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Exosomes are secreted nanovesicles consisting of biochemical molecules, including proteins, RNAs, lipids, and
metabolites that play a prominent role in tumor progression. In this study, we performed a label-free proteomic
analysis of exosomes from a pair of homologous human colorectal cancer cell line with different metastatic
abilities. A total of 115 exoDEPs were identified, with 31 proteins upregulated and 84 proteins downregulated in
SW620 exosome. We also detected 30 proteins expressed only in SW620 exosomes and 60 proteins expressed
only in SW480 exosomes. Bioinformatics analysis enriched the components and pathways associated with the
extracellular matrix, cytoskeleton-related pathways, and immune system changes of colorectal cancer (CRC).
Cellular function experiments confirmed the role of SW620 exosomes in promoting the proliferation, migration,
and invasion of SW480 cells. Further verifications were performed on six upregulated exoDEPs (FGFBP1, SIPA1,
THBS1, TGFBI, COL6A1, and RPL10), three downregulated exoDEPs (SLC2A3, MYO1D, and RBP1), and three
exoDEPs (SMOC2, GLG1, and CEMIP) expressed only in SW620 by WB and IHC. This study provides a complete

and novel basis for exploring new drug targets to inhibit the invasion and metastasis of CRC.

Introduction

Colorectal cancer (CRC) is the third most common tumor and the
second leading cause of cancer-related mortality worldwide [1].
Although modern research has shed light on the pathogenesis of CRC
and provides enhanced screening strategies, the prevalence of CRC is
still increasing. Despite an improved outcome with the current treat-
ment regimen, a huge number of patients relapse, have distant metas-
tasis, and develop drug-resistant disease within 5 years after operation
[2,3]. More than 50% of CRC patients have distant metastasis, particu-
larly in the liver, lungs, and bone. Patients with distant metastasis,
notably liver metastasis, have a 5-year survival rate below 50%; how-
ever, patients without metastasis can largely be cured by resection of the
primary tumor and have a 5-year survival rate exceeding 80%. There-
fore, it is very important to clarify the mechanism of CRC invasion and
metastasis and identify the key regulating proteins as new biomarkers or
therapeutic targets for improving the prognosis of CRC patients.

The tumor microenvironment (TME) has been identified as a resident
of a variety of cells, including tumor cells, stromal cells, extracellular
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matrix (ECM), immune cells, blood vessels, and differentiated cells [4].
It establishes a communication network for crosstalk and signaling be-
tween tumor cells, stroma, and other interstitial cells. It is vital for the
initiation of tumor proliferation and angiogenesis, evasion of apoptosis
and immune surveillance, suppression of the immune system, and
metastasis. The intercellular communication of the TME creates a niche
for reprogramming resident cells, extracellular matrix, and angiogen-
esis, which prompts the metastasis of cancer cells.

Exosomes are vital cell-cell communicators of information within the
TME by horizontal transfer of proteins, lipids, DNA, and RNA [5]. Itis a
small vesicle with a diameter of 30-150 nm released from the majority
of cell types and has a typical lipid bilayer structure [6]. Exosomes exist
in cell culture supernatants, serum, plasma, saliva, urine, amniotic fluid,
and other biological fluids. Tumor-derived exosomes modulate stromal
cells, reprogram ECM, induce transformation of normal cells adjacent to
the tumor, stimulate endothelial cells to form vascular, and alter the
invasive behavior of tumor cells. Exosomes play an important role in
regulating tumor metastasis, especially liver metastasis, through various
functions. For example, exosomes from the TME of CRC can reprogram
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the cancer cell metabolic machinery to increase glycolysis by inhibiting
mitochondrial oxidative phosphorylation and contribute toward
immune-induced tumor dormancy and antitumor immunotherapy.
Identifying the key regulatory exosomal proteins related to metastasis
and elucidating their functions are very important for exploring new
therapeutic targets for inhibiting CRC metastasis.

Proteomics is considered valuable for early disease diagnosis, prog-
nosis, and monitoring of disease development. Label-free, or unlabeled
quantitative technology, is the mass spectrometry analysis of protein
enzymatic peptides by liquid chromatography-mass spectrometry (LC-
MS) [7]. It overcomes the limitations of traditional isotope labeling,
which necessitates a high sample concentration. It is not limited by the
labeling kit and can be used for mass sample detection. Moreover, it has
less pre-processing, more original information of samples, and a higher
coverage for low-abundance peptides to determine the most precise
information.

SW620 (highly metastatic) and SW480 (weakly metastatic) are a pair
of homologous human CRC cell line with different metastatic abilities. In
this study, we first performed the cellular function experiments and
confirmed the promoting role of SW620 exosomes on the proliferation,
migration, and invasion of SW480 cells. We then used a label-free dif-
ferential proteomics on this pair of cell lines to identify the exosomal
differentially expressed proteins (exoDEPs) regulating CRC metastasis in
the TME. After analysis, 115 exoDEPs (31 upregulated and 84 down-
regulated in SW620 exosomes), and 90 “all or no” exoDEPs (30 only in
SW620 and 60 only in SW480) were identified. Bioinformatics analysis
enriched the components and pathways associated with the ECM,
cytoskeleton-related pathways, and immune system changes of CRC.
Further validation results of the 12 selected exoDEPs were consistent
with the proteomics results. The exoDEPs identified in this study provide
new potential therapeutic targets and research directions in the TME for
CRC metastasis.

