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Supplementary Figure 1. Expression levels of established EV-specific markers CD9, CD63, and CD81 in ASD and NT groups. The expression of EV markers is comparable between ASD (orange) and NT (blue) groups, with no statistically significant differences observed. This consistent expression across groups confirms the reliable detection of extracellular vesicles in both conditions and supports the enrichment of EV-associated proteins in the analyzed samples.














	Gene
	First Protein Descriptions
	Localization
	Proteins Role
	SFARI Score

	ATP2C1 1
	ATPase secretory pathway Ca2+ transporting 1
	ER
	Pumps Ca²⁺ and Mn²⁺ into the Golgi, aiding protein processing and trafficking.  Crucial for neurodevelopment and synaptic regulation.
	None

	TM9SF4 2,3
	Transmembrane 9 superfamily member 4
	ER, Golgi apparatus, and early endosomes.
	Regulates protein localization and intracellular pH, and assembles the V-type ATPase complex. Linked to ASD risk, it disrupts synaptic, transcriptional, and chromatin functions.
	1

	SPCS2
4
	Signal peptidase complex subunit 2
	ER
	A part of the signal peptidase complex (SPC), cleaves N-terminal signal sequences from nascent proteins.
	None

	RER1
5
	Retention in ER sorting receptor 1
	ER
	Facilitates the retrieval of membrane proteins from the early Golgi. Essential for maintaining neural stem cells during cerebral cortex development.
	None

	HYOU1
6
	Hypoxia up-regulated 1
	ER
	Functions as a chaperone and plays a key role in the ER stress response and cytoprotective mechanisms during oxygen deprivation. Supports homeostasis, stress resilience, and neuronal development.
	None

	PRDX4
7,8
	Peroxiredoxin 4
	ER and cytosol
	This antioxidant enzyme belongs to the PRDX4
family. Plays a key role in neurodevelopment.
	None

	ESYT2
9
	Extended synaptotagmin 2
	Plasma membrane and cytosol 
	Plays a role in linking the ER to the plasma membrane and in neurodevelopment by promoting neurite growth and branching.
	None

	DAGLβ
10
	Diacylglycerol lipase beta
	Plasma membrane and nucleoplasm
	Enriched in immune cells, including macrophages and microglia, with key roles in neuroinflammation. Vital for axonal growth and guidance. 
	None

	MYH9
11
	Myosin heavy chain 9
	Widely expressed cytoplasmic myosin 
	A non-muscle myosin IIA isoform involved in generating intracellular chemo-mechanical force and actin cytoskeleton translocation. It regulates actin dynamics in neurotransmission and synaptic plasticity, essential for brain development.
	2

	NDUFS8
12
	NADH: ubiquinone oxidoreductase core subunit S8
	Mitochondrial inner membrane
	The core subunit of mitochondrial Complex I. Crucial for the electron transport chain and energy metabolism. Essential for developing neurons. 
	None

	TOMM5
13
	Translocase of outer mitochondrial membrane 5
	Mitochondrial outer membrane
	A small subunit of the TOM complex connects receptors to the General Import Pore, enabling protein import into all mitochondrial sub-compartments. Crucial for neuronal synaptic function.
	None


Table S1. List of Most Distinguish Proteins and their functions in neurodevelopment 






Table S2. List of Brain-Dominant Proteins and their functions in neurodevelopment.
	Gene
	First Protein descriptions
	Localization
	Proteins Role
	SFARI Score

	CLEC2L
14    
	C-type lectin domain family 2 member L 
	Cell membrane
	A brain-specific C-type lectin-like receptor is expressed in CNS Purkinje cells. In brain inflammation, cDC1 dendritic cells and microglia have distinct, often protective roles. Related to cerebrovascular formation during embryonic development.
	None

	SIRPα/
CD47
15
	Signal-regulatory protein alpha 
	Cell membrane
	The receptor for CNS-specific CD47 enables microglial synapse phagocytosis and is mainly expressed on myeloid cells like macrophages, dendritic cells, and microglia. SIRPA expression influences synaptogenesis and synaptic pruning.
	None

	RELN
16
	Reelin
	Extracellular matrix
	Extracellular matrix serine protease regulates neuronal layering, migration, and microtubule function in the cortex, cerebellum, and spinal cord. Vital for neuronal migration and cortical development, with deficiencies linked to ASD.
	1

