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Summary

ObjectiveAberrant myelination and developmental delay have been reported in epilepsy
However, Tis'unclearwhether thesarelinked tointrinsic mechanismshat supporti predisposition
towards seizueand the development of epilepsihus we compaed rates of myelination and
neurodevelopment inmale rats selectively bred for enhanced susceptibilityto kindling
epileptogenesi@-AST) with malerats bred foresistancéSLOW).

Methods: Myelin-specific genexpressiorwascomparedn the brainstem, cerebellum and cerebral
hemisphereof FAST and SLOW rats onpostnatal day (PND) 5, 11, 17, 23 and 9t determine
strainspecificmyelination rates Myelin protein levels were also compar&dPND 5 and 23n the
brainstemsRelative rates ofneurodevelopmenivere evaluatedbetweenPND5-21 using physical
growth landmarks andeuromotortests including righting reflex, cliff avoidanceegative geotaxis
and locometor activity.

Results:_Myelin-specific mMRNA expression wasignificantly down regulatedn FAST rats on
PND5 and 11 inall three brain structuresndicating relatively delayedmyelination. Likewise,
corresponding proteilevels weresignificantly lowerin FAST brainstenon PND5. Developmental
delay wasevident inthe FAST strainsuch thabnly 9% of FAST pups,compared to 81% of SLOW
had openeyes’byPND13, locomotor activitywas significantly reduced betwe@&ND12-16 and
neuromotorask acquisition wadelayedbetween PNB-10.

Significance: Relative delays immyelination and neurodevelopmermo-occurredin the seizure
prone FAST strain in the absence of seizureShese findingssuggest thee symptoms are not
seizureinduced andnay bemechanistically linked toraunderlying pathophysiologgupportinga

predisposition towards developiegilepsy.

Keywords: developmental delay, seizure susceptibility, epilepsy, neurodevelopmental disorders
Introduction
Myelinationin brain occurs predominantly duriregrly postnatal developmeandformsa compact

myelin sheath around axots insulateand secureneuralcommunication Any deviation fromthe
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‘normal’ myelinationcan ultimately affect myelin integrity and therey appropriatdunctioning of
the central nervous systemAccordingly, aberrantmyelination indicative of altered structural
connectivity have been associated with various clinical phenotypes incluzkhgvioural
impairment$ and developmental defayThe prevalence of eoccurring delays in myelination and
development.suggests a functional relationship yet the nature of that relationshipas, wvith one
study demenstrating a positive correlation between thée tile another reported no correlation in
children” withidiopathic developmental deldy Abnormal myelinationand developmental delay
have been'@bserved in children with chronic epilép3yand neurodevelopmental disordé&rsthat
often comorbid with epilepsy.

Clinical studiesdesigned to examingtes ofmyelinationand neurodevelopment in childrenth
epilepsy are often confounded by thBuenceof existingrecurrent seizure!$, making it difficult to
determine cause and effedn this study, wecomparedates of myelination and neudevelopment
in a rat strain_that has been selectively breed to have enhanced vulnerability to kindling
epileptogenesisHAST) versusresistan{SLOW) malerats™’. FAST rats also display a behavioural
phenotypereminiscentof neurodevelopmental disordetftsat comorbidwith epilepsy, namelhASD
and ADHD '« Furthermore,and d relevanceto this study our recent MRland DTI studies
demonstrated white matter structural and voludiéerencesin the corpus callosum and the
cerebellumbétween FAST and SLOW adult rdfs**. In light of this finding and the fact that
investigationinto myelination indevelopmentally delayed children has largely focused ondtiex
or subcortical regionsuch aghe brainstent® and thecerebellum'®, in this studymyelinationwas
comparedin“these structureby way of myelin-specific gene and proteiexpressionat various
poshatal developmentatime points The fourprinciple myelin componentgxamined arénvolved

in bothformation and structural integrity ¢fie myelin sheath, namelyyelin Basic Protein (MBP),
Proteolipid Protein (PLP), Myelin Associated Glycoprotein (MAG) and Myelilgddendrocyte
Glycoprotein (MOG). Rates of neurodevelopment werealuatecby comparing the acquisition of
physical landmarks, appropriate reflexaesl &ocomotor activity. Given FAST rats drghly seizure
prone and.exhibit behavioural profilessonantwith neurodevelopmental disordezemorbid with
epilepsy werhypothesized that, relative to SLOW rats, FAST rats would exhikaysleh both

myelination and neurodevelopment.

