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INTRODUCTION WITHIN& BETWEENETWORK FUNCTIONAL CONNECTIVITY (FC) IN NEONATES
IS ASSOCIATED WNIHBAN MATERNAL -6L

Epidemiologicakvidenceand work in animal modelsupportsthe link between
maternalinflammationduringpregnancyand anincreasedikelihoodof multiple Environmental
neurological and psychiatridisorders in offspringncluding Autism & oL o
Schizophrenia Life history
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Interleukin-6 (IL-6), a proinflammatory cytokineappears to beoarticularly T - - were observed in 3 networks
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largely focuse@n animalmodelsthus far, and no studies to date have looked at

this relationship regarding human neonatal functional brain development | Overall, significant networwide SALA V|S CON SSM FP, SU B,DAN

associations are strongly observed between
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pregnancy from postnatal environmenfalctors Maternal IL-6 (Graham et al., 2014) control systems assessed
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AIMS: DETERMINE ASSOCIATION BETWEEN NEONATAL ~P connected to salience and somatosensory networks

FUNCTIONAL BRAIN NETWORKS & MATERGIAL 1L

. Assess widespread effects ofLon brain developmentTogainfurther insight regardingvide-spread effects oélevated DFMA SAL’ VI S SSM SU B
maternal inflammatory rates on neonatal bradevelopment, restingstate networksconsistently detected in oldeaohorts are DFM connectivity to primary sensorimotor networks
usedto assess functional neonatal brain development in the context of elevated materéablicentrations over time And networks involved in processing salient information

. Assess & differentiate connections within & between networks: the currentstudy, in order to parse out network specific T =41.046: p =0 212.460: p = < 001

associations with b, weanalyze network structure separately within and between functi@ystems or sumetworks * Vl SA D FM SS M SAL FP, S U B ,DAN
VIS connectivity to salience and cognitive control
networks

. Assessobustness of modebased predictionsMachinelearning methods partnered with robust assessments of accuracy
and generalizability using cresalidation and permutation testing may provide new insights into complex systiei®
relationships common univariate Rdsed approaches may fail to yield [=0.050: p=<0001  T=15310:p=<0001 T =11.070: p = <0001 T =34.868: p = <0001
% *

Methods Comparison

METHODS: WE ASSESSED 84 MATENERGNATE DYADS USING
NEONATAL FUNCTIONAL CONNECTIVITY & MEAN MATERNAI associaed wih 6 and te VIS

network using &Random Forest
approach based on decision trees
Participants ImagePreprocessing (Data processed & analyzed at OHSU) DFM VIS CON SSM SAL FP DAN o
84 neonate/mother dyads (Neonates <3fys,50% Male/Female) Preprocessing steps to reduce spurious variance unlikely to be involved in Within Network Example : VIS

Exclusionary criteria neurophysiologic events (Fox et al., 2005) including removal of central spike,
i. Mothers (during pregnancy)maternaluse ofpsychotropic slice timing & motion correction, intensityormalization, bandpass filtering and * DIAGONAL = WITHIN NETWORK :-IMAGONAL = BETWEEN NETWORK
medication;maternal use otorticosteroidsandknown registration to atlaspace
congenital, genetic, or neurologic disorder of the fetus (e.g.,

Down syndrome, fragile)X i.  Registration:iImagesare coregistered toinfant standard template from N ETWO R KS & FEATUR ES ASSO C IATEMDMMAANKMATER NAl_L—6

Il Infants:birth before 34 weekgestation; evidencef a the MRI Study of Normal Brain Development (Fonov et al., 2011; Fonov | | -y _ | | .
congenital, genetic or neurologassorder al., 2009), then registered to Talairaatiasspace. Spotlight on functional connectivity within & between the salience network with sensorimotor & cognitive control systems

