Effects of early-handling and sex on cognitive resilience in APP/PS1 mice

Maria Carrigan'?, Jeniffer Sanguino-Gémez', Melis Bayer-Var', Olga Minko?, Alise Bobkova', Eva Ruzicka', Laura Lépez-Fedjajeva’, Niek Renckens’, Laurent

Givalois?3, Wiesje M. Van der Flier?, Paul J. Lucassen’, Rik Ossenkoppele?, Harm J. Krugers'

' Brain plasticity Group, S wammerdam Institute for Life Sciences, University of Amsterdam, The Netherlands
2 Alzheimer Center Amsterdam, Department of Neurology, Amsterdam Neuroscience, Vrije Universiteit Amsterdam, Amsterdam UMC, Amsterdam, Netherlands

31GF, Université de Montpellier, CNRS, INSERM, Montpellier, France

Introduction & Methods:

Alzheimer’s Disease (AD) is characterized by changes in brain structure OF/ORT OF/ORT

and function.
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Some individuals maintain normal cognitive function despite AD pathology, | <> | | 1 | | 1 1]

a phenomenon known as cognitive resilience (CR).
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APP/PS1 mice exhibit a relevant mutation for AD, causing the accumulation

of amyloid-beta and resulting cognitive deficits.

CR can be induced in mice by improved maternal care through an early

handing (EH) paradigm.
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Figure 1: Study overview. Group allocation at postnatal day (P) 2. Early handling (EH) paradigm between P2 and P9. Behavioral testing at
6 and 12 months of age. Tissue harvest at 6 (behavioral testing independent) and 12 months of age. Ctrl = control, WT = wild type, APP =
APP/PS1, M = male, F = female, W = week, OF = open field test, ORT = novel object recognition test, BM = Barnes maze.

Results:
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Figure 2: Behavioral outcomes and hippocampal A levels of APP/PS1 mice by condition. A) Open field test (OF). B) Novel object recognition test (ORT). C) Barnes maze (BM). D) EH
reduces APP/PS1-induced increase in general locomotion at 12 months in the OF (p<0.05). E) EH show better non-spatial memory at 6 months in the ORT (p<0.05). F) No group differences
in spatial learning (Acq), cognitive flexibility (Rev), or memory (P1 & P2) in the BM at 6 or G) 12 months of age. H) No group differences in whole-hippocampal soluble and I) insoluble AR

levels.
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Figure 4: Behavioral outcomes and hippocampal AB levels of APP/PS1 mice by sex. A) Female show hyperactivity at 12 months in the OF (p<0.01). B) No sex
differences in non-spatial memory in the ORT. C) No sex differences in spatial learning (Acq), cognitive flexibility (Rev), or memory (P1 & P2) in the BM at 6 months.
D) Females show faster escapes (Acq, p<0.05) and better spatial learning (Rev, p<0.01) trial. E) females show higher levels of whole-hippocampal soluble (6&12
months: p<0.01) and I) insoluble AB (6 months: p<0.01, 12 months: p<0.05) levels.
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Figure 3: Markers of pathology in APP/PS1 mice by condition. A) representative image of the AB-IBA1-GFAP triple staining. B) EH reduced AB-plaque density in the DG at 6 months
(p<0.05). C) No group differences in AB-plaque density at 12 months. D) EH reduced IBA1+ cell density in the hippocampal composite (HIP, p<0.05) and in the DG (p<0.01) at 6 months. E)
No group differences in IBA1+ cell density at 12 months. F) No group differences in GFAP+ cell density at 6 or G) 12 months of age.
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Figure 5: Markers of pathology in APP/PS1 mice by sex. A) Females show higher hippocampal and prefrontal AB-plaque density at 6 months (HIP, p<0.001; PFC,
p<0.05; DG, p<0.001; CA1, p<0.01; ACC, p<0.05), as well as at B) 12 months (HIP, p<0.05; CA1, p<0.01; ILA, p<0.05). C) IBA1+ cell density is higher in females in
hippocampal regions (HIP, p<0.001; DG, p<0.001; CA1, p<0.05) and in the ACC (p<0.01) at 6 months, and D) in hippocampal (HIP, p<0.05; CA1, p<0.05) and
prefrontal (PFC, p<0.05; ILA, p<0.01) regions at 12 months. E) Females show higher prefrontal GFAP+ cell density (PFC, p<0.01; ACC, p<0.01) at 6 and F) 12 months

of age (PFC, p<0.05; ILA, p<0.05).

