TEMPORAL LOBE EPILEPTOGENESIS IMPLIES LARGE-SCALE DYNAMICS IN A STATUS EPILEPTICUS-INDUCED

MOUSE MODEL

Fabien Friscourt'?, Victor Férat', Maélle Hernot', Karl Schaller?, Christoph M. Michel'?, Charles Quairiaux’

TFunctional Brain Mapping Laboratory, Department of Fundamental Neuroscience, Campus Biotech, University of Geneva, 1202 Geneva, Switzerland 2Neurology Clinic, Department of Clinical Neuroscience, University Hospital Geneva, 1206 Geneva, Switzerland, 3Department of Fundamental Neuroscience, Fac-
ulty of Medicine, 1206 Geneva, Switzerland, 4Center for Biomedical Imaging, Lausanne and Geneva, 1015 Lausanne, Switzerland

METHODS:
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Temporal lobe epilepsy (TLE) is the most common type of focal epilepsies. A = Fm
While TLE is characterized by the presence of an epileptic focus (EF) that is uu¢ P d25-d27 - d29

held to be responsible for triggering seizures and driving interictal activities, | | C
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recent studies show that epileptogenic networks (EN) and brain alterations || = e
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are widely distributed. In this context, a fundamental question is yet to be | | reo et
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answered: is the EN responsible for the emergence of epileptic activities, | | o s
with the EF as one of its major outputs, or is the EF upstream in the cascade | | ~ v
that leads to the formation of the EN? Using multisite chronic mSEEG record- | | uem—— oo |
ings and chemogenetic tools in the status epilepticus (SE) induced intra hip-
pocampal kainate mouse model of TLE, we propose to characterize in detail
the emergence of epileptic activities in the EF and in remote regions and || e :
evaluate the role of the primary epileptogenic region for the development of
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the large-scale EN. We found that different epileptiform signatures, with
ictal, ictal-like and interictal patterns, appear in the very early stage of the " !
latent phase (LP) (as early as 72h after SE) in both the EF and distant regions e S 7 v +c,n.1 s e

and then evolve along the LP to become typical epileptic events characteriz- T et e e m T et St B s
ing the chronic phase. We investigate these network dynamics with high s R
M2 +Cgl + PrL

Spaﬁal -EI"ICI tempﬂr.ﬂl precisiun LISiI"IE SEIT'II-SLI rpEWISEd dE‘[EC‘[‘iDn ﬂf pﬂthﬂ- Experimental plan (A) consists of kainate or saline injection (d0) followed by a new surgery technic developped to study large-scale networks. The day after the injec-
IDgIEEI activities. Our work aims at IdEI"I'I.'I'I:‘,fII"Ig I(E‘,I" mechanisms involved in tion (d1), an implantation surgery (B) is realised and 16 electrodes are implanted into targetted brain regions : secondary motor cortex (M2), cingulate cortex area 1

the dEUEImeEHt of EplIEpt‘lc neuronal networks and clarlfy the pﬂthDEEI'IIE day of recovery, mice are recorded 1h every other day. This technigue allows the recording of epileptic activities such as secondary generalized seizure (C) with an high
stream of events at play between the EF and the EN. temporal resolution.

Figure 1 : Multisite recording technique and experimental plan

(Cgl), prelimbic cortex (PrL), primary visual cortex (V1), field CA2 of hippocampus (CAl), dentate gyrus (DG), subiculum (5), medial entorhinal cortex (MEnt). After a

RESULTS:

1. EF epileptogenesis: from epileptiform to typical ictal activities 2. HFOs detection characterize the dynamic development of the large-scale EN

Figure 2: EEG traces of latent phase epileptic ewvents on raw band and filtered in FRs band