. Masking:In-housetechnique labeledefineemaskwas created, validated
IL-6 Collection and added to our prgrocessing pipeline. This process crops out > =
i.  Collection of maternal blood samples for measurement ofdL extraneousnod NI Ay @2ESf az GKSy dziAft AT § ) . . NFAY 9 EGNI SALa A DAN CONa A SUB

occurred in the $, 2"d and 39 trimesters Tool. Results are therefinedusing the mask from eoegistered functional
I. Peripherablood was collected in serum tubes & allowed to clot for 30 data to ensure accuratesults
min (room temperaturg iii. Motion: Toensure maximum reliability of fMRI signal, only subjects
1 SerumIL-§ Ie\{els were determined using a commercial high sensitive with at least 4minutes of data after correction using a framewise
ELISAeBIoscienck displacement cutoff of 0.3mm FD were included. One frame prior to, and [—
two frames after each frame exceeding this threshold are remove from t ‘ \ o S ;:L' I j’
N Soahodulip td ’! AM'M”‘A'" M

. ‘est
= = R-sq Test 0.68039 ,P-val 5.0084e-26

Scan Procedure & Image Acquisition timeseries for analysis (Power et al., 2D12 o A A - .
Infantswere scanned during naturaleep at UC Irvine. Wakiagd o w s —w  w m NS LU
respiration were monitored throughout thecan. Network Analysis

. Single resting state scan (6.5 minutes) on a 3T Tim Trio Siemens ; 264 nodes of interestomorisin - TSRS : v -
: gmultiple communitiesgdentified in a previous
scanner p " SSVa A SAL ViSa A FP
;‘ ~ \a,

) _ study (Power et. al. 2011) are used to assess associations of neonatal brain
. T2* Weighted EPI (TR = 2.0 (2000ms); TE = 30ms) development and H6 usingpartial-least squares regression (PLSR)

nan . 3p UCIrvine 84subs SAL to SUB : 1 : 3 Comps .. /. - A. N
.  T2Anatomical (TR = 3200ms; TE =)255 : I & L \ A O\
Subgraphs change hierarchically over thresholds . : TS - L o |

Spheres: areal, main cohort Surfaces: modified voxelwise, replication cohort

2}
[ g R
s 1 S
] -
" ., _.
g of
&
o
°
(251 . i
® & : . %e® PLSR Train
unscru bbed 2F LSR Traj N . ’ o e A 2k ol - R-sq 0.74987, P-val 1.5511e-21
o BiaRq&¥fss, p-val 1.3989e-00 . o ¥ ¥ - ® PLER ik
S’fC M I , — - R-5qTest 0.56571 ,P-val 1.3989e-09 N g D e = - ResqTest 0.52366 ,P-val 1.5511e-21
I z I 2 p - G -- =3 -2 -1 1 2 3 [ ™o -3 - -
. - MR ) . y 4 . TRIS core. | c 2 X True gcore = 2 3
) ) . . - R - . N 0.4 1: Final Beta Weights 4 03 1: Final Beta Weights
/ - 035} 5 l
\ 0.25
. . \ ’ ¥ o 03
signal in two ¢ \ . -4 Power et al, 2011 Loast . N, 8 o02f
. - < . . ) L ' £
istinct brain regions . ¥ v . 3 Sois h W A ‘ : £l l JJIJJ“IM
ile at rest 3 - i - i a : . v Lt - T s . oo.;: UL AL | a'l"‘vuia < "
: ¥ A DMN Default Mode Network s/ = et fnelSetd weiontho re , ‘- e A T
s , - - 0 50 100 7 150 200 250 o 100 200 00 400 500 600
; h : > B con Cinguloopercular Network Predictors predictors

g U \I .
. s Z-vall 12 K - - .
e dACC/msFC 32 “_ B B, . VIS Visual System
‘ . ‘\\ (, = < I et e R, [ Fen Frontoparietal Network
oxelwise functional ~Q;///A)J \ | o A : o s O ] paN Dorsal Attention Network
Vs oAl ; e 4 ' . : =~ - [ ssM (Hand) Somatosensory Motor - Superior
seed region [/ ARV . . S ry P 4

| ’ AN f - , / [ ssMm (Face) Somatosensory Motor - Inferior
/ (H, ) & . ¥ : . A ; A =

o ) :la y +10 v iy ,1.:_ ) 2 S : . SAL

0 0303 0 3 UCIrvine 84subs SAL to FP : 1 : 2 Comps

X 2
= “ee
.

