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Abstract 

Extracellular vesicles (EVs) contain DNA, RNA, proteins and lipids that 

are crucial in intercellular communication. Cells release at least three major 

EV classes – namely,  exosomes (Exos), shed microvesicles (sMVs) and shed 

midbody remnants (sMB-Rs). While purification, biochemical/ biophysical 

characterisation procedures, and biological activities of exosomes are 

advanced, our knowledge of sMVs and sMB-Rs is lacking. The overarching 

aim of my thesis was to undertake a comparative proteomic and transcriptomic 

analysis of Exos, sMVs and sMB-Rs secreted from human colorectal cancer 

(CRC) cells using mass spectrometry and next-generation RNA sequencing. 

To this end, I developed a purification strategy involving a combination of 

differential ultracentrifugation and buoyant density gradient centrifugation 

(iodixanol, OptiPrep™) centrifugation to isolate and purify Exos (50-200 nm 

diameter, buoyant density 1.10 g/mL), sMVs (100-500 nm diameter, buoyant 

density 1.10 g/mL) and sMB-Rs (100-500 nm diameter, buoyant density 1.15 

g/mL) from the culture medium of  the isogenic human CRC cancer cell lines 

SW480 (primary tumor) and SW620 (lymph node-metastatic tumor). To obtain 

large (mg)  quantities of EVs for comprehensive proteomic/ transcriptomic 

profiling of the three EV classes, I used continuous culture in a CELLine™ 

Biorector device. Comparative protein/ transcript analyses whowed that 

exosomal proteins such as CD63, CD81, ALIX, TSG101 and protein-coding 

transcripts (mRNA) involved in exosome biogenesis/ release (ARRDC3-201, 

BICD2-201, CAV2-201, for example) are highly-enriched (log2 fold change >1 
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or <-1, pvalue <0.05) in Exos, and metabolic enzymes (e.g., DTYMK, IMPA1 

and MRI) and membrane-associated proteins (SLC29A2) are selectively-

enriched in sMVs. A salient finding was that principal component analysis and 

hierarchical clustering analysis showed that the proteome and and 

transcriptome of sMB-Rs are highly dissimilar to Exos and sMVs (which are 

similar to each other). sMB-Rs are highly enriched with midbody components, 

mitochondrial proteins, histone subunits and RNA-binding proteins (RBPs) 

such as ribonucleoproteins, RNA stress/granule proteins, splicing factors, and 

translation initiation factors at the protein level. The transcriptome of sMB-Rs 

reveals highly-enriched mitochondrial transcripts, lncRNA/pseudogene 

transcripts that are predicted to bind to 27 RBPs (from ENCORI, RBP-target 

database). Interestingly, 19/27 RBPs were identified in the sMB-R proteome. 

Importantly, RNA-Seq analysis revealed 770 fusion genes – predominantly, in 

sMB-Rs - including fusion genes from the tumour suppressor gene (MSH2) 

such as PLAGL1-MSH2, METRNL-MSH2, and oncogenes (CDK, RAS) such 

as RRAS-BMP8B and CDK-STX4. Interestingly, the fusion genes NSD1-

ZNF346 and CPS1-ATXN10 are only detected in SW620-EVs, with selective 

enrichment in sMB-Rs. These findings suggest that sMB-Rs-derived fusion 

genes might act as liquid biopsy targets for metastatic cancer detection. 

Expression of cancer progression-related transcripts in Exos, sMVs and sMB-

Rs positively correlate with their proteomic profiles. Moreover, SW620-EV 

classes contain enriched non-coding transcripts that are known to promote 

cancer progression. Findings from this thesis provide a better understanding 
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of cargo molecules selectively enriched in the three EV classes and lay the 

groundwork for a better understanding of the role of EVs in intercellular 

communication and CRC progression.  Many of the findings have potential for 

targeted EV-based liquid biopsies and clinical application. 
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1.1 Colorectal cancer and genetic instability  

Colorectal cancer (CRC) is the third highest cause of death and one of 

the prevalent cancers globally1-3 due, primarily, to the difficulties of early 

diagnosis, treatment, as well as CRC metastasis. It has been estimated that 

CRC stage I patients have greater than 90% 5-year survival rate, whereas the 

5-year survival rate is less than 10% for metastatic cancer patients2. CRC 

begins with the development of aberrant crypt foci, which progress to 

advanced adenoma and then to carcinoma or invasive cancer that further 

spreads to regional lymph nodes and distant sites (Fig.1.1)1, 4, 5. Genetic 

instability events are involved in the transformation of normal colonic epithelial 

cells to carcinomas6 

Genetic instability such as chromosomal instability (CIN) and 

microsatellite instability (MSI) can drive CRC development by specific genetic 

alterations7. CIN is the most commonly occurring genetic instability in CRC7, 8. 

CIN results from defects in chromosome segregation and cell cycle control that 

causes aneuploidy with abnormal chromosome numbers distributed to 

daughter cells9. Abnormal centrosome numbers can also result in multiple 

spindle fibers during mitosis, causing unequal distribution of chromosomes10. 

Loss of heterozygosity (LOH) is a hallmark of CIN-positive tumours whereby 

25%-30% of alleles are deleted 11. The consequences of LOH are 

chromosome deletion and chromosome recombination9. CIN can alter a wild-

type copy of tumour suppressor genes such as TP53, BAX12, and also the 
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APC (adenomatous polyposis coli) gene that is a regulator of the  Wnt 

signaling pathway; mutations of these genes cause rapid growth of normal 

colon epithelium to carcinoma12, 13 (Fig. 1.2).  

Hereditary nonpolyposis colorectal cancer (HNPCC) – also known as 

Lynch Syndrome – and Familial Adenomatous Polyposis Coli (FAP) are two 

hereditary disorders known to predispose the affected individual to the 

development of CRC14. Both HNPCC and FAP arise from germline mutations 

– HNPCC from mutations in the DNA mismatch repair (MMR) genes MSH2, 

MSH6, MLH1 and PMS214-18, and mutation of the APC gene in the case of 

FAP19, 20. In the case of HNPCC -, lack of DNA repair mechanisms mediates 

epigenetic changes such as aberrant DNA hypo- and hyper-methylation12, 21 

that lead to microsatellite instability (MSI). The identification of specific 

patterns of chromosome instability (loss and gain) during colon adenoma to 

carcinoma process and the demonstration that CIN is an early event in tumor 

formation that increases during tumor progression indicate that CIN is 

pathogenetic in CRC22. In the case of FAP, mutation of the APC gene leads to 

accumulation of nuclear β-catenin (a part of Wnt/β-catenin pathway) that 

activates genes related to cell survival and proliferation such as c-MYC, c-

JUN, CCDN1, EGFR, CD44 and CD133 via transcription factors (T-cell factor 

(TCF) and lymphoid enhancer factor (LEF))23, 24.   

MSI is detected in about 15% of CRCs as a result of aberrant DNA 

mismatch repair system (MMR system) and DNA hypermethylation25. MSI is 

identified by frameshift mutations of microsatellite repeats in the genome26. 
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The cause of MSI in CRC is due, predominantly, by the mutation in at least six 

MMR genes - PMS1, PMS2, MLH1, MSH2, MSH3 and MSH627. One abnormal 

mechanism of MMR system is epigenetic silencing of MLH1 that leads to 

aberrant methylation28. This methylation typically involves BRAF mutation 

(V600E)29. The activation of oncogenes such as RAS, BRAF drives CRC 

progression via MAPK signaling pathway30 as well as the  phosphatidylinositol-

3-kinase gene through PI3K signaling pathway31 (Fig. 1.2). MSI tumours 

positively correlate with high levels of CpG island methylation (CpG island 

methylator phenotype (CIMP))29. 

CpG islands are DNA regions that contain a high frequency of cytosine 

nucleotides followed by a guanine nucleotide32. CpG islands appears to 

overlap with the promoter region of 60–70% of genes and tend to be protected 

from methylation33. In normal physiological conditions, cytosine is usually 

methylated outside exons. However, in CRC the genome, there are many 

aberrantly methylated cytosines within promoter-associated CpG islands, so 

called CpG island methylator phenotype (CIMP), which regulate epigenetic 

silencing of gene expression33, 34 (Fig. 1.3). The mechanism of CIMP is not 

well understood but it is observed that 20% of CRCs are positive to CIMP35 

and 15% of CIMP appear to have abnormal methylation on MLH1 gene34. 

BRAF, NEUROG1, SOCS1, RUNX3, IGF2 and CACNA1G genes are reported 

to be candidates for determining CIMP status36. 

There is a chicken-and-egg question concerning the timeline of genome 

instability in CRC. Three parallel pathways for CIMP have been proposed by 
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Cheng et al.,37. – i) CIMP-positive CRC cases (10-20%) with BRAF and KRAS 

mutations and lower APC and p53 mutations. An aberrant MLH1 mutation and 

MSI appear to be detected in this group, - ii) CIMP-positive CRC cases with 

KRAS and APC mutations that occur in 10-30% of CRC cases, and - iii) CRC 

cases with the APC mutation and are less associated with CIMP (50-70% of 

CRC cases) and tend to further have CIN and P53 mutation38. Overall, there 

are overlapping causes of CIN, MSI and CIMP in CRC including defects in the 

MMR system, inherited germ-line defects, genetic alterations, and aberrant 

methylation (Fig. 1.4).     

  While genome instability and genetic alterations initiate CRC 

development,  more recently the microenvironment of cancer has been 

considered as another crucial element for cancer growth and progression39.  
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Figure 1.1 Histopathology of colorectal cancer. (A) Throughout the large 

intestine, a monolayer of epithelial cells lines tubular glands or crypts, (B) The 

earliest manifestations of colorectal neoplasia are the aberrant crypt foci 

(ACF), (C) A benign tumour mass that protrudes into the lumen from the 

intestinal epithelium, (D) The epithelium is organized in multiple layers, nuclei 

are enlarged, and their alignment at the basal membrane is lost. Figure 

reproduced with permission from Nature Reviews Cancer40. 
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Figure 1.2 Colorectal cancer progression is driven by genetic instability. 

The microsatellite instability (MSI) pathway is initiated by mismatch-repair 

(MMR) gene mutation or by aberrant MLH1 methylation and is further 

associated with downstream mutations in TGFBR2 and BAX. Aberrant MLH1 

methylation and BRAF mutation are each associated with the serrated 

adenoma pathway (CIN is chromosomal instability, EGFR is epidermal growth 

factor receptor, 15-PGDH is 15-prostaglandin dehydrogenase, and TGF-β is 

transforming growth factor β.). Figure reproduced with permission from The 

new England journal of medicine41, Copyright Massachusetts Medical Society.  
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Figure 1.3 CpG island DNA hypermethylation and global DNA 

hypomethylation in colorectal cancer as compared with normal colonic 

epithelium. Unmethylated CpG islands within the promoter region of genes 

are correlated with an open chromatin structure (euchromatin), whereas 

methylated CpG islands are correlated with a condensed, closed chromatin 

structure (heterochromatin) and transcriptional silencing. Normal colonic 

epithelium generally has unmethylated CpG islands in the promoter regions of 

genes, whereas aberrant hypermethylation of promoter associated CpG 

islands is a hallmark of neoplasms. In addition to the aberrant local 

hypermethylation seen in colorectal cancers, global hypomethylation at LINE-1 

sequences is also observed, which has been shown to be associated with 

genomic instability. Interestingly, an inverse association exists between local 

CpG island hypermethylation and global LINE-1 hypomethylation as colonic 

neoplasms progress. Figure reproduced with permission from Nature Reviews 

Gastroenterology & Hepathology33. 
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Figure 1.4 Multiple parallel pathways to colorectal cancer, with clinical 

implications for therapy. Colorectal cancer seems to arise from (at least) 

three distinct parallel modes. The top and bottom pathways are the most 

homogeneous, with clear distinctions in precursor lesions (serrated vs. tubular 

adenomas), genetics (BRAF vs. APC and p53 mutations, MSI vs. CIN), 

epigenetics (CIMP positive vs. negative) and outcome (good vs. average). The 

middle pathway is more heterogeneous than depicted (or perhaps 

incompletely understood). It may arise mostly from villous adenomas, but 

perhaps also from serrated adenomas. It has a different form of CIMP, 

predominant KRAS but occasional BRAF mutations, usually lacks CIN, and 

has the worse prognosis, with apparently lower responsiveness to 

chemotherapy. The prevalence of the three pathways is estimated at 10% to 

20% (top pathway), 10% to 30% (middle pathway), and 50% to 70% (bottom 

pathway). Figure reproduced with permission from Clinical Cancer Research38 
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1.2 Tumour microenvironment  

Cancer development consists of multi-step processes beginning with 

genetic changes that involve cellular metabolic alterations, cancerous 

transformation and metastasis. It has been reported that in the tumour site, 

cancer cells interact with surroundings (stroma) to support its growth - the so-

called tumour microenvironment (Fig. 1.5)42, 43.  

Tumours have been described as ‘wounds that do not heal’44  because 

there is a similarity between tumour progression and chronic inflammation. 

The purpose of inflammation is to eliminate an aberrant particle or invader. 

There is recruitment of inflammatory cells such as macrophages, mast cells, 

and neutrophils that can either support tumour progression or suppress tumour 

growth (Fig. 1.5). As immune evasion is one of the cancer hallmarks45, 

tumours can also use infiltrating cells to create a favorable microenvironment 

that leads to tumour progression42.   

Tumours recruit stromal cells to their environment during 

inflammation46, 47. Stroma cells involved in this process are endothelial cells 

that comprise circulatory system and further angiogenesis, fibroblasts that 

provide a link between cancer, inflammation and extracellular matrix 

remodeling by releasing cytokines and proteases (Fig. 1.6) 48 as well as bone 

marrow-derived cells (BMDCs, macrophage, mast cell, and neutrophils) that 

respond to inflammation and might not be associated with direct elimination of 

cancer cells. This is because most tumour-associated antigens are detected 
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as self-antigens, whereas viral and bacterial antigens are considered as 

foreign antigens49. Moreover, macrophages can also promote tumour cell 

invasion, migration, and intravasation, by releasing inhibitory cytokines such 

as reactive oxygen species (ROS), prostaglandins, and interleukin-10 to inhibit 

lymphocyte function (Fig. 1.6)50. This creates hypoxic and acidic conditions 

which in turn regulate lactate metabolism (low oxygen energy production) in 

cancer.  This metabolic shift supports growth of cancer in harsh conditions and 

also provides building blocks for cell division46, 51.    

In the tumour microenvironment, cancer and stroma cells exchange 

their genetic information and biomolecules by several ways including:  

- i) release of soluble molecules such as circulating RNA in a non-

vesicular form. For example, the release of miRNAs that bind to Argonaute2 

(Ago2), RNA binding proteins (RBPs) as a ribonucleoprotein complex to 

prevent RNA degradation52 as well as immune cells release soluble proteins 

such as cytokines and antibodies to trigger immune response53. 

-  ii) connective structures (gap junction, intercellular bridges). Gap 

junction supports transfer of small molecules (single-stranded RNA with RBPs, 

microRNA, pre-miRNA, and proteins) via connexin 43 (integral proteins) 

between adjacent cells54. Intercellular bridges allows transfer of RNAs and 

proteins39. The intercellular bridge is formed by incomplete cytokinesis 

mediated by testis-expressed protein 14 (TEX14), RNA binding motif protein 

44 (RBM44), endosomal sorting complex required for transport (ESCRT) and 

microtubule-organizing center (MTOC)54, 55 
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- iii) more recently, extracellular vesicles (EVs) have been implicated in 

exchange (transfer) of genetic information56. EVs are evolutionary conserved 

membranous vesicles secreted by diverse cell types. They play an important 

role in intercellular communication by transferring genetic materials57, 58, 

protein compositions38, 59, 60, and lipids60 from their cell of origin to recipient 

cells60-63 resulting in cellular alteration56, 63. EVs are also found in various body 

fluids and represent potential liquid biopsy-based targets for disease 

detection64-68. EVs are heterogenous representing different particle size 

ranges and originate from different biogenesis mechanisms.  
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Figure 1.5 Tumour microenvironment. Cancer cells in primary tumours are 

surrounded by a complex microenvironment comprising numerous cells 

including endothelial cells of the blood and lymphatic circulation, stromal 

fibroblasts and a variety of bone marrow-derived cells (BMDCs) including 

macrophages, myeloid-derived suppressor cells (MDSCs), TIE2-expressing 

monocytes (TEMs) and mesenchymal stem cells (MSCs). Figure reproduced 

with permission from Nature Review Cancer69. 
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Figure 1.6 Interactions of tumour cell and stromal cells. Interactions of 

various cells with each other, fibroblasts (F) in the tumour stroma and blood 

vessels (V) are indicated by arrows. Although the tumour (TU) generates 

signals inducing dysfunction and death of immune cells, the latter are a source 

of signals promoting tumour growth. TAM, tumour-associated macrophages; 

DC, dendritic cells; EL, effector lymphocytes; Treg, regulatory T cells; TA, 

tumour-derived antigens; ROS, reactive oxygen species; PGE2, prostaglandin 

E. Figure reproduced with permission from Oncogene39. 
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1.3 EV classes 

Based on size and mechanism of biogenesis, EVs can be classified into 

at least three sub classes: exosomes (Exos), shed microvesicles (sMVs), and 

shed midbody remnants (sMB-Rs)70 (Fig. 1.7). 

Exosomes (Exos) are small EVs with the size range of 30-150 nm57, 68. 

The biogenesis of Exos starts with endocytosis when cells internalize material 

in the extracellular fluid by invagination and inward pinching of the plasma 

membrane to form internal vesicles - early endosomes. Early endosomes 

develop into late endosomes (referred to as multivesicular bodies, MVBs) and 

there is inward budding of MVBs to form intraluminal vesicles (ILVs) mediated 

by ESCRT-I components (TSG101, VPS28, VPS37A-D, MVB12A, MVB12B, 

UBAP1), –II components (EAP20, EAP30, EAP45) and -III components 

(CHMP1A, CHMP1B, CHMP2A, CHMP2B, CHMP3, CHMP4A-C, CHMP5-7, 

IST1) and ESCRT-associated protein (ALIX)71. The multivesicular bodies 

(MVBs) have two possible fates - degradation by fusing with lysosome, or 

trafficking to and fusing with the plasma membrane leading to subsequent 

release of ILVs into the extracellular space as Exos (Fig. 1.7)64. Silencing of 

ESCRT-0 (STAM1 and HRS) and ESCRT-I (TSG101) decrease the release of 

exosomal markers (MHC II and CD63)72. Interestingly, CD9, CD63, and CD82 

appear to be key mediators for ILV formation as well as neutral 

sphingomyelinases for exosome release in an ESCRT-independent 

mechanism73-75. There are several techniques for isolating Exos such as 
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differential ultracentrifugation/ density gradient-based separation76, 77, flow 

cytometry, ultrafiltration77, and asymmetrical-flow field-flow fractionation (A4F), 

for example 78 – see Box 1 in Xu et al, Suwakulsiri, W., and Simpson, R, 

Chapter 1, Section 1.479. Tumour-derived Exos play an important role in 

cancer progression by transferring oncogenic substances such as proteins, 

mRNA and miRNA to alter the phenotype of recipient cells72, 80 – see details in 

Table 1 in Xu et al, Suwakulsiri, W., and Simpson, R, Chapter 1, Section 

1.479.  

Shed microvesicles (sMVs) (also referred to as microparticle or 

ectosomes) are larger in diameter than Exos with size range of 50-1,500 nm57, 

68. sMVs are formed by direct budding (blebbing) from the plasma membrane57 

(Fig. 1.7).  While the mechanism of sMV biogenesis is largely unknown it is 

thought that translocation of phosphatidylserine to the outer membrane leaflet 

initiates sMV formation. ADP-ribosylation factor 6 (ARF6) then promotes the 

activation of phospholipase D (PLD) associated with extracellular signal-

regulated kinase (ERK). Then myosin light-chain kinase (MLCK) 

phosphorylated by ERK promotes release of sMVs (Fig. 1.8)81. Another 

proposed biogenesis mechanism for sMVs involves a membrane repair 

mechanism initiated by damages such as mechanical stress, toxins and 

ultraviolet radiation82, 83. Such damage induce calcium influx that recruits 

annexin A7 and ESCRT components. Then the damaged membrane portion 

is shed from the plasma membrane by blebbing84. Like Exos, sMVs contain 

genetic material (miR-122785) and proteins (WNT1/ WNT3A86, WNT5A87, 
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RAB22A88, ABCB189) which cause phenotypic changes  in recipient cells upon 

uptake81, 90 (Table 1.1). Tumour-derived sMVs have an effect on several 

stages of tumour progression such as immune evasion, extracellular matrix 

degradation, angiogenesis, and metastasis90 by delivering the soluble protein, 

chemokine/EGF receptors, functional transmembrane proteins91-94. Moreover, 

lipid sphingomyelin from sMVs has been shown to promote angiogenesis by 

inducing endothelial-cell migration95. However, profiling of molecular 

compositions such as DNAs, RNAs, proteins, and lipids within sMVs is poorly 

understood.  

Midbody remnants (sMB-Rs). During my PhD studies my laboratory 

published a third class of EV70 referred to as shed midbody remnants (sMB-

Rs) – this manuscript is attached in Appendix Article 1; our discovery of sMB-

Rs was corroborated by96 sMB-Rs are large vesicles with a range in diameter 

size (~1 µm)97 that form during the final stage of cytokinesis. During cleavage 

furrow, two daughter cells are connected by an intercellular bridge (Fig. 1.7) 

containing a midbody (MB) and that the intercellular bridge can be cleaved, 

either on both sides (symmetric abscission) or one side (asymmetric 

abscission) of the MB98. The core structure of MBs consist of centraspindlin 

complex (KIF4A, KIF23/ MKLP1, RACGAP1) associated with cross-linker 

protein (PRC1) and kinases (AURB, PLK1) that stabilize the MB structure99. 

Hu et al., have characterized KIF4, KIF23, PRC1 as required structural 

proteins in MBs, anillin and RHOA for MB maturation and PLK1 for cytokinesis 

and MB assembly100. It has been proposed that CEP55 localizes to MBs and 
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then recruits TSG101, ALIX and other ESCRT machinery subunits (VPS4, 

CHMP4C)71 for abscission and release of the MB as a midbody remnant (shed 

midbody-remnant (sMB-R), also referred to as  extracellular post-abscission 

midbody) into the extracellular space101, 102. Proteomic analysis on MBs from 

Addi et al., Skop et al. revealed consistent profiles that centrasplindlin 

components, mitochondrial proteins, RBPs, translation initiation factors, traffic 

transport proteins ESCRT components are enriched in MBs103, 104. In sMB-Rs, 

Petermann et al and Rai et al reported isolation and purification strategies 

involving a combination of differential centrifugation and density-based 

separation (sucrose or iodixanol). Petermann et al. report that sMB-Rs can be 

up taken by cells during interphase and further promote cell proliferation, 

anchorage-independent growth and cell survival via integrin and EGFR-

dependent pathways96. Rai et al. demonstrated that sMB-Rs induced fibroblast 

invasion70. However, our understanding of the role of sMB-Rs in the 

extracellular space is limited.  
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Figure 1.7 Schematic illustration of three distinct classes of extracellular 

vesicles – exosomes, shed microvesicles (sMVs) and shed midbody 

remnants (sMB-Rs). Exosomes (class I EVs) are of endosomal origin (formed 

by invagination of multivesicular bodies (MVB)), shed microvesicles (sMVs) 

(class II extracellular vesicles) are formed via direct outward blebbing of 

plasma membrane and midbody remnants (MB-Rs) (class III extracellular 

vesicles) are generated by symmetrical cytokinetic abscission of the 

interconnecting bridge between dividing daughter cells (post completion of 

cytokinesis). Current understanding of biophysical properties and stereotypic 

marker proteins for exosomes, sMVs (microparticles) and sMB-Rs are listed in 

the table. Centraspindlin complex proteins MKLP1 and RACGAP1 enable 

distinction of sMB-Rs from exosomes and sMVs. (reproduced with permission 

from Rai, A., et al. Suwakulsiri, W and Simpson, R. Nature Communications 

Biology 202170). 

. 
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Figure 1.8. Biogenesis of shed microvesicles. Microvesicle arises through 

outward budding and fission of plasma membrane and is the result of dynamic 

interplay between phospholipid redistribution and cytoskeletal protein 

contraction. Membrane budding/vesicle formation is induced by translocation 

of phosphatidylserine to the outer-membrane leaflet through the activity of 

amino phospholipid translocases. To enable microvesicle budding, ADP-

ribosylation factor 6 (ARF6) initiates a signaling cascade that starts with the 

activation of phospholipase D (PLD), which recruits the extracellular signal-

regulated kinase (ERK) to the plasma membrane. ERK phosphorylates and 

activates myosin light-chain kinase (MLCK). Phosphorylation and activation of 

the myosin light chain by MLCK triggers the release of microvesicles. Figure 

reproduced with permission from Journal of Neuro-Oncology81 (Open source). 
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Table 1.1 Isolation methods and functional characteristics of sMVs and 

sMB-Rs 

EV classes 
Isolation 

techniques 

Details of 
isolation 

technique 

Donor cells/ 
biofluids 

Recipient 
cells 

Cargo Key findings* 

sMVs 
Centrifugation 

(10,000-24,000 x 
g) 

10,000 x g, 
30 min 

Human 
melanoma cell 

(LOX) 
- MT1-MMP 

Protein cargo 
appears to be 

selectively sorted into 
sMVs, and 

adherence to the 
extracellular matrix 
(ECM) is facilitated 

by microvesicle-
associated integrin 

receptors99. 

10,000 x g, 
30 min and 

filtration 

RWPE-2 
prostate 

CAFs miR-1227 

sMVs derived from 
RWPE-2 cells 

enhance migration of 
cancer-associated 
fibroblasts (CAFs), 

an effect 

That is increased by 
miR-1227, a miRNA 
abundant in sMVs 

produced by RWPE -
2 cells81. 

10,000 x g, 
30 min and 

sucrose 
gradient 

separation 
(0.8 mol/L to 
0.25 mol/L) 

Blood samples - 

Integrin 
chains beta 
1 and beta3, 

GPI 
alpha/beta, 

and P-
selectin 

sMVs were shown to 
bind to factor X and 

prothrombin 105 

10,000 x g, 
30 min 

SKBR3B cells - - 

sMVs showed 
enrichment of PARP 
and CYC compared 

to exosomes106 

14,000 x g, 
35 min  

Breast cancer 
line (SK-BR-3) 

Macrophage WNT5A 

sMVs induce 
production of Wnt 5a 
in macrophage (MΦ). 
Active MΦ releases 
Wnt5 bearing sMVs 
to promote recipient 

cell invasion83  

10,000 x g, 
70 min 

MDA-MB-231-
Rab22A 

knockout and 
scramble cell 

MCF7 and 
MDA-MB-231 

RAB22A 

Incubation of breast 
cancer cells with 
sMVs shed by 
hypoxic breast 

cancer cells 
promotes focal 

adhesion formation, 
invasion, and 
metastasis84. 
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10,000 x g, 
30 min 

Human 
melanoma cell 

(LOX) 
  MT1-MMP 

VAMP3-shRNA 
depletes sMVs of 
MT1-MMP and 
decreases cell 

invasiveness when 
embedded in cross-

linked collagen 
matrices100. 

14,000 x g, 
35 min  

Breast cancer 
line (SK-BR-3) 

MCF-7 EMMPRIN 

EMMPRIN-containing 
sMVs mediate 

invasion by activation 
of the p38/MAPK 

signaling pathway101 

20,000 x g, 
60 min  

PC-3 and 
LNCaP 

PC-3 and 
LNCaP 

  

sMVs mediated drug 
delivery enhances 
the cytotoxicity of 

Paclitaxel in 
autologous prostate 

cancer cells102 

20,000 x g, 
30 min 

HEK293FT 
HEK293FT and 

murine 4TI 
breast cancer 

Plasmid 
DNA (LUC) 

De novo reporter 
protein expression in 

recipient cells 
presented only from 

plasmid DNA (pDNA) 
after delivery via 

sMVs103. 

24,000 x g, 
60 min 

MDR subline of 
human acute 
lymphoblastic 

leukemia 
(CCRF-CEM 

VLB100) 

Drug-sensitive 
parental cells 
(CCRF-CEM) 

ABCB1 (P-
gp) 

sMVs derived from 
drug-resistant cancer 
cells incorporate cell 

surface P-gp from 
their donor cells, 
effectively bind to 

drug sensitive 
recipient cells and 

transfer functional P-
gp85 

18,000 x g, 
30 min  

Acute 
lymphoblastic 
leukemia cell 

line 

Acute 
lymphoblastic 
leukemia cell 
line CCRF-
CEM and 

derivatives 

ABCB1 (P-
gp) and 
MRP1 

 Reprogramming of 
MRP1 profile in 

recipient cells via 
transfer of P-gp from 

sMVs104 
CCRF-CEM 

derivative and 
MCF-7 

Filtration (>0.22 
µm) 

sMVs 
retained on 

the filter 
(0.22 µm) 

 MEFs 
expressing 
onco-Dbl 

MDAMB231 

 Fibroblasts 
(NIH-3T3) 

Onco-Dbl 

Oncogenic 
transformation gives 
rise to sMVs, which 
uniquely contain a 
signaling protein 

kinase that confers 
the transformed 
phenotype105. 
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sMVs 
retained on 

the filter 
(0.22 µm) 

Equine 
mammary 

stem/progenitor 
cell (eMaSC) 

Canine 
mammary 

stem/progenito
r cell (cMaSC) 

WNT3A and 
WNT1  

eMaSC-sMVs 
mediate activation of 

the Wnt/β-catenin 
signaling pathway in 

cMaSCs and 
significantly improves 
the ability of cMaSCs 

to grow as 
mammospheres82. 

sMVs 
retained on 

the filter 
(0.22 µm) 

Embryonic 
stem cell 

Trophoblast 
Laminin and 
fibronectin 

Laminin and 
fibronectin within 

sMVs interact with 
integrins on 

trophoblast surface, 
resulting in activation 

of JNK and FAK 
(trophoblast 
migration)106 

sMVs 
retained on 

the filter 
(0.22 µm) 

MDA-MB-231 
carcinoma cells 

MCF10a cell   

Tumour-derived 
sMVs prime the early 

tumour 
microenvironment by 
reorganizing ECM, 
leading to increase 

cellular traction force, 
actin-myosin 

contractility, and FAK 
activity107 

sMVs 
retained on 

the filter 
(0.22 µm) 

LIM1863 
NIH3T3 

fibroblast 
  

 SCUF-Exos and 
SCUF-sMVs isolated 
from LIM1863 colon 
cancer cells induce 
invasion of recipient 

NIH3T3 cells. 
Interestingly, the 

SCUF-sMVs promote 
invasion to a 

significantly greater 
extent (3-fold) than 

SCUF-Exos108.  

sMB-Rs Centrifugation  

10,000 x g HeLa cells HeLa cells 
MKLP 

(KIF23) Post-abscission MBs 
(sMB-Rs) induced 
cell proliferation96 

10,000 x g SW620 cells Fibroblasts 
MKLP 

(KIF23), 
RACGAP1 

sMB-Rs promoted 
fibroblast invasion70 

*=references 
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1.4 Role of EVs in cancer  

This section is addressed in Xu, R., Rai, A., Chen, M., Suwakulsiri, W., 

Greening, DW. and Simpson, RJ. ‘Extracellular vesicles in cancer—

implications for future improvements in cancer care’. Nature Reviews Clinical 

Oncology. 15, 617-638 (2018). PMID: 29795272 and reproduced here with 

permission from the senior author. The article is in Appendix Article 2. My 

contribution to the NRCO review involved scoping and performing the literature 

review and discussion of Tables 1, 2 and 3). 
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1.5 EV composition 

 EVs harbor diverse molecules such as proteins, RNA species (mRNA, 

miRNA, ncRNA) lipids, metabolites, DNA fragments68, 79, 107-109. In the case of 

protein cargo, EVs typically contain >2000 proteins, and this number will most 

likely increase as LC-MS/MS technology continues to improve110. Of these, an 

evolutionary-conserved set of proteins have been found to be common to each 

EV class reflecting their involvement in defining EV shape, rigidity and 

membrane curvature. In addition to these common proteins, EVs also harbor 

a small but specific subset of proteins (‘protein signatures’) reflecting their 

originating cell type and conditions59, 111. In addition to ‘protein signatures’ EVs 

contain distinct miRNA signatures112, 113.  For example, my laboratory reported 

that LIM1863 colorectal cancer (CRC) cells secrete three distinct vesicle 

subtypes- two subpopulations of exosomes (apical EpCAM-Exos and 

basolateral A33-Exos) and shed microvesicles (sMVs) – with distinct protein, 

transcriptome, and long noncoding signatures57.   

Recent studies highlight the role of EVs in intercellular communication 

in normal and pathophysiology68, 79 and their cargo molecules as potential 

markers of disease 114, 115. These findings have generated immense interest in 

the biomedicine field 115, 116 resulting in an exponential increase in molecular 

data pertaining to EVs from a multitude of cell lines and body fluids.  

 In 2009 my laboratory published the manually-curated ExoCarta 

database – a publicly-accessible compendium of exosomal proteins and 
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RNA117, 118. In 2012 the scope of ExoCarta was extended to include exosomal 

lipids in addition to proteins and RNA species (ExoCarta 2012118). Because of 

the exponential growth in EV compositional data the VesiclePedia database 

was developed – while this database of EV molecular data is still manually 

annotated it allows continuous community annotation119 – a feature that 

encourages active involvement of EV researchers and to safeguard against 

future database inactivity.   These databases that store EV molecular data 

allow large-scale bioinformatic analyses feasible and provide a platform for 

EV-based biomarker studies.  More recently, EVpedia – a community web 

portal for EV research - was constructed120. Unlike ExoCarta and 

Vesiclepedia, EVpedia contains both prokaryote and eukaryote EV data 

(http://evpedia.info) and contain embedded bioinformatic tools that permit 

Gene Ontology enrichment analysis, network analysis of vesicular proteins 

and mRNAs, and set analysis of vesicular datasets by ortholog identification.  

Recently, Liu and colleagues constructed EVmiRNA – a web-interface 

database of miRNA profiling in Exos and sMVs121. EVmiRNA 

(http://bioinfo.life.hust.edu.Cn/ EV-miRNA) lists miRNA profiles of EVs from 

diverse biological sources, specifically expressed miRNAs in different EVs that 

might be helpful for biomarker identification, and the miRNA annotations 

include miRNA expression in EVs and TCGA cancer types and functional 

information (e.g., signaling pathway regulations etc). 

One unanswered question in EV biology relates to the spatial 

distribution of vesicular molecules – i.e., one’s ability to distinguish between 
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luminal and membrane-associated proteins/RNA species (versus integral and 

non-covalently bound on outer surface of vesicle).  (A corollary to is the vexed 

question of how the many thousands of proteins and RNA species can be 

accommodated/ packaged within an exosome that is 50-150 nm in diameter 

upon known protein/ RNA hydrodynamic volume parameters. As a first step 

towards addressing this question researchers are actively exploring the 

surface topology of EVs. A knowledge of the surface molecules of EVs (i.e., 

the surfaceome) is important due to their functional significance (e.g., 

involvement in targeting/ recognition of recipient cells122 and cellular uptake79, 

immune recognition of EVs by the innate and adaptive immune systems123.  

Important insights into the EV surfaceome have been made recently using 

proteomic techniques such as mild proteolytic shaving of the vesicle 

surface124, combining proteinase treatment and biotin tagging125, proximity 

barcoding assay using antibody-DNA conjugates and next-generation 

sequencing126. Interestingly, the surfaceome studies of Xu and colleagues 124 

identified several RNA binding proteins/ heterogenous ribonucleoproteins 

(RBPs/ hnRNPs) and their bound cognate RNA species exposed on the outer 

surface of colon cancer cell-derived EVs; further studies are required to fully 

explain the biological function of RNA-loaded RBPs/hnRNPs in recipient cells. 

   Because of their ability to transfer bioactive protein and RNA cargos 

and overcome biological barriers (e.g., blood-brain barrier, immune 

surveillance) EVs are increasingly being investigated as potential therapeutic 

agents and liquid biopsy-based cancer detection 127. For reviews of recent 
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advances in therapeutic applications of EVs, and the role of EVs in facilitating 

personalized medicine and pharmacogenomics in oncology115, 116.   
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1.6 Isogenic human CRC model used in this thesis  

Over the past 20 years my laboratory has been addressing the question 

of EV heterogeneity and functionality.  We have reported the isolation, 

purification, characterization and proteomic profiling (and more recently, 

miRNA and transcriptomic profiling) of exosomes secreted from several CRC 

cell lines57-59, 77, 111, 112. To extend these studies to include a comparative 

proteomic and transcriptomic profiling of three EV classes (exosomes, shed 

microvesicles and shed midbody remnants), EVs from SW480 and SW620 cell 

lines were used in this thesis. This model is suitable for study of CRC 

progression because SW480 and SW620 cells were derived from the same 

CRC patient (50-year-old male) presenting at different CRC stages128. SW480 

cells were derived from a Dukes' stage B colon carcinoma (primary tumour) 

six months before SW620 were collected from a Dukes' stage C colon 

carcinoma (lymph-node CRC metastasis)129. SW480 cells display an 

epithelial-like cell shape while SW620 cells appear to look rounded or 

fibroblast-like. SW620 cells exhibited higher proliferation index and 

invasiveness than SW480 cells128. Studies on tumour in mice, show that 

SW620 cells are tumorigenic metastasizing to the liver128. At the molecular 

genetic level, SW480 and SW620 cells are characterized as being 

microsatellite stable (MSS) containing  mutations at KRAS (G12V) and TP53 

(R273H and P309S)  - however, only SW620 cells are CIMP-positive130. 
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Comparative proteomic analysis on SW480 and SW620 cells revealed 

that during CRC progression, proteins related to loss of focal adhesion 

(CacyBP) and actin depolymerization (MARCKS, Villin and ATP5J) were up 

regulated in SW620 compared to SW480 cells131. Furthermore, comparative 

transcriptomic analysis of SW480 and SW620 cells showed a dysregulated 

profile of circadian genes (BMAL1, CRY1, PER3, DBP) with specific 

spliceosome components/ splicing factors (PRCC, RBM8A, TARDBP, SF1) in 

SW620 cells compared to SW480 cells that could affect alternative splicing 

alterations during CRC development132. 

Exos derived from SW480 and SW620 cells have been shown to 

contain cancer progression-protein signatures59, 133, 134. For example, in 

SW620-Exos, MET, S100A8, S100A9, TNC, VLC, MARCKS, LCK, VIM are 

enriched compared to SW480-Exos, while EGFR, CD44, ICAM1, integrins are 

enriched in SW480-Exos compared to SW620-Exos59, 134. Furthermore, the 

surface proteins on Exos derived from SW480 and SW620 cells can be 

changeable under hypoxic condition135. Nakurte et al., identified six proteins 

(LAMP1, ITGA6, COPB1, TGIFI, SLC3A2, ATP1A1) downregulated in Exos 

derived from SW480 cells and SW620 cells in hypoxia compared to non-

hypoxic conditions135.   
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1.7 Thesis aims 

Colorectal cancer is a leading cause of cancer death in the Western 

world2, 136. By the age of 70, at least 50% of people in Western populations 

develop a colorectal tumour, and for about 10% of these individuals, 

progression to malignancy ensues137. Like many cancers, CRC can be viewed 

as the endpoint of a series of genetic and epigenetic alterations in a cell or 

group of cells138-141.  CRC comprises a number of different diseases which 

often result from mutations to genes such as P53142, RAS143 or APC144, but 

which can also contain a variety of other mutations to genes such as MLH1145, 

146 or B-RAF147 that are capable of modulating the phenotype and outcome of 

the tumour148. Several forms of CRC are inherited149, 150 but the majority arises 

spontaneously due to somatic mutations151. Interestingly, an inherited 

mutation which predisposes to one type of CRC - namely, familial 

adenomatous polyposis coli (FAP) - is also associated with more than 80% of 

spontaneous colorectal cancers152. CRC presents in several histological forms 

and the genetic basis of both the initiation and progression of the different 

forms is gradually being uncovered148. For example, it is clear that hereditary 

non-polyposis colon cancer (HNPCC) is driven by mutations to a set of 

mismatch-repair genes153, 154 and that similar mutations occur in spontaneous 

colorectal cancers, which lead to genetic instabilities (e.g., micro-satellite 

instabilities)155. In order to improve outcomes for CRC patients, there is a 

pressing need to identify biomarkers for the early detection (diagnostic 

markers), prognosis (prognostic indicators), tumour responses (predictive 
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markers) and disease recurrence (monitoring markers). It has been estimated 

that 90% of all cancer could be cured if were detected early enough – before 

invasion or metastasis156, 157.  Early detection is the single most important 

factor influencing outcome of CRC patients. If CRC can be identified while still 

localized, it is more amenable to treatment, thereby preventing not only 

mortality, but also morbidity and overall associated health costs158, 159 

Besides cellular genetic instability, it is evident that cancers develop 

within a complex tissue environment (so called tumor microenvironment) 

between cancer cells and stromal cells via intercellular communication  that 

supports cancer growth, dissemination and metastasis39. Intercellular 

communication includes direct cell interaction, release of soluble proteins 

(e.g., growth factors, chemokines) and extracellular vesicles (EVs)160. EVs are 

membrane encapsulated structures released by most cell types that contain 

bioactive cargo such as DNAs, protein-coding RNAs, non-protein-coding 

RNAs, proteins and lipids that have been shown to be potential cancer 

diagnostic candidates in EV-based liquid biopsies79. EVs comprise three major 

classes:  Exos, sMVs (also referred as microparticles, ectosomes), and sMB-

Rs70 that differ in size, biochemical properties, and mechanism of 

biogenesis161.  

My laboratory has been focusing on isolation, purification and 

characterization of EV subtypes derived from colorectal cancer cell lines such 

as LIM1215162, LIM1863111, 163 and SW480/SW62059, 164 and their role in 

colorectal cancer progression165, 166. We have established methods used to 
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isolate and purify Exos, sMVs, and sMB-Rs using a combination of differential 

ultracentrifugation and isopycnic iodixanol density centrifugation77, 16370.  EV 

protein profiles have been identified for many CRC cell line derived Exos, 

however, there is very little information about protein and RNA profiles for 

human CRC cell line derived sMVs and sMB-Rs. 

 

The overarching aim of this thesis is to systematically analyze the 

protein and RNA cargo in EVs (Exos, sMVs, and sMB-Rs) released from the 

isogenic human CRC cell lines SW480 (derived from primary colorectal cancer 

tumor) and SW620 (derived from lymph node-metastatic colorectal cancer 

tumor from the same patient) to achieve understanding of the potential roles 

of different EVs during cancer progression. This information will allow insights 

into the biochemistry and potential functions of Exos, sMVs and sMB-Rs in 

colorectal cancer progression and also provide potential diagnostic markers 

for clinical purposes.    

There are three specific aims in my thesis: 

 

Aim 1: To gain biophysical, biochemical and functional insights of sMVs 

released from the colorectal cell lines SW480 and SW620. 

Specifically, I aim to - 
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i. Isolate sMVs from SW480 and SW620 cells using differential 

centrifugation and density-gradient based separation, 

ii. Characterize purified SW480 and SW620-drived sMVs using 

transmission electron microscopy, nanoparticle tracking analysis 

and Western blot analysis, 

iii. Identify the proteome of SW480 and SW620 sMVs using GeL-LC 

MS/MS using and perform bioinformatics analysis, and 

iv.  Assess the invasion capability of NIH3T3 fibroblasts treated SW480 

and SW620 sMVs using the Transwell Matrigel™ migration-invasion 

assay. 

This aim is addressed in Chapter 2 and incorporates –  

Suwakulsiri, W., Rai, A., Xu, R., Chen, M., Greening, D. and Simpson, R. 

Proteomic profiling reveals key cancer progression modulators in shed 

microvesicles released from isogenic human primary and metastatic colorectal 

cancer cell lines. Biochimica et Biophysica Acta (BBA)-Proteins and Proteomics. 

12, 140171. (2019). PMID: 30502510. 

 

Aim 2: To analyze and compare the protein components of Exos, sMVs (from 

Aim 1) and sMB-Rs released from the isogenic colorectal cell lines SW480 and 

SW620  

Specifically, I aim to - 
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i. Isolate Exos and sMB-Rs from SW480 and SW620 cells using 

differential centrifugation and density-gradient based separation, 

ii. Characterize Exos and sMB-Rs using transmission electron 

microscopy, nanoparticle tracking analysis and Western blot 

analysis,  

iii. Identify the proteome of SW480 and SW620-derived Exos and sMB-

Rs using GeL-LC MS/MS and 

iv. Perform a detailed comparative proteomic analysis of purified Exo, 

sMB-Rs and sMVs (prepared in Aim 1) secreted from SW480 and 

SW620.  

 

Aim 3:  To analyze and compare the RNA components in Exos, sMVs and 

sMB-Rs released from the isogenic colorectal cell lines SW480 and SW620 

Specifically, I aim to - 

i. Extract total RNA from SW480- and SW620-derived cells, Exos, 

sMVs and sMB-Rs purified using the protocols described in Aims 1 

and 2, 

ii. Perform next-generation RNA sequencing analysis of Exos, sMVs 

and sMB-Rs using the Illumina HiSeq 4000 platform, and  

iii. Undertake a detailed bioinformatic analysis of transcriptome of 

SW480- and SW620-derived Exos, sMVs and sMB-Rs. 
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Chapter 2  

Biophysical, biochemical and functional 

insights of sMVs released from the isogenic 

colorectal cell lines SW480 and SW620  
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2.1 Overview 

Extracellular vesicles (EVs) mediate intercellular communication by 

transferring bioactive cargo such as protein, RNA species, lipids, metabolites, 

DNA to recipient cells79 (Chapter 1, Section 1.4). EVs are heterogenous and 

can be categorized into different classes such as exosomes (Exos) and shed 

microvesicles (sMVs, also referred to as microparticles and microvesicles) 

based on size and biogenesis68. While Exos are relatively homogenous with a 

size distribution over the range 30 to 150 nm diameter, sMVs are more 

heterogeneous in size (50 to ~1500 nm diameter)79. Exos are formed by 

inward invagination of late endosomes/multivesicular bodies (~150-200 nm in 

diameter) mediated by ESCRT machinery (Endosomal Sorting Complexes 

Required for Transport) such as ALIX and TSG101. Both ALIX and TSG101 

along with CD9, CD81, and CD63 are widely used for identification and 

characterization of Exos79, 107. sMVs, on the other hand, are formed by outward 

blebbing of the cell membrane79.  To date, there are no internationally 

accepted protein markers for sMVs. 

My laboratory has been focusing on the isolation, purification and 

characterization of EV classes/ subtypes derived from colorectal cancer (CRC) 

cell lines such as LIM1215162, LIM1863111, 163 and SW480/SW62059. 

Previously, we reported a detailed proteomic analysis of Exos derived from the 

isogenic human CRC SW480 and SW620 cells59. This analysis showed 

SW480- and SW620-Exos contain distinct cancer progression-related proteins 
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such as EGFR, CD44, Integrins (ITGA2, ITGA5. ITGA7, ITGB4) in SW480-

Exos, and MET, S100A8, S100A9, JAG1, SRC, TNIK in SW620-Exos59. These 

studies  led to additional studies investigating the role of SW480-/ SW620-

Exos in  reprogramming of the fibroblast proteome165, as well as their role in 

fibroblast invasion166. However, the biochemical characterization and 

functional role of SW480-/ SW620-sMVs is poorly understood.  Hence, in this 

chapter, I aim to understand protein compositions and possible functional roles 

of sMVs derived from SW480 and SW620 cells using a combination of 

differential ultracentrifugation and iodixanol density-based separation 

technique, mass spectrometry, bioinformatics and biological assays.  

For large-scale production of SW480- /SW620-sMVs, SW480 and 

SW620 cells were continuously cultured in CELLine AD-1000 Bioreactor 

classic flasks with RPMI-1640 medium supplemented with 0.6% Insulin-

Transferrin-Selenium (ITS) and 1% P/S at 37°C and 5% CO2 atmosphere. 

sMVs were purified from 180 mL culture media (CM) acquired over 18 days 

(30 mL CM harvested each day, 6 days for each biological replicate). sMVs 

were isolated from culture media by a combination of differential 

ultracentrifugation (500 x g for 5 min, 2,000 x g for 10 min and 10,000 x g for 

30 min, respectively). The 10K pellet was resuspended in 500 µL PBS and 

subjected to isopycnic iodixanol density (100,000 x g for 18 h) to purify sMVs. 

Purified sMVs (at buoyant density 1.10 g/mL) were characterized by Western 

blot analysis, transmission electron microscopy (TEM) and nanoparticle 

tracking analysis (NTA). Proteins from sMVs were separated by short-range 
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SDS-PAGE, the gel bands excised into equal fractions, and subjected to in gel 

proteolytic digestion using trypsin167. Generated tryptic peptides were 

separated using a nanoflow UPLC instrument coupled to an MS-MS 

instrument. The mass spectrometer was operated in data-dependent mode 

where the top 10 most abundant precursor ions were selected for MS/MS 

fragmentation167. Ion target values were set for MS/MS scans. Peptides were 

identified using MaxQuant (v1.6.0.1)168 with Andromeda (v1.5.6) against 

UniProt human sequence database (May-2017). Peptides were searched with 

minimum peptide length 6, and a false discovery rate 1% for protein 

identification. Label-free quantification (LFQ) intensity values were normalized 

by protein length. Fold change and p-value were calculated using edgeR 

software  package169. Differentially expressed proteins were identified using 

the criteria of LFQ fold change ratio <-2 (enriched in SW480), >2 (enriched in 

SW620) with p-value < 0.05. Gene Ontology (GO) enrichment analysis and 

protein-protein interaction was acquired by DAVID Bioinformatics Resources 

(v6.8)170 and STRING (v10.5)171, respectively. 

sMVs exhibited distinct biochemical and biophysical properties when 

compared to Exos. Unlike Exos, Western blot analysis of sMVs (secreted from 

both SW480 and SW620 cells) showed that they are ALIX-, TSG101-, CD9-, 

and CD63-.  TEM revealed sMVs display round-like membranous vesicle 

structures 100-500 nm in size, and NTA showed heterogenous particle mean 

diameters of 350±28.4 nm for SW480-sMVs and 337.1±9.3 nm for SW620-

sMVs. Label-free quantitative mass spectrometry identified 1295 and 1300 
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proteins in SW480- and SW620-sMVs, respectively. Inspection of these data 

revealed that 834 proteins (≥-2 and ≤2 LFQ ratio) are common to both SW480- 

and SW620-sMVs. GO analysis revealed that these 834 common proteins are 

related to the following processes – ‘cell adhesion/adhesion molecules’ 

(PKP2/3, CLDND1, OCLN, CTN families), ‘signal transduction’ (KRAS, NRAS, 

RHOA, MAPK1/2K1), ‘RNA binding proteins’ (e.g., ribonuclear proteins 

HNRNPK/Q/E2, YBX-1), ‘translation-associated proteins’ (ribosomal proteins, 

translation initiation factors, aminoacyl tRNA ligases), and ‘transport vesicle’ 

(VPS29/35, SNAP23). Label-free quantitative mass spectrometry also 

identified 307 significantly enriched proteins in SW480-sMVs (<-2 LFQ ratio, p 

<0.05), and 291 significantly enriched proteins in SW620-sMVs. Prominent 

amongst the 307 proteins enriched in SW480-sMVs are regulatory 

components associated with signal transduction/basement membrane (e.g., 

integrins ANXA1, CLDN7)172-177, cell proliferation (EGFR178), pro-tumorigenic 

signaling (CD44179), angiogenesis, vascular remodeling (e.g., NOTCH1/2180) 

as well as EGFR/NOTCH signaling networks from STRING analysis171. In the 

case of the 291 proteins significantly enriched in SW620-sMVs most prominent 

were mediators of cell invasion (e.g., FGFR4181, 182), metastasis (e.g., 

MACC1183), cytoskeleton organisation/polarity (e.g., mTORC2, PRKCA184, 185), 

signal transduction (e.g., PAK1, CLDN1, RASA1, ARHGAP1186-188) as well as 

PRKCA, MACC1, FGFR4 and MTOR/MARCKS signaling networks by 

STRING analysis171. Western blot analysis confirmed the high enrichment of 

CLDN7, EGFR, CD44, ANAX1 in SW480-sMVs and CLDN1, PAK1 in SW620-
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sMVs. A major finding of this  chapter was  that both SW480-/ SW620-sMVs 

contain pre-metastatic niche factors (ADAM10 and MIF189), cancer biomarkers 

(CEACAM1190, 191 and ERZ192, 193.  Like SW480-/ SW620-Exos, I found that 

sMV-treated fibroblasts also display cell invasive capability in the Transwell 

MatrigelTM invasion assay. 

In summary, sMVs released by SW480 and SW620 cells are 

biophysically and molecularly distinct from exosomes.  Common proteins 

identified in both SW480- and SW620-sMVs include proteins involved in cell 

adhesion, signal transduction, protein translation and ribonucleoproteins. A 

striking finding is that SW480- and SW620-sMVs contain distinct cancer 

progression proteins (EGFR, CD44, CLDN7 in SW480-sMVs and CLDN1, 

MACC1, MET in SW620-sMVs). Interestingly, sMVs derived from SW480 and 

SW620 cells induced fibroblast invasion, indicating a functional role of sMVs 

in intercellular communication. Collectively, this study provides, for the first 

time, molecular insights into sMVs and their possible role in CRC biology. 

2.2 Future perspectives 

A remaining question concerning EV subtypes (classes) relates to the 

quest of protein markers that would enable distinction of one EV subtype from 

another. Previously, ARF1/6 have been shown to be associated with 

microvesicle biogenesis/shedding194, 195 and in this chapter I detected ARF1/6 

in both SW480-/SW620-sMVs using MS/MS analysis. Unfortunately, time and 
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lack of a suitable reagent did not permit orthogonal confirmation of ARF1/6 as 

a stereotypic protein marker for sMVs using Western blot analysis.    To 

investigate whether SW480- and SW620-sMVs exhibit different tumorigenic 

potential, I would like to perform a tumour xenograft experiment by 

subcutaneously injecting SW480- and SW620-sMVs into nude mice and 

monitor tumour growth196. In addition, loss function assay by small interfering 

RNA (siRNA)197 on cancer-progression protein candidates (EGFR, FGFR4, 

MACC1) could be performed to understand biological roles of sMVs derived 

from cancer cell lines (time constraints and lack of resources did not permit 

me to conduct such studies during my PhD).  

This chapter has been published in Biochimica et Biophysica Acta - 

Proteins and Proteomics, Volume 1867, Issue 12, 2019, 140171. Proteomic 

profiling reveals key cancer progression modulators in shed microvesicles 

released from isogenic human primary and metastatic colorectal cancer cell 

lines by Wittaya Suwakulsiri, Alin Rai, Rong Xu, Maoshan Chen, David W. 
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Chapter 3 

Comparative proteomic analysis of Exos, sMVs 

and sMB-Rs released from the isogenic 

colorectal cell lines SW480 and SW620  
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3.1 Introduction 

EVs are evolutionary-conserved, membrane-encapsulated structures 

containing bioactive cargos such as oncogenic proteins, lipids, metabolites, 

RNA species (e.g., mRNA, miRNA, lncRNA), and DNA fragments shown to be 

potential cancer diagnostic candidates in EV-based liquid biopsies 79. There 

are three major EV classes based on particle size, biochemical and biophysical 

properties, and mechanism of biogenesis - exosomes (Exos), shed 

microvesicles (sMVs), and shed midbody remnants (sMB-Rs). Accumulating 

evidence indicates the presence of subtypes within the Exos and sMV classes 

of EVs 79, 161. 

My laboratory has been focusing on the isolation, purification and 

characterization of EV classes/ subtypes derived from colorectal cancer (CRC) 

cell lines such as LIM1215162, LIM1863111, 163 and SW480/SW62059, 164 and 

their functional role in colorectal cancer progression165, 166. We have 

established methods for the large-scale purification of Exos, sMVs, and sMB-

Rs from cell culture media using a combination of differential 

ultracentrifugation and isopycnic iodixanol density centrifugation70, 77, 163.  

While EV protein profiles have been determined for many CRC cell line-

derived Exos59, 133, 134, 162 ,sMVs164 see Chapter 2), and sMB-Rs70, 96, 198, a 

comparative proteome profiling study of Exos, sMVs and sMB-Rs secreted 

from the same cell line has not been undertaken.  In this chapter, I compare 

the protein profiles of Exos, sMVs and sMB-Rs released from the isogenic 
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human CRC cells SW480 and SW620 and perform a detailed bioinformatic 

analysis in order to gain functional insights. In my next chapter (Chapter 4), I 

extend these studies to compare the RNA profiles from the same EV 

preparations.  
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3.2 Methods 

3.2.1 Cell culture and large-scale purification of Exos, sMVs and      

sMB-Rs 

SW480 and SW620 cells were cultured in a CELLine™ AD-1000 

bioreactor device as described in Chapter 2, Sections 2.2 and 2.5. SW480 

and SW620 culture media were sequentially centrifuged at 500 x g for 5 min 

(to remove floating cells), 2,000 x g for 10 min (to remove apoptotic body 

debris) and 10,000 x g for 30 min at 4 °C. The 10K pellet was subjected to 

buoyant density (isopycnic iodixanol (OptiPrep™) gradient centrifugation to 

separate sMVs (low buoyant density, fraction #7, 1.10 g/mL) from sMB-Rs 

(high buoyant density, fraction #9, 1.15 g/mL) by centrifugation at 100,000 x g 

for 18 h at 4°C. sMVs and sMB-Rs were recovered from fractions #7 and #9, 

respectively, by centrifugation at 100,000 x g for 18 h at 4°C, and the pellets 

resuspended in PBS (500 µL) and then re-centrifuged at 10,000 x g (30 min, 

4°C). The pellets were resuspended in PBS (150 µL) for proteome analysis. 

The 10K supernatant was centrifuged at 100,000 x g (1 h, 4°C) to harvest 

crude Exos. The crude Exos pellet was re-suspended in 500 µL PBS and 

subjected to OptiPrep™ buoyant density gradient centrifugation as described 

above and purified Exos harvested (fraction #7 at a buoyant density of 1.10 

g/mL) for proteome analysis.   
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3.2.2 Protein quantification and Western blotting 

Protein quantification of EV samples, and Western blot analyses were 

determined as described in Chapter 2 (Section 2.6). For Western blot analysis 

membranes were probed with primary antibodies (anti-mouse ALIX, 1:1,000, 

Cell Signaling), (anti-mouse TSG101, 1:1,000, BD Bioscience), (anti-rabbit 

GAPDH, 1:3,000, Cell Signaling), (anti-mouse KIF23, 1:1,000, Santa Cruz 

Biotechnology), (anti-mouse RACGAP1, 1:1,000, Santa Cruz Biotechnology) 

according to manufacturer's instructions. The secondary antibodies 

(IRDye800 goat anti-mouse IgG or IRDye700 goat anti-rabbit IgG) were diluted 

(1:15,000) and the fluorescent signals were detected using the Odyssey 

Infrared Imaging System, v3.0 (Li-COR Biosciences, Nebraska USA). 

3.2.3 Transmission electron microscopy (TEM) 

TEM images of EVs (1 µg in 10 μL PBS) were obtained as described in 

Chapter 2 (Section 2.7). 

3.2.4 Nanoparticle tracking analysis (NTA) 

EV particle diameters were obtained by nanoparticle analysis (NTA) as 

described in Chapter 2 (Section 2.8). 
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3.2.5 Label-free mass spectrometry and protein identification 

GeLC-S/MS analysis was performed on EV samples (15 µg) as 

described in Chapter 2 (Sections 2.9 and 2.10). 

3.2.6 Differential protein enrichment analysis 

LFQ intensities of peptide ions identified in Exos, sMV and sMB-R 

preparations were statistically analysed using the edgeR software package169. 

Briefly, LFQ intensities of each protein were normalized based on ‘effective 

library size’169 for each sample using a trimmed mean of M-values (TMM)199. 

Pvalues were calculated using Benjamini-Hochberg method200 and normalized 

LFQ intensities were presented as log2.  

For EV class comparisons 3 specific comparisons were undertaken: -i) 

SW480-/SW620-Exos vs SW480-/ SW620-sMVs, -ii) SW480-/ SW620-Exos 

vs SW480-/ SW620-sMB-Rs, and -iii) SW480-/ SW620-sMVs vs SW480-

/SW620-sMB-Rs.  

For CRC cancer progression-related protein identifications, SW480-

combined EVs were compared with SW620-combined EVs.  

Highly-enriched proteins in each comparison were identified using the 

criteria - log2fold change < -1 or > 1 with pvalue < 0.05.  
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3.2.7 Gene ontology and KEGG pathway analyses 

Gene ontology (cellular compartment, specific level 10) and KEGG 

pathways (organism: hsa, pvalue cutoff: 0.05) were analyzed based on highly-

enriched proteins from the statistical analysis comparison (see Section 3.2.6) 

using clusterProfiler201 (v.3.11, 

https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html) in R  

3.2.8 Data visualization  

Principle component analysis, dot, box, ridge and volcano plots were 

visualized using ggplot (v.3.3.2, https://ggplot2.tidyverse.org/) in R. Heatmaps 

were visualized using pheatmap (v.1.0.12, 

https://www.rdocumentation.org/packages/pheatmap/versions/1.0.12) in R. 

Venn diagram was generated using a web-based tool 

(http://www.interactivenn.net/)202. KEGG pathway analysis was visualized 

using pathview (v.3.1.2, 

http://bioconductor.org/packages/release/bioc/html/pathview.html)203 in R  

 

  

https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html
https://ggplot2.tidyverse.org/
https://www.rdocumentation.org/packages/pheatmap/versions/1.0.12
http://www.interactivenn.net/
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3.3 Results 

3.3.1 Purification and characterization of Exos, sMVs and sMB-Rs from 

SW480 and SW620 cell culture media 

Large quantities of Exos, sMVs and sMB-Rs were isolated from SW480 

and SW620 cells grown in continuous culture using the CELLine™ AD-1000 

bioreactor device.  The three EV types were purified from 180 mL CM acquired 

over 18 days (30 mL harvested each day, 6 days for each biological replicate) 

using a combination of differential centrifugation and isopycnic density 

(iodixanol) fractionation - see Fig. 3.1A for purification pipeline. Using this 

approach crude sMVs and sMB-Rs were isolated from the 10K pellet and 

crude Exos from the 100K-10K pellet.  sMVs were separated from sMB-Rs by 

buoyant density (isopycnic iodixanol) gradient centrifugation (Fig. 3.1B, C). 

SDS-PAGE analysis of buoyant density fractions (SYPRO™ Ruby protein gel 

stain) showed sMVs distribute in fractions #6 and #7 (buoyant density ~1.10 

g/mL) and sMB-Rs in fraction #9 (buoyant density ~1.15 g/mL) as evidenced 

by Western blot analysis using stereospecific marker antibodies for the 

centraspindlin complex of KIF23/ MKLP1 and RACGAP1, a key component of 

midbodies99.   

SW480- and SW620-Exos were purified from the 100K-10K pellet by buoyant 

density (isopycnic iodixanol) gradient centrifugation (fractions #6 and #7, 

buoyant density 1.08-1.10 g/mL) (Fig. 3.1D, E).   
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The yields of SW480-/ SW620-derived Exos, sMVs, and sMB-Rs 

(based on protein quantification, n=3 biological replicates) from 180 mL CM 

were 868-987 µg, 749-827 µg, and 463-660 µg, respectively. 

Transmission electron microscopic analysis was used to investigate the 

morphology and size range of Exos, sMVs, and sMB-Rs (Fig. 3.1F. TEM 

revealed sMVs and sMB-Rs are more ellipsoid in shape and heterogenous in 

size (100-500 nm diameter) compared to Exos, which displayed round-like 

structures and a smaller size distribution range (50-200 nm diameter).  

Nanoparticle tracking analysis (Fig. 3.1G) showed mean particle diameters of 

186.2±3.4 nm /183.1±2.4 nm, 350±28.4 nm /337.1±9.3 nm and 404.9±13.6 nm 

/401.2±1.7 nm for SW480/SW620-Exos, sMVs, and sMB-Rs, respectively 

(biological replicates, n=3). 

