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Supplementary Figure S1. Small RNAseq results for EVs from TB and iPSC. A) Breakdown for 

types of small RNA identified in EVs for each of the TB and iPSC cell replicates. B) A 2D PCA plot 

based on all small RNA reveals there is no clear clustering between EVs derived from iPSC vs. those 

derived from TB cells (PERMANOVA value = 0.1 for both miR and lncRNA). 

 

Supplementary Figure S2. Heatmaps for differentially expressed small RNA in EVs from TB vs. 

EVs from iPSC. A) Heatmap for all miRs that are differentially expressed in EVs from TB vs. EVs 

from iPSC. B) Top 100 long ncRNA upregulated in EVs from TB vs. EVs from iPSC. C) Heatmap for 

top 100 downregulated lncRNA in EVs from TB vs. EVs from iPSC. 
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Supplementary Figure S3. Chromosomal distribution analysis for differentially expressed miRs 

and lncRNAs between EVs derived from TB vs. iPSC. Analysis of the chromosomal distribution for 

the differentially expressed miR and lncRNA revealed that most of the differentially expressed ones 

were on Chromosome 1, followed by Chromosomes 2, 3, 17, 11, 12, and then 19. 

 

Supplementary Figure S4. TissueEnrich program [1] analysis for other miRs upregulated in TB EVs 

vs. iPSC EVs. For hsa-miR-19b-3p, target mRNAs are enriched in the cerebral cortex and skeletal 

muscle. For hsa-miR-23a-3p, target mRNAs are enriched in the cerebral cortex, endometrium, and 

smooth muscle (hsa-miR-23a-3p), and target mRNAs for hsa-miR-92a-3p) are enriched in the cere-

bral cortex. 
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Supplementary Figure S5. Pathway analysis for target mRNAs based on differentially expressed 

miRs. The consideration of all mRNA targets for the differentially expressed miRs reveals that they 

are associated with the following pathways: the positive regulation of viral transcription, spongi-

otrophoblast differentiation, histone H2A T120 phosphorylation, mitochondrial DNA repair and 

migration, DN replication and ligation, and T helper cell responses to list a few examples. 

 

Supplementary Figure S6. Venn diagram comparison of differentially expressed genes for Control 

NPC vs. TB EVs NPC and Control NPC vs. iPSC EVs. 
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Supplementary Figure S7. KEGG pathways affected by the intersection of differentially expressed 

miRs and lncRNAs in human TB cells and transcripts differentially expressed by human NPC 

treated with EVs. A) KEGG pathways impacted by this intersection based on the p-value. The size 

of the dots shows the total number of genes in each pathway. B) KEGG pathways affected by this 

intersection based on the total number of genes in that pathway as ranked in descending order for 

the left graph. 

 

Supplementary Figure S8. KEGG pathways of interest, including the neurotrophin signaling path-

way, estrogen signaling pathway, GnRH signaling pathway, oxytocin signaling pathway, axon 

guidance, and the overlap between these pathways and miRs, lncRNAs, and transcripts within each 

of these pathways. 



Cells 2024, 13, 1867 5 of 7 
 

 

 

 

Supplementary Figure S9. Higher magnification image of select KEGG pathways of interest and 

the miRs, lncRNAs, and transcripts within each of these pathways. 

Supplementary Table S1. Small RNAseq results from the reads of small RNAs contained within 

the EVs isolated from each of the samples and the average number for the different types of small 

RNAs. iPS= induced pluripotent stem cells, and TB= trophoblast cells. 
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*The total miR refers to the number of reads found in the samples that fit the definition of miRNA 

with the lengths and canonical definitions that are defined within the miRge program [2]. These 

criteria are stringent and attempt to miR only. 

**Once the total miRNA reads are determined, the miRge program collapses these reads down 

based on their similarity in the sample, which is shown in the filtered miR reads. The number in the 

filtered miRNA column reads refers to the number of miRs, while the count of these miRs is tabu-

lated in the back, hence the need to remove identical reads. 

*** Unique miRNA refers to miR identified by alignment and annotated within the filtered miRNA 

reads and further removes miRs that have no assignment to an annotation or which can be aggre-

gated further based on a less stringent parameter. These parameters are less stringent because miRs 

are small, and any differences in the read will be considered high in terms of the percentage of 

change compared to the total number of base pairs in the miRNA. 
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Supplementary Table S2. Alignment details for the RNA-Seq dataset from human neural progen-

itor cells (NPCs). 

