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Figure 1. Generation and characterization of NP incorporating neurons’ membrane proteins (i.e., Neurosomes). (A) Illustrative summary of the NP fabrication process. (B) Cryo-TEM examples of NP groups (biomimetic NP- top, liposomes- bottom). (C) Dynamic light scattering-based sizes (left), heterogeneity of sizes (arbitrary units, middle) and net surface charges of NP (right) are shown, averaged among four replicates each. (D) WB listing adhesion proteins, extracted from neurons and uniquely identified on biomimetic NP.








Figure 2. Confocal live imaging of full-length ADNP, or truncated ADNP proteins conjugated to GFP after 7 days in culture (N115 cells subjected to CRISPR/Cas9 genome editing, including N-terminal GFP fusion and mutation insertion). 
a) Images - Leica SP8, after 7 days of control or treatments (N=~34). b) Percentage of diffused protein in cells (number of cells that have diffused protein/total cell number in a field). Red arrows point at diffused GFP ADNP (Ganaeim, Ivashko-Pachima, Karmon and Gozes, in preparation).  (DMSO = neuronal differentiation medium, as before, Table 2). 
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Figure 3. An early hyperexcitability results in synaptic degradation over multiple ASD patient derived neurons. A-D. Early in the differentiation (~2.5 weeks), GRIN2B patient-derived cortical neurons exhibit early development (increased sodium and potassium currents) with hyperexcitability compared to neurons derived from first degree relative. E-H. Similarly, early in the differentiation (~2.5 weels), SHANK3 patient-derived cortical neurons exhibit early development (increased sodium and potassium currents) with hyperexcitability compared to neurons derived from first degree relative. I-K. At around 30 days in the differentiation, hippocampal neurons derived from a patient with a mutation in his IQSEC2 gene exhibit rapid maturation compared to a CRIPSR/Cas9 corrected controls. L-N. The IQSEC2 neurons that were hyperexcitable as young neurons, exhibit synaptic degradation 1.5 months later. Synaptic activity is reduced by patch-clamp experiments and surface GluA2 proteins are reduced
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Figure 4: Characterizing brain activity during social behavior at the system level.
(A-C) Power spectral density (PSD) profiles of LFP potential signals recorded using chronically-implanted electrode arrays from six brain regions of the same ICR mouse while it was performing either the SP (A), ESP (B) or SXP (C) tasks. Note the marked differences between the tasks in the profiles of the same regions.
(D-E) Change in power (∆power) of either theta (C) or gamma (D) rhythmicity during each of the color-coded tasks. Note that in some brain regions, such as the BLA, there were marked differences between the tasks, while in others, such as the IL, we observed no difference between them.
(F-G) Mean changes in power across all brain regions, for each of the tasks. Note the significant higher change in theta power during the SP tasks as compared to the other two task. However, in some brain regions the SXP yielded the strongest response.
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Figure 5. Neural activity during specific social investigation bouts
(A-C) Z-score analyses of the power change during investigation bouts of each one of the stimuli during the SP (A), ESP (B) and SXP (C) tasks, for the prelimbic prefrontal cotex. Each line is the average of all bouts towards the same stimulus in a single session. Upper panels present the bouts towards preferred stimuli while lower panels present the bouts towards non-preferred stimuli. Time 0 represent the beginning of the investigation bout. The five seconds before time 0 are considered as baseline for the Z-score analysis.
(D-F) The mean power change in the same brain region during the investigation bouts for each of the stimuli, superimposed separately for each of the tasks. Note the stronger response of this brain area from grouped, as compared to isolated social stimuli. 
(G) Mean theta coherence between all brain regions during the 5 minutes before stimuli insertion (baseline), for each of the tasks. As expected, we found no difference in coherence between the tasks during this period. 
(H) Mean change in theta coherence between all brain regions during the 5 minutes after stimuli insertion (test session), for each of the tasks. Note the significant difference in coherence between the various tasks. 
(I-K) Matrix of color-coded theta coherence changes between all brain regions (same regions in the X and Y axes) for either the SP (I), ESP (J) or SXP (K) tasks. Note the distinct patterns of the coherence changes between the tasks, representing task-specific system level brain synchronization pattern.
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Figure 6. Single-unit recordings during social behavior using Neuropixel probes 
(A) Example raw-data traces from four distinct single units recorded using Neuropixel 1.0 probe chronically implanted in the forebrain of an ICR male mouse, as described below.
(B) Picture of the probe-tip location in a slice taken post mortem from the implanted mouse. Superimposed brain-atlas picture is shown to the left. The electrode tip was coated with DiI, hence is marked by a red dot but the rest of the electrode-trace is not shown due to the angle of it.
(C) A scheme showing the normalized mean firing rate (X-axis, logarithmic scale), along the depth of the probe. The name of the various brain regions penetrated by the probe are marked to the right.
(D) The mean firing rate of three distinct single-units recorded from the prelimbic prefrontal cortex during the social preference task, across the time course of the task. The colored area marks the time of the social encounter. Note that the upper unit was excited during the encounter, the middle one was inhibited and the lower one did not respond.