Western blot analysis revealed Exos are ALIX+/ TSG101+/ CD63+/ 

CD9+/ CD81+, sMVs are CD9- / CD81-, and sMB-Rs are KIF23+/ RACGAP1+ 

(Fig. 3.1 H).  
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Figure 3.1 Isolation and characterization of SW480 and SW620 cell-

derived exosomes (Exos), shed microvesicles (sMVs), and shed 

midbody remnants (sMB-Rs).  (A) Experimental workflow used for isolation 

of Exos, sMVs and sMB-Rs from culture media of SW480 and SW620 cells 

using differential centrifugation in combination with OptiPrep™ density 

gradient centrifugation. (B, C) Western blot analysis of purified SW480-/ 

SW620-sMVs (fraction #7), -sMB-Rs (fraction #9), crude 10K pellet, crude 

Exos (100K pellet) using anti-KIF23, anti-RACGAP1 and anti-GAPDH 

antibodies, protein quantification of OptiPrep™ fractions was performed using 

SDS-PAGE and SYPRO™ quantitative protein staining, n=3. (D, E) Western 

blot analysis of purified SW480-/ SW620-Exos (fraction #7) using anti-ALIX, 

anti-TSG101 and anti-GAPDH antibodies, protein quantification of OptiPrep™ 

fractions was performed using SDS-PAGE and SYPRO™ quantitative protein 

staining, n=3. (F) Transmission electron microscopic analysis of SW480-/ 

SW620-Exos, -sMVs and -sMB-Rs. (G) Nanoparticle tracking analysis (NTA) 

of SW480-/ SW620-Exos, -sMVs, and -sMB-Rs (mean ± SEM, n=3).  (H) 

Western blot analysis of purified SW480-/ SW620-Exos, -sMVs, and sMB-Rs 

using anti-ALIX, anti-TSG101, anti-CD9, anti-CD63, anti-CD81, anti-KIF23, 

anti-RACGAP1 and anti-GAPDH antibodies (Protein load: 20 µg protein per 

lane, n=3). 
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3.3.2 Exos, sMVs and sMB-Rs secreted by SW480/ SW620 cells are 

molecularly distinct  

Using the label-free MS approach described in Chapter 2 (Sections 2.9 

and 2.10), I compared the protein profiles of Exos, sMVs and sMB-Rs. Overall, 

1544, 1527, 1544, 1510, 1562, and 1760 proteins were identified from SW480-

Exos, SW620-Exos, SW480-sMVs, SW620-sMVs, SW480-sMB-Rs and 

SW620-sMB-Rs, respectively (see Venn diagrams, Fig. 3.2A and B). A list of 

top 50 protein identifications is given in Appendix Table 3.1.  In the case of 

the three vesicle classes derived from SW480 cells, 101, 76, and 269 proteins 

were found to be uniquely present (based on presence/ absence of peptide 

ion intensity) in Exos, sMVs and sMB-Rs, respectively, and 1162 proteins were 

found to be common to all three EV classes (Fig. 3A).  For the three classes 

of EVs secreted from SW620 cells, 186, 55, and 340 proteins are unique to 

Exos, sMVs, and sMB-Rs, respectively, with 1224 proteins common to the 

three EV classes (Fig. 3B). Principal component analysis (PCA) of these 

datasets shows that -i) the proteomes of sMB-Rs, Exos and sMVs are 

dissimilar, regardless of parental cell type, - ii) the proteomes of SW480-/ 

SW620-sMB-Rs are very dissimilar, -iii) the proteomes of SW480-Exos/ 

SW480-sMVs are similar, and -iv) the proteomes of SW620-Exos and SW620-

sMVs are similar (Fig. 3.2C).  These differences in proteomes are further 

highlighted in the proteome clustering plot in Fig. 3.3D which shows that the 

cluster patterns for SW480-/SW620-sMB-Rs proteomes are similar, but 
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different to SW480-/SW620-Exos and -sMVs cluster patterns that are more 

alike (see Appendix Fig. 3.1, heatmap of total proteome of Exos, sMVs and 

sMB-Rs).   

A list of uniquely-identified proteins found in Exos, sMVs, and sMB-Rs 

secreted from SW480 and SW620 cells is given in Appendix Tables 3.2, 3.3 

and 3.4, respectively.  

Collectively, these data indicate selective trafficking of many SW480- 

and SW620-cellular proteins to their respective Exos, sMVs and sMB-Rs. 

  



75 
 

Figure 3.2 Proteomic profiling of purified Exos, sMVs and sMB-Rs 

derived from SW480 and SW620 cells.  (A) A three-way Venn diagram of 

proteins identified in SW480-Exos, -sMVs and -sMB-Rs reveals 1162 proteins 

were commonly identified, while 101, 76, and 269 proteins were uniquely 

identified in SW480-Exos, sMVs, and sMB-Rs, respectively. (B) A three-way 

Venn diagram of proteins identified in SW620-Exos, -sMVs reveals 186, 55, 

and 340 proteins were uniquely-identified in SW620-Exos, sMVs and sMB-Rs, 

respectively. (C) Principal component analysis (PCA) and (D) clustering 

analysis of total proteomes of Exos, sMVs and sMB-Rs derived from SW480 

and SW620 cells.  
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3.3.3 Interrogation of highly-enriched proteins in SW480-/SW620-

derived Exos, sMVs and sMB-Rs  

To gain insights into similarities and differences between EV classes, I 

performed a deep interrogation of the protein profiles for SW480-/ SW620-

derived Exos, sMVs, and sMB-Rs.  For this comparative analysis I performed 

a differential protein enrichment analysis of the following datasets: - i) 

combined SW480-/ SW620-Exos versus combined SW480-/ SW620-sMVs, - 

ii) combined SW480-/ SW620-Exos versus combined SW480-/ SW620-sMB-

Rs, and - iii) combined SW480-/ SW620-sMVs versus combined SW480-/ 

SW620-sMB-Rs. Highly-enriched proteins in each comparison were identified 

using the criteria: log2fold change < -1.0 or > 1.0 with a pvalue < 0.05 (see 

Section 3.2.6).  A list of highly-enriched protein identifications in Exos, sMVs 

and sMB-Rs is provided in Appendix Tables 3.5, 3.6 and 3.7, respectively. 

First, I determined the number of protein identifications highly-enriched 

in SW480-/SW620-Exos (data combined) when compared to corresponding 

SW480-/SW620-derived sMVs and the number of proteins enriched in 

SW480-/SW620-derived Exos compared to sMB-Rs. The criteria I applied for 

proteins that preferentially traffic into one or another EV class was based on 

those proteins not being evident, or of very low abundance, in one EV class, 

but not the other two EV classes. In Fig. 3.3A, it can be seen that there are 95 

proteins highly-enriched in Exos when compared to sMVs, and 409 proteins 

highly-enriched in Exos when Exos are compared to sMB-Rs. When these two 

datasets are compared (see Venn diagram) it can be seen that 80 proteins 
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selectively traffic to Exos. A list of the 80 selectively enriched Exos protein 

identifications is given in Appendix Table 3.5.  Next, I determined the number 

of proteins highly-enriched in sMVs compared to Exos (108 proteins) and sMB-

Rs (319 proteins) and then compared the two data sets (Venn diagram, Fig. 

3.3B). This analysis showed that 14 proteins selectively traffic to sMVs. A list 

of the 14 proteins selectively enriched in sMVs compared to Exos and sMB-

Rs is given in Appendix Table 3.6.  In a third comparative analysis, 604 

proteins were found to be highly-enriched in sMB-Rs when sMB-Rs were 

compared to Exos, and 533 when sMB-R proteins were compared to sMVs 

(Fig. 3.3C); of these, 492 proteins were found to selectively traffic to sMB-Rs 

(a list of selectively-enriched proteins in sMB-Rs is given in Appendix Table 

3.7).    

Selectively-enriched proteins found in Exos (80), sMVs (14) and sMB-

Rs (492) were subjected to GO and KEGG pathway analysis to gain insights 

into their possible biological roles. 

3.3.3.1  Proteins that selectively traffic to Exos 

GO terms such as vacuolar membrane and nuclear envelope were 

identified in all EV subtypes (Fig. 3.3D, red stars). GO terms related to 

endoplasmic reticulum membrane, endosome membrane, coated vesicle 

membrane, nuclear membrane and secretory granules were co-identified in 

Exos and sMB-Rs (Fig. 3.3D, yellow stars). Exos showed enriched GO terms 

such as ‘endocytic membrane’, ‘transport vesicle membrane’ and ‘synaptic 
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vesicles’ (Fig. 3.3D) and proteins related to exosome biogenesis and 

trafficking – for example, CD63, CD81, CD82, CHMP4B, VAMP3, VPS25, 

CD9, SDCBP, ARRDC1, TSG101, CHMP1A, VPS28, VPS37B, VAMP5, 

TSPAN1, TSPAN6, TSPAN14 (Fig. 3.3E, for a list of proteins selectively 

enriched in Exos, sMVs, and sMB-Rs, see Table 3.1). 

KEGG pathway analysis of proteins highly-enriched in Exos compared 

to sMVs (95 proteins) and Exos compared to sMB-Rs (409 proteins) (Fig. 

3.3A) showed mutual KEGG pathways such as category-i) ‘Endocytosis’ 

(hsa04144), category-ii) ‘SNARE interactions in vesicular transport’ 

(hsa04130) and, KEGG category-iii) ‘Cell adhesion molecules’ (hsa04514) 

enriched in Exos compared to both sMVs and sMB-Rs (Appendix Fig. 3.2A-

F and Appendix Table A3.8).  

KEGG category-i) ‘Endocytosis’ (hsa04144) showed enriched 

ESCRT proteins in Exos (compared to sMVs and sMB-Rs) (VPS37, CHMP1, 

CHMP2, CHMP3, CHMP4, CHMP5, and Clathrin-dependent/-independent 

endocytosis (PLD, MHCI, E3 ligase, and PLD, MHCI, E3 ligase, SRC) 

(Appendix Fig. 3.2A, B).  

KEGG category-ii) ‘SNARE interactions in vesicular transport’ 

(hsa04130) displayed enriched VAMP3, VAMP5, VAMP8 and STX7 proteins 

(Appendix Fig. 3.2C, D).  

KEGG category-iii) ‘Cell adhesion molecules’ (hsa04514) showed 

highly-enriched proteins such as MHCI, PVRL1, PVRL2, CD99 in Exos 
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compared to sMVs and MHCI, PVR, PVRL1, PVRL2, CD99, OCLN, L1CAM in 

Exos compared to sMB-Rs (Appendix Fig. 3.2E, F).  

3.3.3.2  Proteins that selectively traffic to sMVs 

GO terms such as vacuolar membrane and nuclear envelope were 

identified sMVs (Fig. 3.3D, red stars). Several proteins such as DOCK1, 

DTYMK, FGFR4, FHL1 (Fig. 3.3E), SLC29A2, IMPA1, MRI1 (Table 3.1) were 

enriched in sMVs. However, KEGG pathway analysis on 108 and 319 proteins 

enriched in sMVs compared to Exos and sMB-Rs, respectively did not show 

mutual KEGG pathways. 

3.3.3.3 Proteins that selectively traffic to sMB-Rs 

Highly-enriched proteins identified in SW480-/SW620- sMB-Rs 

exhibited enriched GO terms such as ‘Golgi-associated vesicle membrane’, 

‘Intrinsic component of endoplasmic reticulum membrane’ (Fig. 3.3D). These 

identified proteins include AP2A1, CANX, MGST1, PDIA6 (Fig. 3.3E), HSPA5 

and ERP44 (Table 3.1) mitochondrial membrane, inner mitochondrial 

membrane protein complex such as SLC25A11, SLC25A13 (Fig. 3.3E), 

TOMM22, VDAC1, VDAC2 (Table 3.1) and spliceosomal complex, 

ribonucleoproteins such as SNRNP40, U2AF2, HNRNPAB, HNRNPH3, 

HNRNPL (Fig. 3.3E), SF3B1, SF3B2, SF3B3, U2AF2, U2AF1L5, HNRNPA1, 

HNRNPK, HNRNPD and HNRNPU (Table 3.1). Interestingly, midbody related 

proteins (AURKB, CEP55, KIF23, PLK1, RACGAP1), histones such as 

HIST1H4A), HIST1H1C, HIST2H3PS2, HIST2H3A, HIST1H2AC (Fig. 3.3E, 
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Table 3.1) are preeminent. RNA granule proteins such as IGF2BP1, IGF2BP2, 

FUS and TARDBP (Table 3.1) and several translation initiation factors (EIF 

families) (Appendix Fig. 3.3) were also highly-enriched in sMB-Rs. 

KEGG pathway analysis on 604 and 533 highly-enriched proteins in 

sMB-Rs (Fig. 3.3C) compared to Exos and sMVs, respectively, showed mutual 

KEGG pathways such as category-iv) ‘RNA transport’ (hsa03013), category-

v) ‘Spliceosome’ (hsa03040), category-vi) ‘Protein processing in endoplasmic 

reticulum’ (hsa04141), and KEGG category-vii) ‘Citrate cycle’ (TCA cycle) 

(hsa00020) compared with both Exos and sMVs (Appendix Fig. 3.2 and 

Appendix Table A3.8).  

KEGG category-iv) ‘RNA transport’ (hsa03013) revealed highly-

enriched proteins in sMB-Rs such as RAE1, SEC13, UBC9, RANGAP (nuclear 

pore complex), EIF2, EIF2B, EIF3, EIF5 (translation initiation factor), Y14, 

MAGOH, EIF4A3, PININ, RNPS1 (exon-junction complex) and FUS, TDP43 

(Pre-mRNA processing complex) enriched in sMB-Rs (Appendix Fig 3.2G, 

H).  

KEGG category-v) ‘Spliceosome’ (hsa03040) showed enriched 

spliceosome components in sMB-Rs such as SM, U1-70K, U1A, FUS (U1 

complex), U2A, SF3B, U2AF, PRP43 (U2 complex), SMU13, SAD1 (U4/U6 

complex), SNULL4, PRP8BP (U5 complex) and HNRNP families, SR 

(common components) (Appendix Fig. 3.2I, J).  
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KEGG category-vi) ‘Protein processing in endoplasmic reticulum’ 

(hsa04141) demonstrated enriched proteins in sMB-Rs such as OST, 

CLIMP63, GLCI, GLCII, UGGT, HSP40, PERK, WFS1, SAR1, SEC13/31, 

NEF, TRAP and BAP31 (Appendix Fig. 3.2K, L).  

KEGG category-vii) ‘TCA cycle’ (hsa00020) revealed highly-enriched 

proteins and mitochondrial enzymes such as PCK1 (4.1.1.32), PDC1 (1.2.4.1), 

LPD1 (1.8.1.4), IDH1 (1.1.1.42), FUM1 (4.2.1.2), DLST (2.3.1.61), and OGDH 

(1.2.4.2) (Appendix Fig. 3.2M, N). 
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Figure 3.3. Comparative proteomic analysis of Exos, sMVs and sMB-Rs 

derived from SW480 and SW620 cells. For these analyses EV datasets from 

SW480/SW620 were combined. (A) A two-way Venn diagram of selectively-

enriched proteins (log2 fold change >1 or <-1 and pvalue < 0.05) in Exos 

compared to sMVs and sMB-Rs reveals 80 proteins selectively enriched in 

Exos. (B) Two-way Venn diagram of selectively-enriched proteins in sMVs 

compared to Exos and sMB-Rs reveals 14 proteins selectively-enriched in 

sMVs.  (C) Two-way Venn diagram of selectively-enriched proteins in sMB-Rs 

compared to Exos and sMVs reveals 492 proteins selectively-enriched in sMB-

Rs. (D) Identification of enriched gene ontology (GO) term (ranked by protein 

counts) in Exos, sMVs and sMB-Rs based on selectively-enriched proteins in 

Exos (80 proteins), sMVs (14 proteins) and sMB-Rs (492 proteins). Red stars 

indicate commonly-identified GO terms in Exos/sMVs/ and sMB-Rs. Yellow 

stars indicate commonly-identified GO terms in 2 EV classes. (E) Heat map 

illustration of selectively-enriched proteins in SW480-/SW620-derived Exos, 

sMVs and sMB-Rs (scale shown is average normalized LFQ subtracted by 

mean and divided by standard deviation). 
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Table 3.1 Selectively-enriched proteins in Exos, sMVs and sMB-Rs secreted from SW480 and SW620 cells 

EV 
class 

Category 
Gene 
name 

Protein description 
Protein 

Accession 
(UniProt) 

Normalized LFQ intensitya 

SW480-
Exos 

SW480-
sMVs 

SW480-
sMB-Rs 

SW620-
Exos 

SW620-
sMVs 

SW620-
sMB-Rs 

Exos 

Exosomal biogenesis 

CD9 Tetraspanin A6NNI4 
25,519,07

8 
15,249,89

5 
4,228,553 8,346,331 3,882,327 2,630,692 

SDCBP Syntenin-1 O00560 5,704,720 2,535,526 267,311 3,124,564 64,040 74,096 

SDCBP2* Syntenin-2 Q9H190 29,811 - - 137,412 - - 

CD81 Tetraspanin E9PJK1 2,906,182 2,072,424 721,091 2,243,535 968,283 493,968 

CD63 CD63 antigen F8VV56 962,989 376,641 - 525,147 36,030 34,869 

ARRDC1 Arrestin domain-containing protein 1 Q8N5I2 646,143 360,359 9,284 178,366 47,319 26,081 

CD82 CD82 antigen P27701 476,529 279,614 - 120,106 35,493 8,852 

CHMP4B Charged multivesicular body protein 4b Q9H444 135,214 115,238 19,315 127,888 30,932 38,442 

TSG101 Tumor susceptibility gene 101 protein Q99816 132,686 113,310 50,004 256,676 100,816 72,311 

CHMP1A Charged multivesicular body protein 1a F8VUA2 32,297 12,682 4,571 39,378 - - 

Vesicle-associated 
proteins 

VPS28 
Vacuolar protein sorting-associated protein 28 

homolog 
Q9UK41 250,149 108,190 36,386 336,014 71,659 77,160 

VPS37B Vacuolar protein sorting-associated protein 37B Q9H9H4 96,613 36,452 - 106,115 16,535 - 

VPS25 Vacuolar protein-sorting-associated protein 25 Q9BRG1 63,915 29,509 - 99,477 39,172 39,607 

VAMP3 Vesicle-associated membrane protein 3 Q15836 61,516 36,033 - 28,717 - - 

VAMP5 Vesicle-associated membrane protein 5 O95183 55,443 26,760 - 45,797 - - 

Membrane associated 
proteins 

TSPAN1 Tetraspanin-1 O60635 128,571 73,976 - 28,886 - - 

TSPAN14 Tetraspanin-14 Q8NG11 67,265 19,594 - 79,319 - - 

TSPAN6 Tetraspanin-6 O43657 32,107 14,280 - 20,362 - - 

CD99* CD99 antigen P14209 3,780 - - 16,497 - - 

NECTIN1* 
Nectin cell adhesion molecule 1 (CD antigen 

CD111) 
Q15223 2,277 - - 7,040 - - 

sMVs 

Membrane associated 
proteins 

SLC29A2 Equilibrative nucleoside transporter 2 Q14542 12,057 19,309 - - 4,976 - 

FGFR4 Fibroblast growth factor receptor 4 P22455 - 2,420 - 6,308 10,476 - 

Enzyme DTYMK* Thymidylate kinase P23919 - 18,102 - - 15,154 - 
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IMPA1 Inositol monophosphatase 1 P29218 - 9,695 - 13,144 47,096 25,899 

MRI1 Methylthioribose-1-phosphate isomerase Q9BV20 - 7,804 - - 34,210 8,556 

sMB-
Rs 

Histone 

HIST1H1
C 

Histone H1.2 P16403 146,951 103,434 17,457,590 - - 599,781 

HIST2H3P
S2 

Histone H3 Q5TEC6 172,367 99,191 7,126,765 30,482 19,164 741,236 

HIST1H2A
C 

Histone H2A type 1-C Q93077 - 138,759 2,051,667 - - 306,244 

HIST2H3A
* 

Histone H3.2 Q71DI3 - - 1,149,510 - - 58,295 

RNA granule protein 

IGF2BP1 
Insulin-like growth factor 2 mRNA-binding 

protein 1 
Q9NZI8 - 7,184 50,988 - 9,292 82,346 

FUS RNA-binding protein FUS P35637 - 4,148 17,101 - 6,866 63,974 

TARDBP TAR DNA-binding protein 43 Q13148 - - 7,698 - 8,158 43,250 

IGF2BP2* 
Insulin-like growth factor 2 mRNA-binding 

protein 2 
F8W930 - - 6,518 - - 10,777 

Ribonucleoprotein/splice
osome 

HNRNPA1 Heterogeneous nuclear ribonucleoprotein A1 F8W6I7 189,305 280,594 667,383 204,208 577,883 1,543,355 

HNRNPK Heterogeneous nuclear ribonucleoprotein K P61978 102,706 143,624 623,067 63,661 164,451 702,952 

SRSF7* Serine/arginine-rich-splicing factor 7 
A0A0B4J

1Z1 
- - 329,624 - - 368,416 

HNRNPD Heterogeneous nuclear ribonucleoprotein D0 Q14103 26,432 48,492 211,402 38,889 103,100 283,403 

SRSF1 Serine/arginine-rich-splicing factor 1 J3KTL2 22,406 5,156 176,279 17,424 21,063 394,435 

HNRNPU Heterogeneous nuclear ribonucleoprotein U Q00839 6,567 6,574 162,877 - 3,206 89,323 

U2AF1L5 Splicing factor U2AF 35 kDa subunit-like protein P0DN76 11,168 - 89,469 - - 60,371 

U2AF2 Splicing factor U2AF 65 kDa subunit K7ENG2 - 16,353 54,726 4,994 - 28,231 

LARP1* La ribonucleoprotein domain family member 1 Q6PKG0 - - 5,240 - - 3,272 

SFPQ Splicing factor, proline- and glutamine-rich P23246 - 698 44,513 - - 39,108 

SRSF7* Serine/arginine-rich-splicing factor 7 
A0A0B4J

1Z1 
- - 299,849 - - 245,611 

SF3B1 Splicing factor 3B subunit 1 O75533 3,472 7,735 33,276 5,462 - 52,498 

SRSF10* Serine/arginine-rich-splicing factor 10 Q5JRI1 - - 20,123 - - 47,477 

SF3B3 Splicing factor 3B subunit 3 Q15393 870 1,516 18,003 1,698 10,518 90,269 

SF3B2* Splicing factor 3B subunit 2 E9PPJ0 - - 6,861 - - 2,550 

Organelle-associated 
protein 

HSPA5 
Endoplasmic reticulum luminal Ca(2+)-binding 

protein grp78 
P11021 17,406 190,663 1,089,414 32,950 305,576 1,269,215 

CYB5B Cytochrome b5 type B J3KNF8 341,891 406,353 976,467 - 156,024 614,858 

VDAC1 
Voltage-dependent anion-selective channel 

protein 1 
P21796 113,357 204,643 943,804 - 81,780 514,641 
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CANX Calnexin P27824 16,262 57,326 343,148 5,218 108,205 457,050 

VDAC2 
Voltage-dependent anion-selective channel 

protein 2 
P45880 7,296 11,766 189,210 - 29,286 319,459 

ERP44 Endoplasmic reticulum resident protein 44 Q9BS26 - 17,941 77,026 - - 51,309 

TOMM22* 
Mitochondrial import receptor subunit TOM22 

homolog 
Q9NS69 - - 53,531 - - 52,962 

Midbody 

RACGAP1 Rac GTPase-activating protein 1 Q9H0H5 18,088 85,367 1,689,821 2,708 38,445 2,506,751 

KIF23 Kinesin-like protein KIF23 Q02241 11,504 38,477 1,062,271 91 14,435 1,733,403 

CEP55 Centrosomal protein of 55 kDa Q53EZ4 9,834 12,795 97,651 - - 47,455 

AURKB Aurora kinase B (Fragment) J3KT86 - 4,807 52,033 - - 54,161 

KIF4A Chromosome-associated kinesin KIF4A O95239 - 793 40,044 2,015 2,394 189,978 

PLK1 Polo-like kinase 1 P53350 429 3,604 21,875 2,589 2,893 253,333 

KIF2A* Kinesin-like protein KIF2A O00139 - - 11,375 - - 84,425 

a = LFQ (label free precursor intensity) normalized with protein length 

* = uniquely identified proteins 

- = undetected in samples 
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3.3.4 Highly-enriched cancer associated cargo proteins in SW480-

/SW620-EV classes that modulate CRC progression 

It is well recognized that Exos secreted from human metastatic 

colorectal cancer cells harbor metastatic factors and signaling pathway 

components that engage in cross-talk between tumour and stromal cells in the 

tumour microenvironment59. To gain insights into how the proteome of 

individual EV classes might impact on CRC progression, I performed a 

differential protein enrichment analysis between SW480-EVs (combined) and 

SW620-EVs (combined) (see Methods, Section 3.2.6).     

This analysis revealed 230 cancer-associated proteins that are highly 

enriched in combined SW480-EVs (such as CD44, STAT1, MDK, TGM2, 

EGFR, FAS, CLDN7) and 264 cancer-associated proteins in SW620-EVs such 

as RICTOR, MACC1, PRKACA, TGFBR2, MET (Fig. 3.4A). A list of highly-

enriched protein identifications in this analysis is provided in Appendix Table 

3.9). Next, I performed KEGG pathway analysis on these cancer-associated 

cargo proteins to gain insights into possible functional roles.  

KEGG pathway analysis on SW480-EV highly-enriched cancer-

associated proteins (230 proteins) revealed involvement of 7 pathways 

including ‘Ribosome’ (hsa03010), ‘Cell adhesion molecule’ (hsa04514), 

‘Proteosome’ (hsa03050) and ‘Phagosome’ (hsa04145) (Fig. 3.4B). In 

contrast, KEGG pathway analysis on proteins enriched in SW620-EVs (264 

proteins) showed 16 pathways that include ‘MAPK signaling pathway’ 
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(hsa04010), ‘Proteoglycans in cancer’ (hsa05205), ‘Insulin signaling pathway’ 

(hsa04931) and ‘ErbB signaling pathway’ (hsa04012) (Fig. 3.4B).   

I next asked whether the EV classes exhibit different biological 

functions in cancer progression. Proteomic analysis showed that many cancer 

progression-associated proteins are highly or uniquely sorted in the separate 

EV classes.  For instance, protein-related to genetic stability such as PARP1 

was highly-enriched in SW480-sMB-Rs and histone deacetylase (HDAC1) and 

its substrate MSH6 (DNA mismatch repair protein) were uniquely detected in 

SW480-sMB-Rs (Table 3.2). Several receptors and transporters are highly 

enriched in Exos and sMVs (CD44, EGFR, FAS in SW480-Exos/sMVs and 

MET, FGFR4 in SW620-Exos/sMVs) (Table 3.2). Interestingly, chemokine 

receptor (CXCR4) was uniquely detected in SW480-Exos and TGFBR2, AXL 

and ABCB1 were uniquely detected in SW620-Exos (Table 3.2). Signal 

transduction proteins such as CLDN7 was highly enriched in Exos and sMVs 

derived from SW480 cells (Table 3.2).  Phospholipase D1 (PLD1) was only 

detected in SW480-Exos and STAT1, GYS1 and CTNNBL1 were uniquely 

detected in SW480-sMB-Rs (Table 3.2). Signal transduction proteins such as 

PLD2, SMAD5 and TP53RK were uniquely detected in SW620-Exos and 

LAMTOR3 is highly-enriched in SW620-Exos (Table 3.2). PRKACA, MACC1 

and RICTOR were highly enriched in Exos, sMVs and sMB-Rs from SW620 

compared to Exos, sMVs and sMB-Rs from SW480. Midkine (MDK) growth 

factors was highly-enriched in SW480-sMB-Rs and growth/differentiation 

factor-15 (GDF15) was uniquely detected in SW620-sMB-Rs (Table 3.2). 
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Interestingly, ECM remodeling proteins such as tissue transglutaminase-2 

(TGM2) and matrix metalloproteinase MMP14 are enriched in SW480-EVs 

with selective enrichment in sMB-Rs and sMVs, respectively (Table 3.2). 

ADAM15 and tenascin (TNC) were uniquely identified in SW620-Exos and 

SW620-sMB-Rs, respectively.  

In summary, proteomic analysis showed selective enrichment of 

cancer-associated proteins in different EV classes from primary CRC (SW480) 

and metastatic CRC (SW620) cell lines. It is interesting to speculate that the 

different cancer-associated proteins that selectively traffic to the three 

respective EV classes might act concomitantly in tumour progression and 

metastasis. However, further biological experiments are necessary to define 

the precise biological role of the individual EV classes. 



95 
 

Figure 3.4 Identification of cancer progression-related proteins and 

KEGG pathways in EVs derived from SW480 and SW620 cells. (A) 

Differential protein enrichment analysis of highly-enriched (log2 fold change 

> 1, pvalue < 0.05) cancer-associated cargo proteins in SW480-EVs (230 

proteins) and SW620-EVs (264 proteins). (B) KEGG pathway analysis 

(ranked by pvalue) of highly-enriched cancer-associated proteins found in 

SW480-EVs and SW620-EVs. 
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Table 3.2 Cancer progression-associated proteins in Exos, sMVs and sMB-Rs secreted from SW480 and SW620 

cells 

Protein category Gene name Protein description 
Protein 

Accession 
(UniProt) 

Normalized LFQ intensitya 

SW480-
Exos 

SW480-
sMVs 

SW480-
sMB-Rs 

SW620-
Exos 

SW620-
sMVs 

SW620-
sMB-Rs 

Genetic instability 

PARP1 Poly [ADP-ribose] polymerase 1 P09874 383 2,201 85,855 584 342 3,273 

HDAC2* Histone deacetylase 2 Q92769 - - 24,887 - - - 

MSH6* DNA mismatch repair protein Msh6 P52701 - - 1,504 - - - 

Receptor/transporter 

CD44 CD44 antigen P16070 470,072 409,137 149,257 57,617 36,076 8,596 

EGFR Epidermal growth factor receptor P00533 388,014 384,771 63,350 521 368 430 

FAS Tumor necrosis factor receptor superfamily member 6 P25445 52,275 39,426 20,300 - - - 

MET Hepatocyte growth factor receptor P08581 11,471 13,078 - 118,556 62,139 8,963 

CXCR4* C-X-C chemokine receptor type 4 P61073 2,781 - - - - - 

FGFR4 Fibroblast growth factor receptor 4 P22455 - 2,420 - 6,308 10,476 - 

TGFBR2* TGF-beta receptor type-2 P37173 - - - 10,279 - - 

AXL* Tyrosine-protein kinase receptor M0R0W6 - - - 1,436 - - 

ABCB1* Multidrug resistance protein 1 P08183 - - - 338 - - 

Signal transduction 

CLDN7 Claudin (Fragment) K7EP40 707,695 967,891 265,199 - - - 

LAMTOR3 Regulator complex protein LAMTOR3 Q9UHA4 163,164 - - 663,677 - 106,844 

PRKACA cAMP-dependent protein kinase catalytic subunit alpha P17612 18,481 17,668 13,614 46,396 66,027 77,088 

MACC1 Metastasis-associated in colon cancer protein 1 Q6ZN28 9,017 4,772 5,786 35,719 40,552 27,503 

PLD1* Phospholipase D1 Q13393 6,330 - - - - - 

RICTOR Rapamycin-insensitive companion of mTOR Q6R327 1,703 2,677 - 19,264 14,593 4,178 

CTNNBL1* Beta-catenin-like protein 1 Q8WYA6 - - 1,850 - - - 

STAT1* Signal transducer and activator of transcription 1-alpha/beta P42224 - - 10,910 - - - 

GYS1* Glycogen synthase P13807 - - 8,829 - - - 

PLD2* Phospholipase D2 (Fragment) I3L1F3 - - - 18,942 - - 

SMAD5* Mothers against decapentaplegic homolog 5 Q99717 - - - 5,114 - - 

TP53RK* TP53-regulating kinase Q96S44 - - - 813 - - 
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Growth factor 
MDK Midkine (Fragment) E9PPJ5 19,889 - 413,613 - - - 

GDF15* Growth/differentiation factor 15 Q99988 - - - - - 10,301 

ECM remodeling 
enzyme/ECM 

protein 

TGM2 Transglutaminase-2 P21980 652,639 660,063 1,411,989 1,075 584 16,397 

MMP14 Matrix metalloproteinase-14 P50281 6,401 21,885 5,236 4,129 - - 

ADAM15* Disintegrin and metalloproteinase domain-containing protein 15 Q13444 - - - 1,958 - - 

TNC* Tenascin F5H7V9 - - - - - 6,919 

 
a = LFQ (label free precursor intensity) normalized with protein length 

* = uniquely identified proteins 

- = undetected in samples
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3.4 Discussion and conclusions 

In this chapter, I performed a detailed comparative proteome analysis 

of three EV classes (Exos, sMVs and sMB-Rs) secreted from isogenic human 

primary and metastatic colorectal cancer cells - SW480 cells (surrogate of 

adenocarcinoma) and SW620 (surrogate of metastatic colon cancer)128. 

Firstly, Exos, sMVs and sMB-Rs were purified in high yield from SW480/ 

SW620 CM using a combination of differential centrifugation and isopycnic 

buoyant density (iodixanol/ OptiPrep™) centrifugation (Fig. 3.1A). The yields 

of SW480-/ SW620-derived Exos (from 100K-10K pellet at buoyant density = 

1.10 g/mL), sMVs (from 10K pellet at buoyant density = 1.10 g/mL), and sMB-

Rs (from 10K pellet at buoyant density = 1.15 g/mL) from 180 mL CM were 

868-987 µg, 749-827 µg, and 463-660 µg, respectively. TEM revealed sMVs 

and sMB-Rs are more ellipsoid in shape and heterogenous in size (100-500 

nm) compared to Exos, which displayed a smaller size distribution range (50-

200 nm) (Fig. 3.1F).  Nanoparticle tracking analysis showed mean particle 

diameters of 186.2±3.4 nm/183.1±2.4, 350±28.4 nm/ 337.1±9.3 nm and 

404.9±13.6 nm/401.2±1.7 nm for SW480/SW620-Exos, sMVs, and sMB-Rs, 

respectively (Fig. 3.1G). The diameters of Exos, and sMVs are similar to those 

reported in previous studies59, 134, 163, 204, 205. Western blot analysis revealed 

ALIX, TSG101, CD63, CD9 and CD81 were more enriched in Exos than in 

sMVs (Fig. 3.1H), a finding consistent with previous studies163, 164, 204.  The 
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midbody centraspindlin complex components KIF23/MKLP1 and RACGAP196, 

99 are selectively enriched in sMB-Rs (Fig. 3.1 H).  

An interesting finding was that Exos, sMVs and sMB-Rs are molecularly 

distinct. Interestingly, the proteome of sMB-Rs is dissimilar to Exos and sMVs 

as indicated in PCA and clustering plots (Fig. 3.2C and D). Differential protein 

enrichment analysis revealed 80, 14 and 492 proteins are selectively enriched 

(using a cutoff, >1 or <-1 log2 fold change and pvalue < 0.05) in Exos, sMVs 

and sMB-Rs, respectively (Fig. 3.3A, B and C).  

In Exos, 80 selectively-enriched proteins were identified. These include 

exosomal protein markers161, 163, 206 such as CD63, CD81, TSG101 (Fig. 3.3E). 

KEGG pathway analysis of these selectively-enriched proteins showed that 

they are involved in pathways such as ‘Endocytosis’ (hsa04144) and ‘SNARE 

interactions in vesicular transport’ (hsa04130) and ‘Cell adhesion molecules’ 

(hsa04514) (Appendix Fig. 3.2A-F). This finding further supports the notion 

that Exos biogenesis involves endosome dynamics and trafficking, as 

previously reported79, 207.  

When compared to Exos and sMB-Rs, sMVs were found to contain 14 

selectively-enriched proteins (Fig. 3.3B, Appendix Table 3.6) and GO 

analysis revealed that they are involved in vacuolar membranes and nuclear 

envelopes (Fig. 3.3D). Interestingly, sMVs did not share any of KEGG 

pathways identified Exos and sMB-Rs. sMVs contain enriched proteins such 

as DOCK1, DTYMK, FGFR4, FHL2, IMPA2, MRI1 and SLC29A2 not observed 

in Exos and sMB-Rs (Fig. 3.3E). Interestingly, proteins purported to be 
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involved in sMV biogenesis such as ARRDC1208, ARF1194, ARF6195, RHOA209 

and ANXA5210 are  not only enriched in sMVs but also in Exos derived from 

SW480 and SW620 cells in this current study. This paradox raises the specter 

of EV purity – for example, possible cross contamination with other EV types 

is highly probable, especially in the case of sMVs and Exos which overlap in 

size distribution and have similar biophysical properties such as buoyant 

density.   

Concerning the 492 selectively-enriched proteins observed in sMB-Rs 

(compared to Exos and sMVs, Fig. 3.3C), GO analysis revealed terms such 

as ‘small nuclear ribonucleoprotein (RNP) complex’, ‘spliceosomal complex’, 

and organelles such as ‘mitochondrial membrane part’, ‘Golgi-associated 

vesicle membrane’, ‘endoplasmic reticulum membrane’ and ‘nuclear 

membrane’ (Fig. 3.3D and E). KIF23/ MKLP1, CEP55, and RACGAP1, which 

are core structural proteins of midbody/midbody remnants were highly 

enriched in sMB-Rs, as well as key enzymes involved in midbody formation 

(AURKB, PLK1)99  (Fig. 3.3E). KEGG pathway analysis of the 492 proteins 

that selectively traffic to sMB-Rs showed pathways such as ‘RNA transport’ 

(hsa03013), ‘Spliceosome’ (hsa03040), ‘Protein processing in endoplasmic 

reticulum’ (hsa04141) and ‘Citrate cycle (TCA cycle) and mitochondrial 

enzymes’ (hsa00020) (Appendix Fig. 3.2G-N).  

The observed enrichment of RNA granule and mitochondrial proteins in 

sMB-Rs is intriguing and raises the question of contamination of my sMB-R 

preparations. The isolation and purification methods used in this thesis are 
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similar to RNA granule and mitochondrion isolation methods211, 212. However, 

TEM images of sMB-Rs derived from both SW480 and SW620 cells (Fig. 3.1F) 

did not show any evidence of mitochondria (see additional TEM images of 

sMB-Rs in Appendix Fig. 3.4) Besides, the size distribution range  of intact 

mitochondria is 500-1200 nm213 and should have been clearly noticeable using 

TEM analysis. Interestingly, Skop and colleagues reported the identification of  

mitochondrial (26%), nuclear (16%) and ribosomal (13%) proteins in the 

midbody proteome214 and RNA localization, nuclear transport, RNA splicing, 

mitochondrion organization as top fold enrichment GO annotation profiles of 

midbody proteome and interactome using PANTHER215. Furthermore, 25/492 

selectively-enriched proteins in my sMB-R preparation (RACGAP1, KIF4A, 

KIF23, CEP55, PLK1, for example) co-identified with proteins  listed in the 

MiCroKITS v.4.0 database216 (a database of proteins temporally and spatially 

localized in distinct subcellular positions including midbody, centrosome, 

kinetochore, telomere, and mitotic spindle during cytokinesis (cell division/ 

mitosis) (http://microkit.biocuckoo.org, Appendix Table 3.7). These proteins, 

for instance, KIF4A and KIF23 are important for MB formation and 

cytokinesis217, 218. Down regulation of KIF23 by si-RNA decreased the 

proliferation of glioma cells219 and abrogated midbody formation and 

completion of cytokinesis220. In another study by Addi et al.,  enriched vesicular 

traffic transport and protein-translation related proteins were reported in the 

‘Flemmingsome’ using STRING functional association network103. I also 

compared my sMB-R proteome with the ‘Flemmingsome’ proteome from Addi 
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and colleagues. Interestingly, 271/492 enriched proteins in my purified sMB-

Rs are found in the ‘Flemmingsome’ proteome. These identified proteins 

include RNA granule proteins (FUS, IGF2BP1, TARDBP), ribonucleoproteins 

and splicing factors (HNRNPs, SFPQ, SF3B3) endoplasmic reticulum proteins 

(CALR, CANX), mitochondrial proteins (VDAC1, VDAC2, SLC25A3, 

SLC25A5, SLC25A6), histones (HIST1H1C, HIST2H3A) and midbody proteins 

(KIF2A, KIF4A, KIF23, RACGAP1, PLK1, CEP55) (Appendix Table 3.7), 

indicating similarity between my sMB-R proteome and that of the 

‘Flemmingsome’. While there is accumulating evidence of the presence 

mitochondrial proteins221, RNA binding proteins (RBPs)222 in EVs such as 

Exos, the comparative proteomic analysis in this chapter reveals that 

mitochondrial and RBPs are also enriched in sMB-Rs.  Clearly, further studies 

are required to discern whether RNA granules, mitochondrial proteins and 

other cellular organelle proteins are physiologically relevant components of 

sMB-Rs.   

Lastly, cancer progression-associated proteins are uniquely and highly 

sorted into EVs59, 164, 222). In addition, receptors such as CXCR4 and 

TGFBR2/AXL are uniquely detected in SW480-Exos and SW620-Exos, 

respectively. Interestingly, EGFR and MET receptors are highly enriched in 

SW480- and SW620-Exos, respectively. These receptors have been shown to 

promote cancer progression and found in Exos from other cancer cells, for 

example - EGFR in non-small cell lung cancer and gastric cancer-derived 

Exos223, 224 and MET in melanoma-derived Exos197. A possible reason for 
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receptor enrichment in Exos is that receptors such as EGFR, HER2, ERBB3 

and ERBB4 bind to their cognate ligands and are then internalized into the 

intercellular early endosome which further develops to late endosome and 

multivesicular body (MVB), respectively225. MVBs that contain receptor-intact 

intraluminal vesicles (exosomes) can fuse either with lysosome (leading to 

proteolytic degradation) or traffic to the plasma membrane whereupon Exos 

are released into the extracellular milieu 226. In sMB-Rs, I identified HDAC2 

and its substrate MSH6227 uniquely detected in SW480-sMB-Rs (Table 3.2). 

Deacetylation of DNA mismatch repair proteins (MSHs) by HDAC1 leads to 

destabilization of MSHs resulting in genetic instability228. Furthermore, cancer 

progression-proteins such as STAT1229/TGM2230/MDK231 and PRKACA232 are 

highly enriched in sMB-Rs from SW480 and SW620 cells, respectively (Table 

3.2). While the functionalities of these proteins in other EV functions are not 

clear, Shafiq et al. have indicated TGM2 derived from a mixture of sMVs and 

sMB-Rs, enhances anchorage-independent growth (Anoikis resistance) in 

MDCK cells which is a key cancer hallmark233, while TGM2 derived from Exos 

has been shown to induce metastatic niche formation234. 

In summary, the proteome of sMB-Rs is distinct from Exos and sMVs; 

the sMB-R proteome is high enriched with mitochondrial proteins (membrane 

proteins and enzymes), RNA granule proteins, splicing factors, 

ribonucleoproteins, histone subunits, translation initiation factors and 

components of midbodies. Exos are highly-enriched in 

tetraspanins/glycoproteins (TSPAN1, TSPAN14, CD63, CD81, CD82) and 
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ESCRT components (TSG101, CHMP1A, CHMP4B). sMVs are highly-

enriched in metabolic enzymes (DTYMK, IMPA1 and MRI) and membrane-

associated proteins (SLC29A2, FGFR4). This chapter provides, for the first 

time, an in-depth comparative proteomic analysis of three EV classes (Exos, 

sMVs and sMB-Rs) which were purified simultaneously from two CRC cell 

types (SW480 and SW620 cells). This comparative analysis provides a better 

understanding of the protein cargos in three EV classes (Exos, sMVs, and 

sMB-Rs). I believe this chapter paves the way to advancing the 

characterization of EV classes and in doing so may impact on our 

understanding of intercellular communication.   
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3.5 Future perspectives 

There are some questions arising from this chapter that have not been 

fully addressed due to time constraints and unavailability of reagents and new 

technologies. To improve this chapter, I would like to validate several enriched 

proteins shown in Fig. 3.3E using Western blot analysis. This would enable 

me to identify stereotypic protein markers for characterization of EV classes, 

especially in body fluids. I would also like to perform extensive purification of 

sMB-Rs using an immunoprecipitation technique with anti-KIF23 and anti-

RACGAP1 to capture sMB-Rs and perform mass spectrometry on 

immunocaptured sMB-Rs. This could answer the vexed question of whether 

mitochondria, ER and RNA granules co-purify with or are integral components 

of sMB-Rs. For example, I could use anti-TOMM22 and anti-FUS/IGF2BP2 

antibodies for immunoprecipitation to confirm whether mitochondria and RNA 

granules are integral cargo of sMB-Rs. Ultimately, it would be important to 

investigate whether different EV classes derived from CRC cell lines (and other 

cancer types) elicit different biological functions using a range of recipient cells.  
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Chapter 4  

Comparative transcriptomic analysis of Exos, 

sMVs and sMB-Rs released from the isogenic 

colorectal cell lines SW480 and SW620  
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4.1 Introduction 

It is well established that EVs contain genetic material such as DNA 

fragments and a broad spectrum of RNA species including protein-coding 

(mRNA), non-protein coding (small and long non protein-coding RNAs), and 

pseudogene transcripts79.  Because RNA species are diverse, they can 

regulate cellular activities at many levels including RNA metabolism, RNA 

transcription and protein translation235.   It is well recognized that EV-derived 

RNAs can be horizontally transferred to recipient cells to mediate biochemical 

and phenotypic changes in recipient cells236. EV encapsulated RNAs are 

gaining much attention as body-fluid-based diagnostic biomarkers of  

disease237 due to their resistance against degradation 238. Importantly, RNA 

profiles of circulating EVs in human patients have been shown to reflect 

(mirror) the RNA profile of disease biopsy material57. Therefore, the study of 

EV RNA profiles not only paves a way to understand the role of EV-derived 

RNAs on intercellular communication but it also provides a source of potential 

biomarkers of disease.  

Previously, my laboratory reported EV-derived RNA analyses, including 

miRNA, mRNA, lncRNA, pseudogene transcripts and fusion genes in Exos 

and sMVs derived from the human colorectal cancer LIM186357, 58. We also 

reported Exo-derived microRNA (miRNAs) signatures from the isogenic 

human colorectal cancer cell lines SW480 (adenocarcinoma) and SW620 

(lymph-node metastatic cancer)) for the purpose of studying the role of 
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miRNAs on cancer progression, as well as potential metastatic cancer 

detection112. In my previous chapter (Chapter 3), I provided an insight into 

proteomic analysis of Exos, sMVs and sMB-Rs simultaneously isolated from 

the culture media (CM) of SW480-/ SW620 cells. In this chapter, I plan to use 

next-generation RNA sequencing in conjunction with bioinformatics tools to 

undertake a comparative study of the transcriptome profiles of Exos, sMVs 

and sMB-Rs to ascertain similarities and differences of RNA signatures in EV 

classes.  In this chapter, I also plan to interrogate the fusion gene expression 

of SW480- and SW620-EV classes in order to gain insights into the possible 

role of EV-encapsulated fusion genes in CRC cancer progression.           
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4.2 Methods 

4.2.1 Cell culture and large-scale purification of Exos, sMVs and      

sMB-Rs. 

SW480 and SW620 cell lines were cultured as described in Chapter 2, 

Sections 2.2. For each biological replicate, large-scale purification of Exos, 

sMVs and sMB-Rs was from 180 mL culture media (CM) acquired over 18 

days (30 mL CM harvested each day, 6 days for each biological replicate). The 

purification method for Exos, sMVs and sMB-Rs is described in Chapter 3 

(Section 3.2.1). 

4.2.2 Total RNA isolation and quality control  

Total RNA from SW480-/ SW620-derived sMVs, sMB-Rs, Exos and 

parental cell lysates was extracted by TRIzol™ reagent (Invitrogen). Total 

RNA from each sample was incubated with 1 mL TRIzol™ reagent (Invitrogen) 

for 5 min at 25 °C then 0.2 mL chloroform was added. Samples were vortexed 

vigorously for 15 sec) and further incubated at RT for 3 min. Total RNA was 

harvested from the aqueous phase by centrifugation at 12,000 x g, 4 °C for 15 

min, mixed with 5-10 µg of glycogen (20 mg/mL aqueous glycogen from 

Invitrogen) and isopropyl alcohol (0.5 mL isopropyl alcohol/1 mL aqueous 

phase) and incubated at 25 °C for 10 min. Total RNA was pelleted by 

centrifugation at 12,000 x g, 4 °C for 15 min and then. washed once with 75% 

(v/v) aqueous ethanol, air-dried for 5 min and re-dissolved in RNase-free 
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water. The quality and composition of RNA samples were evaluated using an 

Agilent 2100 Bioanalyzer according to the manufacturer’s instructions (Agilent 

Technologies, USA, 2100 Expert Software User’s Guide). Isolated RNA 

samples were then transported to Beijing Genomics Institute (BGI, China) for 

RNA quantification and quality control (RNA Bioanalyzer), cDNA construction 

library and next-generation RNA sequencing (Illumina HiSeq4000 system). 

4.2.3 cDNA library construction and strand-specific transcriptome 

sequencing 

RNA libraries of EV subpopulations were constructed using Illumina, 

HiSeq 3000/4000 PE Cluster Kit and sequenced by HiSeq4000 system 

(Illumina), according to the manufacturer’s protocol. Briefly, rRNA in total RNA 

sample was depleted by Ribo-Zero depletion kit (Illumina). Total RNA was 

fragmented and transcribed to be single strand DNA. The second-strand cDNA 

was then synthesized using dUTP, dATP, dGTP and dCTP as nucleotides. 

Adenine nucleotide was conjugated with first- and second-strand cDNA at 3’ 

end using PCR technique. Adaptors were then conjugated at both 3’ and 5’ 

ends of cDNA. cDNA was enriched using PCR technique with dTTP, dATP, 

dGTP and dCTP as substrates. After that the cDNA library was sequenced 

using the Illumina HiSeq4000 system and RNA sequence of all samples was 

outputted as raw FASTQ files (paired end reads). Three biological replicates 

were performed for each sample.  
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4.2.4 Transcriptome sequencing analysis 

Raw reads were cleaned by removing adaptor sequences, low quality 

reads containing >50% bases with quality [QA] ≤15 and reads with >2% 

undefined nucleotides57. Clean reads were aligned using HISAT239 (v.0.1.6 

beta, http://www.ccb.jhu.edu/software/hisat/index.shtml) and annotated using 

StringTie240 (v.1.3.6, https://ccb.jhu.edu/software/stringtie/) with Human 

Ensembl GRCh38 v.96 (https://asia.ensembl.org/Homo_sapiens/Info/Index). 

Aligned reads were counted using featureCount (Rsubread241, v.4.0, 

http://bioinf.wehi.edu.au/featureCounts/) operated in R. Raw read counts were 

converted to fragments per kilobase of transcript per million mapped reads 

(FPKM) followed formula in Appendix Table 4.1. To increase reliability of 

down-stream data analysis and RT-qPCR sensitivity, less than or equal 1.5 

FPKM-transcripts in all samples were removed.  Transcripts were classified 

into four categories: i) protein-coding, ii) long non-coding, iii) pseudogene 

transcripts and iv) other including short non-coding from Ensembl database 

using BiomaRT242 (v.3.11, 

https://www.bioconductor.org/packages/release/bioc/html/biomaRt.html). 

(The 3 digits such as 201, 203 are identifiers of transcript indicating transcript 

biotypes in ENSEMBL database243) 

http://www.ccb.jhu.edu/software/hisat/index.shtml
https://ccb.jhu.edu/software/stringtie/
http://bioinf.wehi.edu.au/featureCounts/
https://www.bioconductor.org/packages/release/bioc/html/biomaRt.html
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4.2.5 Fusion gene discovery 

Forward and reverse clean reads of samples (sMVs, sMB-Rs, Exos and 

cell lysate) were aligned with Human Ensembl GRCh38 v.96 using 

ChimeraScan244 (v.0.4.5, http://chimerascan.googlecode.com). Lowly- 

expressed fusion genes (total fragment <10) were removed. Previously 

annotated fusion genes were identified with The Cancer Genome Atlas 

(TCGA) RNA-Seq analysis245. 

4.2.6 Differential transcript expression analysis  

Differential transcript expression analysis was performed based on raw 

read counts for each sample using DESeq2246 package (v.3.11, 

https://bioconductor.org/packages/release/bioc/html/DESeq2.html). Briefly, 

transcript expression was normalized using DESeq method246. Pvalues were 

calculated using Benjamini-Hochberg method200 and normalized transcript 

expression was presented as log2. 

EV class comparison consists of 3 specific comparisons: i) SW480-/ SW620-

Exos vs SW480-/ SW620-sMVs, ii) SW480-/ SW620-Exos vs SW480-/ 

SW620-sMB-Rs, and iii) SW480-/SW620-sMVs vs SW480-/ SW620-sMB-Rs.  

For cancer-progression-related transcript identification, SW480-combined EV 

classes were compared with SW620-combined EV classes.   

Log2 fold change and p-value were used to identified highly-enriched 

transcripts/fusion genes (Log2 fold change <-1 or >1, p-value < 0.05).  

http://chimerascan.googlecode.com/
https://bioconductor.org/packages/release/bioc/html/DESeq2.html
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4.2.7 Gene Ontology (GO) analysis 

GO analysis was performed based on highly-enriched transcripts in 

each comparison (from Section 4.2.6) using clusterProfiler201 (v.3.11, 

https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html) in R 

with stringent parameters (number of permutation: 1,000, minimum gene size: 

20, maximum gene size: 500 and pvalue <0.05). Gene ontology (cellular 

component) of RNA-binding proteins was identified using gProfiler-g:GOst 

functional profiling (https://biit.cs.ut.ee/gprofiler/gost)247.  

4.2.8 Prediction of RNA-protein interactions 

All human RNA-binding proteins were obtained from The Encyclopedia 

of RNA Interactomes (ENCORI) database248 using curl (command line tool, 

v.7.73.0, https://curl.haxx.se/docs/manpage.html) operated in Ubuntu for 

Windows 10.  

4.2.9 Data visualization 

Gene Ontology and RNA-protein interactions were visualized using 

Cytoscape (v.3.7.1, https://cytoscape.org/). Principle component analysis, dot, 

box, ridge and volcano plots were visualized using ggplot (v.3.3.2, 

https://ggplot2.tidyverse.org/) in R. Heatmaps were visualized using pheatmap 

(v.1.0.12, 

https://www.rdocumentation.org/packages/pheatmap/versions/1.0.12) in R. 

https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html
https://biit.cs.ut.ee/gprofiler/gost
https://cytoscape.org/
https://ggplot2.tidyverse.org/
https://www.rdocumentation.org/packages/pheatmap/versions/1.0.12
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Venn diagram was generated using a web-based tool 

(http://www.interactivenn.net/)202.  

 

  

http://www.interactivenn.net/
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4.3 Results  

4.3.1 Generation of transcript profiles of Exos, sMVs and sMB-Rs 

secreted from SW480 and SW620 cells 

Total RNA was isolated from SW480-/SW620-derived Exos, sMVs and 

sMB-Rs – see Chapter 3, Section 3.2.1 for purification methods. RNA yields 

were 150.67±75.18 ng, 166.00±69.55 ng, 167.00±79.54 ng, 116±52.72 ng, 

162.33±66.67 ng and 116.33±82.62 ng for SW480-Exos, SW480-sMVs, 

SW480-sMB-Rs, SW620-Exos, SW620-sMVs and SW620-sMB-Rs, 

respectively (RNA quality data shown in Appendix Fig. 4.1). RNA sequencing 

data were subjected to the transcriptomic analysis pipeline shown in Fig. 4.1A. 

RNA Sequencing analysis detected 92,289 transcripts in total for the 6 EV 

samples (SW480-Exos, SW480-sMVs, SW480-sMB-Rs, SW620-Exos, 

SW620-sMVs and SW620-sMB-Rs) of which 16,347 transcripts expressed 

FPKM >1.5 at least in one biological replicate; 5,954, 5,890, 5,808, 5,721, 

5,814 and 5,933 transcripts exhibited a FPKM value more than 1.5 (in all three 

biological replicates) in SW480-Exos, SW480-sMVs, SW480-sMB-Rs, 

SW620-Exos, SW620-sMVs and SW620-sMB-Rs, respectively (Fig. 4.1B and 

C, a list of top 50 transcript identifications shown in Appendix Table 4.2). 

A three-way Venn diagram of transcripts identified in SW480-Exos, -

sMVs and -sMB-Rs reveals 4971 commonly identified transcripts and 398, 

220, and 509 uniquely identified transcripts in SW480-Exos, sMVs, and sMB-

Rs, respectively (Fig. 4.1B). In SW620-derived EVs, 4577 transcripts were 
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commonly identified while 433, 298, and 894 transcripts were uniquely 

identified in SW620-Exos, sMVs, and sMB-Rs, respectively (Fig. 4.1C). To 

identify unique transcripts for each EV class, I focused on transcripts that were 

detected in both SW480- and SW620-EVs. In the case of sMB-Rs, 509 and 

984 unique transcripts were found in SW480-/SW620-sMB-Rs, respectively 

(Fig. 4.1 B, C) and of these 134 transcripts were selectively enriched (i.e., 

found in both SW480 and SW620-sMB-Rs); of these and the top five average 

FPKM transcripts are MT-TG-201 (Mt-tRNA), MT-TH-201 (Mt-tRNA), MT-TR-

201 (Mt-tRNA), MIR4479-201 (miRNA) and FBRSL1-203 (lncRNA) (for a list 

of selectively-enriched sMB-R transcripts see Appendix Table 4.3). In the 

case of Exos, 398 and 433 transcripts were uniquely identified in SW480-

/SW620- Exos, respectively, with 34 unique transcripts found to be present in 

both (of these, the top 5 average FPKM transcripts are SNORD99-201 

(snoRNA), HSP90AA1-205 (retained intron), HMGCS1-207 (retained intron), 

MIR7111-201 (miRNA) and AC092681.1-201 (pseudogene) (see full list of 

selectively-enriched Exos transcripts in Appendix Table 4.3). For sMVs, 220 

and 298 transcripts were uniquely identified in SW480-/SW620-sMVs, 

respectively with 9 transcripts common to both (the top 5 average FPKM 

transcripts were RF00019.242-201 (misc RNA), AC018752.1-201 (lncRNA), 

RGS12-219 (lncRNA), FKRP-220 (lncRNA) and OR2A1-AS1-201 (lncRNA) – 

see list in Appendix Table 4.3). Principal component analysis (PCA) 

demonstrated closer correlation of transcript expression for Exos and sMVs 

compared to sMB-Rs from the same cell type. (Fig. 4.1D). Inspection of Fig. 
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4.1E shows that the most abundant transcript biotypes in all 6 EV samples are 

protein-coding transcripts (mRNA) followed by long non-coding transcripts, 

other (e.g., short non-coding transcripts), and pseudogene transcripts (a list of 

transcript biotype classifications is given in Appendix Table 4.4). 
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Figure 4.1 Transcriptomic analysis pipeline and transcript profiling of 

Exos, sMVs and sMB-Rs derived from SW480 and SW620 cells. (A) 

HISAT2 identified 16,347 transcripts (FPKM>1.5) across all samples (Exos, 

sMVs and sMB-Rs) using Human GRCh38 index and gene annotation (Human 

ENSEMBL GRCh38, v.96). Differential transcript expression was performed 

using DESeq2 package with cutoff Log2 fold change >1 or <-1 and pvalue < 

0.05 for highly-enriched transcript in each comparison (see Section 4.2.6). 

Transcripts were further annotated into four subclasses: protein-coding, long 

non-coding, pseudogene and other (e.g., short non-coding). Fusion genes 

were identified using ChimeraScan v.0.4.5. and those with total fragment > 10 

were considered for further analysis (FPKM = Fragments Per Kilobase of 

transcript per Million mapped reads).  (B) A three-way Venn diagram of 

transcripts identified in SW480-Exos, -sMVs and -sMB-Rs reveals 4971 

transcripts were commonly identified, while 398, 220, and 509 transcripts were 

uniquely identified in SW480-Exos, sMVs, and sMB-Rs, respectively. (C) A 

three-way Venn diagram of transcripts identified in SW620-Exos, -sMVs and -

sMB-Rs reveals 4577 transcripts were commonly identified, while 433, 298, 

and 894 transcripts were uniquely identified in SW620-Exos, sMVs, and sMB-

Rs, respectively. (D) Principal component analysis (PCA) of total 

transcriptome of Exos, sMVs and sMB-Rs derived from SW480 and SW620 

cells. (E) Number of protein-coding, long non-coding, pseudogene and other 

transcripts identified in Exos, sMVs and sMB-Rs derived from SW480 and 

SW620 cells (FPKM >1.5 in 3 biological replicates).  
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4.3.2 Differential transcript expression and Gene Ontology (GO) 

analysis of Exos, sMVs and sMB-Rs 

To gain a greater insight into the transcriptomes of the three EV classes 

(Exos, sMVs, and sMB-Rs), differential transcript expression was performed 

in three different comparisons, i) SW480-/ SW620-Exos and SW480-/ SW620-

sMVs, ii) SW480-/ SW620-Exos and SW480-/ SW620-sMB-Rs, and iii) 

SW480-/ SW620-sMVs and SW480-/ SW620-sMB-Rs. Transcripts with 

log2fold change >1 or <-1 and pvalue < 0.05 were considered as highly-

enriched transcripts (see Section 4.2.6). GO analysis utilized log2fold change 

of transcripts from differential expression analysis for functional annotation.  

Differential transcript expression analysis revealed 136 and 737 

transcripts highly-enriched in Exos compared to sMVs and sMB-Rs (Fig. 4.2A, 

B; a list of top 100 enriched transcripts is given in Appendix Tables 4.5 and 

4.6, respectively). Interestingly, exosome-related transcripts such as 

HSP90AA1-207, KRT19-205 and ANXA2-223 are highly-enriched in Exos 

compared to sMVs (Fig. 2A) while several histone subunit transcripts such as 

HIST1H3E-202, HIST1H4J-201, HIST1H2BG-201, HIST1H4E-201, 

HIST1H4B-201 and HIST1H4L-201, as well as ribosomal protein-coding 

transcripts such as RPS3-205, RPS-212 and MRPL27-207 are enriched in 

Exos compared with sMB-Rs (Fig. 4.2B). Selectively-enriched transcripts in 

Exos (i.e., transcripts observed in both comparisons) are highlighted with a red 

star in the Volcano plots. Prominent amongst these are BICD2-201 (BICD 

cargo adaptor 2, mRNA) and AC109326.1-201 (a novel transcript).  GO 
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analysis of highly-enriched transcripts in Exos compared to sMVs and sMB-

Rs revealed DNA-binding GO Terms such as ‘DNA package complex’, 

‘protein-DNA complex’, ‘nuclear nucleosome’ and other GO terms such as 

‘large ribosomal subunit’, and ‘cytosolic part’ (Appendix Fig. 4.2C, D, and 

Appendix Tables 4.7, 4.8). 

Differential transcript expression analysis of sMVs revealed 528 and 

226 highly-enriched transcripts in sMVs compared to Exos and sMB-Rs, 

respectively (Fig. 4.2C, D, see a list of top 100 enriched transcripts in 

Appendix Tables 4.5, 4.9). Mitochondrial transcripts (MT-CO1, MT-CO3-201, 

MT-CYB-201, MT-ND4-201 and MT-ND5-201) and membrane-related 

transcripts (OPRD1-201 and AVL9-204) are highly-enriched in sMVs 

compared to Exos (Fig. 4.2C). GTF2IP7-202 (transcription factor 

pseudogene), LAMC2-201 (laminin gamma2) and histone protein-coding 

transcripts such as HIST1H4B-201 and HIST1H4L-201 when compared with 

sMB-Rs (Fig. 4.2D). GO analysis revealed enriched GO terms related to 

mitochondrial- (‘respiratory chain complex’, ‘respiratory chain’) and 

membrane-related (‘postsynapse, membrane protein complex’, ‘leading edge 

membrane’) in sMVs compared to Exos (Appendix Fig. 4.2C and Appendix 

Table 4.8) and enriched GO terms such as ‘nucleosome’ and ‘protein-DNA 

complex’ when compared to sMB-Rs (Appendix Fig. 4.2D, Appendix table 

4.10).   

Differential transcript expression of sMB-Rs revealed 2,276 and 1,541 

transcripts highly-enriched in sMB-Rs compared to Exos and sMVs, 
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respectively (Fig. 4.2E, F – a list of top 100 enriched transcripts is given in 

Appendix Table 4.6, 4.9). Selectively-enriched transcripts in sMB-Rs (i.e., 

transcripts observed in both datasets) include mitochondrial (MT-CO1, MT-

CO2, MT-CO3, MT-ND-5), ribonucleoprotein complex- (NEAT1-202, SCAF1-

201, LARP1-204), zinc finger- (ZNF703-201, ZFPM1-201) and signaling-

related transcripts (TGFB1-201) and are highlighted with red stars in the 

Volcano plots (Fig 4.2E, F). GO analysis of transcripts highly enriched in sMB-

Rs compared to Exos and sMVs include GO terms such as mitochondrial 

(‘respiratory chain complex’, ‘mitochondrial inner membrane’), membrane-

related (‘synapse part’, ‘postsynaptic specialization’), (Appendix Fig. 4.2E, F, 

and Appendix Tables 4.8, 4.10). Interestingly, GO terms such as ‘cytoplasmic 

stress granule’ and ‘transcription factor complex’ were enriched in sMB-Rs 

compared to Exos (Appendix Fig. 4.2F).  