\"’ v“
|

‘ l l.‘l |
) 1 |

' i N ey )
-. L NS -
S {

a g

alzheimer
nederland X

| I I Amsterdam
Neuroscience

< N < O N < -
(PSS <] JOoLL L O r O @ , [ S SR ) K NI L
[T y 0 6 ST FTIIT T IE T FFPT T L E L O X r 0@ S ITITITIT I LT e FFE e ¢
o v <} oV & N > 5 85 8 8 dF dr v dr F® 3 O ks & ooV 3 N > S o J d dS d dr b v F »
TG 2l R AT o Sl R0 (NG Gy 1 3 S & AL R T S T SR NI S S S e ¥ o0 b v o F P
¥ ¥ ¥ D v b d ¢ S RS e 3 S PR I T A T A s - & D d d d v v ISR S 48 3 3§ R T I T o &
Pl N T SO Al R A S P e A P i L PO O B S A B <A A N S el S S < I I P T IV IV I
LR R R R R R S A A A A AR e R G R R R R R - L R R S R S - A A A A R A A A R I .
s o, P - o > :
learning_Acq 028 042 -002 042 033 026 -0.09 -01 04 . 027 047 02 @8 025 ‘ 03¢ 032 00s 02 @8 015 -0.01 F'W - learning_Acq 022 §M 022 0.1 . 85 08 021 025 033 082 . k2 o3 @8 Gl . ’ . . . o2 @8 o
learning_Rev 048 -0.16 -0.35 0.39 035 042 -0.26 -0.16 . 043 028 002 -017 @ ‘ . ..... -@n 043 03 leaming_Rev  0.05 -0.01 . 007 048 03 043 04 031 043 01 ’ @ D4 03 03 D4 035 014 018 -01 D4 -018 0.53
— 035
et cumdur_perc_P1 046 -0.18 038 041 03 038 028 -015 048 013 045 -0.08 027 031 026 ... . .’ 044 028 cumdur_perc_P1 0.16 -0.07 0.11 -0.05 -0.17 -0.07 0.03 038 036 012 . -0.26 -0.15 011 045 D47 -0.08 023 @ 032 029 03 o0.04 .
1
= cmcurporc r2 @8 005 001 @ EB @B oo 020 Gl @B G 016 03 @B o> 0 o ... 020 42 -027 cumdor_parc_P2 047 @) . o5 B .. @ o3 21 00t G @B o5 T o3 @ W o oz @B B & a0
- o a - 0.29 = 02
Distance T -0.35 ‘ 020 0ds 047 04s O 930 98 022 016 93 017 38 004 008 88 015 o 003 028 023 982 Distance T 023 0 493 -024 049 -013 -021 0 (08 045 026 005 01 -033 013 036 -0.11 0 044 035 -0.25 024 0.03
- = -— - 0.44 - 0.38
Periphery_perc -0.31 -0.06 -0.06 -0.33 029 -0.32 -0.06 Q.b 03 o4 . -0.37 @ 038 -023 -014 -025 . . ’ -0.2 . -0.36 086 Penphery_perc -0.17 -0.05 -0.23 0 -026 -021 -0.19 -01 004 025 -0.31 -0.19 -0.24 016 018 0.02 0.25 . 003 034 0.16 .0.08 -0.06 056
DI 047 0.39 042 029 023 -024 043 ’ o 046 -031 . @5 027 021 44 006 -042 046 042 025 014 -0.19 il Dl 032 022 @ 008 045 041 @B 000 013 @ . 033 034 038 01 009 003 @ 025 007 006 -0.06 039 24
0.92
< ~ O <O N 9]
(S S <) N K& & A o) [ PS S <} N oK & L A L
B ol p o ST ITIT ST I T TP T L, » o o G oF o F TP e ek g o
FF P F LS ¥ br dr b2 d ¥4 b2 (B T Y O s C e Y &~ oF Y oF & ¥ b ¥ ¥ d B D AR o8 > BIC
\s - QY M @ ? X p & F & T F / & 5 & F v O Q 9 Q S A A YA VY s & &7 2 SO
3 ¥ ¥ ¥ ¥ v ¥ ¢ P A T A A P VI VA VN VA VA & ds 7 ¥ D ¥ ¥y & & G T VA 2R A VAN VA VT VA -
RUMIS S S SRS S G i i S T T T RV RUMFS SRS RS e i S S A S S o S T S
C A S L S R P S £ & F & F & & & & & F AN S S N S P T Y P S ¢ & F & & E & E
DR S R S R S S R R AR R S SR R R S R A R S S ER S S SR S S AR SR A A SR A R L R
089 0.7
learning_Acq @ 034 . . 046 . @ . 2007 038 @ @ . 023 . @ . 45 o5 . ‘ .‘ 3 leamning_Acq 007 -0.22 0.06 . 023 04 -0.09 027 023 -004 0M2 031 027 015 . 028 042 @ 024 £35 023 020 038 o
