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The disruptive condition of technology can arise
from the aggregated application of several
technologies, which normally act separately
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Anatomical Networks N Functional
\ g Networks
Anatomical parcellation Recording sites
Histological or ] ‘

imaging data

- EEG

_MEG
WY ey
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- Cross-correlation

* Wavelet coherence
* Sync. likelihood

* Generalized Sync.
5 Prefrontal * Phase Sync_

Functional brain network
Sensorimotor

Premotor

- Histological Analysis
- DTI (MRI)

P RNy o ¢ N\
3 Inferior tmpora Orbitofrontal
\ 4 Temporal pole /

Graph theoretical analysis

From Bullmore & Sporns, Nature Rev. 10, 186
(2009)



_— Functional networks: Time series
CTB oo technologies to describe connectivity

1.CLASSICAL MEASURES 3:GENERALIZED

Cross-Correlation SYN C RO N IZATI O N
Correlation
Coherence M EAS U RES
[C PARAMETERS] S Index
° H Ind
2.PHASE . Nindex
o M Ind
SYNCRONIZATION © L index
° Synchronization Likelihood
M EAS U RES [GS PARAMETERS]
Phase Locking Value (PLV)
Phase-Lag Index (PLI) 4. GRANGER CAUSALITY
\évl_ellghted Phase-Lag Index (WPLI) »  Clasical Linear Granger Causality
[PS PARAMETERS] ° Direct Transfer Function (DTF)

Partial Directed Coherence (PDC)
[GC PARAMETERS]

HERMES PLATFORM

http://hermes.ctb.upm.es/

Niso G, Bruna R, Pereda E, Gutiérrez R, Bajo R, Maestu F, del-Pozo F. “‘HERMES: towards an
integrated toolbox to characterize functional and effective brain connectivity”. Neuroinformatics.
2013 (4): 405-34. F.I: 3,136




technology

CTB center for Hermes Workstation: Ul

HERMES a friendly software for connectivity analysis

HERMES =l
File Filter Visualization Ny
| — DATA SET ccatrs de
B Lacnalogia
148_200_cont I e e
-Channels148 - SR (Hz) 600 - Trials 1 - SamplesTrial 200 - Time Epoch (ms) [0,332]

— COHHECTIVITY MEASURES

| — Basic Measures —————————— — Phase Synchronization — Granger Causality
1 [] Correlation [7] Mean Phase Coherence Phase-locking Value [] Granger Causality
! [] Coherence [] Phase-Lag Index Event-related Phase-Lag Index Partial Directed Coherence
Cross-Correlation D Weighted Phase-Lag Index Directed Transfer Function
( B parameters ] Rho ( PS parameters ] [ GC paramenters ]
— Information Theory————— — Generalized Synchronization
Mutual Information
' D S S M [:] L Synchronization Likelyhood Run
Transfer Entropy D H N
( IT paramenters J ( GS paramenters ] ( SL paramenters J ( ——— )

HERMES - Guiomar Niso (Julio 2011)

http://hermes.ctb.upm.es/
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Synchronization Likelihood
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Synchronization Likelihood (Stam & van Dijk, 2002): Probability of

coincidence in time of specific signal patterns in two time series X and Y
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CTB e MCI vs Control differences

MCI > cTRL
4' ALPHAI1 (8 -11 Hz) ! 4| BETAI (14-25Hz) Ii

GAMMA (35-45Hz)
4| li

4| ALPHA2(11-14Hz)l 4| BETA2 (25 - 35 Hz) Ii

* Applying FDR statistic test




CTB s MCI vs Control differences @®
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MCI patients (ALPHA1 band)
84% (16/19) show frontal inter-hemispheric high S.L. values

2 SD above the baseline
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CTB =ner e A MEG-Functional Connectivity ®
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Journal of Alzheimer’s Disease 22 (2010) 183-193
DOI 10.3233/JAD-2010-100177
IOS Press

Functional Connectivity in Mild Cognitive
Impairment During a Memory Task:
Implications for the Disconnection
Hypothesis