Expression levels of highly-enriched transcripts in EV class 

comparisons (Fig 4.2A-F) were compared in a heatmap to identify transcript 

signatures in each EV class. The heatmap illustrates that sMB-Rs are enriched 

in mitochondrial (MT-transcripts) and ribonucleoprotein complex/splicing 

factor-related transcripts (LARP1-204, ZNF703-201, SCAF1-201), regardless 

of cell types (Fig. 4.2G). Exos are enriched in histone transcripts (HIST1H-

transcripts) and exosome biogenesis-related transcripts such as BICD2-203, 

ARRDC3-201 and CAV2-201, regardless of cell types (Fig. 4.2G).       
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Figure 4.2 Differential transcript expression analysis and Gene Ontology 

(GO) analysis of Exos, sMVs and sMB-Rs derived from SW480 and 

SW620 cells. (A) Differential transcript expression analysis revealed 136 

transcripts highly-enriched in Exos compared with sMVs (log2 fold change <-

1, pvalue <0.05) and (B) 737 transcripts highly-enriched in Exos compared 

with sMB-Rs (log2 foldchange <-1, pvalue <0.05). (C) Differential transcript 

expression analysis revealed 528 transcripts highly-enriched in sMVs 

compared with Exos (log2 fold change >1, pvalue <0.05) and (D) 226 

transcripts highly-enriched in sMVs compared with sMB-Rs (log2 foldchange 

<-1, pvalue <0.05). (E) Differential transcript expression analysis revealed 

2,276 transcripts highly-enriched in sMB-Rs compared with Exos (log2 fold 

change >1, pvalue <0.05) and (F) 1,541 transcripts highly-enriched in sMB-Rs 

compared with sMVs (log2 foldchange >1, pvalue <0.05). (G) Heat map 

illustration of highly-enriched transcripts in SW480-/SW620-derived Exos, 

sMVs and sMB-Rs (scale shown is normalized counts subtracted by mean and 

divided by standard deviation), red stars show selectively-enriched transcripts 

in each EV classes.  
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 4.3.3 LncRNA and pseudogene transcripts and their association with 

RNA-binding proteins in Exos, sMVs and sMB-Rs 

Genomic DNA is transcribed into a board spectrum of RNAs including 

non-protein coding RNAs and pseudogenes which function in both normal 

physiological and pathophysiological conditions249. Accumulating evidence 

shows  that non-coding RNAs and pseudogenes can be secreted into the 

extracellular space and, more recently, be detected in extracellular vesicles236.      

LncRNA and pseudogene transcripts are detected in Exos, sMVs and 

sMB-Rs derived from SW480 and SW620 cells as shown in Fig. 4.3A. 

Differential transcript expression analysis revealed that highly-enriched 

transcripts in sMB-Rs include KCNQ1OT1-201 (lncRNA), GABPB1-AS1-202 

(lncRNA), NEAT1-202 (lncRNA), AC007608.2-201 (pseudogene) (yellow star-

labelled in Fig. 4.3A). AC131392.1-201 (pseudogene), ANAPC2-203 

(lncRNA) and GUSBP9-201 (pseudogene) were highly-enriched in Exos 

compared to sMVs and sMB-Rs (yellow star-labelled in Fig. 4.3A).  

LncRNA and pseudogene transcripts have been shown to be 

associated with RNA-binding proteins (RBPs), RNA metabolism and RNA 

interference processes250, 251. To explore this relationship the lncRNA and 

pseudogene transcripts identified in all EV samples were interrogated to find 

their potential RBP targets using Encyclopedia of RNA Interactomes database 

(ENCORI)248. The ENCORI-RBP target database revealed that 275, 265, 276, 

290, 284, 337 lncRNA transcripts and 92, 112, 109, 124, 116, 141 pseudogene 
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transcripts in SW480-Exos, SW620-Exos, SW480-sMVs, SW620-sMVs, 

SW480- sMB-Rs and SW620- sMB-Rs, respectively, were shown to be 

associated with 27 RBPs listed in the ENCORI-RBP target database 

(Appendix Fig. 4.3). Next, the 27 identified RBP partners (see Appendix 

Table 4.11) were functionally annotated using a g:GOst functional profiling 

from gProfiler247. GO analysis revealed that the 27 RBPs involve 

ribonucleoprotein complex/spliceosomal complex (HNRNP families, U2AF2), 

ribonucleoprotein granule (ELAVL1, FUS, IGF2BP families) and nuclear 

speckles (ALYREF, METTL3) (Appendix Table 4.12).  

 Interestingly, 19/27 RBPs were co-identified at the proteome level (See 

Appendix Table 4.11) and highly-enriched lncRNA and pseudogene 

transcripts are predicted to bind with the RBPs (Table 4.1). In addition, it can 

be seen in an interaction network between lncRNA transcripts and RBPs that 

highly-enriched lncRNA transcripts in sMB-Rs such as NEAT1-202 (involved 

in RNA retention, nuclear speckles and metabolism252), KCNQ1OT1-201 and 

GABPB1-AS1-202  can bind to RNA/stress granule markers (FUS, TARDBP, 

IGF2BP2, TAF15, ELAVL1) and ribonucleoproteins (HNRNP families) (Fig. 

4.3B).  
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Figure 4.3 LncRNA and pseudogene transcripts and their association 

with RNA-binding proteins (RBPs) in Exos, sMVs and sMB-Rs derived 

from SW480 and SW620 cells. (A) Heat map illustration of highly-enriched 

lncRNA and pseudogene transcripts in SW480-/SW620-derived Exos, sMVs 

and sMB-Rs (scale shown is normalized counts subtracted by mean and 

divided by standard deviation). (B) Binary interaction networks of RBPs (data 

from Chapter 3) and three highly-enriched lncRNA transcripts identified in 

sMB-Rs (NEAT1-202, KCNQ1OT1-201 and GABPB1-AS1-202).   
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Table 4.1 LncRNA and pseudogene transcripts associated with RBPs 

RNA-binding 
proteins* 

Number of lncRNA and pseudogene transcripts identified in each SW480/ SW620  EV class 

Exos/sMVsa Exos/sMB-Rsb sMVs/Exosc sMVs/sMB-Rsd sMB-Rs/Exose sMB-Rs/sMVsf 

lncRNA Pseudogene lncRNA Pseudogene lncRNA Pseudogene lncRNA Pseudogene lncRNA Pseudogene lncRNA Pseudogene 

HNRNPA1 0 0 5 2 12 1 3 1 59 12 31 6 

HNRNPA2B1 0 0 2 1 7 2 2 0 33 10 17 6 

HNRNPC 0 1 4 5 24 4 1 1 95 16 50 8 

HNRNPK 1 0 2 0 7 1 2 0 34 5 21 4 

HNRNPM 0 0 4 1 8 0 1 1 29 1 17 1 

SRSF1 0 1 5 7 11 10 3 2 56 27 32 14 

U2AF2 0 1 9 8 28 8 4 3 110 24 61 15 

DDX3X 0 0 0 0 0 0 0 0 1 0 1 0 

DHX9 0 0 3 0 3 0 0 0 18 1 12 1 

ELAVL1 0 1 5 2 4 2 3 1 23 2 9 1 

FUS 0 0 4 0 2 1 1 0 16 1 9 0 

IGF2BP1 0 1 3 1 6 1 2 0 28 5 13 3 

IGF2BP2 0 1 8 7 9 4 3 2 54 20 26 13 

IGF2BP3 0 0 3 0 4 3 2 0 20 6 12 4 

TARDBP 0 0 6 0 11 0 3 0 49 3 25 3 

ALYREF 0 0 0 0 0 0 0 0 4 0 1 0 

CSTF2 1 0 7 2 10 3 2 1 53 11 25 8 

TAF15 0 1 16 4 16 7 7 1 81 23 49 12 

DDX54 1 1 3 2 6 3 1 1 39 17 19 8 
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*=19/27 RBPs co-identified in proteomic data (Appendix Table 4.11) and ENCORI-RBP target database  

a =Highly-enriched transcripts in Exos compared to sMVs (Fig. 4.2A)  

b =Highly-enriched transcripts in Exos compared to sMB-Rs (Fig. 4.2B) 

c = Highly-enriched transcripts in sMVs compared to Exos (Fig. 4.2C) 

d = Highly-enriched transcripts in sMV compared to sMB-Rs (Fig 4.2D) 

e = Highly-enriched transcripts in sMB-Rs compared to Exos (Fig. 4.2E) 

f = Highly-enriched transcripts in sMB-Rs compared to sMVs (Fig 4.2F)
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4.3.4 Identification of fusion genes in Exos, sMVs, sMB-Rs and cell 

lysate derived from SW480 and SW620 cells 

In disease biomarker research, EVs are served as molecular targets for 

liquid biopsies57. Fusion genes (a hybrid gene from two previously different 

genes) have been detected in CRC-derived Exos (LIM1863 cells)57 and 

proposed as potential cancer biomarkers. In this study, I used an isogenic 

human colorectal cancer model that consists of adenocarcinoma (SW480) and 

lymph-node metastatic cancer (SW620) and questioned - i) if SW480- and 

SW620-EV classes contain fusion genes, -ii) if EVs are a more enriched 

source of fusion genes than parental cells, and -iii) if fusion genes could be 

utilized as potential markers to study cancer progression. To address the 

questions, fusion genes were first detected in parental cells (SW480 and 

SW620 cell lysates) and their EV classes using ChimeraScan (v.0.4.5)244. 

Enriched fusion genes (total fragments >10) were considered for further 

analysis.    

ChimeraScan (see Section 4.2.5) identified 770 fusion genes (total 

fragments >10) across parental cell lysates, Exos, sMVs and sMB-Rs derived 

from SW480 and SW620 cells (a list of top 100 enriched fusion genes is given 

in Appendix table 4.13). Interestingly, only 10/770 fusion genes have been 

identified in the TCGA fusion gene database245  (AKAP13-PDE8A, ARL17A-

KANSL1, C15orf57-CBX3, CTNNBIP1-CLSTN1, KANSL1-ARL17A, 

LOC100130000-LINC00623, LOC541471-ANAPC1, MX1-FNBP1, NSD1-
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ZNF346 and PRRG4-QSER1). The majority of 770 fusion genes are highly 

enriched in sMB-Rs (for both SW480 and SW620 cell types) compared to cell 

lysates, Exos and sMVs (Fig. 4.4A). For example, sMB-Rs contained 496 

(SW480-sMB-Rs) and 577 (SW620-sMB-Rs) fusion genes compared to their 

corresponding Exos (127 and 184), sMVs (145 and 193 fusion genes) and cell 

lysate (62 and 55 fusion genes) (Fig. 4.4B, C).  

Tumor suppressor gene (MSH2)253 was found fused to several genes 

(fusion genes) in all EV classes. Several MSH2 fusion genes such as PLAGL1-

MSH2, METRNL-MSH2 and HNRPLL-MSH2 are the top 10 most abundant 

fusion genes observed in Exos, sMVs, sMB-Rs but not detectable in 

corresponding cell lysates (red labelled, Fig. 4.4B, C). MSH2 fusion genes are 

most abundant in sMB-Rs (relative to Exos and sMVs) (Fig. 4.4D). Moreover, 

sMB-Rs contain oncogenic genes254 such as RAS (RRAS-BMP8B, C16orf52-

DIRAS1) and CDK (CDK6-VWC2, HNRNPU-CDK6 and CDK6-STX4) (Fig. 

4.4E). Intriguingly, RAS fusion genes were highly enriched in SW620-sMB-Rs 

in contrast to the majority of CDK fusion genes which are detected in SW480-

sMB-Rs (Fig. 4.4E). The novel fusion genes CDK6-ATIP1B2 and ADD3-PARN 

are uniquely detected in SW480-EVs (but not in SW480 cell lysate) with 

selective enrichment in SW480-sMB-Rs (Fig. 4.4F). In contrast, NSD1-

ZNF346 and CPS1-ATXN10 (TCGA-computationally annotated)245 fusion 

genes (see Section 4.2.5) are uniquely detected in SW620-EVs (and not in 

SW620 cell lysate) with selective enrichment in SW620-sMB-Rs (Fig. 4.4F).  
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Figure 4.4 Identification of fusion genes in Exos, sMVs, sMB-Rs and cell 

lysate derived from SW480 and SW620 cells. (A) Enrichment level of fusion 

genes of Exos, sMVs, sMB-Rs and cell lysate derived from SW480 and SW620 

cells. (B) A four-way Venn diagram of fusion genes identified in SW480-Exos, 

-sMVs, -sMB-Rs and cell lysate reveals 20 fusion genes were commonly 

identified, while 10, 8, 330 and 21 fusion genes were uniquely identified in 

SW480-Exos, sMVs, sMB-Rs and cell lysate, respectively (*Top 10 fusion 

genes). (C) A four-way Venn diagram of fusion genes identified in SW620-

Exos, -sMVs, -sMB-Rs and cell lysate reveals 15 fusion genes were commonly 

identified, while 21, 4, 369 and 26 fusion genes were uniquely identified in 

SW620-Exos, sMVs, sMB-Rs and cell lysate, respectively (*Top 10 fusion 

genes). (D) Heat map illustration of MSH2 (tumor suppressor) fusion genes in 

SW480-/SW620-derived Exos, sMVs, sMB-Rs and cell lysate (scale shown is 

average total fragment of each fusion gene in log2). (E) Heat map illustration 

of RAS and CDK (oncogenic) fusion genes in SW480-/SW620-derived Exos, 

sMVs, sMB-Rs and cell lysate (scale shown is total fragment of each fusion 

gene in log2). (F) Number of selected fusion gene fragments of CDK6-

ATP1B2, ADD3-PARN, NSD1-ZNF346, and CPS1-ATXN10 identified in 

SW480-/SW620-EV classes and their corresponding cell lysates.   
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4.3.5 Highly-enriched cancer associated transcripts in SW480-/SW620-

derived EV classes that modulate CRC progression 

It has been shown that EVs derived from cancer cells mediate the tumor 

microenvironment to initiate and maintain hallmarks of cancer such as 

sustaining cell division and growth, evading immune cells, resisting cell death, 

reprograming neighboring cells, and acquiring genome stability255. Because 

EV classes in this study were secreted from human CRC adenocarcinoma 

(SW480 cells) and lymph-node metastasis (SW620 cells)) I questioned 

whether their transcript profiles might yield insights into cancer progression. 

Differential transcript expression analysis was performed using DESeq2246 

with log2fold change and p-value indicating transcript expression level and 

degree of statistical tests, respectively. Transcripts with log2 foldchange >1 

(enriched in SW620-EVs) and <-1 (enriched in SW480-EVs) and pvalue <0.05 

were considered as highly-enriched transcripts and Reactome pathway 

analysis was employed for functional annotation (see Section 4.2.6).  

Differential transcript expression analysis revealed 1,759 and 3,923 

transcripts were highly-enriched in combined SW480-EVs and combined 

SW620-EVs, respectively (Fig. 4.5A). Highly-enriched transcripts in SW480-

EVs included CCND1-201 (protein coding, cyclin D1), Wnt-signaling 

transcripts such as WNT9A201, WNT6-201, WNT10A-201 (protein-coding, 

Wnt family member 9A, 6, 10A), receptors such as EGFR-201 (protein-coding, 

epithelial growth factor receptor), NOTCH2-201 (protein-coding, NOTCH 

receptor2). Metallopeptidases/ inhibitors such as ADAM19-201 (protein-
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coding, ADAM metallopeptidase domain 19) and TIMP3-201 (protein-coding, 

TIMP metallopeptidase inhibitor 3) and growth factors such as FGF9-201, 

FGF20-201 (protein-coding, fibroblast growth factor 9, 20) (Fig. 4.5A, B, a list 

top 100 enriched transcripts in SW480- and SW620-EVs is given in Appendix 

Table 4.14). Reactome pathway analysis showed pathways related to 

‘Signaling by EGFR in cancer’, ‘Signaling by non-receptor tyrosine kinase’, 

‘IGF1R signaling cascade’ and ‘PI3K/AKT signaling in cancer’ were enriched 

in SW480-EVs (Fig. 4.5C, Appendix Table 4.15), whereas highly-enriched in 

transcripts in SW620 EVs included lncRNA (MALAT1-202, MANCR-201, 

NONO-211, SFPQ-205), transcription factors (SOX2-201, 4-201 (protein-

coding, SRY-box 2, 4)), receptors (GPR183-201 (protein-coding, G protein-

coupled receptor 183), ITPR2-202, (protein-coding, inositol 1,4,5-

trisphosphate receptor type 2)) and signaling molecules such as metastasis-

associated in colon cancer 1 also known as MET transcriptional regulator 

(MACC1-202, protein-coding), MAP2K6-206 (protein-coding, mitogen-

activated protein kinase-kinase 6), TDGF-201 (protein-coding, 

teratocarcinoma-derived growth factor 1) and MARCKSL-201 (protein-coding, 

MARCKS-like 1) (Fig. 4.5A, B). Reactome pathway analysis showed that 

SW620-EVs are enriched in pathways related to RNA metabolism (e.g., 

‘Eukaryotic translation initiation’, ‘Translation initiation complex formation’, 

‘mRNA splicing’ and ‘tRNA processing’), as well as ‘Oncogenic MAPK 

pathway’, ‘PTEN regulation’ and ‘Nucleotide-binding domain, leucine rich 
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repeat containing receptor (NLR) signaling pathways’ (Fig. 4.5C, Appendix 

Table 4.15). 

These analyses show that SW480-EVs and SW620-EVs contain highly-

enriched transcripts related to signaling molecules, receptors, growth factors, 

and transcription factors that might modulate the tumor microenvironment and 

play a role in CRC progression. 
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Figure 4.5 Identification of cancer progression-related transcripts and 

Reactome pathway analysis in EVs derived from SW480 and SW620 

cells. (A) Differential transcript expression analysis of highly-enriched (log2 

fold change <-1, pvalue < 0.05) cancer-associated transcripts in SW480-EVs 

(1,759 transcripts) and SW620-EVs (3,923 transcripts). (B) Heat map 

illustration of cancer-associated transcripts in SW480-/SW620-derived Exos, 

sMVs and sMB-Rs (scale shown is normalized counts subtracted by mean and 

divided by standard deviation). (C) Reactome pathway analysis of highly-

enriched transcripts in SW480-EVs (n=1,759) and SW620-EVs (n=3,923) 

(cutoff: pvalue <0.05).   
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4.4 Discussion and conclusions 

In this chapter, I provided an in-depth transcriptomic analysis of EV 

classes (Exos, sMVs and sMB-Rs) derived from the isogenic human colorectal 

cancer SW480/SW620 cell line model (SW480 cells, surrogate of 

adenocarcinoma, and SW620 cells, surrogate of CRC metastasis)128. 

Inspection of transcript data indicates that the three EV classes have distinct 

transcriptome profiles (Fig. 4.1D) and the most abundant transcripts are (in 

order) protein-coding (mRNA), long non-coding, other (such as short non-

coding) and pseudogene transcripts (Fig. 4.1E). This finding mirrors our 

observation that the three EV classes have distinct proteome profiles (Chapter 

3, Fig. 3.2C).  A major finding is that each of the EV classes, as well as 

containing transcripts in common, contain selectively-enriched transcripts (i.e., 

only seen in one EV class) – for example, sMB-Rs contain 134 uniquely 

identified transcript, Exos 34 transcripts and sMVs 9 transcripts (Appendix 

Table 4.3). It is not clear whether these differences translate into different 

functionalities of the EV classes.  Clearly, further studies are required to 

address functional differences between the EV classes. 

Differential transcription analysis was performed for each of the three 

EV classes.  First, Exos displayed 136 and 737 transcripts highly-enriched 

compared to sMVs and sMB-Rs, respectively (Fig. 4.2A, B). These transcripts 

potentially translate into proteins previously shown to be Exo-cargo related to 
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Exos. For example, highly-enriched transcripts in Exos include Exo-related 

transcripts such as HSP90AA1-205 (heat shock protein 90 alpha family class 

A member 1)256, ANXA2-223 (Annexin A2)257 and BICD2-201 (BICD cargo 

adaptor 2). BICD protein interacts with the dynein–dynactin motor complex for 

the intracellular transport of small membranous organelles258 and release of 

Exos259. An interesting finding was the presence of a novel transcript 

AC109326.1-201 highly-enriched in Exos compared to sMVs and sMB-Rs. 

Interestingly, several histone subunit transcripts are highly-enriched in Exos 

compared to sMB-Rs with GO terms such as ‘DNA packaging complex’, 

‘protein-DNA complex’ and ‘Nuclear nucleosome’ were enriched in Exo-

transcriptome (Appendix Fig. 4.2A, B). Whilst this finding suggests Exos 

might be involved in genomic DNA (gDNA) sorting/replication, histone subunits 

(essential for gDNA replication260) were not found to be enriched in my Exos 

proteome (Chapter 3, Fig. 3.3E).  My data cannot distinguish intact DNA from 

DNA fragments. (It is noteworthy that DNA fragments containing mutant 

oncogenes have been recently reported in plasma261) Clearly, further studies 

are warranted to clarify this paradox. 

Another key finding of this study was the enriched presence  of 

mitochondrial, ribonucleoprotein, and signaling-related transcripts in sMB-Rs 

compared to Exos and sMVs (Fig. 4.2E, F) These transcripts include the 

mitochondrial transcripts (MT-CO1, MT-CO2, MT-CO3, MT-ND-5)262, 

ribonucleoprotein-complex transcripts (NEAT1-202263, LARP1-204264) and 

signaling-related transcripts (TGFB1-201265). GO analysis revealed enriched 
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mitochondrial-related GO terms ‘respiratory chain complex’, ‘mitochondrial 

inner membrane’, membrane-related GO terms (‘synapse part’, ‘postsynaptic 

specialization’) (Appendix Fig. 4.2E, F). Importantly, ‘cytoplasmic stress 

granule’ and ‘transcription factor complex’ GO terms are significantly enriched 

in sMB-Rs compared to Exos (Appendix Fig. 4.2E). Enrichment of 

mitochondrial and ribonucleoprotein transcripts in sMB-Rs (relative to Exos 

and sMVs) poses the question whether mitochondria and ribonucleoprotein 

complexes might have co-purified along with sMB-Rs. Previous studies have 

shown that mitochondria and ribonucleoprotein complexes/RNA granules can 

be released into the extracellular space either in a free-form52, 266 or embedded 

within EVs267. Mitochondria are known to  sediment  at 7,000-12,000 x g (10 

min)212, 268 and 18,000 x g (15 min) for RNA granules211 which is similar to that 

required for microvesicle isolation87, 164. Proteomic analysis (Chapter 3) also 

demonstrated abundant mitochondrial markers such as TOMM22 and 

VDAC1/2 in sMB-Rs. Interestingly, sMB-Rs not only contain ribonucleoprotein-

complex transcripts but also their ribonucleoprotein complexes protein 

partners such as splicing factors, and translation initiation factors (see 

Chapter 3, Fig. 3.3E). This observation suggests a tight relationship of RNA 

and their cognate protein complexes in sMB-Rs. Following this observation, I 

next questioned whether enriched transcripts in sMB-Rs might bind to RBPs. 

Target RBPs for the highly-enriched transcripts in sMB-Rs were identified (27 

in total) in the ENCORI database248.  Functional annotation of these 27 RBPs 

(using gProfiler247) suggested GO terms such as ‘ribonucleoprotein complex’/ 
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’spliceosomal complex’ (HNRNP families, U2AF2), ‘ribonucleoprotein granule’ 

(ELAVL1, FUS, IGF2BP families) and ‘nuclear speckles’ (ALYREF, METTL3) 

(Appendix Table 4.12). Intriguingly, 19/27 putative RBPs (Table 4.1) are 

found in my proteome data (Appendix Table 4.11).   For example, NEAT1-

202 that is associated with  RNA retention and RNA granules252, 269 is predicted 

to bind to RNA/stress granule protein markers (FUS, TARDBP, IGF2BP2, 

TAF15, ELAVL1) and ribonucleoproteins (HNRNP families) (all of these RBPs 

were identified in my proteomic data, Chapter 3) (Fig. 4.3B). The co-existence 

of these RBPs and their cognate transcripts suggests they might occur as pre-

formed complexes in SW480/SW620-sMB-Rs.  It is interesting to speculate 

that pre-formed RNA/protein complexes in sMB-Rs might be implicated in RNA 

sorting222, 270. Whilst this concept has been proposed as an RNA-sorting 

mechanism in Exos222, 270, it has not been previously reported for larger EVs 

such as sMB-Rs.   

Highly-enriched mitochondrial transcripts (MT-CO1-201, MT-CO2-201, 

MT-CYB-201) were found to be prominent in sMVs when compared with Exos, 

but to a lesser extent when compared with sMB-Rs (Fig. 4.2E, F). However, 

sMVs showed highly enriched histone subunit transcripts when compared with 

sMB-Rs, but not enriched when compared to Exos (Fig. 4.2F). In contrast to 

Exos and sMB-Rs, transcript levels in sMVs were of moderate abundance 

(Fig. 4.2G).  

EV-containing fusion genes are gaining much attention as potential 

targets in biomarker discovery271. In my study, 770 fusion genes were detected 
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across all samples (cell lysate, Exos, sMVs and sMB-Rs). It is interesting that 

fusion gene enrichment levels much higher in sMB-Rs compared to other 

Exos, sMVs and cell lysates (Fig. 4.4A). I detected the tumour suppression 

gene MSH2 linked to many other genes. The fusion gene analysis showed 33 

novel MSH2 fusion genes were highly detected in EV classes (Exos, sMVs, 

sMB-Rs, but not in SW480/SW620 cell lysates) (Fig. 4.4D). MSH2 is a key 

mammalian DNA mismatch repair (MMR) gene and mutations or deficiencies 

in mammalian MSH2 gene result in microsatellite instability (MSI+)272. SW480 

and SW620 cells have been  characterized as microsatellite stable (MSS)130 

and it is interesting that most MSH2 fusion genes were not detected in SW480- 

and SW620-cell lysate but were highly abundant in both SW480-EVs and 

SW620-EVs. It is not clear why (or how) low-abundance MSH-2 fusion genes, 

presumably at almost undetectable levels in the cytoplasm, selectively traffic 

to EVs where they are found at abundant levels. If MSH-2 fusion genes are 

considered to be toxic to genome stability, their selective enrichment in EVs 

might offer a mechanism for their removal from the cell. Clearly, this hypothesis 

warrants further experimentation. Another key finding is the selective 

enrichment of the novel fusion genes CDK6-ATIP1B2 and ADD3-PARN in 

SW480-sMB-Rs but not in SW480 cell lysates (Fig. 4.4F). Similarly, NSD1-

ZNF346 and CPS1-ATXN10 (TCGA-computationally annotated245) fusion 

genes were uniquely detected in SW620-EVs (and not in SW620 cell lysate) 

with high enrichment in SW620-sMB-Rs (Fig. 4.4F). NSD1-ZNF346 fusion 

gene has been detected in high-grade serous carcinoma273. Thus, NSD1-
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ZNF346 fusion gene could be a biomarker for aggressive cancer, but is not 

specific for metastatic colorectal cancer. More clinical EV samples are required 

to increase specificity of fusion gene-base biomarkers. 

EV-derived RNAs have been shown to mediate the tumor 

microenvironment and maintain hallmarks of cancer79. Because EV classes in 

this study were isolated from different cell origins (colorectal adenocarcinoma 

(SW480) and lymph-node metastasis cancer cell (SW620)) that have distinct 

morphology, tumorigenic properties274 and clinical cancer stages128, I opined  

whether there is a difference of transcriptome between combined SW480-EVs 

and combined SW620-EVs. Differential transcript expression analysis 

revealed 1,759 and 3,923 transcripts were highly-enriched in SW480-EVs and 

SW620-EVs, respectively (Fig. 4.5A). The enriched transcripts in SW480-EVs 

that are important signaling pathways for cancer proliferation and growth, 

include signaling related to Wnt275 (WNT9A201, 6-201, 10A-201), EGFR276 

(EGFR-201), NOTCH277 (NOTCH2-201) and extracellular remodeling 

mediators such as ADAM19-201 and TIMP3-201278. In this study, I found that 

my transcriptomic data (for example, EGFR)  correlates with enriched levels 

of  EGFR protein found in SW480-Exos59, SW480-sMVs164  and SW480-sMB-

Rs (Chapter 3). Similarly, I found a correlation of enriched levels of NOTCH2 

protein and transcripts in SW480-sMVs164 and SW480-sMB-Rs (Chapter 3) 

compared to the same EV classes derived from SW620. Interestingly,  SW620-

EVs were enriched in lncRNA (MALAT1-202250), transcription factors (SOX2-

201279) and signaling transcript molecules such as metastasis-associated in 
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colon cancer 1/ MET transcriptional regulator (MACC1-202280). This finding is 

consistent with our observation that the MACC1 protein is also enriched in 

SW620-Exos, -sMVs and -sMB-Rs (Table 3.2), compared to the same EV 

classes derived from SW480. Reactome pathway analysis demonstrated that 

SW620-EVs are enriched in pathways related to translation processes  and 

signaling pathways - for example, ‘Oncogenic MAPK pathway’ (Fig. 4.5C) 

which is consistent with previously reported transcriptome analyses of  primary 

colorectal adenocarcinomas and metastatic colorectal cancer281  where 

metastatic cancers have been shown to display aberrant RNA translation 

processes282, 283. 

In summary, the transcriptome of sMB-Rs is dissimilar to Exos and 

sMVs with high enrichment of mitochondrial transcripts, lncRNA/pseudogene 

transcripts that are predicted to bind to ribonucleoproteins, splicing factors and 

RNA/stress granule proteins. The transcriptome of sMB-Rs is highly enriched 

with many fusion genes, some of which have not been hitherto described in 

the literature (CDK6-ATIP1B2, ADD3-PARN). Exos contain transcripts related 

to release and biogenesis of Exos such as BICD2-201, ARRDC3-201 and 

CAV2-201. Unlike the other two EV classes, sMVs do not contain a distinct 

transcript signature. Importantly, the expression of cancer progression-related 

transcripts found in EV classes derived from SW480 and SW620 cells reflects 

their parental cell types and positively correlate with protein abundance levels 

(described in Chapter 3, Table 3.2). Finally, this chapter provides, for the first 

time, a comprehensive transcriptomic analysis of three different EV classes 
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(Exos, sMVs and sMB-Rs) secreted from human CRC cells SW480 and 

SW620. My findings, I believe, provide a better understanding of RNA 

compositions in EV classes and how they might impact on EV functionality in 

cancer progression. This study also offers several potential EV-based RNA/ 

fusion gene candidates for cancer biomarkers. 
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4.5 Future perspectives 

There are some questions arising from my thesis that have not been 

fully addressed due to time constraints and unavailability of reagents and new 

technologies. To improve this chapter, I would like to perform qRT-PCR to 

validate enriched transcripts/fusion genes in EV classes. I would also like to 

perform an immunoprecipitation technique using anti-TOMM22 and 

FUS/IGF2BP2 to detect free-mitochondria and free-RNA granules to 

investigate whether mitochondria and RNA granules are precipitated during 

sMB-Rs isolation for deeper characterization of sMB-Rs. Another approach to 

characterize EV classes is to investigate unannotated transcripts derived from 

EV classes. I have established a method for identifying unannotated 

transcripts from RNA sequencing data (the published article is attached 

below). Due to time (and budget) constraints I could not perform these 

experiments.  I believe such experiments might provide an in-depth 

understanding of EV class/ subtype heterogeneity which, in turn, might allow 

the development of EV isolation kits for increasing of sensitivity and clinical 

utility of EV-based biomarker.  

 

Wittaya Suwakulsiri, Maoshan Chen, David W. Greening, Rong Xu and 

Richard J, Simpson. Analysis of Annotated and Unannotated Long Noncoding 

RNAs from Exosome Subtypes Using Next-Generation RNA Sequencing. 

Methods in Molecular Biology, Haiming Cao (Editor), vol. 2254. PMID: 
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33326077. https://doi.org/10.1007/978-1-0716-1158-6_12 (Appendix Article 

3). 
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 Chapter 5  

Summary and future directions 
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5.1 Background context of my thesis 

At the commencement of my PhD there were at least two well-defined 

classes of EVs described in the literature – namely, exosomes (Exos) and 

shed microvesicles (sMVs)68, 79. These classes were identified primarily on the 

basis of their mechanism of biogenesis. Exos biogenesis involves the inward 

budding of the plasma membrane (PM) to form the early endosome, which 

matures to form a late endosome. During this process the limiting membrane 

of the late endosome buds inwards and pinches off to form small (50-200 nm) 

membrane-enclosed vesicles referred to as intraluminal vesicles (ILVs) within 

late endosomes – now referred to as multivesicular bodies (MVB). MVBs are 

integrated into the endosomal recycling system and traffic to and fuse with the 

PM thereupon releasing their ILV cargo (now termed Exos) into the 

extracellular space. By contrast, sMVs (also known as microparticles and 

ectosomes) form by direct budding from the PM. Despite differences in their 

mechanism of biogenesis and membrane of origin – the MVB limiting 

membrane in the case of Exos and PM for sMVs - Exos and sMVs are 

functionally similar following release into the extracellular space but 

molecularly distinct at the proteome level163.  During the initial phase of my 

PhD, I was involved in work underway in the Simpson lab that led to the 

identification of a novel third class of EV referred to as shed midbody remnants 

(sMB-Rs).   sMB-Rs arise during the final stages of cell division whereby 

newly-formed daughter cells remain connected by a thin intercellular bridge 

containing the midbody (MB), a microtubule-rich organelle responsible for 
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cytokinetic abscission. Following cell division, the MB is asymmetrically 

inherited by one daughter cell where it persists as a midbody remnant (MB-R) 

(for a summary of our current understanding of the biogenesis of the three EV 

classes, see Fig. 1.7).  Accumulating evidence shows sMB-Rs are secreted 

into the extracellular medium and engulfed by neighbouring non-sister cells70.  

This latter finding led me to focus on the systematic comparative analysis of 

the protein and RNA cargo in the three EV classes (Exos, sMVs, and sMB-Rs) 

as the overarching aim of my thesis. As a biological model for my thesis, I 

focused on the release of the three EV classes from the isogenic human CRC 

cell lines SW480 (derived from primary colorectal cancer tumor) and SW620 

(derived from lymph node-metastatic colorectal cancer tumor from the same 

patient).  

The following is a summary of the major findings of my thesis: 
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5.2 Comparative proteome analysis of Exos, sMVs, and sMB-Rs 

released from colorectal cancer SW480 and SW620 cells 

In Chapter 2, I focused on the characterizing the proteome of sMVs 

isolated and purified from the isogenic human CRC cell lines (SW480 cells, 

surrogate of adenocarcinoma, and SW620 cells, surrogate of CRC 

metastasis128). The purification strategy involved a combination of differential 

ultracentrifugation and iodixanol density-based separation. Purified sMVs 

were obtained at 10,000 x g centrifugation and buoyant density 1.10 g/ mL.  I 

first determined biophysical properties of sMVs using transmission electron 

microscopy (TEM) and nanoparticle tracking analysis (NTA). TEM revealed 

sMVs display round-like membranous vesicle structures 100-500 nm in size, 

and NTA showed heterogenous particle mean diameters of 350±28.4 nm for 

SW480-sMVs and 337.1±9.3 nm for SW620-sMVs. In addition, Western blot 

analysis shows that sMVs are ALIX-, TSG101-, CD9-, and CD63- in comparison 

with Exos. Label-free quantitative mass spectrometry identified 834 common 

proteins in both SW480- and SW620-sMVs. GO analysis of the 834 proteins 

identifies enriched following processes – ‘cell adhesion/adhesion molecules’ 

(PKP2/3, CLDND1, OCLN, CTN families), ‘signal transduction’ (KRAS, NRAS, 

RHOA, MAPK1/2K1), ‘RNA binding proteins’ (e.g., ribonuclear proteins 

HNRNPK/Q/E2, YBX-1), ‘translation-associated proteins’ (ribosomal proteins, 

translation initiation factors, aminoacyl tRNA ligases), and ‘transport vesicle’ 

(VPS29/35, SNAP23). Interestingly, cancer progression-related proteins found 

in SW480- and SW620-sMV reflects their parental cell types which is 
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consistent with cancer progression-related proteins identified in SW480- and 

SW620-Exos59, 134. For example, EGFR, CD44, CLDN7 are enriched in 

SW480-sMVs while MET, PRKCA, MACC1, CLDN1 are abundant in SW620-

sMVs.  

In Chapter 3, I isolated, purified and characterized sMB-Rs using the 

same starting materials as in Chapter 2. sMB-Rs were purified from 10,000 x 

g centrifugation with high buoyant density 1.15 g/mL. Using the same 

materials, I also isolated and purified Exos (from supernatant of 10,000 x g 

centrifugation) at 100,000 x g centrifugation (buoyant density 1.10 g/mL) to 

perform comparative proteomic analysis of the three EV classes. TEM 

revealed sMB-Rs are ellipsoid in shape and heterogenous in size (100-500 

nm) and NTA showed mean particle diameters of 404.9±13.6 nm/401.2±1.7 

nm for SW480/SW620-sMB-Rs. Western blot analysis revealed ALIX, 

TSG101, CD63, CD9 and CD81 were more enriched in Exos than in sMVs 

(Fig. 3.1H), a finding consistent with previous studies204.  The midbody 

centraspindlin complex components KIF23/MKLP1 and RACGAP196 are 

selectively enriched in sMB-Rs compared to Exos and sMVs. Proteome of 

sMB-Rs is very dissimilar to Exos and sMVs. Using differential protein 

enrichment analysis and KEGG pathway analysis, I identified selectively-

enriched proteins in Exos, sMVs and sMB-Rs. Exos are selectively-enriched 

in exosomal protein markers (CD63, CD81, CHMP4B (ALIX), TSG101)161, 163, 

206  and enriched KEGG pathways such as ‘Endocytosis’ (hsa04144) and 

‘SNARE interactions in vesicular transport’ (hsa04130) and ‘Cell adhesion 
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molecules’ (hsa04514). sMVs are selectively-enriched in metabolic enzymes 

(DTYMK, IMPA1 and MRI) and membrane-associated proteins (SLC29A2). 

sMB-Rs are selectively-enriched in centraspindlin and midbody components96 

(KIF23/MKLP1, RACGAP1, PLK1, AURKB), mitochondrial proteins (TOM22, 

VDAC1, VDAC2), proteins in ribonucleoprotein complex/ splicing complex/ 

RNA granules (HNRNPs, SF3s, FUS, IGF2BP1) and enriched KEGG 

pathways such as ‘RNA transport’ (hsa03013), ‘Spliceosome’ (hsa03040), 

‘Protein processing in endoplasmic reticulum’ (hsa04141) and ‘Citrate cycle 

(TCA cycle) and mitochondrial enzymes’ (hsa00020). Furthermore, I observed 

that cancer progression-related proteins are selective sorted in EV classes. 

Several receptors and transporters are highly enriched in Exos and sMVs 

(CD44, EGFR, FAS in SW480-Exos/sMVs and MET, FGFR4 in SW620-

Exos/sMVs). Signaling molecules such as STAT1, GYS1 and CTNNBL1 were 

highly-enriched in SW480-sMB-Rs and GDF15, ADAM15, TNC were highly-

enriched in SW620-sMB-Rs. 

In summary, Chapters 2 and 3 of my thesis provide, for the first time, 

an in-depth comparative proteomic analysis of three EV classes (Exos, sMVs 

and sMB-Rs) which were isolated and purified from SW480 and SW620 cancer 

cells. This comparative analysis provides a comprehensive understanding of 

the protein cargos in three EV classes (Exos, sMVs, and sMB-Rs) from CRC 

SW480 and SW620 cell lines.  
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5.3 Comparative transcriptomic analysis of Exos, sMVs and sMB-Rs 

released from colorectal cancer SW480 and SW620 cells 

In Chapter 4, I undertook a comparative transcriptomic analysis of 

Exos, sMVs and sMB-Rs from the same material I used for the proteome 

studies described in Chapters 2 and 3. Total RNA was isolated from the same 

materials as in Chapter 3 and sequenced using RNA-next generation 

sequencing technique (Illumina HiSeq 4000).  The most abundant transcripts 

in Exos, sMVs and sMB-Rs are (in order) protein-coding (mRNA), long non-

coding, other (such as short non-coding) and pseudogene transcripts. 

Interestingly, the transcriptome of sMB-Rs is distinct from Exos and sMVs 

(observed in EVs from both SW480 and SW620 cells). Differential transcript 

expression analysis and Gene Ontology (GO) analysis revealed that sMB-Rs 

are highly-enriched in mitochondrial transcripts (MT-CO1-201, MT-CO2-201, 

MT-CO3-201, MT-CYB-201, MT-ND1-201), transcripts that are translated to 

transcription factor/ signaling proteins (SOX12-201, TGFB1-201), 

lncRNA/pseudogene transcripts (NEAT1-201, KCNQ1OT1-201, GABPB1-

AS1-202) that are predicted to bind to ribonucleoproteins (HNRNPs), splicing 

factors (SRSF1, U2AF2) and RNA/stress granule proteins (FUS, TAF15) that 

were detected in proteome of sMB-Rs (Supplementary Fig. 3.4). 

Interestingly, sMB-Rs also contain higher number of fusion genes compared 

to Exos, sMVs and cell lysates derived from SW480 and SW620. I identified 

fusion genes from tumour suppressor gene (MSH2) such as PLAGL1-MSH2, 

METRNL-MSH2 and oncogenes (CDK, RAS) such as RRAS-BMP8B and 
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CDK-STX4 selectively enriched in sMB-Rs. Moreover, NSD1-ZNF346 and 

CPS1-ATXN10 are only detected in SW620-EVs, with selective enrichment in 

sMB-Rs. This finding suggests sMB-Rs-derived fusion genes should be 

considered as liquid biopsy targets for metastatic cancer detection. Exos 

contain transcripts that are translated to proteins related to release and 

biogenesis of Exos such as BICD2-201, ARRDC3-201 and CAV2-201. Unlike 

the other two EV classes, sMVs do not contain a distinct transcript signature. 

Importantly, the expression of cancer progression-related transcripts found in 

Exos, sMVs and sMB-Rs derived from SW480 and SW620 cell lines positively 

correlate with known proteins (EGFR, CD44, FAS, MET, MACC1, PRCAKA) 

found in their parental cell types (Table 3.2). Exos, sMVs and sMB-Rs 

secreted from SW620 cells are enriched in lncRNA transcripts that have been 

shown to promote cancer progression such as MALAT1-202250, 284 and 

MANCR-201285. 

In conclusion, my Chapter 4 is the first report of a comprehensive 

transcriptomic analysis of three different EV classes (Exos, sMVs and sMB-

Rs) secreted from human CRC SW480 and SW620 cells. These findings 

provide a better understanding of RNA compositions in EV classes and their 

possible roles in cancer progression. This study also provides several potential 

EV-based RNA/ fusion gene candidates for cancer biomarkers. 
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5.4 Conclusions and future directions 

Cells release at least three EV classes that vary in size, cargo 

components and mechanism of biogenesis. One outstanding question in the 

EV field is whether EV classes show different functionalities upon uptake by a 

recipient cell(s). To understand their precise functionality, EV classes need to 

be well-characterized with respect to their protein and RNA compositions.  

Hence, to tackle this important question, and to enable comparison between 

laboratories, comprehensive biochemical and biophysical characterization of 

EV classes is essential.  

This thesis demonstrates a novel comparative proteomic and 

transcriptomic analysis of three EV classes (Exos, sMVs and sMB-Rs) isolated 

and purified from an isogenic human colorectal cancer cells SW480 

(adenocarcinoma) and SW620 (lymph node-metastatic cancer) using a 

combination of differential ultracentrifugation and iodixanol density-based 

separation. sMB-Rs from both SW480 and SW620 cells show highly distinct 

proteomic and transcriptomic profiles from Exos and sMVs (Chapter 3 and 4). 

At the protein level (Chapter 3), midbody components, mitochondrial proteins, 

histone subunits and RNA-binding proteins (RBPs) such as 

ribonucleoproteins, RNA stress/granule proteins, splicing factors and 

translation initiation factors are selectively-enriched in sMB-Rs (Fig. 5.1). 

Interestingly, the transcriptome of sMB-Rs reveals highly-enriched 

mitochondrial transcripts, lncRNA/pseudogene transcripts (Chapter 4) that are 
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predicted to bind to RBPs (identified in Chapter 3) and novel fusion genes. 

Exosomal proteins such as CD63, CD81, CHMP4B (ALIX), TSG101 as well 

as transcripts that translate into proteins involved in exosome biogenesis/ 

release (ARRDC3-201, BICD2-201, CAV2-201) (Chapter 4) are selectively-

enriched in Exos (Fig. 5.1). Metabolic enzymes (DTYMK, IMPA1 and MRI) 

and membrane-associated proteins (SLC29A2) are selectively-enriched in 

sMVs (Fig. 5.1).       

Expression of cancer progression-related proteins and transcripts in 

Exos, sMVs and sMB-Rs (Chapters 3 and 4) to a large extent positively 

correlate with the two -omic profiles. For example, EGFR protein and transcript 

are enriched in SW480-EV classes and MET, MACC1 proteins and transcripts 

are enriched in SW620-EV classes (Fig. 5.2). Moreover, SW620-EV classes 

contain enriched non-coding transcripts that are known to promote cancer 

progression (Fig. 5.2). 

There are outstanding questions and incomplete confirmation of 

transcript findings arising from my findings in this thesis that have not been 

fully answered due to time constraints, unavailability of reagents and new 

technologies. For example, - 1) orthogonal confirmation of proteins/ transcripts 

identified in EV classes is required, - 2) the question of EV purity needs further 

examination, - 3) the possibility of additional RNA species in my EV samples 

and incomplete annotation of RNA species needs to be explored further, and 

- 5) there is a pressing need to further investigate the tumorigenic potential of 

the different EV classes derived from CRC cell lines (and other cancer types).  
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To address the first question, I would like to perform Western blot 

analysis on highly-enriched proteins as well as qRT-PCR on highly-enriched 

transcripts to confirm their expression levels in EV classes. To answer the 

second question, I would like to perform extensive purification of sMB-Rs using 

an immunoprecipitation technique with anti-KIF23 and anti-RACGAP1 to 

capture sMB-Rs and perform mass spectrometry on immunocaptured sMB-

Rs. This approach could answer whether mitochondria and RNA stress/ 

granules are co-purified or integral components of sMB-Rs. To address the 

third question, I would like to perform small RNA analysis (e.g., miRNA, 

snRNA, snoRNA). I have also published an RNA analysis method for the 

identification of unannotated transcripts286 and I would like to apply this method 

directly to the  RNA sequencing data in Chapter 4. I would also like to identify 

fusion proteins (from fusion genes observed in Chapter 4) and attempt to 

identify neoantigens (unidentified proteins in UniProt database) using my 

transcriptome data of Exos, sMVs, and sMB-Rs. To answer the last question, 

I would like to perform a tumour xenograft experiment by injecting SW480- and 

SW620-EV classes into mice and monitor tumour growth196.  

Collectively, I believe my thesis findings pave the way to advancing the 

characterization of EV classes and - in doing so - may impact on our 

understanding of intercellular communication, cancer progression and EV-

based liquid biopsy in clinical use. 
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Figure 5.1 Schemata of highly-enriched proteins and transcripts in Exos, 

sMVs and sMB-Rs derived from SW480 and SW620 cells. Exos contain 

proteins involved in exosome biogenesis/ release/ trafficking such as CD63, 

CD81, CD82, TSG101, VPS25, TSPAN1 and TSPAN14 as well as transcripts 

that are translated into proteins in exosome biogenesis/ release/ trafficking 

such as BICD2-201, CAV2-201 and ARRCD3-201. sMVs are enriched in 

metabolic enzymes (DTYMK, IMPA1 and MRI), membrane-associated 

proteins (SLC29A2) as well as long non-coding transcripts, AC018752.1-201 

(novel) and RGS12-219. sMB-Rs are enriched in midbody components, 

histone subunits and RNA-binding proteins (RBPs) such as 

ribonucleoproteins, RNA stress/granule proteins, splicing factors and 

translation initiation factors as well as mitochondrial proteins/transcripts. sMB-

Rs also contain long non-coding transcripts (NEAT1-202, GABPB1-AS1-202) 

that are predicted to bind to enriched RBPs 
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Figure 5.2 Schemata of selected cancer progression-related proteins, 

transcripts and fusion genes in Exos, sMVs and sMB-Rs derived from 

SW480 and SW620 cells. Exos from SW480 contain receptors/proteins such 

as EGFR, CD44, CXCR4 and transcripts such as APCCD1-206 and FGF9-

201. SW480-sMVs contain MMP14 protein and similar abundance of EGFR 

and CD44 proteins, APCDD1-206 transcript to SW480-Exos. sMB-Rs from 

SW480 contain TGM2, HDAC1, STAT1 and novel fusion genes (CDK6-

ATP1B2, ADD3-PARN). In SW620, Exos contain receptors/proteins such as 

MET, TGFBR2, MACC1 and RICTOR as well as SOX4-201 transcript. 

SW620-sMVs contain FGFR4 and similar abundance of MACC1 proteins to 

SW620-Exos. sMB-Rs from SW620 contain proteins such as ADAM15, 

GDF15, PRKACA and long non-coding transcript (MALAT1-202). 

Furthermore, fusion genes such as NSD1-ZNF346 and CPS1-ATXN10 are 

enriched in SW620-sMB-Rs. 
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Appendix Figure 3.1 Heatmap of total proteome in Exos, sMVs 

and sMB-Rs derived from SW480 and SW620 

cells  
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Appendix Figure 3.2 KEGG pathway analysis of highly-enriched proteins 

found in Exos (95 and 409 proteins, see Fig. 3.3A) and sMB-Rs (604 and 

533 proteins, see Fig. 3.3C). (A) Proteins from ‘Endocytosis (hsa04144)’ 

highly-enriched in Exos (red) compared to sMVs (green). (B) Proteins from 

‘Endocytosis (hsa04144)’ highly-enriched in Exos (red) compared to sMB-Rs 

(green). (C) Proteins from ‘SNARE interactions in vesicular transport 

(hsa04130)’ highly-enriched in Exos (red) compared to sMVs (green). (D) 

Proteins from ‘SNARE interactions in vesicular transport (hsa04130)’ highly-

enriched in Exos (red) compared to sMB-Rs (green). (E) Proteins from ‘Cell 

adhesion molecules (hsa04514)’ highly-enriched in Exos (red) compared to 

sMVs (green). (F) Proteins from ‘Cell adhesion molecules (hsa04514)’ highly-

enriched in Exos (red) compared to sMB-Rs (green). (G) Proteins from ‘RNA 

transport (hsa03013)’ highly-enriched in sMB-Rs (red) compared to Exos 

(green). (H) Proteins from ‘RNA transport (hsa03013)’ highly-enriched in sMB-

Rs (red) compared to sMVs (green). (I) Proteins from ‘Spliceosome 

(hsa03040)’ highly-enriched in sMB-Rs (red) compared to Exos (green). (J) 

Proteins from ‘Spliceosome (hsa03040)’ highly-enriched in sMB-Rs (red) 

compared to sMVs (green). (K) Proteins from ‘Protein processing in 

endoplasmic reticulum (hsa04141)’ highly-enriched in sMB-Rs (red) compared 

to Exos (green). (L) Proteins from ‘Protein processing in endoplasmic 

reticulum (hsa04141)’ highly-enriched in sMB-Rs (red) compared to sMVs 

(green). (M) Proteins from ‘Citrate cycle, TCA cycle (hsa00020)’ highly-

enriched in sMB-Rs (red) compared to Exos (green). (N) Proteins from ‘Citrate 
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cycle, TCA cycle (hsa00020)’ highly-enriched in sMB-Rs (red) compared to 

sMVs (green).  
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Appendix Figure 3.3 Heat map illustration of RBPs related to nuclear 

speckles, RNA/stress granule, heterogenous ribonucleoprotein and 

translation initiation factor in Exos, sMVs and sMB-Rs (scale shown is 

average normalized LFQ subtracted by mean and divided by standard 

deviation).  
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Appendix Figure 3.4 Transmission electron microscopic analysis 

of SW480-/ SW620-sMB-Rs 
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Appendix Table 3.1 A list of top 50 protein identifications in Exos, sMVs and sMB-Rs by label-free mass 

spectrometry  

Protein 

Access 
(UniProt) 

Protein description Gene name 
SW480-
sMVs 

SW480-sMB-
Rs 

SW480-
Exos 

SW620-
sMVs 

SW620-sMB-
Rs 

SW620-
Exos 

P63261 Actin, cytoplasmic 2 ACTG1 
166,002,66

7 
95,824,889 

142,833,77
8 

229,384,88
9 

148,960,889 
214,093,33

3 

P62805 Histone H4 HIST1H4A 5,767,961 196,896,440 9,062,524 2,145,728 16,966,958 2,701,715 

P23528 Cofilin-1 CFL1 27,737,952 18,215,863 28,390,763 42,574,096 28,529,317 46,175,100 

P07355 Annexin A2 ANXA2 34,900,688 20,446,411 35,390,364 20,333,628 14,143,363 20,622,222 

P57053 Histone H2B type F-S H2BFS 3,047,196 114,148,148 4,667,169 927,741 8,294,841 1,182,899 

P04406 Glyceraldehyde-3-phosphate dehydrogenase GAPDH 20,682,587 22,173,234 19,539,701 21,484,677 23,460,100 18,476,517 

P68431 Histone H3.1 HIST1H3A 2,696,250 108,375,000 3,897,377 788,556 8,037,623 1,000,868 

P62937 Peptidyl-prolyl cis-trans isomerase A PPIA 21,257,172 16,707,879 20,368,485 21,006,263 18,313,333 21,481,414 

Q16777 Histone H2A type 2-C HIST2H2AC 4,296,098 75,644,444 4,962,817 1,399,612 7,236,770 1,651,137 

O43707 Alpha-actinin-4 ACTN4 20,774,241 16,234,175 14,954,629 17,530,187 7,857,007 15,085,254 

P07737 Profilin-1 PFN1 13,839,524 8,151,667 11,499,762 21,401,429 16,778,333 19,806,190 

P06733 Alpha-enolase ENO1 12,075,422 8,487,174 9,055,453 14,618,126 10,129,877 12,636,559 

O00299 Chloride intracellular channel protein 1 CLIC1 11,737,068 5,647,856 10,000,138 13,516,874 8,136,791 17,348,686 

P68032 Actin, alpha cardiac muscle 1 ACTC1 6,696,640 6,172,060 5,577,100 16,710,433 8,826,525 22,160,831 

P62258 14-3-3 protein epsilon YWHAE 13,076,732 5,973,987 13,134,379 12,456,863 8,490,980 12,952,288 

P26038 Moesin MSN 12,395,898 3,767,995 13,289,832 13,761,352 4,445,812 16,688,388 

A6NNI4 Tetraspanin CD9 15,249,895 4,228,553 25,519,078 3,882,327 2,630,692 8,346,331 

P00338 L-lactate dehydrogenase A chain LDHA 11,751,406 9,026,606 11,482,831 9,638,353 8,376,908 7,754,518 

P68104 Elongation factor 1-alpha 1 EEF1A1 6,543,290 13,059,668 6,182,900 7,315,296 13,124,242 5,502,092 

P62979 Ubiquitin-40S ribosomal protein S27a RPS27A 10,395,085 3,252,607 12,921,581 4,939,038 3,266,859 13,191,239 

Q15758 Neutral amino acid transporter B SLC1A5 13,396,057 6,186,137 14,277,203 4,498,275 2,552,742 5,480,345 

P00558 Phosphoglycerate kinase 1 PGK1 6,268,026 6,762,670 4,868,585 9,884,412 9,492,886 8,505,755 

P68371 Tubulin beta-4B chain TUBB4B 5,176,929 12,511,086 4,032,959 5,905,843 11,636,704 3,839,476 

P11166 
Solute carrier family 2, facilitated glucose transporter 

member 1 
SLC2A1 13,977,100 5,386,382 14,467,886 3,341,260 1,500,488 4,347,764 

P68363 Tubulin alpha-1B chain TUBA1B 4,877,162 11,203,917 4,348,854 5,127,864 12,848,189 3,583,740 

P14618 Pyruvate kinase PKM PKM 6,238,104 8,382,109 5,923,854 6,894,162 8,819,900 4,963,842 
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P63104 14-3-3 protein zeta/delta YWHAZ 8,235,782 3,809,646 7,623,673 8,209,524 5,197,918 7,999,864 

P60174 Triosephosphate isomerase TPI1 8,235,315 3,938,345 7,716,783 6,723,427 4,712,821 5,633,916 

P09211 Glutathione S-transferase P GSTP1 6,422,381 4,478,222 5,902,540 6,657,143 5,956,349 5,063,667 

P60903 Protein S100-A10 S100A10 7,103,952 4,901,134 6,644,674 5,752,612 3,346,667 5,830,000 

P04075 Fructose-bisphosphate aldolase A ALDOA 7,125,366 5,249,725 5,884,249 5,582,418 4,491,667 4,432,509 

P62873 Guanine nucleotide-binding protein G GNB1 4,158,824 2,022,000 4,400,686 7,343,235 4,133,912 7,464,020 

P07900 Heat shock protein HSP 90-alpha HSP90AA1 3,989,891 8,487,705 3,348,862 3,436,475 6,613,570 2,372,723 

Q06830 Peroxiredoxin-1 PRDX1 5,459,950 5,235,176 4,503,082 4,644,556 4,926,281 3,167,806 

F8WCF6 Actin-related protein 2/3 complex subunit 4 
ARPC4-
TTLL3 

4,264,365 1,799,042 4,800,239 6,123,941 3,866,059 6,547,514 

P12814 Alpha-actinin-1 ACTN1 5,204,559 4,127,877 3,893,012 5,780,755 2,593,647 5,028,027 

P63000 Ras-related C3 botulinum toxin substrate 1 RAC1 5,259,948 1,704,028 5,775,625 4,569,010 2,618,993 5,910,243 

P09455 Retinol-binding protein 1 RBP1 6,959,407 5,953,284 7,455,901 1,942,025 1,694,642 1,805,556 

P60660 Myosin light polypeptide 6 MYL6 3,832,583 3,318,896 3,746,932 5,275,254 4,266,887 5,269,647 

P09382 Galectin-1 LGALS1 4,229,531 5,707,802 3,141,778 4,344,198 3,827,309 3,645,407 

F5GZS6 4F2 cell-surface antigen heavy chain SLC3A2 6,830,161 3,703,172 6,308,625 3,072,454 1,787,813 3,193,434 

P04899 Guanine nucleotide-binding protein G GNAI2 4,227,700 1,924,620 4,156,714 5,538,779 3,207,831 5,823,568 

P11142 Heat shock cognate 71 kDa protein HSPA8 4,217,441 4,091,589 4,678,277 3,257,688 4,046,182 3,452,116 

P26447 Protein S100-A4 S100A4 2,820,396 2,322,145 2,642,145 4,292,937 4,580,429 5,247,789 

H0Y7A7 Calmodulin-2 CALM2 5,330,570 4,909,608 4,250,642 2,006,934 1,903,458 2,234,581 

P18085 ADP-ribosylation factor 4 ARF4 3,758,870 2,760,444 4,409,185 3,117,611 2,492,074 3,593,426 

P54709 Sodium/potassium-transporting ATPase subunit beta-3 ATP1B3 4,309,677 3,236,977 4,230,824 2,818,722 2,001,016 2,902,951 

Q9Y696 Chloride intracellular channel protein 4 CLIC4 4,927,997 2,136,113 4,945,455 2,485,349 1,428,248 3,557,918 

P07195 L-lactate dehydrogenase B chain LDHB 3,740,918 2,863,593 3,259,691 3,338,224 3,391,218 2,601,377 

P61586 Transforming protein RhoA RHOA 3,196,235 1,945,786 3,592,435 3,421,157 2,241,537 4,281,554 
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Appendix Table 3.2 Uniquely identified proteins in Exos from SW480 and SW620 cells by label-free mass 

spectrometry  

Protein Access. 

(UniProt) 
Protein description Gene name SW480-sMVs SW480-sMB-Rs SW480-Exos SW620-sMVs SW620-sMB-Rs SW620-Exos 

Q6IAA8 Regulator complex protein LAMTOR1 LAMTOR1 - - 51,765 - - 15,325 

Q9H190 Syntenin-2 SDCBP2 - - 29,811 - - 137,412 

O60869 Endothelial differentiation-related factor 1 EDF1 - - 24,439 - - 27,839 

Q9NRX5 Serine incorporator 1 SERINC1 - - 7,458 - - 18,016 

O75317 Ubiquitin carboxyl-terminal hydrolase 12 USP12 - - 5,846 - - 14,222 

P14209 CD99 antigen CD99 - - 3,780 - - 16,497 

Q15223 Nectin-1 NECTIN1 - - 2,277 - - 7,040 

P49023 Paxillin PXN - - 3,872 - - 2,864 

E9PS74 Solute carrier family 43 member 3 SLC43A3 - - 3,147 - - 20,888 
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Appendix Table 3.3 Uniquely identified proteins in sMVs from SW480 and SW620 cells by label-free mass 

spectrometry  

Protein Access. 

