.58+0.74 to 1.89%0.70 nm
(Table 1, Supplementary Figure 6). The major elevation of the
OTR-induced increase in D,R recognition may therefore result
from an increase in the affinity of the high-affinity state of the D,R.
The oxytocin actions at 3nm on D,R-like recognition are all
blocked by the OTR antagonist L-368,899 (30 nm, Supplementary



Diapositivo 21

DM [15]5 faz sentido aparecer antes
Daniel Martins; 04-04-2016



We hypothesize striatal activation after reciprocity (=social
reward) in a social game will be affected by:

Converging evidence
that Oxytocin and
Dopamine interact

22
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e Functional MRI access

e EEG

e Eye-tracking and pupilometry

e Galvanic skin response

e ECG

* Body temperature and respiration

15t collaboration protocol for use of on weekends.

1t ethical with pharmacological
administration (different from a clinical trial!)

15t approval for for such type of study
15t approval for for such type of study.

15t general iIMM-hospital collaboration protocol for clinical studies
initiated by the investigator
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Unprepared, bad coordination between local and national.

General contact, unprepared.

Lack of Psychiatry research expertise

Uncoordinated with Ethics DELAY!

DANGER

1 PhD student
(with Fellowship!)
quit.

General contact, unprepared.

Delayed communication with Heads
Authority arguments

4-6- months delay, public acquisitions






Let’s make Portugal nicer for human neuroscientists.

Law makers need to speak to recently returned scientists.




INNOVATION - INTERDISCIPLINARY

1%t Lab in Portugal combining genetics, pharmacology, neuroimaging,
electrophysiology and pupilometry to study the physiology of human behaviour.

1%t Lab at the iMM to do interdisciplinary human Psychiatric research
1%t Lab collaborating with the Psychiatry department of the university hospital

Unprecedented hospital-iMM synergiesl:
e Pathology Lab
 Pharmacy
* Imaging
e Department for Clinical Research

Large interest from students and psychiatrists, psychologists, biologists
statisticians and engineers in Portugal

Ambassador for PARSUK (the Portuguese Association for Researchers and Students
in the UK).



MSCA 2017 \ Ll

NALTA MALTAEU2017 MINISTRY FOR EDUCATION AND EMPLOYMENT e Comsvinton

MSCA 2017 Prize Awards

Marie Sktodowska-Curie Actions
This is to certify that

@'ama Pfe alo.

has been awarded
third prize as the most promising scientist
in the category ‘Innovation and Entrepreneurship ’

Presented by Martine Reicherts on 11 May 2017 in Kalkara, Malta

Martine Reicherts

Director General - DG Education, Youth, . :
Sportand Culture 3 flzu-?c-t)
European Commission .

- This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 742185




Caixa Capital Award (€100.000)
Bial Psychophysiology grant, Bial Foundation (€50.000)
FCT Post-Doc Fellowship
FCT PhD Fellowships
Idea prize to 10 best startup ideas, BornFromKnowledge
AstraZeneca/FMUL grant
‘InovPortugal New Ideas B2B’ award, Acredita Portugal
Twinning Grant (€1.000.000)
Breakthrough Idea Grant (€100.000), iMM
FCT Investigator Starting Contract

FCT Exploratory Grant (€50.000)



Invited Oral

e 2016 Summerschool, University of Eastern Finland, Finland
e 8th Workshop on Biomedical Engineering at FCUL, Portugal
e 2017 World Congress of Psychiatry, Germany

e 2017 Summerschool, University of Lancaster, UK

Posters
 Human Brain Mapping conference, USA.

Invited Oral

e [3S, University of Porto.

e Lisbon Social Neuroscience Club, Instituto Superior de Investigacao em Psicologia
(ISPA)

e Biological Sciences Annual Meeting (BIOSAM) meeting in FCUL.

e NeurolLx conference in Lisbon (Portugal).



PI’s internationally peer-reviewed N(published)=37, H-index =19

9

Martins D, Silva M, PRATA D. “Cracking” the code of human sociability and
affiliation: Evidence from neuroimaging (epi)genetics of the oxytocin system. /n
writing.

Oliveira G, Nobre G, Lima C, Sa R, Rosa P, PRATA D. Recognizing vocalized emotions in
other cultures: a electrophysiological study in Guiné Bissau and Portugal. /In writing

Ferreira D, Lopes M, Rilling J, Antunes M, PRATA D. Computational modelling of
oxytocin’s and vasopressin’s effect in the human brain during a Prisoner’s Dilemma:
a model-based neuroimaging study. /n writing.