	TREML1
17
	Triggering receptors expressed on myeloid cells like 1
	Cell membrane
	Cell surface receptors regulate immune responses in macrophages and microglia, particularly during neuroinflammation, with distinct signaling in microglia. TREM1 deficiency prevents memory decline by restoring synaptic mitochondrial function and cerebral glucose uptake. 
	None

	CMTM5
18
	CKLF like MARVEL transmembrane domain containing 5
	Cell membrane
	The chemokine-like factor is expressed in mature CNS oligodendrocytes. Its depletion impairs axonal integrity but spares myelin biogenesis. Primarily involved in myelination
	None

	TMCC2 
19
	Transmembrane and Coiled-Coil 2 
	ER
	Essential for neurodevelopment and neuronal-glial function.
	None

	DMTN 
20
	Dematin


	
	Cytoplasm
	Membrane-cytoskeleton protein binds F-actin to stabilize bundles and exhibits periodic distribution along axons, essential for neuronal signaling. Component of the membrane-associated periodic skeleton (MPS) in neurons.
	None

	TMEM63A
21
	Transmembrane Protein 63A - CSC1-like protein 1
	Lysosome membrane
Cell membrane
	Lysosomal mechanosensitive ion channel regulates lysosomal morphology and function. A TMEM63A variant is linked to hypomyelination and developmental delay, implicating it in myelination. Associated with developmental delay, linking it to myelination
	None

	RTN3
22
	Reticulon-3 
	ER membrane
	Regulates membrane trafficking, synaptic integrity, and inflammation, playing key roles in Alzheimer’s disease, ER stress responses, and viral replication. It supports neurofilament organization, mitigates synaptic loss and neuritic dystrophy, and maintains synaptic integrity. 
	None

	STRIP2
23
	Striatin-interacting protein 2
	Cytoplasm
	Regulates microtubule stability, essential for neuronal morphogenesis.
	None

	PCSK6
24
	Proprotein convertase subtilisin/kexin type 6 
	ER
	Serine endoprotease, in the secretory pathway, is linked to handedness, autism traits, and cellular communication via neural stem cell EVs. Found in EVs from neural stem/progenitor cells.
	None

	DNAJC5
25
	DnaJ heat shock protein family (Hsp40) member C5
	Cytoplasm
Cell membrane
	DNAJC5 encodes CSPα, a DnaJ family chaperone crucial for calcium-dependent neurotransmitter release and synaptic function. CSPα supports exocytosis by aiding SNAP-25 and regulating synaptic vesicle dynamics, facilitating nerve impulse transmission. Essential for neurotransmitter release and synaptic function.
	None

	GLUD1
26
	Glutamate dehydrogenase 1
	Mitochondrion 
ER
	Mitochondrial enzyme converts L-glutamate to alpha-ketoglutarate, supporting the TCA cycle and glutamate metabolism. Regulates synapse formation and plasticity. 
	None






Table S3. Proteins participating in the Citrate Cycle (TCA Cycle), as defined by the KEGG pathway 27-30
	Gene
	Protein Name
	Proteins Role

	DLD
	Dihydrolipoyl dehydrogenase, mitochondrial
	Lipoamide dehydrogenase is a component of the glycine cleavage system as well as an E3 component of three alpha-ketoacid dehydrogenase complexes (pyruvate-, alpha-ketoglutarate-, and branched-chain amino acid-dehydrogenase complex). The 2-oxoglutarate dehydrogenase complex is mainly active in the mitochondrion. A fraction of the 2-oxoglutarate dehydrogenase complex also localizes in the nucleus and is required for lysine succinylation of histones: associates with KAT2A on chromatin and provides succinyl-CoA to histone succinyltransferase KA. 

	ACO2
	Aconitate hydratase, mitochondrial
	Catalyzes the isomerization of citrate to isocitrate via cis-aconitate; Belongs to the aconitase/IPM isomerase family. 

	SDHA
	Succinate dehydrogenase flavoprotein subunit, mitochondrial
	Flavoprotein (FP) subunit of succinate dehydrogenase (SDH) that is involved in complex II of the mitochondrial electron transport chain and is responsible for transferring electrons from succinate to ubiquinone (coenzyme Q). Can act as a tumor suppressor; Belongs to the FAD-dependent oxidoreductase 2 family. 