(UniProt) 
Protein description Gene name SW480-sMVs SW480-sMB-Rs SW480-Exos SW620-sMVs SW620-sMB-Rs SW620-Exos 

P23919 Thymidylate kinase DTYMK 18,102 - - 15,154 - - 
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Appendix Table 3.4 Uniquely identified proteins in sMB-Rs from SW480 and SW620 cells by label-free 

mass spectrometry  

Protein 

Access. 
(UniProt) 

Protein description 
Gene 
name 

SW480-
sMVs 

SW480-
sMB-Rs 

SW480-
Exos 

SW620-
sMVs 

SW620-
sMB-Rs 

SW620-
Exos 

Q71DI3 Histone H3.2 
HIST2H

3A; 
- 1,149,510 - - 58,295 - 

A0A0B4J1
Z1 

Serine/arginine-rich-splicing factor 7 SRSF7 - 299,849 - - 245,611 - 

Q08945 FACT complex subunit SSRP1 SSRP1 - 81,476 - - 22,185 - 

Q9NS69 Mitochondrial import receptor subunit TOM22 homolog 
TOMM2

2 
- 53,531 - - 52,962 - 

Q14978 Nucleolar and coiled-body phosphoprotein 1 NOLC1 - 85,150 - - 15,812 - 

O43809 Cleavage and polyadenylation specificity factor subunit 5 
NUDT2

1 
- 41,260 - - 51,701 - 

I3L1P8 Mitochondrial 2-oxoglutarate/malate carrier protein 
SLC25

A11 
- 20,017 - - 53,020 - 

P09661 U2 small nuclear ribonucleoprotein A' 
SNRPA

1 
- 56,284 - - 12,791 - 

Q00577 Transcriptional activator protein Pur-alpha PURA - 50,421 - - 31,812 - 

P46060 Ran GTPase-activating protein 1 
RANGA

P1 
- 50,824 - - 21,213 - 

P61009 Signal peptidase complex subunit 3 SPCS3 - 15,445 - - 17,500 - 

B4DJ81 NADH-ubiquinone oxidoreductase 75 kDa subunit, mitochondrial 
NDUFS

1 
- 14,969 - - 14,089 - 

O75569 Interferon-inducible double-stranded RNA-dependent protein kinase activator A PRKRA - 45,428 - - 53,810 - 

O43765 Small glutamine-rich tetratricopeptide repeat-containing protein alpha SGTA - 32,484 - - 8,734 - 

P08621 U1 small nuclear ribonucleoprotein 70 kDa 
SNRNP

70 
- 12,217 - - 11,273 - 

P24539 ATP synthase F ATP5F1 - 11,257 - - 21,721 - 

O60832 H/ACA ribonucleoprotein complex subunit 4 DKC1 - 20,807 - - 5,123 - 

P33992 DNA replication licensing factor MCM5 MCM5 - 24,443 - - 13,108 - 

P26583 High mobility group protein B2 HMGB2 - 21,689 - - 14,704 - 

P55735 Protein SEC13 homolog SEC13 - 10,735 - - 42,561 - 

Q9NZ01 Very-long-chain enoyl-CoA reductase TECR - 34,148 - - 48,025 - 
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Q9BY44 Eukaryotic translation initiation factor 2A EIF2A - 28,077 - - 19,342 - 

G8JLD5 Dynamin-1-like protein DNM1L - 32,110 - - 28,519 - 

G3V1C3 Apoptosis inhibitor 5 API5 - 24,996 - - 16,134 - 

Q00059 Transcription factor A, mitochondrial TFAM - 9,404 - - 39,998 - 

Q13501 Sequestosome-1 
SQSTM

1 
- 18,171 - - 14,288 - 

Q96DI7 U5 small nuclear ribonucleoprotein 40 kDa protein 
SNRNP

40 
- 18,407 - - 10,785 - 

B4DXZ6 Fragile X mental retardation syndrome-related protein 1 FXR1 - 32,618 - - 15,218 - 

P16435 NADPH--cytochrome P450 reductase POR - 22,702 - - 18,011 - 

P18754 Regulator of chromosome condensation RCC1 - 7,994 - - 8,557 - 

Q1KMD3 Heterogeneous nuclear ribonucleoprotein U-like protein 2 
HNRNP

UL2 
- 18,744 - - 9,982 - 

Q9NVJ2 ADP-ribosylation factor-like protein 8B ARL8B - 7,470 - - 8,815 - 

Q14258 E3 ubiquitin/ISG15 ligase TRIM25 TRIM25 - 23,562 - - 27,226 - 

Q92688 Acidic leucine-rich nuclear phosphoprotein 32 family member B 
ANP32

B 
- 21,388 - - 20,475 - 

A0A087W
TA5 

Translation initiation factor eIF-2B subunit delta EIF2B4 - 20,829 - - 12,745 - 

P32322 Pyrroline-5-carboxylate reductase 1, mitochondrial PYCR1 - 18,470 - - 65,404 - 

Q8NBP7 Proprotein convertase subtilisin/kexin type 9 PCSK9 - 23,475 - - 21,675 - 

Q9Y383 Putative RNA-binding protein Luc7-like 2 LUC7L2 - 10,891 - - 3,501 - 

Q9UBT2 SUMO-activating enzyme subunit 2 UBA2 - 21,216 - - 6,990 - 

Q9UJS0 Calcium-binding mitochondrial carrier protein Aralar2 
SLC25

A13 
- 19,624 - - 12,016 - 

O60568 Procollagen-lysine,2-oxoglutarate 5-dioxygenase 3 PLOD3 - 20,569 - - 21,197 - 

Q9P035 Very-long-chain HACD3 - 13,040 - - 40,484 - 

K7EIG1 Clustered mitochondria protein homolog CLUH - 16,203 - - 15,360 - 

Q8WXF1 Paraspeckle component 1 PSPC1 - 22,385 - - 3,245 - 

Q96HS1 Serine/threonine-protein phosphatase PGAM5, mitochondrial PGAM5 - 18,403 - - 22,274 - 

O00139 Kinesin-like protein KIF2A KIF2A - 11,375 - - 84,425 - 

P33993 DNA replication licensing factor MCM7 MCM7 - 10,345 - - 2,588 - 

Q9GZP4 PITH domain-containing protein 1 PITHD1 - 4,698 - - 7,115 - 

B0QYK0 RNA-binding protein EWS EWSR1 - 13,098 - - 15,524 - 

P78347 General transcription factor II-I GTF2I - 10,453 - - 6,093 - 

Q93009 Ubiquitin carboxyl-terminal hydrolase 7 USP7 - 4,336 - - 7,254 - 
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Q5SQP8 C-terminal-binding protein 2 CTBP2 - 4,256 - - 5,674 - 

F8W726 Ubiquitin-associated protein 2-like 
UBAP2

L 
- 7,090 - - 4,249 - 

Q07065 Cytoskeleton-associated protein 4 CKAP4 - 10,001 - - 7,235 - 

P36957 
Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate 

dehydrogenase complex, mitochondrial 
DLST - 6,826 - - 9,612 - 

P38919 Eukaryotic initiation factor 4A-III EIF4A3 - 15,600 - - 25,195 - 

P48735 Isocitrate dehydrogenase [NADP], mitochondrial IDH2 - 3,602 - - 61,780 - 

P40939 Trifunctional enzyme subunit alpha, mitochondrial HADHA - 14,158 - - 6,525 - 

A0A0G2J
L47 

Large proline-rich protein BAG6 BAG6 - 6,654 - - 8,935 - 

Q14694 Ubiquitin carboxyl-terminal hydrolase 10 USP10 - 7,734 - - 2,657 - 

P46821 Microtubule-associated protein 1B MAP1B - 8,265 - - 7,986 - 

P49736 DNA replication licensing factor MCM2 MCM2 - 6,531 - - 2,540 - 

Q6P2E9 Enhancer of mRNA-decapping protein 4 EDC4 - 2,779 - - 30,513 - 

P19525 Interferon-induced, double-stranded RNA-activated protein kinase 
EIF2AK

2 
- 8,783 - - 13,238 - 

Q14980 Nuclear mitotic apparatus protein 1 NUMA1 - 5,500 - - 2,367 - 

C9J2Y9 DNA-directed RNA polymerase subunit beta 
POLR2

B 
- 5,749 - - 6,420 - 

Q8TCJ2 Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit STT3B STT3B - 4,284 - - 11,463 - 

Q6PKG0 La-related protein 1 LARP1 - 5,240 - - 3,272 - 

P42167 Lamina-associated polypeptide 2, isoforms beta/gamma TMPO - 1,801 - - 5,318 - 

Q9NYU2 UDP-glucose:glycoprotein glucosyltransferase 1 UGGT1 - 5,329 - - 5,183 - 

E9PPJ0 Splicing factor 3B subunit 2 SF3B2 - 7,321 - - 1,700 - 

P98160 Basement membrane-specific heparan sulfate proteoglycan core protein HSPG2 - 4,065 - - 3,117 - 

Q12931 Heat shock protein 75 kDa, mitochondrial TRAP1 - 16,906 - - 28,223 - 

Q13423 NAD NNT - 2,904 - - 4,009 - 

P25205 DNA replication licensing factor MCM3 MCM3 - 2,806 - - 3,102 - 

P48681 Nestin NES - 1,000 - - 547 - 

J3QQY2 Calcium load-activated calcium channel TMCO1 - 91,099 - - 100,179 - 

P00387 NADH-cytochrome b5 reductase 3 
CYB5R

3 
- 26,505 - - 68,053 - 

H0YMF9 WD repeat-containing protein 61 WDR61 - 22,356 - - 64,369 - 

Q5JRI1 Serine/arginine-rich-splicing factor 10 
SRSF1

0 
- 35,437 - - 31,651 - 

P62995 Transformer-2 protein homolog beta TRA2B - 11,578 - - 31,037 - 
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F8VU90 Peptidylprolyl isomerase 
FKBP1

1 
- 20,954 - - 54,630 - 

Q9BTV4 Transmembrane protein 43 
TMEM4

3 
- 6,598 - - 16,865 - 

P09622 Dihydrolipoyl dehydrogenase, mitochondrial DLD - 9,747 - - 16,663 - 

Q9UBS4 DnaJ homolog subfamily B member 11 
DNAJB

11 
- 19,713 - - 19,809 - 

Q9H307 Pinin PNN - 11,811 - - 8,376 - 

E9PHA6 DNA mismatch repair protein MSH2 - 5,524 - - 6,602 - 

O76024 Wolframin WFS1 - 3,320 - - 13,877 - 

F8W930 Insulin-like growth factor 2 mRNA-binding protein 2 
IGF2BP

2 
- 6,518 - - 10,777 - 

E9PDE8 Heat shock 70 kDa protein 4L 
HSPA4

L 
- 3,508 - - 10,579 - 

P20700 Lamin-B1 LMNB1 - 11,899 - - 2,083 - 

Q13085 Acetyl-CoA carboxylase 1 ACACA - 638 - - 1,118 - 

B5MBZ0 Echinoderm microtubule-associated protein-like 4 EML4 - 6,904 - - 5,233 - 

P07099 Epoxide hydrolase 1 EPHX1 - 12,373 - - 7,585 - 

P10620 Microsomal glutathione S-transferase 1 MGST1 - 18,671 - - 23,301 - 

C9JDR0 Sterol-4-alpha-carboxylate 3-dehydrogenase, decarboxylating NSDHL - 22,313 - - 10,030 - 

P08559 
Pyruvate dehydrogenase E1 component subunit alpha, somatic form, 

mitochondrial 
PDHA1 - 6,317 - - 9,010 - 

P40937 Replication factor C subunit 5 RFC5 - 6,000 - - 5,785 - 

Q9P2E9 Ribosome-binding protein 1 RRBP1 - 2,240 - - 4,977 - 

P09012 U1 small nuclear ribonucleoprotein A SNRPA - 19,567 - - 44,080 - 
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Appendix Table 3.5 Selectively enriched proteins in Exos by label-free mass spectrometry 

Protein 
Access. 
(UniProt) 

Protein description 
Gene 
name 

SW480-
sMVs 

SW480-sMB-
Rs 

SW480-
Exos 

SW620-
sMVs 

SW620-sMB-
Rs 

SW620-
Exos 

F8VV56 CD63 antigen CD63 376,641 - 962,989 36,030 34,869 525,147 

Q9P2B2 Prostaglandin F2 receptor negative regulator PTGFRN 486,366 2,039 726,223 4,783 3,921 117,066 

Q8N5I2 Arrestin domain-containing protein 1 ARRDC1 360,359 9,284 646,143 47,319 26,081 178,366 

Q96QD8 Sodium-coupled neutral amino acid transporter 2 SLC38A2 253,005 51,865 304,664 144,874 58,070 520,520 

A8MXQ1 
Pituitary tumor-transforming gene 1 protein-interacting 

protein 
PTTG1IP 83,305 - 238,340 - 11,434 154,878 

Q9BV40 Vesicle-associated membrane protein 8 VAMP8 - - 152,817 - - - 

O14672 
Disintegrin and metalloproteinase domain-containing 

protein 10 
ADAM10 114,652 13,356 215,793 92,112 37,559 208,133 

Q9Y237 Peptidyl-prolyl cis-trans isomerase NIMA-interacting 4 PIN4 - - 136,985 - - - 

P50151 Guanine nucleotide-binding protein G GNG10 107,638 - 186,266 - - 143,527 

Q8WWI5 Choline transporter-like protein 1 SLC44A1 126,794 18,411 213,871 65,948 15,754 125,536 

P53990 IST1 homolog IST1 134,635 24,427 194,853 128,125 75,573 434,185 

Q9BW04 Specifically androgen-regulated gene protein SARG 121,128 11,364 173,658 63,472 31,508 179,250 

Q8WV92 MIT domain-containing protein 1 MITD1 46,652 - 98,508 - - 47,245 

O60635 Tetraspanin-1 TSPAN1 73,976 - 128,571 - - 28,886 

P12830 Cadherin-1 CDH1 62,362 11,294 114,132 118,224 66,644 302,060 

A0A087WXP
3 

Integrin beta ITGB6 45,911 - 82,426 24,403 - 97,763 

P10316 HLA class I histocompatibility antigen, A-69 alpha chain HLA-A 53,592 - 84,784 - - 24,680 

O95164 Ubiquitin-like protein 3 UBL3 27,321 - 96,436 - - 17,907 

A8MXZ4 G-protein-coupled receptor family C group 5 member C GPRC5C 58,462 - 89,055 12,279 10,851 39,553 

Q2TAP0 Golgin subfamily A member 7B 
GOLGA7

B 
- - 65,484 - - - 

O95183 Vesicle-associated membrane protein 5 VAMP5 26,760 - 55,443 - - 45,797 

Q15836 Vesicle-associated membrane protein 3 VAMP3 36,033 - 61,516 - - 28,717 

Q16790 Carbonic anhydrase 9 CA9 38,867 - 71,195 46,938 18,351 134,448 

P02790 Hemopexin HPX 23,522 - 72,818 - - 54,098 
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Q8NG11 Tetraspanin-14 TSPAN14 19,594 - 67,265 - - 79,319 

Q9UN37 Vacuolar protein sorting-associated protein 4A VPS4A 45,385 22,284 79,558 38,460 79,049 140,528 

A2A2V1 Major prion protein PRNP 17,791 16,256 51,925 - - 31,930 

Q9C0H2 Protein tweety homolog 3 TTYH3 36,233 - 55,723 5,912 - 58,236 

Q8IYI6 Exocyst complex component 8 EXOC8 40,023 - 55,332 6,178 11,114 27,730 

O43657 Tetraspanin-6 TSPAN6 14,280 - 32,107 - - 20,362 

Q6IAA8 Ragulator complex protein LAMTOR1 LAMTOR1 - - 51,765 - - 15,325 

E7ESP4 Integrin alpha-2 ITGA2 15,447 - 31,554 - - 21,056 

F8VUA2 Charged multivesicular body protein 1a CHMP1A 12,682 4,571 32,297 - - 39,378 

O60869 Endothelial differentiation-related factor 1 EDF1 - - 24,439 - - 27,839 

Q9NV70 Exocyst complex component 1 EXOC1 23,806 - 33,232 - - 25,750 

F8WCD0 E3 ubiquitin-protein ligase RNF149 RNF149 17,540 - 31,483 - - 3,494 

Q92692 Nectin-2 NECTIN2 13,297 - 28,389 4,421 - 23,885 

P78536 
Disintegrin and metalloproteinase domain-containing 

protein 17 
ADAM17 23,543 - 31,449 4,464 7,933 20,680 

Q5W0Z9 Probable palmitoyltransferase ZDHHC20 ZDHHC20 25,786 - 32,013 - - 6,226 

J3KMZ9 Low-density lipoprotein receptor LDLR 17,310 6,430 27,370 - - 24,474 

X6RM00 ELKS/Rab6-interacting/CAST family member 1 ERC1 15,343 - 19,814 - - 3,747 

Q96J02 E3 ubiquitin-protein ligase Itchy homolog ITCH 17,663 - 25,592 5,671 - 19,219 

Q9NRX5 Serine incorporator 1 SERINC1 - - 7,458 - - 18,016 

F5GYQ1 V-type proton ATPase subunit 
ATP6V0D

1 
- - 12,794 - - - 

P56199 Integrin alpha-1 ITGA1 13,793 - 17,580 - - 7,095 

O75317 Ubiquitin carboxyl-terminal hydrolase 12 USP12 - - 5,846 - - 14,222 

Q08345 Epithelial discoidin domain-containing receptor 1 DDR1 10,457 - 15,504 - - 3,545 

Q9Y3R5 Protein dopey-2 DOPEY2 14,251 - 15,000 - - 7,264 

O75128 Protein cordon-bleu COBL 8,522 - 12,286 2,983 - 14,020 

P14209 CD99 antigen CD99 - - 3,780 - - 16,497 

Q8IZW8 Tensin-4 TNS4 6,964 - 11,198 - - 3,594 

E7EW84 Exocyst complex component EXOC6 7,267 - 10,238 1,861 5,898 9,383 

O75110 Probable phospholipid-transporting ATPase IIA ATP9A 7,940 - 10,324 - - 1,046 

O94887 
FERM, RhoGEF and pleckstrin domain-containing 

protein 2 
FARP2 5,292 - 7,453 2,362 - 8,849 
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Q99569 Plakophilin-4 PKP4 5,730 - 7,428 2,306 4,186 9,037 

O75054 Immunoglobulin superfamily member 3 IGSF3 8,090 - 10,714 - - 2,549 

Q15223 Nectin-1 NECTIN1 - - 2,277 - - 7,040 

P46531 Neurogenic locus notch homolog protein 1 NOTCH1 4,585 - 7,441 - - 5,043 

Q13393 Phospholipase D1 PLD1 - - 6,330 - - - 

E7ENQ1 Mitogen-activated protein kinase kinase kinase kinase 4 MAP4K4 2,691 - 5,502 - - 7,336 

Q7Z403 Transmembrane channel-like protein 6 TMC6 5,550 - 5,999 5,012 - 14,125 

Q7Z3U7 Protein MON2 homolog MON2 4,569 - 3,729 - - 1,854 

O75882 Attractin ATRN 1,928 - 2,477 596 - 1,578 

P36894 Bone morphogenetic protein receptor type-1A BMPR1A - - - - - 3,959 

Q5VT25 Serine/threonine-protein kinase MRCK alpha 
CDC42BP

A 
- - - 3,087 - 9,814 

Q9UKY7 Protein CDV3 homolog CDV3 - - - - - 17,736 

Q8NCR9 Clarin-3 CLRN3 - - - 48,226 - 147,665 

Q5VW36 Focadhesin FOCAD - - - 52,686 - 107,242 

Q9Y4H2 Insulin receptor substrate 2 IRS2 - - - - - 3,167 

P78504 Protein jagged-1 JAG1 - - 511 3,023 718 7,738 

Q9UHA4 Ragulator complex protein LAMTOR3 LAMTOR3 - - 163,164 - 106,844 663,677 

Q9NS86 LanC-like protein 2 LANCL2 - - - - - 14,567 

O15344 E3 ubiquitin-protein ligase Midline-1 MID1 - - - 3,148 - 12,889 

Q8IZ21 Phosphatase and actin regulator 4 PHACTR4 - - - 2,092 - 6,546 

Q86UU1 Pleckstrin homology-like domain family B member 1 PHLDB1 - - 9,121 - - - 

P49023 Paxillin PXN - - 3,872 - - 2,864 

Q8TEB7 E3 ubiquitin-protein ligase RNF128 RNF128 - - - - - 28,543 

E9PS74 Solute carrier family 43 member 3 SLC43A3 - - 3,147 - - 20,888 

P37173 TGF-beta receptor type-2 TGFBR2 - - - - - 10,279 
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Appendix Table 3.6 Selectively enriched proteins in sMVs by label-free mass spectrometry  

Protein 
Access. 
(UniProt) 

Protein description 
Gene 
name 

SW480-
sMVs 

SW480-sMB-
Rs 

SW480-
Exos 

SW620-
sMVs 

SW620-sMB-
Rs 

SW620-
Exos 

Q14542 Equilibrative nucleoside transporter 2 SLC29A2 19,309 - 12,057 4,976 - - 

M0R0V2 Deoxyhypusine synthase DHPS 20,175 - - - - - 

Q14185 Dedicator of cytokinesis protein 1 DOCK1 789 - - 3,676 - 2,539 

P23919 Thymidylate kinase DTYMK 18,102 - - 15,154 - - 

Q14156 Protein EFR3 homolog A EFR3A 12,970 - - - - - 

P22413 
Ectonucleotide pyrophosphatase/phosphodiesterase family 

member 1 
ENPP1 - - - 1,656 - - 

B1AK53 Espin ESPN - - - 21,304 - 6,374 

P22455 Fibroblast growth factor receptor 4 FGFR4 2,420 - - 10,476 - 6,308 

J3KNW4 Four and a half LIM domains protein 2 FHL2 4,279 - - 11,574 - 4,147 

P29218 Inositol monophosphatase 1 IMPA1 9,695 - - 47,096 25,899 13,144 

Q9BV20 Methylthioribose-1-phosphate isomerase MRI1 7,804 - - 34,210 8,556 - 

A0A024R412 Neuropilin NRP2 2,170 - - - - - 

K7ELV2 Nucleoporin SEH1 SEH1L - - - 17,180 - - 

Q99805 Transmembrane 9 superfamily member 2 TM9SF2 19,139 - - - - - 
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Appendix Table 3.7 Selectively enriched proteins in sMB-Rs by label-free mass spectrometry  

Protein 
Access.  

Protein description 
Gene 
name 

SW480-
sMVs 

SW480-
sMB-Rs_3 

SW480
-Exos 

SW620-
sMVs 

SW620-
sMB-Rs 

SW620
-Exos 

A B C 

P16403 Histone H1.2 
HIST1H

1C 
103,434 

17,457,59
0 

146,95
1 

- 599,781 - Y   

P62906 60S ribosomal protein L10a RPL10A 568,065 3,202,273 
568,72

5 
331,439 

1,426,88
6 

207,40
2 

Y  Y 

P08238 Heat shock protein HSP 90-beta 
HSP90A

B1 
1,293,6

33 
3,059,576 

1,122,2
74 

1,744,4
75 

3,706,53
8 

1,191,1
37 

Y  Y 

P21980 Protein-glutamine gamma-glutamyltransferase 2 TGM2 660,063 1,411,989 
652,63

9 
584 16,397 1,075    

P62249 40S ribosomal protein S16 RPS16 785,993 2,650,890 
829,08

7 
509,555 

2,329,40
6 

258,23
7 

Y  Y 

P62277 40S ribosomal protein S13 RPS13 863,857 2,577,417 
1,021,7

66 
622,208 

2,195,10
6 

313,88
3 

Y  Y 

P62241 40S ribosomal protein S8 RPS8 491,255 2,507,821 
462,77

1 
347,603 

1,710,43
1 

144,00
5 

Y  Y 

P05783 Keratin, type I cytoskeletal 18 KRT18 523,798 2,564,496 
352,00

1 
437,674 

1,167,49
6 

174,02
1 

Y  Y 

P46781 40S ribosomal protein S9 RPS9 769,536 2,390,481 
704,86

3 
450,442 

1,854,30
6 

174,33
8 

Y  Y 

P23396 40S ribosomal protein S3 RPS3 722,840 2,271,879 
610,60

4 
646,927 

2,502,48
3 

337,21
9 

Y  Y 

P62701 40S ribosomal protein S4, X isoform RPS4X 539,957 1,914,588 
469,92

3 
392,015 

1,651,71
1 

107,00
0 

Y   

Q02878 60S ribosomal protein L6 RPL6 381,319 1,872,813 
370,70

6 
284,990 

1,459,32
6 

72,529 Y   

P62424 60S ribosomal protein L7a RPL7A 317,617 1,903,333 
307,25

4 
206,179 

1,136,62
8 

8,133 Y  Y 

P62280 40S ribosomal protein S11 RPS11 539,454 1,912,342 
515,61

8 
306,772 

1,531,42
4 

133,53
5 

Y  Y 

J3QQ67 60S ribosomal protein L18 RPL18 422,228 1,746,456 
388,66

8 
281,514 

1,368,07
0 

101,45
4 

   

P62269 40S ribosomal protein S18 RPS18 602,373 1,882,368 
675,96

9 
447,820 

1,698,46
1 

199,88
8 

Y  Y 

P18124 60S ribosomal protein L7 RPL7 462,989 1,899,032 
500,44

4 
287,970 

1,519,64
1 

81,042 Y  Y 

P36578 60S ribosomal protein L4 RPL4 346,073 1,771,717 
337,24

4 
272,982 

1,585,56
6 

42,598 Y   

E7EPB3 60S ribosomal protein L14 RPL14 360,089 1,516,667 
370,12

4 
274,554 

1,133,64
8 

116,64
0 

   

P62081 40S ribosomal protein S7 RPS7 550,414 1,785,412 
534,27

7 
426,880 

1,445,77
3 

124,81
3 

Y  Y 

P26641 Elongation factor 1-gamma EEF1G 659,115 1,709,039 
472,02

1 
626,568 

1,628,58
9 

310,09
9 

Y  Y 

Q9H0H5 Rac GTPase-activating protein 1 
RACGA

P1 
85,367 1,689,821 18,088 38,445 

2,506,75
1 

2,708 Y Y Y 
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P15880 40S ribosomal protein S2 RPS2 347,379 1,673,231 
350,18

5 
261,849 

1,108,59
4 

99,564 Y   

P05388 60S acidic ribosomal protein P0 RPLP0 371,148 1,591,146 
306,85

5 
287,083 939,546 

137,47
9 

Y  Y 

P61247 40S ribosomal protein S3a RPS3A 422,285 1,609,949 
355,35

7 
320,995 

1,214,02
5 

84,442 Y  Y 

C9J9K3 40S ribosomal protein SA RPSA 539,100 1,159,493 
418,53

7 
414,867 

1,441,38
1 

96,750    

P61353 60S ribosomal protein L27 RPL27 380,400 1,333,064 
432,22

3 
307,066 

1,240,03
9 

122,29
4 

Y   

P63244 Receptor of activated protein C kinase 1 RACK1 579,737 1,454,784 
513,11

3 
486,151 

1,559,15
9 

296,46
0 

Y Y Y 

P35579 Myosin-9 MYH9 620,891 1,464,065 
443,14

8 
1,781,6

16 
2,131,82

0 
1,138,5

71 
Y  Y 

P62854 40S ribosomal protein S26 RPS26 293,812 1,249,536 
295,90

1 
210,316 

1,062,17
1 

72,316 Y  Y 

P60866 40S ribosomal protein S20 RPS20 445,829 1,182,997 
366,13

7 
339,950 956,913 

170,14
6 

Y  Y 

P05387 60S acidic ribosomal protein P2 RPLP2 211,619 1,226,319 
132,03

7 
49,858 751,544 7,590 Y   

Q02543 60S ribosomal protein L18a RPL18A 211,754 1,022,670 
196,10

4 
147,045 936,167 7,808 Y  Y 

Q71DI3 Histone H3.2 
HIST2H

3A; 
- 1,149,510 - - 58,295 - Y   

P11021 78 kDa glucose-regulated protein HSPA5 190,663 1,089,414 17,406 305,576 
1,269,21

5 
32,950 Y Y Y 

P40429 60S ribosomal protein L13a RPL13A 218,652 1,107,077 
249,43

5 
195,878 944,530 33,709 Y   

J3QRI7 60S ribosomal protein L26 RPL26 179,729 707,352 
194,65

7 
70,268 676,172 18,508    

P62753 40S ribosomal protein S6 RPS6 214,886 1,004,137 
216,20

1 
126,940 747,285 54,878 Y   

E7ETK0 40S ribosomal protein S24 RPS24 229,557 842,163 
217,06

4 
112,160 591,746 -    

J3KNF8 Cytochrome b5 type B CYB5B 406,353 976,467 
341,89

1 
156,024 614,858 -    

P62266 40S ribosomal protein S23 RPS23 151,946 1,050,443 
149,04

4 
127,841 911,434 16,019 Y  Y 

Q02241 Kinesin-like protein KIF23 KIF23 38,477 1,062,271 11,504 14,435 
1,733,40

3 
91 Y Y Y 

P17096 High mobility group protein HMG-I/HMG-Y HMGA1 211,339 2,907,975 
286,50

5 
- 388,305 16,640    

X1WI28 60S ribosomal protein L10 RPL10 269,643 1,102,867 
219,93

8 
172,772 985,268 18,280    

P39023 60S ribosomal protein L3 RPL3 143,221 985,451 
156,69

3 
129,429 859,462 17,405 Y  Y 

P26373 60S ribosomal protein L13 RPL13 145,657 933,397 
209,32

7 
104,292 881,719 27,472 Y   

P49368 T-complex protein 1 subunit gamma CCT3 365,450 960,734 
356,80

7 
530,263 

1,267,62
7 

300,34
9 

Y   

K7EM56 40S ribosomal protein S15 RPS15 188,732 534,842 
143,65

2 
158,074 595,442 -    

P08727 Keratin, type I cytoskeletal 19 KRT19 452,650 1,951,017 
310,19

4 
566,808 

1,616,70
8 

322,53
3 

  Y 

S4R435 RPS10-NUDT3 readthrough 
RPS10-
NUDT3 

168,933 433,522 
195,38

0 
223,938 582,722 

115,18
9 
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P21796 Voltage-dependent anion-selective channel protein 1 VDAC1 204,643 943,804 
113,35

7 
81,780 514,641 - Y  Y 

F8W6I7 Heterogeneous nuclear ribonucleoprotein A1 
HNRNP

A1 
280,594 667,383 

189,30
5 

577,883 
1,543,35

5 
204,20

8 
   

P78371 T-complex protein 1 subunit beta CCT2 484,187 961,857 
433,27

1 
515,259 

1,389,13
4 

341,03
4 

Y  Y 

P61313 60S ribosomal protein L15 RPL15 115,544 944,641 
142,73

7 
94,503 871,874 15,611 Y   

P32969 60S ribosomal protein L9 RPL9 221,608 919,497 
181,55

7 
153,139 645,453 24,651 Y   

P55060 Exportin-2 CSE1L 418,819 983,598 
306,64

6 
259,327 614,418 

211,49
0 

Y  Y 

P24534 Elongation factor 1-beta EEF1B2 415,698 803,081 
260,80

1 
224,498 705,332 83,867 Y  Y 

P12268 Inosine-5'-monophosphate dehydrogenase 2 IMPDH2 256,481 790,084 
168,62

3 
178,899 441,783 95,078 Y   

P46776 60S ribosomal protein L27a RPL27A 95,471 698,009 97,426 70,318 757,676 27,235 Y   

P62917 60S ribosomal protein L8 RPL8 156,206 811,933 
182,80

2 
124,528 734,900 21,002 Y  Y 

Q9Y265 RuvB-like 1 RUVBL1 291,075 736,389 
190,98

0 
168,327 353,596 

117,10
5 

Y   

C9J4Z3 60S ribosomal protein L37a RPL37A 158,855 700,172 
144,08

9 
135,692 616,052 -    

P25398 40S ribosomal protein S12 RPS12 269,595 759,667 
212,62

9 
294,240 738,505 50,244 Y  Y 

P50991 T-complex protein 1 subunit delta CCT4 331,596 716,784 
304,87

3 
379,443 949,920 

256,87
7 

Y  Y 

Q9Y3U8 60S ribosomal protein L36 RPL36 105,807 684,384 
108,87

8 
77,853 491,844 -   Y 

P55072 Transitional endoplasmic reticulum ATPase VCP 290,993 712,469 
207,52

3 
254,103 483,867 

161,38
1 

Y Y Y 

P08708 40S ribosomal protein S17 RPS17 223,175 842,099 
104,79

7 
179,573 895,686 23,360    

J3QR09 Ribosomal protein L19 RPL19 86,444 345,611 92,739 65,314 388,107 -    

P17987 T-complex protein 1 subunit alpha TCP1 287,218 706,427 
279,28

1 
367,272 986,517 

228,24
3 

Y  Y 

P05386 60S acidic ribosomal protein P1 RPLP1 185,120 1,077,836 98,772 129,918 546,529 -    

P30101 Protein disulfide-isomerase A3 PDIA3 113,931 642,944 8,874 231,934 
1,355,16

2 
14,622 Y  Y 

P41091 Eukaryotic translation initiation factor 2 subunit 3 EIF2S3 171,683 665,706 
158,60

2 
64,373 332,267 44,785 Y  Y 

P61978 Heterogeneous nuclear ribonucleoprotein K 
HNRNP

K 
143,624 623,067 

102,70
6 

164,451 702,952 63,661 Y   

C9JXB8 60S ribosomal protein L24 RPL24 65,956 1,033,747 
109,79

9 
70,167 700,096 -    

Q5TEC6 Histone H3 
HIST2H
3PS2 

99,191 7,126,765 
172,36

7 
19,164 741,236 30,482    

M0R0F0 40S ribosomal protein S5 RPS5 165,125 635,383 47,798 138,983 720,042 15,072    

P12956 X-ray repair cross-complementing protein 6 XRCC6 11,915 613,552 6,172 6,941 360,476 2,525 Y  Y 

Q99832 T-complex protein 1 subunit eta CCT7 299,472 589,411 
281,36

3 
358,828 900,773 

213,91
3 

Y   
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Q969Q0 60S ribosomal protein L36a-like 
RPL36A

L 
- 204,758 30,302 18,916 171,670 27,925    

D3YTB1 60S ribosomal protein L32 RPL32 42,329 817,644 72,627 54,182 696,953 4,851   Y 

Q04837 Single-stranded DNA-binding protein, mitochondrial SSBP1 3,703 506,414 12,497 10,980 152,144 - Y   

P46777 60S ribosomal protein L5 RPL5 145,052 569,113 85,318 154,519 672,746 24,584 Y  Y 

E9PK01 Elongation factor 1-delta EEF1D 210,978 510,600 
151,46

1 
194,538 593,114 81,167   Y 

E7EU96 Casein kinase II subunit alpha 
CSNK2A

1 
84,287 277,074 91,387 91,203 253,760 85,964    

Q58FF8 Putative heat shock protein HSP 90-beta 2 
HSP90A

B2P 
212,973 568,031 

246,52

1 
287,507 533,578 

211,81

2 
Y   

P42677 40S ribosomal protein S27 RPS27 95,217 576,639 70,033 81,910 632,730 - Y   

P35268 60S ribosomal protein L22 RPL22 122,753 536,214 
135,53

1 
72,987 465,813 - Y   

P14625 Endoplasmin 
HSP90B

1 
101,881 548,742 28,364 241,706 926,704 69,509 Y Y Y 

P27797 Calreticulin CALR 176,320 539,720 8,473 185,432 821,918 - Y   

P53999 Activated RNA polymerase II transcriptional coactivator p15 SUB1 - 527,764 38,554 - 118,339 - Y   

Q9UQ80 Proliferation-associated protein 2G4 PA2G4 151,772 526,396 
115,88

2 
249,790 766,345 38,690 Y  Y 

E9PPJ5 Midkine MDK - 413,613 19,889 - - -    

Q15084 Protein disulfide-isomerase A6 PDIA6 153,578 513,803 46,412 83,459 171,365 - Y  Y 

Q15366 Poly PCBP2 157,973 466,055 
135,50

1 
289,742 521,416 

199,06
3 

Y   

P14868 Aspartate--tRNA ligase, cytoplasmic DARS 159,532 447,166 
142,42

0 
117,438 489,707 62,228 Y  Y 

O60506 Heterogeneous nuclear ribonucleoprotein Q 
SYNCRI

P 
123,210 472,204 84,283 90,039 418,694 16,295 Y   

O75367 Core histone macro-H2A.1 H2AFY 21,600 2,872,939 57,283 1,250 142,802 -   Y 

P13010 X-ray repair cross-complementing protein 5 XRCC5 6,737 423,224 3,829 3,476 249,199 5,046 Y  Y 

Q5SRQ6 Casein kinase II subunit beta CSNK2B 23,956 120,167 35,469 21,809 114,544 19,768    

Q9NY12 H/ACA ribonucleoprotein complex subunit 1 GAR1 - 57,069 16,275 - - -    

F8VPD4 CAD protein CAD 63,349 156,986 53,313 52,336 135,848 46,561   Y 

Q9P016 Thymocyte nuclear protein 1 THYN1 28,566 41,291 15,258 - 24,296 -    

P27824 Calnexin CANX 57,326 343,148 16,262 108,205 457,050 5,218 Y  Y 

F8VVA7 Coatomer subunit zeta-1 COPZ1 31,159 184,985 47,495 64,259 218,394 36,995    

K7EK07 Histone H3 H3F3B - 1,878,409 14,707 - 68,889 -    

P07237 Protein disulfide-isomerase P4HB 150,632 418,038 14,720 191,118 912,513 28,377 Y  Y 

Q9UNM6 26S proteasome non-ATPase regulatory subunit 13 PSMD13 74,512 361,356 59,257 37,397 206,027 25,916 Y  Y 
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P12236 ADP/ATP translocase 3 
SLC25A

6 
67,501 385,593 31,210 69,209 632,416 - Y  Y 

Q9Y230 RuvB-like 2 RUVBL2 159,199 386,587 
118,17

9 
116,379 213,859 65,024 Y Y Y 

P62314 Small nuclear ribonucleoprotein Sm D1 SNRPD1 22,665 279,930 41,814 31,225 287,876 5,127    

O00231 26S proteasome non-ATPase regulatory subunit 11 PSMD11 101,988 374,534 
100,61

1 
52,956 251,392 7,485 Y  Y 

P49207 60S ribosomal protein L34 RPL34 14,456 332,895 45,727 - 450,607 - Y   

P62195 26S proteasome regulatory subunit 8 PSMC5 56,177 290,534 55,794 41,255 173,802 8,385 Y  Y 

E9PKG1 Protein arginine N-methyltransferase 1 PRMT1 23,982 197,596 21,326 10,721 46,847 11,554    

Q9NRW
3 

DNA dC->dU-editing enzyme APOBEC-3C 
APOBE

C3C 
- 41,718 12,433 - 18,248 -    

R4GNH3 26S proteasome regulatory subunit 6A PSMC3 39,887 208,103 31,730 29,980 130,528 10,843    

Q14204 Cytoplasmic dynein 1 heavy chain 1 
DYNC1

H1 
146,378 302,360 

137,09
7 

112,677 285,019 
106,19

5 
Y Y Y 

O96019 Actin-like protein 6A ACTL6A - 51,605 12,249 - 10,042 -   Y 

O00264 Membrane-associated progesterone receptor component 1 
PGRMC

1 
43,450 123,660 36,734 32,293 116,585 -    

P06576 ATP synthase subunit beta, mitochondrial ATP5B 8,607 256,377 - 8,996 243,938 - Y   

Q14697 Neutral alpha-glucosidase AB GANAB 34,927 279,936 3,152 120,007 465,823 14,015 Y  Y 

P62899 60S ribosomal protein L31 RPL31 61,912 300,512 78,813 17,009 294,264 - Y   

P26599 Polypyrimidine tract-binding protein 1 PTBP1 41,558 281,695 17,180 83,917 263,935 9,840 Y   

Q15008 26S proteasome non-ATPase regulatory subunit 6 PSMD6 83,643 264,844 84,300 36,674 162,326 27,163 Y  Y 

P47914 60S ribosomal protein L29 RPL29 9,861 261,694 25,814 9,602 123,442 - Y   

H3BR35 Eukaryotic peptide chain release factor GTP-binding subunit ERF3A GSPT1 36,347 103,898 29,695 23,397 107,199 26,506    

P41252 Isoleucine--tRNA ligase, cytoplasmic IARS 53,010 268,072 39,994 39,179 254,464 16,032 Y   

Q13200 26S proteasome non-ATPase regulatory subunit 2 PSMD2 83,182 270,422 76,335 33,366 154,916 28,377 Y  Y 

P62333 26S proteasome regulatory subunit 10B PSMC6 64,132 233,434 53,002 60,686 181,284 12,702 Y   

Q15582 Transforming growth factor-beta-induced protein ig-h3 TGFBI 6,738 259,009 16,707 - 63,270 -   Y 

P04843 Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1 RPN1 31,334 222,729 - 71,314 408,473 4,030 Y   

P68366 Tubulin alpha-4A chain TUBA4A 75,880 220,150 67,534 94,528 247,894 54,592 Y Y Y 

O43324 Eukaryotic translation elongation factor 1 epsilon-1 EEF1E1 20,352 229,425 62,140 39,889 203,851 - Y   

P54136 Arginine--tRNA ligase, cytoplasmic RARS 51,955 228,914 42,702 46,033 220,409 12,424 Y  Y 

P43686 26S proteasome regulatory subunit 6B PSMC4 29,682 238,173 23,113 21,754 112,918 12,013 Y  Y 

F5H5D3 Tubulin alpha chain TUBA1C 61,972 162,566 30,162 77,933 162,168 34,408    

Q9UKM9 RNA-binding protein Raly RALY - 28,622 7,024 - 38,510 -    
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P50454 Serpin H1 
SERPIN

H1 
12,906 207,114 16,809 33,991 201,575 3,377 Y   

P56192 Methionine--tRNA ligase, cytoplasmic MARS 30,482 196,685 19,216 25,314 271,041 1,701 Y  Y 

O14980 Exportin-1 XPO1 88,014 208,382 60,360 65,228 130,990 54,019 Y  Y 

Q14103 Heterogeneous nuclear ribonucleoprotein D0 
HNRNP

D 
48,492 211,402 26,432 103,100 283,403 38,889 Y  Y 

P45880 Voltage-dependent anion-selective channel protein 2 VDAC2 11,766 189,210 7,296 29,286 319,459 - Y  Y 

O00487 26S proteasome non-ATPase regulatory subunit 14 PSMD14 70,708 195,994 51,776 31,948 120,357 7,605 Y   

J3KTL2 Serine/arginine-rich-splicing factor 1 SRSF1 3,438 172,316 14,937 23,318 280,418 17,424   Y 

Q9BVK6 Transmembrane emp24 domain-containing protein 9 TMED9 9,177 47,009 5,957 7,923 43,650 4,507    

P54577 Tyrosine--tRNA ligase, cytoplasmic YARS 85,614 195,997 74,940 105,869 245,631 69,538 Y  Y 

P07814 Bifunctional glutamate/proline--tRNA ligase EPRS 20,948 195,893 11,518 19,047 193,640 3,753 Y  Y 

J3QLE5 Small nuclear ribonucleoprotein-associated protein N SNRPN 12,286 38,286 13,197 9,448 67,126 6,568    

A6XND1 Insulin-like growth factor binding protein 3 isoform b IGFBP3 - 128,745 10,382 - - -    

Q7KZF4 Staphylococcal nuclease domain-containing protein 1 SND1 71,789 174,604 53,123 86,638 235,872 66,038 Y  Y 

Q53GQ0 Very-long-chain 3-oxoacyl-CoA reductase 
HSD17B

12 
90,947 312,640 42,620 135,493 488,427 9,364    

Q9P2J5 Leucine--tRNA ligase, cytoplasmic LARS 6,051 189,855 895 7,322 182,225 945 Y  Y 

Q7L2H7 Eukaryotic translation initiation factor 3 subunit M EIF3M 51,296 162,469 57,445 43,647 180,594 18,897 Y  Y 

P20042 Eukaryotic translation initiation factor 2 subunit 2 EIF2S2 28,288 192,095 29,332 38,085 100,434 - Y   

O00232 26S proteasome non-ATPase regulatory subunit 12 PSMD12 40,734 165,711 26,050 16,782 113,192 3,075 Y  Y 

P55884 Eukaryotic translation initiation factor 3 subunit B EIF3B 23,558 152,273 15,966 18,069 137,793 7,274 Y   

Q13838 Spliceosome RNA helicase DDX39B DDX39B 8,902 161,217 5,552 17,607 184,607 1,598 Y  Y 

P19338 Nucleolin NCL 5,492 155,469 3,064 4,493 114,641 348 Y   

P39656 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa 

subunit 
DDOST 38,785 175,343 24,710 61,084 318,512 6,285 Y  Y 

Q00839 Heterogeneous nuclear ribonucleoprotein U 
HNRNP

U 
6,574 162,877 6,567 3,206 89,323 - Y  Y 

Q96AG4 Leucine-rich repeat-containing protein 59 LRRC59 25,103 163,391 21,958 33,262 135,242 27,287 Y   

P61289 Proteasome activator complex subunit 3 PSME3 - 143,341 10,864 - 75,012 - Y  Y 

O00303 Eukaryotic translation initiation factor 3 subunit F EIF3F 26,758 151,831 18,505 21,511 154,811 11,841 Y   

Q9Y4L1 Hypoxia up-regulated protein 1 HYOU1 11,977 132,763 4,187 7,271 93,754 3,037 Y  Y 

P60228 Eukaryotic translation initiation factor 3 subunit E EIF3E 31,531 136,422 21,294 23,217 141,352 11,282 Y   

Q99733 Nucleosome assembly protein 1-like 4 NAP1L4 - 113,541 - 15,119 89,208 - Y Y  

P52292 Importin subunit alpha-1 KPNA2 69,069 126,187 59,820 35,365 105,001 21,927 Y   
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Q9NQW
6 

Anillin ANLN 35,600 105,559 19,572 13,734 32,927 8,349 Y Y  

Q14152 Eukaryotic translation initiation factor 3 subunit A EIF3A 11,994 119,428 8,309 5,906 149,100 1,758 Y  Y 

Q8N163 Cell cycle and apoptosis regulator protein 2 CCAR2 - 5,829 2,914 - 14,960 -    

Q15046 Lysine--tRNA ligase KARS 27,465 109,493 6,590 73,643 392,066 8,650 Y  Y 

Q99460 26S proteasome non-ATPase regulatory subunit 1 PSMD1 18,589 119,129 11,757 7,991 58,802 12,194 Y   

Q15149 Plectin PLEC 50,793 119,675 39,077 48,116 108,634 27,825 Y  Y 

P53618 Coatomer subunit beta COPB1 9,184 103,378 4,040 11,177 144,320 9,041 Y  Y 

B4DY09 Interleukin enhancer-binding factor 2 ILF2 10,273 209,691 9,401 5,695 199,542 8,131   Y 

O43390 Heterogeneous nuclear ribonucleoprotein R 
HNRNP

R 
1,157 45,206 5,323 8,280 70,642 811   Y 

P08670 Vimentin VIM 5,445 128,945 6,717 6,746 67,150 1,687 Y Y Y 

P53621 Coatomer subunit alpha COPA 30,772 110,354 26,971 31,603 134,875 17,518 Y  Y 

P17858 ATP-dependent 6-phosphofructokinase, liver type PFKL 38,018 119,083 31,389 48,804 103,648 19,328 Y  Y 

Q9UBQ5 Eukaryotic translation initiation factor 3 subunit K EIF3K 23,664 116,616 33,609 - 79,171 - Y   

Q99613 Eukaryotic translation initiation factor 3 subunit C EIF3C 6,591 108,945 1,834 1,298 90,863 1,345 Y   

P61221 ATP-binding cassette sub-family E member 1 ABCE1 37,506 98,604 27,448 54,084 137,277 23,843 Y  Y 

P20290 Transcription factor BTF3 BTF3 27,811 87,652 18,230 35,851 104,512 9,447 Y   

E7EX73 Eukaryotic translation initiation factor 4 gamma 1 EIF4G1 3,326 38,342 2,701 3,656 21,635 745    

Q53EZ4 Centrosomal protein of 55 kDa CEP55 12,795 97,651 9,834 - 47,455 - Y Y  

J3KTA4 Probable ATP-dependent RNA helicase DDX5 DDX5 2,780 32,833 1,489 3,176 66,407 946    

O76094 Signal recognition particle subunit SRP72 SRP72 - 93,874 27,802 11,824 101,842 - Y   

Q9NSD9 Phenylalanine--tRNA ligase beta subunit FARSB 11,520 91,846 5,666 21,137 195,014 892 Y   

P05141 ADP/ATP translocase 2 
SLC25A

5 
10,791 104,056 6,601 10,300 192,923 - Y  Y 

P00367 Glutamate dehydrogenase 1, mitochondrial GLUD1 - 73,716 - 8,611 113,787 - Y   

P05121 Plasminogen activator inhibitor 1 
SERPIN

E1 
3,090 677,728 2,632 927 728 -    

Q08945 FACT complex subunit SSRP1 SSRP1 - 81,476 - - 22,185 - Y Y Y 

Q14978 Nucleolar and coiled-body phosphoprotein 1 NOLC1 - 85,150 - - 15,812 - Y   

P14866 Heterogeneous nuclear ribonucleoprotein L 
HNRNP

L 
1,158 74,103 961 6,000 144,736 - Y  Y 

Q09028 Histone-binding protein RBBP4 RBBP4 3,977 79,252 - 17,167 54,536 6,256 Y  Y 

P26196 Probable ATP-dependent RNA helicase DDX6 DDX6 25,362 79,261 22,633 21,501 87,502 21,565 Y  Y 

Q9NR31 GTP-binding protein SAR1a SAR1A - 85,737 - 25,348 60,057 - Y   
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Q9Y224 UPF0568 protein C14orf166 
C14orf1

66 
15,081 78,792 31,523 12,480 59,134 - Y   

O14744 Protein arginine N-methyltransferase 5 PRMT5 30,148 79,087 25,417 44,567 102,065 25,869 Y Y Y 

P51572 B-cell receptor-associated protein 31 BCAP31 21,107 54,008 18,138 7,052 50,721 - Y   

Q96A72 Protein mago nashi homolog 2 
MAGOH

B 
12,573 77,288 24,096 - 77,847 - Y   

P38646 Stress-70 protein, mitochondrial HSPA9 3,789 79,901 9,143 10,867 115,531 1,211 Y  Y 

P25705 ATP synthase subunit alpha, mitochondrial ATP5A1 3,420 82,538 1,256 3,491 111,794 - Y  Y 

O95573 Long-chain-fatty-acid--CoA ligase 3 ACSL3 - 8,524 - 2,228 14,237 -   Y 

P02545 Prelamin-A/C [Cleaved into: Lamin-A/C LMNA 8,349 69,147 4,309 500 5,832 489 Y Y Y 

O00468 
Agrin [Cleaved into: Agrin N-terminal 110 kDa subunit; Agrin C-terminal 

110 kDa subunit; Agrin C-terminal 90 kDa fragment 
AGRN - 58,791 - - - -   Y 

P47897 Glutamine--tRNA ligase QARS 18,063 80,474 19,988 10,304 77,136 2,242 Y   

P27144 Adenylate kinase 4, mitochondrial AK4 - - - - 29,652 -    

A0A0B4J
1Z1 

Serine/arginine-rich-splicing factor 7 SRSF7 - 299,849 - - 245,611 -   Y 

O95782 AP-2 complex subunit alpha-1 AP2A1 1,567 18,865 - 5,810 15,118 -   Y 

Q9Y678 Coatomer subunit gamma-1 COPG1 9,980 76,184 8,816 18,071 84,426 4,485 Y  Y 

Q9HDC9 Adipocyte plasma membrane-associated protein APMAP 25,700 83,425 10,178 24,351 52,166 - Y   

V9GYM8 Rho guanine nucleotide exchange factor 2 
ARHGE

F2 
- - - - 4,398 -    

Q9NS69 Mitochondrial import receptor subunit TOM22 homolog 
TOMM2

2 
- 53,531 - - 52,962 -    

P16615 Sarcoplasmic/endoplasmic reticulum calcium ATPase 2 ATP2A2 3,491 29,597 - 8,430 53,543 -   Y 

P35606 Coatomer subunit beta' COPB2 10,401 68,203 9,266 13,803 76,631 4,565 Y  Y 

P36542 ATP synthase subunit gamma, mitochondrial ATP5C1 - - - - 33,871 -   Y 

Q9Y3I0 tRNA-splicing ligase RtcB homolog RTCB 20,828 71,823 17,999 24,390 51,745 4,039 Y  Y 

Q9UHB9 Signal recognition particle subunit SRP68 SRP68 7,071 64,715 - - 71,343 - Y  Y 

P48047 ATP synthase subunit O, mitochondrial ATP5O - 40,858 - - 52,781 11,193    

G3V126 
ATPase, H+ transporting, lysosomal 50/57kDa, V1 subunit H, isoform 

CRA_c 
ATP6V1

H 
- 23,252 - 7,916 25,442 -    

J3KT86 Aurora kinase B AURKB 4,807 52,033 - - 54,161 -    

O43809 Cleavage and polyadenylation specificity factor subunit 5 NUDT21 - 41,260 - - 51,701 -    

Q16576 Histone-binding protein RBBP7 RBBP7 - 68,943 5,629 21,148 49,368 3,474 Y   

P28070 Proteasome subunit beta type-4 PSMB4 25,794 82,399 49,920 24,831 46,273 - Y   

P49915 GMP synthase [glutamine-hydrolyzing] GMPS 10,494 60,516 11,114 7,700 20,756 - Y   

Q12906 Interleukin enhancer-binding factor 3 ILF3 - 60,193 2,207 1,424 54,774 - Y  Y 
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P48444 Coatomer subunit delta ARCN1 15,728 65,529 12,374 17,298 58,783 - Y   

E7ES10 Calpastatin CAST - 11,229 - - - -    

Q8WUJ3 Cell migration-inducing and hyaluronan-binding protein CEMIP - - - - 15,842 1,037   Y 

F5GWX5 Chromodomain-helicase-DNA-binding protein 4 CHD4 - 1,357 - - - -    

I3L1P8 Mitochondrial 2-oxoglutarate/malate carrier protein 
SLC25A

11 
- 20,017 - - 53,020 -    

P09661 U2 small nuclear ribonucleoprotein A' SNRPA1 - 56,284 - - 12,791 -    

Q9UMS4 Pre-mRNA-processing factor 19 PRPF19 3,224 64,511 - - 52,239 - Y  Y 

P39060 Collagen alpha-1 
COL18A

1 
833 59,768 - - 12,196 - Y  Y 

Q00325 Phosphate carrier protein, mitochondrial 
SLC25A

3 
3,212 57,783 - 2,637 57,574 - Y   

E9PGT6 COP9 signalosome complex subunit 8 COPS8 - 74,505 20,308 11,188 58,154 -    

P10606 Cytochrome c oxidase subunit 5B, mitochondrial COX5B - - - - 43,875 -    

P36551 Oxygen-dependent coproporphyrinogen-III oxidase, mitochondrial CPOX - - - - 6,326 -    

P50416 Carnitine O-palmitoyltransferase 1, liver isoform CPT1A - 20,167 - - - -    

Q9UBM7 7-dehydrocholesterol reductase DHCR7 6,970 56,738 - 3,873 55,435 - Y   

Q13363 C-terminal-binding protein 1 CTBP1 - - - - 11,070 -    

Q00577 Transcriptional activator protein Pur-alpha PURA - 50,421 - - 31,812 -    

Q8WYA6 Beta-catenin-like protein 1 
CTNNBL

1 
- 1,850 - - - -    

A0A1B0
GW44 

Cathepsin D CTSD 2,175 14,098 3,476 - 2,346 -    

O15371 Eukaryotic translation initiation factor 3 subunit D EIF3D - 54,389 - 12,363 60,452 - Y  Y 

Q16850 Lanosterol 14-alpha demethylase 
CYP51A

1 
- - - - 10,211 -    

K7EQ02 DAZ-associated protein 1 DAZAP1 - - - - 23,727 -    

P46060 Ran GTPase-activating protein 1 
RANGA

P1 
- 50,824 - - 21,213 - Y   

P35659 Protein DEK DEK - 32,146 - - - -   Y 

Q13263 Transcription intermediary factor 1-beta TRIM28 1,113 49,035 737 - 12,915 387 Y   

P27816 Microtubule-associated protein 4 MAP4 - 42,383 4,797 - - - Y Y  

P61009 Signal peptidase complex subunit 3 SPCS3 - 15,445 - - 17,500 -    

B4DJ81 NADH-ubiquinone oxidoreductase 75 kDa subunit, mitochondrial NDUFS1 - 14,969 - - 14,089 -    

O75569 
Interferon-inducible double-stranded RNA-dependent protein kinase 

activator A 
PRKRA - 45,428 - - 53,810 -    

Q9NZI8 Insulin-like growth factor 2 mRNA-binding protein 1 
IGF2BP

1 
7,184 50,988 - 9,292 82,346 - Y  Y 

P08621 U1 small nuclear ribonucleoprotein 70 kDa 
SNRNP7

0 
- 12,217 - - 11,273 -    
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Q5QPK2 Dolichol-phosphate mannosyltransferase subunit 1 DPM1 10,828 17,698 - - 28,497 -    

A8MZF9 Developmentally-regulated GTP-binding protein 2 DRG2 - - - - 16,593 -    

Q9BQA1 Methylosome protein 50 WDR77 - 48,872 10,688 21,596 74,476 - Y  Y 

Q13011 Delta ECH1 - 32,141 - 12,909 40,901 - Y   

Q16401 26S proteasome non-ATPase regulatory subunit 5 PSMD5 22,474 45,667 21,228 21,415 48,171 12,248 Y   

P24539 ATP synthase F ATP5F1 - 11,257 - - 21,721 -    

Q9Y2Q3 Glutathione S-transferase kappa 1 GSTK1 - 36,207 - 23,367 149,136 - Y  Y 

O60832 H/ACA ribonucleoprotein complex subunit 4 DKC1 - 20,807 - - 5,123 -   Y 

O95239 Chromosome-associated kinesin KIF4A KIF4A 793 40,044 - 2,394 189,978 2,015 Y Y Y 

O43143 Pre-mRNA-splicing factor ATP-dependent RNA helicase DHX15 DHX15 1,318 43,502 1,914 1,519 31,423 - Y  Y 

P23246 Splicing factor, proline- and glutamine-rich SFPQ 698 44,513 - - 39,108 - Y   

B3KS98 Eukaryotic translation initiation factor 3 subunit H EIF3S3 - 126,785 - 5,322 90,168 -    

P55735 Protein SEC13 homolog SEC13 - 10,735 - - 42,561 -    

Q86U42 Polyadenylate-binding protein 2 PABPN1 9,960 30,344 - - 35,502 - Y   

Q8NC51 Plasminogen activator inhibitor 1 RNA-binding protein SERBP1 - 33,267 - 6,947 32,320 - Y   

Q08211 ATP-dependent RNA helicase A DHX9 874 41,100 1,709 1,391 60,434 1,277 Y  Y 

Q9H3N1 Thioredoxin-related transmembrane protein 1 TMX1 - 36,504 - - 44,208 7,477 Y   

Q9BS26 Endoplasmic reticulum resident protein 44 ERP44 17,941 77,026 - - 51,309 -    

G8JLD5 Dynamin-1-like protein DNM1L - 32,110 - - 28,519 -    

P22087 rRNA 2'-O-methyltransferase fibrillarin FBL 9,468 28,531 - - 18,446 -    

O43765 Small glutamine-rich tetratricopeptide repeat-containing protein alpha SGTA - 32,484 - - 8,734 - Y Y  

G3V1C3 Apoptosis inhibitor 5 API5 - 24,996 - - 16,134 -    

P55010 Eukaryotic translation initiation factor 5 EIF5 13,237 37,623 4,526 - 32,827 6,052 Y  Y 

O43592 Exportin-T XPOT 11,717 37,622 12,662 10,001 19,392 9,652 Y   

P31942 Heterogeneous nuclear ribonucleoprotein H3 
HNRNP

H3 
- 15,412 5,047 4,385 155,996 - Y  Y 

Q00059 Transcription factor A, mitochondrial TFAM - 9,404 - - 39,998 -    

P51116 Fragile X mental retardation syndrome-related protein 2 FXR2 - - - - 6,757 -    

O60256 Phosphoribosyl pyrophosphate synthase-associated protein 2 
PRPSAP

2 
5,208 33,399 9,738 5,486 34,182 - Y   

P33992 DNA replication licensing factor MCM5 MCM5 - 24,443 - - 13,108 - Y   

P26583 High mobility group protein B2 HMGB2 - 21,689 - - 14,704 - Y   
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K7ERP4 Glutathione peroxidase GPX4 - 74,323 - - - -    

Q9HAV7 GrpE protein homolog 1, mitochondrial GRPEL1 - 26,471 - 14,669 40,670 -    

Q9NZ01 Very-long-chain enoyl-CoA reductase TECR - 34,148 - - 48,025 - Y  Y 

Q9BY44 Eukaryotic translation initiation factor 2A EIF2A - 28,077 - - 19,342 - Y  Y 

P13807 Glycogen [starch] synthase, muscle GYS1 - 8,829 - - - -    

P07305 Histone H1.0 H1F0 - 2,700,825 - - - -    

Q92522 Histone H1x H1FX 6,155 364,919 - - 12,320 -    

Q71UI9 Histone H2A.V H2AFV 23,702 6,235,313 45,073 7,430 181,183 20,409    

Q9P0M6 Core histone macro-H2A.2 H2AFY2 - 44,892 - - - -    

Q96DI7 U5 small nuclear ribonucleoprotein 40 kDa protein 
SNRNP4

0 
- 18,407 - - 10,785 -    

B4DXZ6 Fragile X mental retardation syndrome-related protein 1 FXR1 - 32,618 - - 15,218 -    

Q92769 Histone deacetylase 2 HDAC2 - 24,887 - - - -   Y 

P30419 Glycylpeptide N-tetradecanoyltransferase 1 NMT1 10,568 36,138 4,512 - 35,922 - Y  Y 

Q93077 Histone H2A type 1-C 
HIST1H

2AC 
138,759 2,051,667 - - 306,244 -    

Q9Y5B9 FACT complex subunit SPT16 
SUPT16

H 
- 45,566 2,141 - 7,528 - Y  Y 

E9PB90 Hexokinase-2 HK2 3,071 7,850 - - 12,271 -    

Q8TCT9 Minor histocompatibility antigen H13 HM13 20,247 71,534 - 5,002 30,243 -    

P18754 Regulator of chromosome condensation RCC1 - 7,994 - - 8,557 -   Y 

D6R9P3 Heterogeneous nuclear ribonucleoprotein A/B 
HNRNP

AB 
12,105 28,756 9,931 10,951 77,165 4,427    

O14979 Heterogeneous nuclear ribonucleoprotein D-like 
HNRNP

DL 
- - - 15,005 46,669 -    

P24752 Acetyl-CoA acetyltransferase, mitochondrial ACAT1 - 30,029 - 6,834 56,051 - Y  Y 

Q13057 Bifunctional coenzyme A synthase COASY 13,049 29,190 6,384 7,184 34,524 - Y   

Q13501 Sequestosome-1 
SQSTM

1 
- 18,171 - - 14,288 - Y   

Q1KMD3 Heterogeneous nuclear ribonucleoprotein U-like protein 2 
HNRNP

UL2 
- 18,744 - - 9,982 -   Y 

Q99714 3-hydroxyacyl-CoA dehydrogenase type-2 
HSD17B

10 
- 83,143 - 5,701 131,855 -   Y 

Q9NVJ2 ADP-ribosylation factor-like protein 8B ARL8B - 7,470 - - 8,815 -    

P13861 cAMP-dependent protein kinase type II-alpha regulatory subunit 
PRKAR2

A 
- 26,666 - 17,236 25,560 - Y   

Q92688 Acidic leucine-rich nuclear phosphoprotein 32 family member B ANP32B - 21,388 - - 20,475 -    

P16435 NADPH--cytochrome P450 reductase POR - 22,702 - - 18,011 - Y   

A0A087
WTA5 

Translation initiation factor eIF-2B subunit delta EIF2B4 - 20,829 - - 12,745 -    
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Q92616 eIF-2-alpha kinase activator GCN1 GCN1 2,300 23,503 1,083 7,902 54,563 2,445 Y   

Q7Z6Z7 E3 ubiquitin-protein ligase HUWE1 HUWE1 2,901 22,065 1,474 6,162 23,603 3,298 Y  Y 

F8WDV0 Importin-11 IPO11 - 9,894 - - - -    

O60341 Lysine-specific histone demethylase 1A KDM1A - 1,873 - - - -    

O75534 Cold shock domain-containing protein E1 CSDE1 - 18,213 5,208 5,653 23,714 1,398 Y   

Q14258 E3 ubiquitin/ISG15 ligase TRIM25 TRIM25 - 23,562 - - 27,226 - Y  Y 

P32322 Pyrroline-5-carboxylate reductase 1, mitochondrial PYCR1 - 18,470 - - 65,404 -    

P52272 Heterogeneous nuclear ribonucleoprotein M 
HNRNP

M 
- 23,388 350 2,670 34,237 583 Y  Y 

O60749 Sorting nexin-2 SNX2 - 22,464 - - - - Y   

Q8NBP7 Proprotein convertase subtilisin/kexin type 9 PCSK9 - 23,475 - - 21,675 -   Y 

P04181 Ornithine aminotransferase, mitochondrial OAT - 27,136 - 3,402 38,492 - Y  Y 

K7EJE8 Lon protease homolog, mitochondrial LONP1 - 15,537 - 4,403 4,816 -    

P46977 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 

STT3A 
STT3A - 22,365 - 4,788 39,050 - Y   

P53350 Serine/threonine-protein kinase PLK1 PLK1 3,604 21,875 429 2,893 253,333 2,589 Y Y Y 

Q07666 
KH domain-containing, RNA-binding, signal transduction-associated 

protein 1 
KHDRB

S1 
1,095 15,580 - 595 13,160 - Y   

Q9Y383 Putative RNA-binding protein Luc7-like 2 LUC7L2 - 10,891 - - 3,501 - Y   

Q9UJS0 Calcium-binding mitochondrial carrier protein Aralar2 
SLC25A

13 
- 19,624 - - 12,016 -    

A0A0R4
J2E8 

Matrin-3 MATR3 - 1,964 - 121 1,857 -    

Q9UBT2 SUMO-activating enzyme subunit 2 UBA2 - 21,216 - - 6,990 - Y   

Q9P035 Very-long-chain HACD3 - 13,040 - - 40,484 -    

K7EIG1 Clustered mitochondria protein homolog CLUH - 16,203 - - 15,360 -    

Q15393 Splicing factor 3B subunit 3 SF3B3 1,519 18,226 580 8,954 73,369 1,698 Y  Y 

Q8WXF1 Paraspeckle component 1 PSPC1 - 22,385 - - 3,245 -    

Q14696 LDLR chaperone MESD 
MESDC

2 
- 7,552 - 5,779 17,311 -    

Q96HS1 Serine/threonine-protein phosphatase PGAM5, mitochondrial PGAM5 - 18,403 - - 22,274 -   Y 

Q13724 Mannosyl-oligosaccharide glucosidase MOGS - - - - 10,587 -    

J3KSI4 Mannose-P-dolichol utilization defect 1 protein MPDU1 - 97,751 - 20,338 129,369 -    

E9PE17 28S ribosomal protein S17, mitochondrial MRPS17 - - - - 10,172 -    

O60568 Procollagen-lysine,2-oxoglutarate 5-dioxygenase 3 PLOD3 - 20,569 - - 21,197 - Y   

B4DHE8 RNA-binding protein Musashi homolog 2 MSI2 - - - - 19,402 -    
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Q9Y6C9 Mitochondrial carrier homolog 2 MTCH2 - - - - 38,853 -   Y 