Ricardo Bajo™!*, Fernando Maesti® P!, Angel Nevado™P, Miguel Sancho®, Ricardo Gutiérrez®,
Pablo Campo?, Nazareth P. Castellanos®, Pedro Gil?, Stephan Moratti*®, Ernesto Pereda’ and
Francisco del-Pozo®

Bajo R et al, Age, 2011
Buldu J, et al, PLOSone, 2011
Bajo R et al, Brain Connectivity, 2012
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MCI develop AD > Control group
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Alpha2 band

MCI develop AD > Control group




1. Right Cingulate Gyrus, anterior division

2. Right Middle Temporal Gyrus 6
3. Right Lateral Occipital Cortex, inferior division

4. Right Occipital Pole

5. Left Supracalcarine Cortex 5
6. Left Lateral Occipital Cortex, inferior division

B (Lopez, Bruia et al, submitted)

1
2
3
4
C
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Registros: tarea de Vogel

Hermes Project (P.Nacional 2011)

iy
*

+ Resting-state

Referencia

v ~ v
MEG RMN EEG
Sensores Fuentes \/
ToolkitMatlab: MRI/EEG, DWI
HERMES

Matriz de sincronizacion:

-GS: SL

-PS: WPLI (sensores) o PLV (fuentes)

-MI: Transfer entropy
-Cross frequency (las dos ultimas producen
matrices asimétricas)

Clasificacion

-GS: SL
-PS: WPLI

Matriz de sincronizacion:

-MI: Transfer entropy
-Cross frequency (las dos ultimas producen
matrices asimétricas)

Clasificacion

Matriz cruda:
SVM

Reduccion de dimensionalidad:

comparar

-Modularidad (redes complejas) . .

-Clustering Funcional Matriz cruda:
-Usar técnicas que requieran SVM

dimensionalidad reducida

Reduccion de
dimensionalidad:
Clustering Funcional

|—v—l

Contrastar resultados

A

Manual de procedimiento

- A 4

Aplicacion a caso real: H. U. 12 de octubre

Producto GPU:
HERMES
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Modeling Brain Newtworks.

ooy Application to MCI/AD

Memory task experiment Time series

MEG

% Variation over control average
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Weighted Network
Synchronization . o
Likelihood Normalization Comp]e‘\
# Networks
Analysis

Fig. 4. Percentage of variation and statistical significance. Per-
centage of variation of the average degree K, average shortest path L and its

normalized value [, = i3 L , network outreach O and normalized outreach
ran
O=-2 clustering C' and normalized clustering C' = € and network
Oran Cra

modularity. Circles correspond to p < 0.03 and stars to p < 6.001, specifi-
cally: O (p = 0.007), C (p = 0.002), Q (p = 0.0033), K,(p = 0.018), L.,
(p = 0.025)and O (p = 0.027).

» The network strength K increases (+15.9%)
» Network outreach increases (+23.4%)

» The network modularity decreases (-13.5%)
* Normalized clustering decreases (-13.6%)

* Normalized outreach increases (+6.7%):
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OPEN & ACCESS Freely available online PLoS onhe

Reorganization of Functional Networks in Mild Cognitive
Impairment

Javier M. Buldi'**, Ricardo Bajo®, Fernando Maesti®, Nazareth Castellanos®, Inmaculada Leyva'?, Pablo
Gil* Irene Sendifa-Nadal’3, Juan A. Almendral'2, Angel Nevado?, Francisco del-Pozo?, Stefano
Boccaletti®®
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From Left to right: Irene Sendifa-Nadal, Daniel de Santos, Juan A. Almendral, Javier
M. Buldu, Inmaculada Leyva.



biomedical

- 1€CHNOlOQY fOr the early detection of AD: )
CT B =moogy A MUltidimensional approach pOCA

DTI/MEG

TAU

Amiloide

SMC

Genetics

Multicenter-
Stud

Animal models



C T B Efonfee;lig N e u ro i m a g i n g POlNICA

V-IDN SAD

IN-ID SA D

(@]
<

@

3
o
>
o

ay 21.49pON SA D

Neuroimaging Biomarkers in Aging and Dementia. Application of volumetric
techniques (Voxel-Based Morphometry, VBM) at different stages of
neurodegenerative diseases.
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Neurolégicas

Joven. 29 anos

nciano 85 anos Sano

alidating new imaging methods

Anciano 84 anos Alzheimer

Arterial Spin Labeling
(ASL) using gold
standards.

