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0 ABSTRACT

Multi-electrode arrays (MEA) can be utilised in drug discovery to provide a link from in vitro
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screening to in vivo testing, safety assays, or by modelling the functional impacts of disease
mutations. Here we describe the characterisation of human IPSC derived cortical neuron co- } ‘ l ' ' 57
cultures, which includes glutamatergic excitatory neurons, GABAergic inhibitory neurons, and | | | \?}4-
astrocytes (NeuCyte SynFire), using the Maestro Pro (Axion BioSystems). These co-cultures R ."'..':1'..“.7:-.".91".":7.':'.'.'".'.'.=-.-:r=.—.-.'.:-.::'.'"'.'.'.";'.": 3 ..
were then used for compound screening and induction of seizure phenotypes. :w:' - .::”:.:I... : I: e " ""' .‘-':"J-"J-”-""""F 1"5”""' ;§ 2-
Immunocytochemistry shows the presence of both Glutamergic (VGLUT1) and GABAergic __ %1_
(GABA) neuronal markers along with astrocytic markers (GFAP). Over the course of 28 days, _---_- 'f"- - wdemedonnd i Lee = - = 00
the neuronal co-culture shows an increase in mean firing rate as well as the development of T e m m wm o w w o wm m 5 10 15 20 25 30
spontaneous oscillatory activity (network bursts) with increasing synchronicity. D) Network burst frequency Day Post-Plating

N

Diazepam (GABA, agonist) caused a disruption of synchronous activity, decrease in mean
firing rate and network burst activity, with a IC;, comparable to literature datal. Seizurogenic
activity was produced in response to bicuculline (GABA, antagonist) as shown by increase in
network burst frequency and duration. These data show the suitability of human IPSC-derived
neurons for compound profiling and assessment of seizurogenic liability.

0037 Figure 2. Development of neuron firing over time.

(A) Firing events are detected from day 5 in culture,
this activity synchronises over time to form network
bursts (B). After 21-28 days in culture the activity
plateau Indicating the cells are suitable for
compound testing (C & D)
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Figure 1. Human iPSC-derived neurons co-culture characterisation.