Sample Number Treatment 

# of Total 

Paired-End 

Reads 

% 

Alignment 

# of Total 

Mapped 

Paired-End 

Reads 

NPC_Control_Sample1_S24 Control 28679269 93.1 26693390 

NPC_Control_Sample2_S25 Control 25894179 93.7 24266933 

NPC_Control_Sample3_S29 Control 20644462 93.1 19217563 

NPC_Control_Sample4_S28 Control 31045469 93.6 29053279 

NPC_TB_EV_Sample1_S26 TB-EV 43300141 93.1 40301525 

NPC_TB_EV_Sample2_S23 TB-EV 37399418 93.5 34953388 

NPC_TB_EV_Sample3_S22 TB-EV 44783306 94.0 42110795 

NPC_TB_EV_Sample4_S21 TB-EV 38872267 93.6 36394629 

NPC_iPS_EV_Sample1_S20 iPS-EV 41683924 93.3 38882617 

NPC_iPS_EV_Sample2_S19 iPS-EV 34525558 94.4 32605230 

NPC_iPS_EV_Sample3_S18 iPS-EV 34890423 93.8 32734027 

NPC_iPS_EV_Sample4_S27 iPS-EV 37580571 92.8 34858380 

Average  34941582 93.5 32672646 

Supplementary File S1. To analyze miR differences within EVs isolated from TB vs. iPSC, the 

miRge3 program [2] followed by DESeq2 was used [3]. Based on a p-value threshold of 0.05 and a 

log2 fold change of 2, 32 differentially expressed miRs were identified to be differentially expressed, 

and 5 miRs were differentially expressed based on a p-adjusted value (FDR) and log2 fold change 

of 2. 

Supplementary File S2. The analysis of hsa-miR0149-3p (the top upregulated miR in EVs derived 

from TB cells) with the miRPathDB reveals that the primary GO biological processes affected by this 

miR include nervous system development, anatomical structure, morphogenesis, neurogenesis, the 

generation of neurons, and positive regulation of gene expression. This file lists other pathways 

predicted to be affected by the upregulation of hsa-miR0149-3p. 

Supplementary File S3. Long non-coding (lnc) RNA and other small RNA differences were ana-

lyzed; we utilized the human reference genome (GRCh38) from GENCODE [4] and GFF3 files from 

the RNACentral [5] database, and DESeq2 was used to identify differentially expressed lncRNAs 

with an adjusted p-value threshold of less than 0.05 and a log2 fold change of 2, yielding 6,794 

lncRNAs. 

Supplementary File S4. Analysis of differentially expressed miRs from the https://mirdb.org/ data-

base [3,4] to predict the target transcripts for hsa-miR0149-3p, hsa-miR-302a-5p, and hsa-miR-935. 

Since miRs can regulate gene expression by pairing them with particular mRNAs, usually in their 

3/-termini, the https://mirdb.org/ database [3,4] was then used to predict the target transcripts of 

hsa-miR0149-3p, hsa-miR-302a-5p, and hsa-miR-935 that are upregulated in EVs from TB cells and 

are enriched in the brain and nervous tissues. 

Supplementary File S5. ClueGO [5], which is a Cytoscape plug-in, was used to determine the gene 

ontology and pathways that are predicted to be affected by mRNAs and targeted by differentially 

expressed miRs in TB EVs vs. iPSC EVs. 

Supplementary File S6. All the differentially expressed genes in NPCs treated with EVs from TB or 

iPSC or not treated with any EVs (control NPC). Based on a fold change ≥ 1.5 and q value (FDR) ≤ 

0.05, there were 115 differentially regulated genes common to treatments with either kind of EVs, 

including 102 uniquely associated with treatment with EVs from iPSC and 38 associated with EVs 

from TB cells. 

Supplementary File S7. To understand the interactions between miRs and lncRNA changes in TB-

derived EVs and transcriptomic changes in NPCs treated with these structures, the NcPath [10] da-

tabase, which provides KEGG [11] pathway associations, was used. This approach established 
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linkages between 26 miRs, 185 genes, and 786 lncRNAs. These are listed in the tab labeled “Biotype 

Counts”. The last tab, labeled “DEG’s Pathway Enrichment”, lists the KEGG pathways affected by 

these interactions. 

Supplementary Video S1. A 3D confocal video of human NPCs with internalized human TB EVs 

40 minutes post-treatment. TB EVs stained in red. The nuclei of NPCs stained with DAPI and NPC 

cell processes stained with phalloidin. 

Supplementary Video S2. A 3D confocal video of human NPCs with internalized human iPSC EVs 

40 minutes post-treatment. TB EVs stained in red. The nuclei of NPCs stained with DAPI and NPC 

cell processes stained with phalloidin. 
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