P35637 RNA-binding protein FUS FUS 4,148 17,101 - 6,866 63,974 - Y   

C9JW55 N-alpha-acetyltransferase 10 NAA10 - 44,907 - - - -    

Q9UNH7 Sorting nexin-6 SNX6 - 13,111 - 4,648 8,939 - Y   

Q9H0A0 RNA cytidine acetyltransferase NAT10 - 5,050 - - - -    

O95347 Structural maintenance of chromosomes protein 2 SMC2 - 18,589 - - - - Y   

Q9GZP4 PITH domain-containing protein 1 PITHD1 - 4,698 - - 7,115 -    

P78527 DNA-dependent protein kinase catalytic subunit PRKDC 2,670 17,022 2,047 2,101 6,118 3,531 Y Y Y 

Q9BPW8 Protein NipSnap homolog 1 
NIPSNA

P1 
- - - 5,424 58,285 -    

P42224 Signal transducer and activator of transcription 1-alpha/beta STAT1 - 10,910 - - - - Y   

B0QYK0 RNA-binding protein EWS EWSR1 - 13,098 - - 15,524 -    

P78347 General transcription factor II-I GTF2I - 10,453 - - 6,093 -    

Q9Y2X3 Nucleolar protein 58 NOP58 - 8,648 - - - -   Y 

Q6P988 Palmitoleoyl-protein carboxylesterase NOTUM NOTUM - 84,399 - - 117,370 2,497   Y 

Q93009 Ubiquitin carboxyl-terminal hydrolase 7 USP7 - 4,336 - - 7,254 -    

Q5SQP8 C-terminal-binding protein 2 CTBP2 - 4,256 - - 5,674 -    

F8W726 Ubiquitin-associated protein 2-like UBAP2L - 7,090 - - 4,249 -    

P07954 Fumarate hydratase, mitochondrial FH 12,980 5,184 - - 28,239 - Y  Y 

A0A0D9
SFS3 

2-oxoglutarate dehydrogenase, mitochondrial OGDH - 3,042 - - - -    

F8VUA7 Oxysterol-binding protein OSBPL8 - 7,652 - - - -    

P13674 Prolyl 4-hydroxylase subunit alpha-1 P4HA1 - 15,366 - 4,436 19,818 -    

B1ANR0 Polyadenylate-binding protein PABPC4 3,011 24,423 - 2,317 29,791 -    

Q9NR30 Nucleolar RNA helicase 2 DDX21 - 11,663 - - 14,160 454 Y  Y 

P09874 Poly [ADP-ribose] polymerase 1 PARP1 2,201 85,855 383 342 3,273 584    

H0YML5 Phosphoenolpyruvate carboxykinase [GTP], mitochondrial PCK2 - - - - 6,965 -    

O00139 Kinesin-like protein KIF2A KIF2A - 11,375 - - 84,425 - Y   

P36957 
Dihydrolipoyllysine-residue succinyltransferase component of 2-

oxoglutarate dehydrogenase complex, mitochondrial 
DLST - 6,826 - - 9,612 -    

Q14566 DNA replication licensing factor MCM6 MCM6 963 12,471 - - - - Y  Y 

Q8N1G4 Leucine-rich repeat-containing protein 47 LRRC47 4,675 16,375 - 6,952 25,130 2,506 Y  Y 

Q5T4S7 E3 ubiquitin-protein ligase UBR4 UBR4 957 14,787 1,097 112 14,128 595 Y  Y 
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P33993 DNA replication licensing factor MCM7 MCM7 - 10,345 - - 2,588 - Y   

P60891 Ribose-phosphate pyrophosphokinase 1 PRPS1 8,128 19,149 4,491 13,528 40,058 - Y   

A0A0G2
JL47 

Large proline-rich protein BAG6 BAG6 - 6,654 - - 8,935 -    

Q14694 Ubiquitin carboxyl-terminal hydrolase 10 USP10 - 7,734 - - 2,657 -    

P46821 Microtubule-associated protein 1B MAP1B - 8,265 - - 7,986 -    

O00505 Importin subunit alpha-4 KPNA3 3,098 14,650 - - - - Y   

K7ELL7 Glucosidase 2 subunit beta 
PRKCS

H 
7,524 71,687 - 32,770 127,347 -    

Q07065 Cytoskeleton-associated protein 4 CKAP4 - 10,001 - - 7,235 - Y   

Q96PK6 RNA-binding protein 14 RBM14 - 9,529 - - - - Y   

P38919 Eukaryotic initiation factor 4A-III EIF4A3 - 15,600 - - 25,195 - Y  Y 

P49748 Very long-chain specific acyl-CoA dehydrogenase, mitochondrial ACADVL 4,870 12,422 - - 47,413 - Y   

O95831 Apoptosis-inducing factor 1, mitochondrial AIFM1 - 7,241 - 3,008 38,880 - Y  Y 

P48735 Isocitrate dehydrogenase [NADP], mitochondrial IDH2 - 3,602 - - 61,780 - Y  Y 

Q6P2E9 Enhancer of mRNA-decapping protein 4 EDC4 - 2,779 - - 30,513 -   Y 

P40939 Trifunctional enzyme subunit alpha, mitochondrial HADHA - 14,158 - - 6,525 - Y  Y 

Q14980 Nuclear mitotic apparatus protein 1 NUMA1 - 5,500 - - 2,367 -  Y Y 

C9J2Y9 DNA-directed RNA polymerase subunit beta POLR2B - 5,749 - - 6,420 -    

O00203 AP-3 complex subunit beta-1 AP3B1 2,179 11,829 1,582 - 15,357 - Y   

Q15029 116 kDa U5 small nuclear ribonucleoprotein component EFTUD2 - 12,996 - 1,281 4,100 - Y   

Q14498 RNA-binding protein 39 RBM39 - 21,088 - - - -    

Q9Y5S9 RNA-binding protein 8A RBM8A - - - - 44,186 -    

Q8TCJ2 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 

STT3B 
STT3B - 4,284 - - 11,463 -    

Q9P258 Protein RCC2 RCC2 540 57,367 - 13,003 69,073 -  Y  

Q14444 Caprin-1 
CAPRIN

1 
1,331 9,346 1,562 2,579 6,117 - Y   

H3BPG5 RNA binding protein S1, serine-rich domain, isoform CRA_c RNPS1 - - - - 30,282 -    

P27694 Replication protein A 70 kDa DNA-binding subunit RPA1 - 26,469 - - - -   Y 

Q13045 Protein flightless-1 homolog FLII - 13,666 - 3,043 9,649 2,060 Y  Y 

P49736 DNA replication licensing factor MCM2 MCM2 - 6,531 - - 2,540 - Y   

P42167 Lamina-associated polypeptide 2, isoforms beta/gamma TMPO - 1,801 - - 5,318 -    

O76021 Ribosomal L1 domain-containing protein 1 RSL1D1 - 42,735 - - - -    
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M0QZS6 SUMO-activating enzyme subunit 1 SAE1 - 63,444 25,589 - 28,512 -    

O75475 PC4 and SFRS1-interacting protein PSIP1 - 12,800 - - - - Y   

Q9NYU2 UDP-glucose:glycoprotein glucosyltransferase 1 UGGT1 - 5,329 - - 5,183 -    

P42704 Leucine-rich PPR motif-containing protein, mitochondrial LRPPRC 575 6,264 252 668 10,773 1,982 Y  Y 

Q14563 Semaphorin-3A SEMA3A - - - - 6,622 -   Y 

P19525 Interferon-induced, double-stranded RNA-activated protein kinase EIF2AK2 - 8,783 - - 13,238 - Y   

P07093 Glia-derived nexin 
SERPIN

E2 
- 35,099 - - 93,379 5,368    

O75533 Splicing factor 3B subunit 1 SF3B1 6,760 35,059 2,315 2,225 44,004 5,462   Y 

E9PPJ0 Splicing factor 3B subunit 2 SF3B2 - 7,321 - - 1,700 -    

Q96AE4 Far upstream element-binding protein 1 FUBP1 - 6,238 - 719 8,062 - Y   

P98160 Basement membrane-specific heparan sulfate proteoglycan core protein HSPG2 - 4,065 - - 3,117 -   Y 

Q6PKG0 La-related protein 1 LARP1 - 5,240 - - 3,272 - Y   

P42285 Superkiller viralicidic activity 2-like 2 SKIV2L2 - 22,882 - - 10,197 7,348    

P53007 Tricarboxylate transport protein, mitochondrial 
SLC25A

1 
- - - - 14,260 -    

Q16891 MICOS complex subunit MIC60 IMMT - 7,757 1,164 1,565 4,611 - Y   

Q13423 NAD NNT - 2,904 - - 4,009 -   Y 

Q8NBF2 NHL repeat-containing protein 2 NHLRC2 - 3,050 - 1,115 4,726 927 Y   

Q12931 Heat shock protein 75 kDa, mitochondrial TRAP1 - 16,906 - - 28,223 - Y   

Q8TEQ6 Gem-associated protein 5 GEMIN5 - 4,360 - - - - Y   

O60264 
SWI/SNF-related matrix-associated actin-dependent regulator of 

chromatin subfamily A member 5 
SMARC

A5 
6,515 3,033 - - 4,683 -    

P25205 DNA replication licensing factor MCM3 MCM3 - 2,806 - - 3,102 - Y   

E9PD53 Structural maintenance of chromosomes protein SMC4 - 8,965 - - - -    

P48681 Nestin NES - 1,000 - - 547 - Y   

P35573 Glycogen debranching enzyme AGL - - - - 3,476 - Y   

J3QQY2 Calcium load-activated calcium channel TMCO1 - 91,099 - - 100,179 -    

O75947 ATP synthase subunit d, mitochondrial ATP5H - - - - 45,913 - Y   

B1AHD1 NHP2-like protein 1 SNU13 - 57,929 - - - -    

Q8NBJ5 Procollagen galactosyltransferase 1 
COLGAL

T1 
- - - - 5,340 - Y   

O43237 Cytoplasmic dynein 1 light intermediate chain 2 
DYNC1L

I2 
- - - - 19,417 - Y Y Y 

H0YMF9 WD repeat-containing protein 61 WDR61 - 22,356 - - 64,369 -    
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Q5JRI1 Serine/arginine-rich-splicing factor 10 SRSF10 - 35,437 - - 31,651 -    

P30084 Enoyl-CoA hydratase, mitochondrial ECHS1 - - - - 30,009 - Y   

P84090 Enhancer of rudimentary homolog ERH - - - - 75,490 - Y   

Q9Y5M8 Signal recognition particle receptor subunit beta SRPRB 4,646 29,089 15,428 - 43,731 -   Y 

Q9BXP5 Serrate RNA effector molecule homolog SRRT - 15,145 - - - -    

P62995 Transformer-2 protein homolog beta TRA2B - 11,578 - - 31,037 -    

J3QL05 Serine/arginine-rich-splicing factor 2 SRSF2 - - - - 136,751 -    

F8VU90 Peptidylprolyl isomerase FKBP11 - 20,954 - - 54,630 -    

Q13242 Serine/arginine-rich splicing factor 9 SRSF9 - - - - 31,811 -    

P05455 Lupus La protein SSB 3,956 70,007 1,825 - 38,650 2,220    

C9J3L8 Translocon-associated protein subunit alpha SSR1 - 22,776 4,403 - 39,847 -    

Q9BTV4 Transmembrane protein 43 TMEM43 - 6,598 - - 16,865 -    

Q9UN86 Ras GTPase-activating protein-binding protein 2 G3BP2 - - - - 16,290 - Y   

O95793 Double-stranded RNA-binding protein Staufen homolog 1 STAU1 - - - - 14,123 -    

Q9UJZ1 Stomatin-like protein 2, mitochondrial STOML2 10,405 62,299 11,502 - 54,927 -   Y 

Q00341 Vigilin HDLBP - 6,883 2,228 - 12,642 - Y   

Q92945 Far upstream element-binding protein 2 KHSRP - 1,591 - 1,184 25,774 - Y   

Q14764 Major vault protein MVP - - - - 9,658 - Y  Y 

O75396 Vesicle-trafficking protein SEC22b SEC22B - - - - 23,200 - Y   

Q5T8U5 Surfeit 4 SURF4 8,741 57,508 - - 47,174 -    

Q8NEM2 SHC SH2 domain-binding protein 1 SHCBP1 - - - - 23,369 - Y   

P00387 NADH-cytochrome b5 reductase 3 CYB5R3 - 26,505 - - 68,053 - Y   

P09622 Dihydrolipoyl dehydrogenase, mitochondrial DLD - 9,747 - - 16,663 - Y   

Q9H307 Pinin PNN - 11,811 - - 8,376 -    

E9PHA6 DNA mismatch repair protein MSH2 - 5,524 - - 6,602 -    

E7EQ72 Transmembrane emp24 domain-containing protein 2 TMED2 - - - - 28,216 -    

O76024 Wolframin WFS1 - 3,320 - - 13,877 -    

F8W930 Insulin-like growth factor 2 mRNA-binding protein 2 
IGF2BP

2 
- 6,518 - - 10,777 -    

Q92804 TATA-binding protein-associated factor 2N TAF15 - - - - 78,063 - Y  Y 

F5H7V9 Tenascin TNC - - - - 6,919 -    
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E9PDE8 Heat shock 70 kDa protein 4L HSPA4L - 3,508 - - 10,579 -    

Q13148 TAR DNA-binding protein 43 TARDBP - 7,698 - 8,158 43,250 - Y   

O94826 Mitochondrial import receptor subunit TOM70 
TOMM7

0 
- 11,780 - - - -    

P11388 DNA topoisomerase 2-alpha TOP2A - 14,086 488 1,667 2,387 -   Y 

Q9UBS4 DnaJ homolog subfamily B member 11 
DNAJB1

1 
- 19,713 - - 19,809 - Y   

O00463 TNF receptor-associated factor 5 TRAF5 - 7,792 - 5,746 133,382 1,817    

O96008 Mitochondrial import receptor subunit TOM40 homolog 
TOMM4

0 
- - - - 26,187 - Y   

B5MBZ0 Echinoderm microtubule-associated protein-like 4 EML4 - 6,904 - - 5,233 -    

P0DN76 Splicing factor U2AF 35 kDa subunit-like protein 
U2AF1L

5 
- 89,469 11,168 - 60,371 -    

K7ENG2 Splicing factor U2AF 65 kDa subunit U2AF2 16,353 54,726 - - 28,231 4,994    

P07099 Epoxide hydrolase 1 EPHX1 - 12,373 - - 7,585 -    

P20700 Lamin-B1 LMNB1 - 11,899 - - 2,083 - Y Y  

H3BPC4 SUMO-conjugating enzyme UBC9 UBE2I 36,332 168,170 61,076 - 368,567 
105,65

0 
   

C9JDR0 Sterol-4-alpha-carboxylate 3-dehydrogenase, decarboxylating NSDHL - 22,313 - - 10,030 -    

Q13085 Acetyl-CoA carboxylase 1 ACACA - 638 - - 1,118 - Y   

H3BRG4 Cytochrome b-c1 complex subunit 2, mitochondrial 
UQCRC

2 
- - - - 21,433 -    

P08559 
Pyruvate dehydrogenase E1 component subunit alpha, somatic form, 

mitochondrial 
PDHA1 - 6,317 - - 9,010 -   Y 

Q53GS9 U4/U6.U5 tri-snRNP-associated protein 2 USP39 - 16,588 - - - -    

P40937 Replication factor C subunit 5 RFC5 - 6,000 - - 5,785 -    

P10620 Microsomal glutathione S-transferase 1 MGST1 - 18,671 - - 23,301 - Y   

Q9H269 Vacuolar protein sorting-associated protein 16 homolog VPS16 - - - - 7,475 -    

P31930 Cytochrome b-c1 complex subunit 1, mitochondrial 
UQCRC

1 
- - - - 21,440 - Y   

Q9P2E9 Ribosome-binding protein 1 RRBP1 - 2,240 - - 4,977 - Y   

P09012 U1 small nuclear ribonucleoprotein A SNRPA - 19,567 - - 44,080 -    

Q5T6H7 Xaa-Pro aminopeptidase 1 
XPNPEP

1 
- - - 4,731 16,854 -    

A = Co-identified proteins with Flemmingsomes from Addi et al.  

B = Co-identified proteins with MiCroKiTS-midbody database 
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C = Co-identified proteins with pulled down sMB-Rs70. 

Y = Co-identified proteins 
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Appendix Table 3.8 KEGG pathway analysis of Exos, sMVs and sMB-Rs 

EV type Compare with ID Description pvalue Count 

Exos 

sMVs 

hsa04144 Endocytosis 9.74E-06 9 

hsa04520 Adherens junction 4.72E-05 5 

hsa05165 Human papillomavirus infection 8.41E-05 9 

hsa04130 SNARE interactions in vesicular transport 0.000837 3 

hsa04514 Cell adhesion molecules 0.001489 5 

sMB-Rs 

hsa04144 Endocytosis 2.52E-21 41 

hsa04810 Regulation of actin cytoskeleton 5.44E-19 36 

hsa04520 Adherens junction 4.13E-18 22 

hsa04530 Tight junction 7.67E-17 30 

hsa05130 Pathogenic Escherichia coli infection 6.01E-15 30 

hsa05100 Bacterial invasion of epithelial cells 6.68E-15 20 

hsa04014 Ras signaling pathway 1.81E-11 28 

hsa05163 Human cytomegalovirus infection 4.91E-11 27 

hsa05132 Salmonella infection 9.93E-11 28 

hsa04670 Leukocyte transendothelial migration 1.5E-10 19 

hsa05205 Proteoglycans in cancer 1.9E-10 25 

hsa04015 Rap1 signaling pathway 3.21E-10 25 

hsa05135 Yersinia infection 3.76E-09 19 

hsa05165 Human papillomavirus infection 4E-09 30 

hsa04510 Focal adhesion 1.92E-08 22 

hsa04611 Platelet activation 3.08E-08 17 

hsa05131 Shigellosis 4.02E-08 24 

hsa04360 Axon guidance 7.49E-08 20 

hsa05412 Arrhythmogenic right ventricular cardiomyopathy 1.13E-07 13 

hsa04371 Apelin signaling pathway 1.38E-07 17 

hsa04062 Chemokine signaling pathway 2E-07 20 

hsa04666 Fc gamma R-mediated phagocytosis 2.77E-07 14 

hsa04730 Long-term depression 4.61E-07 11 

hsa04514 Cell adhesion molecules 4.69E-07 17 

hsa05170 Human immunodeficiency virus 1 infection 9.95E-07 20 

hsa04926 Relaxin signaling pathway 1.78E-06 15 

hsa04130 SNARE interactions in vesicular transport 1.92E-06 8 

hsa04145 Phagosome 3.04E-06 16 

hsa04540 Gap junction 3.72E-06 12 

hsa05203 Viral carcinogenesis 9.11E-06 18 

hsa04724 Glutamatergic synapse 1.1E-05 13 

hsa05120 Epithelial cell signaling in Helicobacter pylori infection 1.61E-05 10 

hsa04727 GABAergic synapse 2.47E-05 11 

hsa04928 Parathyroid hormone synthesis, secretion and action 2.6E-05 12 

hsa04725 Cholinergic synapse 4.94E-05 12 

hsa04713 Circadian entrainment 5.57E-05 11 

hsa04726 Serotonergic synapse 5.88E-05 12 

hsa04151 PI3K-Akt signaling pathway 7.84E-05 23 

hsa05210 Colorectal cancer 9.84E-05 10 

hsa04512 ECM-receptor interaction 0.00012 10 

hsa04072 Phospholipase D signaling pathway 0.000173 13 
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hsa04912 GnRH signaling pathway 0.00019 10 

hsa05212 Pancreatic cancer 0.000191 9 

hsa05167 Kaposi sarcoma-associated herpesvirus infection 0.000217 15 

hsa04728 Dopaminergic synapse 0.000222 12 

hsa05414 Dilated cardiomyopathy 0.000248 10 

hsa04934 Cushing syndrome 0.000273 13 

hsa04390 Hippo signaling pathway 0.00031 13 

hsa04935 Growth hormone synthesis, secretion and action 0.000352 11 

hsa04010 MAPK signaling pathway 0.000359 19 

hsa05211 Renal cell carcinoma 0.000502 8 

hsa05410 Hypertrophic cardiomyopathy 0.000683 9 

hsa05032 Morphine addiction 0.000741 9 

hsa05160 Hepatitis C 0.001074 12 

hsa01521 EGFR tyrosine kinase inhibitor resistance 0.001245 8 

hsa01522 Endocrine resistance 0.001264 9 

hsa05231 Choline metabolism in cancer 0.001264 9 

hsa04071 Sphingolipid signaling pathway 0.001364 10 

hsa05034 Alcoholism 0.001608 13 

hsa04972 Pancreatic secretion 0.001677 9 

hsa04024 cAMP signaling pathway 0.002086 14 

hsa04650 Natural killer cell mediated cytotoxicity 0.002794 10 

hsa04921 Oxytocin signaling pathway 0.002942 11 

hsa04150 mTOR signaling pathway 0.003093 11 

hsa04915 Estrogen signaling pathway 0.004069 10 

hsa05213 Endometrial cancer 0.004532 6 

hsa05416 Viral myocarditis 0.005362 6 

hsa04022 cGMP-PKG signaling pathway 0.005448 11 

hsa04916 Melanogenesis 0.00582 8 

hsa05142 Chagas disease 0.006173 8 

hsa05146 Amoebiasis 0.006173 8 

hsa04962 Vasopressin-regulated water reabsorption 0.006308 5 

hsa04723 Retrograde endocannabinoid signaling 0.006643 10 

hsa04012 ErbB signaling pathway 0.007872 7 

hsa04927 Cortisol synthesis and secretion 0.007917 6 

hsa04720 Long-term potentiation 0.00915 6 

hsa04924 Renin secretion 0.010516 6 

hsa04217 Necroptosis 0.010777 10 

hsa04140 Autophagy - animal 0.011689 9 

hsa04152 AMPK signaling pathway 0.015699 8 

hsa04971 Gastric acid secretion 0.016431 6 

hsa05133 Pertussis 0.016431 6 

hsa04919 Thyroid hormone signaling pathway 0.016433 8 

hsa04925 Aldosterone synthesis and secretion 0.016475 7 

hsa04923 Regulation of lipolysis in adipocytes 0.018364 5 

sMVs 

Exo 

hsa04141 Protein processing in endoplasmic reticulum 5.21E-09 13 

hsa00970 Aminoacyl-tRNA biosynthesis 2.46E-06 7 

hsa03013 RNA transport 5.66E-05 9 

sMB-Rs 

hsa04810 Regulation of actin cytoskeleton 3.23E-19 33 

hsa04530 Tight junction 1.72E-18 29 

hsa05100 Bacterial invasion of epithelial cells 1.71E-15 19 
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hsa04520 Adherens junction 5.84E-15 18 

hsa05130 Pathogenic Escherichia coli infection 1E-14 27 

hsa05205 Proteoglycans in cancer 1.13E-11 24 

hsa05163 Human cytomegalovirus infection 1.3E-11 25 

hsa04015 Rap1 signaling pathway 1.89E-11 24 

hsa05135 Yersinia infection 7.61E-10 18 

hsa04144 Endocytosis 8.72E-10 24 

hsa04014 Ras signaling pathway 9.18E-10 23 

hsa04670 Leukocyte transendothelial migration 2.63E-09 16 

hsa04360 Axon guidance 1.16E-08 19 

hsa04371 Apelin signaling pathway 3.9E-08 16 

hsa04510 Focal adhesion 6.42E-08 19 

hsa05131 Shigellosis 7.39E-08 21 

hsa04540 Gap junction 3.83E-07 12 

hsa05132 Salmonella infection 4.17E-07 20 

hsa04611 Platelet activation 4.38E-07 14 

hsa04730 Long-term depression 5.49E-07 10 

hsa04926 Relaxin signaling pathway 7.14E-07 14 

hsa05165 Human papillomavirus infection 7.18E-07 23 

hsa05412 Arrhythmogenic right ventricular cardiomyopathy 7.38E-07 11 

hsa04062 Chemokine signaling pathway 8.39E-07 17 

hsa04666 Fc gamma R-mediated phagocytosis 1.12E-06 12 

hsa04727 GABAergic synapse 3.22E-06 11 

hsa05170 Human immunodeficiency virus 1 infection 3.32E-06 17 

hsa04725 Cholinergic synapse 5.75E-06 12 

hsa04724 Glutamatergic synapse 6.3E-06 12 

hsa04726 Serotonergic synapse 6.9E-06 12 

hsa04713 Circadian entrainment 7.53E-06 11 

hsa04514 Cell adhesion molecules 2.03E-05 13 

hsa04151 PI3K-Akt signaling pathway 2.63E-05 21 

hsa04728 Dopaminergic synapse 2.83E-05 12 

hsa05034 Alcoholism 5.43E-05 14 

hsa04928 Parathyroid hormone synthesis, secretion and action 9.78E-05 10 

hsa05032 Morphine addiction 0.000152 9 

hsa04912 GnRH signaling pathway 0.00018 9 

hsa04010 MAPK signaling pathway 0.000219 17 

hsa04935 Growth hormone synthesis, secretion and action 0.000256 10 

hsa05167 Kaposi sarcoma-associated herpesvirus infection 0.00029 13 

hsa01521 EGFR tyrosine kinase inhibitor resistance 0.000303 8 

hsa04072 Phospholipase D signaling pathway 0.00037 11 

hsa04921 Oxytocin signaling pathway 0.00052 11 

hsa05210 Colorectal cancer 0.000541 8 

hsa04934 Cushing syndrome 0.000549 11 

hsa04390 Hippo signaling pathway 0.000612 11 

hsa04512 ECM-receptor interaction 0.000631 8 

hsa05120 Epithelial cell signaling in Helicobacter pylori infection 0.000781 7 

hsa04915 Estrogen signaling pathway 0.000833 10 

hsa04024 cAMP signaling pathway 0.000847 13 

hsa04022 cGMP-PKG signaling pathway 0.001023 11 

hsa04071 Sphingolipid signaling pathway 0.001118 9 
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hsa05414 Dilated cardiomyopathy 0.001124 8 

hsa04919 Thyroid hormone signaling pathway 0.001258 9 

hsa04971 Gastric acid secretion 0.001277 7 

hsa05212 Pancreatic cancer 0.001277 7 

hsa01522 Endocrine resistance 0.001286 8 

hsa04723 Retrograde endocannabinoid signaling 0.001424 10 

hsa05213 Endometrial cancer 0.001556 6 

hsa04916 Melanogenesis 0.001563 8 

hsa05203 Viral carcinogenesis 0.001628 12 

hsa04972 Pancreatic secretion 0.001665 8 

hsa04145 Phagosome 0.00174 10 

hsa04012 ErbB signaling pathway 0.002447 7 

hsa05410 Hypertrophic cardiomyopathy 0.003383 7 

hsa04924 Renin secretion 0.003785 6 

hsa05211 Renal cell carcinoma 0.003785 6 

hsa05215 Prostate cancer 0.005124 7 

hsa04261 Adrenergic signaling in cardiomyocytes 0.005401 9 

hsa04925 Aldosterone synthesis and secretion 0.005419 7 

hsa05231 Choline metabolism in cancer 0.005419 7 

hsa04130 SNARE interactions in vesicular transport 0.005443 4 

hsa04961 Endocrine and other factor-regulated calcium reabsorption 0.00572 5 

hsa04150 mTOR signaling pathway 0.006669 9 

hsa05142 Chagas disease 0.006729 7 

hsa05160 Hepatitis C 0.007236 9 

hsa05206 MicroRNAs in cancer 0.007662 14 

hsa04650 Natural killer cell mediated cytotoxicity 0.007719 8 

hsa05416 Viral myocarditis 0.009638 5 

hsa05219 Bladder cancer 0.011776 4 

hsa04927 Cortisol synthesis and secretion 0.013367 5 

hsa04720 Long-term potentiation 0.015098 5 

hsa05226 Gastric cancer 0.016001 8 

hsa05230 Central carbon metabolism in cancer 0.017965 5 

sMB-Rs Exo 

hsa03010 Ribosome 2.1E-34 57 

hsa03013 RNA transport 7.66E-17 42 

hsa03040 Spliceosome 1.42E-14 35 

hsa04141 Protein processing in endoplasmic reticulum 8.99E-11 32 

hsa03050 Proteasome 3.69E-09 15 

hsa00970 Aminoacyl-tRNA biosynthesis 1.86E-08 17 

hsa05014 Amyotrophic lateral sclerosis 1.94E-08 45 

hsa05012 Parkinson disease 3.31E-08 35 

hsa05020 Prion disease 3.52E-08 37 

hsa01200 Carbon metabolism 9.11E-08 22 

hsa00020 Citrate cycle (TCA cycle) 1.18E-07 11 

hsa05016 Huntington disease 6.73E-07 37 

hsa05010 Alzheimer disease 3.92E-06 40 

hsa05022 Pathways of neurodegeneration - multiple diseases 1.52E-05 46 

hsa03015 mRNA surveillance pathway 0.000102 15 

hsa05017 Spinocerebellar ataxia 0.000107 19 

hsa01212 Fatty acid metabolism 0.000115 11 

hsa03030 DNA replication 0.000361 8 
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hsa01230 Biosynthesis of amino acids 0.000362 12 

hsa04217 Necroptosis 0.000433 19 

hsa03018 RNA degradation 0.002051 11 

hsa00620 Pyruvate metabolism 0.003135 7 

hsa05169 Epstein-Barr virus infection 0.003216 20 

hsa00030 Pentose phosphate pathway 0.003505 6 

sMVs 

hsa03010 Ribosome 7.89E-47 65 

hsa03040 Spliceosome 1.79E-14 33 

hsa03013 RNA transport 4.26E-11 32 

hsa04141 Protein processing in endoplasmic reticulum 5.18E-10 29 

hsa03050 Proteasome 7.44E-10 15 

hsa05012 Parkinson disease 2.14E-08 33 

hsa05016 Huntington disease 3.47E-08 37 

hsa05020 Prion disease 6.23E-08 34 

hsa05014 Amyotrophic lateral sclerosis 3.81E-07 39 

hsa05022 Pathways of neurodegeneration - multiple diseases 8.72E-06 43 

hsa05010 Alzheimer disease 9.71E-06 36 

hsa05017 Spinocerebellar ataxia 2.22E-05 19 

hsa04217 Necroptosis 9.75E-05 19 

hsa03015 mRNA surveillance pathway 0.000109 14 

hsa03030 DNA replication 0.000163 8 

hsa01212 Fatty acid metabolism 0.000207 10 

hsa00020 Citrate cycle (TCA cycle) 0.000305 7 

hsa05169 Epstein-Barr virus infection 0.000311 21 

hsa03060 Protein export 0.000435 6 

hsa00970 Aminoacyl-tRNA biosynthesis 0.000703 10 

hsa00620 Pyruvate metabolism 0.001622 7 

hsa01200 Carbon metabolism 0.002551 13 

hsa00071 Fatty acid degradation 0.003327 7 
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Appendix Table 3.9 Differential protein enrichment analysis of SW480-

EVs and SW620-EVs (SW480-EV enriched proteins are with positive log2FC 

values and SW620-EVs enriched proteins are with negative log2 fold change 

values) 

Protein 
Access 

Description 
Genenam

e 
Log2 fold 
change 

pval
ue 

P47895 Aldehyde dehydrogenase family 1 member A3 ALDH1A3 26.69 
4.58
E-27 

P29034 Protein S100-A2 S100A2 26.03 
1.61
E-31 

K7EP40 Claudin CLDN7 25.49 
2.99
E-25 

Q5MY95 Ectonucleoside triphosphate diphosphohydrolase 8 ENTPD8 24.24 
5.46
E-27 

Q9BZQ8 Protein Niban FAM129A 24.04 
2.00
E-27 

P09471 Guanine nucleotide-binding protein G GNAO1 23.69 
1.03
E-25 

P25445 Tumor necrosis factor receptor superfamily member 6 FAS 22.90 
2.23
E-24 

P21589 5'-nucleotidase NT5E 22.86 
8.98
E-05 

Q8N4X5 Actin filament-associated protein 1-like 2 AFAP1L2 21.64 
1.79
E-09 

P10909 Clusterin CLU 21.56 
1.84
E-09 

P09496 Clathrin light chain A CLTA 20.85 
3.27
E-09 

Q9H4G4 Golgi-associated plant pathogenesis-related protein 1 GLIPR2 20.78 
1.92
E-09 

P00533 Epidermal growth factor receptor EGFR 20.63 
6.08
E-04 

Q9UNE0 Tumor necrosis factor receptor superfamily member EDAR EDAR 20.61 
1.97
E-09 

P21980 Protein-glutamine gamma-glutamyltransferase 2 TGM2 19.23 
2.52
E-03 

P14222 Perforin-1 PRF1 18.84 
7.29
E-07 

Q8J025 Protein APCDD1 APCDD1 18.44 
7.39
E-07 

Q9BX66 Sorbin and SH3 domain-containing protein 1 SORBS1 18.34 
1.16
E-04 

Q9BUF5 Tubulin beta-6 chain TUBB6 16.14 
1.90
E-03 

H3BLV0 Complement decay-accelerating factor CD55 16.11 
2.26
E-05 

P05121 Plasminogen activator inhibitor 1 
SERPINE

1 
16.03 

2.02
E-04 

P08138 Tumor necrosis factor receptor superfamily member 16 NGFR 15.90 
2.50
E-05 

P22223 Cadherin-3 CDH3 15.80 
2.50
E-05 

Q5JPT2 SH3 domain-containing kinase-binding protein 1 SH3KBP1 15.36 
2.17
E-03 

C9JEV6 N-acetyl-D-glucosamine kinase NAGK 14.98 
3.16
E-05 

P17096 High mobility group protein HMG-I/HMG-Y HMGA1 14.75 
2.02
E-03 

P05362 Intercellular adhesion molecule 1 ICAM1 14.47 
3.46
E-04 

J3KN16 KIAA0368 KIAA0368 14.19 
1.58
E-03 

P35998 26S proteasome regulatory subunit 7 PSMC2 14.05 
3.96
E-04 

O00629 Importin subunit alpha-3 KPNA4 13.79 
2.13
E-04 
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E9PEP6 Neuropilin NRP1 13.70 
2.99
E-04 

Q9Y281 Cofilin-2 CFL2 13.67 
1.22
E-02 

Q9Y295 Developmentally-regulated GTP-binding protein 1 DRG1 13.35 
1.31
E-02 

R4GMR5 26S proteasome non-ATPase regulatory subunit 8 PSMD8 13.32 
3.30
E-04 

F8W6X9 Protein sidekick-1 SDK1 13.32 
3.03
E-04 

P20618 Proteasome subunit beta type-1 PSMB1 13.26 
4.99
E-04 

Q96L35 EPH receptor B4, isoform CRA_b EPHB4 13.15 
3.34
E-04 

Q04721 Neurogenic locus notch homolog protein 2 NOTCH2 13.13 
3.06
E-04 

P36543 V-type proton ATPase subunit E 1 
ATP6V1E

1 
13.08 

8.42
E-03 

Q969P0 Immunoglobulin superfamily member 8 IGSF8 13.05 
4.27
E-02 

P31350 Ribonucleoside-diphosphate reductase subunit M2 RRM2 12.95 
1.59
E-02 

A6XND1 Insulin-like growth factor binding protein 3 isoform b IGFBP3 12.88 
3.24
E-04 

Q9NQG5 Regulation of nuclear pre-mRNA domain-containing protein 1B RPRD1B 12.81 
3.12
E-04 

I3NI44 TOM1-like protein 1 TOM1L1 12.80 
1.53
E-02 

Q13576 Ras GTPase-activating-like protein IQGAP2 IQGAP2 12.74 
7.71
E-04 

Q9BXJ9 N-alpha-acetyltransferase 15, NatA auxiliary subunit NAA15 12.72 
1.63
E-02 

E1P5H9 Solute carrier organic anion transporter family member SLCO4A1 12.65 
3.14
E-04 

Q5HYB6 Epididymis luminal protein 189 
DKFZp68
6J1372 

12.56 
1.84
E-02 

P02649 Apolipoprotein E APOE 12.54 
3.16
E-04 

Q9UBI1 COMM domain-containing protein 3 COMMD3 12.54 
1.08
E-02 

Q9NRW1 Ras-related protein Rab-6B RAB6B 12.38 
3.19
E-04 

F5GWX2 Heme-binding protein 1 HEBP1 12.34 
1.93
E-02 

P50453 Serpin B9 
SERPINB

9 
12.28 

3.20
E-04 

B1APY4 Receptor tyrosine kinase-like orphan receptor 2, isoform CRA_b ROR2 12.25 
3.21
E-04 

P61201 COP9 signalosome complex subunit 2 COPS2 12.21 
1.24
E-02 

P30711 Glutathione S-transferase theta-1 GSTT1 11.75 
3.34
E-04 

C9J0K6 Sorcin SRI 11.75 
8.06
E-04 

P11387 DNA topoisomerase 1 TOP1 11.58 
4.35
E-02 

J3KNF8 Cytochrome b5 type B CYB5B 11.54 
3.22
E-03 

Q8NFJ5 Retinoic acid-induced protein 3 GPRC5A 11.52 
4.82
E-02 

P04114 Apolipoprotein B-100 APOB 11.24 
2.46
E-02 

E7ETK0 40S ribosomal protein S24 RPS24 11.17 
3.19
E-03 

F8W9W2 Protein-serine/threonine kinase GRK6 11.08 
4.72
E-02 

P27816 Microtubule-associated protein 4 MAP4 10.92 
2.17
E-03 

E9PPJ5 Midkine MDK 10.88 
2.19
E-03 

E9PGT1 Translin TSN 10.83 
1.84
E-03 

Q13347 Eukaryotic translation initiation factor 3 subunit I EIF3I 10.79 
3.01
E-03 

O43242 26S proteasome non-ATPase regulatory subunit 3 PSMD3 10.74 
5.12
E-03 

B1AMW1 CD58 antigen, CD58 10.66 
2.18
E-03 
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Q12904 Aminoacyl tRNA synthase complex-interacting multifunctional protein 1 AIMP1 10.62 
3.49
E-03 

P20645 Cation-dependent mannose-6-phosphate receptor M6PR 10.60 
1.79
E-03 

Q15785 Mitochondrial import receptor subunit TOM34 TOMM34 10.59 
4.52
E-02 

G3V4W0 Heterogeneous nuclear ribonucleoproteins C1/C2 HNRNPC 10.48 
6.42
E-03 

F8W9Z6 Syntaxin-16 STX16 10.35 
2.19
E-03 

Q9NY12 H/ACA ribonucleoprotein complex subunit 1 GAR1 10.22 
2.20
E-03 

A0A1B0G
W44 

Cathepsin D CTSD 10.19 
3.66
E-02 

Q969L2 Protein MAL2 MAL2 10.18 
2.20
E-03 

Q13641 Trophoblast glycoprotein TPBG 10.03 
3.77
E-03 

Q9BQI0 Allograft inflammatory factor 1-like AIF1L 10.01 
2.21
E-03 

Q12860 Contactin-1 CNTN1 10.00 
2.22
E-03 

Q8IZW8 Tensin-4 TNS4 9.93 
4.93
E-02 

Q00839 Heterogeneous nuclear ribonucleoprotein U HNRNPU 9.93 
1.56
E-02 

Q92905 COP9 signalosome complex subunit 5 COPS5 9.92 
3.14
E-03 

O00505 Importin subunit alpha-4 KPNA3 9.86 
2.23
E-03 

Q14566 DNA replication licensing factor MCM6 MCM6 9.82 
2.27
E-03 

P07305 Histone H1.0 H1F0 9.49 
1.06
E-02 

P15529 Membrane cofactor protein CD46 9.48 
7.04
E-03 

P23470 Receptor-type tyrosine-protein phosphatase gamma PTPRG 9.40 
2.27
E-03 

P02545 Prelamin-A/C [Cleaved into: Lamin-A/C LMNA 9.03 
6.05
E-03 

O00468 
Agrin [Cleaved into: Agrin N-terminal 110 kDa subunit; Agrin C-terminal 110 

kDa subunit; Agrin C-terminal 90 kDa fragment 
AGRN 8.79 

1.08
E-02 

P43121 Cell surface glycoprotein MUC18 MCAM 8.63 
7.39
E-03 

P46778 60S ribosomal protein L21 RPL21 8.50 
1.75
E-02 

Q13155 Aminoacyl tRNA synthase complex-interacting multifunctional protein 2 AIMP2 8.27 
1.25
E-02 

P46779 60S ribosomal protein L28 RPL28 8.27 
1.63
E-02 

Q9Y3U8 60S ribosomal protein L36 RPL36 8.11 
1.61
E-02 

Q9P0L0 Vesicle-associated membrane protein-associated protein A VAPA 8.09 
1.31
E-02 

J3QR09 Ribosomal protein L19 RPL19 8.04 
1.57
E-02 

K7EM56 40S ribosomal protein S15 RPS15 7.99 
1.55
E-02 

O95347 Structural maintenance of chromosomes protein 2 SMC2 7.97 
1.10
E-02 

O76021 Ribosomal L1 domain-containing protein 1 RSL1D1 7.94 
1.10
E-02 

O14579 Coatomer subunit epsilon COPE 7.90 
1.12
E-02 

Q9P0M6 Core histone macro-H2A.2 H2AFY2 7.83 
1.11
E-02 

P27694 Replication protein A 70 kDa DNA-binding subunit RPA1 7.82 
1.11
E-02 

C9J4Z3 60S ribosomal protein L37a RPL37A 7.80 
1.73
E-02 

P50416 Carnitine O-palmitoyltransferase 1, liver isoform CPT1A 7.80 
1.11
E-02 

Q9BXP5 Serrate RNA effector molecule homolog SRRT 7.71 
1.11
E-02 

C9JLU1 DNA-directed RNA polymerases I, II, and III subunit RPABC3 POLR2H 7.67 
1.12
E-02 

J3QR46 Uncharacterized protein KIAA0040 KIAA0040 7.66 
1.12
E-02 
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O60749 Sorting nexin-2 SNX2 7.66 
1.12
E-02 

E5RK69 Annexin ANXA6 7.66 
1.12
E-02 

E9PD53 Structural maintenance of chromosomes protein SMC4 7.65 
1.12
E-02 

P13646 Keratin, type I cytoskeletal 13 KRT13 7.64 
1.12
E-02 

Q14498 RNA-binding protein 39 RBM39 7.61 
1.12
E-02 

Q2TAP0 Golgin subfamily A member 7B 
GOLGA7

B 
7.58 

1.12
E-02 

Q53GS9 U4/U6.U5 tri-snRNP-associated protein 2 USP39 7.56 
1.12
E-02 

G3XAH6 Poly PAPOLA 7.55 
1.12
E-02 

P15927 Replication protein A 32 kDa subunit RPA2 7.44 
1.13
E-02 

P23677 Inositol-trisphosphate 3-kinase A ITPKA 7.41 
1.13
E-02 

Q13393 Phospholipase D1 PLD1 7.40 
1.13
E-02 

Q8WV41 Sorting nexin-33 SNX33 7.40 
1.13
E-02 

P31431 Syndecan-4 SDC4 7.39 
1.13
E-02 

Q8TEQ6 Gem-associated protein 5 GEMIN5 7.39 
1.13
E-02 

O75475 PC4 and SFRS1-interacting protein PSIP1 7.38 
1.13
E-02 

P13807 Glycogen [starch] synthase, muscle GYS1 7.38 
1.13
E-02 

P35754 Glutaredoxin-1 GLRX 7.33 
1.13
E-02 

Q9Y547 Intraflagellar transport protein 25 homolog HSPB11 7.33 
1.13
E-02 

F8VUA7 Oxysterol-binding protein OSBPL8 7.28 
1.13
E-02 

E9PKJ0 Protein wntless homolog WLS 7.24 
1.13
E-02 

Q9H0A0 RNA cytidine acetyltransferase NAT10 7.22 
1.14
E-02 

D6RGI5 Progressive ankylosis protein homolog ANKH 7.17 
1.14
E-02 

F5GWX5 Chromodomain-helicase-DNA-binding protein 4 CHD4 6.90 
1.15
E-02 

P42766 60S ribosomal protein L35 RPL35 6.78 
2.49
E-02 

Q5T0I0 Gelsolin GSN 6.76 
1.22
E-02 

P53794 Sodium/myo-inositol cotransporter SLC5A3 6.64 
3.97
E-03 

C9JYN0 Synaptophysin-like protein 1 SYPL1 6.54 
1.93
E-02 

Q15293 Reticulocalbin-1 RCN1 6.45 
4.10
E-02 

A0A087W
XM6 

60S ribosomal protein L17 RPL17 6.29 
3.88
E-02 

P49720 Proteasome subunit beta type-3 PSMB3 6.26 
2.07
E-02 

J3QRI7 60S ribosomal protein L26 RPL26 6.09 
3.31
E-02 

O00487 26S proteasome non-ATPase regulatory subunit 14 PSMD14 5.97 
3.22
E-02 

O60487 Myelin protein zero-like protein 2 MPZL2 5.60 
1.96
E-02 

P47897 Glutamine--tRNA ligase QARS 5.59 
4.75
E-02 

E9PS44 Interferon-induced transmembrane protein 3 IFITM3 5.57 
4.54
E-02 

P28074 Proteasome subunit beta type-5 PSMB5 5.40 
4.82
E-02 

Q9Y237 Peptidyl-prolyl cis-trans isomerase NIMA-interacting 4 PIN4 5.39 
4.56
E-02 

Q08J23 tRNA NSUN2 5.36 
4.56
E-02 

Q9BV40 Vesicle-associated membrane protein 8 VAMP8 5.33 
4.56
E-02 
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O94903 Pyridoxal phosphate homeostasis protein PROSC 5.31 
4.65
E-02 

Q86UU1 Pleckstrin homology-like domain family B member 1 PHLDB1 5.27 
4.57
E-02 

Q99805 Transmembrane 9 superfamily member 2 TM9SF2 5.26 
4.58
E-02 

Q92769 Histone deacetylase 2 HDAC2 5.26 
4.57
E-02 

P35659 Protein DEK DEK 5.24 
4.58
E-02 

K7ERP4 Glutathione peroxidase GPX4 5.22 
4.58
E-02 

Q14156 Protein EFR3 homolog A EFR3A 5.22 
4.58
E-02 

P61960 Ubiquitin-fold modifier 1 UFM1 5.21 
4.58
E-02 

B5MD23 Tetraspanin TSPAN9 5.18 
4.58
E-02 

A0A087W
TF6 

Neural cell adhesion molecule 1 NCAM1 5.18 
4.58
E-02 

F8WDV0 Importin-11 IPO11 5.15 
4.59
E-02 

C9JZ87 Transmembrane protein 106B 
TMEM106

B 
5.13 

4.59
E-02 

P42224 Signal transducer and activator of transcription 1-alpha/beta STAT1 5.13 
4.59
E-02 

O94925 Glutaminase kidney isoform, mitochondrial GLS 5.13 
4.60
E-02 

B1AHD1 NHP2-like protein 1 SNU13 5.11 
4.59
E-02 

E7ES10 Calpastatin CAST 5.09 
4.59
E-02 

P00966 Argininosuccinate synthase ASS1 5.09 
1.70
E-02 

O94826 Mitochondrial import receptor subunit TOM70 TOMM70 5.08 
4.60
E-02 

C9JW55 N-alpha-acetyltransferase 10 NAA10 5.06 
4.60
E-02 

Q96PK6 RNA-binding protein 14 RBM14 5.05 
4.60
E-02 

E7ETB3 Aspartyl aminopeptidase DNPEP 5.00 
4.60
E-02 

Q9Y3B4 Splicing factor 3B subunit 6 SF3B6 4.99 
4.61
E-02 

F5GYQ1 V-type proton ATPase subunit 
ATP6V0D

1 
4.97 

4.61
E-02 

Q9Y2X3 Nucleolar protein 58 NOP58 4.94 
4.62
E-02 

P11172 Uridine 5'-monophosphate synthase UMPS 4.93 
4.62
E-02 

A0A087W
YN0 

Transporter SLC6A6 4.90 
4.62
E-02 

M0R0V2 Deoxyhypusine synthase DHPS 4.82 
4.63
E-02 

A0A0D9S
FS3 

2-oxoglutarate dehydrogenase, mitochondrial OGDH 4.82 
4.63
E-02 

A0A024R
412 

Neuropilin NRP2 4.67 
4.65
E-02 

O60341 Lysine-specific histone demethylase 1A KDM1A 4.61 
4.66
E-02 

Q8WYA6 Beta-catenin-like protein 1 CTNNBL1 4.47 
4.68
E-02 

P04083 Annexin A1 ANXA1 4.40 
3.22
E-02 

P08133 Annexin A6 ANXA6 3.83 
4.52
E-05 

P16070 CD44 antigen CD44 3.78 
1.61
E-04 

P43007 Neutral amino acid transporter A SLC1A4 2.62 
1.46
E-05 

P11166 Solute carrier family 2, facilitated glucose transporter member 1 SLC2A1 2.32 
2.84
E-02 

P62424 60S ribosomal protein L7a RPL7A 2.29 
4.75
E-02 

Q9NZW5 MAGUK p55 subfamily member 6 MPP6 2.29 
4.97
E-06 

Q9H4G0 Band 4.1-like protein 1 EPB41L1 2.25 
1.10
E-04 
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P29373 Cellular retinoic acid-binding protein 2 CRABP2 2.23 
2.63
E-05 

B5MCA4 Epithelial cell adhesion molecule EPCAM 2.17 
4.16
E-02 

Q15758 Neutral amino acid transporter B SLC1A5 2.12 
1.84
E-06 

Q14019 Coactosin-like protein COTL1 2.04 
3.41
E-04 

P09455 Retinol-binding protein 1 RBP1 2.01 
4.17
E-09 

P08243 Asparagine synthetase [glutamine-hydrolyzing] ASNS 1.98 
1.70
E-06 

J3KQI6 Stimulated by retinoic acid gene 6 protein homolog STRA6 1.93 
1.69
E-05 

P50479 PDZ and LIM domain protein 4 PDLIM4 1.88 
2.05
E-05 

P43490 Nicotinamide phosphoribosyltransferase NAMPT 1.83 
1.36
E-05 

A0A0A0M
SY4 

Dedicator of cytokinesis protein 9 DOCK9 1.70 
3.15
E-02 

P02786 Transferrin receptor protein 1 TFRC 1.64 
6.09
E-04 

Q9NQW6 Anillin ANLN 1.53 
1.94
E-02 

A0A0A0M
S51 

Gelsolin GSN 1.52 
4.36
E-09 

Q9Y5Y6 Suppressor of tumorigenicity 14 protein ST14 1.46 
2.27
E-02 

P23381 Tryptophan--tRNA ligase, cytoplasmic WARS 1.46 
1.05
E-05 

P41091 Eukaryotic translation initiation factor 2 subunit 3 EIF2S3 1.44 
2.44
E-02 

J3QRU1 Tyrosine-protein kinase YES1 1.42 
6.90
E-03 

H0Y7A7 Calmodulin-2 CALM2 1.35 
1.88
E-05 

F5H6E2 Unconventional myosin-Ic MYO1C 1.32 
4.40
E-02 

O43175 D-3-phosphoglycerate dehydrogenase PHGDH 1.31 
4.61
E-04 

Q9Y5X1 Sorting nexin-9 SNX9 1.30 
4.86
E-07 

P18084 Integrin beta-5 ITGB5 1.29 
1.82
E-02 

Q15008 26S proteasome non-ATPase regulatory subunit 6 PSMD6 1.29 
1.65
E-02 

P31949 Protein S100-A11 S100A11 1.27 
5.30
E-08 

P14324 Farnesyl pyrophosphate synthase FDPS 1.24 
4.10
E-05 

P08648 Integrin alpha-5 ITGA5 1.23 
2.08
E-02 

Q92597 Protein NDRG1 NDRG1 1.20 
2.33
E-05 

Q13200 26S proteasome non-ATPase regulatory subunit 2 PSMD2 1.19 
2.36
E-02 

P61769 Beta-2-microglobulin [Cleaved into: Beta-2-microglobulin form pI 5.3] B2M 1.19 
2.19
E-02 

P06756 Integrin alpha-V ITGAV 1.19 
3.07
E-02 

Q92598 Heat shock protein 105 kDa HSPH1 1.19 
1.16
E-04 

Q9HCM4 Band 4.1-like protein 5 EPB41L5 1.18 
1.66
E-03 

O15551 Claudin-3 CLDN3 1.16 
1.07
E-02 

A0A087W
YS1 

UTP--glucose-1-phosphate uridylyltransferase UGP2 1.16 
9.56
E-03 

P01889 HLA class I histocompatibility antigen, B-7 alpha chain HLA-B 1.13 
4.76
E-03 

P31947 14-3-3 protein sigma SFN 1.13 
1.57
E-04 

P62760 Visinin-like protein 1 VSNL1 1.12 
5.58
E-05 

Q01650 Large neutral amino acids transporter small subunit 1 SLC7A5 1.12 
8.86
E-05 

Q09666 Neuroblast differentiation-associated protein AHNAK AHNAK 1.11 
4.62
E-04 
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P53004 Biliverdin reductase A BLVRA 1.11 
1.40
E-06 

P16152 Carbonyl reductase [NADPH] 1 CBR1 1.09 
8.01
E-09 

P05023 Sodium/potassium-transporting ATPase subunit alpha-1 ATP1A1 1.06 
5.91
E-04 

Q9NR45 Sialic acid synthase NANS 1.02 
2.19
E-03 

A0A087X
0K9 

Tight junction protein ZO-1 TJP1 1.01 
3.43
E-03 

P30085 UMP-CMP kinase CMPK1 -1.01 
2.35
E-05 

A0A0A0M
RM8 

Unconventional myosin-VI MYO6 -1.02 
3.05
E-04 

O75695 Protein XRP2 RP2 -1.05 
1.00
E-02 

B4DUC8 S-methyl-5'-thioadenosine phosphorylase MTAP -1.09 
3.23
E-05 

Q92747 Actin-related protein 2/3 complex subunit 1A ARPC1A -1.10 
7.04
E-03 

Q14651 Plastin-1 PLS1 -1.10 
1.09
E-02 

P52788 Spermine synthase SMS -1.10 
7.87
E-05 

Q96N67 Dedicator of cytokinesis protein 7 DOCK7 -1.11 
1.13
E-02 

P23921 Ribonucleoside-diphosphate reductase large subunit RRM1 -1.12 
2.22
E-02 

G5E933 Myotubularin-related protein 5 SBF1 -1.16 
4.22
E-03 

Q96PY5 Formin-like protein 2 FMNL2 -1.19 
2.77
E-02 

Q12965 Unconventional myosin-Ie MYO1E -1.26 
3.73
E-04 

O43865 S-adenosylhomocysteine hydrolase-like protein 1 AHCYL1 -1.31 
6.58
E-04 

P49588 Alanine--tRNA ligase, cytoplasmic AARS -1.31 
3.02
E-04 

P68032 Actin, alpha cardiac muscle 1 ACTC1 -1.41 
1.16
E-03 

P53992 Protein transport protein Sec24C SEC24C -1.41 
9.65
E-05 

P13797 Plastin-3 PLS3 -1.50 
1.53
E-02 

P11171 Protein 4.1 EPB41 -1.53 
5.25
E-04 

Q5JUW8 Discs, large homolog 3 DLG3 -1.58 
5.72
E-03 

P42345 Serine/threonine-protein kinase mTOR MTOR -1.64 
6.62
E-04 

O75955 Flotillin-1 FLOT1 -1.67 
2.77
E-07 

P10644 cAMP-dependent protein kinase type I-alpha regulatory subunit PRKAR1A -1.71 
2.41
E-06 

E9PFN4 Anion exchange protein SLC4A7 -1.94 
3.66
E-06 

Q68CZ2 Tensin-3 TNS3 -2.03 
5.61
E-04 

P35580 Myosin-10 MYH10 -2.21 
1.10
E-05 

P61970 Nuclear transport factor 2 NUTF2 -2.38 
8.49
E-06 

P06239 Tyrosine-protein kinase Lck LCK -2.88 
6.41
E-03 

Q12929 Epidermal growth factor receptor kinase substrate 8 EPS8 -2.93 
9.37
E-03 

Q92614 Unconventional myosin-XVIIIa MYO18A -3.07 
2.77
E-07 

E9PMS6 LIM domain only protein 7 LMO7 -3.43 
9.04
E-03 

Q8IY22 C-Maf-inducing protein CMIP -3.73 
7.24
E-05 

O14907 Tax1-binding protein 3 TAX1BP3 -4.24 
4.39
E-02 

E9PE17 28S ribosomal protein S17, mitochondrial MRPS17 -4.43 
4.82
E-02 

P36551 Oxygen-dependent coproporphyrinogen-III oxidase, mitochondrial CPOX -4.51 
4.80
E-02 
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P22413 Ectonucleotide pyrophosphatase/phosphodiesterase family member 1 ENPP1 -4.54 
4.55
E-02 

H0YML5 Phosphoenolpyruvate carboxykinase [GTP], mitochondrial PCK2 -4.55 
4.79
E-02 

H3BPG5 RNA binding protein S1, serine-rich domain, isoform CRA_c RNPS1 -4.61 
4.78
E-02 

H3BNW8 Transmembrane channel-like protein TMC7 -4.62 
4.67
E-02 

P36894 Bone morphogenetic protein receptor type-1A BMPR1A -4.65 
4.54
E-02 

P53007 Tricarboxylate transport protein, mitochondrial SLC25A1 -4.65 
4.77
E-02 

E7EQ72 Transmembrane emp24 domain-containing protein 2 TMED2 -4.67 
4.77
E-02 

Q9Y2H1 Serine/threonine-protein kinase 38-like STK38L -4.68 
4.54
E-02 

Q13363 C-terminal-binding protein 1 CTBP1 -4.68 
4.77
E-02 

Q14563 Semaphorin-3A SEMA3A -4.68 
4.77
E-02 

O75396 Vesicle-trafficking protein SEC22b SEC22B -4.69 
4.77
E-02 

Q9Y2W1 Thyroid hormone receptor-associated protein 3 THRAP3 -4.70 
4.66
E-02 

A8MZF9 Developmentally-regulated GTP-binding protein 2 DRG2 -4.72 
4.76
E-02 

P10606 Cytochrome c oxidase subunit 5B, mitochondrial COX5B -4.73 
4.76
E-02 

H7C3Z2 Feline leukemia virus subgroup C receptor-related protein 1 FLVCR1 -4.74 
4.53
E-02 

Q9H269 Vacuolar protein sorting-associated protein 16 homolog VPS16 -4.76 
4.75
E-02 

B4DHE8 RNA-binding protein Musashi homolog 2 MSI2 -4.76 
4.75
E-02 

P51116 Fragile X mental retardation syndrome-related protein 2 FXR2 -4.77 
4.66
E-02 

P27144 Adenylate kinase 4, mitochondrial AK4 -4.78 
4.75
E-02 

V9GYM8 Rho guanine nucleotide exchange factor 2 
ARHGEF

2 
-4.79 

4.63
E-02 

Q13242 Serine/arginine-rich splicing factor 9 SRSF9 -4.80 
4.75
E-02 

Q16850 Lanosterol 14-alpha demethylase CYP51A1 -4.80 
4.65
E-02 

O75947 ATP synthase subunit d, mitochondrial ATP5H -4.82 
4.74
E-02 

Q9Y5S9 RNA-binding protein 8A RBM8A -4.83 
4.74
E-02 

K7EQ02 DAZ-associated protein 1 DAZAP1 -4.83 
4.74
E-02 

P84090 Enhancer of rudimentary homolog ERH -4.83 
4.74
E-02 

Q9UN86 Ras GTPase-activating protein-binding protein 2 G3BP2 -4.84 
4.74
E-02 

O95793 Double-stranded RNA-binding protein Staufen homolog 1 STAU1 -4.85 
4.74
E-02 

F8VRH0 Poly PCBP2 -4.85 
4.63
E-02 

Q7KYR7 Butyrophilin subfamily 2 member A1 BTN2A1 -4.86 
4.52
E-02 

H3BRG4 Cytochrome b-c1 complex subunit 2, mitochondrial UQCRC2 -4.87 
4.73
E-02 

Q9Y4H2 Insulin receptor substrate 2 IRS2 -4.87 
4.52
E-02 

P31749 RAC-alpha serine/threonine-protein kinase AKT1 -4.88 
4.52
E-02 

K7ELV2 Nucleoporin SEH1 SEH1L -4.88 
4.52
E-02 

A0A087X
142 

Septin-8 44082 -4.89 
4.52
E-02 

Q9UKY7 Protein CDV3 homolog CDV3 -4.89 
4.52
E-02 

O96008 Mitochondrial import receptor subunit TOM40 homolog TOMM40 -4.89 
4.73
E-02 

M0R300 Unconventional myosin-IXb MYO9B -4.90 
4.52
E-02 

O43237 Cytoplasmic dynein 1 light intermediate chain 2 
DYNC1LI

2 
-4.90 

4.73
E-02 
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P36542 ATP synthase subunit gamma, mitochondrial ATP5C1 -4.92 
4.72
E-02 

P31930 Cytochrome b-c1 complex subunit 1, mitochondrial UQCRC1 -4.92 
4.73
E-02 

H0Y547 Phospholipid-transporting ATPase ATP11A -4.97 
4.51
E-02 

Q9Y6C9 Mitochondrial carrier homolog 2 MTCH2 -4.97 
4.72
E-02 

Q9NS86 LanC-like protein 2 LANCL2 -5.01 
4.51
E-02 

Q8TE67 Epidermal growth factor receptor kinase substrate 8-like protein 3 EPS8L3 -5.01 
2.30
E-02 

Q16762 Thiosulfate sulfurtransferase TST -5.03 
4.62
E-02 

F5H7V9 Tenascin TNC -5.07 
4.62
E-02 

J3QL05 Serine/arginine-rich-splicing factor 2 SRSF2 -5.10 
4.70
E-02 

P13073 Cytochrome c oxidase subunit 4 isoform 1, mitochondrial COX4I1 -5.11 
4.61
E-02 

Q96HP0 Dedicator of cytokinesis protein 6 DOCK6 -5.18 
1.61
E-02 

Q8TEB7 E3 ubiquitin-protein ligase RNF128 RNF128 -5.21 
4.49
E-02 

P22059 Oxysterol-binding protein 1 OSBP -5.37 
4.87
E-02 

O60547 GDP-mannose 4,6 dehydratase GMDS -5.47 
9.05
E-03 

P51812 Ribosomal protein S6 kinase alpha-3 RPS6KA3 -5.49 
4.24
E-02 

Q9Y6M5 Zinc transporter 1 SLC30A1 -5.52 
4.71
E-02 

Q8N3E9 1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase delta-3 PLCD3 -5.61 
4.84
E-02 

P49755 Transmembrane emp24 domain-containing protein 10 TMED10 -5.65 
4.15
E-02 

Q00535 Cyclin-dependent-like kinase 5 CDK5 -5.68 
3.17
E-02 

P28838 Cytosol aminopeptidase LAP3 -5.70 
3.63
E-02 

P16949 Stathmin STMN1 -5.80 
3.97
E-02 

B1AMS2 Septin 6, isoform CRA_b 44080 -5.80 
3.36
E-02 

P18433 Receptor-type tyrosine-protein phosphatase alpha PTPRA -5.86 
4.57
E-02 

P48147 Prolyl endopeptidase PREP -5.89 
2.95
E-02 

Q9Y5S2 Serine/threonine-protein kinase MRCK beta 
CDC42BP

B 
-5.95 

3.30
E-02 

P09417 Dihydropteridine reductase QDPR -5.95 
3.13
E-02 

E9PC69 Non-specific serine/threonine protein kinase MARK2 -6.05 
3.45
E-02 

Q9UHN6 Cell surface hyaluronidase TMEM2 -6.10 
3.07
E-02 

O95832 Claudin-1 CLDN1 -6.21 
3.50
E-02 

O15020 Spectrin beta chain, non-erythrocytic 2 SPTBN2 -6.35 
1.76
E-02 

Q9H3M7 Thioredoxin-interacting protein TXNIP -6.63 
2.00
E-02 

E9PDI4 Ladinin-1 LAD1 -6.66 
1.37
E-02 

Q8N392 Rho GTPase-activating protein 18 
ARHGAP

18 
-6.74 

1.90
E-02 

Q9NUU7 ATP-dependent RNA helicase DDX19A DDX19A -6.78 
1.29
E-02 

Q8NBJ5 Procollagen galactosyltransferase 1 
COLGALT

1 
-6.89 

1.05
E-02 

A0A0A0M
SA9 

Poliovirus receptor PVR -6.94 
2.90
E-02 

Q9Y5L0 Transportin-3 TNPO3 -7.10 
2.09
E-02 

P35573 Glycogen debranching enzyme AGL -7.12 
1.04
E-02 

P37173 TGF-beta receptor type-2 TGFBR2 -7.23 
1.09
E-02 
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P30084 Enoyl-CoA hydratase, mitochondrial ECHS1 -7.36 
1.04
E-02 