Materials and Methods
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Animals

The FAST and SLOW rat strains wederived from parental populations of Wistar and Long Evans
Hooded rats using selective breedingrocessased on fasindslow rate of amygdala kindling™.

All experimentalproceduresised in this studgdhered to the Australian Code of Pracaocelwere
approvedby.the Florey Animal Ethics anthe University of Melbourne Ethics Committedrats
were housed at 21+1°® Double Decker™ acrylic cags (Tecniplast, Buguggiate (VA), Italy)
undera12#our-lightdark cycle (Lighs on between 7 a.m: 7 p.m.) withad libitum access to food
and water: Male rats were selected for this switlgn the higheprevalence oépilepsy*’, ASD *®
and ADHD*?in males

Tissue collection.cohort: 20 adultmale rat10 SLOW and 10 FAST) wetwused individuallyvith

2 females fromrthe same strain.Females(20 SLOW and 20 FAST)vere monitored for signs of
pregnancy andithen singly housé@a. determine the time and date of birth, females wbecked
for litters 3_times a day (7am, 12pm and 6pm). All pwmse sexedn PND3 to establish the
number ofismale pups availabla total, 80 (40 SLOW and 40 FAST) male pups were assigaed
one of5 develepmentalime points(PND5, 11, 17, 23 and 90) on the day of tissue collection. All
pups withinr each timpoint (n=8) were takendm separate litters

Postnatal “‘devel opment cohort: 16 adult male rat§8 SLOW and 8 FAST) werimdividually housed
with a femalefrom the same strain. Females were monitored for sigihpregnancyto calculate
gestational length and thesingly housed anahecked for litters aper above.Birth times for
resultant litters were matched between straiith maximum birth time difference of three hours
and pupsweressexedn PND 3 A total of 22 (11 SLOW and 11 FAST) male pups from eight
different litters(4 EOW and 4 FAST) were selected for developmental i@gtsno more tharour
brothers.

Rate of myelination

Tissue collection,and preparation: In rats, myelination occurs majorly until PND 8band rapid
myelin formation startfrom PND 1012 days that peakaroundPND 20 % Therefore, five time
points were selected: one before peak time (PND 5), three during peak/rapidatnyel(PND 11,
17 and 23) and one during the end period of myelination (PNDF@®T (n=8) and SLOW (n=8)
malerats were live decapitatezh each ofPND5, 11, 17, 23 or 90 and brain regions includimg

left and rightcerebral hemisphesecerebellum and brainstem were extractéithe lrainstemand
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cerebellum werecut throughthe midline into two equal partsone for mRNAand the other for
protein extractionandthensnap frozen in liquid nitrogen.

Quantitative PCR: Total RNA was isolated from brainstem, cerebellum and left cerebral hemisphere
of FAST (n=8) and SL@/ (n=8) rats on PND5, 11, 17, 28 90 using the QIAGEN RNeasy Lipid
mini-kit (Melbourne, Australia)as per themanufacturer's instructions. RNA concentration and
purity was, determined using NanoDrop 1000 spectrophotometer (Thermo Fisher Sgientific
Wilmington,;"U:S.A.). cDNA was synthesized from 1pg of RNA using reverse transonpith RT?2

HT First Strand' Kit (QIAGEN; Melbourne, Australia). QuantitatR€R reactions were set upan

