Behavioral analyses in the immunodeficient NOG mouse after
intrahippocampal kainic acid induction of chronic epileptic seizures

NEURONA

THERAPEUTICS

em— CIRM

Fiona Porkka, Hannah K. Kim, Philip Hampel, Eric Steven T. Sevilla, Alexandra Vogel, Adrian Bates, Mansi B. Parekh, Catherine A. Priest, Cory R. Nicholas CALIFORNIA'S TEM CELL AGENCY
Neurona Therapeutics, 170 Harbor Way, South San Francisco, CA 94080, USA, www.neuronatherapeutics.com (Tcimzlllal;slsl)
Abstract #4044 ( ] )
INTRODUCTION Examining anxiety-like behaviors in NOG mice Examining learning and memory in NOG mice
thawor testing is a.crltlcal platform to characterize anl.mal models of neurological Method Strain comparison in Light/Dark Emergence Method Strain and epileptic vs naive NOG comparison in the Barnes Maze
disorders such as epilepsy, as well as to evaluate the efficacy and safety of novel 40 x 40 0
- x40 cm 80 - 20 - = 200 — Acquisition Probe (24 Hours) Remote Probe
therapeutics. 800-850 LUX £ . (7 Days)
~ ') —— = N d
Severely immunodeficient mouse strains such as NOD.Cg-Prkdcsc@ |[2rgt™15ud/}icTac (NOG) K60 o E 15+ g 10 e olas ~+- BL6J - NaiveNOG -+~ IHKANOG (1MP) -
are often selected for preclinical model development in the fields of regenerative medicine ;.; . o . . . 2 0 o S
and cell therapy, as they can support human cell engraftment at a high rate of success. . Light/Dark Emergence £ 8 | ol * Gz %150- v 80- = § 80-
However, their performance on many behavioral tasks is not well characterized. e Animal starts in dark £ 20 - E 5- E » Barnes Maze § 120- T g0 7 6o-
- e . : : : _ . and is given 6 min to a > 10- * 3trials/day, 180s MAX g %7 £ w0l \ : . 3
To facilitate the use of NOG mice in our preclinical studies using the intrahippocampal kainic explore after a door s = = ‘ . * 15-20 min ITI g e0- 8 S 8
' ' ' t i /i : 0 ' 0 5 ° ! * 180s probe 24-hours post T 30- g 207 g 207
acid (IHKA) model of epilepsy, behavior assays were optimized for exploratory activity, opened to light BL6N NOG BL6N  NOG b BL6N NOG training ) g .
anxiety, and learning and memory in naive and epileptic IHKA NOG mice. First, behavioral * Other assays tested: R, + Other assays tested: 1z 3 I N - B R N I
. . " . . . Elevated Zero Maze Mann-Whitney U test, “p<0.05 NOG vs BL6N » Novel Obiect Training Day S A & T &
activity of naive NOG mice was compared to BL6N or BL6J mice to validate assay protocols. Recognitijo B —— (3 trialsiday) v Quzdrant" v Quadram"
* Naive NOG mice spend less time in the light chamber and have lower latencies to . I\.t“ﬁfﬁjt,s;’r? HAneots Detaare medns +-95%C1 Detaare medins +-95% C Dataare medins +-95% C
. Two-way ANOVA between Naive and IHKAN Two-way ANOVA Naive - RM One-way ANOVA
emerge durlng the nght/Da rk Emergence (LDE) test com pa red to BL6N mlce. . ;—Maze.;ltwo-l\'l;lrlal Sidak’s post-hocs, ***p<0.001 IHKA vs Naive Tukey’s post-hocs, **p<0.001 vs Target Dunn?Et;rS-L:)nglisc?_gwrzgisons,
ecognition emory
Examining the locomotor and exploratory activity of NOG mice * Naive NOG mice do not consistently emerge onto open arms in Elevated Zero Maze
. . . . . as tested (data not ShOWﬂ), which does not allow for observation of anxiety- e Ashort protocol is sufficient for naive NOG Iearning in the Barnes Maze and captures a
Method Strain comparison in a 30-minute Open Field Test associated behaviors in preclinical models. deficit in epileptic NOG spatial Iearning and memory at 1-month post-induction (MPl)
. :0 ::0 ,§5°°°' L gm' " ) : if(’: oilentic NOG mi - - - od behavi U DE * Naive NOG mice exhibit recall of a target location in a remote probe test.
€ SR X T AN §4°°°' g% —_— plieptic mice €xNIDIT anxi€ty-associated behaviors In * Naive NOG mice show low interaction times in object-based memory tasks (e.g., Novel
S 3000- 2 150~ Epileptic vs naive NOG comparison in Light/Dark Emergence Object Recognition/Location), do not alternate at higher than chance levels in the Y-
= c
; o 2000 - = 100- 0 Maze, and do not recognize a novel arm in a Y-Maze two-trial recognition memory test
(? O S %% L x*xk%k
150 200 LUk 5 1000 & 1005 209 E max- (data not shown).
° —_ R") Q@ ® =
* Other arena sizes tested: (RN INNN S < 807 2154 ° * g 300- Naive NOG mice navigate to the escape location with more efficient
* 23x30cm 5 10 15 20 25 30 5 10 15 20 25 30 E o ® 5’ 2 240 - . . .
+ 40 %40 cm Time (min) Time (min) o 60- . 2 . 2 strategies than IHKA NOGs at 1-month post-induction
- - e 180-
Rty hasiih = - S B
T 05, p<0.01 NOG ve BLEN ® g . L 120- Epileptic vs naive NOG search strategy comparison in the Barnes Maze
= LU n - .
* Naive NOG mice exhibit higher general activity and spend lower amounts of time in the = 207 > 60- Naive NOG IHKA NOG (1MP1)
center of an arena when compared to BL6N mice. 0- 0 g o- 100- 1007 O R
Naive IHKA Naive IHKA 3 Naive IHKA > 80- > 80- B3 Serial
] ] ] NOG  NOG NOG  NOG NOG  NOG £ 2 B Divect
The greatest effects of IHKA epilepsy model in NOG mice are NI B - B %0
observed in the first 20-minutes of an Open Field Test enm thines U s D05, 001, P00 : 5
* Naive and IHKA NOG mice have similar locomotor activity in a 6-minute light/dark = 7 =
Epileptic vs naive NOG comparison in a 30-minute Open Field Test emergence test (data not shown). 0 1 ! : 1 ) !
5000 — —~ 100 - —o- Naive NOG IHKA = Intrahippocampal kainic acid Training Day Training Day
— = Naive vs IHKA Day 1, X2 (2, n=51) = 5.46, p=0.0652
15 4000 - £ 40- - —* IHKANOG Naive vs IHKA Day 3, X2 (2, n=55) = 9.36, *p<0.01
o x . . ° o . .
S 3000- > 6o- Observed behavioral phenotype in anxiety and spatial memory assays Spatial learning deficits are present at 7-months post-induction
© e’
= 2000- < 40- of epileptic NOG mice as compared to naive NOG mice Acquisition Probe (24 Hours)
O S —»- Naive NOG —e— IHKA NOG (7MPI) el
g 0 ‘§ e 180 100 ll 100 -
£
0 | | | | I I = 0 80 80 -