Second row: an 84-
year old healthy male.
Left: caption obtained
with PET; right:
equivalent image
obtained with ASL.
Third row: images an
85-year old male with
Alzheimer’s disease.
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@ Slicer AIZTOO>/

¥ el § Acknowiedgement

“ Labed S2atistcs

et Grayscale Volume: | 11.Vehame
O Labelnag | PRS- Segmertatior

Agpty

L Label | Count__ | Vokane (mv3) [Min  [Max  [Mean  [SuiDev [}

50 7 3000 222656 1030.000000 3970000000 2067347966 318638227
51 5289 4588535156 2193.000000 3503.000000 3097436756 233078930
52 1366 1200585937 3062000000 4055.000000 3625055637 1642117401
| 53 5148 A524 609375 1388000000 4122 000000 2916 606643 351 937376
54 1823 1602 246094 1745000000 3543.000000 2748827756 220850347 J
58 340 825171875 1278.000000 3338000000 2798908511 217222167
50 386 3380 273437 1597000000 227000000 3593076703 &8.5931574 /
’rj |~
i Save o fie

Results obtained with the different modulesfora
specificstructure: the hippocampus

¥ Margudate Sice Views

¥ Macguate 30 View



center for
biomedical
). technology

Difussion imaging

Moduks: |£hoh Tersor maghg Miakss @1 - E IEI
)

3DSlicer

AIZTOOI

Y Help & Acknowledgement

“ Diffusion Tensor Imaging Analysis (trunk)

Parameter set| __, | =
Status Idle
“ Input / Output
“* Input
Input volume (DICOM DWW series) D
“ Output

DW_Yolume | none
Fractional_Anisotropy_Volume | None
Output Trace Volume | none

Temporary Directory D

“ Labelmap And Resampling
Input Labelmap | None
Output (Resampled) Labelmap | none

Resample labelmap to match DWW volume dimensions

“ EPI Correction

Threshold |0.01 »

Reference for EPI Correction (not required) | nyone

Perform EPI Correction

Defautt Apply

¥ Manipulate Slice Views

¥ Manipulate 3D View

) modi ks

|27 282

Ovpit Resamphd) Labemap

Nowe —

Al
NPt Fractona. kotrepy Volime

tResanphd) Labemap

R |27282

Nore
OvpIt Trace_Volime

R

27.282
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CTB Iron deposit quantification

technology

E Slicer

~ Help & Acknowledgement
~ Load

(C1 Select Volume File
Volume Name tz
Image Origin: From File
Image Orientation: | From File

Label Map Single File

Keepall | apply Previous Next
Aetive Volume: t2 =
 Display
Lookup Table: FullRainbow =

Interpolate

‘Window Level Editor Presets:

g 3 “ v
k. % 4 | CTabdomen | CT-brain | CT-ung

Volume Window Level Presets:

WindowiLevel: | Manual 500 73261
1|

© -

Threshold: Manual 150 1000 =

1525 =

M
110 [46393
Update Histogram Interactively

0, 2000] % [0, 1]

i}

Update Display On Load
~ Info

“ Manipulate Slice Views

ElEOREE

“* Manipulate 3D View
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Spectroscopy. Molecular imaging

Yo Xe)
File Edit View Window Help Feedback

WVoxel Volume Statistics

Modules:
.{.‘) Slicer AIZTOO/

AppIy

[ E @ -

»

[ Count. | Volume(cm3) | % TV | % G|
100 -

VOXEL | 5184 | 4.56

il

N
| mi(SD) | Cho(Conc) |
20 1.47 7

Metab Quant | mi(Conc) |
2.35

Absolute

N 1 =
[1Saveto file
“ Display
Spectro X

20400

“ Manipulate Slice Views
= @ [ L E E E E(E [

“ Manipulate 3D View

oo 8 (6] (4] @] (@] & 7] (@]