384 well iplate format using the EpMotion 5070 liquid handling robot (Eppendorf, Melbourne,
Australia). «.CBDNA was amplified using ViiA™ 7 Red@lme PCR System (Life technologies;
Melbourne*Australia), SYBR Select Master Mix (Life technologies; Melbourne, Australia)
containing SYBR® GreenER™ dye, AmpliTag® DNA Polymerase, dNTPs with dUTP/dTHE,ble
heatlabile uracitDNA glycosylase (UDG) and ROX passive reference. dq¢AGEN RT? gP(R
Primer AssaygMelbourne, Australiajvere usedor genes of intereshcluding MBP,PLP, MAG,

MOG andiworhousekeeping genes (Gapdh, Sdha, Actb, Ubc, Thgtails of RT qPCR Primer
Assays are listed in Supplementary TabldRélative ates of myelinationbetween the two strains
were measuredy comparingtranscriptlevels of thesemyelin proteinsacross developmental time
points. RelatiVe transcripexpression was determined usingCr method®? . G values of MBP,

PLP, MAG and MOG were normalized to one of the housekeeping genes and then FA%E samp
were normalized to SLOW rat samples

Western Bletting: Given that expression ohyelin genes was observed to be different during early
postnatal development that normalized by PND 23, protein expression was evaluated ardND
23. Protein lysatewvere prepared from the remaining half of the brainstem isolated from SLOW
(n=8) and FAST (n=5) rat pups on PND5 and 23. Tissue was homogenized in RIPA buffer (150 mM
sodium chloride, 50 mM trisaminomethane pH 7.5, 0.1% sodium dodecyl sulfate, 0.5% sodium
deoxycholate,.0.5% NRO), 1 mM phenylmethylsulfonyl fluoride and complete protease inhibitor
cocktail (SigmaAldrich®, Melbourne, Australia) at 1mL per 100 mg tissue followed by sonication.
Lysates were,spun at 17,000rpm at 4°C for 20 minutes to remaMeabtestissue debris and clear
supernatant was stored -80°C. Protein concentration was measured using colorimetric detection
method based BCA Protein Assay Kit (Thermo Scientific Pierce, Melbournerahalst10ug of
protein was run on-42% BisTris polyacrylamide gels (NuPAGENovexX®, Melbourne, Australia)
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for protein separation. Proteins were transferred to Od§sB&DF (Polyvinylidene fluoride)
membrane (Millennium Science, Melbourne, Australia) via wet transé¢iod using BieRad Mini
TransBlot® Cell transfer system (Bi®ad, Melbourne, Australia). PVDF membranes were blocked
in Odysse Tris-Buffered Saline blocking buffer (Millennium Science, Melbourne, Australia¢hE
membrane.was cut into two halves. One half was probed with primary aeskaghinst rat MBP
(MAB386),at_1:2000 dilution or mouse PLP (MAB388) at 1:1000 or mouse MOG (MAB5680)
(Merck "Millipore, Melbourne, Australia) at 1:1000 dilution for overnight at &€ the other half
was probedwith a mouse alpfabulin (05829; Merck Millipore, Melbourne, Australia) antibody
as a loading control at 1:5000 dilution for overnight at 4°C. According to the primalbp@yitnost,
blots weresprobed with fluorescently tagged secondary antibodies i.e. TRIDREW Goat anti
Mouse (H+L)«(92532210; Millennium Science, Melbourne, Australia) or IRYy800CW Goat
anti-Rat (H+L) (92532219; Millennium Science, Melbourne, Australia) at 1:20,000 dilution for 1
hour at room temperature and proteins were detected using Oty&igenfrared imaging system
(Millennium_Science, Melbourne, Australia). Protein band intensities were quantified using the

Image J software, with MBP, PLP and MOG protein levels normalized to alphatigwels.