©o
o
|
° 8

Time (min)

2

Data are medians +/- 95% CI.

1 ] = 150
| | | | | -
10 15 20 25 . Center Q 120
Time (min) 400 - %* % ‘

Target Quadrant
Investigation Duration (s)

N
o
N
o
|

Perimeter

Time Spent in Quadrant (%)

Escape Late
3
|

«
o
|

«
=
(=
|
o
l
(-]
l

e |dentifying the window of greatest effect of
IHKA model in the open field increases opportunity

Training Day

Quadrant

-
Data a_lffm"[ﬁ:';":?q OIVQAS % Cl Data are medians +/-95% Cl Data are medians +/ 95% Cl

Time Spent in the Center
(/20 min)
N
S
|

©
Q
£ O
C O -

to observe potential disease-modifying effects of 100 4 § ﬁ g Time Effect - F(2,40)-26.65, p<0.0001 D”Epf%‘o‘.gﬂ",;*:?r;%?;’;‘ 0 01 ve e

novel treatments. 0- _% % -E— IHKA = Intrahippocampal kainic acid

* The aversiveness of the center of an arena can be 5% e £~
modulated by changing the size of the arena. Anxiogenic S = CONCLUSIONS
. . - - ata are medians +/- 95% I T I king in
ohenotype of IHKA NOG mice is present in arenas of different \Data are medians /- 95% CI Representative traces of naive NOG (top) and IHKA NOG (bottom) center point trac : : :
. . . . ’ . . . The Open Field Test, Light/Dark Emergence, and the Barnes Maze make the basis for a good
tested NOG mice exhibit greater exploration of the center of an open field than IHKA NOG mice in a battery of behavioral tests to assess locomotor activity, anxiety-like behavior, and spatial

5-minute trace. (B) Naive NOGs make more entries into the light chamber and spend more memory in immunodeficient NOD.Cg-Prkdc* l|2rg*™*>*9/licTac (NOG) mice.

time exploring the light chamber compared to IHKA NOGs in LDE. (C) Heatmaps of a 3-
minute probe of spatial memory in the Barnes Maze reveal preferential exploration of the
target hole location and quadrant by naive NOGs compared to IHKA NOGs.

 Mice identified in the open field as having a rotation bias of
=> 90% are excluded from analysis and further behavioral testing.

These results in intrahippocampal kainic acid model NOG mice recapitulate select behavioral
comorbidities of epilepsy as described in immunocompetent mouse strains, improving the
utility of this strain in the development of novel regenerative therapies.

IHKA = Intrahippocampal kainic acid
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