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My research

Aging Brain

 How does aging affect our e Structural anatomy
brain, cognition, language, * Functional connectivity
& vice versa? * Neurophysiology

Individual Language
Cognition di
ifferences . ..
* Attention & inhibitory \SNord re.cogn|t|on.
control * Semantic processing
* Working memory * Topics in bilingualism

* Long term memory
* Fluid intelligence
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Structural MRI Resting-state fMRI
Can structural MRI inform Can we estimate
cognitive & language cognitive age from
functions? resting-state fMRI?
Anatomical correlates Brain age
of language learning estimation
UBDA application Ongoing
example analysis
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Basic sub-divisions of the brain

Cerebrum]

Corpus callosum
(fibres connecting
both hemispheres)

Brainstem

Cerebellum]
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Native Volume in cm3
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Subcortical changes Cortical changes
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FreeSurfer

* A package for automatically calculating the anatomical parameters of the
brain

* Developed at MGH Martinos Center (Boston) over the past 20-25 years

* Main functions
e Sub-cortical volume

e Surface-based analysis of the cortex
e Cortical thickness
* Cortical surface area
e Cortical volume
* Mean curvature (also known as gyrification ratio)
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FreeSurfer processing pipeline

Adjust skull strip algorithm:

recon-all —autorecon?2 Add control points:

recon-all —autorecon2-cp

Fix pial surf: Fix white surf:

¢ Statg I recon-all —autorecon-pial recon-all —autorecon2-wm




N
Percentage change per decade (both gender)

Percentage change per decade for the total sample based on raw volumes.

18-29 to 30-39 30-39 to 40-49 4049 to 50-59 50-59 to 60-69 60-69 to 70-79 70-79 to 80-95 18-29 to 80-95

Cerebral Cor 5.5 —.8 —-7.9 —6.2 —6.1 —1.0 —24.7
Cerebral WM 3.9 1.7 —4.6 —-5.2 —7.9 —8.5 —19.7
Lat Vent 18.9 7.4 8.2 40.6 39.2 20.8 226.5
Inf Lat Vent 11.2 —2.6 1.0 46.8 66.7 43.5 283.9
Cerebel WM 8 -5 —3.7 —-5.7 —-5.2 —6.5 —19.3
Cerebel Cor -9 —1.1 —6.1 —4.0 —-7.0 3 —17.6
Thalamus 2 -2.9 —6.4 —4.0 —6.0 —-5.0 —-21.9
Caudate —6.7 —-2.5 —-2.8 —1.2 1.8 4.4 -7.2
Putamen —-9.6 —5.3 —4.7 —5.5 —1.2 —5.1 —27.8
Pallidum —6.7 —4.7 —-5.7 -23 —-3.1 —8.4 -27.3
Hippocampus 1.3 .6 —3.2 —7.8 —8.1 —9.7 —24.5
Amygdala —2.8 —1.2 —54 —-5.9 —8.6 —3.1 —24.3
Accumbens —15.3 —7.0 —2.8 —7.2 —4.4 2.5 —30.4
3rd Vent -3.9 4.1 13.6 21.0 27.8 6.3 86.7
4th Vent —1.7 —7.4 2.6 0.1 5.5 —2.3 5.0
Brainstem 3.4 A —34 —.8 —-5.2 —54 —11.0
|§SF 3.8 2.6 —2.2 13.4 9.2 4.2 34.4 |
Total volume —1.1 A —6.1 —54 —6.8 —4.3 —-21.6

Cor: cortex; WM: white matter; Lat: lateral; Inf: inferior; Vent: ventricles; CSF: cerebrospinal fluid; Total volume: the sum of all the other structures (CSF and
ventricles not included).

Walhovd et al. 2011. Neurobio Aging. 9/30



Foreign language learning as cognitive training

Sep 2020 to May 2021

* Research participants
e 25 older participants aged 58-69

* Italian vocabulary learning
sessions

* Longitudinally follow their
foreign language (Italian)

Cortical ROIs

| e a rnin g p e rfo rm a N Ce fo I a bo Ut Rostral middle frontal cortex rMFC  Supramarginal gyrus SMG
Caudal middle frontal cortex c¢MFC Middle temporal gyrus MTG

5 wee ks Pars opercularis POp  Rostral anterior cingulate rACC
Pars triangularis PTr Caudal anterior cingulate cACC
Pars orbitalis POr Fusiform gyrus FG
Anterior temporal lobe ATL  Parahippocampal gyrus PH
Insula INS Entorhinal cortex EC
Precentral gyrus PCG  Banks of the Superior Temporal Sulcus BankSTS

Fong, Ma, Chui, Law, Hui, Au, & Wang (under review). 10/30



Anatomical

Language retention performance post-learning
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UBDA application example: brain segmentation

25 brain scans

—

recon—
. 24 hours

recon—
——— > 24 hours

recon—
- alr 24 hours
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UBDA example: brain segmentation using FreeSurfer

