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Supplementary Methods
VAE Model Construction
Encoder: The VAE model begins with an encoder that receives preprocessed protein abundance data, along with one-hot encoded group labels. These high-dimensional inputs are fed into the first fully connected layer, which reduces the data to a hidden layer of 100 dimensions using the ReLU activation function. A second fully connected layer maps the hidden layer to a 10-dimensional latent space, outputting the means and log variances representing the latent variable distribution. To prevent gradient explosion during training, any log variance values falling outside the range of -10 to 10 are clipped to the nearest boundary value. This step is crucial due to the high noise and outlier-prone nature of the exosome proteomics data.
Latent Space: The reparameterization trick generates latent variables using the encoder's output means and variances. This introduces controlled noise into the latent space to enhance the diversity of generated samples.
Decoder: The decoder mirrors the encoder's structure. The first fully connected layer maps the low-dimensional latent variables to a hidden layer activated by the ReLU function. The second fully connected layer projects the hidden layer data back to the high-dimensional protein abundance space, generating new samples that closely resemble the input data distribution.
Training Process: The VAE is trained using a loss function that comprises both reconstruction error (Mean Squared Error, MSE) and Kullback-Leibler (KL) divergence. The reconstruction error measures the discrepancy between the data generated by the decoder and the original input. At the same time, the KL divergence assesses the difference between the latent variable distribution and a standard normal distribution. The total loss, known as the Evidence Lower Bound (ELBO), is minimized using the Adam optimizer.
Data Augmentation: The VAE decoder generates new samples for each group after training. Specifically, 2,000 new samples are generated per group, capturing the latent characteristics of the original data while introducing diversity, thus enhancing the dataset's robustness.
Stopping Criterion: During training, the VAE generates new samples at each epoch, which are then analyzed using Principal Component Analysis (PCA). The training process is stopped when the simulated samples of different disease groups can be distinctly separated on a PCA plot. In this study, this criterion was met at the 180th epoch. This approach ensures that the model generates high-quality, diverse samples that accurately reflect the characteristics of each disease group.






Supplementary Figures
Fig. S1.
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Figure S1. Isolation and characterization of tear extracellular vesicles (EVs). (A) Nanoparticle tracking analysis showing the particle distribution profiles of tear EVs derived from six groups: Healthy Control (HC), Ocular Myasthenia Gravis (OMG), Alzheimer's Disease (AD), Parkinson's Disease (PD), Optic Neuritis (ON), and Neuromyelitis Optica Spectrum Disorders (NMOSD). (B) The mean size of EV particles from different groups. (C) Western blot analysis characterizing the protein markers of isolated tear EV samples. (D) Transmission electron microscopy analysis showing the typical cup-shaped morphology of tear EVs.
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Figure S2. The VAE model was performed without one-hot encoded group labels. No distinct clusters were observed, regardless of the depth of the deep learning process.


Fig. S3.
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Figure S3. cVAE was performed without new sample-generating functions, and the disease groups remained indistinguishable from each other.



Fig. S4.
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Figure S4. Upset plot of differentially expressed proteins (DEPs) compared to the HC group. (A) Up-regulated proteins across different groups. (B) Down-regulated proteins across different groups.
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Figure S5. WGCNA analysis on proteomic data of tear-EVs, identifying 11 functional modules.


Fig. S6.
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Figure S6. WGCNA identified 11 functional protein modules enriched (GO) in proteomic data. Each network node represents a protein, color-coded by its corresponding functional module.
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Figure S7. KEGG pathways are based on differentially expressed proteins between groups. Groups include global AD_PD_OMG (AD_PD_OMG vs. HC_ON_NMOSD), sub_AD (AD vs. PD_OMG_HC), sub_NMOSD (NMOSD vs. ON_HC), and sub_PD (PD vs. AD).
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Figure S8. Biological processes are based on the differential expression of proteins between groups. Groups include global AD_PD_OMG (AD_PD_OMG vs. HC_ON_NMOSD), sub_AD (AD vs. PD_OMG_HC), sub_NMOSD (NMOSD vs. ON_HC), and sub_PD (PD vs. AD).