Neurodevelopment

From PND5-21 all pups were weighed and examined dailydge opening (both eyes fully open).
Neurobehavioral tessty wasalso conducted dailpetweenPND5 and 21.As crawling and walking
develops .around PNDAT2 with locomotion maturation at PND1%, locomotor activity was
assessed dailfrom PND11 to 21. Testingtook placebetween7.30 40.00 am andests were
conductedin the following order: eye opening, body weight, righting reflex, cliff avoidance,
negative geetaxis, wire hanging and locomotor activity. All pups were removedhieohome cage
and placediimsmall holding cage durinigstingperiod. &paration fronthe mothewas kept to less
than 30 minutéso minimize stress. €sts were video recorded and examined biygle investigator
blinded to the rat strain.

Righting reflex._When placed irsupine positiorrat pups reflexively try to right #gamselvesit is
associated witlsensorymotor coordination angubcortical maturatiod*. Pups were placeih a
supine positioron a flat surfaceheld in this position for 5 seconds ahénreleasedThe timetaken
by each pup to move from supinedoadrupedal positiowasrecorded Daily trials were limited to

60 seconds.
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Cliff avoidance: This reflex involves retraction when placed on the eadea platform. Itis
associated with neuromotor developm&htPups wereplaced on the edge of a platform witreir
forepaws and nosextendingover the edgeThe avoidance responseas scored as 0, 1 and 2
according_to th¢ime requiredo fully retract the body and heall four paws on the platform (0 =
no responsesi.e. when pup was unable to turn back, 1 = slow response more than 5 seconds, 2 =
immediate\response within 5 seconds).

Negative'geotaxis: it is associated with cerebellartégration’”. When placed in headown position
ratstry tororient themselves into a heap direction Pups wereplacedfacing downwardsn the
centerof a 45° inclined board (43cm length x 28cm widgth afriction surface The time required

to make afull=180° rotation was recorded up to a maximumedf secondsThe trial was not
included intthe*analysis if the pup fell down the board during the trial or moved downwards inste
of turning upwards.

Wire Hang test: The wire hang test is used to examine neuromuscular stréngte front paws of
each pup were placed on a horizontal rod (2 mm thick, 50 cn seogiredd0 cm above a padded
surface bystheir forelimbs. The time (seconds) until pup fell was recordiednaximum time of 60
seconds.

Locomotoractivity: It examinedocomotor and neuromuscular dédepment?, Each pup was placed

in the middle of a photocell cage (43 cm x 43 cm x 31 cm, | x w x h,-EA0Y Med Associates
Inc., St. Albans, VT, USAkquipped withan automated infrared transmitter and receiver system
usedto detect the three dimensional positionh&pup. For each pupspatiotemporal mawas then
created tagefleet minute by minute movemepatternsandthetotal distance (cm) travelladithin 5

minutes wass¢ealculated using Activity Monitor 4.0 t3@fre (Med Associates Inc.; U.S.A)

Statistical-analyss

Statistical analysis of gPCR and western blots were performed using\Maitmey U two tailed

testto identify strain difference between four myelin proteins expression (MBP, MA& and

MOG) at each, development time poi#ll physical growth and neurodevelopmenbshavior
datasets.weranalyzedusing 2way Analysis of Variance (ANOVA) for repeated measures with
strain and PND as the two independent variables. Strain x PND pairwise comparisons were assessec
using Bonferroni posthoc analysis. Statistical significance was definedpa6.05. Data were

expressed as mean £ SEM.
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Results

Gestational length of FAST and SLOW mothers

The gestational length of FAST and SLOW mothers was within the average rangenfoaddrits
No significant~difference was observed in gestation period of FAST (21.3+0.6) and SLOW
(21.5£0.6) mothers = 98.5 p = 0.5, Mann Whitney unpaired two tailed test).