The presence of individual cell types within the culture were identified by antibody staining. (A). Nuclei stain
(Hoescht, blue), glutamergic marker (vGlutl, red), and axonal marker (3-Tub/TuJ1, green). (B). Nuclei stain
Future work will include validating this system with cortical organoid cultures and include co- | (Hoescht, blue), GABAergic marker (GABA, red), and axonal marker (B3-Tub/TuJ1, yellow), and astrocyte marker
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culture of relevant cell types to produce a more translational system. (GFAP, yellow). Scale bar is 100 pm. bay Post-Plating
A) Diazepam B) Diazepam
eMETHODS e COMPOUND PROFILING 3 = 0.3% DMSO 1.5- -o- Mean firing rate CONCLUSION
: o '. @ -# Network burst frequency
0 N mm Diazepam 2.5 uM 2 i
A) 0.3% DMSO B) 2.5 uM Diazepam C) 30 uM 4'AP 2, X — Diazezam 625L:1M §_ . Network burst percentage * NeuCyte SynFire co-culture
. . . n 27 * 1.0 . . .
NeuCyte SynFire neurons plated in Axion } r | ! .| S _ o system including Glutamaterqic,
MEA plates and cultured according to .‘ ‘ \ | U ‘. “ ﬂ P | | " | ﬁ “‘ | % biazepam 125 nM & GyAB Aerqi J J g
manufacturer’s protocols | o | | | }\ , :\ \ ‘ “ " | M @ Diazepam 9 nM 2 . ergic neurons an
| || | | || ’\ _ H ‘ ﬂ f\ r\ M ‘ “ V‘WJ\“‘\ : g - astrocytes at CRL.
\ | \ \\ \ J U \ U UUL 5 5 . . . .
l I\ I‘\ HI ‘I.\l\l i HI I I \‘III}\‘ ] II J‘HII \I I| \ \:ll HI HJ=I:| rl IIWN ‘=}\I 7\’ m IIII n \IIIIIIIII= III IIIIII IIIIIITI Il-llllllmlll lIHIIIIIIIIHII:II\: n IIIIII\IIIIIII lIIIII\I :l!l‘ |I=I Elllgl‘ul= IE llh:i\\% =.I\IIEEI II“IIIEE\ l“E\‘ EI ‘:‘ ”g :III‘E\Ei‘I\ g § i Neuronal aCtIVIty monltored Wlth
l.lﬁ,‘.l,l.l‘;ullwyl‘_'ugg.”.‘w_;‘l‘.ﬂ“...q,‘m.ilI.mm.g;“.I._.j.gl..uu.l‘,l:‘,Mlgl:‘”h.‘,:l"._.w,'ﬁ”mI.l.‘.u R Y A Bl AT .EE._TE-;-E-E%_E.E.:E-E:EE%‘ . s & & o Axion Maestro Pro MEA platform
[ e (G SRS (A Akt 1 4 0RO 0O 1 B 101 '. §=5§5'5'=§=E=.§'E - shows that cells displa
ACtiVity recorded on Axion MEA for 28 days T-I':“r:i::::::::::::E "::LVL‘:II:EWE““"‘II:EI:‘I‘I':::::::::L::IE':F“:":\I"‘"'".:"III‘"‘::':EE“";ll:‘l:ll‘l‘:l::rrl‘-:""l:::‘l‘l [ nnunmumu:u N \qu' \Iulllm n Iunﬂmuwnn B O S--0-1-F-—E-I-F-0-1-B k04140 & -og [Diazepam], (M) h : d k p : y
|n CUIture Or Untl| aCtIVIty WaS SynChror"Sed \n III‘IHI\!I'IJIHLI=H ‘H‘||||||||H|}||Hl||‘||-.‘ ‘II‘I'III‘\I\III‘\I=I= In‘|‘=‘|}\|\l\|:|‘=|:i|‘lll=fl III:I'IH‘":.II‘ I|lH||IIII‘III.I i |m||MI|||H||ul||m|lul|llnl\IIHIllll\l\l\lllll‘lll:lllll :\}Jlll‘lllllll‘\:lululII\IHI\IHIILIHIHIHHIEHJ\:ln‘lfwll\Illlmnum ”H‘ I||||Iu|u|||||\I\|\I|||\||:|II:||‘|H u|||u|||uuuu|| !‘TETQE?'E‘IE I‘IE IIIIE‘ l:II:E\‘.:l JI‘I‘IEIIHII:IIE‘ :‘ll_ll \E HtE Ill:-=ll} EH:EE‘I\‘H %S\Q\ “ SynC ronlse networ aCtIVIty
and plateaued : : : : . . ‘ ‘ : : : \ N from 21 in vitro.
I Mean firing rate 13.2 » Compound profiling of known
Figure 3. Example raster plots. oy gicyculline AL TRl PG 129 pro-seizurogenic ~ compounds
D) 30 uM Picrotoxin E) 3 uM Bicuculline (A) 0.3 % DMSO had little effect —~ : NetwangtrEtpercentase — display altered network activity.
Compounds prepared at 10x test | l | o | | ; ;_ g !_ |! O!’] the neuron flrmg' (B) 2:5 HM ° = 0-.3% DMSO . . o Compound response curves can
congentration in culture media and applied ] L] ] | 3-‘ dlazepqm caused a reduction in 245 o L chucullfne3 MM F|gure 4. Detegtlon of qompound effects by be produced. Diazepam showing
as 10% of the total well volume, final DMSO [ A N T N I | | the firing events. (C-E) Pro- 2 + W BicuculinelpyM  multi-parametric analysis o -
ion did not exceed 0.3 %. | O Y L U W | | : . e N . i o similar 1C, to literature datal
concentration LIATNA % Wy [ N I\, ‘ I\ ;!'.,,,;,g seizurogenic Compounds caused a = o * Bicuculline 0.3 uM (A) D|azepam caused a S|gn|f|cant reduction in . F k ” ] | d h .
SE R E EEEEE} SEssamssammsmms polongation of network firing 2 , T Sicuculine 014 network  firing  and  burst  events.  (B) uture work witt Include the use
EUI':.I::;‘ I::;E l,:.“ll,ll,-:E II:| “,-El IHIIIH:E |"|m; ; EE% III‘II‘I:Illl\I\‘IIIIIII‘II-ﬂI n|||||. ||||||‘||ﬂ||\||\I||I|‘I|.|Hl|.‘\lu=ﬂ||||I|=|:=:I||I|I||||Em ||||u|‘ events and dlsordered pattern. g 1= .. '. 1B o ke[ e oo o EEREERIT TIPS K A X ' ........... . d Concentratlon response Curve for dlazepam Of Cortlcal OrganOId CU|tureS On
.T*l uu; u|m$|[+| I ||||% i “:ﬁmlﬁ”‘g II|I|I|I|; ”'ﬁ IE l:ﬁEﬁ :‘:"‘ll':l'll"llﬂﬁ. ,:ﬁ:g:ﬁﬁ:ﬁi "l,:'l,lll',m'.':l:'l,'l:":ii:l:' ‘:.f:, Illill:llﬁl"eﬁ I‘I‘l.I Raster plots ShOW 120 Second zZ |l| I]‘ Showed a ICSO Comparable to ||terature Valuesl the MEA and Carry Out
Data processed using neural metric too S pEaSEsatast  Sedeeleaage (20 oW O L0 mines o - . (C) Bicuculine resulted in significant change in | pharmacological validation using
(Axion BioSystems). Each well was 0 P e S | | | | - post-compound addition. & \Q@Q g;\\°° & & &Q@“ \,5\\0“ Q\d* s the network duration IQR and Network IBI CoV. relevant compounds.
normallsec: rfo '([jhe b?sielmte rectordlng from Time (sec) Time (sec) ¢ \i\o@ {b\\,@ %\00 \o)\\o N Q)\)@ 6\0\) \@\0 . &\@ Data presented from 15 minutes post-
€ day of treatment. Metrics presented_ h_ere are: mean firing rate, burst frequency (freq), burst duratior_1, mean inter-spikg int_erval (ISI)_ in burst, inter-burst & S &é‘ \*Ao‘* &q;\"\ O&Q éq;@ compound addition. Data shown as mean £ SD | 1 gader et al. PLoS One. (2017) 13:12(10):€0186147.
<
interval (1BI) coefficient of variance (CoV), network burst freq, network burst duration, network duration interquartile range (IQR), and & é}&o &,@\ (N>3). * P<0.05, ** P<0.01, *** P<0.001. doi: 10.1371/journal.pone.0186147.

network IBI CoV. X




	Slide 0