leaming_Rev 018) 004 . . 0.02 % @ . 001 029 . 0.55 . 014 @ .. 030 48 @ ..‘ 051 leaming_Rev @ . 001 631 011 015 §& oa @ 832 02 @ @ 242 ‘ . 012 026 003 . 837 93 02 0.41
II cumdur_perc_P1 009 -0.03 046 0.86 034 026 047 041 037 068 037 011 036 048 022 @ . 0.08 018 02 . 062 049 cumdur_perc_P1 0,04 @ 02 -024‘ 032 93 021 022 433 032 0 032 020 o008 ©4 016 . o @ 95 o @
cumdur_perc_P2 -024 023 188 @ 03 035 04 @ 012 035 @8 028 08 024 034 ‘.-0.13 042 035 .. @ 208 cumdur_perc P2 0.3 931 03 026 -041 -0.1 -0.01 0.02 -0.03 -0.05 009 041 027 -0.04 028 -041 045 002 048 -0.09 0.03 0.16 026
Distance_T 041 047 -043 -0.02 ‘ 016 039 08 035 025 . o 0% 031 om . 0 0.42 @3 0.01 . ‘ -0.18 Distance_T . ‘ . @ ... 0413 022 024 . 02 @ 021 019 938 0.5 . 025 028 @03 -0.01 -0.01
Periphery_perc . 024 @ @ .. D43 032 012 -0.01 -0.05 ‘ 031 0.06 . 048 0.01 . 047 . 031 01 08 Periphery_perc -0.05 022 -0.24 . 024 036 001 029 004 021 ‘ 028 @@ 012 02 036 o1s 032 04k 028 020 . .
oI 037 Hd2 oz5 04 . 08 02 023 08 082 98 o025 027 (82 04 . 022 . s 03 @ om o2 ol ois O 042 . 004 03 002 035 025 013 G4 o045 013 003 001 DB 027 -007 . @ o0 . .
Acgs @ & | e | e | e | e e e e e ok s & e e e [ e [ & e s e | e« | e £ |eaming Acq . . ®
& sig_tevel ! 9_R ’ L ' g
C c i P1 o © () P - P1 . °® g K
o @ p-o0s
o || - perc_P2 5 & @ . .
“ = -
(@) offect_dit
D nce_T- . . L ] .
(U Megatte °
E F y_perc Periphery_g . . .
""C oI oI ° ® . .
— : 54 : ; Q ¢ Q
s o N 2 Ny & P M N3 B\
o 0\“ ) N \& ‘ Q S o Y Q \ ?\Q
: o R £ 3 s S‘ ) L\_rf ,\(:-‘}\l
A\ N \ W

& & ¢ W N
v v v ¥ :

Figure 6: Associations of cognition and pathology at 12 months. Associations between cognition and markers of pathology in APP/PS1 Ctrl females (top left), APP/PS1
Ctrl males (top right), APP/PS1 EH females (middle left) and APP/PS1 EH males (middle right). Interaction between the association of cognition and pathological markers
and condition (EH vs Ctrl) among females (bottom left) and males (bottom right). Interaction p-values are raw (non-FDR corrected), using EH as contrast.

Conclusion:

EH normalizes AD-induced changes in locomotion at 12
months and improves non-spatial memory at 6 months,
concordant with a hippocampal reduction in amyloid plaques
and microglia density.

Females show better spatial learning at 12 months, despite
higher overall pathological burden at 6 and 12 months.

Among females, better performance associates with higher
microglia density, suggesting that EH might induce different
microglia states.

Among males, behavior-pathology associations are less clear,
suggesting that effects of EH differ between sexes.

Take-home message:

Effects of EH are multifaceted and seem to affect males and
females differently. In females, effects are likely driven by
differing microglia states. Our findings highlight the critical role of
early postnatal experiences in modulating resilience to the
development of AD pathology, and the modulatory role of sex.
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