X/ 3D Slicer Version 3.6

[/ = @ 9]

Auial

uj03_voxe.. troscopia

None

suj03_anatomico
R 24.723

: Sagittal

suj03_voxe..troscopia

[®l[3]:]

None

suj03_anatomico

R

-20.504

N

Coronal

suj03_voxe..troscopia

[*][=]

None

suj03_anatomico
R 28.152

v 4]»

suj03_anatomico RAS: (148.6, -99.0, 25.7), Lb: Slice not shown , Bg: Slice not shown
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Tensor-based morfometry

BE -~ S AENEE

@ 3DSlicer AIZTOO)[

¥ Help & Acknowledgement

“ TBM
Parameter set —
!

Status Cancelled
“ Image To Register And OUTPUT

Subject's Image | 2 _,
Output Atrophy Map

“ Register Parameters

alpha parameter |2
sigma parameter |1

MNumber of terations ‘1

Muttiresolution Scales |1

Y ATLAS label

~ Connection Parameters

Default ol Apply

“ Manipulate Slice Views

& LB

“ Manipulate 3D View

L1

— coroal —

— Nowe —

111 1105 111 1105




CTB e Looking for biomarkers: image multimodality
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B oo DT%!

* Help % Adnowiedgemery

“ Speciroscopy Vouel Volume Statistics

1 Grayscale e
o Vel Labelmao e
U Segrentalon Labeltagr | Nong
Spectroscopy rge rerge 4070
Module Pactid 1.coard

VOXIL 514 458

IV % Wi |
100

2o le % "
=] ] -
15! e
“ Cisplay
Spearo x
Metabolites
) obtained with
Spectroscopy
Voxelwhere the .
S —8 . . Fractional
A N 2 o Spectroscopywas Segmentation Iron deposits
obtained
¥ Manipdate Stco Views

Anisotropy

¥ Manigdals 30 View

T e 1y

o e

Sy

Submodulo con datos

especificos para la modalidad
de Espectroscopia

Magnetic Resonance Spectroscopy analysis

Textfile containing the spectrum (Input LCModel textfile) 45u4 7 sn_1-1
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First network metric

technology POLITECNICA
2 2 ¢ Amnesic MCI
= Multidomain MCI .
- ® Mild Alzheimer
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First network metric
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From left to right: Susana Borromeo, Pablo Garcia-Polo, Elena Molina, Eva Alfayate, José
Angel Pineda, Aranzazu Narciso, Juan Antonio Hernandez-Tamames, Juan Alvarez Linera,
Gonzalo Pajares, Norberto Malpica, Javier Gonzalez, Andrea Rueda, Juan Francisco
Garamendi, Miguel Hernandez, Virginia Mato, Roberto Colom, Daniel Garcia
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CTB <ner e A MEG-Functional Connectivity ()

=i model in pathological aging (SMC)

AGE (2012) 34:497-506
DOI 10.1007/s11357-011-9241-5

Early dysfunction of functional connectivity in healthy
elderly with subjective memory complaints

Ricardo Bajo - Nazareth P. Castellanos - Maria Eugenia Lopez -

José Maria Ruiz - Pedro Montejo - Mercedes Montenegro + Marcos Llanero «
Pedro Gil - Raquel Yubero - Evgenia Baykova » Nuria Paul - Sara Aurtenetxe -
Francisco Del Pozo - Fernando Maestu

DCL

al 2010)

| Compensatory

AD

(Stam et al,

(Bajo et al 2009)

2012b)
SMC
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CTB == Graph theory: MEG/DT -
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- Combination of anatomo functional connectivity
- Is the functional connectivity architecture depending on the
integrity of the white matter?