Q14764 Major vault protein MVP -7.36 
1.04
E-02 

Q13724 Mannosyl-oligosaccharide glucosidase MOGS -7.37 
1.04
E-02 

Q8WXX5 DnaJ homolog subfamily C member 9 DNAJC9 -7.39 
1.04
E-02 

B7ZKQ9 SCARB1 protein SCARB1 -7.42 
2.66
E-02 

O15431 High affinity copper uptake protein 1 SLC31A1 -7.43 
1.06
E-02 

Q9NRX4 14 kDa phosphohistidine phosphatase PHPT1 -7.43 
1.59
E-02 

Q15283 Ras GTPase-activating protein 2 RASA2 -7.44 
1.67
E-02 

Q9Y653 Adhesion G-protein coupled receptor G1 ADGRG1 -7.54 
2.26
E-02 

A0A087X
1K9 

Acyl-protein thioesterase 1 LYPLA1 -7.61 
1.44
E-02 

Q9UMY4 Sorting nexin-12 SNX12 -7.62 
1.43
E-02 

M0R2P6 SH3KBP1 binding protein 1, isoform CRA_c SHKBP1 -7.63 
1.57
E-02 

Q8NEM2 SHC SH2 domain-binding protein 1 SHCBP1 -7.64 
1.03
E-02 

Q96II5 ARAF protein ARAF -7.67 
1.57
E-02 

Q8WUX1 Sodium-coupled neutral amino acid transporter 5 SLC38A5 -7.69 
2.08
E-02 

Q13043 Serine/threonine-protein kinase 4 STK4 -7.73 
1.08
E-02 

Q9Y2L9 Leucine-rich repeat and calponin homology domain-containing protein 1 LRCH1 -7.76 
1.24
E-02 

P62273 40S ribosomal protein S29 RPS29 -7.77 
1.03
E-02 

Q4KMP7 TBC1 domain family member 10B 
TBC1D10

B 
-7.78 

1.53
E-02 

Q92973 Transportin-1 TNPO1 -7.81 
1.45
E-02 

O43157 Plexin-B1 PLXNB1 -7.87 
1.40
E-02 

P36406 E3 ubiquitin-protein ligase TRIM23 TRIM23 -7.95 
1.43
E-02 

P25098 Beta-adrenergic receptor kinase 1 GRK2 -7.98 
8.27
E-03 

Q5QPM7 Proteasome inhibitor PI31 subunit PSMF1 -7.99 
1.08
E-02 

Q9Y6N7 Roundabout homolog 1 ROBO1 -8.03 
1.46
E-02 

Q15056 Eukaryotic translation initiation factor 4H EIF4H -8.09 
1.34
E-02 

Q8WUW1 Protein BRICK1 BRK1 -8.10 
1.61
E-02 

P60983 Glia maturation factor beta GMFB -8.16 
1.49
E-02 

Q92804 TATA-binding protein-associated factor 2N TAF15 -8.17 
1.02
E-02 

Q15417 Calponin-3 CNN3 -8.23 
5.05
E-03 

O95466 Formin-like protein 1 FMNL1 -8.34 
7.95
E-03 

Q5TG12 Receptor-type tyrosine-protein phosphatase kappa PTPRK -8.37 
1.30
E-02 

Q5T2T1 MAGUK p55 subfamily member 7 MPP7 -8.44 
8.91
E-03 

Q7L9B9 Endonuclease/exonuclease/phosphatase family domain-containing protein 1 EEPD1 -8.46 
6.55
E-03 

Q6ZS17 Rho family-interacting cell polarization regulator 1 RIPOR1 -8.58 
1.60
E-02 

P61457 Pterin-4-alpha-carbinolamine dehydratase PCBD1 -8.58 
7.33
E-03 

Q15274 Nicotinate-nucleotide pyrophosphorylase [carboxylating] QPRT -8.68 
4.83
E-03 

Q86YS7 C2 domain-containing protein 5 C2CD5 -8.72 
5.31
E-03 

Q14195 Dihydropyrimidinase-related protein 3 DPYSL3 -8.80 
7.93
E-03 



279 

Q9NZQ3 NCK-interacting protein with SH3 domain NCKIPSD -9.03 
2.17
E-03 

P10586 Receptor-type tyrosine-protein phosphatase F PTPRF -9.03 
1.11
E-02 

Q92835 Phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 1 INPP5D -9.06 
3.63
E-03 

Q9Y4D7 Plexin-D1 PLXND1 -9.07 
8.20
E-03 

P23458 Tyrosine-protein kinase JAK1 JAK1 -9.11 
8.83
E-03 

P08581 Hepatocyte growth factor receptor MET -9.35 
2.11
E-02 

P01034 Cystatin-C CST3 -9.37 
1.97
E-03 

A0A0J9Y
Y01 

Unconventional myosin-XVB MYO15B -9.39 
3.83
E-03 

Q9H329 Band 4.1-like protein 4B 
EPB41L4

B 
-9.49 

2.14
E-03 

Q8IZ21 Phosphatase and actin regulator 4 PHACTR4 -9.50 
2.14
E-03 

P00505 Aspartate aminotransferase, mitochondrial GOT2 -9.57 
8.08
E-03 

P42126 Enoyl-CoA delta isomerase 1, mitochondrial ECI1 -9.64 
1.94
E-03 

P55263 Adenosine kinase ADK -9.85 
4.62
E-03 

O15344 E3 ubiquitin-protein ligase Midline-1 MID1 -9.87 
2.11
E-03 

Q5T6H7 Xaa-Pro aminopeptidase 1 XPNPEP1 -9.90 
1.95
E-03 

Q9BVC4 Target of rapamycin complex subunit LST8 MLST8 -9.91 
2.10
E-03 

Q9NX57 Ras-related protein Rab-20 RAB20 -9.96 
2.10
E-03 

Q9BPW8 Protein NipSnap homolog 1 
NIPSNAP

1 
-10.01 

1.98
E-03 

Q9H0X4 Protein FAM234A FAM234A -10.04 
6.09
E-03 

H7C3C4 Anion exchange protein SLC4A7 -10.05 
2.02
E-03 

Q15437 Protein transport protein Sec23B SEC23B -10.10 
4.95
E-02 

Q8WUJ3 Cell migration-inducing and hyaluronan-binding protein CEMIP -10.10 
2.01
E-03 

Q5VT25 Serine/threonine-protein kinase MRCK alpha 
CDC42BP

A 
-10.37 

2.06
E-03 

Q9NV96 Cell cycle control protein 50A 
TMEM30

A 
-10.37 

3.13
E-03 

B1AK53 Espin ESPN -10.39 
2.06
E-03 

Q9NRF8 CTP synthase 2 CTPS2 -10.42 
4.84
E-02 

Q9BVG4 Protein PBDC1 PBDC1 -10.43 
4.97
E-02 

P08473 Neprilysin MME -10.45 
2.80
E-03 

P57737 Coronin-7 CORO7 -10.54 
2.19
E-03 

Q9BRF8 Serine/threonine-protein phosphatase CPPED1 CPPED1 -10.62 
1.78
E-03 

Q5EBL8 PDZ domain-containing protein 11 PDZD11 -10.74 
2.55
E-03 

Q8NCR9 Clarin-3 CLRN3 -10.76 
2.10
E-03 

J3KNV4 Integrin alpha-7 ITGA7 -10.81 
4.74
E-03 

Q5TCU3 Tropomyosin beta chain TPM2 -10.92 
1.71
E-03 

P54886 Delta-1-pyrroline-5-carboxylate synthase 
ALDH18A

1 
-10.99 

2.69
E-04 

Q08AM6 Protein VAC14 homolog VAC14 -10.99 
1.30
E-03 

O43490 Prominin-1 PROM1 -11.03 
3.71
E-02 

P17612 cAMP-dependent protein kinase catalytic subunit alpha PRKACA -11.08 
1.21
E-03 

Q8N8S7 Protein enabled homolog ENAH -11.33 
3.17
E-04 
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Q9ULE6 Paladin PALD1 -11.42 
1.14
E-03 

Q7Z406 Myosin-14 MYH14 -11.47 
4.72
E-02 

Q86V21 Acetoacetyl-CoA synthetase AACS -11.71 
2.07
E-02 

Q04656 Copper-transporting ATPase 1 ATP7A -11.75 
3.16
E-04 

Q9Y2L1 Exosome complex exonuclease RRP44 DIS3 -12.15 
2.59
E-04 

E7EX17 Eukaryotic translation initiation factor 4B EIF4B -12.22 
1.31
E-02 

E9PGT3 Ribosomal protein S6 kinase RPS6KA1 -12.22 
1.12
E-02 

A5YKK6 CCR4-NOT transcription complex subunit 1 CNOT1 -12.24 
1.42
E-02 

P78504 Protein jagged-1 JAG1 -12.27 
1.70
E-02 

Q00534 Cyclin-dependent kinase 6 CDK6 -12.28 
1.74
E-02 

Q9H400 Lck-interacting transmembrane adapter 1 LIME1 -12.31 
1.73
E-02 

Q5VZK9 F-actin-uncapping protein LRRC16A CARMIL1 -12.32 
1.36
E-02 

S4R3Z2 Aldo-keto reductase family 1 member C3 AKR1C3 -12.48 
3.74
E-04 

E7EWP2 Triple functional domain protein TRIO -12.49 
1.16
E-02 

Q93052 Lipoma-preferred partner LPP -12.50 
1.65
E-02 

Q14145 Kelch-like ECH-associated protein 1 KEAP1 -12.50 
3.15
E-04 

Q06124 Tyrosine-protein phosphatase non-receptor type 11 PTPN11 -12.56 
1.28
E-02 

Q96P48 
Arf-GAP with Rho-GAP domain, ANK repeat and PH domain-containing 

protein 1 
ARAP1 -12.57 

3.02
E-04 

Q13153 Serine/threonine-protein kinase PAK 1 PAK1 -12.61 
8.15
E-03 

Q92900 Regulator of nonsense transcripts 1 UPF1 -12.67 
1.40
E-03 

P29218 Inositol monophosphatase 1 IMPA1 -12.68 
1.49
E-02 

P21860 Receptor tyrosine-protein kinase erbB-3 ERBB3 -12.76 
1.50
E-02 

P15121 Aldose reductase AKR1B1 -12.77 
2.53
E-04 

O14979 Heterogeneous nuclear ribonucleoprotein D-like 
HNRNPD

L 
-12.77 

2.55
E-04 

P30520 Adenylosuccinate synthetase isozyme 2 ADSS -12.78 
1.30
E-02 

Q9BQ69 O-acetyl-ADP-ribose deacetylase MACROD1 
MACROD

1 
-12.92 

1.57
E-02 

O95372 Acyl-protein thioesterase 2 LYPLA2 -13.06 
1.37
E-02 

F8WA39 Myotubularin-related protein 1 MTMR1 -13.08 
3.02
E-04 

P51178 1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase delta-1 PLCD1 -13.09 
4.81
E-04 

Q9UNZ2 NSFL1 cofactor p47 NSFL1C -13.14 
1.31
E-02 

P50150 Guanine nucleotide-binding protein G GNG4 -13.42 
4.48
E-02 

E7EVJ5 Cytoplasmic FMR1-interacting protein 2 CYFIP2 -13.63 
5.24
E-04 

Q6ZN28 Metastasis-associated in colon cancer protein 1 MACC1 -13.88 
1.66
E-04 

Q765P7 MTSS1-like protein MTSS1L -14.05 
3.45
E-02 

C9JQD4 Peptidyl-prolyl cis-trans isomerase PPIH -14.42 
1.21
E-03 

E9PGC0 Ras GTPase-activating protein 1 RASA1 -14.50 
2.36
E-05 

Q5VW36 Focadhesin FOCAD -14.61 
3.14
E-04 

P62310 U6 snRNA-associated Sm-like protein LSm3 LSM3 -14.69 
1.79
E-03 

A0A075B
6Q2 

Formin-binding protein 1-like FNBP1L -14.72 
3.04
E-05 
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Q9NRN7 
L-aminoadipate-semialdehyde dehydrogenase-phosphopantetheinyl 

transferase 
AASDHP

PT 
-14.84 

3.25
E-05 

E7ET40 Urokinase-type plasminogen activator PLAU -14.89 
2.40
E-03 

Q13951 Core-binding factor subunit beta CBFB -14.97 
2.16
E-03 

H0Y6E7 RNA-binding motif protein, X chromosome RBMX -15.03 
2.00
E-05 

Q96DX4 RING finger and SPRY domain-containing protein 1 RSPRY1 -15.08 
4.19
E-03 

Q96FZ7 Charged multivesicular body protein 6 CHMP6 -15.08 
2.03
E-03 

Q96FF7 Uncharacterized protein MISP3 MISP3 -15.11 
2.79
E-05 

Q96BS2 Calcineurin B homologous protein 3 TESC -15.16 
2.02
E-05 

A0A0U1R
QP1 

Dynamin-1 DNM1 -15.78 
2.54
E-05 

P16150 Leukosialin SPN -15.90 
1.83
E-03 

H7BYY1 Tropomyosin 1 TPM1 -15.94 
3.06
E-03 

Q6R327 Rapamycin-insensitive companion of mTOR RICTOR -15.96 
3.03
E-05 

Q9H3R2 Mucin-13 MUC13 -16.09 
3.53
E-03 

D6R938 Calcium/calmodulin-dependent protein kinase CAMK2D -16.13 
1.97
E-05 

Q9HCY8 Protein S100-A14 S100A14 -16.23 
3.57
E-03 

O95425 Supervillin SVIL -17.40 
1.33
E-06 

F8VYY9 5'-AMP-activated protein kinase subunit gamma-1 PRKAG1 -17.40 
7.79
E-05 

F8VWW8 Acid sphingomyelinase-like phosphodiesterase 3b SMPDL3B -17.59 
8.59
E-07 

Q5JVZ5 Engulfment and cell motility protein 2 ELMO2 -17.60 
1.12
E-04 

Q5VV41 Rho guanine nucleotide exchange factor 16 
ARHGEF

16 
-17.62 

1.16
E-04 

P30047 GTP cyclohydrolase 1 feedback regulatory protein GCHFR -17.64 
9.16
E-07 

X6RM59 5'-nucleotidase NT5C3A -17.71 
1.23
E-06 

Q9NZU5 LIM and cysteine-rich domains protein 1 LMCD1 -17.71 
1.08
E-06 

G3XAC1 Solute carrier family 26 member 6 SLC26A6 -17.71 
1.25
E-06 

Q9Y5U5 Tumor necrosis factor receptor superfamily member 18 
TNFRSF1

8 
-17.76 

9.33
E-05 

Q9GZY6 Linker for activation of T-cells family member 2 LAT2 -17.77 
1.34
E-04 

P15328 Folate receptor alpha FOLR1 -18.12 
1.46
E-06 

G8JLA2 Myosin light polypeptide 6 MYL6 -18.52 
9.50
E-07 

Q96FX8 p53 apoptosis effector related to PMP-22 PERP -18.62 
7.59
E-07 

Q68EM7 Rho GTPase-activating protein 17 
ARHGAP

17 
-19.22 

1.36
E-04 

Q9NVS9 Pyridoxine-5'-phosphate oxidase PNPO -20.18 
1.77
E-08 

P01730 T-cell surface glycoprotein CD4 CD4 -20.24 
1.52
E-08 

P11279 Lysosome-associated membrane glycoprotein 1 LAMP1 -20.42 
1.19
E-08 

Q96FC7 Phytanoyl-CoA hydroxylase-interacting protein-like PHYHIPL -20.47 
4.07
E-07 

P17252 Protein kinase C alpha type PRKCA -20.52 
4.06
E-09 



282 

  

 

Appendix Figure 4.1 RNA quality data of Exos, sMVs and sMB-Rs derived 

from SW480 and SW620 cells. (obtained by RNA Bioanalyzer) 
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Appendix Figure 4.2 Gene Ontology (GO) analysis of Exos, sMVs and 

sMB-Rs derived from SW480 and SW620 cells. (A) Enriched GO terms of 

highly-enriched transcripts in Exos compared with sMVs (cutoff: pvalue < 0.05) 

and (B) compared with sMB-Rs (cutoff: pvalue < 0.05). (C) Enriched GO terms 

of highly-enriched transcripts in sMVs compared with Exos (cutoff: pvalue < 

0.05) and (D) compared with sMB-Rs (cutoff: pvalue < 0.05). (E) Enriched GO 

terms of highly-enriched transcripts in sMB-Rs compared with Exos (cutoff: 

pvalue < 0.05) and (F) compared with sMVs (cutoff: pvalue < 0.05).
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Appendix Table 4.1 Formula for FPKM calculation  

  Description 

FPKM equation  C/((N/1000)*(L/1,000,000)) 

C Reads with fragments 

N Total number of sequence reads 

L Gene/transcript length 
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Appendix Table 4.2 A list of top 50 transcript identifications in Exos, sMVs and sMB-Rs derived from 

SW480 and SW620 cells 

Transcript ID 
Transcript 
name 

Transcript 
biotype 

Description 
SW480-
Exo 

SW620-
Exo 

SW480-
sMVs 

SW620-
sMVs 

SW480-
sMB-Rs 

SW620-
sMB-Rs 

ENST00000618786 RN7SL1-201 misc_RNA 
RNA component of 
signal recognition 
particle 7SL1 

1,620,941 2,584,103 1,532,467 2,231,568 1,426,656 1,612,142 

ENST00000490232 RN7SL2-201 misc_RNA 
RNA component of 
signal recognition 
particle 7SL2 

1,314,236 2,059,865 1,123,595 1,757,799 1,133,148 1,383,263 

ENST00000584058 
RN7SL4P-
201 

misc_RNA 
RNA, 7SL, 
cytoplasmic 4, 
pseudogene 

22,963 26,239 17,802 21,079 17,568 19,664 

ENST00000233143 TMSB10-201 protein_coding thymosin beta 10 20,137 18,261 16,609 14,111 11,549 8,712 

ENST00000610674 RN7SL3-201 misc_RNA 
RNA component of 
signal recognition 
particle 7SL3 

17,163 19,439 13,478 14,336 11,301 11,238 

ENST00000581458 
RN7SL5P-
201 

misc_RNA 
RNA, 7SL, 
cytoplasmic 5, 
pseudogene 

12,650 15,228 6,722 8,796 7,646 6,699 

ENST00000331825 FTL-201 protein_coding ferritin light chain 6,544 2,016 4,925 1,795 4,638 1,298 

ENST00000473748 
RPS28P7-
201 

processed_ps
eudogene 

ribosomal protein S28 
pseudogene 7 

3,276 2,596 2,186 2,409 2,425 2,232 

ENST00000614247 
HIST1H4D-
201 

protein_coding 
histone cluster 1 H4 
family member d 

2,423 3,561 1,697 2,298 1,069 881 

ENST00000377745 
HIST1H4B-
201 

protein_coding 
histone cluster 1 H4 
family member b 

1,628 4,009 885 1,888 544 574 

ENST00000343677 
HIST1H1C-
201 

protein_coding 
histone cluster 1 H1 
family member c 

1,463 2,017 1,232 1,536 1,326 1,107 

ENST00000377803 
HIST1H4C-
201 

protein_coding 
histone cluster 1 H4 
family member c 

1,155 2,131 849 1,420 637 727 

ENST00000331380 
HIST2H2AC-
201 

protein_coding 
histone cluster 2 H2A 
family member c 

1,375 1,647 1,041 1,234 856 764 

ENST00000333151 
HIST1H2AJ-
201 

protein_coding 
histone cluster 1 H2A 
family member j 

1,466 1,564 1,051 1,175 861 795 
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ENST00000436459 
EEF1A1P5-
201 

processed_ps
eudogene 

eukaryotic translation 
elongation factor 1 
alpha 1 pseudogene 
5 

1,740 1,198 1,371 1,006 899 679 

ENST00000309311 EEF2-201 protein_coding 
eukaryotic translation 
elongation factor 2 

984 1,205 963 1,125 1,104 1,495 

ENST00000459748 
AC116533.1-
201 

processed_ps
eudogene 

ribosomal protein 
L36a (RPL36A) 
pseudogene 

1,382 1,276 1,056 1,395 844 770 

ENST00000611927 
HIST1H4K-
201 

protein_coding 
histone cluster 1 H4 
family member k 

1,339 1,620 945 1,184 620 495 

ENST00000618305 
HIST1H4L-
201 

protein_coding 
histone cluster 1 H4 
family member l 

882 2,605 540 1,419 312 414 

ENST00000621411 
HIST1H3B-
201 

protein_coding 
histone cluster 1 H3 
family member b 

1,031 1,325 850 1,118 946 866 

ENST00000356950 
HIST1H2BK-
201 

protein_coding 
histone cluster 1 H2B 
family member k 

1,178 1,318 894 972 1,004 737 

ENST00000377459 
HIST1H2AH-
201 

protein_coding 
histone cluster 1 H2A 
family member h 

1,300 1,458 933 1,018 752 587 

ENST00000331442 
HIST1H1B-
201 

protein_coding 
histone cluster 1 H1 
family member b 

1,108 1,122 929 929 1,052 786 

ENST00000387405 MT-TC-201 Mt_tRNA 
mitochondrially 
encoded tRNA-Cys 
(UGU/C) 

55 61 428 466 2,689 1,885 

ENST00000303910 
HIST1H2AE-
201 

protein_coding 
histone cluster 1 H2A 
family member e 

1,069 1,367 754 908 606 484 

ENST00000612966 
HIST1H3C-
201 

protein_coding 
histone cluster 1 H3 
family member c 

708 1,471 520 1,075 569 713 

ENST00000358739 
HIST1H2AI-
201 

protein_coding 
histone cluster 1 H2A 
family member i 

968 922 788 780 831 740 

ENST00000304218 
HIST1H1E-
201 

protein_coding 
histone cluster 1 H1 
family member e 

615 853 529 689 926 964 

ENST00000616182 
HIST1H2BO-
201 

protein_coding 
histone cluster 1 H2B 
family member o 

1,034 959 766 722 636 455 

ENST00000618052 
HIST1H3F-
201 

protein_coding 
histone cluster 1 H3 
family member f 

926 1,119 688 754 551 410 

ENST00000314133 COX8A-201 protein_coding 
cytochrome c oxidase 
subunit 8A 

811 768 715 709 723 625 

ENST00000298289 
RPL36AL-
201 

protein_coding 
ribosomal protein 
L36a like 

816 648 650 582 502 398 

ENST00000314355 CKS2-201 protein_coding 
CDC28 protein kinase 
regulatory subunit 2 

800 432 655 492 611 477 

ENST00000371437 
NDUFA1-
201 

protein_coding 
NADH:ubiquinone 
oxidoreductase 
subunit A1 

668 638 622 580 492 436 
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ENST00000495531 
RPL21P16-
201 

processed_ps
eudogene 

ribosomal protein L21 
pseudogene 16 

1,203 303 784 275 483 155 

ENST00000369163 
HIST1H3H-
201 

protein_coding 
histone cluster 1 H3 
family member h 

661 620 509 481 423 306 

ENST00000615164 
HIST1H4E-
201 

protein_coding 
histone cluster 1 H4 
family member e 

546 934 382 557 263 238 

ENST00000395422 
CHCHD2-
201 

protein_coding 
coiled-coil-helix-
coiled-coil-helix 
domain containing 2 

576 575 477 476 382 318 

ENST00000372134 GHITM-201 protein_coding 

growth hormone 
inducible 
transmembrane 
protein 

522 593 461 475 338 324 

ENST00000377733 
HIST1H2BI-
201 

protein_coding 
histone cluster 1 H2B 
family member i 

378 809 291 551 265 304 

ENST00000613854 
HIST1H3A-
201 

protein_coding 
histone cluster 1 H3 
family member a 

358 839 266 545 225 280 

ENST00000374980 EIF2S2-201 protein_coding 
eukaryotic translation 
initiation factor 2 
subunit beta 

602 357 499 304 388 240 

ENST00000331491 
HIST2H3D-
201 

protein_coding 
histone cluster 2 H3 
family member d 

393 657 294 443 234 243 

ENST00000370355 SCD-201 protein_coding 
stearoyl-CoA 
desaturase 

490 300 534 304 359 238 

ENST00000495392 
AC005912.1-
201 

processed_ps
eudogene 

ribosomal protein S27 
(RPS27) pseudogene 

463 386 356 372 329 232 

ENST00000377401 
HIST1H2BL-
201 

protein_coding 
histone cluster 1 H2B 
family member l 

482 409 368 320 308 215 

ENST00000233468 SF3B6-201 protein_coding 
splicing factor 3b 
subunit 6 

562 257 440 222 317 160 

ENST00000541790 
HIST1H2BG-
201 

protein_coding 
histone cluster 1 H2B 
family member g 

425 484 293 330 215 179 

ENST00000615868 
HIST1H2AB-
201 

protein_coding 
histone cluster 1 H2A 
family member b 

346 455 259 367 255 236 

ENST00000359193 
HIST1H2AG-
201 

protein_coding 
histone cluster 1 H2A 
family member g 

368 491 273 354 213 210 
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Appendix Table 4.3 Uniquely identified transcripts in both SW480 and SW620-EVs. (FPKM >1.5 in 3 

biological replicates, top 5 transcripts are labelled in red) 

EV 
classes 

Transcript ID Transcript name Transcript biotype Description 

Exos 

ENST00000408612 SNORD99-201 snoRNA small nucleolar RNA, C/D box 99 

ENST00000555662 HSP90AA1-205 retained_intron heat shock protein 90 alpha family class A member 1 

ENST00000619751 MIR7111-201 miRNA microRNA 7111 

ENST00000514610 HMGCS1-207 retained_intron 3-hydroxy-3-methylglutaryl-CoA synthase 1 

ENST00000515446 HNRNPH1-226 retained_intron heterogeneous nuclear ribonucleoprotein H1 

ENST00000504971 FBXO38-208 lncRNA F-box protein 38 

ENST00000607315 AC026979.2-201 lncRNA novel transcript 

ENST00000505828 C5orf66-201 lncRNA chromosome 5 open reading frame 66 

ENST00000403609 TANK-204 protein_coding TRAF family member associated NFKB activator 

ENST00000314980 LGALS7B-201 protein_coding galectin 7B 

ENST00000528049 AC135983.3-201 unprocessed_pseudogene 
M-phase phosphoprotein 10 (U3 small nucleolar 
ribonucleoprotein) (MPHOSPH10) pseudogene 

ENST00000297369 AC092681.1-201 unprocessed_pseudogene 
pseudogene similar to part of ARP3 actin-related protein 3 
homolog B (yeast) ACTR3B 

ENST00000577781 AC112907.3-201 lncRNA 
novel transcript, antisense to eukaryotic translation initiation 
factor 4A, isoform 2 EIF4A2 

ENST00000576718 POLR2A-207 retained_intron RNA polymerase II subunit A 

ENST00000496387 UQCRH-205 nonsense_mediated_decay ubiquinol-cytochrome c reductase hinge protein 

ENST00000546566 AC068888.1-203 lncRNA novel transcript, antisense to TENC1 & EIF4B 

ENST00000423230 MROH1-202 protein_coding maestro heat like repeat family member 1 

ENST00000481752 NCK1-207 protein_coding NCK adaptor protein 1 

ENST00000033079 FAM13B-201 protein_coding family with sequence similarity 13 member B 

ENST00000467263 SMC4-207 retained_intron structural maintenance of chromosomes 4 

ENST00000546204 TCP1-218 retained_intron t-complex 1 

ENST00000498658 FXR1-222 retained_intron FMR1 autosomal homolog 1 
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ENST00000383898 RNU6-1-201 snRNA RNA, U6 small nuclear 1 

ENST00000367284 ELF3-203 protein_coding E74 like ETS transcription factor 3 

ENST00000616571 AC004801.6-201 lncRNA novel transcript 

ENST00000462897 GCC2-206 protein_coding GRIP and coiled-coil domain containing 2 

ENST00000500853 AC100861.1-202 lncRNA novel transcript, antisense to TNFRSF10A 

ENST00000594885 EEF2-202 retained_intron eukaryotic translation elongation factor 2 

ENST00000256151 CCDC59-201 protein_coding coiled-coil domain containing 59 

ENST00000374259 FOXO4-202 protein_coding forkhead box O4 

ENST00000464011 TFRC-208 lncRNA transferrin receptor 

ENST00000402314 ATG3-202 protein_coding autophagy related 3 

ENST00000495810 HNRNPA2B1-207 retained_intron heterogeneous nuclear ribonucleoprotein A2/B1 

ENST00000457510 AC002467.1-201 lncRNA novel transcript, antisense to CBLL1 

sMVs 

ENST00000507813 AC018752.1-201 lncRNA novel transcript 

ENST00000476081 RPS20P33-201 processed_pseudogene ribosomal protein S20 pseudogene 33 

ENST00000364473 RF00019.242-201 misc_RNA To be confirmed 

ENST00000511805 RGS12-219 lncRNA regulator of G protein signaling 12 

ENST00000528288 C11orf54-207 protein_coding chromosome 11 open reading frame 54 

ENST00000600646 FKRP-220 lncRNA fukutin related protein 

ENST00000462305 OR2A1-AS1-201 lncRNA OR2A1 antisense RNA 1 

ENST00000485465 CHMP3-207 lncRNA charged multivesicular body protein 3 

ENST00000367816 ATP1B1-202 protein_coding ATPase Na+/K+ transporting subunit beta 1 

sMB-Rs 

ENST00000387429 MT-TG-201 Mt_tRNA mitochondrially encoded tRNA-Gly (GGN) 

ENST00000637026 FASN-211 protein_coding fatty acid synthase 

ENST00000387441 MT-TH-201 Mt_tRNA mitochondrially encoded tRNA-His (CAU/C) 

ENST00000636337 SPTAN1-231 protein_coding spectrin alpha, non-erythrocytic 1 

ENST00000539264 FBRSL1-203 lncRNA fibrosin like 1 

ENST00000579420 MIR4479-201 miRNA microRNA 4479 

ENST00000387439 MT-TR-201 Mt_tRNA mitochondrially encoded tRNA-Arg (CGN) 

ENST00000516664 RF00272.7-201 snoRNA To be confirmed 

ENST00000579909 MIR4312-201 miRNA microRNA 4312 

ENST00000387377 MT-TM-201 Mt_tRNA mitochondrially encoded tRNA-Met (AUA/G) 

ENST00000522148 DMTN-218 protein_coding dematin actin binding protein 

ENST00000393190 NME2-202 protein_coding NME/NM23 nucleoside diphosphate kinase 2 
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ENST00000415602 TCEA2-205 protein_coding transcription elongation factor A2 

ENST00000607491 AC233992.3-201 lncRNA novel transcript, antisense to SLC39A4 

ENST00000590419 DAZAP1-209 lncRNA DAZ associated protein 1 

ENST00000428691 KCMF1-202 protein_coding potassium channel modulatory factor 1 

ENST00000526588 AP006621.3-201 lncRNA novel transcript 

ENST00000641366 AC083906.5-201 unprocessed_pseudogene 
RNA binding protein, fox-1 homolog (C. elegans) 1 
(RBFOX1) pseudogene 

ENST00000602980 DPY19L2P3-203 lncRNA DPY19L2 pseudogene 3 

ENST00000361681 MT-ND6-201 protein_coding 
mitochondrially encoded NADH:ubiquinone oxidoreductase 
core subunit 6 

ENST00000464438 PPDPF-203 lncRNA 
pancreatic progenitor cell differentiation and proliferation 
factor 

ENST00000385019 MIR199A1-201 miRNA microRNA 199a-1 

ENST00000002501 DBNDD1-201 protein_coding dysbindin domain containing 1 

ENST00000580578 LLGL2-216 protein_coding LLGL scribble cell polarity complex component 2 

ENST00000581153 AC068594.1-203 lncRNA novel transcript 

ENST00000540260 FKBP4-204 lncRNA FKBP prolyl isomerase 4 

ENST00000589157 MFSD12-210 retained_intron major facilitator superfamily domain containing 12 

ENST00000330877 ADSSL1-201 protein_coding adenylosuccinate synthase like 1 

ENST00000468682 HRAS-207 lncRNA HRas proto-oncogene, GTPase 

ENST00000577370 MIR5189-201 miRNA microRNA 5189 

ENST00000589397 AC002398.1-201 lncRNA novel transcript 

ENST00000440934 ZNF142-204 protein_coding zinc finger protein 142 

ENST00000506465 PRR7-AS1-202 lncRNA PRR7 antisense RNA 1 

ENST00000560763 EIF5-215 protein_coding eukaryotic translation initiation factor 5 

ENST00000603893 PPP1R26-AS1-203 lncRNA PPP1R26 antisense RNA 1 

ENST00000444482 AL353804.1-201 lncRNA novel transcript 

ENST00000541078 ARHGDIA-203 protein_coding Rho GDP dissociation inhibitor alpha 

ENST00000439870 AC079807.1-202 lncRNA novel transcript 

ENST00000450469 LRP8-205 lncRNA LDL receptor related protein 8 

ENST00000306329 MTCL1-201 protein_coding microtubule crosslinking factor 1 

ENST00000414130 HMGA1P8-201 processed_pseudogene high mobility group AT-hook 1 pseudogene 8 

ENST00000377390 SF1-204 protein_coding splicing factor 1 

ENST00000567216 CAPN15-205 lncRNA calpain 15 
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ENST00000397333 DDX51-202 protein_coding DEAD-box helicase 51 

ENST00000514507 CEP72-204 lncRNA centrosomal protein 72 

ENST00000600056 AC016586.2-201 lncRNA novel transcript, sense intronic to ZBTB7A 

ENST00000637419 GSE1-216 protein_coding Gse1 coiled-coil protein 

ENST00000446475 COL18A1-AS2-201 lncRNA COL18A1 antisense RNA 2 

ENST00000591510 PRKCSH-213 lncRNA protein kinase C substrate 80K-H 

ENST00000538780 FAM222A-202 protein_coding family with sequence similarity 222 member A 

ENST00000572681 CIC-204 protein_coding capicua transcriptional repressor 

ENST00000491719 IGF2BP3-213 lncRNA insulin like growth factor 2 mRNA binding protein 3 

ENST00000623846 AP006621.5-201 TEC TEC 

ENST00000435627 AC007383.2-202 lncRNA novel transcript 

ENST00000607286 SLC9A3-AS1-207 lncRNA SLC9A3 antisense RNA 1 

ENST00000613359 RNA5-8SN3-201 rRNA RNA, 5.8S ribosomal N3 

ENST00000373137 AL591845.1-201 lncRNA novel transcript, antisense to EVA1B 

ENST00000593393 AC012313.1-201 lncRNA novel transcript 

ENST00000643721 TRIM8-209 protein_coding tripartite motif containing 8 

ENST00000561970 BCAR1-210 protein_coding BCAR1 scaffold protein, Cas family member 

ENST00000508416 SKI-204 lncRNA SKI proto-oncogene 

ENST00000340356 SOX18-201 protein_coding SRY-box 18 

ENST00000418929 PRR12-201 protein_coding proline rich 12 

ENST00000582295 C1QTNF1-210 lncRNA C1q and TNF related 1 

ENST00000574260 AC004771.3-201 lncRNA novel transcript, antisense to INCA1 

ENST00000380243 CCDC85C-201 protein_coding coiled-coil domain containing 85C 

ENST00000651080 GAS5-231 lncRNA growth arrest specific 5 

ENST00000518895 ERICH1-204 lncRNA glutamate rich 1 

ENST00000441358 BCAN-204 protein_coding brevican 

ENST00000635733 FASN-208 lncRNA fatty acid synthase 

ENST00000319449 RUFY1-201 protein_coding RUN and FYVE domain containing 1 

ENST00000215770 DDTL-201 protein_coding D-dopachrome tautomerase like 

ENST00000431118 CYP20A1-204 nonsense_mediated_decay cytochrome P450 family 20 subfamily A member 1 

ENST00000294008 SLX4-201 protein_coding SLX4 structure-specific endonuclease subunit 

ENST00000331559 MEIS3-201 protein_coding Meis homeobox 3 
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ENST00000594828 LSM4-204 protein_coding 
LSM4 homolog, U6 small nuclear RNA and mRNA 
degradation associated 

ENST00000377022 CASZ1-202 protein_coding castor zinc finger 1 

ENST00000564272 SHCBP1-203 lncRNA SHC binding and spindle associated 1 

ENST00000381150 SDC1-202 protein_coding syndecan 1 

ENST00000360105 NFIX-202 protein_coding nuclear factor I X 

ENST00000612193 IKBKGP1-201 unprocessed_pseudogene 
inhibitor of nuclear factor kappa B kinase subunit gamma 
pseudogene 1 

ENST00000525223 EEF1D-210 protein_coding eukaryotic translation elongation factor 1 delta 

ENST00000450909 AC120114.1-201 lncRNA novel transcript, antisense to KCTD13 

ENST00000598112 AC024075.2-201 lncRNA novel transcript, sense intronic C19orf42 

ENST00000597721 PSPN-202 protein_coding persephin 

ENST00000610122 AC092171.3-201 lncRNA uncharacterized LOC100129484 

ENST00000404338 ARHGAP35-201 protein_coding Rho GTPase activating protein 35 

ENST00000406213 MIF-AS1-201 lncRNA MIF antisense RNA 1 

ENST00000467148 HELZ2-204 protein_coding helicase with zinc finger 2 

ENST00000611267 ZNF701-207 protein_coding zinc finger protein 701 

ENST00000624273 AL513497.1-201 TEC TEC 

ENST00000444760 ELP6-207 protein_coding elongator acetyltransferase complex subunit 6 

ENST00000340305 TMEM201-201 protein_coding transmembrane protein 201 

ENST00000379095 NGRN-202 protein_coding neugrin, neurite outgrowth associated 

ENST00000438796 LRCH3-206 protein_coding 
leucine rich repeats and calponin homology domain 
containing 3 

ENST00000368918 GABPB2-202 protein_coding GA binding protein transcription factor subunit beta 2 

ENST00000607025 AC141002.1-201 lncRNA novel transcript 

ENST00000447221 SNHG7-204 lncRNA small nucleolar RNA host gene 7 

ENST00000648844 AHCTF1-207 protein_coding AT-hook containing transcription factor 1 

ENST00000341976 ZNF70-201 protein_coding zinc finger protein 70 

ENST00000590508 ZSWIM4-202 protein_coding zinc finger SWIM-type containing 4 

ENST00000534164 AC138932.1-201 
transcribed_unprocessed_pseudoge
ne 

polycystic kidney disease 1 (autosomal dominant) (PKD1) 
pseudogene 

ENST00000490103 THOC5-216 protein_coding THO complex 5 

ENST00000401528 CLDN15-202 protein_coding claudin 15 

ENST00000399413 AC129492.2-201 lncRNA novel transcript, antisense to ALOX12B 

ENST00000223210 ZNF862-201 protein_coding zinc finger protein 862 
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ENST00000371586 CC2D1B-202 protein_coding coiled-coil and C2 domain containing 1B 

ENST00000516768 SCARNA20-201 scaRNA small Cajal body-specific RNA 20 

ENST00000615670 PRAG1-201 protein_coding PEAK1 related, kinase-activating pseudokinase 1 

ENST00000262613 SLC9A3R1-201 protein_coding SLC9A3 regulator 1 

ENST00000609436 JMJD1C-AS1-201 lncRNA JMJD1C antisense RNA 1 

ENST00000465971 AC018638.4-201 processed_pseudogene novel pseudogene 

ENST00000256474 VHL-201 protein_coding von Hippel-Lindau tumor suppressor 

ENST00000440097 LIMD1-202 protein_coding LIM domains containing 1 

ENST00000371608 BCAS4-202 protein_coding breast carcinoma amplified sequence 4 

ENST00000304449 NKRF-201 protein_coding NFKB repressing factor 

ENST00000526795 RAB30-DT-202 lncRNA RAB30 divergent transcript 

ENST00000555524 AL583722.4-201 lncRNA novel transcript, antisense to INF2 

ENST00000254325 RFX1-201 protein_coding regulatory factor X1 

ENST00000456374 STAG3L1-202 
transcribed_unprocessed_pseudoge
ne 

stromal antigen 3-like 1 (pseudogene) 

ENST00000499988 RAD51-AS1-201 retained_intron RAD51 antisense RNA 1 

ENST00000515707 ABCC3-217 protein_coding ATP binding cassette subfamily C member 3 

ENST00000573058 SLC38A10-210 retained_intron solute carrier family 38 member 10 

ENST00000400376 TTYH3-202 protein_coding tweety family member 3 

ENST00000455245 DUX4L50-201 unprocessed_pseudogene double homeobox 4 like 50 (pseudogene) 

ENST00000587595 ERC1-220 lncRNA ELKS/RAB6-interacting/CAST family member 1 

ENST00000602597 AC135178.5-201 lncRNA novel transcript 

ENST00000335999 NCKAP5L-201 protein_coding NCK associated protein 5 like 

ENST00000609755 AC102953.2-201 lncRNA novel transcript 

ENST00000378061 ZNF425-201 protein_coding zinc finger protein 425 

ENST00000588040 AC093227.1-201 lncRNA novel transcript 

ENST00000561275 OIP5-AS1-210 lncRNA OIP5 antisense RNA 1 

ENST00000553851 PRAF2-202 protein_coding PRA1 domain family member 2 

ENST00000465356 PCNT-203 retained_intron pericentrin 
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Appendix Table 4.4 Transcript biotype classification 

Category Sub-category 

lncRNA lncRNA 

mRNA protein-coding 

Pseudogene 

pseudogene 

processed pseudogene 

IG_V_pseudogene 

TR_J_pseudogene 

rRNA_pseudogene 

transcribed_processed_pseudogene 

transcribed_unitary_pseudogene 

transcribed_unprocessed_pseudogene 

translated_processed_pseudogene 

translated_unprocessed_pseudogene 

unitary_pseudogene 

unprocessed_pseudogene 

Other 

IG_V_gene 

miRNA 

misc_RNA 

Mt_rRNA 

Mt_tRNA 

non_stop_decay 

nonsense_mediated_decay 

retained_intron 

ribozyme 

rRNA 

scaRNA 

scRNA 

snoRNA 

snRNA 

TEC 

TR_C_gene 

TR_D_gene 

TR_J_gene 

TR_V_gene 
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Appendix Table 4.5 Differential transcript expression analysis of Exos 

and sMVs. (negative log2foldchange indicates enriched transcripts in Exos, 

positive log2foldchange indicates enriched transcripts in sMVs) 

Transcript ID 
Transcript 
name 

Transcript 
biotypes 

log2Fold 
change 

pvalue Description 

ENST00000465768 SAMM50-202 lncRNA -17.21 4.78E-09 
SAMM50 sorting and assembly 
machinery component  

ENST00000548583 C12orf45-203 
protein_codin
g 

-3.49 7.93E-03 
chromosome 12 open reading frame 
45  

ENST00000523339 NPM1-210 
retained_intro
n 

-3.26 1.64E-02 nucleophosmin 1  

ENST00000617193 MIR6747-201 miRNA -3.24 3.16E-02 microRNA 6747  

ENST00000531529 NUF2-211 
retained_intro
n 

-3.05 2.11E-02 
NUF2 component of NDC80 
kinetochore complex  

ENST00000474740 NDUFV2-205 lncRNA -3.03 8.78E-03 
NADH:ubiquinone oxidoreductase core 
subunit V2  

ENST00000615842 RF00003.27-201 snRNA -2.98 0.00E+00 0 

ENST00000593229 DUS3L-215 
retained_intro
n 

-2.95 2.79E-03 dihydrouridine synthase 3 like  

ENST00000450304 NALT1-202 lncRNA -2.87 3.86E-02 
NOTCH1 associated lncRNA in T cell 
acute lymphoblastic leukemia 1  

ENST00000483541 NSMCE4A-210 
retained_intro
n 

-2.81 2.55E-02 
NSE4 homolog A, SMC5-SMC6 
complex component  

ENST00000464079 PRRC2A-205 
retained_intro
n 

-2.78 7.59E-04 proline rich coiled-coil 2A  

ENST00000516241 RF00322.6-201 snoRNA -2.73 2.67E-02 0 

ENST00000384187 
RF00019.449-
201 

misc_RNA -2.64 3.93E-02 0 

ENST00000483853 FUS-204 
retained_intro
n 

-2.61 8.88E-04 FUS RNA binding protein  

ENST00000510426 KAT7-212 
retained_intro
n 

-2.57 2.56E-03 lysine acetyltransferase 7  

ENST00000408612 SNORD99-201 snoRNA -2.54 5.35E-03 small nucleolar RNA, C/D box 99  

ENST00000471995 RBM5-215 
retained_intro
n 

-2.51 6.56E-04 RNA binding motif protein 5  

ENST00000555662 HSP90AA1-205 
retained_intro
n 

-2.37 3.34E-09 
heat shock protein 90 alpha family 
class A member 1  

ENST00000488849 ZNF92-205 
retained_intro
n 

-2.35 3.05E-03 zinc finger protein 92  

ENST00000521864 OXR1-213 
retained_intro
n 

-2.20 1.56E-02 oxidation resistance 1  

ENST00000581776 MSI2-214 
nonsense_me
diated_decay 

-2.14 4.12E-02 musashi RNA binding protein 2  

ENST00000586193 TPM4-203 
retained_intro
n 

-2.14 7.92E-03 tropomyosin 4  

ENST00000365448 
RF00019.354-
201 

misc_RNA -2.14 2.11E-02 0 

ENST00000569687 SF3B3-213 
protein_codin
g 

-2.12 1.92E-02 splicing factor 3b subunit 3  

ENST00000521710 NPM1-209 
retained_intro
n 

-2.10 1.76E-03 nucleophosmin 1  

ENST00000364915 SNORD117-201 snoRNA -2.09 4.13E-02 small nucleolar RNA, C/D box 117  

ENST00000490189 NKTR-216 
retained_intro
n 

-2.09 2.42E-02 natural killer cell triggering receptor  

ENST00000431293 AL731563.2-201 lncRNA -2.09 2.89E-02 novel transcript, antisense to P4HA1 

ENST00000616097 FP325318.1-201 lncRNA -2.04 6.87E-03 novel transcript 

ENST00000422509 AL158156.1-201 
processed_ps
eudogene 

-2.04 1.59E-02 
ribosomal protein L21 (RPL21) 
pseudogene 

ENST00000431653 RPL7-205 
protein_codin
g 

-2.00 2.14E-03 ribosomal protein L7  

ENST00000405331 TRIB2-203 
protein_codin
g 

-1.87 3.74E-02 tribbles pseudokinase 2  

ENST00000516365 RNU7-18P-201 snRNA -1.87 1.33E-02 RNA, U7 small nuclear 18 pseudogene  

ENST00000493798 BAD-205 
protein_codin
g 

-1.87 3.28E-02 BCL2 associated agonist of cell death  
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ENST00000557089 HSP90AA1-207 
retained_intro
n 

-1.86 2.90E-04 
heat shock protein 90 alpha family 
class A member 1  

ENST00000458455 RPL11-203 
protein_codin
g 

-1.83 1.55E-03 ribosomal protein L11  

ENST00000478196 RPS27A-208 
retained_intro
n 

-1.82 3.66E-03 ribosomal protein S27a  

ENST00000481846 SLMAP-218 lncRNA -1.80 4.78E-02 sarcolemma associated protein  

ENST00000437952 UFM1-203 
protein_codin
g 

-1.73 5.40E-03 ubiquitin fold modifier 1  

ENST00000520595 UBE2V2-203 
nonsense_me
diated_decay 

-1.71 1.92E-03 ubiquitin conjugating enzyme E2 V2  

ENST00000619751 MIR7111-201 miRNA -1.70 3.28E-02 microRNA 7111  

ENST00000411366 RNY3P8-201 misc_RNA -1.69 4.07E-02 RNY3 pseudogene 8  

ENST00000518420 AC027801.3-201 lncRNA -1.69 4.08E-02 novel transcript 

ENST00000415255 
PABPC4-AS1-
201 

lncRNA -1.65 2.51E-02 PABPC4 antisense RNA 1  

ENST00000595874 SHKBP1-210 
retained_intro
n 

-1.61 2.51E-02 SH3KBP1 binding protein 1  

ENST00000442341 RPL35A-204 
protein_codin
g 

-1.61 1.18E-02 ribosomal protein L35a  

ENST00000609428 AL021707.8-201 lncRNA -1.61 1.85E-02 
novel transcript, sense intronic to 
SUN2 

ENST00000592934 AC005256.1-202 lncRNA -1.59 4.90E-02 novel transcript 

ENST00000549183 TUBA1C-204 
protein_codin
g 

-1.57 1.69E-03 tubulin alpha 1c  

ENST00000614578 CENPF-206 
protein_codin
g 

-1.56 2.96E-02 centromere protein F  

ENST00000567969 ARL6IP1-207 
retained_intro
n 

-1.53 2.03E-03 
ADP ribosylation factor like GTPase 6 
interacting protein 1  

ENST00000471565 KRT19-205 
retained_intro
n 

-1.53 4.98E-05 keratin 19  

ENST00000463639 BRD2-207 
retained_intro
n 

-1.50 1.54E-04 bromodomain containing 2  

ENST00000556043 PRMT5-221 
protein_codin
g 

-1.50 1.27E-02 protein arginine methyltransferase 5  

ENST00000541671 SLC2A3-208 
retained_intro
n 

-1.48 8.53E-03 solute carrier family 2 member 3  

ENST00000418803 AL021707.3-201 lncRNA -1.48 1.83E-03 novel transcript, antisense to SUN2 

ENST00000364931 RNU5E-4P-201 snRNA -1.48 1.22E-02 
RNA, U5E small nuclear 4, 
pseudogene  

ENST00000559647 ANXA2-223 
retained_intro
n 

-1.48 1.75E-04 annexin A2  

ENST00000552785 AC079313.1-201 lncRNA -1.47 3.12E-02 
novel transcript, antisense to 
ZNF385A, GPR84, ITGA5 and GTSF1 

ENST00000471991 SFPQ-207 lncRNA -1.46 3.93E-02 
splicing factor proline and glutamine 
rich  

ENST00000579810 ZNF207-211 
retained_intro
n 

-1.45 1.89E-03 zinc finger protein 207  

ENST00000562683 RBBP6-206 
protein_codin
g 

-1.44 2.94E-02 RB binding protein 6, ubiquitin ligase  

ENST00000460860 ECT2-213 
retained_intro
n 

-1.43 7.93E-03 epithelial cell transforming 2  

ENST00000553730 PPP2R5C-207 
retained_intro
n 

-1.42 1.41E-03 
protein phosphatase 2 regulatory 
subunit B'gamma  

ENST00000568525 
SPINT1-AS1-
205 

lncRNA -1.40 1.88E-02 SPINT1 antisense RNA 1  

ENST00000492262 ZNF638-223 
retained_intro
n 

-1.40 3.19E-02 zinc finger protein 638  

ENST00000582898 KPNA2-204 lncRNA -1.39 3.62E-03 karyopherin subunit alpha 2  

ENST00000549592 EIF4B-206 
retained_intro
n 

-1.39 2.28E-03 
eukaryotic translation initiation factor 
4B  

ENST00000468711 COX7A2L-206 
protein_codin
g 

-1.38 4.46E-02 cytochrome c oxidase subunit 7A2 like  

ENST00000363823 RF00012.9-201 snoRNA -1.38 1.62E-02 0 

ENST00000411377 RNU6-722P-201 snRNA -1.38 4.70E-02 
RNA, U6 small nuclear 722, 
pseudogene  

ENST00000473843 MACF1-215 lncRNA -1.36 2.71E-02 microtubule actin crosslinking factor 1  

ENST00000468885 GNL3-206 
retained_intro
n 

-1.36 3.37E-02 G protein nucleolar 3  

ENST00000564276 PKM-211 
retained_intro
n 

-1.36 1.38E-02 pyruvate kinase M1/2  

ENST00000529173 RPS3-212 
retained_intro
n 

-1.36 2.71E-04 ribosomal protein S3  
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ENST00000514610 HMGCS1-207 
retained_intro
n 

-1.35 2.17E-04 
3-hydroxy-3-methylglutaryl-CoA 
synthase 1  

ENST00000483432 ANAPC2-203 lncRNA -1.35 5.88E-10 
anaphase promoting complex subunit 
2  

ENST00000549253 TGIF1-212 
protein_codin
g 

-1.34 8.26E-03 TGFB induced factor homeobox 1  

ENST00000472516 DIAPH1-207 
retained_intro
n 

-1.34 5.59E-03 diaphanous related formin 1  

ENST00000498025 IARS-212 lncRNA -1.33 1.85E-02 isoleucyl-tRNA synthetase  

ENST00000480307 SUN2-217 
retained_intro
n 

-1.33 2.76E-02 Sad1 and UNC84 domain containing 2  

ENST00000474894 FANCG-206 
retained_intro
n 

-1.32 3.76E-02 FA complementation group G  

ENST00000477635 SRSF7-211 
retained_intro
n 

-1.32 1.39E-02 
serine and arginine rich splicing factor 
7  

ENST00000600533 PIK3R2-206 
retained_intro
n 

-1.32 3.74E-02 
phosphoinositide-3-kinase regulatory 
subunit 2  

ENST00000484250 IVD-205 
retained_intro
n 

-1.31 3.24E-02 isovaleryl-CoA dehydrogenase  

ENST00000515612 KLHL5-207 
protein_codin
g 

-1.31 4.49E-02 kelch like family member 5  

ENST00000496205 CLK1-214 
retained_intro
n 

-1.29 2.74E-02 CDC like kinase 1  

ENST00000507608 PPWD1-205 
retained_intro
n 

-1.29 4.26E-02 
peptidylprolyl isomerase domain and 
WD repeat containing 1  

ENST00000618702 SEC22B2-201 
unprocessed_
pseudogene 

-1.29 2.50E-02 SEC22 homolog B2  

ENST00000291527 TFF1-201 
protein_codin
g 

-1.26 6.04E-03 trefoil factor 1  

ENST00000534645 RCE1-208 lncRNA -1.25 3.79E-02 Ras converting CAAX endopeptidase 1  

ENST00000598087 TMSB15B-207 
protein_codin
g 

-1.25 1.45E-02 thymosin beta 15B  

ENST00000468863 YTHDF2-202 lncRNA -1.25 1.40E-02 
YTH N6-methyladenosine RNA binding 
protein 2  

ENST00000518935 DST-220 
protein_codin
g 

-1.25 1.44E-05 dystonin  

ENST00000356884 BICD2-201 
protein_codin
g 

-1.25 4.36E-30 BICD cargo adaptor 2  

ENST00000482167 HSPD1-212 
retained_intro
n 

-1.25 1.94E-02 
heat shock protein family D (Hsp60) 
member 1  

ENST00000524933 FAR1-202 
retained_intro
n 

-1.24 2.26E-02 fatty acyl-CoA reductase 1  

ENST00000463397 RN7SL674P-201 misc_RNA -1.24 0.00E+00 
RNA, 7SL, cytoplasmic 674, 
pseudogene  

ENST00000466248 WWC3-202 lncRNA -1.24 3.05E-02 WWC family member 3  

ENST00000425699 NANOS1-202 
protein_codin
g 

-1.21 3.93E-06 nanos C2HC-type zinc finger 1  

ENST00000582591 AP000919.3-201 lncRNA 2.55 1.75E-03 novel transcript, antisense to LPIN2 

ENST00000428733 AC004975.1-201 
processed_ps
eudogene 

2.55 7.82E-03 
ribosomal protein L36 (RPL36A) 
pseudogene 

ENST00000442115 AL137077.1-201 
processed_ps
eudogene 

2.56 6.31E-03 
ribosomal protein L17 (RPL17) 
pseudogene 

ENST00000589464 AC060780.3-201 
unprocessed_
pseudogene 

2.56 2.62E-02 
breast cancer 1, early onset (BRCA1) 
pseudogene 

ENST00000569006 BCAR1-221 
protein_codin
g 

2.58 2.77E-02 
BCAR1 scaffold protein, Cas family 
member  

ENST00000566222 AC105036.1-201 
processed_ps
eudogene 

2.59 1.92E-02 
small nuclear ribonucleoprotein 
polypeptide F (SNRPF) pseudogene 

ENST00000585921 #N/A #N/A 2.59 9.01E-03 #N/A 

ENST00000438601 
CR391992.1-
201 

processed_ps
eudogene 

2.59 1.19E-02 
DnaJ (Hsp40) homolog, subfamily C 
member 8 (DNAJC8) pseudogene 

ENST00000548666 AC008147.3-201 
transcribed_p
rocessed_pse
udogene 

2.61 3.26E-02 
40S ribosomal protein S26 (RPS26) 
pseudogene 

ENST00000577097 BAIAP2-230 
retained_intro
n 

2.62 6.52E-03 BAI1 associated protein 2  

ENST00000613401 AL121845.4-201 lncRNA 2.63 8.07E-03 novel transcript, antisense to ZGPAT 

ENST00000504625 AHRR-201 
protein_codin
g 

2.63 2.19E-03 aryl-hydrocarbon receptor repressor  

ENST00000525891 AP2A2-206 lncRNA 2.64 1.18E-02 
adaptor related protein complex 2 
subunit alpha 2  

ENST00000455694 PRSS48-202 
protein_codin
g 

2.66 8.47E-04 serine protease 48  

ENST00000624910 AC002044.2-201 TEC 2.67 2.09E-03 novel transcript 
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ENST00000440224 AC003989.2-201 
processed_ps
eudogene 

2.69 2.49E-02 

pseudogene similar to part of 
adenosine deaminase, tRNA-specific 
2, TAD2 homolog (S. cerevisiae) 
(ADAT2) 

ENST00000526496 CKAP5-205 
protein_codin
g 

2.70 1.99E-03 cytoskeleton associated protein 5  

ENST00000384471 RNU6-45P-201 snRNA 2.70 1.95E-02 
RNA, U6 small nuclear 45, 
pseudogene  

ENST00000516818 RNU6-122P-201 snRNA 2.71 3.69E-02 
RNA, U6 small nuclear 122, 
pseudogene  

ENST00000495121 CABIN1-212 lncRNA 2.71 2.72E-03 calcineurin binding protein 1  

ENST00000560731 MARK3-222 lncRNA 2.72 8.83E-03 microtubule affinity regulating kinase 3  

ENST00000578255 MIR3177-201 miRNA 2.73 9.47E-03 microRNA 3177  

ENST00000497848 
RF00019.654-
201 

misc_RNA 2.73 6.19E-03 0 

ENST00000362954 RNU6-199P-201 snRNA 2.73 6.86E-03 
RNA, U6 small nuclear 199, 
pseudogene  

ENST00000483938 LPP-215 lncRNA 2.76 3.15E-02 
LIM domain containing preferred 
translocation partner in lipoma  

ENST00000543422 MACROD1-207 lncRNA 2.76 1.69E-02 mono-ADP ribosylhydrolase 1  

ENST00000445956 BMP7-AS1-201 lncRNA 2.76 5.83E-03 BMP7 antisense RNA 1  

ENST00000469001 RPL31P58-201 
processed_ps
eudogene 

2.77 1.67E-02 ribosomal protein L31 pseudogene 58  

ENST00000565511 RAB40C-209 
nonsense_me
diated_decay 

2.77 3.97E-03 
RAB40C, member RAS oncogene 
family  

ENST00000361567 MT-ND5-201 
protein_codin
g 

2.77 5.70E-33 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 5  

ENST00000484182 AC106707.2-201 
processed_ps
eudogene 

2.78 1.71E-02 
ribosomal protein S12 (RPS12) 
pseudogene 

ENST00000433041 BRD3-204 
protein_codin
g 

2.79 1.39E-02 bromodomain containing 3  

ENST00000312310 COX6B1P3-201 
processed_ps
eudogene 

2.79 1.68E-02 
cytochrome c oxidase subunit 6B1 
pseudogene 3  

ENST00000413175 POU5F1P4-201 
processed_ps
eudogene 

2.79 6.68E-04 
POU class 5 homeobox 1 pseudogene 
4  

ENST00000620377 AC073534.2-201 lncRNA 2.80 5.20E-03 novel transcript 

ENST00000520405 KCTD9-206 
retained_intro
n 

2.80 4.05E-02 
potassium channel tetramerization 
domain containing 9  

ENST00000614396 AL110115.1-201 lncRNA 2.80 2.18E-02 
novel transcript, sense intronic to 
HM13 

ENST00000387461 MT-TP-201 Mt_tRNA 2.81 1.21E-18 
mitochondrially encoded tRNA-Pro 
(CCN)  

ENST00000560126 ABHD17C-204 lncRNA 2.81 1.91E-02 abhydrolase domain containing 17C  

ENST00000375350 NSD1-203 
nonsense_me
diated_decay 

2.81 1.34E-02 
nuclear receptor binding SET domain 
protein 1  

ENST00000422306 AL162430.2-201 lncRNA 2.82 7.81E-03 novel transcript 

ENST00000361624 MT-CO1-201 
protein_codin
g 

2.83 4.79E-41 
mitochondrially encoded cytochrome c 
oxidase I  

ENST00000630128 AL355480.3-201 pseudogene 2.84 8.99E-03 0 

ENST00000618902 SHMT1-211 
protein_codin
g 

2.86 2.77E-02 serine hydroxymethyltransferase 1  

ENST00000450016 LINC01952-202 lncRNA 2.88 1.32E-02 
long intergenic non-protein coding 
RNA 1952  

ENST00000581568 LPIN2-202 lncRNA 2.88 9.05E-03 lipin 2  

ENST00000583739 MIR5690-201 miRNA 2.88 4.16E-02 microRNA 5690  

ENST00000529229 AP003390.2-201 lncRNA 2.88 4.35E-03 novel transcript 

ENST00000570544 AC036164.1-201 
processed_ps
eudogene 

2.89 1.48E-03 
chromosome 19 open reading frame 
70 (C19orf70) pseudogene 

ENST00000625131 AL353662.3-201 pseudogene 2.89 3.64E-03 0 

ENST00000578534 MIR4694-201 miRNA 2.90 2.05E-02 microRNA 4694  

ENST00000442564 AC007000.2-201 
processed_ps
eudogene 

2.93 2.18E-02 

pseudogene similar to part of SWI/SNF 
related, matrix associated, actin 
dependent regulator of chromatin, 
subfamily a, member 1 SMARCA1 

ENST00000583905 MIR4755-201 miRNA 2.95 1.27E-02 microRNA 4755  

ENST00000624885 AC073592.9-201 TEC 2.95 8.59E-03 novel transcript 

ENST00000362079 MT-CO3-201 
protein_codin
g 

2.97 4.99E-42 
mitochondrially encoded cytochrome c 
oxidase III  
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ENST00000387405 MT-TC-201 Mt_tRNA 2.97 2.27E-27 
mitochondrially encoded tRNA-Cys 
(UGU/C)  

ENST00000361739 MT-CO2-201 
protein_codin
g 

2.99 4.40E-37 
mitochondrially encoded cytochrome c 
oxidase II  

ENST00000617368 LINC01632-202 lncRNA 2.99 1.74E-02 
long intergenic non-protein coding 
RNA 1632  

ENST00000384816 MIR25-201 miRNA 2.99 5.18E-03 microRNA 25  

ENST00000436122 TIMM9P1-201 
processed_ps
eudogene 

3.00 3.80E-03 TIMM9 pseudogene 1  

ENST00000530976 AP001767.1-201 
processed_ps
eudogene 

3.00 1.23E-02 
ribosomal protein L10 (RPL10) 
pseudogene 

ENST00000361335 MT-ND4L-201 
protein_codin
g 

3.00 3.79E-15 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 4L  

ENST00000384721 RNU6-606P-201 snRNA 3.01 3.22E-02 
RNA, U6 small nuclear 606, 
pseudogene  

ENST00000472214 RPL12P21-201 
processed_ps
eudogene 

3.03 1.00E-02 ribosomal protein L12 pseudogene 21  

ENST00000612810 
RF00017.142-
201 

misc_RNA 3.03 7.35E-03 0 

ENST00000497468 RN7SL558P-201 misc_RNA 3.04 9.75E-03 
RNA, 7SL, cytoplasmic 558, 
pseudogene  

ENST00000438019 AL121601.2-201 
processed_ps
eudogene 

3.05 2.32E-04 
par-6 partitioning defective 6 homolog 
beta (C. elegans) (PARD6B) 
pseudogene 