[image: ]
Figure 7. Modified neuronal activity in specific brain regions of Cntnap2-KO mice during ASR.
(A) Left: Total time of the WT mice to investigate the Isolated and the Group-housed stimulus (Wilcoxon matched-pairs signed rank test: n = 21 sessions, W= -127, p = 0.0263); Right: Total investigation time of each stimulus by the KO mice (n = 19 sessions, W= -48, p = 0.3525). 
(B) Change in Gamma power (normalized) of all recorded brain regions during the encounter with stimuli (n = 7 regions, W= 28, p = 0.00156). 
(C) Matrices of the color-coded change in theta coherence between six recorded brain region during the ESP task, for WT (left) and Cantnap2-KO mice (right). Note the higher general coherence in the mutant mice.
(D) Left: Change in Theta coherence between all couples of brain regions during SP and ASR test (2 way ANOVA: Test vs. Genotype - Test: F (1, 68) = 0.035, p = 0.852, Genotype: F (1, 68) = 12.93, p = 0.0006, Šídák's multiple comparisons test: WT: ASR vs. KO:ASR, p = 0.0024). Right: Change in Gamma Coherence between all brain regions during SP and ASR test (2-way ANOVA: Test vs. Genotype - Test: F (1, 68) = 6.542, p = 0.0128, Genotype: F (1, 68) = 0.7989, p = 0.3746). 
(E) (I) Gamma power (Z-score) of IL mPFC during interaction bout with Isolated stimulus by WT (black) and KO (red) mice. (J) Spearman R values for the correlation of IL mPFC Gamma power (Z-score) during interaction bout with the investigation time of specific stimuli, for both genotypes. *p<0.05.
(F) Change in theta coherence between the anterior-dorsal medial amygdala (MeAD) and IL mPFC (left) and between the nucleus accumbens core (AcbC) and sell (AcbSh), for both genotypes. Note the statistically-significant differences between the genotypes in both cases.
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Figure 8. mRNA NPs Fabrication, physiochemical characterization and functional delivery of EGFP mRNA in vitro. (A) The mRNA encapsulating NPs fabricated using NanoAssemblr were characterized using DLS with average of 1125 nm, polydispersity index (PDI) <0.2, pointing towards a homogenous population of nanoparticles and zeta potential of -12.55 nm. Notably, high encapsulation efficiency of mRNA in NPs was measured using Ribogreen assay >95%. (B) Internalization of EGFP-mRNA loaded NPs (red) by human TNBC cells and expression of EGFP protein (green) coded by successful functional mRNA delivery was assessed over 24h using incucyte.
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Figure 43. Validation of NP ability to accumulate in the brain, using two different routes of NP  administration in vivo. (A) IVIS quantification of NP targeting. 




Lipid formulation 1
Lipid formulation 2
1,2-dioleoyl-3-trimethylammonium-propane (DOTAP)
D-Lin-MC3-DMA
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE)
1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC)
Cholesterol
Cholesterol
1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[amino(polyethylene glycol)-2000] (ammonium salt) (PEG2000-DSPE)
1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000 (PEG2000-DMG)
Table 1. Two suggested ASD-NP formulations.












Preferred route of administration study
Time
(hours)
Local
Intranasal

Liposomes
(eGFP-mRNA)
ASD-NP
(eGFP-mRNA)

ASD-NP
(ADNP-mRNA)
Liposomes
(eGFP-mRNA)
ASD-NP
(eGFP-mRNA)
ASD-NP
(ADNP-mRNA)
1,3,6,8 and 24 
16
16
16
16
16
16
Table. 2. Total number of mice needed for preferred route of administration study. 3 types of NP x 16 mice in each group x 2 routes of administration= 96 mice. 16 control mice, 8 for each route of administration will be added to the experimental plan. 22 (20%) additional mice will be ordered due to experimental errors and for the purpose of students pre-clinical training.
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Figure 9: The Tyr mutation in mice (HTR here) regulates Foxo3 mRNA in a sex-dependent manner: correction by NAP treatment
Animals were treated as described in our (IG) 2022 paper (Karmon et al.). Similar to the published spleen RNA, hippocampal RNA was prepared and subjected to RNA-seq. Results (box plot) indicate a female significant reduction in Foxo3 expression, which is completely reversed by NAP treatment (Shapira, Karmon, Shomron and Gozes, in preparation). 
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