Delayed myelination in FASTversus SLOWrats

Cerebral hemisphere: mRNA expression of MBP, PLRnd MOGwas significantly reduced ithe
left cerebral hemisphere BAST versusSLOW malepupsat PND5 (MBPU = 2, p= 0.001 PLPU

= 5, p= 0.008and MOGU = 5, p = 0.001 Mann Whitney unpaired two tailed teBigure 1A,B &

D respectively and PND 11 (MBRJ = 4, p= 0.002 PLPU = 9, p= 0.02and MOGU = 6, p =
0.005 Mann=Whitney unpaired two tailed tesMAG in FAST pups was significait reducedat
only PND&d«(Wd'= 10, p = 0.02 Mann Whitney unpaired two tailed testigure 1C).FAST and
SLOW rats showed similaexpressiorevelsfrom PND17 onward for each of the myelin transcripts
examined

Cerebellum: MBP and PLPwerelower in FAST cerebellumat PND5 (MBPU = 9, p = 0.02 PLP

U = 11p=-0:03 Mann Whitney unpaired two tailed tesigure 2A&B respectively and PND11
(MBP U =7, p=0.007 PLPU = 7, p = 0.007 Mann Whitney unpaired two tailed tgsindbecame
similar from"PND17 onward. However no significan difference was observed in thenRNA
expression oMAG or MOG (Figure 2C&D respectively atany time point.

Brainstem: Transcriptlevels forall four myelin proteinsveresignificantlylowerin FAST brainstem
at PND5 (MBPU = 0, p = 0.001;PLPU = 4, p=0.002 MAG U = 4,p=0.002 MOGU=3,p=
0.001, Mann-Whitney unpaired two tailed test, Figi and PND11 (MBRJ = 0, p <0.00% PLPU

= 1, p <0:00%=MAG U = 9, p = 0.02and MOGU = 12, p = 0.04, Mann Whitney unpaired two
tailed tesf. As"in cerebellum and cerebral hemisphenepressionevelsfor all four transcripts were
similar between the straifiiom PND17onward.

To establishwhethermyelin protein levels were in concordance withielative mMRNA expression
differencesdentified between these strajmgstern blot analysis was performggingthe brainstem
of PND5 and PND2FAST and SLOWmalepups. These timpoints wee chosen given the largest
consistenttrain expressiordifferences occurred at PND5 whereas similexpressiorievelsfor all
four transcriptswere documented at PND2®/esternblot results indicated thaEAST pups had
significantly lowerlevels ofthe two main isoforms of MBP i.e. 21.5 kD& (= 6, p = 0.04 Mann
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Whitney unpaired two tailed tedtigure 4A, B) and 18.5 kDay = 4, p = 0.02, Mann Whitney
unpaired two tailed testPLP (U = 0.5, p = 0.005 Mann Whitney unpaired two tailed tegtigure
4C, D) and MOGU = 3, p=0.01,Mann Whitney unpaired two tailed tefigure4E, F)at PND5
but no significant differencén any of theseproteirs was evidentat PND 23.MAG protein levels
could not be.quantified as the expression was too low to detboth timepointsgiven it comprises
only approximately 1% of total myelin protein constituerft’.

Developmental delay in FASTpups

Despitethat' body weight was similar iFAST and SLOWmale pupsbetweenPND521 (Figure
5A), eye opening indicated significant effects of strain(fyy = 23.23,p = 0.0001, ANOVA) and
time (F ¢, 70)= 107.48,p = 0.0001 ANOVA). Posthoc analysis revealed a significaniffdrence
between FAST=and SLOWups at PND13 (t(6) = 8.5 = 0.0001 Bonferron) with only 9% of
FAST pupsepening their eyes compared to 81% of SL@Wps (Figure 5B)All pups of both
strains had opened their eyes by PND 15.

Righting Reflex: A significant effect of strain (1, 170)= 50.62,p < 0.001, ANOVA) and time (Rzs,
170) = 35.89,p < 0.001 ANOVA) was observed for righting reflexcquisition While the reflex
executiensimprevedn bothstrainsas development progressed, FARIps tooksignificantly more
time than SLOWpups tosuccessfulljcompletethe responsbetweenPND5and11 (PND5 t(16) =
4.191,p="0'001,PND6 t(16) = 5.48p < 0.001,PND7 t(16) = 3.224p = 0.03 PND8 t(16) = 6.769,
p < 0.001,PND10 t(16) = 4.835p < 0.001, BonferroniFigure5C).