Clustering
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CTB s MCI Cluster :

technology -

The lower

the
anisotropy
value the
lower the
‘h . tendency to
y

show a SW
architecture
in fc-MEG
data
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2 Alpha
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Relationship between neurophysiology
and network scores

POLITECNICA

T™MTb-a/a

TMTb-a/a
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... MEG-Functional connectivity as a @)
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B Position Paper

W Research criteria for the diagnosis of Alzheimer’s disease:
revising the NINCDS-ADRDA criteria

Bruno Dubois*, HowardH Fddman*, Uaudia)acova, Steven T DeKosky, Pascale Barberger-Gat eau, Jeffrey Cummings, André Delacourte,
Douglas Galasko, Serge Gauthier, Gregory Jicha, Kenichi Meguro, John O Brien, Florence Pasquier, Philippe Robert, Martin Rossor, Steven Salloway,
Yaakow Stern, Pieter | Visser, Philip Scheltens

Lancet Newrdl 2007: 6:734-46 The NINCDS-ADRDA and the DSM-IV-TR criteria for Alzheimer's disease (AD) are the prevailing diagnostic

——— i dnwde e wacanecbhs hasscomsne thoes hacn ssees Callae hohiend 1ha ccommeacadasmead B R T T e B

TAU ’Y” : Spinal needle is inserted,
. IR Tt 4 usually between the 3rd

concentration ) LB and 4th lumbar vertebrae

has been &,’ )

associated with "

neuronal

damage and

cognitive

Imp airment Cerebrospinal fluid

CSF FADAM.



’ TB center for MEG-Functional connectivity as a potential
h wnangy  Marker of p-TAU in the CSF

The higher the pTau levels
Alpha pTau the lower the FC values

R? Linear = 0,511
120

rontal Superior

100

80

PTau
o

60

40

R? Linear = 0,451
120

PTau

204 o

T T T T T T T T
0,00 0,02 0,04 0,06 0,08 010 012 014
Alpha3
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120

. (R?=-0.52; p<0.05)

ontal Inferior Or

T T T T T T
0,00 0,02 0,04 0,06 008 010

. - (R?=-0.38; p<0.05)
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injected NPMs

Brain amyloid plaque in
transgenic mice

fluoroforos NPMs-BTA1 intravenous injection of Tg EA
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BTA-1:high affinity
to amyloid plaques Florescent microscopy of brain coronal sections
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TB =ner e DEVElopment of selective contrast 3
=moogy  @geNnts (RMI) for Alzheimer Disease rouTECNICA

Different peptides have been conjugated with the magnetic nanoparticles to achieve a specific marker of
the amyloid plaque. in vitro tests to evaluate the specific binding, affinity and toxicity of the conjugates.
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Results obtained by an ELISA test carried out in P96
wells that have been previously treated with 1 pg of

aB1-42 peptide. The nanoconjugate NP-af3 shows an Dextran coated magnetic

even higher affinity to bind to ap1-42 than the a3 nanoparticles (MNPs) can be
peptide alone. Interestingly NPs alone do not show detected efficiently by MRI in ex vivo
any affinity to binding to a1-42. and in vivo brains.

Challenges: highly stable in vivo; cross the Blood - Brain Barrier (BBB) non-destructively following
intravenous injection; bind specifically to plagues with high affinity and produce local changes in tissue
contrast detectable by MRI. Animal models: transgenic mice for AD (5xFAD)
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Norma Ramirez, Soledad Martinez, José Luis Gaztelu-Quijano, Juan Barios, Ceferino Maestu,
José M? Arguelles
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From left to right: Nazariao Féliz, Flavio Vinicio Changoluisa, Alfonso Muinelo, Ana
Lorena Urbano, Rodolfo Maestre, Javier Serrano, Cristina Sanchez, Jorge Diaz
Mateus.
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ILIOC <PLV>
ApoE Genotype Effect p =0.049
(F=4.03)
0.31 Apok 33 Apok 34 0:39 4 mC33
0,37 mC34
MdCa33
035 7 I = MQa34
E 0,33 - l
carriers versus non .
carriers of apoe 3/4 027 -

ILIOC - IPFC ILIOC - mPFC ILIOC - rTP




biomedical

=mooey A MUltidimensional approach

DTI/MEG

'CTB <o 1€CHNOlOQY foOr the early detection of AD:

Resting/
memory

Multicenter-

Amiloide

Genetics

Study Animal models




CTB s MAGIC-AD project: Objectives m%m

technology

It has been examined differences in functional connectivity between
MCI and healthy controls with MEG at the group level.
- In order for MEG to be useful, it must be able to detect abnormal
function at the level of the individual patient.
-There were two goals to the present study:

To develop a model, using data mining techniques, that reliably

distinguishes between MCI patients and healthy controls.
Test this model using an unseen dataset of MCI and control

subjects acquired by the MAGIC-AD consortium.
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1. Training datasets (known subjects)

- All data recorded (resting state) in Madrid
- MEG Datasets: 83 MCI and 54 controls

2. Validation datasets (Unseen/ blind study)

- Data recorded at five different MEG labs
- MEG data sets: 24 MCI and 28 controls
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= classification. Madrid data

POLITECNICA

Internal validation

Real class

Predicted class
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81,25%
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75,00%

NPV

83,33%

72,22%

78,79%

Accuracy

Sensitivity

Specificity
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data

University of Utah (SLC,
USA)

University of Cambridge
(UK)

‘t\ l
University of Pittsburg Patients __rgSe.
USA) GHEEES
Sl rﬁ\g‘ﬂ\s\ﬁ?‘
Sfrteadadn
VYY &ﬁ?@yk > o

Blind Meeting to assess
Data Mining results
analysis
Sync value
in a epoch =
=m

University of Helsinki
(EN)

University of Houston
(USA)

National Center for
Gerontology and

Geriatrics (Obu-Japan)

v

Center for Biomedical
Technology
(Madrid, Spain)




Results of the data mining blind

LTB5 classification. MAGIC-AD DATA
External validation
Real class
Predicted class ontra
12 4| 75,00%|PPV
ontra 1 11| 91,67% NPV
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Results of the data mining blind
classification. MAGIC-AD DATA

POLITECNICA

External validation (Second Round)

Real class

Predicted class
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Fronto-parietal links achieving classification values

Reproduce



Inter-hemisph links achieving classification values

Reproduce
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From left to right: (back row) Santiago Gonzalez, Jorge Pefia, Felix de las Pozas, , Juan
Morales, Carlos Garcia, Santiago Muelas, Angel Garcia, Jesus Sanchez, (front row) Chema

Pena, Victor Robles, Consuelo Gonzalo, Ernestina Menasalvas, Sandra Saez, Antonio Latorre,
Juan Hernando.
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SAGE-Hindawi Access to Research
International Journal of Alzheimer’s Disease
Volume 2011, Article ID 280289, 10 pages
doi:10.4061/2011/280289

Review Article

Magnetoencephalography as a Putative Biomarker for
Alzheimer’s Disease
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From left to right: Gonzalo Leon, Pilar Flores, Isabel Merchan, Diana Sanchez, Lorena valdés,
Angel Merchan, Ana Isabel Garcia, Ruth Benavides, Rodrigo Pérez, Miguel Miguens, Javier
DeFelipe, Lidia Alonso, Paula Merino, Alberto Muioz.



frontiers in ORIGINAL RESEARCH ARTICLE
=R B SS A | published: 20 November 2009
NEUROANATOMY doi: 10.3389/neuro.05.028.2009 é

Diminished perisomatic GABAergic terminals on cortical
neurons adjacent to amyloid plaques

Virginia Garcia-Marin'?", Lidia Blazquez-Llorca’??, Joseé-Rodrigo Rodriguez’?, Susana Boluda?®,
Gerard Muntane?, Isidro Ferrer? and Javier DeFelipe'?*
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— Amyloid-§ accumulation (CSF/PET)
-~ Synaptic dysfunction (FDG-PET/fMRI)
-~ Tau-mediated neuronal injury (CSF)
= Brain structure (volumetric MRI)
== Cognition

== Clinical function
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| MCI

>

Clinical Disease Stage

Preclinical Dementia

(Jack et al, 2010; Sperling et al, 2011)