* Command-line analysis pipeline (recon-al |)

e recon—-all -all =i ./T1/f.nii —-s L101 -brainstem-structures -

parallel —openmp 6 ’ J\ Y J

options related to parallel processing
(here, we used 6 processors or threads)

options of the command

e With parallel computing, significant speedup to ~ 6 hours per brain scan

13/30



UBDA example: brain segqmentation using FreeSurfer

GNU nano 2.3.1 File: runSMRI 16.sh

B1/bin/sh

cd ~/SLVL/
subid=%1

cd ~/SLVL/$subid
recon-all -all -1 ./T1l/f.n11 -s $subid -brainstem-structures -parallel -openmp 16

GNU nano 2.3.1

. 1 /bin/sh
PBS setting il#‘lIPBS -N slvlanalysis
Use 2501 o E
Nodes=1:ppn=16 mll+es - g2s01
- ¥pRe \ Call the shell script
* Request 1 node #PBS -S /bin/bash

#modulé load freesurfer-7.2.0

* 16 processors per node #module load python-2.7.15

module load openmpi-3.0.1-gcc-5.5.0
B B g R e R e ]

Setup environment _

° Setup Home d|rectory - export FREESI{RFER_HUME:_N,:"fI‘E'.e.'z?ul‘fer‘
export SUBJECTS DIR=~/SLVLsubjects

("‘/freesurfer) Ml source $FREESURFER HOME/SetUpFreeSurfer.sh e Submit the job
* Setup Subject directory ~/SLVL/runSMRI_16.sh $var > ~/SLVL/log-$var.out qsub -v "var=L101"

( / SLVLSUbJeCtS) echo "+HH+HHHHHHHHHHHHAHHHHHHEHEEAE runSMRI_cache_qZ.pbs

. . echo "process end at : "
Timekeeping & log B Gate
: : rm -T /tmp/nodefile.$$

* Display the end time m -f 7tmp/nodes. $3
e Remove some Iog {1l Sl module unload openmpi-3.0.1-gcc-5.5.0




Brief summary and tips (for absolute beginners)

* Procedure e Useful software
* In the home directory (cd ~), install * Terminal software: MobaXterm
the required software or your own (Windows) or Hyper (Mac)
scripts * FileZilla: file transfer between local
* Write the shell script computer and server
* :’Bi ()POrtable Batch SyStem) Script e Most useful commands
.pbs

* history | grep “qsub”

* Setup number of nodes
P * to keep track of the submitted jobs

« #PBS -1 nodes=1:ppn=16

 Select the queue (g2s01, q4s0f1, * gstat
agpu01, qgmicO1) * to see what jobs are currently running

e Setup environmental variables
 Call the shellscript (.sh)

* Submit the job to the queue



T
F u n Ctl O n a | C O n n e Cthlty Temporal correlations between remote

neurophysiological events (Friston,K. J.)
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Resting-state functional connectivity

Biswal et al.
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FIG. 1. (a) Representative time course of motor cortex physiolog-
ical fluctuations after FIR filtering that passes frequencies <0.08
Hz. (b) Fourier transform of the time course.

Biswal et al. (1995). Magnetic Resonance in Medicine. 17/30




Anatomical Example Functional

Functional connectivity matrix
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UBDA application example: brain segmentation

GNU nano 2.3.1

PBS Setting a5 ! /bin/sh

#PBS -N slvlanalysis

File: runRSFMRI g2.pbs

Use q2501 5 -1 nodes=1:ppn=16
> -1 walltune=100:00:00
Nodes=1:ppn=16  -q 2501
° Request 1 node 5 -S /bin/bash
» load freesurfer-7.2.0
* 16 processors per node  load python-2.7.15
module load openmpi-3.0.1-gcc-5.5.0
B B S a3
H H mlexport FS_MCRROOT=$FREESURFER HOME/MCRv84
SetUp en‘”ronmental Varlables ~t LD LIBRARY PATH="$LD LIBRARY_ PATH":"$FS MCRROOT/runtime/glnxab4"
-t LD _LIBRARY PATH="$LD LIBRARY PATH":"$FS MCRROOT/bin/glnxa64"
¢ Load Freesurfer -t LD LIBRARY PATH="$LD LIBRARY PATH":"$FS MCRROOT/sys/os/glnxa64"
H ~t LD_LIBRARY_PATH="/usr/11b/x86_64-11inux-gnu":"/11b/x86_64-11nux-gnu":"$LD_LIBRARY_ PATH"
* Setup Home directory -t FS_SPMREG_USE BIN=1
~ S -xport FS_MKCON USE BIN=1
( /freesurfer) axport FS_SXA3 USE_BIN=1
* Setup Subject directory hort FREESURFER HOME=~/freesurfer
~ . DO SUBJECTS_DIR=~/SLVLsubjects
(~/SLVLsubjects)
° Source tO Set path source $FREESURFER_HOME/SetUpFreeSurfer.sh
————-_———-_—__J’- ~/SLVL/runRSFMRI.sh $var > ~/SLVL/log-func-$var.out
Call the shell script crho M
echo "process end at : "
. . date
Tlmekeeplng & IOg rm -f /tmp/nodefile.$$
. . rm -f /tmp/nodes. §$
° D|Sp|ay the end time module unload openmpi-3.0.1-gcc-5.5.0