Epileptic activities in the EF seem to appear gradually. Starting with low amplitude and low frequency activities Figure 3: HFOs quantification during the latent phase until the chronic phase using multisite recording

with only few HFOs (LALF) (A). After few days post-K injection, low amplitude but rythmic activities with more Unsupervised quantification of HFOs [ripples + fast-ripples) have been done from the latent phase (d3) to the chronic phase (d27). Graphs represent the numbers of

present HFOs appear (LAHF) (B). The more the epileptic condition is setting into the network, the more intense total events / min along the progression of the disease (3 = d3 post-K injection) until the chronic phase (27 = d27 post-K injection). Parameters of detection were: Rip-

the activities are, with high amplitude and low frequency patterns (HALF) (C) until becoming typical focal sei- ples (min. osc.:4, filters 80-2530Hz, std_thrsld:3), Fast-Ripples (min. osc.: 8, filters: 250-500Hz, std_thrsld:3). n_epileptic = 3, n_saline = 5. Grey rectangles indicate the

zure that can be defined as high amplitude and high frequency periods (HAHF) (D). EF HFOs gquantification. Blue stars represent kainate injected hippocampus, and red arrows represent the line graphs corresponding hemisphere.

I
I
I ﬁh: < k‘: e ! o, i Y x .'-:'.-- o -
A L0 T o o g A e P N N e | i (B Ly - L P BN
[_l::,ﬂ.]_ il S = W, T "1-"' ‘--.--_'_'--I o -'-._.a,____.__ My e, e = T = = o e T F L = - 1 b, ¢ :'- it Al
g "y ] 1"" "I i ! | = B o O gy Nl R
| PrL Ccgl M2 =N T
E r— Vi DG
= | 0.9 _ 1
1
15
. i I . ) 1 2 *.
B l DE -"""-1'-1-.*. Wm?ﬁﬂwhufﬁﬁhhﬂw- e ﬂ"“l"'l-."'-lll'ﬁl"- "‘*W‘\"'HHF‘MEHJME*IH‘*‘MLH'I'.H! -.-‘I'-.'Illql'r"""h._"n.l-n."'-ﬁ.ll"" i"-ﬁ..'a"ill"l",I.'Ilr" MMI-"—'.MW“P‘ .l,-.u,..r | I}-El‘-m . ) -_t D 5 o | . |:|_ 5 1 III- | .__.-"'.-l .--.\_; . .__-' | i & 1 ) " d
3 2 1i|| -, . ) -__-'l'-_ L . by | lI.'\-_\_ .-.:r_.\_ L. + — __._d_ ’ | I} 5 | e r.-' \ . i --_. | r ..-_-
S e my | N T v N1 < e e =1 e 1%, . 1 . 4 i
b |"" L |y lJ s "" - T — | =~ e | | - i = i y ""-l- h : - ) "
L CAL ™™, wwm'."-.- 9t ewﬁ%k.ra#wdr j[‘hhrth..I#.-mI Vo™ ey I"-I,ﬂ.l.-ﬂ‘ QA ILATR r"I R p Val m-v r‘n.-',*‘I | % b . 4t | L 1 +Jr | LMT“' g IH# 4.--"'? F__; 0.5 I
E A ] L1 ) S A || 0" : 0 bt (. Sy . e
- 19 27 3 11 19 27 a 3 11 19 27 3 11 19 27 3 11 19 z7
3 L DG — 3 11 3 11 19 27
="
Elcm | _H‘r 0.9 _ | o
P PN i R N T =, T I E . 11 | ! 10 EF
C R I e W e i B o e e e e AR | ' I 1 v 3
' | L i 1 f A [ & 1
: i ' : L I II |2mI'Ir | - " bs NLA b oo ] |/ A3
i N [ ; - ) ! : | / Lo 0.5 . . 5 T
