
Supplementary Tables:


Supplementary Table S1.Public datasets used for exosomal miRNA enrichment, CLASH target filtering, network construction, SNU719 expression filtering, and TCGA-STAD contextual analysis.
	Dataset
	Description
	Source
	Accession
	Sample size
	Analytical role

	
	
	
	
	
	

	GSE227017
	SNU719 and AGS cell and exosome small RNA-seq
	GEO
	GSE227017
	12 samples
	Exosomal EBV miRNA enrichment

	GSE147228
	EBV miRNA CLASH in SNU719 and Akata cells
	GEO
	GSE147228
	12 files
	SNU719 CLASH filtering and network construction

	GSE239994
	SNU719 whole transcriptome RNA-seq
	GEO
	GSE239994
	3 replicates
	Target gene expression filtering

	TCGA-STAD miRNA-seq
	Patient miRNA quantification files
	GDC Data Portal
	TCGA-STAD
	446 files, 436 cases
	Patient miRNA data context

	TCGA-STAD RNA-seq
	Patient gene expression counts
	GDC Data Portal
	TCGA-STAD
	412 files, 415 cases
	TLR pathway scoring

	TCGA-STAD clinical
	Patient clinical and survival data
	GDC Data Portal
	TCGA-STAD
	443 cases
	Survival and subtype annotation

	GSE62254
	ACRG gastric cancer cohort, Affymetrix microarray
	GEO
	GSE62254
	300 cases
	Independent expression-context cohort








Supplementary Table S2.Curated 38-gene TLR/NF-κB/IRF pathway set used to filter SNU719 CLASH interactions and compute pathway scores.
	Functional module
	Genes

	TLR sensors
	TLR2, TLR3, TLR4, TLR7, TLR8, TLR9

	Adaptors
	MYD88, TICAM1, TIRAP, TICAM2

	Kinases and signal transducers
	IRAK1, IRAK2, IRAK4, RIPK2, TBK1, IKBKE, IKBKG, TRAF3, TRAF6, TAB1, TAB2

	Transcription factors and NF-κB components
	NFKB1, NFKB2, RELA, IRF3, IRF5, IRF7

	Cytokines and chemokines
	IL6, TNF, IFNB1, IL1B, IL10, CXCL10

	Interferon-stimulated genes
	OAS2, RSAD2, ISG15, MX1, IFIT1




Supplementary Table S3.EBV miRNAs enriched in SNU719 exosomes relative to SNU719 parent cells. Group A denotes strict statistical enrichment. Group B denotes moderately enriched candidates retained for downstream CLASH and network analysis.
	miRNA
	Cell mean CPM
	Exosome mean CPM
	Enrichment ratio
	log2FC
	FDR
	Group

	ebv-miR-BART1-5p
	164,825
	565,691
	3.43
	1.779
	0.0051
	A

	ebv-miR-BART2-3p
	273
	1,031
	3.77
	1.918
	0.0314
	A

	ebv-miR-BHRF1-2-3p
	6.7
	52.9
	7.74
	3.260
	0.0314
	A, lytic-associated

	ebv-miR-BART13-5p
	462
	1,166
	2.52
	1.336
	0.053
	B

	ebv-miR-BART17-5p
	1,215
	2,992
	2.46
	1.300
	0.124
	B

	ebv-miR-BART10-3p
	9,453
	19,387
	2.05
	1.036
	0.098
	B

	ebv-miR-BART8-3p
	1,502
	2,796
	1.86
	0.893
	0.098
	B


Note: Although BHRF1-2-3p was statistically enriched, it was treated cautiously owing to its low abundance and lytic-associated annotation.
Supplementary Table S4.Reproducible SNU719-only CLASH interactions between exosome-associated EBV miRNAs and curated TLR/NF-κB/IRF pathway genes. All interactions were present in three of three SNU719 CLASH replicates
	miRNA
	Target
	Module
	Mean CLASH score
	Max CLASH score
	Replicate support
	Enrichment group