Martins D, Mehta M, PRATA D. “The “highs and lows” of the human brain on
dopaminergics: Evidence from neuropharmacology”. Neuroscience and
Biobehavioral Reviews. 2017

Martins D, Paloyelis Y, PRATA D. “Shedding light on a dark question”: Peripheral
oxytocin signalling and neurobehavioral responses to intranasal oxytocin in
humans. Psychoneuroendocrinology. 2016
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“Portugal Desconhecido” in History Channel — Portugal

on the theme “Hug” at “Sociedade Civil” in RTP2
on NeuroPsyCAD startup for “Jornal de Negdcios” newspaper
for magazine of “Diario de noticias”

on the theme “Emotions” at “Sociedade Civil” in RTP2

at ComCeptCon, COMCEPT, conference “Esmiucar o cérebro”

at Culturgest “Empatia: Biologia ou Educacao?
at Design the Future magazine

in News Night piece ‘Reportagem no Jornal da Noite SIC Noticias *
‘Investigating Oxytocin’ in Super Interessante magazine
and on ‘The senses’ by news media Observador at CCB
on ‘The biology of social behaviour’ at Pav. Conhecimento by Ciéncia Viva
at The European Investigators’ Night

in ‘evening of Science’ at Oxford Science Festival
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a fungio de ajudar as mulheres no parto, promo-
vendo, porexemplo, as contragies. ai testaroseun
efeito em algumas zonas do cérebro: numa pequena
estrutura cercbral ( la) que sinaliza o medo,
num nicheo (estriado) que ¢ responsivel pela sensa-
¢do de recompensa e em partes do cortex frontal ¢
tempora irca cercbral com a qual conseguimos
perceber as emoghes nos outros,

Haestudosque indicam, adianta ainvestigadora,
que aoxitocinadiminuiv a atividade da amigdalae,
portanto, reduz o medo ¢ torna as pessoas mais cal-
mas. Além disso, aumenta a acio do nicleo do pra-
zer ¢ fortalece a sensacio de recompensa associ
da teragdo social, o que faz crescer a vontade de
confiar nos outros ¢ melhora a capacidade dos neu-
ronios do cortex que nos fazem entender o que uma
pessoa estd a sentir quando olhamos paracla.

«O que vamos fazer é tentar perceber onde estio ¢
como trabalham os recetores destasubstiancia no oé-
rebro, detalha Diana Prata, que espera ainda des-
cobrirse os genes influenciaram todo este processo
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TESTAR A
HORMONA DA
CONFIANCA

No Instituto de Medicina Molecular de Lisboa, 200 a 300 doentes vao
consumir uma substancia enquanto os seus cérebros serdo analisados

1
i
H
H
H

em tempo real. O estudo clinico nunca foi realizado em Portugal.

hitp/icimda

iana P 'std a realizar um estudo cli-

nico inédito no pais ¢ prepara-se para

comegar em breve a analisar, em tempo

real, 0 eérebro de 2002 300 homens, en-
quanto estes realizam virios jogos = como o dilema
do prisioneiro, em queos participantes podem deci-
dir cooperar ou trair os concorrentes.

Aos 38 anos, a investigadora do Instituto de Medi-
cina Molecular de Lisboa procura descobrir de que
formaaoxitocina, uma hormona produzida no cére-
bro, leva as pessoas a colaborarem e confiarem ur
NAS OULFAS, & SCTCIN MENOS CROISLAS, a terem mais ou
menos reccio dos outros, Para isso, os voluntarios -
uns irio inalar aquela substincia ¢ outros consumi-
rko um placebo - serdo sujeitos a uma ressonéncia
magnéticadurante uma hora e durante outrausario
uma touca de clétrodos para lhes registar e gravar a
atividade cerebral enquanto observam imagens de
pessoas assustadas e contentes, aouvirsons diferen-
tes e a enfrentar dilemas. «Vou verificar o que, pe-
rante certas situagdes, as pessoas decidem e o que,

NESSE Mo
na Prata, q

nto, acontece no cérebros, explica Di.
em 2002, quando se licenciou em Bic
logia pela Faculdade de Ciéncias da Universid
ishoa, partiu para Londres. Ao longo de 12 anos
nacapital britianica realizou, no King'’s College Lon-
don, viirios estudos sobre os genes e as doengas men-
tais, como distarbios alimentares, doenga bipolar ¢
esquizofrenia.