ENST00000603159 AC097639.2-201 
processed_ps
eudogene 

3.07 8.47E-03 
small integral membrane protein 11, 
pseudogene 

ENST00000637725 
RF00026.110-
201 

snRNA 3.09 8.78E-03 0 

ENST00000637592 EP300-212 
retained_intro
n 

3.10 1.77E-02 E1A binding protein p300  

ENST00000587052 CEP295NL-203 
retained_intro
n 

3.11 2.53E-03 CEP295 N-terminal like  

ENST00000492975 FO393419.2-201 lncRNA 3.11 3.01E-03 novel transcript 

ENST00000603908 FO393422.1-201 
processed_ps
eudogene 

3.13 7.14E-04 

methylenetetrahydrofolate 
dehydrogenase (NADP+ dependent) 1, 
methenyltetrahydrofolate 
cyclohydrolase, formyltetrahydrofolate 
synthetase (MTHFD1) pseudogene 

ENST00000625310 AC006001.3-204 lncRNA 3.19 1.64E-03 
RAB guanine nucleotide exchange 
factor (GEF) 1 (RABGEF1) 
pseudogene 

ENST00000563659 WWP2-206 
protein_codin
g 

3.19 7.26E-04 
WW domain containing E3 ubiquitin 
protein ligase 2  

ENST00000505029 AC113410.1-201 
processed_ps
eudogene 

3.20 2.65E-02 
NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex, 4, 9kDa (NDUFA4) 
pseudogene 

ENST00000361390 MT-ND1-201 
protein_codin
g 

3.20 1.01E-13 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 1  

ENST00000385248 MIR613-201 miRNA 3.20 3.42E-03 microRNA 613  

ENST00000361381 MT-ND4-201 
protein_codin
g 

3.20 8.11E-27 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 4  

ENST00000387392 MT-TA-201 Mt_tRNA 3.21 1.04E-09 
mitochondrially encoded tRNA-Ala 
(GCN)  

ENST00000361789 MT-CYB-201 
protein_codin
g 

3.23 1.32E-38 mitochondrially encoded cytochrome b  

ENST00000603716 ELOCP33-201 
processed_ps
eudogene 

3.24 5.46E-05 elongin C pseudogene 33  

ENST00000588954 ZNF440-206 
protein_codin
g 

3.26 1.54E-03 zinc finger protein 440  

ENST00000578566 MIR3183-201 miRNA 3.30 3.15E-03 microRNA 3183  

ENST00000387409 MT-TY-201 Mt_tRNA 3.30 6.84E-04 
mitochondrially encoded tRNA-Tyr 
(UAU/C)  

ENST00000522494 AC009686.1-201 lncRNA 3.32 6.72E-03 novel transcript 

ENST00000428429 AL162727.2-201 lncRNA 3.34 1.11E-03 novel transcript 

ENST00000579892 MIR5192-201 miRNA 3.35 3.38E-03 microRNA 5192  

ENST00000427475 AL353807.1-201 
processed_ps
eudogene 

3.39 4.25E-03 claudin 6 (CLDN6) pseudogene 

ENST00000387400 MT-TN-201 Mt_tRNA 3.40 8.59E-29 
mitochondrially encoded tRNA-Asn 
(AAU/C)  

ENST00000387441 MT-TH-201 Mt_tRNA 3.43 1.38E-03 
mitochondrially encoded tRNA-His 
(CAU/C)  
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ENST00000361453 MT-ND2-201 
protein_codin
g 

3.43 1.30E-18 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 2  

ENST00000470590 RN7SL594P-201 misc_RNA 3.43 6.08E-03 
RNA, 7SL, cytoplasmic 594, 
pseudogene  

ENST00000364083 
RF00019.202-
201 

misc_RNA 3.45 6.52E-04 0 

ENST00000616367 
RF00017.155-
201 

misc_RNA 3.63 6.91E-04 0 

ENST00000387449 MT-TS2-201 Mt_tRNA 4.21 6.40E-11 
mitochondrially encoded tRNA-Ser 
(AGU/C) 2  

ENST00000387460 MT-TT-201 Mt_tRNA 4.25 4.74E-06 
mitochondrially encoded tRNA-Thr 
(ACN)  

ENST00000414273 MTCO1P12-201 
unprocessed_
pseudogene 

4.30 3.79E-06 MT-CO1 pseudogene 12  

ENST00000578274 MIR4711-201 miRNA 15.47 3.04E-07 microRNA 4711  

ENST00000615130 RF01518.8-201 misc_RNA 19.55 0.00E+00 0 
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Appendix Table 4.6 Differential transcript expression analysis of Exos 

and sMB-Rs (negative log2foldchange indicates enriched transcripts in 

Exos, positive log2foldchange indicates enriched transcripts in sMB-Rs) 

Transcript ID 
Transcript 
name 

Transcript 
biotypes 

log2Fold 
change 

pvalue Description 

ENST00000466217 ATG9A-218 retained_intron -4.89 4.89E-06 autophagy related 9A  

ENST00000559597 RCOR1-203 retained_intron -4.42 3.31E-05 REST corepressor 1  

ENST00000483853 FUS-204 retained_intron -4.39 1.73E-05 FUS RNA binding protein  

ENST00000481561 RN7SL273P-201 misc_RNA -4.15 1.65E-03 
RNA, 7SL, cytoplasmic 273, 
pseudogene  

ENST00000555662 HSP90AA1-205 retained_intron -4.10 1.25E-12 
heat shock protein 90 alpha family 
class A member 1  

ENST00000611125 MYO19-206 retained_intron -4.04 5.45E-05 myosin XIX  

ENST00000616097 FP325318.1-201 lncRNA -3.96 1.93E-05 novel transcript 

ENST00000615842 RF00003.27-201 snRNA -3.95 NA 0 

ENST00000470259 ITGA6-209 retained_intron -3.65 1.46E-04 integrin subunit alpha 6  

ENST00000617193 MIR6747-201 miRNA -3.59 1.70E-02 microRNA 6747  

ENST00000464079 PRRC2A-205 retained_intron -3.55 9.68E-05 proline rich coiled-coil 2A  

ENST00000532146 CELF1-216 retained_intron -3.51 1.73E-04 CUGBP Elav-like family member 1  

ENST00000460806 BHLHE40-202 retained_intron -3.49 8.46E-04 
basic helix-loop-helix family member 
e40  

ENST00000516365 RNU7-18P-201 snRNA -3.48 4.61E-04 
RNA, U7 small nuclear 18 
pseudogene  

ENST00000497697 SMTN-220 retained_intron -3.48 5.20E-04 smoothelin  

ENST00000586193 TPM4-203 retained_intron -3.44 5.75E-04 tropomyosin 4  

ENST00000431088 AC016712.1-201 
processed_pse
udogene 

-3.44 1.11E-02 
ribosomal protein L31 (RPL31) 
pseudogene 

ENST00000485090 RABGAP1-211 retained_intron -3.39 6.65E-03 RAB GTPase activating protein 1  

ENST00000496205 CLK1-214 retained_intron -3.34 4.40E-05 CDC like kinase 1  

ENST00000497835 KIF1B-210 retained_intron -3.31 3.06E-02 kinesin family member 1B  

ENST00000365484 RNY3-201 misc_RNA -3.26 6.19E-06 RNA, Ro60-associated Y3  

ENST00000486622 RNF144B-202 lncRNA -3.21 7.14E-03 ring finger protein 144B  

ENST00000561350 DUT-211 lncRNA -3.11 1.84E-02 deoxyuridine triphosphatase  

ENST00000619751 MIR7111-201 miRNA -3.08 2.19E-03 microRNA 7111  

ENST00000549183 TUBA1C-204 protein_coding -3.08 4.89E-07 tubulin alpha 1c  

ENST00000473924 DDX56-209 retained_intron -3.06 2.50E-03 DEAD-box helicase 56  

ENST00000458455 RPL11-203 protein_coding -3.03 2.33E-05 ribosomal protein L11  

ENST00000462613 SF3B1-206 lncRNA -3.03 4.29E-02 splicing factor 3b subunit 1  

ENST00000460860 ECT2-213 retained_intron -3.02 3.67E-05 epithelial cell transforming 2  

ENST00000521710 NPM1-209 retained_intron -2.96 2.52E-04 nucleophosmin 1  

ENST00000391130 RF00072.1-201 snoRNA -2.96 8.88E-03 0 

ENST00000454222 MTERF1-206 lncRNA -2.94 1.65E-03 
mitochondrial transcription 
termination factor 1  

ENST00000531529 NUF2-211 retained_intron -2.93 2.62E-02 
NUF2 component of NDC80 
kinetochore complex  

ENST00000606420 SNORA51-201 snoRNA -2.92 2.43E-02 small nucleolar RNA, H/ACA box 51  

ENST00000363624 
RF00019.154-
201 

misc_RNA -2.89 2.16E-05 0 

ENST00000483541 NSMCE4A-210 retained_intron -2.89 2.44E-02 
NSE4 homolog A, SMC5-SMC6 
complex component  

ENST00000485158 NUP188-206 retained_intron -2.88 1.60E-02 nucleoporin 188  

ENST00000548583 C12orf45-203 protein_coding -2.88 2.82E-02 
chromosome 12 open reading frame 
45  

ENST00000493798 BAD-205 protein_coding -2.86 2.80E-03 
BCL2 associated agonist of cell 
death  
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ENST00000478196 RPS27A-208 retained_intron -2.85 8.71E-05 ribosomal protein S27a  

ENST00000530086 ARRB1-207 retained_intron -2.84 1.98E-02 arrestin beta 1  

ENST00000468163 CEP85-204 lncRNA -2.80 9.17E-03 centrosomal protein 85  

ENST00000418764 AC004543.1-201 lncRNA -2.78 6.75E-03 novel transcript 

ENST00000460660 BZW1-210 retained_intron -2.77 2.01E-02 
basic leucine zipper and W2 
domains 1  

ENST00000494682 SFT2D1-206 lncRNA -2.77 1.71E-02 SFT2 domain containing 1  

ENST00000494277 DKK1-204 lncRNA -2.74 6.49E-05 
dickkopf WNT signaling pathway 
inhibitor 1  

ENST00000584696 ZNF207-217 retained_intron -2.72 1.06E-05 zinc finger protein 207  

ENST00000459374 
RF00019.638-
201 

misc_RNA -2.71 4.35E-02 0 

ENST00000469631 EZH2-204 retained_intron -2.70 2.88E-03 
enhancer of zeste 2 polycomb 
repressive complex 2 subunit  

ENST00000428586 RPL21P40-201 
processed_pse
udogene 

-2.70 1.15E-02 
ribosomal protein L21 pseudogene 
40  

ENST00000534490 RPL38-207 protein_coding -2.68 7.65E-03 ribosomal protein L38  

ENST00000574158 POLR2A-203 retained_intron -2.64 5.25E-03 RNA polymerase II subunit A  

ENST00000482040 RN7SL809P-201 misc_RNA -2.63 9.78E-06 
RNA, 7SL, cytoplasmic 809, 
pseudogene  

ENST00000614578 CENPF-206 protein_coding -2.63 2.03E-03 centromere protein F  

ENST00000584340 PSMD11-210 
nonsense_med
iated_decay 

-2.62 1.22E-03 
proteasome 26S subunit, non-
ATPase 11  

ENST00000555922 EGLN3-AS1-201 lncRNA -2.62 5.86E-05 EGLN3 antisense RNA 1  

ENST00000472516 DIAPH1-207 retained_intron -2.61 1.58E-05 diaphanous related formin 1  

ENST00000456545 PDLIM2-215 protein_coding -2.59 1.53E-03 PDZ and LIM domain 2  

ENST00000524244 PTTG1-207 retained_intron -2.59 3.26E-02 
PTTG1 regulator of sister chromatid 
separation, securin  

ENST00000518935 DST-220 protein_coding -2.58 1.25E-14 dystonin  

ENST00000565723 RPL4-209 lncRNA -2.58 1.34E-04 ribosomal protein L4  

ENST00000565701 MEAK7-205 retained_intron -2.58 3.65E-03 
MTOR associated protein, eak-7 
homolog  

ENST00000471991 SFPQ-207 lncRNA -2.58 2.48E-03 
splicing factor proline and glutamine 
rich  

ENST00000564276 PKM-211 retained_intron -2.57 7.98E-05 pyruvate kinase M1/2  

ENST00000583453 MIR4470-201 miRNA -2.57 4.06E-02 microRNA 4470  

ENST00000417726 ZNF143-207 protein_coding -2.57 2.69E-02 zinc finger protein 143  

ENST00000446556 COX7CP1-201 
processed_pse
udogene 

-2.56 1.24E-02 
cytochrome c oxidase subunit 7C 
pseudogene 1  

ENST00000468885 GNL3-206 retained_intron -2.55 9.88E-04 G protein nucleolar 3  

ENST00000473022 MYH9-207 retained_intron -2.55 3.58E-03 myosin heavy chain 9  

ENST00000514610 HMGCS1-207 retained_intron -2.54 6.07E-09 
3-hydroxy-3-methylglutaryl-CoA 
synthase 1  

ENST00000523071 AZIN1-210 retained_intron -2.53 3.86E-05 antizyme inhibitor 1  

ENST00000431653 RPL7-205 protein_coding -2.51 5.65E-04 ribosomal protein L7  

ENST00000480806 PRRC2C-209 lncRNA -2.51 4.63E-02 proline rich coiled-coil 2C  

ENST00000431026 AC009238.2-201 
processed_pse
udogene 

-2.49 1.30E-02 
pseudogene similar to part of Cdon 
homolog (mouse) (CDON) 

ENST00000483047 SEPT10-212 retained_intron -2.48 1.71E-02 septin 10  

ENST00000364228 RNY1-201 misc_RNA -2.46 1.30E-06 RNA, Ro60-associated Y1  

ENST00000495111 AC015911.1-201 
processed_pse
udogene 

-2.45 3.47E-02 
ribosomal protein L39 (RPL39) 
pseudogene 

ENST00000427794 
APCDD1L-DT-
204 

lncRNA -2.44 4.83E-02 APCDD1L divergent transcript  

ENST00000638074 TBL1XR1-236 lncRNA -2.42 1.53E-02 
transducin beta like 1 X-linked 
receptor 1  

ENST00000408612 SNORD99-201 snoRNA -2.39 8.33E-03 small nucleolar RNA, C/D box 99  

ENST00000474740 NDUFV2-205 lncRNA -2.39 3.32E-02 
NADH:ubiquinone oxidoreductase 
core subunit V2  

ENST00000498025 IARS-212 lncRNA -2.38 3.59E-04 isoleucyl-tRNA synthetase  

ENST00000490763 SLC2A3-206 retained_intron -2.38 1.51E-03 solute carrier family 2 member 3  
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ENST00000567969 ARL6IP1-207 retained_intron -2.37 3.87E-05 
ADP ribosylation factor like GTPase 
6 interacting protein 1  

ENST00000391305 SNORA3B-201 snoRNA -2.35 1.62E-02 small nucleolar RNA, H/ACA box 3B  

ENST00000443196 UPK1A-AS1-201 lncRNA -2.34 8.40E-04 UPK1A antisense RNA 1  

ENST00000529085 ZNF195-221 retained_intron -2.34 4.80E-04 zinc finger protein 195  

ENST00000383876 SNORA22B-201 snoRNA -2.34 4.70E-03 
small nucleolar RNA, H/ACA box 
22B  

ENST00000596494 FKBP8-205 retained_intron -2.34 5.18E-05 FKBP prolyl isomerase 8  

ENST00000364507 RNY4P23-201 misc_RNA -2.33 3.03E-02 RNY4 pseudogene 23  

ENST00000479143 CCAR1-203 
nonsense_med
iated_decay 

-2.31 1.38E-03 
cell division cycle and apoptosis 
regulator 1  

ENST00000514928 MRPL27-207 retained_intron -2.28 8.10E-05 mitochondrial ribosomal protein L27  

ENST00000405331 TRIB2-203 protein_coding -2.25 1.56E-02 tribbles pseudokinase 2  

ENST00000524243 MTSS1-217 lncRNA -2.25 2.94E-02 MTSS I-BAR domain containing 1  

ENST00000553730 PPP2R5C-207 retained_intron -2.25 7.51E-06 
protein phosphatase 2 regulatory 
subunit B'gamma  

ENST00000600533 PIK3R2-206 retained_intron -2.23 2.67E-03 
phosphoinositide-3-kinase 
regulatory subunit 2  

ENST00000491646 CLASP1-214 retained_intron -2.22 3.13E-03 
cytoplasmic linker associated 
protein 1  

ENST00000559647 ANXA2-223 retained_intron -2.22 4.21E-07 annexin A2  

ENST00000472832 PTEN-203 protein_coding -2.22 1.60E-04 phosphatase and tensin homolog  

ENST00000440417 AC073052.1-201 
processed_pse
udogene 

-2.19 1.47E-03 
ankyrin repeat domain 49 
(ANKRD49) pseudogene 

ENST00000620845 AC133540.1-201 lncRNA 3.98 3.52E-06 novel transcript 

ENST00000395152 U73169.1-201 lncRNA 3.99 2.61E-06 
novel transcript, sense intronic to 
GNAI2 

ENST00000312310 COX6B1P3-201 
processed_pse
udogene 

4.00 3.78E-04 
cytochrome c oxidase subunit 6B1 
pseudogene 3  

ENST00000547455 CERS5-210 
nonsense_med
iated_decay 

4.00 1.66E-05 ceramide synthase 5  

ENST00000445956 BMP7-AS1-201 lncRNA 4.00 3.37E-05 BMP7 antisense RNA 1  

ENST00000610177 LINC02604-201 lncRNA 4.00 3.29E-17 
long intergenic non-protein coding 
RNA 2604  

ENST00000613359 RNA5-8SN3-201 rRNA 4.00 6.01E-06 RNA, 5.8S ribosomal N3  

ENST00000582772 MSI2-216 lncRNA 4.02 1.22E-04 musashi RNA binding protein 2  

ENST00000560126 ABHD17C-204 lncRNA 4.04 3.93E-04 abhydrolase domain containing 17C  

ENST00000544948 AP006333.2-201 lncRNA 4.04 3.44E-11 
novel transcript, antisense to 
MACROD1 

ENST00000384471 RNU6-45P-201 snRNA 4.06 1.92E-04 
RNA, U6 small nuclear 45, 
pseudogene  

ENST00000365219 
RNU6-1306P-
201 

snRNA 4.06 1.71E-02 
RNA, U6 small nuclear 1306, 
pseudogene  

ENST00000587655 SBNO2-205 protein_coding 4.07 2.38E-05 strawberry notch homolog 2  

ENST00000509695 WDR1-214 lncRNA 4.07 4.43E-05 WD repeat domain 1  

ENST00000504625 AHRR-201 protein_coding 4.10 6.97E-07 aryl-hydrocarbon receptor repressor  

ENST00000478223 SKI-202 lncRNA 4.10 5.49E-06 SKI proto-oncogene  

ENST00000516599 RF00212.3-201 snoRNA 4.11 1.11E-03 0 

ENST00000496478 RN7SL285P-201 misc_RNA 4.11 1.24E-04 
RNA, 7SL, cytoplasmic 285, 
pseudogene  

ENST00000563298 PPCDC-204 lncRNA 4.11 9.63E-04 
phosphopantothenoylcysteine 
decarboxylase  

ENST00000589397 AC002398.1-201 lncRNA 4.12 6.50E-11 novel transcript 

ENST00000442115 AL137077.1-201 
processed_pse
udogene 

4.13 4.15E-06 
ribosomal protein L17 (RPL17) 
pseudogene 

ENST00000591472 SEPT9-238 protein_coding 4.13 9.92E-08 septin 9  

ENST00000563593 AC120498.1-201 lncRNA 4.15 6.57E-05 
novel transcript, antisense to 
CACNA1H 

ENST00000393264 Z97192.2-201 lncRNA 4.15 3.00E-12 novel transcript 

ENST00000359574 LFNG-203 protein_coding 4.15 6.49E-10 
LFNG O-fucosylpeptide 3-beta-N-
acetylglucosaminyltransferase  

ENST00000576309 CLUH-213 protein_coding 4.17 5.41E-06 clustered mitochondria homolog  

ENST00000584169 LINC00334-202 lncRNA 4.17 5.91E-05 
long intergenic non-protein coding 
RNA 334  
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ENST00000385248 MIR613-201 miRNA 4.18 7.31E-05 microRNA 613  

ENST00000574688 BAIAP2-217 lncRNA 4.18 2.80E-05 BAI1 associated protein 2  

ENST00000494918 GOSR1-209 retained_intron 4.18 8.81E-06 
golgi SNAP receptor complex 
member 1  

ENST00000581792 MIR3648-2-201 miRNA 4.19 1.38E-05 microRNA 3648-2  

ENST00000495121 CABIN1-212 lncRNA 4.19 1.67E-06 calcineurin binding protein 1  

ENST00000418612 LINC01219-201 lncRNA 4.19 8.53E-07 
long intergenic non-protein coding 
RNA 1219  

ENST00000428790 ASLP1-201 
unprocessed_p
seudogene 

4.21 1.08E-08 
argininosuccinate lyase 
pseudogene 1  

ENST00000387392 MT-TA-201 Mt_tRNA 4.21 4.47E-16 
mitochondrially encoded tRNA-Ala 
(GCN)  

ENST00000635859 DNM1-218 lncRNA 4.21 2.08E-11 dynamin 1  

ENST00000563249 AL138756.1-203 lncRNA 4.23 6.96E-05 novel transcript, overlapping SUSD1 

ENST00000375350 NSD1-203 
nonsense_med
iated_decay 

4.23 9.81E-05 
nuclear receptor binding SET 
domain protein 1  

ENST00000525891 AP2A2-206 lncRNA 4.25 1.64E-05 
adaptor related protein complex 2 
subunit alpha 2  

ENST00000582040 CCDC57-214 lncRNA 4.26 6.14E-06 coiled-coil domain containing 57  

ENST00000433041 BRD3-204 protein_coding 4.27 7.74E-05 bromodomain containing 3  

ENST00000592069 MAU2-214 lncRNA 4.28 9.97E-06 
MAU2 sister chromatid cohesion 
factor  

ENST00000580500 LINC00511-209 lncRNA 4.31 2.00E-05 
long intergenic non-protein coding 
RNA 511  

ENST00000497663 TNRC18-210 retained_intron 4.32 9.05E-05 trinucleotide repeat containing 18  

ENST00000543674 MARK2-215 protein_coding 4.32 9.97E-06 
microtubule affinity regulating 
kinase 2  

ENST00000636396 MIR941-1-201 miRNA 4.34 2.03E-04 microRNA 941-1  

ENST00000625118 AC073592.3-201 TEC 4.35 2.86E-09 novel transcript 

ENST00000361851 MT-ATP8-201 protein_coding 4.35 1.04E-05 
mitochondrially encoded ATP 
synthase membrane subunit 8  

ENST00000569006 BCAR1-221 protein_coding 4.36 7.69E-05 
BCAR1 scaffold protein, Cas family 
member  

ENST00000485207 FAM207A-205 lncRNA 4.39 2.56E-05 
family with sequence similarity 207 
member A  

ENST00000534229 NAV2-214 lncRNA 4.39 6.75E-07 neuron navigator 2  

ENST00000577097 BAIAP2-230 retained_intron 4.42 1.25E-06 BAI1 associated protein 2  

ENST00000387461 MT-TP-201 Mt_tRNA 4.44 1.23E-46 
mitochondrially encoded tRNA-Pro 
(CCN)  

ENST00000568884 AC120498.3-201 lncRNA 4.44 1.77E-06 
novel transcript, antisense to 
CACNA1H 

ENST00000608521 
MIR663AHG-
229 

lncRNA 4.45 3.31E-07 MIR663A host gene  

ENST00000492975 FO393419.2-201 lncRNA 4.45 9.36E-06 novel transcript 

ENST00000563659 WWP2-206 protein_coding 4.46 1.08E-06 
WW domain containing E3 ubiquitin 
protein ligase 2  

ENST00000620782 MIR6075-201 miRNA 4.51 4.00E-05 microRNA 6075  

ENST00000614492 FP671120.1-201 miRNA 4.52 9.89E-19 0 

ENST00000492234 AGAP3-223 lncRNA 4.52 4.91E-08 
ArfGAP with GTPase domain, 
ankyrin repeat and PH domain 3  

ENST00000568140 AC009054.1-201 lncRNA 4.54 2.48E-07 
novel transcript, sense intronic to 
CFDP1 

ENST00000612810 
RF00017.142-
201 

misc_RNA 4.54 2.24E-05 0 

ENST00000582210 MIR3176-201 miRNA 4.57 5.75E-10 microRNA 3176  

ENST00000588954 ZNF440-206 protein_coding 4.58 3.87E-06 zinc finger protein 440  

ENST00000428429 AL162727.2-201 lncRNA 4.58 3.70E-06 novel transcript 

ENST00000538550 AP000721.2-202 lncRNA 4.60 5.27E-05 
novel transcript, antisense to 
MACROD1 

ENST00000361899 MT-ATP6-201 protein_coding 4.62 3.66E-62 
mitochondrially encoded ATP 
synthase membrane subunit 6  

ENST00000529229 AP003390.2-201 lncRNA 4.63 1.79E-06 novel transcript 

ENST00000616367 
RF00017.155-
201 

misc_RNA 4.67 6.65E-06 0 
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ENST00000361227 MT-ND3-201 protein_coding 4.71 7.35E-31 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase 
core subunit 3  

ENST00000615609 RF00017.66-201 misc_RNA 4.75 3.32E-05 0 

ENST00000570544 AC036164.1-201 
processed_pse
udogene 

4.78 3.02E-08 
chromosome 19 open reading frame 
70 (C19orf70) pseudogene 

ENST00000543422 MACROD1-207 lncRNA 4.79 7.66E-06 mono-ADP ribosylhydrolase 1  

ENST00000528520 AP006259.1-201 lncRNA 4.84 2.45E-07 novel transcript 

ENST00000625131 AL353662.3-201 pseudogene 4.88 2.69E-07 0 

ENST00000578566 MIR3183-201 miRNA 4.92 3.58E-06 microRNA 3183  

ENST00000624885 AC073592.9-201 TEC 4.98 1.96E-06 novel transcript 

ENST00000577370 MIR5189-201 miRNA 5.01 2.40E-06 microRNA 5189  

ENST00000508416 SKI-204 lncRNA 5.06 2.73E-09 SKI proto-oncogene  

ENST00000457540 MTND2P28-201 
unprocessed_p
seudogene 

5.06 4.51E-12 MT-ND2 pseudogene 28  

ENST00000362079 MT-CO3-201 protein_coding 5.08 1.57E-120 
mitochondrially encoded 
cytochrome c oxidase III  

ENST00000361624 MT-CO1-201 protein_coding 5.10 1.54E-129 
mitochondrially encoded 
cytochrome c oxidase I  

ENST00000625310 AC006001.3-204 lncRNA 5.10 1.17E-07 
RAB guanine nucleotide exchange 
factor (GEF) 1 (RABGEF1) 
pseudogene 

ENST00000361335 MT-ND4L-201 protein_coding 5.27 1.06E-45 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase 
core subunit 4L  

ENST00000387439 MT-TR-201 Mt_tRNA 5.28 1.38E-07 
mitochondrially encoded tRNA-Arg 
(CGN)  

ENST00000387400 MT-TN-201 Mt_tRNA 5.32 1.31E-69 
mitochondrially encoded tRNA-Asn 
(AAU/C)  

ENST00000387405 MT-TC-201 Mt_tRNA 5.36 1.15E-85 
mitochondrially encoded tRNA-Cys 
(UGU/C)  

ENST00000361567 MT-ND5-201 protein_coding 5.36 1.93E-121 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase 
core subunit 5  

ENST00000361739 MT-CO2-201 protein_coding 5.46 9.21E-121 
mitochondrially encoded 
cytochrome c oxidase II  

ENST00000361453 MT-ND2-201 protein_coding 5.49 4.19E-47 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase 
core subunit 2  

ENST00000361789 MT-CYB-201 protein_coding 5.52 1.69E-111 
mitochondrially encoded 
cytochrome b  

ENST00000361381 MT-ND4-201 protein_coding 5.64 6.11E-81 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase 
core subunit 4  

ENST00000387460 MT-TT-201 Mt_tRNA 5.76 2.23E-10 
mitochondrially encoded tRNA-Thr 
(ACN)  

ENST00000361390 MT-ND1-201 protein_coding 5.76 1.37E-42 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase 
core subunit 1  

ENST00000387441 MT-TH-201 Mt_tRNA 5.87 5.77E-09 
mitochondrially encoded tRNA-His 
(CAU/C)  

ENST00000414273 MTCO1P12-201 
unprocessed_p
seudogene 

5.97 5.06E-11 MT-CO1 pseudogene 12  

ENST00000587052 CEP295NL-203 retained_intron 6.03 1.54E-10 CEP295 N-terminal like  

ENST00000387409 MT-TY-201 Mt_tRNA 6.05 8.66E-11 
mitochondrially encoded tRNA-Tyr 
(UAU/C)  

ENST00000387449 MT-TS2-201 Mt_tRNA 7.40 3.47E-31 
mitochondrially encoded tRNA-Ser 
(AGU/C) 2  

ENST00000578274 MIR4711-201 miRNA 15.34 4.06E-07 microRNA 4711  
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Appendix Table 4.7 Gene Ontology analysis (GO) of Exos and sMVs 

(negative enrichment score indicates enriched GO terms in Exos, positive 

enrichment score indicates enriched GO terms in sMVs) 

 

ID Description Normalised enrichment score pvalue rank 

GO:0000788 nuclear nucleosome -2.70 0.00275 514 

GO:0000786 nucleosome -2.93 0.00398 566 

GO:0044815 DNA packaging complex -2.92 0.00394 566 

GO:0015934 large ribosomal subunit -1.95 0.00275 483 

GO:0032993 protein-DNA complex -2.42 0.00450 566 

GO:0044391 ribosomal subunit -1.97 0.00316 242 

GO:0044445 cytosolic part -1.77 0.00676 171 

GO:0042470 melanosome -1.58 0.03812 85 

GO:0048770 pigment granule -1.58 0.03812 85 

GO:0005840 ribosome -1.73 0.00694 242 

GO:0000790 nuclear chromatin -1.73 0.00758 514 

GO:0000785 chromatin -1.89 0.00559 566 

GO:1990904 ribonucleoprotein complex -1.57 0.00645 242 

GO:0044427 chromosomal part -1.50 0.00694 566 

GO:0070062 extracellular exosome -1.30 0.04762 448 

GO:0043230 extracellular organelle -1.30 0.04839 448 

GO:1903561 extracellular vesicle -1.30 0.04839 448 

GO:0005615 extracellular space -1.30 0.02083 448 

GO:0044421 extracellular region part -1.24 0.02381 448 

GO:0005576 extracellular region -1.24 0.02500 448 

GO:0005886 plasma membrane 1.27 0.04262 657 

GO:0071944 cell periphery 1.32 0.02178 657 

GO:0031090 organelle membrane 1.37 0.01360 452 

GO:0042995 cell projection 1.39 0.03571 352 

GO:0005783 endoplasmic reticulum 1.43 0.01980 757 

GO:0030054 cell junction 1.39 0.04452 352 

GO:1902494 catalytic complex 1.45 0.02123 45 

GO:0120025 plasma membrane bounded cell projection 1.45 0.02354 390 

GO:0044432 endoplasmic reticulum part 1.55 0.01022 924 

GO:0005739 mitochondrion 1.61 0.00332 88 

GO:0043005 neuron projection 1.58 0.01296 417 

GO:0044459 plasma membrane part 1.71 0.00111 657 

GO:0098590 plasma membrane region 1.65 0.00596 484 

GO:0009986 cell surface 1.50 0.03748 657 

GO:0045202 synapse 1.79 0.00352 441 

GO:0097458 neuron part 1.87 0.00114 417 

GO:0098978 glutamatergic synapse 1.55 0.02846 405 

GO:0031967 organelle envelope 1.93 0.00114 88 

GO:0031975 envelope 1.93 0.00114 88 

GO:0031224 intrinsic component of membrane 2.17 0.00104 762 
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GO:0098794 postsynapse 1.79 0.00518 405 

GO:0016021 integral component of membrane 2.21 0.00104 762 

GO:0044456 synapse part 1.94 0.00122 413 

GO:0044429 mitochondrial part 2.05 0.00117 88 

GO:0045211 postsynaptic membrane 1.52 0.04734 405 

GO:0031256 leading edge membrane 1.53 0.04819 167 

GO:0031300 intrinsic component of organelle membrane 1.62 0.02346 618 

GO:0098793 presynapse 1.83 0.00278 520 

GO:0099572 postsynaptic specialization 1.89 0.00278 364 

GO:0043235 receptor complex 1.64 0.02439 625 

GO:0031226 intrinsic component of plasma membrane 2.18 0.00127 653 

GO:0005887 integral component of plasma membrane 2.19 0.00127 653 

GO:0098796 membrane protein complex 2.31 0.00121 308 

GO:0097060 synaptic membrane 1.88 0.00571 405 

GO:0005788 endoplasmic reticulum lumen 1.95 0.00280 657 

GO:0031301 integral component of organelle membrane 1.80 0.01183 500 

GO:0005740 mitochondrial envelope 2.37 0.00121 88 

GO:0031966 mitochondrial membrane 2.36 0.00122 88 

GO:0014069 postsynaptic density 2.05 0.00142 364 

GO:0032279 asymmetric synapse 2.05 0.00142 364 

GO:0098984 neuron to neuron synapse 2.18 0.00139 364 

GO:0019866 organelle inner membrane 2.52 0.00127 88 

GO:0005743 mitochondrial inner membrane 2.58 0.00128 88 

GO:0098798 mitochondrial protein complex 2.69 0.00135 12 

GO:0044455 mitochondrial membrane part 2.75 0.00142 88 

GO:0098800 inner mitochondrial membrane protein complex 2.81 0.00148 12 

GO:0070469 respiratory chain 2.98 0.00152 24 

GO:0098803 respiratory chain complex 2.89 0.00157 12 
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Appendix Table 4.8 Gene Ontology analysis (GO) of Exos and sMB-Rs 

(negative enrichment score indicates enriched GO terms in Exos, positive 

enrichment score indicates enriched GO terms in sMB-Rs) 

ID Description Normalised enrichment score pvalue rank 

GO:0097458 neuron part 1.54 0.00101 1022 

GO:0044456 synapse part 1.70 0.00103 932 

GO:0098796 membrane protein complex 1.68 0.00103 1023 

GO:0031966 mitochondrial membrane 1.59 0.00104 22 

GO:0019866 organelle inner membrane 1.88 0.00105 22 

GO:0005743 mitochondrial inner membrane 1.99 0.00106 22 

GO:0005887 integral component of plasma membrane 1.64 0.00106 1439 

GO:0098984 neuron to neuron synapse 1.80 0.00109 913 

GO:0098798 mitochondrial protein complex 2.21 0.00112 11 

GO:0044455 mitochondrial membrane part 2.44 0.00118 11 

GO:0098800 inner mitochondrial membrane protein complex 2.64 0.00124 11 

GO:1990204 oxidoreductase complex 2.61 0.00130 10 

GO:0070469 respiratory chain 2.91 0.00131 22 

GO:0005746 mitochondrial respiratory chain 2.71 0.00134 10 

GO:0098803 respiratory chain complex 2.88 0.00134 10 

GO:0045202 synapse 1.54 0.00202 1166 

GO:0005740 mitochondrial envelope 1.59 0.00207 22 

GO:0098794 postsynapse 1.58 0.00211 932 

GO:0099240 intrinsic component of synaptic membrane 1.89 0.00275 866 

GO:0000788 nuclear nucleosome -3.04 0.00362 921 

GO:0099572 postsynaptic specialization 1.68 0.00441 781 

GO:0032279 asymmetric synapse 1.67 0.00443 1145 

GO:0022626 cytosolic ribosome -1.86 0.00503 1164 

GO:0044459 plasma membrane part 1.45 0.00503 1426 

GO:0015934 large ribosomal subunit -1.75 0.00526 656 

GO:0031226 intrinsic component of plasma membrane 1.55 0.00530 1439 

GO:0000786 nucleosome -3.13 0.00654 976 

GO:0014069 postsynaptic density 1.67 0.00672 1145 

GO:0044815 DNA packaging complex -3.08 0.00709 976 

GO:0044448 cell cortex part 1.79 0.00778 1032 

GO:0044391 ribosomal subunit -1.77 0.00781 1190 

GO:0022625 cytosolic large ribosomal subunit -1.87 0.00781 1258 

GO:0098978 glutamatergic synapse 1.62 0.00868 1166 

GO:0098590 plasma membrane region 1.48 0.00921 1204 

GO:0032993 protein-DNA complex -2.38 0.01176 994 

GO:0042641 actomyosin 1.67 0.01228 1149 

GO:0005938 cell cortex 1.59 0.01253 426 

GO:0097525 spliceosomal snRNP complex -1.65 0.01569 130 

GO:0005667 transcription factor complex 1.53 0.01774 971 

GO:0043005 neuron projection 1.41 0.01945 1461 

GO:0000784 nuclear chromosome, telomeric region -1.48 0.02010 521 

GO:0120025 plasma membrane bounded cell projection 1.32 0.02104 1209 
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GO:0098793 presynapse 1.50 0.02215 913 

GO:0044463 cell projection part 1.35 0.02222 1021 

GO:0120038 plasma membrane bounded cell projection part 1.35 0.02222 1021 

GO:0005840 ribosome -1.33 0.02247 883 

GO:0043235 receptor complex 1.58 0.02594 1145 

GO:0031256 leading edge membrane 1.57 0.02618 1204 

GO:0097060 synaptic membrane 1.48 0.03167 1158 

GO:0042995 cell projection 1.28 0.03213 1209 

GO:0042734 presynaptic membrane 1.60 0.03279 1022 

GO:0030532 small nuclear ribonucleoprotein complex -1.50 0.03361 130 

GO:0030054 cell junction 1.32 0.03636 1215 

GO:0017053 transcriptional repressor complex 1.53 0.03747 1038 

GO:0010494 cytoplasmic stress granule 1.55 0.03878 536 

GO:0030670 phagocytic vesicle membrane -1.53 0.03929 1080 

GO:0009986 cell surface 1.44 0.03943 1166 

GO:0044445 cytosolic part -1.30 0.04237 1164 

GO:0005911 cell-cell junction 1.43 0.04239 1337 

GO:0098797 plasma membrane protein complex 1.48 0.04327 1623 

GO:0000781 chromosome, telomeric region -1.33 0.04706 521 
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Appendix Table 4.9 Differential transcript expression analysis of sMVs 

and sMB-Rs (negative log2foldchange indicates enriched transcripts in 

sMVs, positive log2foldchange indicates enriched transcripts in sMB-Rs) 

Transcript ID 
Transcript 
name 

Transcript 
biotypes 

log2Fold 
change 

pvalue Description 

ENST00000466217 ATG9A-218 
retained_intro
n 

-3.92 3.42E-04 
autophagy related 9A [Source:HGNC 
Symbol;Acc:HGNC:22408] 

ENST00000486622 RNF144B-202 lncRNA -3.36 4.41E-03 
ring finger protein 144B [Source:HGNC 
Symbol;Acc:HGNC:21578] 

ENST00000559597 RCOR1-203 
retained_intro
n 

-3.28 3.12E-03 
REST corepressor 1 [Source:HGNC 
Symbol;Acc:HGNC:17441] 

ENST00000470259 ITGA6-209 
retained_intro
n 

-3.12 1.38E-03 
integrin subunit alpha 6 [Source:HGNC 
Symbol;Acc:HGNC:6142] 

ENST00000417726 ZNF143-207 
protein_codin
g 

-3.09 6.07E-03 
zinc finger protein 143 [Source:HGNC 
Symbol;Acc:HGNC:12928] 

ENST00000428586 RPL21P40-201 
processed_ps
eudogene 

-3.01 4.31E-03 
ribosomal protein L21 pseudogene 40 
[Source:HGNC 
Symbol;Acc:HGNC:36189] 

ENST00000384028 SNORA30-201 snoRNA -2.88 2.78E-02 
small nucleolar RNA, H/ACA box 30 
[Source:HGNC 
Symbol;Acc:HGNC:32620] 

ENST00000532146 CELF1-216 
retained_intro
n 

-2.86 2.64E-03 
CUGBP Elav-like family member 1 
[Source:HGNC 
Symbol;Acc:HGNC:2549] 

ENST00000611125 MYO19-206 
retained_intro
n 

-2.85 5.85E-03 
myosin XIX [Source:HGNC 
Symbol;Acc:HGNC:26234] 

ENST00000460660 BZW1-210 
retained_intro
n 

-2.84 1.64E-02 
basic leucine zipper and W2 domains 1 
[Source:HGNC 
Symbol;Acc:HGNC:18380] 

ENST00000494907 EXTL2-206 lncRNA -2.82 2.86E-03 
exostosin like glycosyltransferase 2 
[Source:HGNC 
Symbol;Acc:HGNC:3516] 

ENST00000524243 MTSS1-217 lncRNA -2.75 6.52E-03 
MTSS I-BAR domain containing 1 
[Source:HGNC 
Symbol;Acc:HGNC:20443] 

ENST00000561350 DUT-211 lncRNA -2.74 4.07E-02 
deoxyuridine triphosphatase 
[Source:HGNC 
Symbol;Acc:HGNC:3078] 

ENST00000637681 TBL1XR1-234 lncRNA -2.67 3.16E-02 
transducin beta like 1 X-linked receptor 
1 [Source:HGNC 
Symbol;Acc:HGNC:29529] 

ENST00000530086 ARRB1-207 
retained_intro
n 

-2.61 3.26E-02 
arrestin beta 1 [Source:HGNC 
Symbol;Acc:HGNC:711] 

ENST00000491326 SYTL4-205 lncRNA -2.59 1.57E-02 
synaptotagmin like 4 [Source:HGNC 
Symbol;Acc:HGNC:15588] 

ENST00000473924 DDX56-209 
retained_intro
n 

-2.55 1.31E-02 
DEAD-box helicase 56 [Source:HGNC 
Symbol;Acc:HGNC:18193] 

ENST00000516176 
RNU6-1161P-
201 

snRNA -2.53 1.02E-02 
RNA, U6 small nuclear 1161, 
pseudogene [Source:HGNC 
Symbol;Acc:HGNC:48124] 

ENST00000460806 BHLHE40-202 
retained_intro
n 

-2.50 2.04E-02 
basic helix-loop-helix family member 
e40 [Source:HGNC 
Symbol;Acc:HGNC:1046] 

ENST00000446556 COX7CP1-201 
processed_ps
eudogene 

-2.48 1.54E-02 
cytochrome c oxidase subunit 7C 
pseudogene 1 [Source:HGNC 
Symbol;Acc:HGNC:2293] 

ENST00000391130 RF00072.1-201 snoRNA -2.43 3.46E-02 0 

ENST00000497697 SMTN-220 
retained_intro
n 

-2.39 2.09E-02 
smoothelin [Source:HGNC 
Symbol;Acc:HGNC:11126] 

ENST00000564344 RSL24D1-204 lncRNA -2.36 3.72E-02 
ribosomal L24 domain containing 1 
[Source:HGNC 
Symbol;Acc:HGNC:18479] 

ENST00000363624 
RF00019.154-
201 

misc_RNA -2.35 6.75E-04 0 

ENST00000553453 SIPA1L1-204 lncRNA -2.34 1.40E-02 
signal induced proliferation associated 1 
like 1 [Source:HGNC 
Symbol;Acc:HGNC:20284] 

ENST00000596494 FKBP8-205 
retained_intro
n 

-2.30 6.53E-05 
FKBP prolyl isomerase 8 [Source:HGNC 
Symbol;Acc:HGNC:3724] 
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ENST00000557187 TTC7B-213 lncRNA -2.24 1.33E-03 
tetratricopeptide repeat domain 7B 
[Source:HGNC 
Symbol;Acc:HGNC:19858] 

ENST00000571562 NPLOC4-205 lncRNA -2.21 3.21E-02 
NPL4 homolog, ubiquitin recognition 
factor [Source:HGNC 
Symbol;Acc:HGNC:18261] 

ENST00000609153 
AC097534.2-
202 

lncRNA -2.16 5.88E-04 novel transcript, antisense to SAP30 

ENST00000494277 DKK1-204 lncRNA -2.15 2.11E-03 
dickkopf WNT signaling pathway 
inhibitor 1 [Source:HGNC 
Symbol;Acc:HGNC:2891] 

ENST00000365484 RNY3-201 misc_RNA -2.14 4.11E-03 
RNA, Ro60-associated Y3 
[Source:HGNC 
Symbol;Acc:HGNC:10243] 

ENST00000542474 EMP1-210 
protein_codin
g 

-2.13 3.47E-02 
epithelial membrane protein 1 
[Source:HGNC 
Symbol;Acc:HGNC:3333] 

ENST00000540747 YBX3-209 lncRNA -2.10 7.30E-03 
Y-box binding protein 3 [Source:HGNC 
Symbol;Acc:HGNC:2428] 

ENST00000483047 SEPT10-212 
retained_intro
n 

-2.10 4.64E-02 
septin 10 [Source:HGNC 
Symbol;Acc:HGNC:14349] 

ENST00000418764 
AC004543.1-
201 

lncRNA -2.10 4.75E-02 novel transcript 

ENST00000496205 CLK1-214 
retained_intro
n 

-2.05 1.60E-02 
CDC like kinase 1 [Source:HGNC 
Symbol;Acc:HGNC:2068] 

ENST00000431026 
AC009238.2-
201 

processed_ps
eudogene 

-2.04 4.45E-02 
pseudogene similar to part of Cdon 
homolog (mouse) (CDON) 

ENST00000495160 HESX1-203 
protein_codin
g 

-2.04 9.53E-04 
HESX homeobox 1 [Source:HGNC 
Symbol;Acc:HGNC:4877] 

ENST00000517404 RMDN1-203 
retained_intro
n 

-2.01 1.66E-02 
regulator of microtubule dynamics 1 
[Source:HGNC 
Symbol;Acc:HGNC:24285] 

ENST00000584696 ZNF207-217 
retained_intro
n 

-2.01 1.49E-03 
zinc finger protein 207 [Source:HGNC 
Symbol;Acc:HGNC:12998] 

ENST00000412563 
AC007091.1-
201 

lncRNA -2.00 6.51E-03 novel transcript 

ENST00000618460 
AL691403.2-
201 

lncRNA -1.94 1.94E-02 novel transcript 

ENST00000544780 CCDC91-219 lncRNA -1.93 1.49E-03 
coiled-coil domain containing 91 
[Source:HGNC 
Symbol;Acc:HGNC:24855] 

ENST00000555724 POLE2-209 lncRNA -1.91 4.62E-02 
DNA polymerase epsilon 2, accessory 
subunit [Source:HGNC 
Symbol;Acc:HGNC:9178] 

ENST00000456545 PDLIM2-215 
protein_codin
g 

-1.91 2.24E-02 
PDZ and LIM domain 2 [Source:HGNC 
Symbol;Acc:HGNC:13992] 

ENST00000410489 
RF00019.599-
201 

misc_RNA -1.88 8.49E-03 0 

ENST00000479651 CAPG-213 lncRNA -1.85 4.37E-02 
capping actin protein, gelsolin like 
[Source:HGNC 
Symbol;Acc:HGNC:1474] 

ENST00000442746 SEPT10-209 
protein_codin
g 

-1.85 2.65E-04 
septin 10 [Source:HGNC 
Symbol;Acc:HGNC:14349] 

ENST00000520625 ASAP1-208 lncRNA -1.79 5.36E-03 
ArfGAP with SH3 domain, ankyrin 
repeat and PH domain 1 [Source:HGNC 
Symbol;Acc:HGNC:2720] 

ENST00000449056 
MPHOSPH8-
203 

protein_codin
g 

-1.77 1.14E-02 
M-phase phosphoprotein 8 
[Source:HGNC 
Symbol;Acc:HGNC:29810] 

ENST00000628181 CHD2-214 lncRNA -1.75 3.46E-02 
chromodomain helicase DNA binding 
protein 2 [Source:HGNC 
Symbol;Acc:HGNC:1917] 

ENST00000446547 RAB5A-205 
nonsense_me
diated_decay 

-1.75 4.13E-04 
RAB5A, member RAS oncogene family 
[Source:HGNC 
Symbol;Acc:HGNC:9783] 

ENST00000555662 
HSP90AA1-
205 

retained_intro
n 

-1.73 5.54E-03 
heat shock protein 90 alpha family class 
A member 1 [Source:HGNC 
Symbol;Acc:HGNC:5253] 

ENST00000383861 RNU1-28P-201 snRNA -1.68 3.30E-04 
RNA, U1 small nuclear 28, pseudogene 
[Source:HGNC 
Symbol;Acc:HGNC:37498] 

ENST00000384158 SNORA75-201 snoRNA -1.65 1.17E-02 
small nucleolar RNA, H/ACA box 75 
[Source:HGNC 
Symbol;Acc:HGNC:32661] 

ENST00000635481 
AC110994.2-
201 

processed_ps
eudogene 

-1.65 2.05E-02 
basic transcription factor 3 (BTF3) 
pseudogene 

ENST00000529085 ZNF195-221 
retained_intro
n 

-1.64 1.75E-02 
zinc finger protein 195 [Source:HGNC 
Symbol;Acc:HGNC:12986] 
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ENST00000610252 
AC009237.15-
201 

lncRNA -1.63 4.53E-03 novel transcript 

ENST00000644716 GRB10-223 lncRNA -1.63 1.39E-02 
growth factor receptor bound protein 10 
[Source:HGNC 
Symbol;Acc:HGNC:4564] 

ENST00000488706 HKDC1-203 lncRNA -1.62 2.52E-02 
hexokinase domain containing 1 
[Source:HGNC 
Symbol;Acc:HGNC:23302] 

ENST00000560546 ANXA2-235 
retained_intro
n 

-1.62 3.59E-04 
annexin A2 [Source:HGNC 
Symbol;Acc:HGNC:537] 

ENST00000545388 IST1-222 
retained_intro
n 

-1.61 1.64E-02 
IST1 factor associated with ESCRT-III 
[Source:HGNC 
Symbol;Acc:HGNC:28977] 

ENST00000584906 RPL26-211 
nonsense_me
diated_decay 

-1.61 3.88E-02 
ribosomal protein L26 [Source:HGNC 
Symbol;Acc:HGNC:10327] 

ENST00000555922 
EGLN3-AS1-
201 

lncRNA -1.60 1.70E-02 
EGLN3 antisense RNA 1 
[Source:HGNC 
Symbol;Acc:HGNC:49077] 

ENST00000565723 RPL4-209 lncRNA -1.60 2.33E-02 
ribosomal protein L4 [Source:HGNC 
Symbol;Acc:HGNC:10353] 

ENST00000443196 
UPK1A-AS1-
201 

lncRNA -1.60 2.72E-02 
UPK1A antisense RNA 1 
[Source:HGNC 
Symbol;Acc:HGNC:40603] 

ENST00000460860 ECT2-213 
retained_intro
n 

-1.59 4.03E-02 
epithelial cell transforming 2 
[Source:HGNC 
Symbol;Acc:HGNC:3155] 

ENST00000478348 S100A10-203 lncRNA -1.59 6.00E-03 
S100 calcium binding protein A10 
[Source:HGNC 
Symbol;Acc:HGNC:10487] 

ENST00000477189 MYH9-209 
retained_intro
n 

-1.58 3.55E-02 
myosin heavy chain 9 [Source:HGNC 
Symbol;Acc:HGNC:7579] 

ENST00000504511 STIM2-210 
retained_intro
n 

-1.58 2.60E-02 
stromal interaction molecule 2 
[Source:HGNC 
Symbol;Acc:HGNC:19205] 

ENST00000490763 SLC2A3-206 
retained_intro
n 

-1.56 4.46E-02 
solute carrier family 2 member 3 
[Source:HGNC 
Symbol;Acc:HGNC:11007] 

ENST00000363485 RF00139.1-201 snoRNA -1.55 7.15E-03 0 

ENST00000531421 RRAS2-206 
protein_codin
g 

-1.54 4.10E-05 
RAS related 2 [Source:HGNC 
Symbol;Acc:HGNC:17271] 

ENST00000576840 DVL2-213 
retained_intro
n 

-1.54 3.20E-05 
dishevelled segment polarity protein 2 
[Source:HGNC 
Symbol;Acc:HGNC:3086] 

ENST00000584500 DDX5-229 lncRNA -1.54 1.21E-03 
DEAD-box helicase 5 [Source:HGNC 
Symbol;Acc:HGNC:2746] 

ENST00000466800 
AC133134.1-
201 

processed_ps
eudogene 

-1.54 4.16E-02 
ribosomal protein S20 (RPS20) 
pseudogene 

ENST00000414896 
AC005104.1-
201 

lncRNA -1.54 2.74E-02 novel transcript 

ENST00000609131 
CDC37L1-DT-
202 

lncRNA -1.53 9.41E-03 
CDC37L1 divergent transcript 
[Source:HGNC 
Symbol;Acc:HGNC:49735] 

ENST00000412485 
LINC02154-
201 

lncRNA -1.52 3.83E-04 
long intergenic non-protein coding RNA 
2154 [Source:HGNC 
Symbol;Acc:HGNC:53015] 

ENST00000482040 
RN7SL809P-
201 

misc_RNA -1.52 1.48E-02 
RNA, 7SL, cytoplasmic 809, 
pseudogene [Source:HGNC 
Symbol;Acc:HGNC:46825] 

ENST00000510645 DHX15-206 lncRNA -1.52 1.77E-02 
DEAH-box helicase 15 [Source:HGNC 
Symbol;Acc:HGNC:2738] 

ENST00000549183 TUBA1C-204 
protein_codin
g 

-1.51 1.87E-02 
tubulin alpha 1c [Source:HGNC 
Symbol;Acc:HGNC:20768] 

ENST00000578224 THOC1-204 
retained_intro
n 

-1.51 3.01E-02 
THO complex 1 [Source:HGNC 
Symbol;Acc:HGNC:19070] 

ENST00000515280 FAM135A-215 
protein_codin
g 

-1.49 8.84E-03 
family with sequence similarity 135 
member A [Source:HGNC 
Symbol;Acc:HGNC:21084] 

ENST00000567649 NPW-203 
protein_codin
g 

-1.49 1.62E-02 
neuropeptide W [Source:HGNC 
Symbol;Acc:HGNC:30509] 

ENST00000532624 IMMP1L-210 lncRNA -1.48 2.83E-03 
inner mitochondrial membrane 
peptidase subunit 1 [Source:HGNC 
Symbol;Acc:HGNC:26317] 

ENST00000402380 ATXN10-203 
protein_codin
g 

-1.46 5.18E-06 
ataxin 10 [Source:HGNC 
Symbol;Acc:HGNC:10549] 

ENST00000477802 DHX9-204 lncRNA -1.45 9.78E-03 
DExH-box helicase 9 [Source:HGNC 
Symbol;Acc:HGNC:2750] 
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ENST00000534470 EIF4G2-230 
retained_intro
n 

-1.44 1.59E-02 
eukaryotic translation initiation factor 4 
gamma 2 [Source:HGNC 
Symbol;Acc:HGNC:3297] 

ENST00000415536 
AC003092.1-
201 

lncRNA -1.44 3.62E-02 novel transcript 

ENST00000502839 LRBA-202 
protein_codin
g 

-1.43 2.63E-04 
LPS responsive beige-like anchor 
protein [Source:HGNC 
Symbol;Acc:HGNC:1742] 

ENST00000496969 SF1-219 lncRNA -1.43 4.66E-02 
splicing factor 1 [Source:HGNC 
Symbol;Acc:HGNC:12950] 

ENST00000626934 HERC2P7-202 
unprocessed_
pseudogene 

-1.42 1.50E-03 
hect domain and RLD 2 pseudogene 7 
[Source:HGNC 
Symbol;Acc:HGNC:4875] 

ENST00000547479 NAP1L1-207 
protein_codin
g 

-1.41 3.72E-02 
nucleosome assembly protein 1 like 1 
[Source:HGNC 
Symbol;Acc:HGNC:7637] 

ENST00000394536 PCDH1-203 
protein_codin
g 

-1.40 8.40E-06 
protocadherin 1 [Source:HGNC 
Symbol;Acc:HGNC:8655] 

ENST00000549261 
LINC02373-
201 

lncRNA -1.39 7.84E-04 
long intergenic non-protein coding RNA 
2373 [Source:HGNC 
Symbol;Acc:HGNC:53295] 

ENST00000491395 APP-216 lncRNA -1.38 3.38E-02 
amyloid beta precursor protein 
[Source:HGNC Symbol;Acc:HGNC:620] 

ENST00000568539 SF3B3-212 
retained_intro
n 

-1.38 4.21E-02 
splicing factor 3b subunit 3 
[Source:HGNC 
Symbol;Acc:HGNC:10770] 

ENST00000490188 BCS1L-219 
retained_intro
n 

-1.37 3.52E-02 

BCS1 homolog, ubiquinol-cytochrome c 
reductase complex chaperone 
[Source:HGNC 
Symbol;Acc:HGNC:1020] 

ENST00000552030 CORO1C-218 lncRNA -1.36 3.04E-03 
coronin 1C [Source:HGNC 
Symbol;Acc:HGNC:2254] 

ENST00000511193 ZDHHC11-208 
protein_codin
g 

2.70 2.82E-02 
zinc finger DHHC-type containing 11 
[Source:HGNC 
Symbol;Acc:HGNC:19158] 

ENST00000646046 
AL449043.2-
201 

transcribed_u
nprocessed_p
seudogene 

2.70 9.67E-03 
phosphoglucomutase 5 (PGM5) 
pseudogene 

ENST00000594445 SUGP2-205 
protein_codin
g 

2.71 1.50E-04 
SURP and G-patch domain containing 2 
[Source:HGNC 
Symbol;Acc:HGNC:18641] 

ENST00000516241 RF00322.6-201 snoRNA 2.72 2.78E-02 0 

ENST00000364251 RNY1P12-201 misc_RNA 2.72 1.28E-02 
RNY1 pseudogene 12 [Source:HGNC 
Symbol;Acc:HGNC:50875] 

ENST00000492234 AGAP3-223 lncRNA 2.72 2.50E-05 
ArfGAP with GTPase domain, ankyrin 
repeat and PH domain 3 [Source:HGNC 
Symbol;Acc:HGNC:16923] 

ENST00000220003 CSK-201 
protein_codin
g 

2.73 2.30E-16 
C-terminal Src kinase [Source:HGNC 
Symbol;Acc:HGNC:2444] 

ENST00000418851 
AC008280.1-
201 

processed_ps
eudogene 

2.73 8.08E-03 
ribosomal protein L21 (RPL21) 
pseudogene 

ENST00000320521 SLC16A8-201 
protein_codin
g 

2.74 7.54E-06 
solute carrier family 16 member 8 
[Source:HGNC 
Symbol;Acc:HGNC:16270] 

ENST00000484625 
AC093663.2-
201 

processed_ps
eudogene 

2.74 4.63E-02 
ribosomal protein L36a (RPL36A) 
pseudogene 

ENST00000625118 
AC073592.3-
201 

TEC 2.74 1.40E-06 novel transcript 

ENST00000644787 SOCS1-202 
protein_codin
g 

2.75 3.64E-08 
suppressor of cytokine signaling 1 
[Source:HGNC 
Symbol;Acc:HGNC:19383] 

ENST00000445833 
AL133260.2-
201 

lncRNA 2.75 9.15E-08 novel transcript 

ENST00000387409 MT-TY-201 Mt_tRNA 2.75 1.07E-07 
mitochondrially encoded tRNA-Tyr 
(UAU/C) [Source:HGNC 
Symbol;Acc:HGNC:7502] 

ENST00000560906 
AC013553.1-
201 

processed_ps
eudogene 

2.77 1.42E-02 
ribosomal protein L17 (RPL17) 
pseudogene 

ENST00000596631 
AC245884.9-
201 

lncRNA 2.78 2.28E-02 
novel transcript, sense intronic to 
TTYH1 

ENST00000488586 MZT2A-205 lncRNA 2.79 3.30E-03 
mitotic spindle organizing protein 2A 
[Source:HGNC 
Symbol;Acc:HGNC:33187] 

ENST00000586713 
CEP295NL-
202 

protein_codin
g 

2.80 2.36E-03 
CEP295 N-terminal like [Source:HGNC 
Symbol;Acc:HGNC:44659] 

ENST00000620071 
RF00017.205-
201 

misc_RNA 2.80 1.21E-02 0 
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ENST00000485207 FAM207A-205 lncRNA 2.80 1.65E-03 
family with sequence similarity 207 
member A [Source:HGNC 
Symbol;Acc:HGNC:15811] 

ENST00000586521 SEPT9-215 
protein_codin
g 

2.81 3.71E-06 
septin 9 [Source:HGNC 
Symbol;Acc:HGNC:7323] 

ENST00000443837 
RNF216-IT1-
201 

lncRNA 2.81 1.53E-04 
RNF216 intronic transcript 1 
[Source:HGNC 
Symbol;Acc:HGNC:41463] 

ENST00000544948 
AP006333.2-
201 

lncRNA 2.81 1.39E-09 
novel transcript, antisense to 
MACROD1 

ENST00000450968 
AL161672.1-
201 

processed_ps
eudogene 

2.82 1.87E-04 novel pseudogene 

ENST00000584169 
LINC00334-
202 

lncRNA 2.83 1.07E-03 
long intergenic non-protein coding RNA 
334 [Source:HGNC 
Symbol;Acc:HGNC:16425] 

ENST00000453213 
LINC00963-
206 

lncRNA 2.83 2.05E-02 
long intergenic non-protein coding RNA 
963 [Source:HGNC 
Symbol;Acc:HGNC:48716] 

ENST00000560011 
AC020891.3-
201 

lncRNA 2.83 6.81E-03 novel transcript, intronic to CYP19A1 

ENST00000387456 MT-TL2-201 Mt_tRNA 2.83 4.97E-02 
mitochondrially encoded tRNA-Leu 
(CUN) 2 [Source:HGNC 
Symbol;Acc:HGNC:7491] 

ENST00000635619 
LINC01346-
203 

lncRNA 2.83 2.18E-03 
long intergenic non-protein coding RNA 
1346 [Source:HGNC 
Symbol;Acc:HGNC:50563] 

ENST00000429246 ARPC1B-205 
protein_codin
g 

2.85 3.09E-05 
actin related protein 2/3 complex subunit 
1B [Source:HGNC 
Symbol;Acc:HGNC:704] 

ENST00000546514 CERS5-207 
nonsense_me
diated_decay 

2.85 1.70E-04 
ceramide synthase 5 [Source:HGNC 
Symbol;Acc:HGNC:23749] 

ENST00000495282 NR2C2-212 
retained_intro
n 

2.85 8.91E-03 
nuclear receptor subfamily 2 group C 
member 2 [Source:HGNC 
Symbol;Acc:HGNC:7972] 

ENST00000414464 
AC018638.1-
201 

processed_ps
eudogene 

2.85 1.67E-32 novel pseudogene 

ENST00000384195 RNU6-80P-201 snRNA 2.86 2.66E-02 
RNA, U6 small nuclear 80, pseudogene 
[Source:HGNC 
Symbol;Acc:HGNC:42570] 

ENST00000623341 
AC010531.8-
201 

TEC 2.87 2.27E-03 novel transcript 

ENST00000637467 MECP2-221 lncRNA 2.89 3.52E-02 
methyl-CpG binding protein 2 
[Source:HGNC 
Symbol;Acc:HGNC:6990] 

ENST00000613285 
AC005391.1-
201 

lncRNA 2.89 9.50E-05 
novel transcript, sense intronic to 
ARID3A 

ENST00000362168 MIR210-201 miRNA 2.89 6.23E-03 
microRNA 210 [Source:HGNC 
Symbol;Acc:HGNC:31587] 

ENST00000615959 MIR3648-1-201 miRNA 2.90 5.86E-11 
microRNA 3648-1 [Source:HGNC 
Symbol;Acc:HGNC:38941] 

ENST00000483893 CERCAM-210 lncRNA 2.92 3.74E-03 
cerebral endothelial cell adhesion 
molecule [Source:HGNC 
Symbol;Acc:HGNC:23723] 

ENST00000587052 
CEP295NL-
203 

retained_intro
n 

2.92 2.88E-06 
CEP295 N-terminal like [Source:HGNC 
Symbol;Acc:HGNC:44659] 

ENST00000474396 GPR146-204 lncRNA 2.92 7.69E-04 
G protein-coupled receptor 146 
[Source:HGNC 
Symbol;Acc:HGNC:21718] 

ENST00000494134 
RN7SL653P-
201 

misc_RNA 2.93 3.95E-02 
RNA, 7SL, cytoplasmic 653, 
pseudogene [Source:HGNC 
Symbol;Acc:HGNC:46669] 

ENST00000400376 TTYH3-202 
protein_codin
g 

2.93 1.63E-09 
tweety family member 3 [Source:HGNC 
Symbol;Acc:HGNC:22222] 

ENST00000581792 MIR3648-2-201 miRNA 2.93 2.92E-04 
microRNA 3648-2 [Source:HGNC 
Symbol;Acc:HGNC:50843] 