	ebv-miR-BART8-3p
	NFKB1
	TF/NF-κB
	10.53
	26.31
	3/3
	B

	ebv-miR-BART17-5p
	NFKB2
	TF/NF-κB
	9.57
	25.07
	3/3
	B

	ebv-miR-BART8-3p
	NFKB2
	TF/NF-κB
	4.77
	9.02
	3/3
	B

	ebv-miR-BART17-5p
	TAB2
	Kinase
	3.11
	7.33
	3/3
	B

	ebv-miR-BART17-5p
	IRAK1
	Kinase
	3.11
	7.33
	3/3
	B

	ebv-miR-BART10-3p
	IRAK1
	Kinase
	3.11
	7.33
	3/3
	B

	ebv-miR-BART17-5p
	IKBKG
	Kinase
	2.10
	4.29
	3/3
	B

	ebv-miR-BART10-3p
	IRF3
	Regulatory
	1.55
	2.65
	3/3
	B

	ebv-miR-BART8-3p
	IRF3
	Regulatory
	1.55
	2.65
	3/3
	B

	ebv-miR-BART17-5p
	TIRAP
	Adaptor
	1.55
	2.65
	3/3
	B

	ebv-miR-BART17-5p
	RELA
	TF/NF-κB
	1.55
	2.65
	3/3
	B


Note: These interactions indicate recurrent Ago-associated miRNA-target binding in SNU719 CLASH data, but they do not by themselves prove target repression.






Supplementary Table S5.Network centrality and individual perturbation effects of exosome-associated EBV miRNAs in the heterogeneous CLASH-PPI-TLR network.

	Rank
	miRNA
	Betweenness
	Degree
	Strength
	Delta reachability
	Reduction in weighted TLR reachability
	Group

	1
	ebv-miR-BART17-5p
	0.834
	3,279
	26,164
	4,354
	37.28%
	B

	2
	ebv-miR-BART8-3p
	0.313
	1,580
	8,971
	2,537
	21.72%
	B

	3
	ebv-miR-BART10-3p
	0.246
	1,088
	7,695
	2,367
	20.27%
	B

	4
	ebv-miR-BART1-5p
	0.301
	1,448
	8,113
	2,001
	17.13%
	A

	5
	ebv-miR-BART13-5p
	0.068
	421
	1,584
	317
	2.72%
	B

	6
	ebv-miR-BART2-3p
	0.021
	163
	484
	103
	0.88%
	A


Note: Perturbation values were calculated by separate single-miRNA removals and should not be interpreted as additive combined effects.












Supplementary Table S6.Evidence-tier classification integrating CLASH support, target expression, exosome enrichment, network hub status, and literature context.

	miRNA
	Target
	CLASH score
	Max score
	Target expressed
	Exo-enriched
	Network hub
	Literature context
	Evidence score
	Tier

	ebv-miR-BART8-3p
	NFKB1
	10.53
	26.31
	Yes, high
	Yes, B
	Yes
	Yes
	5
	Tier 1

	ebv-miR-BART17-5p
	NFKB2
	9.57
	25.07
	Yes, high
	Yes, B
	Yes
	No
	4
	Tier 1

	ebv-miR-BART17-5p
	TAB2
	3.11
	7.33
	Yes, high
	Yes, B
	Yes
	Yes
	4
	Tier 1

	ebv-miR-BART8-3p
	NFKB2
	4.77
	9.02
	Yes, high
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART17-5p
	IRAK1
	3.11
	7.33
	Yes, high
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART10-3p
	IRAK1
	3.11
	7.33
	Yes, high
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART10-3p
	IRF3
	1.55
	2.65
	Yes, expressed
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART8-3p
	IRF3
	1.55
	2.65
	Yes, expressed
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART17-5p
	TIRAP
	1.55
	2.65
	Yes, expressed
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART17-5p
	RELA
	1.55
	2.65
	Yes, expressed
	Yes, B
	Yes
	No
	3
	Tier 2

	ebv-miR-BART17-5p
	IKBKG
	2.10
	4.29
	Not detected
	Yes, B
	Yes
	No
	2
	Tier 3


Note: IKBKG was retained as CLASH-supported; however, it was not included among expression-confirmed interactions, as it was not detected in the SNU719 RNA-seq symbol-mapped matrix. The current manuscript also notes that 10 expression-confirmed miRNA-target pairs involved seven TLR/NF-κB/IRF pathway genes.