Salience System (Cinguloopercular)
CER Cerebellar System
suB Subcortical System

: ' e VAN Ventral Attention Network
weaker correlations P» stronger correlations 8

(PLSR) PARTIAEAST SQUARES REGRESSION IS USED TO MAKE PREDICTIO

Modelling complex relationships between a large subset of predictors (FC) & target outcomés (1L * N B b |
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Multivariate: PLSR is well suited to assess complex multivanrekaonships within . _—
high-dimensional datasetéhumber ofconnections/featuresKrishanret al. 2011) el I e [

M li=-dl
ComponentsSimilar to Principle Components Analysis (PCA), PLSR models a response
by reducing a large set of correlated features into orthogonal (uncorrelated) | W CONCLUSIONS & DISCUSSION FUTURE DIRECTIONS

X Weights Y Weights

* Plots represent an optimal fit for a given model after croafidation (over 4000 repetitions) *

Behavior/ * Nodes are scaled according to the sum of their absolute -etgghts *
S Design
Variables

components accounting for the greatest amount of variance in a dataset Functional Topology=C within & amongst functional systefesassociated with 46 Interpretation: Results presented here should not be assumed to  Longitudinal Framework: Emergepbut

Loadings : : : : : - confer risk for poor outcomednteractions with a host of context fragmented adultlike functional topology
. . . | demonstrating the need to consider wigpread effects of maternal inflammation on offsprin poor ; e AL AL e )
. Predictors & Outcome(s)Jnlike PCA, PLSR uses both the predi¢sprand outcomes Krishnan et al., 2011 J pring dependent factorsintheposf I G f SY@ZANBYYSyY-U ¥WlewdentWiYR & a&aSO2yR

(y) to model a response. Minimizing the relationship between predictors and neurodevelopment KA U é-expduée o prenatal stressors and warrants further research{Rudolph et al., 2014 Flux Poster)

maximizing covariance (prediction) between x an@dlydi and Williams, 2013 Implications for DevelopmentAssociations of mean maternat@Lwith between network _ _ _ o _
connectivityinvolves networks and regions previously identified as important for supportin Translation & InterventionUltimately it will be important to assess
First component explains the greatest variance. 9 P y P PP 9 intervention strategies aimed at reducing the impact that stressors

iv. CrossValidation (CV)internal kfold crossvalidation is used to estimate an optimal Each subsequent component is orthogonal to the previous normative social, emotional and cognitive development effecting the MaternaPlacentalFetal complex have on offspring brain

attempting to explain the greatest amount of residual variance

number of components on all available data. Next an independent model is fit using x_ Relevance for Neuropsychiatric Disordefensorimotor (SSM) & Salience (SAL, SUB) system development

Y,

randqr_nly partitioned train/test sets uging a hetdit (%20) procedure over 4000 g ! | display significant associations witontoparietal (FP) and dorsal attention (DAN) cognitive udinal " S it will b
repetitions (Rudolph et al., under review) [ G control networksimplicit in multiple neuropsychiatric disorders, including ADHD, ASD, & LongitudinalFramework:Moving forwardit will be

| | | Schizophrenia consistent with previous work linking these disorders to maternal inflammatioffll 'MPortant totrack the developmental trajectories ofain
Model AssessmentEach crossalidated model is tested for robustness againsta  ~ | ST during pregnancy. topology identifiednere andassess theirmpact on Above: Voxelwise community detection via the

random permutation (chance) over all iterations Bjerrum JTet al. (2008) behavioral and cognitivelevelopment infomap algorithm in a sample of 25, 1 year old infan:
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