Cliff Avoidance: Response to cliff avoidance improved with age in both stksgsningfrom null
(O score)ior slow (1 score) to quick response (2 sdmeyeenPND5-14 (Figure 5D).A 2-way
ANOVA revealed significant effects ame (F (16, 170)= 48.11,p < 0.001, ANOVA) and strain (R,
170) = 129:03;p:< 0.001, ANOVA). FAST pugs performance wasignificantly slowerthan SLOW
pupsbetween PND5 to 1(PND5 t(16) = 4.098,p = 0.001,PND6 t(16) = 6.44 p < 0.001, PND7
t(16) = 10.54p'< 0.001, PND8 t(16) = 7.611,p < 0.0Ql, PND9 t(16) = 7.611p < 0.001, PND10
t(16) = 5.854p < 0.001, Bonferroni).

Negative Geotaxis: Irrespective of strairthe response time teegative geotaxis decreased gradually
betweenPND5-10 (Figure5E). Howeveriwo factorial analysisevealedsignificantmain effects of
strain (Fq, 170)= 171.38p < 0.001, ANOVA) andtime (F 6, 170)= 72.29,p < 0.001, ANOVA). The
relatively delayed acquisitiotimesin FAST versus SLOWpupswas observed between PNB
(PND5 t(16) = 10.28p < 0.001, PND6 t(16) = 10.82p < 0.001, PND7 t(16) = 10.55p < 0.001,
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PNDS8 t(16) = 11.31p < 0.001, PND9 t(16) = 4.678,p < 0.00L, PND10 t(16) = 3.55,p = 0.009
Bonferroni)

Wire Hanging: The ability to grip and hang on the ratid not develogprior to PND12in either
strain (Figure 5F). After PND12 increase inhang timewas observedn both strains withmain
effect of timew(Fas, 170)= 32.34,p < 0.001, ANOVA) but no effect of strain (ki 170)= 1.94, p =
0.17, ANOVA).

Locomotor~activity: Significantmain effects otime (F 0, 1100= 64.89,p < 0.001, ANOVA) and
strain (F@1"110y="80.70,p < 0.001, ANOVA) were identified when distan¢eavelled wasompared
in FAST and SLOW pupd.ocomotor activity increased in both strains as development progressed
However mean,distances covered BAST pupswereconsistently lowethanthose ofSLOW pups
a difference’thateached sigficanceon PND15 ¢(10) = 6.013p < 0.001, Bonferroni) and®ND16
(t(10) = 6.705p< 0.001, BonferroniFigure %5).

Discussion

This study compared rates afyelination alongsideneurodevelopmenin seizure prone FAST
veras resistant' SLOW ratRelative to SLOWpups,FAST pups showetemporallyrelateddelays
in both aspects of developmdfrigure6). Delayedmyelination hasoftenbeen reported in children
exhibiting developmental dela¥; epilepsy”* and comorbid disorderdike ASD and ADHD * °.
Indeed, eélayedwhite mattergrowth has beemlocumentedn a mouse model dfagile X syndrome
8 a disorderscharacterized by seizures and autistic symptoms including development&’. delay
Importantlyshewevertheseand similarstudies have not beeatesigned to determinehetherthe
delay is“secondary to the presence of seizures or whetheprntributes tothe pathogenesis
associated with, seizure vulnerabilitfevidence for the latter includes the fact that children born
preterm often_displayisrupted myelinatior?® and are at higher risk of developing epilepSy
Moreover,a study using rat modelbf malformations in cortical development (MGCDyhich are
linked to both epilepsy and developmentdélay in humans concluded thatberrant white matter
development may be the underlying pathology supporting enhasizare vulnerability’>. The

FAST/SLOW modelwherein nospontaneous seizurescur, precludes any invokment of seizure
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sequelae imrelative rates of myelinationor functional development anthereby identifies any
observed deviatiomssinherent tahe vulnerableor resistanstate