Supplementary Table S7.Expression-confirmed CLASH-supported EBV exosomal miRNA to TLR-pathway interactions retained after SNU719 RNA-seq filtering.
 
	miRNA
	Target
	Module
	Mean CLASH score
	Target expression status
	Evidence tier

	ebv-miR-BART8-3p
	NFKB1
	TF/NF-κB
	10.53
	Expressed, high
	Tier 1

	ebv-miR-BART17-5p
	NFKB2
	TF/NF-κB
	9.57
	Expressed, high
	Tier 1

	ebv-miR-BART17-5p
	TAB2
	Kinase
	3.11
	Expressed, high
	Tier 1

	ebv-miR-BART8-3p
	NFKB2
	TF/NF-κB
	4.77
	Expressed, high
	Tier 2

	ebv-miR-BART17-5p
	IRAK1
	Kinase
	3.11
	Expressed, high
	Tier 2

	ebv-miR-BART10-3p
	IRAK1
	Kinase
	3.11
	Expressed, high
	Tier 2

	ebv-miR-BART10-3p
	IRF3
	Regulatory
	1.55
	Expressed
	Tier 2

	ebv-miR-BART8-3p
	IRF3
	Regulatory
	1.55
	Expressed
	Tier 2

	ebv-miR-BART17-5p
	TIRAP
	Adaptor
	1.55
	Expressed
	Tier 2

	ebv-miR-BART17-5p
	RELA
	TF/NF-κB
	1.55
	Expressed
	Tier 2


Note: BART17-5p to IKBKG was excluded from this expression-confirmed core because IKBKG was not detected in the SNU719 RNA-seq symbol-mapped matrix.









 Supplementary Table S8.TCGA-STAD case counts used for EBV-status mapping, RNA-seq pathway scoring, and survival analysis.

	Analysis level
	Total cases or files
	EBV-positive
	EBV-negative
	Notes

	TCGA-STAD subtype-mapped cases
	439
	25
	414
	EBV status assigned using curated TCGA-STAD EBV-positive barcode list

	TCGA-STAD RNA-seq scored cases
	412
	22
	390
	Used for ssGSEA pathway scoring

	TCGA-STAD survival analysis cases
	368
	22
	346
	Used for Kaplan-Meier survival analysis by EBV status

	Cox regression complete-case set
	319
	Not separately reported
	Not separately reported
	Used for multivariable Cox model including TLR score, IFN response, EBV status, and stage
















 Supplementary Table S9.TCGA-STAD pathway module scores comparing EBV-positive and EBV-negative tumors. All FDR-adjusted comparisons were non-significant and should be interpreted as bulk-tumor contextualization rather than clinical validation.

	Pathway module
	Gene set size
	EBV-positive median, n = 22
	EBV-negative median, n = 390
	Direction
	Wilcoxon p-value
	FDR

	TLR_signalling
	37
	0.0076
	0.0161
	Lower in EBV-positive
	0.983
	0.983

	TLR_sensors
	6
	-0.2514
	-0.2758
	Higher in EBV-positive
	0.475
	0.983

	TLR_adaptors
	3
	0.3172
	0.3165
	Slightly higher in EBV-positive
	0.624
	0.983

	NF-κB
	7
	0.3012
	0.3113
	Lower in EBV-positive
	0.830
	0.983

	IFN_response
	11
	0.2629
	0.2408
	Higher in EBV-positive
	0.548
	0.983

	Cytokines
	8
	-0.1604
	-0.1904
	Higher in EBV-positive
	0.983
	0.983


Note: Since all FDR values were non-significant, this table supports the conclusion that the SNU719 exosomal BART-miRNA to TLR axis is not captured as a simple EBV-status-dependent bulk tumor transcriptomic signature. Your manuscript makes this same cautious interpretation in the TCGA-STAD section.













Supplementary Table S10.Survival and Cox regression results for TCGA-STAD contextual analysis. EBV status and TLR pathway scoring did not significantly stratify overall survival, while pathological stage remained the dominant prognostic variable.
 
	Analysis
	Variable or comparison
	N
	Hazard ratio or test statistic
	95% CI
	p-value
	Interpretation

	Kaplan-Meier
	EBV-positive versus EBV-negative
	368
	Log-rank test
	Not applicable
	0.89
	No significant survival difference

	Kaplan-Meier
	TLR-high versus TLR-low, median split
	368
	Log-rank test
	Not applicable
	0.48
	TLR score did not stratify survival

	Cox regression
	TLR_signalling
	319
	HR = 0.40
	0.0029 to 54.2
	0.712
	Not significant

	Cox regression
	IFN_response
	319
	HR = 0.57
	0.0786 to 4.1
	0.576
	Not significant

	Cox regression
	EBV status
	319
	HR = 0.94
	0.4128 to 2.2
	0.890
	Not significant

	Cox regression
	Pathological stage
	319
	HR = 1.16
	1.0796 to 1.20
	<0.001
	Significant predictor