	DLAT
	Pyruvate dehydrogenase E2 component
	The pyruvate dehydrogenase complex catalyzes the overall conversion of pyruvate to acetyl-CoA and CO(2), and thereby links the glycolytic pathway to the tricarboxylic cycle. 

	IDH3A
	[bookmark: _GoBack]Isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial
	Catalytic subunit of the enzyme that catalyzes the decarboxylation of isocitrate (ICT) into alpha-ketoglutarate. The heterodimer composed of the alpha (IDH3A) and beta (IDH3B) subunits and the heterodimer composed of the alpha (IDH3A) and gamma (IDH3G) subunits, have considerable basal activity but the full activity of the heterotetramer (containing two subunits of IDH3A, one of IDH3B and one of IDH3G) requires the assembly and cooperative function of both heterodimers. 

	PDHB
	Pyruvate dehydrogenase E1 component subunit beta, mitochondrial
	The pyruvate dehydrogenase complex catalyzes the overall conversion of pyruvate to acetyl-CoA and CO(2), and thereby links the glycolytic pathway to the tricarboxylic cycle. 

	MDH2
	Malate dehydrogenase, mitochondrial
	Malate dehydrogenase, mitochondrial; Malate dehydrogenase 2. 

	IDH2
	Isocitrate dehydrogenase [NADP], mitochondrial
	Plays a role in intermediary metabolism and energy production. It may tightly associate or interact with the pyruvate dehydrogenase complex, it belongs to the isocitrate and isopropylmalate dehydrogenases family. 

	DLST
	2-oxoglutarate dehydrogenase E2 component
	Dihydrolipoamide succinyltransferase (E2) component of the 2- 2-oxoglutarate dehydrogenase complex. The 2-oxoglutarate dehydrogenase complex catalyzes the overall conversion of 2-oxoglutarate to succinyl-CoA and CO(2). The 2-oxoglutarate dehydrogenase complex is mainly active in the mitochondrion. A fraction of the 2-oxoglutarate dehydrogenase complex also localizes in the nucleus and is required for lysine succinylation of histones: associates with KAT2A on chromatin and provides succinyl-CoA to histone 

	CS
	Citrate synthase, mitochondrial
	Citrate synthase; Belongs to the citrate synthase family. 

	FH
	Fumarate hydratase, mitochondrial
	Catalyzes the reversible stereospecific interconversion of fumarate to L-malate. Experiments in other species have demonstrated that specific isoforms of this protein act in defined pathways and favor one direction over the other (Probable). [Isoform Cytoplasmic]: Catalyzes the dehydration of L-malate to fumarate (By similarity). Fumarate metabolism in the cytosol plays a role during the urea cycle and arginine metabolism; fumarate being a by-product of the urea cycle and amino-acid catabolism (By similarity). Also plays a role in DNA repair. 

	SDHB
	Succinate dehydrogenase iron-sulfur subunit, mitochondrial
	Iron-sulfur protein (IP) subunit of succinate dehydrogenase (SDH) that is involved in complex II of the mitochondrial electron transport chain and is responsible for transferring electrons from succinate to ubiquinone (coenzyme Q). 

	SUCLG1
	Succinate--CoA ligase subunit alpha, mitochondrial
	Succinyl-CoA synthetase functions in the citric acid cycle (TCA), coupling the hydrolysis of succinyl-CoA to the synthesis of either ATP or GTP and thus represents the only step of substrate-level phosphorylation in the TCA. The alpha subunit of the enzyme binds the substrates coenzyme A and phosphate, while succinate binding and specificity for either ATP or GTP is provided by different beta subunits. 

	SUCLA2
	Succinate--CoA ligase subunit beta (ADP-forming), mitochondrial
	ATP-specific succinyl-CoA synthetase functions in the citric acid cycle (TCA), coupling the hydrolysis of succinyl-CoA to the synthesis of ATP and thus represents the only step of substrate-level phosphorylation in the TCA. The beta subunit provides nucleotide specificity of the enzyme and binds the substrate succinate, while the binding sites for coenzyme A and phosphate are found in the alpha subunit (By similarity). 
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