Devebpmental delay ione predictor of intractable childhood epilepsy’. In this study we
confirmedassignificant delayn FAST versusSLOW pupdevelopmensuch that despite similar
weight gain, FAST pupexhibiteddelayed eye opening and relatively poor performance in several
neuromotortasksprior to PND14. Whiledocumented eye openitggirs in mog rat strains by the
end of seéond postnatal we&kthis process begamn PND11lin SLOW pupsandnot until PND13

in FAST pups indicatingthat,as withtheir seizureprofiles inboth the kindling and chemoconvulsant
models,thesesstrainte at opposing ends dhe ‘normal’ spectrum. While completeacquisition of
some tasks appeared to coinogd with eye opening there is unlikely to laedirect functional
associatiomgiventhatonly the righting reflexs considered to have awsual-cue involvement and
task performanceswere greatly improved in both strains prior to eye opening Interestingly,
locomotor activity levelprovedlower in FAST pupshroughoutthe preweanirg period despite
weight and neuromusculafgrip strength)equivalenes This finding is in contrast to thenany
experiments demonstrating relative hyperactivity in FA®fisus SLOWatsfrom youngadulthood
onward*2X._lmportant tothe clinical relevance dhis finding is the fact thaa PND20rat matches

a human age afnly 8 months a time point when theorresponding locomotactivity would not

yet bemeasurabléen humans.

The architectural importance MBP, PLP, MOG and MAQGo the development of myelisheath
and therebyappropriate neuratommunicationijs clear inhumans angeveral animal modelst-or
instance triple (plp-/-, mbp-/-, mag-/-) mutant mice exhibihypomyelination andigh frequency
seizureonsét'By8 months of agé”. In humanscomparativevhole transcriptome screieg of focal
cortical“dysplasiasngocortical malformations with strong epileptogenic potentiahdndysplastic
temporal "neocortex from epilepsy patients reported redwguession of myelhassociated
transcriptsncludingmbp, mog andmag *°. Moreover experimental studies on myeliteficient (md)
rats have demonstrated that lack of myelin resultregional axolemmal abnormalities such as
axolemmal,voltaggated sodium channels being more diffusely distributed at higher denisitees
suggested that this ion flux increase across axolemma might lead to corresponding increased
extracellular potassium levels, spontaneous activity due to random opening of the ¢Hannels

threshold for excitation and ephatic activation of neighboring d%otredeed hypomyelirtan
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during postnatal development of FAST compared to SLOW rats might contributelsothair fast
kindling tendency.Abnormal myelination haalso been linked to conditions associatedwith
heightened seizure susceptibilitycluding developmental delayASD and ADHD Of relevance,
given the comorbicASD/ADHD features manifesin the FASTstrain'?, aerrant myelination has
beenproposed. as a pathophysiological factor for persistent ADHD symptoms and poor cognitive
performanee_in adult ADHD patients Moreover, abnormal callosal myelirdevelopmentin
childrerrwithauitisni andin the BTBR mouse model of ASH, behavioral impairmentsave been
associated Withmyelin proteindown regulation andabnormalities in myelin formatioff. These
studies, and the fact thataive FAST ras live seizurefree, suggest the delay imyelination
observedn FAST versus SLOW pups mechanisticallffinked to her ADHD/ASD-like behaviors
and seizurevulnerability. Certainly any formative compromise to the insulating capacity of the
myelin sheath is likely toegatively impact cognitive development dadilitate seizure recruitment
Consequently,itese findings providevidencefor the rapid network recruitment thistendemic to
FAST rats-and strongly inhibited in SLOW réls