 Remove some log files



RunRSFMRI.sh

GNU nano 2.3.1 File: runRSFMRI.sh
Z1/bin/sh

cd ~/SLVL/
subid=%1

# preproc-sess -s $subid -fsd Rest -fwhm 5 -surface fsaverage lhrh -mn1305-2mm -per-run

fcseed-config -segid 1010 -fcname L Posteriorcingulate.dat -fsd Rest -mean -cfg L Posteriorcingulate.config -overwrite
fcseed-config -segid 2010 -fcname R Posteriorcingulate.dat -fsd Rest -mean -cfg R Posteriorcingulate.config -overwrite

fcseed-sess -s $subid -cfg L Posteriorcingulate.config
fcseed-sess -s $subid -cfg R Posteriorcingulate.config

# fcseed-config -wm -fcname wm.dat -fsd Rest -pca -cfg wm.config
# fcseed-sess -s $subid -cfg wm.config

# fcseed-config -vcsf -fcname vecsf.dat -fsd Rest -pca -cfg vesf.config
# fcseed-sess -s $subid -cfg vcsf.config

mkanalysis-sess -analysis fc.lpccseed.surf.lh -surface fsaverage lh -fwhm 5 -notask -taskreg L Posteriorcingulate.dat 1 -nuisreg vcsf.dat 5 \
-nuisreg wm.dat 5 -mcextreg -polyfit 5 -hpf © -nskip 4 -fsd Rest -TR 2 -per-run

mkanalysis-sess -analysis fc.lpccseed.surf.rh -surface fsaverage rh -fwhm 5 -notask -taskreg L Posteriorcingulate.dat 1 -nuisreg vcsf.dat 5 \
-nuisreg wm.dat 5 -mcextreg -polyfit 5 -hpf © -nskip 4 -fsd Rest -TR 2 -per-run

mkanalysis-sess -analysis fc.rpccseed.surf.lh -surface fsaverage lh -fwhm 5 -notask -taskreg R Posteriorcingulate.dat 1 -nuisreg vcsf.dat 5 \
-nuisreg wm.dat 5 -mcextreg -polyfit 5 -hpf © -nskip 4 -fsd Rest -TR 2 -per-run

mkanalysis-sess -analysis fc.rpccseed.surf.rh -surface fsaverage rh -fwhm 5 -notask -taskreg R Posteriorcingulate.dat 1 -nuisreg vcsf.dat 5 \
-nuisreg wm.dat 5 -mcextreg -polyfit 5 -hpf © -nskip 4 -fsd Rest -TR 2 -per-run

selxavg3-sess -s $subid -a fc.lpccseed.surf.lh
selxavg3-sess -s $subid -a fc.lpccseed.surf.rh
selxavg3-sess -5 $subid -a fc.rpccseed.surf.lh
selxavg3-sess -s $subid -a fc.rpccseed.surf.rh
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RISA project: Brain age estimation

Construct brain age models o Collect our own data to e Apply the brain age models
using large public datasets construct localized brain age in two clinical populations
models, & test their predictive
powers for brain functions &

i prospective brain changes

http://adni.loni.usc.edu/

ALZHEIMER'S Disease @ Q

MNEUROIMAGING INITIATIVE

Mild cognitive Alzheimer’s

{
\ impairment disease

https://www.ukbiobank.ac.uk/ | P n K' m
© =¥ ]I
biobank’

Enabling scientific discoveries that improve human health

Normal

http://www.humanconnectomeproject.org/

ey .
Human Connectome P—

Insomnia disorder
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Brain age (structural neuroimaging)

Method Input data MAE (years) r R? RMSE A - B
: — |r=0096 e® | o |r=096 N
Convolutional v : ! : o
GM 416 096 092 531 &0 g - & 8- 2
neural network — Y
S 2 )
WM 5.14 094 088 6.54 S - = .«.
+ é R°
GM+WM 4.34 096 091 567 g " ®
[
2
Raw 4.65 094 088 646 = G
G . P O R
ian Pr
aussia . 0CesS e GM 4.66 095 089 6.01 . e e
Regression
Age (years) Age (years)
WM 5.88 092 084 725 C
GM+WM 441 096 091 543 5 o)
Raw 11.81 057 032 1510

40
|

CNN raw (age)

MAE = mean absolute error, r = Pearson's r from correlation between

chronological age and brain-predicted age, RMSE = root mean squared

20
1

error, GM = Grey Matter, WM = White Matter.

Age (years)

Cole et al. (2017). Neurolmage. 23/30
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Aim 1: predicting cognitive age with brain measures

Structural features . SS<>S
(e.g., volume, thickness, Actual age Cognitive age
surface area) +
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Fong, Hui, Fung, Ma, Law, Wang, & Wang (2020). Quarterly Journal of Experimental Psychology.
Fong, Law, Ma, Hui, & Wang (2021). Brain and Lanquage.




Aim 2:

brain complexity age (temporal)

ROI1: Left precentral gyrus
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Ongoing experiments

Functional Connectome of Semantic Processing
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Happy Winter Solstice!
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