ENST00000568399 RSRP1-218 lncRNA 2.94 6.39E-03 
arginine and serine rich protein 1 
[Source:HGNC 
Symbol;Acc:HGNC:25234] 

ENST00000455552 PTMAP1-205 
processed_ps
eudogene 

2.94 1.87E-03 
prothymosin alpha pseudogene 1 
[Source:HGNC 
Symbol;Acc:HGNC:9624] 

ENST00000635859 DNM1-218 lncRNA 2.94 2.35E-09 
dynamin 1 [Source:HGNC 
Symbol;Acc:HGNC:2972] 

ENST00000589397 
AC002398.1-
201 

lncRNA 2.95 2.65E-09 novel transcript 

ENST00000494918 GOSR1-209 
retained_intro
n 

2.96 1.45E-04 
golgi SNAP receptor complex member 1 
[Source:HGNC 
Symbol;Acc:HGNC:4430] 
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ENST00000582772 MSI2-216 lncRNA 2.97 1.49E-03 
musashi RNA binding protein 2 
[Source:HGNC 
Symbol;Acc:HGNC:18585] 

ENST00000562466 
AC092720.1-
201 

lncRNA 2.97 1.13E-06 novel transcript 

ENST00000480095 
RN7SL698P-
201 

misc_RNA 2.98 1.82E-03 
RNA, 7SL, cytoplasmic 698, 
pseudogene [Source:HGNC 
Symbol;Acc:HGNC:46714] 

ENST00000563593 
AC120498.1-
201 

lncRNA 3.00 8.67E-04 novel transcript, antisense to CACNA1H 

ENST00000423240 HSPB1P1-201 
processed_ps
eudogene 

3.02 1.07E-02 

heat shock protein family B (small) 
member 1 pseudogene 1 
[Source:HGNC 
Symbol;Acc:HGNC:5251] 

ENST00000609620 
SNORD91A-
202 

snoRNA 3.02 3.37E-03 
small nucleolar RNA, C/D box 91A 
[Source:HGNC 
Symbol;Acc:HGNC:32752] 

ENST00000416167 IGF2-205 
protein_codin
g 

3.04 1.37E-20 
insulin like growth factor 2 
[Source:HGNC 
Symbol;Acc:HGNC:5466] 

ENST00000420909 HIP1-203 
protein_codin
g 

3.07 7.58E-03 
huntingtin interacting protein 1 
[Source:HGNC 
Symbol;Acc:HGNC:4913] 

ENST00000583440 MIR3174-201 miRNA 3.07 1.78E-02 
microRNA 3174 [Source:HGNC 
Symbol;Acc:HGNC:38264] 

ENST00000390220 MIR760-201 miRNA 3.15 4.93E-02 
microRNA 760 [Source:HGNC 
Symbol;Acc:HGNC:33666] 

ENST00000591472 SEPT9-238 
protein_codin
g 

3.15 5.62E-07 
septin 9 [Source:HGNC 
Symbol;Acc:HGNC:7323] 

ENST00000582841 
AC127024.3-
201 

lncRNA 3.15 2.29E-04 novel transcript 

ENST00000387449 MT-TS2-201 Mt_tRNA 3.19 2.78E-12 
mitochondrially encoded tRNA-Ser 
(AGU/C) 2 [Source:HGNC 
Symbol;Acc:HGNC:7498] 

ENST00000574139 ABR-225 
protein_codin
g 

3.20 7.74E-08 
ABR activator of RhoGEF and GTPase 
[Source:HGNC Symbol;Acc:HGNC:81] 

ENST00000625100 
AC007787.2-
201 

TEC 3.24 6.56E-03 TEC 

ENST00000421194 
AL590627.1-
203 

transcribed_pr
ocessed_pse
udogene 

3.25 3.71E-04 forkhead box H1 (FOXH1) pseudogene 

ENST00000505338 SLC2A13-204 
retained_intro
n 

3.25 4.93E-02 
solute carrier family 2 member 13 
[Source:HGNC 
Symbol;Acc:HGNC:15956] 

ENST00000569468 
AC105036.2-
201 

unprocessed_
pseudogene 

3.27 6.01E-03 
microtubule associated serine/threonine 
kinase 2 (MAST2) pseudogene 

ENST00000498244 SLC22A18-212 
retained_intro
n 

3.29 1.02E-02 
solute carrier family 22 member 18 
[Source:HGNC 
Symbol;Acc:HGNC:10964] 

ENST00000492020 CAMK2G-214 lncRNA 3.33 5.36E-03 
calcium/calmodulin dependent protein 
kinase II gamma [Source:HGNC 
Symbol;Acc:HGNC:1463] 

ENST00000615609 
RF00017.66-
201 

misc_RNA 3.39 2.65E-03 0 

ENST00000458354 PNCK-216 
protein_codin
g 

3.40 4.51E-05 
pregnancy up-regulated nonubiquitous 
CaM kinase [Source:HGNC 
Symbol;Acc:HGNC:13415] 

ENST00000397787 
COL18A1-AS1-
201 

lncRNA 3.41 7.47E-17 
COL18A1 antisense RNA 1 
[Source:HGNC 
Symbol;Acc:HGNC:23132] 

ENST00000363424 RF00340.1-201 snoRNA 3.44 1.58E-03 0 

ENST00000447103 FSCN1-204 
protein_codin
g 

3.45 7.62E-10 
fascin actin-bundling protein 1 
[Source:HGNC 
Symbol;Acc:HGNC:11148] 

ENST00000579667 MIR3619-201 miRNA 3.46 1.72E-03 
microRNA 3619 [Source:HGNC 
Symbol;Acc:HGNC:38998] 

ENST00000625598 
FP236383.2-
201 

lncRNA 3.48 2.89E-03 
novel transcript, similar to YY1 
associated myogenesis RNA 1 YAM1 

ENST00000465886 MICAL3-209 lncRNA 3.50 1.30E-03 

microtubule associated 
monooxygenase, calponin and LIM 
domain containing 3 [Source:HGNC 
Symbol;Acc:HGNC:24694] 

ENST00000415656 
AC091729.2-
201 

lncRNA 3.54 8.55E-04 novel transcript 

ENST00000384899 MIR641-201 miRNA 3.54 3.36E-03 
microRNA 641 [Source:HGNC 
Symbol;Acc:HGNC:32897] 

ENST00000619471 
RNA5-8SN1-
201 

rRNA 3.57 1.33E-02 
RNA, 5.8S ribosomal N1 [Source:HGNC 
Symbol;Acc:HGNC:53517] 
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ENST00000526416 PLEC-209 
protein_codin
g 

3.58 6.42E-04 
plectin [Source:HGNC 
Symbol;Acc:HGNC:9069] 

ENST00000606947 
HDAC2-AS2-
218 

lncRNA 3.62 7.16E-04 
HDAC2 and HS3ST5 antisense RNA 2 
[Source:HGNC 
Symbol;Acc:HGNC:43590] 

ENST00000637662 EHMT1-245 lncRNA 3.64 2.93E-03 
euchromatic histone lysine 
methyltransferase 1 [Source:HGNC 
Symbol;Acc:HGNC:24650] 

ENST00000587649 UBALD1-203 
protein_codin
g 

3.65 2.07E-05 
UBA like domain containing 1 
[Source:HGNC 
Symbol;Acc:HGNC:29576] 

ENST00000477214 NOTUM-203 
protein_codin
g 

3.67 2.36E-13 
notum, palmitoleoyl-protein 
carboxylesterase [Source:HGNC 
Symbol;Acc:HGNC:27106] 

ENST00000621667 MIR941-5-201 miRNA 3.71 5.63E-04 
microRNA 941-5 [Source:HGNC 
Symbol;Acc:HGNC:50845] 

ENST00000492187 LHPP-208 lncRNA 3.74 1.44E-02 

phospholysine phosphohistidine 
inorganic pyrophosphate phosphatase 
[Source:HGNC 
Symbol;Acc:HGNC:30042] 

ENST00000576364 BAIAP2-226 lncRNA 3.77 3.62E-03 
BAI1 associated protein 2 
[Source:HGNC Symbol;Acc:HGNC:947] 

ENST00000527021 
AP006621.4-
201 

lncRNA 3.78 8.68E-07 novel transcript, antisense to EPS8L2 

ENST00000627981 
FP236383.3-
201 

lncRNA 3.80 7.56E-07 
novel transcript, similar to YY1 
associated myogenesis RNA 1 YAM1 

ENST00000591009 FBXL12-211 
protein_codin
g 

3.84 2.56E-04 
F-box and leucine rich repeat protein 12 
[Source:HGNC 
Symbol;Acc:HGNC:13611] 

ENST00000533346 NUP98-220 
protein_codin
g 

4.05 2.35E-03 
nucleoporin 98 [Source:HGNC 
Symbol;Acc:HGNC:8068] 

ENST00000528401 ZC3H3-202 
protein_codin
g 

4.07 9.87E-05 
zinc finger CCCH-type containing 3 
[Source:HGNC 
Symbol;Acc:HGNC:28972] 

ENST00000529566 TSPAN4-218 
retained_intro
n 

4.12 1.20E-04 
tetraspanin 4 [Source:HGNC 
Symbol;Acc:HGNC:11859] 

ENST00000614492 
FP671120.1-
201 

miRNA 4.15 4.23E-17 0 

ENST00000387439 MT-TR-201 Mt_tRNA 4.41 1.06E-05 
mitochondrially encoded tRNA-Arg 
(CGN) [Source:HGNC 
Symbol;Acc:HGNC:7496] 

ENST00000608521 
MIR663AHG-
229 

lncRNA 4.57 1.29E-07 
MIR663A host gene [Source:HGNC 
Symbol;Acc:HGNC:27662] 

ENST00000615130 RF01518.8-201 misc_RNA 10.45 NA 0 

ENST00000465768 SAMM50-202 lncRNA 16.95 9.25E-09 
SAMM50 sorting and assembly 
machinery component [Source:HGNC 
Symbol;Acc:HGNC:24276] 
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Appendix Table 4.10 Gene Ontology analysis (GO) of sMVs and sMB-Rs 

(positive enrichment score indicates enriched GO terms in sMB-Rs, negative 

enrichment score indicates enriched GO terms in sMVs) 

ID Description Normalised enrichment score pvalue rank 

GO:0098798 mitochondrial protein complex 1.97 0.00110 45 

GO:0044455 mitochondrial membrane part 2.25 0.00113 45 

GO:0098800 inner mitochondrial membrane protein complex 2.46 0.00120 45 

GO:0070469 respiratory chain 2.68 0.00126 108 

GO:1990204 oxidoreductase complex 2.53 0.00126 54 

GO:0098803 respiratory chain complex 2.66 0.00128 45 

GO:0005746 mitochondrial respiratory chain 2.48 0.00130 45 

GO:0005743 mitochondrial inner membrane 1.61 0.00628 177 

GO:0098984 neuron to neuron synapse 1.62 0.00653 1148 

GO:0098796 membrane protein complex 1.48 0.00705 744 

GO:0000786 nucleosome -2.58 0.00746 1436 

GO:0044815 DNA packaging complex -2.52 0.00769 1436 

GO:0044391 ribosomal subunit -1.79 0.00917 742 

GO:0044448 cell cortex part 1.72 0.01090 727 

GO:0044456 synapse part 1.45 0.01113 955 

GO:0032993 protein-DNA complex -2.05 0.01205 1437 

GO:0014069 postsynaptic density 1.56 0.01425 711 

GO:0099572 postsynaptic specialization 1.60 0.01522 711 

GO:0015934 large ribosomal subunit -1.67 0.01734 673 

GO:0032279 asymmetric synapse 1.56 0.01745 711 

GO:0019866 organelle inner membrane 1.48 0.01765 177 
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Appendix Table 4.11 RNA-binding proteins that might bind to lncRNA 

and pseudogene transcripts in Exos, sMVs and sMB-Rs derived from 

SW480 and SW620 cells  

Protein Accession 
(UniProt) Protein description Gene name 

Q86V81 THO complex subunit 4  ALYREF* 

E9PID8 Cleavage stimulation factor subunit 2 CSTF2* 

A0A0D9SFB3 ATP-dependent RNA helicase DDX3X DDX3X* 

Q8TDD1 ATP-dependent RNA helicase DDX54  DDX54* 

Q08211 ATP-dependent RNA helicase A  DHX9* 

Q15717 ELAV-like protein 1  ELAVL1* 

P35637 RNA-binding protein FUS  FUS* 

F8W6I7 Heterogeneous nuclear ribonucleoprotein A1 HNRNPA1* 

P22626 Heterogeneous nuclear ribonucleoproteins A2/B1  HNRNPA2B1* 

G3V576 Heterogeneous nuclear ribonucleoproteins C1/C2 HNRNPC* 

P61978 Heterogeneous nuclear ribonucleoprotein K HNRNPK* 

P52272 Heterogeneous nuclear ribonucleoprotein M  HNRNPM* 

Q9NZI8 Insulin-like growth factor 2 mRNA-binding protein 1  IGF2BP1* 

F8W930 Insulin-like growth factor 2 mRNA-binding protein 2 IGF2BP2* 

O00425 Insulin-like growth factor 2 mRNA-binding protein 3  IGF2BP3* 

J3KTL2 Serine/arginine-rich-splicing factor 1  SRSF1* 

Q92804 TATA-binding protein-associated factor 2N  TAF15* 

Q13148 TAR DNA-binding protein 43  TARDBP* 

K7ENG2 Splicing factor U2AF 65 kDa subunit U2AF2* 

Q8WYQ5 Microprocessor complex subunit DGCR8 DGCR8 

Q06787 Fragile X mental retardation protein 1 homolog FMR1 

Q6ZN17 Protein lin-28 homolog B LIN28B 

Q86U44 Methyltransferase-like protein 3 METTL3 

Q9HCE1 Moloney leukemia virus 10 protein MOV10 

O43251 RNA binding protein fox-1 homolog 2 RBFOX2 

Q96MU7 YTH domain-containing protein 1  YTHDC1 

Q15007 Pre-mRNA-splicing regulator WTAP WTAP 

*proteins co-identified in proteome of Exos, sMVs and sMB-Rs 
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Appendix Table 4.12 Gene ontology analysis of RBPs (ENCORI database) 

that might bind to lncRNA and pseudogenic transcripts  

term_id term_name adjusted_p_value intersections 

GO:0005654 nucleoplasm 2.05E-11 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,LIN28B,METTL
3,RBFOX2,SRSF1,TAF15,TARDBP,U
2AF2,WTAP,YTHDC1 

GO:1990904 ribonucleoprotein complex 2.06E-11 

DDX3X,DHX9,ELAVL1,FMR1,FUS,HN
RNPA1,HNRNPA2B1,HNRNPC,HNR
NPK,HNRNPM,IGF2BP1,SRSF1,TAR
DBP,U2AF2 

GO:0010494 cytoplasmic stress granule 8.29E-10 
DDX3X,ELAVL1,FMR1,HNRNPK,IGF2
BP1,MOV10,TARDBP 

GO:0031981 nuclear lumen 1.24E-09 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,LIN28B,METTL
3,RBFOX2,SRSF1,TAF15,TARDBP,U
2AF2,WTAP,YTHDC1 

GO:0005634 nucleus 3.13E-09 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,IGF2BP2,IGF2B
P3,LIN28B,METTL3,MOV10,RBFOX2,
SRSF1,TAF15,TARDBP,U2AF2,WTA
P,YTHDC1 

GO:0036464 
cytoplasmic 
ribonucleoprotein granule 

1.27E-07 
DDX3X,DHX9,ELAVL1,FMR1,HNRNP
K,IGF2BP1,MOV10,TARDBP 

GO:0031974 membrane-enclosed lumen 1.55E-07 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,LIN28B,METTL
3,RBFOX2,SRSF1,TAF15,TARDBP,U
2AF2,WTAP,YTHDC1 

GO:0070013 intracellular organelle lumen 1.55E-07 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,LIN28B,METTL
3,RBFOX2,SRSF1,TAF15,TARDBP,U
2AF2,WTAP,YTHDC1 

GO:0043233 organelle lumen 1.55E-07 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,LIN28B,METTL
3,RBFOX2,SRSF1,TAF15,TARDBP,U
2AF2,WTAP,YTHDC1 

GO:0035770 ribonucleoprotein granule 1.80E-07 
DDX3X,DHX9,ELAVL1,FMR1,HNRNP
K,IGF2BP1,MOV10,TARDBP 

GO:0071013 catalytic step 2 spliceosome 3.81E-07 
HNRNPA1,HNRNPA2B1,HNRNPC,H
NRNPK,HNRNPM,SRSF1 

GO:0016604 nuclear body 9.90E-07 
ALYREF,DHX9,FMR1,HNRNPA2B1,H
NRNPM,METTL3,SRSF1,TARDBP,U2
AF2,WTAP,YTHDC1 

GO:0005681 spliceosomal complex 1.50E-06 
HNRNPA1,HNRNPA2B1,HNRNPC,H
NRNPK,HNRNPM,SRSF1,U2AF2 

GO:0043231 
intracellular membrane-
bounded organelle 

1.24E-04 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,IGF2BP2,IGF2B
P3,LIN28B,METTL3,MOV10,RBFOX2,
SRSF1,TAF15,TARDBP,U2AF2,WTA
P,YTHDC1 
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GO:0016607 nuclear speck 2.48E-04 
ALYREF,METTL3,SRSF1,TARDBP,U
2AF2,WTAP,YTHDC1 

GO:0019034 viral replication complex 2.52E-03 FMR1,MOV10 

GO:1902494 catalytic complex 2.59E-03 
DGCR8,DHX9,HNRNPA1,HNRNPA2B
1,HNRNPC,HNRNPK,HNRNPM,METT
L3,SRSF1,WTAP 

GO:0044094 host cell nuclear part 4.19E-03 FMR1,MOV10 

GO:0005726 perichromatin fibrils 4.19E-03 DHX9,TARDBP 

GO:0043227 
membrane-bounded 
organelle 

4.77E-03 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,IGF2BP2,IGF2B
P3,LIN28B,METTL3,MOV10,RBFOX2,
SRSF1,TAF15,TARDBP,U2AF2,WTA
P,YTHDC1 

GO:0070937 
CRD-mediated mRNA 
stability complex 

6.28E-03 DHX9,IGF2BP1 

GO:0043229 intracellular organelle 7.01E-03 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,IGF2BP2,IGF2B
P3,LIN28B,METTL3,MOV10,RBFOX2,
SRSF1,TAF15,TARDBP,U2AF2,WTA
P,YTHDC1 

GO:0042025 host cell nucleus 8.78E-03 FMR1,MOV10 

GO:0036396 
RNA N6-methyladenosine 
methyltransferase complex 

1.17E-02 METTL3,WTAP 

GO:0045293 mRNA editing complex 1.17E-02 METTL3,WTAP 

GO:0032991 protein-containing complex 1.25E-02 

CSTF2T,DDX3X,DGCR8,DHX9,ELAV
L1,FMR1,FUS,HNRNPA1,HNRNPA2B
1,HNRNPC,HNRNPK,HNRNPM,IGF2
BP1,METTL3,SRSF1,TARDBP,U2AF2
,WTAP 

GO:0033648 
host intracellular membrane-
bounded organelle 

1.50E-02 FMR1,MOV10 

GO:0033647 host intracellular organelle 1.50E-02 FMR1,MOV10 

GO:0005844 polysome 3.11E-02 DHX9,FMR1,FUS 

GO:0043226 organelle 4.85E-02 

ALYREF,CSTF2T,DDX3X,DDX54,DG
CR8,DHX9,ELAVL1,FMR1,FUS,HNR
NPA1,HNRNPA2B1,HNRNPC,HNRNP
K,HNRNPM,IGF2BP1,IGF2BP2,IGF2B
P3,LIN28B,METTL3,MOV10,RBFOX2,
SRSF1,TAF15,TARDBP,U2AF2,WTA
P,YTHDC1 

 

  



322 

Appendix Table 4.13 Fusion genes from cell lysate, Exos, sMVs and sMB-

Rs derived from SW480 and SW620 cells 

Fusiongene_name 
SW480
_Cell 

SW620
_Cell 

SW480-
Exos 

SW620-
Exos 

SW480-
sMVs 

SW620-
sMVs 

SW480-
sMB-Rs 

SW620-
sMB-Rs 

PLAGL1-MSH2 0.00 0.00 235.67 1555.33 602.33 2803.00 8661.33 17079.67 

CDK6-VWC2 0.00 0.00 1016.00 334.67 599.33 159.67 10832.00 1856.00 

METRNL-MSH2 0.00 0.00 121.00 486.00 218.67 904.00 3494.33 5448.33 

HNRPLL-MSH2 0.00 0.00 48.33 309.33 151.67 736.33 1937.33 4384.67 

XYLT1-MSH2 0.00 0.00 40.33 225.67 128.33 452.33 2096.33 3228.00 

DNAJC1-MSH2 6.00 0.00 32.33 334.00 42.67 185.67 1242.67 4269.00 

CDK6-NAT8L 0.00 0.00 0.00 209.67 0.00 0.00 5686.00 0.00 

WDR62-ARL4C 0.00 0.00 57.00 129.33 170.67 354.00 1239.33 2242.33 

MZT2B-CCDC160 0.00 0.00 26.00 91.33 88.00 208.00 1392.33 1727.00 

WDR62-SSX2IP 5.00 0.00 45.67 102.33 130.00 292.00 1153.67 1665.67 

PIP4K2B-MMP15 0.00 0.00 40.00 135.00 170.00 66.67 1254.33 1540.67 

CACNA1B-MSH2 0.00 0.00 12.00 44.67 69.33 237.00 764.00 1341.00 

WDR62-HABP4 0.00 0.00 20.67 58.67 68.00 146.33 787.33 1117.00 

PIP4K2B-WDR62 0.00 0.00 51.33 78.00 65.67 152.33 847.33 782.00 

MZT2B-RNF214 0.00 0.00 0.00 10.67 14.67 27.33 857.00 1048.33 

FHL3-CCDC160 0.00 0.00 29.00 57.33 88.33 166.00 708.33 832.00 

MZT2B-SLC8A2 0.00 0.00 25.00 53.00 56.33 127.33 557.33 717.67 

GNE-SMPD4 0.00 0.00 19.67 61.00 34.00 65.00 562.67 705.67 

GNE-ARL4C 0.00 0.00 0.00 22.67 0.00 41.33 565.33 806.33 

RAB12-VWC2 0.00 0.00 9.67 99.67 32.67 35.00 383.33 850.33 

RAB12-NAT8L 0.00 0.00 11.33 137.00 42.67 37.67 262.33 896.00 

C16orf52-NOS1AP 0.00 0.00 5.33 152.33 37.67 61.33 158.33 912.33 

KIAA1217-MSH2 0.00 0.00 4.67 59.67 22.67 99.00 336.00 593.00 

PIP4K2B-GNE 0.00 0.00 7.67 49.00 36.00 55.67 322.33 639.67 

C16orf52-LOXL4 0.00 0.00 0.00 102.67 18.67 58.67 142.67 780.33 

ATP2C1-
ANKDD1B 

59.00 21.67 9.33 31.33 26.00 83.33 341.67 493.00 

LHFPL2-MSH2 0.00 0.00 9.33 42.33 23.67 85.67 347.00 479.67 

FHL3-SLC8A2 0.00 0.00 17.67 32.67 42.33 99.00 285.67 383.67 

ATXN7-SLC8A2 0.00 0.00 7.33 30.33 39.00 100.67 300.00 362.00 

RRBP1-CAMK1D 8.00 0.00 92.67 37.67 149.33 34.00 197.67 307.67 

RRBP1-NANS 8.00 0.00 92.67 37.33 149.33 34.00 198.00 306.67 

PIP4K2B-ADRBK2 0.00 0.00 7.00 23.67 37.00 61.67 320.67 361.33 

SFXN3-CAMK1D 20.33 0.00 30.33 83.00 0.00 59.00 466.00 110.33 

SFXN3-NANS 20.00 0.00 30.33 83.00 0.00 59.00 466.00 110.00 

ADD3-MAFK 0.00 0.00 144.00 9.67 8.00 0.00 464.33 100.33 

RAB12-FMNL1 0.00 0.00 0.00 61.00 10.67 14.00 139.33 490.33 

FHL3-RNF214 0.00 0.00 11.67 25.67 13.00 26.00 467.00 129.00 

ATXN7-CCDC160 0.00 0.00 3.67 16.00 22.67 51.00 279.00 294.33 

GNE-HABP4 0.00 0.00 14.00 29.33 22.00 42.67 247.33 290.67 

GNE-SSX2IP 0.00 0.00 6.67 13.00 0.00 18.00 198.33 391.00 

EHMT1-MSH2 0.00 0.00 0.00 21.00 9.00 65.67 185.33 335.33 

GRINA-C16orf52 0.00 0.00 12.67 13.00 13.00 23.67 405.00 142.00 

B3GNT4-MSH2 0.00 0.00 0.00 84.00 182.00 5.00 79.67 256.00 
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DNAJC1-LHFPL2 7.67 0.00 28.00 14.00 30.67 5.00 253.67 262.00 

RARA-ARL4C 0.00 0.00 30.00 18.00 35.00 79.67 216.00 185.33 

MZT2B-RNF126 0.00 0.00 0.00 11.00 13.00 21.67 290.67 210.00 

RNF135-SEPHS1 0.00 0.00 3.67 28.33 13.00 33.67 190.33 267.67 

TGFBR3L-PGP 0.00 0.00 0.00 31.33 0.00 30.33 98.67 354.00 

FHL3-RNF126 0.00 0.00 9.33 13.33 19.33 27.67 265.67 167.33 

PIP4K2B-TRIM39 0.00 0.00 0.00 17.33 0.00 22.67 88.00 373.00 

RAB12-TGFBR3L 0.00 0.00 4.33 20.67 10.00 22.00 242.00 158.33 

COX20-ZC3H4 0.00 0.00 0.00 23.33 14.00 26.00 157.67 221.33 

RAB12-PLXNC1 0.00 0.00 5.67 57.33 17.33 17.00 109.00 233.67 

B3GNT4-LHFPL2 0.00 0.00 49.67 34.00 115.00 44.33 79.33 110.33 

PLEKHG5-ARL4C 0.00 0.00 0.00 7.67 8.33 26.67 176.67 189.67 

COX20-ELOVL1 0.00 0.00 0.00 21.33 0.00 25.00 177.00 184.33 

OPN3-CHML 51.00 93.67 34.67 51.67 35.67 48.00 35.33 40.67 

PTMS-ATXN7 0.00 0.00 14.67 4.33 0.00 11.33 288.33 66.00 

RARA-METRNL 0.00 0.00 8.00 11.33 23.33 20.00 166.33 122.67 

MX1-ZC3H4 0.00 0.00 0.00 25.33 0.00 15.67 101.00 201.67 

DLG3-MAFK 0.00 0.00 64.33 0.00 13.00 0.00 218.67 45.33 

SPPL3-C16orf52 0.00 0.00 7.67 9.67 0.00 5.00 236.00 82.33 

B3GNT4-
KIAA1217 

0.00 0.00 29.67 28.00 53.00 15.00 6.00 205.67 

LOC284801-
AP1M1 

38.00 22.33 3.67 11.67 6.67 44.33 79.00 128.67 

C1QTNF4-HABP4 0.00 0.00 0.00 4.33 4.67 18.00 155.67 146.00 

TGFBR3L-TCF15 0.00 0.00 0.00 31.33 0.00 20.00 66.67 207.67 

RARA-SSX2IP 0.00 0.00 16.00 5.67 12.67 28.67 150.67 110.33 

NFKBIL1-MAP2K2 0.00 0.00 4.33 29.33 4.33 10.00 57.00 218.67 

TCF15-SEMA3C 0.00 0.00 0.00 33.33 0.00 20.33 50.33 215.33 

PLEKHG5-SSX2IP 0.00 0.00 0.00 8.33 10.33 14.00 148.33 137.00 

B3GNT4-PLAGL1 8.33 0.00 12.33 26.33 65.00 7.33 59.67 135.00 

HRK-MAP2K2 0.00 0.00 9.33 8.67 4.67 8.67 192.33 88.00 

HRK-IRX2 0.00 0.00 0.00 12.67 0.00 7.00 119.00 156.33 

JA668105,ANKRD
30BL-RCAN2 

32.00 0.00 0.00 5.67 0.00 20.33 45.67 189.67 

ETNK2-IRX2 0.00 0.00 0.00 8.67 0.00 10.00 169.33 99.00 

ANKRD30BL-
RCAN2 

24.67 48.67 6.33 12.67 19.67 31.67 53.00 87.00 

MX1-ELOVL1 0.00 0.00 0.00 21.33 0.00 21.67 84.33 153.33 

C1QTNF4-ARL4C 0.00 0.00 7.00 5.33 6.00 0.00 232.67 24.00 

PRPSAP2-TNPO2 0.00 0.00 0.00 0.00 14.33 34.33 110.67 112.33 

PLAGL1-PPFIA3 0.00 0.00 5.00 10.33 9.00 19.00 160.67 67.00 

AKAP13-PDE8A 30.00 23.33 28.67 58.33 31.67 42.00 31.00 22.33 

RBM42-C16orf52 0.00 0.00 3.67 0.00 0.00 0.00 204.67 49.67 

COX20-PTMS 0.00 0.00 0.00 12.33 10.67 6.67 116.00 110.67 

LOC100130000-
LINC00623 

0.00 21.00 28.33 53.33 31.33 44.33 28.67 42.67 

C16orf52-
PPP1R36 

0.00 0.00 0.00 26.33 3.67 8.67 31.00 171.00 

HNRNPU-CDK6 0.00 0.00 0.00 11.33 0.00 17.67 48.33 160.67 

B3GNT4-XYLT1 0.00 0.00 19.67 16.67 18.33 7.33 127.00 44.33 

PLEKHG5-SMPD4 0.00 0.00 0.00 7.67 8.00 10.00 171.67 34.00 

PDS5A-NOS1AP 0.00 0.00 0.00 16.67 0.00 7.33 24.00 181.33 
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HNRNPU-
B3GALT6 

0.00 0.00 0.00 3.67 0.00 8.33 52.33 158.67 

PPP1R13L-IRX2 0.00 0.00 0.00 0.00 3.67 0.00 163.00 52.33 

PLEKHG5-HABP4 0.00 0.00 0.00 0.00 0.00 4.00 118.00 92.00 

MX1-PTMS 0.00 0.00 0.00 17.33 0.00 4.67 78.00 111.33 

WDR62-MMP15 0.00 0.00 0.00 8.00 11.67 20.33 71.00 95.67 

SFXN3-FHL3 5.00 0.00 0.00 12.67 29.33 9.33 71.33 76.00 

BROX-AK025140 46.67 41.33 19.67 20.67 24.33 23.33 8.33 8.00 

ATXN7-C1orf115 0.00 0.00 0.00 43.33 6.67 4.00 15.33 120.00 

MX1-SIM2 0.00 0.00 0.00 29.33 0.00 13.33 12.67 132.33 

TRIO-YY1 0.00 0.00 0.00 0.00 0.00 5.67 0.00 177.67 

TRIO-LOC441204 9.33 0.00 5.67 0.00 0.00 3.67 124.00 40.00 
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Appendix Table 4.14 Differential transcript expression analysis of 

SW480-EVs and SW620-EVs (negative log2foldchange indicates enriched 

transcripts in SW480-EVs, positive log2foldchange indicates enriched 

transcripts in SW620-EVs) 

Transcript ID 
Transcript 
name 

Transcript 
biotypes 

log2Fold 
change 

pvalue Description 

ENST00000531559 
LINC02547-
201 

lncRNA 4.33 1.65E-50 
metastasis associated lung 
adenocarcinoma transcript 1  

ENST00000563414 ADGRG1-222 protein_coding 4.23 4.20E-06 microRNA 6859-1  

ENST00000602632 UBE2E3-208 protein_coding 4.18 2.24E-06 MET transcriptional regulator MACC1  

ENST00000552826 
LINC02588-
204 

lncRNA 4.10 7.54E-08 MT-ND2 pseudogene 28  

ENST00000490100 POU2F1-210 retained_intron 4.08 2.65E-05 MT-CO1 pseudogene 12  

ENST00000635931 ALG13-238 lncRNA 4.03 8.71E-06 MT-ATP6 pseudogene 1  

ENST00000260227 MMP7-201 protein_coding 3.98 1.23E-11 
KCNQ1 opposite strand/antisense 
transcript 1  

ENST00000431455 
AC017048.2-
201 

lncRNA 3.94 1.38E-06 
NOC2 like nucleolar associated 
transcriptional repressor  

ENST00000318426 
LINC01559-
201 

lncRNA 3.93 7.77E-93 SRY-box 4  

ENST00000648428 
LINC00511-
238 

lncRNA 3.71 9.20E-07 SRY-box 2  

ENST00000588803 
AC009271.1-
202 

lncRNA 3.68 7.69E-05 agrin  

ENST00000363519 
RNU6-509P-
201 

snRNA 3.67 1.15E-04 
splicing factor proline and glutamine 
rich  

ENST00000523716 CALB1-211 protein_coding 3.64 4.99E-06 FUS RNA binding protein  

ENST00000511417 
LINC02144-
201 

lncRNA 3.64 7.29E-06 SMAD family member 6  

ENST00000483237 KHDC4-209 lncRNA 3.62 1.19E-04 matrix metallopeptidase 7  

ENST00000515142 
AC112206.4-
201 

processed_pse
udogene 

3.61 1.51E-08 cyclin D1  

ENST00000636856 GRIN2B-207 lncRNA 3.60 6.88E-04 CD8b2 molecule  

ENST00000461918 APLP2-205 retained_intron 3.60 2.18E-06 microRNA 429  

ENST00000362165 MIR103A1-201 miRNA 3.60 1.10E-03 novel transcript 

ENST00000556200 PRC1-AS1-202 lncRNA 3.58 9.22E-06 Wnt family member 9A  

ENST00000606105 
AC091946.2-
201 

lncRNA 3.57 3.14E-04 notch receptor 2  

ENST00000442496 MFNG-207 protein_coding 3.55 5.92E-10 ubiquitin conjugating enzyme E2 J2  

ENST00000623500 
AC022140.2-
201 

TEC 3.55 6.22E-04 
ArfGAP with coiled-coil, ankyrin repeat 
and PH domains 3  

ENST00000365488 
RNU6-652P-
201 

snRNA 3.55 7.61E-04 
ArfGAP with coiled-coil, ankyrin repeat 
and PH domains 3  

ENST00000363105 
RN7SKP243-
201 

misc_RNA 3.53 3.94E-04 
ArfGAP with coiled-coil, ankyrin repeat 
and PH domains 3  

ENST00000572036 
AC127496.5-
202 

lncRNA 3.53 1.63E-08 integrator complex subunit 11  

ENST00000480950 FTCD-208 lncRNA 3.53 1.52E-03 novel transcript 

ENST00000484398 CAB39-205 lncRNA 3.51 1.56E-04 TIMP metallopeptidase inhibitor 3  

ENST00000516973 
RNU6-341P-
201 

snRNA 3.50 1.78E-04 APC down-regulated 1  

ENST00000463821 
RN7SL168P-
201 

misc_RNA 3.49 2.14E-06 dishevelled segment polarity protein 1  

ENST00000566062 SUB1P4-201 
processed_pse
udogene 

3.48 4.46E-04 
apoptosis antagonizing transcription 
factor  

ENST00000471679 TBC1D5-223 lncRNA 3.47 3.50E-03 epidermal growth factor receptor  

ENST00000604995 
AL353807.4-
201 

processed_pse
udogene 

3.45 1.53E-05 novel transcript 

ENST00000510214 OR51K1P-201 
unprocessed_p
seudogene 

3.42 1.85E-16 APC down-regulated 1  
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ENST00000516217 
RNU6-1262P-
201 

snRNA 3.41 5.05E-04 
ATPase family AAA domain containing 
3B  

ENST00000427881 #N/A #N/A 3.41 7.19E-07 NEDD4 binding protein 3  

ENST00000437313 TSPAN32-205 
nonsense_med
iated_decay 

3.41 4.96E-12 ADAM metallopeptidase domain 19  

ENST00000418637 Z98742.3-201 
processed_pse
udogene 

3.40 1.67E-04 
NOTCH regulated ankyrin repeat 
protein  

ENST00000558749 
AC092868.2-
201 

lncRNA 3.37 2.17E-04 
ATPase family AAA domain containing 
3A  

ENST00000495070 ARHGEF2-216 protein_coding 3.37 2.24E-07 
SSU72 homolog, RNA polymerase II 
CTD phosphatase  

ENST00000566559 RIPOR1-214 protein_coding 3.37 1.80E-12 Wnt family member 6  

ENST00000461336 KCNIP3-204 lncRNA 3.36 1.86E-05 fibroblast growth factor 20  

ENST00000450055 
PRELID1P3-
201 

processed_pse
udogene 

3.36 5.25E-06 
polypeptide N-
acetylgalactosaminyltransferase 5  

ENST00000636167 DOCK7-224 lncRNA 3.35 6.37E-04 sphingolipid transporter 2  

ENST00000529858 AP2A2-218 lncRNA 3.34 4.27E-06 tubulin beta class I pseudogene 6  

ENST00000512888 SPON2-218 retained_intron 3.34 6.27E-29 
inositol 1,4,5-trisphosphate receptor 
type 2  

ENST00000502313 
HMGB1P21-
201 

processed_pse
udogene 

3.34 3.46E-07 hexokinase domain containing 1  

ENST00000539026 
LINC01559-
205 

lncRNA 3.32 3.66E-28 
interleukin 1 receptor associated 
kinase 2  

ENST00000453112 VOPP1-210 lncRNA 3.29 7.44E-05 G protein subunit beta 1  

ENST00000513453 SIL1-214 protein_coding 3.29 1.82E-03 
glucuronidase, beta (GUSB) 
pseudogene 

ENST00000507608 PPWD1-205 retained_intron 3.29 1.22E-07 
chromosome 9 open reading frame 
152  

ENST00000461944 NGEF-208 retained_intron 3.28 1.24E-05 protein kinase C zeta  

ENST00000516665 
RNU6-539P-
201 

snRNA 3.28 2.48E-04 protein kinase C zeta  

ENST00000480060 CCHCR1-213 lncRNA 3.27 4.37E-05 PRKCZ antisense RNA 1  

ENST00000529298 
AP002340.1-
201 

lncRNA 3.27 2.38E-03 PRKCZ antisense RNA 1  

ENST00000597717 
RF00017.57-
201 

misc_RNA 3.26 5.96E-03 S100 calcium binding protein P  

ENST00000434255 
AL023693.1-
201 

lncRNA 3.26 2.59E-03 
long intergenic non-protein coding 
RNA 1559  

ENST00000518498 TFF3-204 protein_coding 3.26 5.33E-45 
long intergenic non-protein coding 
RNA 1572  

ENST00000635619 
LINC01346-
203 

lncRNA 3.26 6.32E-05 arginine and glutamate rich 1  

ENST00000494355 TRAF5-207 lncRNA 3.25 5.00E-04 
novel transcript, sense intronic to 
MORN1 

ENST00000491186 
TCTEX1D2-
205 

lncRNA 3.23 1.16E-04 
retention in endoplasmic reticulum 
sorting receptor 1  

ENST00000623576 
AC011471.3-
201 

TEC 3.23 1.38E-03 peroxisomal biogenesis factor 10  

ENST00000495378 
AP002812.1-
201 

processed_pse
udogene 

3.23 5.86E-04 fyn related Src family tyrosine kinase  

ENST00000468602 MSH5-214 lncRNA 3.23 1.85E-06 T cell receptor beta constant 2  

ENST00000409905 
AC106876.1-
201 

lncRNA 3.22 4.33E-28 microRNA 4251  

ENST00000364447 RNU4-59P-201 snRNA 3.22 1.08E-02 
poly(ADP-ribose) glycohydrolase 
pseudogene 1  

ENST00000365074 RF00139.3-201 snoRNA 3.21 1.49E-06 
transport and golgi organization 6 
homolog  

ENST00000514406 CALB1-207 protein_coding 3.21 2.08E-08 
Rho guanine nucleotide exchange 
factor 16  

ENST00000624521 
AC090506.2-
201 

TEC 3.21 1.83E-03 novel transcript 

ENST00000565904 
AC009063.3-
201 

lncRNA 3.20 3.75E-04 microRNA 551a  

ENST00000408707 MIR1276-201 miRNA 3.20 5.72E-06 
WD repeat containing, antisense to 
TP73  

ENST00000365219 
RNU6-1306P-
201 

snRNA 3.19 2.10E-02 
general transcription factor IIi 
pseudogene 7  

ENST00000578836 
SNORA70D-
201 

snoRNA 3.19 3.04E-03 golgi glycoprotein 1  

ENST00000544277 ERC1-216 lncRNA 3.18 1.61E-03 centrosomal protein 104  

ENST00000426104 
AC126124.1-
201 

processed_pse
udogene 

3.18 5.33E-05 SHC adaptor protein 3  
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ENST00000446871 
CYP4F25P-
201 

unprocessed_p
seudogene 

3.18 9.89E-07 
pyruvate dehyrogenase phosphatase 
catalytic subunit 2  

ENST00000521373 
LINC01942-
201 

lncRNA 3.17 4.18E-08 
Putative beta-glucuronidase-like 
protein FLJ75287 pseudogene 

ENST00000412485 
LINC02154-
201 

lncRNA 3.17 2.55E-18 
chondroitin sulfate N-
acetylgalactosaminyltransferase 2  

ENST00000442753 
LINC02621-
201 

lncRNA 3.16 2.15E-08 TERF2 interacting protein  

ENST00000488093 MEST-216 retained_intron 3.16 2.22E-04 microRNA 4689  

ENST00000609126 ARHGEF2-219 lncRNA 3.16 1.34E-19 
general transcription factor IIi 
pseudogene 7  

ENST00000597045 
AC020908.3-
201 

lncRNA 3.15 1.38E-03 tensin 3  

ENST00000565442 CHD9-215 protein_coding 3.14 2.24E-10 
teratocarcinoma-derived growth factor 
1  

ENST00000391625 Z97192.1-201 lncRNA 3.14 1.70E-17 
chromosome 1 open reading frame 
115  

ENST00000557908 
AC021739.3-
201 

lncRNA 3.14 1.47E-09 splicing factor 3b subunit 3  

ENST00000558443 
AC091231.1-
201 

lncRNA 3.13 1.84E-07 opioid receptor delta 1  

ENST00000569407 
AC109597.2-
201 

lncRNA 3.13 4.38E-05 cingulin like 1  

ENST00000418471 
AL009181.1-
201 

lncRNA 3.13 5.02E-05 hes family bHLH transcription factor 2  

ENST00000590309 
AC004223.2-
201 

lncRNA 3.13 1.15E-04 tet methylcytosine dioxygenase 1  

ENST00000385283 MIR645-201 miRNA 3.13 6.00E-03 nucleolar protein 9  

ENST00000487254 DNAH1-205 retained_intron 3.12 1.26E-03 
RNA, U6 small nuclear 731, 
pseudogene  

ENST00000620068 MIR7854-201 miRNA 3.12 1.43E-04 leucine rich adaptor protein 1 like  

ENST00000259056 GALNT5-201 protein_coding 3.11 
1.41E-
148 

glucuronidase, beta (GUSB) 
pseudogene 

ENST00000584153 MIR4677-201 miRNA 3.11 5.13E-03 THAP domain containing 3  

ENST00000573448 RPH3AL-210 protein_coding 3.11 7.46E-03 forkhead box A3  

ENST00000565003 CMTM3-209 protein_coding 3.11 6.72E-05 
long intergenic non-protein coding 
RNA 1239  

ENST00000607372 
AL136985.2-
201 

lncRNA 3.11 9.37E-03 CAMTA1 divergent transcript  

ENST00000565768 MT1L-201 lncRNA 3.11 2.24E-27 zinc finger protein 775  

ENST00000637875 GRIN2B-209 lncRNA 3.10 9.66E-04 
coiled-coil domain containing 144C 
(CCDC144C) pseudogene 

ENST00000532841 
LINC01559-
204 

lncRNA 3.09 4.49E-11 jagged canonical Notch ligand 1  

ENST00000433903 KCNG1-203 protein_coding -5.87 2.78E-15 novel transcript 

ENST00000469484 
WNT5A-AS1-
201 

lncRNA -5.88 7.66E-16 H2B histone family member S  

ENST00000378075 LRRC10B-201 protein_coding -5.89 2.76E-19 
RNA, U1 small nuclear 106, 
pseudogene  

ENST00000552864 LIN7A-204 protein_coding -5.89 3.98E-60 pyridoxal kinase  

ENST00000267294 ZIC5-201 protein_coding -5.89 2.55E-45 pyridoxal kinase  

ENST00000528183 
AC010768.4-
201 

lncRNA -5.91 2.99E-15 pyridoxal kinase  

ENST00000537269 
MIR200CHG-
201 

lncRNA -5.94 1.38E-28 pyridoxal kinase  

ENST00000425678 
AC011747.1-
201 

lncRNA -5.95 9.66E-56 0 

ENST00000450938 
AL161630.1-
201 

lncRNA -5.96 5.05E-17 
1-acylglycerol-3-phosphate O-
acyltransferase 3  

ENST00000458420 CLSTN2-201 protein_coding -5.96 4.90E-91 platelet derived growth factor subunit A  

ENST00000263734 EPAS1-201 protein_coding -5.97 
8.98E-
162 

high mobility group box 1 pseudogene 
1  

ENST00000546835 
AC125603.2-
201 

lncRNA -5.97 2.27E-20 
1-acylglycerol-3-phosphate O-
acyltransferase 3  

ENST00000417157 SLC13A3-205 protein_coding -6.01 4.05E-16 
pregnancy up-regulated nonubiquitous 
CaM kinase  

ENST00000436942 
TCERG1L-
AS1-201 

lncRNA -6.01 1.49E-16 
angiotensin II receptor associated 
protein  

ENST00000297436 DEFA6-201 protein_coding -6.04 2.48E-16 stromal interaction molecule 2  

ENST00000606796 
AL096865.1-
201 

lncRNA -6.04 7.89E-16 
RNA, U5E small nuclear 4, 
pseudogene  
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ENST00000334232 EDARADD-201 protein_coding -6.07 3.59E-16 purine nucleoside phosphorylase  

ENST00000582531 
AP005209.1-
201 

lncRNA -6.11 7.60E-18 ladybird homeobox 2  

ENST00000396721 SDR16C5-202 protein_coding -6.14 6.85E-20 cyclin E2  

ENST00000482448 NSMF-209 protein_coding -6.15 4.80E-18 
novel transcript, antisense to RDH13 
and GP6 

ENST00000286201 FZD7-201 protein_coding -6.17 1.08E-57 TSPEAR antisense RNA 2  

ENST00000304698 FAM171B-201 protein_coding -6.17 
3.83E-
136 

long intergenic non-protein coding 
RNA 2522  

ENST00000438447 PDZD2-202 protein_coding -6.20 5.21E-95 ubiquitin conjugating enzyme E2 G2  

ENST00000529694 KCNJ5-202 protein_coding -6.23 
1.34E-
109 

PTTG1 interacting protein  

ENST00000376335 ZIC2-201 protein_coding -6.28 5.49E-46 inhibitor of growth family member 5  

ENST00000556405 
LINC02302-
201 

lncRNA -6.32 6.72E-19 PTTG1 interacting protein  

ENST00000319420 SHISA2-201 protein_coding -6.32 2.40E-29 
family with sequence similarity 207 
member A  

ENST00000377474 KCTD12-201 protein_coding -6.33 
4.87E-
122 

novel transcript 

ENST00000615130 RF01518.8-201 misc_RNA -6.37 NA 
proteasome 26S subunit, non-ATPase 
5  

ENST00000267119 KRT71-201 protein_coding -6.40 4.61E-24 kelch like family member 24  

ENST00000372469 PRRX2-201 protein_coding -6.44 3.41E-19 
long intergenic non-protein coding 
RNA 334  

ENST00000651999 
AC016074.2-
201 

lncRNA -6.45 
1.59E-
271 

TMEM105 long non-coding RNA  

ENST00000610809 
AC245041.2-
204 

lncRNA -6.46 8.33E-20 microRNA 4740  

ENST00000502827 
ADAMTS19-
AS1-201 

lncRNA -6.48 2.34E-18 collagen type XVIII alpha 1 chain  

ENST00000241125 GJA3-201 protein_coding -6.48 4.47E-36 RNA, U6 small nuclear 7  

ENST00000308497 STOX2-201 protein_coding -6.49 1.08E-94 ribosomal protein S12 pseudogene 31  

ENST00000257359 ADAMTS8-201 protein_coding -6.51 1.59E-60 novel transcript 

ENST00000529547 MRVI1-208 protein_coding -6.52 1.89E-19 microRNA 6815  

ENST00000511217 SH3RF2-206 protein_coding -6.52 2.75E-64 ribosomal protein L35 pseudogene 1  

ENST00000438795 
AC092013.1-
201 

processed_pse
udogene 

-6.54 1.45E-19 
alpha 1,4-galactosyltransferase (P 
blood group)  

ENST00000368738 S100A9-201 protein_coding -6.55 2.19E-19 dehydrogenase/reductase 12  

ENST00000610908 
AC008556.1-
201 

lncRNA -6.60 7.84E-21 S100 calcium binding protein A2  

ENST00000583088 KCNJ12-202 protein_coding -6.60 2.67E-44 small nucleolar RNA, H/ACA box 11  

ENST00000624982 
AP002800.1-
201 

TEC -6.71 2.00E-23 lanosterol synthase  

ENST00000290354 CBR3-201 protein_coding -6.73 2.83E-91 novel transcript 

ENST00000457591 
ANKRD20A10
P-201 

processed_pse
udogene 

-6.77 3.79E-21 MCM3AP antisense RNA 1  

ENST00000378825 CCDC3-201 protein_coding -6.79 1.34E-21 MCM3AP antisense RNA 1  

ENST00000366621 KCNK1-202 protein_coding -6.82 2.34E-21 
minichromosome maintenance 
complex component 3 associated 
protein  

ENST00000619297 LHX1-203 lncRNA -6.87 6.79E-22 novel transcript 

ENST00000414126 
AC073316.2-
201 

lncRNA -6.87 3.83E-22 
novel transcript, antisense to 
MCM3APAS 

ENST00000375992 NUDT11-201 protein_coding -6.88 2.69E-22 CD44 molecule (Indian blood group)  

ENST00000265634 NPTX2-201 protein_coding -6.88 8.28E-80 novel transcript, antisense to MSTO1 

ENST00000652087 
AL591074.2-
201 

lncRNA -6.88 1.41E-21 ENO1 antisense RNA 1  

ENST00000367511 FAM129A-201 protein_coding -6.92 
1.48E-
267 

RNA, U6 small nuclear 396, 
pseudogene  

ENST00000282146 KCNK13-201 protein_coding -6.93 7.00E-23 protein arginine methyltransferase 2  

ENST00000304710 CST5-201 protein_coding -6.94 3.42E-22 DSTN pseudogene 1  

ENST00000471328 FAM20C-202 lncRNA -6.94 1.76E-23 novel transcript 

ENST00000483722 TREML2-201 protein_coding -6.97 1.98E-30 TMC3 antisense RNA 1  
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ENST00000437877 MAD1L1-208 protein_coding -6.98 1.61E-39 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 1  

ENST00000555868 TMEM30B-202 protein_coding -7.00 1.08E-24 
mitochondrially encoded tRNA-Ile 
(AUU/C)  

ENST00000306087 SOX14-201 protein_coding -7.01 2.37E-23 
mitochondrially encoded tRNA-Gln 
(CAA/G)  

ENST00000428534 GLI3-202 retained_intron -7.01 3.51E-22 
mitochondrially encoded tRNA-Met 
(AUA/G)  

ENST00000369663 TBX18-202 protein_coding -7.05 2.09E-68 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 2  

ENST00000180166 FGF20-201 protein_coding -7.05 5.14E-44 
mitochondrially encoded tRNA-Trp 
(UGA/G)  

ENST00000579474 
LINC02563-
201 

lncRNA -7.07 3.76E-23 
death associated protein 3 
pseudogene 2  

ENST00000262426 FOXF1-201 protein_coding -7.14 1.66E-24 
mitochondrially encoded tRNA-Asn 
(AAU/C)  

ENST00000519049 NKAIN3-201 lncRNA -7.16 5.35E-24 
mitochondrially encoded tRNA-Cys 
(UGU/C)  

ENST00000238994 PPP1R3C-201 protein_coding -7.27 1.73E-25 
mitochondrially encoded cytochrome c 
oxidase I  

ENST00000612499 IFI27-205 retained_intron -7.29 7.47E-32 
mitochondrially encoded tRNA-Ser 
(UCN) 1  

ENST00000556569 
AL355916.1-
202 

lncRNA -7.29 7.05E-25 
mitochondrially encoded tRNA-Asp 
(GAU/C)  

ENST00000229465 
AL355916.1-
201 

lncRNA -7.38 2.88E-26 
mitochondrially encoded cytochrome c 
oxidase II  

ENST00000371697 ANKRD1-201 protein_coding -7.42 
2.81E-
104 

mitochondrially encoded ATP synthase 
membrane subunit 8  

ENST00000332822 NOG-201 protein_coding -7.42 1.41E-27 APCDD1L divergent transcript  

ENST00000245903 CD70-201 protein_coding -7.50 1.61E-26 
mitochondrially encoded tRNA-Gly 
(GGN)  

ENST00000614239 LHX1-201 protein_coding -7.52 1.09E-32 
ribosomal protein L31 (RPL31) 
pseudogene 

ENST00000456783 ZNF492-201 protein_coding -7.53 1.32E-27 
mitochondrially encoded tRNA-Arg 
(CGN)  

ENST00000631321 
AL136962.1-
201 

lncRNA -7.56 4.36E-27 proline rich coiled-coil 2A  

ENST00000511685 TENM3-204 protein_coding -7.56 4.77E-42 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 4  

ENST00000274487 
ADAMTS19-
201 

protein_coding -7.57 9.59E-59 
mitochondrially encoded tRNA-His 
(CAU/C)  

ENST00000368744 PRR9-201 protein_coding -7.59 1.13E-33 
ribosomal protein L7a (RPL7A) 
pseudogene 

ENST00000504349 
AC034245.1-
201 

lncRNA -7.67 6.42E-28 
mitochondrially encoded tRNA-Leu 
(CUN) 2  

ENST00000304749 CST1-201 protein_coding -7.72 6.89E-29 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 5  

ENST00000248564 GNG11-201 protein_coding -7.80 1.40E-29 
mitochondrially encoded 
NADH:ubiquinone oxidoreductase core 
subunit 6  

ENST00000275493 EGFR-201 protein_coding -7.87 
1.29E-
140 

mitochondrially encoded tRNA-Glu 
(GAA/G)  

ENST00000371225 TACSTD2-201 protein_coding -7.94 1.10E-15 mitochondrially encoded cytochrome b  

ENST00000621428 LHX1-DT-204 lncRNA -8.00 2.05E-30 
mitochondrially encoded tRNA-Thr 
(ACN)  

ENST00000261275 
FAM189A1-
201 

protein_coding -8.03 1.28E-32 novel transcript 

ENST00000315691 DIPK2A-201 protein_coding -8.05 8.07E-31 novel transcript 

ENST00000317012 ZBED2-201 protein_coding -8.11 3.09E-31 leucine rich repeat containing 37B  

ENST00000395925 GLI3-201 protein_coding -8.18 8.00E-77 0 

ENST00000252242 KRT5-201 protein_coding -8.25 
9.86E-
198 

0 

ENST00000567574 
LINC01992-
201 

lncRNA -8.30 7.76E-33 0 

ENST00000261254 CCND2-201 protein_coding -8.40 0.00E+00 novel transcript 

ENST00000614891 MAL2-204 protein_coding -8.43 3.65E-87 
Homo sapiens protein DGCR6 
(LOC102724770), mRNA.  

ENST00000344099 ZNF14-201 protein_coding -8.79 3.46E-37 RNA, 5.8S ribosomal N5  

ENST00000320892 RNF144A-201 protein_coding -8.81 3.18E-37 novel transcript 
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ENST00000651482 
LINC00861-
205 

lncRNA -8.89 8.63E-38 
39S ribosomal protein L23, 
mitochondrial-like  

ENST00000359175 SPTSSB-201 protein_coding -8.89 1.30E-41 autophagy related 9B  

ENST00000623646 
NKAIN3-IT1-
202 

lncRNA -9.03 4.24E-48 novel transcript 

ENST00000370357 PASD1-201 protein_coding -9.07 1.27E-39 RAD51 paralog B  
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Appendix Table 4.15 Reactome pathway analysis of SW480-EVs and 

SW620-EVs (negative enrichment score indicates enriched pathways in 

SW480-EVs, positive enrichment score indicates enriched pathways in 

SW620-EVs) 

ID Description 
Normalised 
enrichmen score 

pvalue rank 

R-HSA-373080 Class B/2 (Secretin family receptors) -2.13 0.001587 817 

R-HSA-
1296071 

Potassium Channels -2.06 0.001681 254 

R-HSA-112316 Neuronal System -1.89 0.002541 363 

R-HSA-112314 
Neurotransmitter receptors and postsynaptic 
signal transmission 

-1.74 0.002786 363 

R-HSA-
6811558 

PI5P, PP2A and IER3 Regulate PI3K/AKT 
Signaling 

-1.89 0.002874 644 

R-HSA-72695 
Formation of the ternary complex, and 
subsequently, the 43S complex 

1.90 0.003058 2153 

R-HSA-72649 Translation initiation complex formation 2.05 0.003135 2188 

R-HSA-72662 
Activation of the mRNA upon binding of the 
cap-binding complex and eIFs, and 
subsequent binding to 43S 

2.05 0.003135 2188 

R-HSA-
2219530 

Constitutive Signaling by Aberrant PI3K in 
Cancer 

-1.96 0.003175 644 

R-HSA-72702 
Ribosomal scanning and start codon 
recognition 

2.08 0.003226 2188 

R-HSA-72689 Formation of a pool of free 40S subunits 1.82 0.003472 2209 

R-HSA-156842 Eukaryotic Translation Elongation 1.78 0.003509 2209 

R-HSA-156827 
L13a-mediated translational silencing of 
Ceruloplasmin expression 

1.85 0.003636 2209 

R-HSA-72613 Eukaryotic Translation Initiation 1.86 0.00369 2209 

R-HSA-72706 
GTP hydrolysis and joining of the 60S 
ribosomal subunit 

1.86 0.00369 2209 

R-HSA-72737 Cap-dependent Translation Initiation 1.86 0.00369 2209 

R-HSA-
2219528 

PI3K/AKT Signaling in Cancer -1.82 0.004367 644 

R-HSA-72163 mRNA Splicing - Major Pathway 2.07 0.004651 1686 

R-HSA-72172 mRNA Splicing 2.03 0.004902 1686 

R-HSA-72203 
Processing of Capped Intron-Containing Pre-
mRNA 

1.85 0.005464 1705 

R-HSA-
5654727 

Negative regulation of FGFR2 signaling -1.83 0.005505 129 

R-HSA-
5654732 

Negative regulation of FGFR3 signaling -1.83 0.005505 129 

R-HSA-199418 Negative regulation of the PI3K/AKT network -1.80 0.005839 644 

R-HSA-
6809371 

Formation of the cornified envelope -1.80 0.00624 190 

R-HSA-72187 mRNA 3'-end processing 1.75 0.006452 1473 

R-HSA-72764 Eukaryotic Translation Termination 1.75 0.006557 2380 

R-HSA-156902 Peptide chain elongation 1.76 0.006645 2631 

R-HSA-192823 Viral mRNA Translation 1.68 0.006645 2380 

R-HSA-
2408557 

Selenocysteine synthesis 1.70 0.006897 2631 

R-HSA-
9634638 

Estrogen-dependent nuclear events 
downstream of ESR-membrane signaling 

-1.80 0.006908 542 

R-HSA-
9010553 

Regulation of expression of SLITs and ROBOs 1.67 0.007491 2380 
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R-HSA-112315 Transmission across Chemical Synapses -1.64 0.008054 226 

R-HSA-372790 Signaling by GPCR -1.56 0.009412 901 

R-HSA-
8848021 

Signaling by PTK6 -1.79 0.0096 494 

R-HSA-
9006927 

Signaling by Non-Receptor Tyrosine Kinases -1.79 0.0096 494 

R-HSA-500792 GPCR ligand binding -1.66 0.009695 817 

R-HSA-975956 
Nonsense Mediated Decay (NMD) 
independent of the Exon Junction Complex 
(EJC) 

1.69 0.009836 2631 

R-HSA-
5654741 

Signaling by FGFR3 -1.71 0.009917 129 

R-HSA-
2408522 

Selenoamino acid metabolism 1.57 0.010345 2209 

R-HSA-
6805567 

Keratinization -1.69 0.010401 190 

R-HSA-
8953854 

Metabolism of RNA 1.74 0.012658 1733 

R-HSA-
3906995 

Diseases associated with O-glycosylation of 
proteins 

-1.68 0.013223 228 

R-HSA-927802 Nonsense-Mediated Decay (NMD) 1.61 0.013746 2631 

R-HSA-975957 
Nonsense Mediated Decay (NMD) enhanced 
by the Exon Junction Complex (EJC) 

1.61 0.013746 2631 

R-HSA-176409 
APC/C:Cdc20 mediated degradation of mitotic 
proteins 

1.64 0.014881 1274 

R-HSA-176814 
Activation of APC/C and APC/C:Cdc20 
mediated degradation of mitotic proteins 

1.64 0.014881 1274 

R-HSA-73856 RNA Polymerase II Transcription Termination 1.77 0.015385 1680 

R-HSA-77595 Processing of Intronless Pre-mRNAs 1.67 0.017284 661 

R-HSA-
6807070 

PTEN Regulation 1.47 0.018868 1653 

R-HSA-983712 Ion channel transport 1.61 0.018987 888 

R-HSA-381753 Olfactory Signaling Pathway 1.66 0.019753 64 

R-HSA-397014 Muscle contraction -1.68 0.020378 425 

R-HSA-
1643713 

Signaling by EGFR in Cancer -1.64 0.020725 1627 

R-HSA-
8986944 

Transcriptional Regulation by MECP2 1.65 0.021333 2154 

R-HSA-
5654733 

Negative regulation of FGFR4 signaling -1.64 0.023451 129 

R-HSA-75067 Processing of Capped Intronless Pre-mRNA 1.64 0.024 1680 

R-HSA-168643 
Nucleotide-binding domain, leucine rich repeat 
containing receptor (NLR) signaling pathways 

1.67 0.02457 1176 

R-HSA-
2404192 

Signaling by Type 1 Insulin-like Growth Factor 
1 Receptor (IGF1R) 

-1.62 0.028571 193 

R-HSA-
2428924 

IGF1R signaling cascade -1.62 0.028571 193 

R-HSA-
2428928 

IRS-related events triggered by IGF1R -1.62 0.028571 193 

R-HSA-72766 Translation 1.39 0.029412 2209 

R-HSA-376176 Signaling by ROBO receptors 1.49 0.032 2262 

R-HSA-432040 
Vasopressin regulates renal water 
homeostasis via Aquaporins 

-1.62 0.032815 218 

R-HSA-445717 Aquaporin-mediated transport -1.62 0.032815 218 

R-HSA-
9009391 

Non-genomic estrogen signaling -1.57 0.033046 542 

R-HSA-
6802957 

Oncogenic MAPK signaling 1.54 0.033846 1033 

R-HSA-
2672351 

Stimuli-sensing channels 1.57 0.034667 888 

R-HSA-
3899300 

SUMOylation of transcription cofactors 1.56 0.036011 1286 

R-HSA-72306 tRNA processing 1.50 0.039007 2087 
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R-HSA-179419 
APC:Cdc20 mediated degradation of cell cycle 
proteins prior to satisfation of the cell cycle 
checkpoint 

1.50 0.039514 1274 

R-HSA-
5576891 

Cardiac conduction -1.55 0.04 425 

R-HSA-168273 
Influenza Viral RNA Transcription and 
Replication 

1.38 0.04 2594 

R-HSA-163125 
Post-translational modification: synthesis of 
GPI-anchored proteins 

-1.57 0.040336 1700 

R-HSA-422356 Regulation of insulin secretion -1.59 0.042122 1031 

R-HSA-
5654736 

Signaling by FGFR1 -1.57 0.043062 129 

R-HSA-174143 
APC/C-mediated degradation of cell cycle 
proteins 

1.50 0.045752 1274 

R-HSA-453276 Regulation of mitotic cell cycle 1.50 0.045752 1274 

R-HSA-176408 
Regulation of APC/C activators between G1/S 
and early anaphase 

1.49 0.046584 1274 

R-HSA-
1839126 

FGFR2 mutant receptor activation -1.57 0.046632 1091 

R-HSA-168255 Influenza Life Cycle 1.36 0.048246 2594 
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