Table S1.
Top 5 protein signatures of each group with simulated samples by Wilcoxon Rank-Sum test.
	Protein_Name
	Group
	id
	Description
	Biotype

	KRAS
	global_AD_PD_OMG
	ENSG00000133703
	KRAS proto-oncogene, GTPase [Source:HGNC Symbol;Acc:HGNC:6407]
	protein_coding

	SPRR1B
	global_AD_PD_OMG
	ENSG00000169469
	small proline rich protein 1B [Source:HGNC Symbol;Acc:HGNC:11260]
	protein_coding

	PPP1CA
	global_AD_PD_OMG
	ENSG00000172531
	protein phosphatase 1 catalytic subunit alpha [Source:HGNC Symbol;Acc:HGNC:9281]
	protein_coding

	ACADVL
	global_AD_PD_OMG
	ENSG00000072778
	acyl-CoA dehydrogenase very long chain [Source:HGNC Symbol;Acc:HGNC:92]
	protein_coding

	SPRR1A
	global_AD_PD_OMG
	ENSG00000169474
	small proline rich protein 1A [Source:HGNC Symbol;Acc:HGNC:11259]
	protein_coding

	IL36G
	global_NMOSD_ON
	ENSG00000136688
	interleukin 36 gamma [Source:HGNC Symbol;Acc:HGNC:15741]
	protein_coding

	RCN1
	global_NMOSD_ON
	ENSG00000049449
	reticulocalbin 1 [Source:HGNC Symbol;Acc:HGNC:9934]
	protein_coding

	ANGPTL1
	global_NMOSD_ON
	ENSG00000116194
	angiopoietin like 1 [Source:HGNC Symbol;Acc:HGNC:489]
	protein_coding

	PON3
	global_NMOSD_ON
	ENSG00000105852
	paraoxonase 3 [Source:HGNC Symbol;Acc:HGNC:9206]
	protein_coding

	DYNLRB2
	global_NMOSD_ON
	ENSG00000168589
	dynein light chain roadblock-type 2 [Source:HGNC Symbol;Acc:HGNC:15467]
	protein_coding

	LRG1
	sub_AD
	ENSG00000171236
	leucine rich alpha-2-glycoprotein 1 [Source:HGNC Symbol;Acc:HGNC:29480]
	protein_coding

	A1BG
	sub_AD
	ENSG00000121410
	alpha-1-B glycoprotein [Source:HGNC Symbol;Acc:HGNC:5]
	protein_coding

	TMSB10
	sub_AD
	ENSG00000034510
	thymosin beta 10 [Source:HGNC Symbol;Acc:HGNC:11879]
	protein_coding

	SH3BGRL
	sub_AD
	ENSG00000131171
	SH3 domain binding glutamate rich protein like [Source:HGNC Symbol;Acc:HGNC:10823]
	protein_coding

	SH3BGRL3
	sub_AD
	ENSG00000142669
	SH3 domain binding glutamate rich protein like 3 [Source:HGNC Symbol;Acc:HGNC:15568]
	protein_coding

	HSPG2
	sub_PD
	ENSG00000142798
	heparan sulfate proteoglycan 2 [Source:HGNC Symbol;Acc:HGNC:5273]
	protein_coding

	SRM
	sub_PD
	ENSG00000125508
	src-related kinase lacking C-terminal regulatory tyrosine and N-terminal myristylation sites [Source:HGNC Symbol;Acc:HGNC:11298]
	protein_coding

	TOR1B
	sub_PD
	ENSG00000136816
	torsin family 1 member B [Source:HGNC Symbol;Acc:HGNC:11995]
	protein_coding

	PRDX4
	sub_PD
	ENSG00000123131
	peroxiredoxin 4 [Source:HGNC Symbol;Acc:HGNC:17169]
	protein_coding

	PDCD6IP
	sub_PD
	ENSG00000170248
	programmed cell death 6 interacting protein [Source:HGNC Symbol;Acc:HGNC:8766]
	protein_coding

	LMAN2
	sub_NMOSD
	ENSG00000169223
	lectin, mannose binding 2 [Source:HGNC Symbol;Acc:HGNC:16986]
	protein_coding

	PDIA6
	sub_NMOSD
	ENSG00000143870
	protein disulfide isomerase family A member 6 [Source:HGNC Symbol;Acc:HGNC:30168]
	protein_coding

	SUB1
	sub_NMOSD
	ENSG00000113387
	SUB1 regulator of transcription [Source:HGNC Symbol;Acc:HGNC:19985]
	protein_coding

	CC2D1A
	sub_NMOSD
	ENSG00000132024
	coiled-coil and C2 domain containing 1A [Source:HGNC Symbol;Acc:HGNC:30237]
	protein_coding

	PABPC1
	sub_NMOSD
	ENSG00000070756
	poly(A) binding protein cytoplasmic 1 [Source:HGNC Symbol;Acc:HGNC:8554]
	protein_coding
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