Despite the common eaccurrence otlelays inmyelination and neurodevelopmennt epilepsy and

its comorbid conditions, the nature or even existence of a biological relapidmstween these
phenotypic features remains uncléat The theory that a common biologiaatperience underlies
co-expression,,of symptoms is perhaps most supported in Angelman Syndrome (AS), a
neurodevelopmental disorder characterized by several neurological problems including
developmental=delay, movement disordersl @pilepsy. Aberrant mydination, thinned corpus
callosum* have been reported in AS patients. Moreover, a study revealed disrirptthe
expression of cortical myelin proteins in a mouse model of AS and showed corredhiennofelin
defects when pregnant mothers were fed a higher fat’di&iven the role of fat in myelination, the
clinical efficacy of the ketogenic diet ameAST rats naturally exhibit lower plasma resterified

fatty acidS"(NEFA) level$®, despite maintenance on an identical digture investigationrito the

role of fat“metabolism in straispecific behavioral and seizure profilesould be relevant to
epilepsys#ADHD and ASD. Use of the FAST/SLOW model in these ways will provide better
understanding®of the nature of the trifectic relationship betweslopbmental delay, delayed

myelination and seizure predisposition.
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Figure 1: Relative mMRNA expression of myelin proteins ircerebral hemisphere.

Comparative analysis between SLOW and FAST rats of mRNA expression of myelin proteins at
postnatal age 5, 11, 17, 23 and W) MBP, B) PLP, C) MAG, (D) MOG; Mann Whitney twe

tailed T-Test * p<0.05, ** p<0.01, *** p<0.001; MBP myeh basic protein, PLP proteolipid
protein, MOG.myelin oligodendrocyte glycoprotein, MAG myelin associated glycoprotein.

Figure 2: Relative mRNA expression of myelin proteins in cerebellum.

Comparative analysis between SLOW and FAST rats of mRNA expreskimyelin proteins at
postnatal agets, 11, 17, 23 and W) UBP, B) PLP, C) MAG, (D) MOG; Mann Whitney twe
tailed T-Test=* p<0.05, ** p<0.01; MBP myelin basic protein, PLP proteolipid protein, MOG

myelin oligodendrocyte glycoprotein, MAG myelin associated glycoprotein.

Figure 3: Relative mRNA expression of myelin proteins in brainstem.

Comparative_analysis between SLOW and FAST rats of mRNA expression of myelin proteins at
postnatal age 5, 11, 17, 23 and 99) MBP; B) PLP; C) MAG; (D) MOG; Mann Whitney twe

tailed T-Test=*p<0.05, ** p<0.01, *** p<0.001; MBP myelin basic protein, PLP proteolipid

protein, MOGumyelin oligodendrocyte glycoprotein, MAG myelin associated glycoprotein.

Figure 4. Comparison of myelin protein expression betwaemale SLOW and FAST rats.
Brainstemrexpression of myelin proteins MBB,(PLP C) and MOG E) in FAST and SLOW rats
at PND 5 and PND 23. Representative Western blot of MBP (21.5 and 18.5KD®LP (~26
kDa) D), MOG (28 kDa) F) protein normalized to a-tubulin (50 kDa). Mann Whitney twtailed T-
Test * p<0.05, **p<0.01. MBP myelin basic protein, PLP proteolipid protein, MOG myelin
oligodendrocyte glycoprotein, MAG myelin associated glycoprotein, PND postnatal day.
Figure 5: Devdopmental delay in maleFAST compared to SLOW rats.

(A) Mean body weight of pupsBJ Percentage of pups opened their ey€$;Time response for
righting on a surface;) Score on latency to withdraw from a clifE)X Time taken to turn 180°
angle upwards on 45° angled slant boa);Latency to fall from hanging wire(s) Total distance
moved rin 5 minutes duration; Values represent means with SEWay2 ANOVA repeated
measuresp<0.05, *p<0.01, **p<0.001

Figure 6: Schematic view of neurodevelopmerdand myelination between the two strains.
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FAST compared to SLOW rats displayed developmental delay and delayed myrlthaing same
time period window (PND 86) indicating a temporal relation between delayed development and

myelination.

Supplementary Material
Supplementary Table 1.RT2 gPCR Primer assays for myelin and housekeeping genes.

The RefSeq accession number refers to the sequence used to design the primer assay.
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