Supplementary Figures
Targeted neuronal reprogramming rescues memory and neural synchrony in Alzheimer’s disease
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Supplementary figure 1. Generation and viability of the i4F-P301S mouse line. Mouse survival in terms of genotype and biological sex (a) as well as Mendelian distribution by sex (b) were both assessed in the i4F mouse line. Mouse survival in terms of genotype and biological sex (c) as well as Mendelian distribution by sex (d) were both assessed in the P301S mouse line. To generate the double heterozygous i4F-P301S mouse line we crossed homozygous i4F mice with heterozygous P301S mice. We then assessed Mendelian distribution by sex (e) and survival rates across lifespan (f) in this new generated line of double mutant the i4F-P301S mice. For e we monitored 103 mice and for f we monitored 169 mice.
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Supplementary figure 2. KLF4 protein expression in reprogrammed mice. Expression and distribution of KLF4 in i4F+Veh, i4F+Dox, i4F-P301S+Veh and i4F-P301S+Dox mice. Scale bar, 500 μm. Representative photomicrographs from dorsal CA1 showing KLF4 nuclear expression and localization in mice treated with Dox (lower row) but not in mice treated with Veh (upper row). Scale bar, 60 μm.
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[bookmark: OLE_LINK1]Supplementary Figure 3. Regional specificity and safety of the intermittent and partial reprogramming strategy. Expression and distribution of pAAV8[TetOn]-TRE>ZsGreen1-rev(SYN1>tTS:T2A:rtTA) were examined in the brains shown in Fig. 2, where the vector was stereotaxically delivered to the hippocampus and maintained for 6 months (from 12 to 36 weeks of age). Coronal mosaics of fixed brains from i4F-Veh, i4F-Dox, i4F-P301S+Veh, and i4F-P301S-Dox mice (n = 6 per group) were stained with DAPI (blue) and ZsGreen (green). No detectable recombination was observed in vehicle-treated groups (a). ZsGreen integrated optical density (IOD) was quantified in i4F-Dox (b, d) and i4F-P301S+Dox (c, d) mice across four brain regions (hippocampus (HIP), striatum (STR), cortex (CTX), and thalamus (THL)) to assess potential leakiness and vector spread following doxycycline administration. Scale bar: 2000 μm. High specificity of expression was confirmed in the hippocampus of doxycycline‑treated mice (Student's t-test, t = 2.363, df = 9, P = 0.042). (e) Immunostaining for NANOG (red), ZsGreen (green), and PYK2 in the hippocampus was performed to test whether transduced and partially reprogrammed neurons (ZsGreen+) exhibited signs of dedifferentiation (NANOG) or loss of mature neuronal identity (Pyk2). Transduced neurons retained mature neuronal features. Scale bar: 25 μm. (f) Immunostaining for NeuN (white) and ZsGreen (green) evaluated whether partial reprogramming affected neuronal maturity or density. Principal hippocampal neurons maintained NeuN expression. Scale bar: 25 μm. (g) NeuN-positive cell density from (f) was quantified in hippocampi from all four groups (n = 6–7 mice/group). No differences in neuronal density were detected (Two-way ANOVA, F(1,21) = 0.4623; P = 0.5040).
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Supplementary Figure 4. Hippocampal cellular specificity of the intermittent and partial reprogramming strategy. Expression and distribution of pAAV8[TetOn]-TRE>ZsGreen1-rev(SYN1>tTS:T2A:rtTA) were examined at a cellular level in the hippocampus of i4F-Veh, i4F-Dox, i4F-P301S+Veh, and i4F-P301S-Dox mice after 5 months treatment (from 12 to 36 weeks of age) with Doxycycline or vehicle. Sections from males (a) and females (b) were stained for different cell types (in red) namely GFAP (astrocyte marker), IBA1 (microglial marker) and OLIG2 (oligodendroglia marker). ZsGreen (green) labeled transduced and reprogrammed cells. No detectable co-staining with ZsGreen and any of the aforementioned markers was observed. Scale bars: 25 μm.
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Supplementary Figure 5. Characterization of astroglial and microglial function. Hippocampal sections from the brains analyzed in Figs. 3 and 4 were examined for additional potential alterations in glial cell states and functions. (a) Representative images showing GFAP (turquoise), an astrocytic marker, co‑stained with TNFα (pink), a pro‑inflammatory marker, in the CA1 region of i4F‑Veh, i4F‑Dox, i4F‑P301S+Veh, and i4F‑P301S‑Dox mice after 5 months of doxycycline or vehicle treatment (12–36 weeks of age). Scale bar: 60 μm. (b) Densitometric quantification of TNFα immunofluorescence from (a), expressed as integrated optical density (IOD). A significant effect was detected (Two‑way ANOVA, F(1,27) = 6.363, P = 0.0179). A total of 7–8 mice per group (2 slices per mouse) were analyzed. (c) Representative images showing IBA1 (red), a microglial marker, co‑stained with CD68 (pink), an indicator of microglial phagocytic activity, in the CA1 region across the same four groups after 5 months of treatment. Scale bar: 15 μm. (d) Densitometric quantification of CD68 immunofluorescence normalized to the number of IBA1‑positive cells. A significant effect was observed (Two‑way ANOVA, F(1,24) = 9.735; P = 0.0047). A total of 6–8 mice per group (2 slices per mouse) were analyzed. (e) Differentially expressed proteins associated with disease‑associated astroglia (DAA) and disease‑associated microglia (DAM) were identified from the mass spectrometry dataset (Supplementary Table 1). Only major proteins detected in our mass spectrometry analysis and classified as DAA or DAM are shown.
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Supplementary figure 6. Lists of synaptic differentially expressed proteins in reprogrammed mice. Differentially expressed proteins using the KEGG 2021 Human database in two comparisons, i4F+Veh vs i4F-P301S+Veh (upper panel) and i4F+Veh vs i4F-P301S+Dox (lower panel).
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Disease associated astroglia i4F-Veh vs i4F- i4F-Veh vs i4F-
(DAA) proteins P301S+Veh P301S+Veh
SLC17A7 Down-regulated Rescued
GFAP Up-regulated Up-regulated
SLC17A6 Down-regulated Rescued
NESTIN Up-regulated Rescued
ALDOC Up-regulated Up-regulated
FABP7 Up-regulated Up-regulated
Disease associated microglia i4F-Veh vs i4F- i4F-Veh vs i4F-
(DAM) proteins P301S+Veh P301S+Veh
IBA1 No change No change
APOE Up-regulated Up-regulated
CTSB Up-regulated Up-regulated
CTSD Up-regulated Up-regulated
C1QA Up-regulated Up-regulated
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Pathway name AdipValue  Combined score  Example genes:

Retrograde endocannabinoid 1084e-10 17360 ‘GRIAL; SLC1AL; CACNALA; ADCY2; CACNALC; ADCYL; GRM2; PPP3CA; GRIN2A; GRMS; PPP3CB; PPP3CC; GRIAS; PRKCG;

signaling PRKCB; PRKCA ;GRIN28; GRIN; ADCYS; SHANKL.

T — 1137610 10585 PRKCG; CAMK28; GRIAL; MAP2K1; PRKCB; CAMK2A, ITPR1; PRKCA; ADCYL; CACNALC; GRIN2B; GRINL; PPPICA; GRMS;
PPP3CE; GRIN2A; PPPICC.

e T ) 843408 16427 ARE3; WIPF3; ARPCLA; AGAP2; CLTB; SNX32; ACTR3B; RAB22A; CYTHS; CAPZB; PSD2; KIFSB; MVB128; RABL1FIP2;
SNXS;SH3GL1; ACTR2; IQSEC2; ARPCA; ARPCS; ARAPL.

s 843008 7610 RYR2; CHRM1; ATP2A2; MAPK10; CHMP28; MCU; SOHD; TOMMAOL; ATXN2L; TUBB2B; ALS2; CAT; NDUFS4; DCTNG;
‘TUBAL3; NDUFB4; PPP3CB; GRMS; TBKL; GPX1.

e M ) s7.64 CAMIKB; RYR2; CAMK2A; ITPR1; CACNALA; ADCY2; ADCYS; FGF1; CACNALE; PPP3CA; GRIN2A; PPP3CB; GRMS; PTK2B;
PRKCG; PRKCB; NTRK3; PRKCA; ATP281; GRINL.

Cacium sgnaling pathway. 953307 6255 ‘GRIAL; GABRB3; GABRBL; TPRL; CACNALA; ABHDS; ADCY2; CACNALG; ADCY1; GRMS; GRIA3; PRKCG; NDUFAY; GABRAL

KCNJG; PRKCB; GABRAS; PRKCA; MAPK10; ADCYS.

KEGG 2021 Human (i4F+Veh vs i4F-p3015+Dox)

Pathway name AdipValue  Combined score  ASAHI; HEXB; CTSZ; HEXA; GNS; CTSS; AP3M2; LAMP1; GM2A; LAMIP2; PSAP; CTSH; IDS; AP3S2; ARSG; CTSD; CTSB; CTSA;
AP3DL; NAGA:.

Lysosome 383268 12799 DYNCLI2; RABSB; TUBAL3; ARPC1B; SNX33; KLC1; RELA; MYL128; CDCA2; CYTH3; KLCA; TUBBS; KLC3; TUBB3; KIFSB;
TUBB; FLNB; FLNC; GSOMD; EXOCT; IL18.

Salmonella infection 251807 7433 ‘GABRB3; GABBR2; GABRAL; GABRB1; GABRAS; GABRAY; CACNALB; CACNALA; ARRBL; ADCY2; ADCY1; GNG13; GNG3;
‘GRK3; GNG2; GRK?; GNGT; PDESB

Morphine addiction 0000004005 9651 ‘GABRB3; NDUFAY; GABRAL; GABRB1; NDUFAL1; GABRAS; NDUFB4; GABRAY; CACNALB; NDUFB2; NDUFAL; CACNALA;
ADCY2; ADCY1; GNG13; RIMSL; GRMS; PLCB3; GNG3; GNG2.

Retrograde endocannabinoid 000002099 6065 SLCIAL; CACNALA; ADCY2; ADCY; GLS; GNG13; GRM3; GRM2; GRK3; GRMS; PLCB3; GNG3; GRK2; PPP3CC; GNG2; GRM7;

signaling GNG7; SHANKS.

Glutamatergic synapse: 00000816 5811 ‘TUBAL3; CSNK1D; ADCY2; ADCYL,T UBAGA; GIAL; GRMS; TUBBS; PLCB3; TUBB28; NRAS; TUBB3; GNALL; TUBBL; SOSL.

Gap junction 00001904 5863 ASAH1; HEXB; CTSZ; HEXA; GNS; CTSS; AP3M2; LAMPL; GM2A; LAMP2; PSAP; CTSH; 1DS; AP3S2; ARSG; CTSD; CTS8; CTSA;

AP3IDL; NAGA; AP382;NPCL.
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