Foi durant
variada me
esquizofrénicos mas nio ha firmacos paraos ajudar
amelhorar em rela os problemas de comporta-
mentosocial queosafetam e os levam ao isolamento,
A investigadora tem esperanga de que, no futuro, es-
teestudo possa contribuir parao desenvolvimentode
medicamentos que melhorem estes sintomas com-
p‘ll’l mentals na l‘\lllll/"i rent mas l.‘l“l‘\‘[" nou-
tras doengas, como autismo, depressiio, ansiedade,
anorexia ou até toxicodependéncia,

Para isso, Diana Prata vai usar a oxitocina - uma
hllrllllil‘l.llllll ¢ recentemente \A‘Jlll' vater ."k‘l‘.l\

fe

estes trabalhos que percebeu que ha
agio para as alucinagies e delirios dos




Psicologia

quem recebia oxitocina dava a outra pessoa
Controlamos o comportament g s L e

pelo experimentador. H4, igualmente, outros

estudos relacionados com a confianca, em

E bom pensar qu|
decidimos ou faze
de olhares ou u
produzir alteragd
de nos levar a co
A neurobidlo

projeto ganhou formg
meses e, ao longo do!
cinco anos, vai estud
portamentos de coope
fianga e competicao em cerca de 31
0O objetivo é compreender os meca
efeitos da oxitocina, uma substanci,
no hipotélamo que tem a capacidad
ciar a nossa disposi¢ao para col
as outras pessoas. Pelo meio, s
perguntas incomodas. Até que p
portamento humano € biologica
minado? E possivel manipuld-lo atr
macos? A frente do estudo, e de
formada por um médico, um enge
sico, duas psicélogas, uma bidloga 4
mética, estd a neurobidloga Diana
cedora de uma bolsa Marie Curie dg
Carreira, da Uniao Europeia, no v{
mil euros.
0 quartel-general onde as iny|
terdo lugar € o Instituto de Medic
lar, da Universidade de Lisboa. Aij
de dois dias, os candidatos serdo {
a uma bateria de testes, com de
as imagens por ressonancia mag
ver o que acontece no cérebro T e T T E de peTere
real. “Estou interessada em jogos que envol-  pela oxitocina, ou seja, quando a inalam pelo
vamdilemas sociais, para ver o que as pessoas  nariz, n3o sé tém comportamentos mais pro-
decidem e o que acontece no cérebro quando  -sociais, conseguinde adivinhar melhor as emo-
estdo a fazé-lo”, explica a cientista. Basica-  ¢Ges de outras pessoas ao olhar para as suas
mente, quer-se saber que zonas se ativam  fotografias, como se revelam mais generosas.
quando nos decidimos por um comporta-  Por exemplo, em alguns testes, e em média,

B2 SUPER
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0 LADO NEGRO DA OBEDIENCIA

Detxe um
comentario

Editar

Apos as justificagdes para os actos de genocidio do Holocausto fornecidas nos julgamentos de
Nuremberg, o psicélogo Stanley Milgram levantou a hipétese:
“Serd que Eichmann e os seu milhées de cimplices no Holocausto estavam apenas a seguir
ordens?”
Construiu uma experiéncia simples, no Yale Interaction Laboratory, para testar quanta dor um
cidaddo normal infligiria noutra pessoa simplesmente porque recebeu ordens de um
investigador™.

Foi pedido aos voluntérios, sob a autoridade do experimentador, para administrarem choques
eléctricos a uma pessoa na sala adjacente por cada resposta errada.

Os voluntérios foram informados que o objectivo
’;&?1 do estudo seria testar aprendizagem e memoria,



(o]
™
=
Q.
a.
<




ENTREPRENEURSHIP Med-Tech Startup

-/

WWW. neuropsycad com info@neuropsycad.com
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Hugo Ferreira Diana Prata Ricardo Maximiano
MSc Physics, Medicine, PhD MSc Neuroscience, PhD  MSc Biomedical Eng

0 2016: Idea Prize to 10 best startup ideas, Born From Knowledge

2016: ‘InovPortugal New Ideas B2B’ Award, Acredita Portugal



& Subjective & delayed diagnosis in neuropsychiatry

With NeuroPsyCAD, clinicians send us the brain scan...

...we use artificial intelligence to compare it to a patients’ database...

... and provide areport (in hours) for early and accurate diagnosi %H
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Alzheimer’s disease: 93%
Mild cognitive impairment: 7%
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Model: 94% accuracy
(94% sensitivity; 95% specificity)

pm— Lower healthcare costs




ENTREPRENEURSHIP

Q
NEURQPSYCAD
®

Al platform for Image Recognition of

Neuropsychiatric Disorders

I Alzheimer’s llBig Data’

61% = 94%

Capitalization on scan’s
information
I 54% more accurate I
N » €3OO

I 5x cheaper I

Parkinson’s




2017 2018 2019 2020 2021
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R&D _Beta_ launch
Certification FDA/CE
Promotion

Alpha prototype

,,,,,,

Go-to-market

Validation

Clinical field trials E€Lé/(l)JOSKA
Regulation & IP
Clinical "
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Using biology and statistics to advance

BASIC
APPLIED

oxytocin

in human social neuropsychiatric

cognition biomarkers
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Thank you!

dianaprata@gmail.com

www.dpratalab.wordpress.com