l_ml'“_”""'”""mh;‘-"h_’ﬂ-m*—ll M it ”'“_J—-I—"-"d“—""“'”"_wl el .I-"'"_"‘ﬂ ”-"—-'”'-II‘I"“""-' ey TR _“""I_I"_“-w""'_“h"'-_' H‘-'H"'"" \“JL-““W—"'”"?"'M_ I & -I-""":I. __.-?-rl- h .. __-i- 'I' " * i'- I 1: * 'S +' 1 .4 & g "'-.l ."'-f ; “*
) - 7 - 'f 3 1 ! T - T -+ +‘
3 | 8 0 1 0 0 = " - R + 0 -—3 PR T, | k 0 ok o ——"
| 3 11 19 77 3 11 19 27 3 11 19 27 3 11 19 27 3 11 19 27 3 11 19 Z7
L D5 I
5 e
E ey ey ot v | ,1
L_Ca1 | A s 20+ 45
3 1
D 38 15
o LI FIPT LA Nyl PRI + 10
iy _-l||""'l| l"l Il'| iR BT B O l,,;.l- ll'l". .I/}P, T e """ul k o _.III-"IIJ. h.’lll.‘lh'i " 1 4
; I._EHE "'I nr'|1,1:ﬂ|'1 -"‘Jr II | |'|IIIr.I,I .-.HIIII'I \ ‘ II |.h"| I | |_I "Lﬁ I |I IIW‘III I | I|‘|| | | |III -ill I'I ||| || r “1%% mv : T.---_ _E H . p | 2 " .-_-"'-. J.E'_ _.-". L]
ul ol | | T v : -¥ ™. -
= L_CAL A st A M—Ih‘-lélwhhﬁj’ww"‘d"' ot I""'-‘-w —JI"'"-"' "'1I' I I*‘-.""»*—"""-I""‘-'I""I'-""“'-..I'-'*"-"' b bt ”'-u:"Hj""f'*" —"'"-'-".-n-*ﬁ-thI w--ﬂ-"u'—'h-'”"‘- - + 1 } i 0.5+ I; 1 1 T 1 | m'--.,'L "f 5 +\ 'r 2 I\""-
| f | E , 4 o ~+—y ; i ; g + . 3 I = " i {-_ f—4—+
= | E 27 3 11 19 27 3 11 19 27 3 11 19 27 3 11 19 27 3 11 19 27
E L DG ="
- i
e EF EF
I e e | | 5 | ﬂ . .
- &
| z| 3} 10
LALH =—==p= LAHF + HALF === HALF + HAHF I 2T 4 15 “ z 5| .
i " N 1 "'\-H_ 1 ;
: . g | { 4 g 5 X, i
Epileptogenesis Chronic Phase | et P b . + . - L . b D I 4 —1 !
" + | S T L] + ¥ ] _ - + + * - 0 T L
0 * 0 - - 0 0 — 0 0
do o1 d3-d5-d7 - e -d25-d27 -d29 | 3 11 19 27 3 11 19 17 3 11 19 77 3 11 19 77 3 11 19 27 3 11 19 27
A -
I
I
I
I
I
I
I

3. Controlateral epileptiform spike-trains with ripples are observed early in the latent phase while focal spikes-train in the chronic phase are charaterized by fast-ripples
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Figure 4: Raw data and time frequency plots in the same mouse during epileptic events at d3 and d27 post-K injection

First pathological activities seem to appear in the very early latent phase (d3, left column). They can be recorded in the controlateral hippocampus (RH, R_CA1l, R_DG ) with spiky activities in the raw band data (A). Time frequency plot of the RH (B) confirms the presence of high fre-
quency oscillations (HFOs) belonging to the ripples band (80-250Hz). Surprisingly, the epileptic focus (LH, L_CA1, L DG) do not have such activties, and the corresponding time frequency plot (C) confirms the absence of HFOs. Secondly, in the chronic phase (d27, right column), patho-
logical activties seem to concern only the EF. HFOs decreased in the RH (E), but can now be recorded in the EF (F). Those HFOs appers to be in the fast-ripples band, which is consistent with previous studies of our lab (Sheybani et al., 2018).
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