Materials & methods
Ethics

This study was approved by the Institutional Review Board of the
First Affiliated Hospital of Dalian Medical University. Written informed
consent was obtained from all patients.

Cell culture

CRC cell lines SW620 (highly metastatic) and SW480 (weakly met-
astatic) were purchased from the Chinese Academy of Sciences cell
bank. All cell lines were incubated in DMEM (Gibco, Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, Thermo Fisher Scientific), 100 U/mL penicillin G,
and 100 pg/mL streptomycin (Gibco, Thermo Fisher Scientific) at 37 °C
and 5% CO5/95% air.

Exosome extraction

SW480 and SW620 cells were cultured in complete growth medium.
After the cells were cultured to nearly 70% confluence, the medium was
replaced with exosome-free medium, and the cells were incubated for an
additional 48 h. The primary supernatants were collected and centri-
fuged at 4 °C for 30 min at 2 x 10° g to remove dead cells for purification
(three biological replicates). Next, we isolated the extracellular vesicles
(EVs) by ultracentrifugation. In brief, the purified supernatants were
placed in ultra-high-speed centrifuge tubes (balanced with 1 xPBS) and
centrifuged at 110 x 10% g for 75 min at 4 °C. We then obtained the
exosome pellets and resuspended it in 1 x PBS. The EVs suspension was
added to the purification column and centrifuged at 4 °C for 5 min at 4 x
102 g, and the effluent was the purified exosomes. An electron micro-
graph and nanoparticle tracking analysis (NTA) of purified exosomes
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were subsequently performed.
Protein extraction and determination of protein concentration

A 200 uL SDT lysate (4% SDS, 100 mM Dithiothreitol (DTT), and 100
mM Tris HCI) was added to each purified exosome sample. The exo-
somes were broken by ultrasound for 2 min, soaked in boiling water for
5 min, and centrifuged at 20 x 10 g at 4 °C for 20 min. The supernatant
was collected, and the protein was quantified using the BCA method.
The FASP method was used for the enzymolysis. The steps were as fol-
lows: an appropriate amount of DTT was added to each sample until its
final concentration was 100 mm, boiling water bath for 5 min, and
cooling to room temperature, 200 uL UA buffer (8 m urea, 150 mm Tris
HCI, pH 8.0) was added and mixed well. The sample was transferred to a
10 kDa ultrafiltration centrifuge tube and centrifuged at 12 x 10° g for
15 min, 200 pL UA buffer was added and centrifuged 12 x 10° g for 15
min and the filtrate was discarded. A solution of 100 uL IAA (50 mM IAA
in UA) was added, oscillated at 600 rpm for 1 min, kept away from light
for 30 min, and centrifuged at 12 x 10° g for 10 min. A solution of 100
uL UA buffers added, centrifuged 12 x 10% g for 10-min and repeated
twice. A solution of 100 uL NH4HCOs3 buffer was added and centrifuged
for 14 x 10% g, and this step was repeated twice for 10 min. A solution of
40 ul trypsin buffer (6 pg trypsin in 40 uL. NH4HCOg buffer) was added,
centrifuged at 600 rpm for 1 min, and stored in 37 °C for 16-18 h. After
centrifugation at 12 x 10° g for 10 min, the filtrate was collected, and
0.1% Trifluoroacetyl (TFA) solution was added. The peptides were
desalted using a C18 cartridge and freeze-dried under vacuum. The
peptides were dried and dissolved in 0.1% FA. The peptide concentra-
tion was determined using LC-MS analysis.

LC-MS/MS analysis

An appropriate amount of the peptide was taken from each sample
and separated using an easy NLC 1200 chromatography system (Thermo
Fisher Scientific, Waltham, MA, USA). Buffer solution: 0.1% formic acid
solution; B solution: 0.1% formic acid acetonitrile solution (acetonitrile:
85%). The column was equilibrated to 95%. The sample was injected
into a trap column (100 pm x 20 mm, 5 um, C18, Dr. Maisch GmbH) and
then separated on a chromatographic column (75 ym x 150 mm, 3 um,
C18, Dr. Maisch GmbH) at the flow rate of 300 NL/min. The liquid
gradient was set as follows: 0-2 min, with a linear gradient of liquid B as
5%-8%; 2-90 min, with a linear gradient of liquid B as 8%-23%; 100
min, with a linear gradient of liquid B as 23%-40%; 100-108 min, with a
linear gradient of liquid B as 40%-100%; and 120 min, with a linear
gradient of liquid B as 100%. The peptides were separated and analyzed
by data-dependent acquisition mass spectrometry with a Q-active plus
mass spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). The
analysis time was 120 min; detection mode, positive ion; scanning range
of parent ion, 300-1800 m/Z; resolution of primary mass spectrometry,
70 x 103 m/Z200; AGC target, 1E6; and primary maximum it, 50 ms.
Peptide secondary mass spectrometry analysis was performed according
to the following methods: MS2 scan was triggered after each full scan;
resolution, 17,500 at m/z 200; AGC target, 1E5; maximum, 50 ms; MS2
activation type, HCD; isolation window, 1.6th; and normalized collision
energy, 27.

Protein identification, quantification, and bioinformatic analyses

The mass spectrometry database retrieval software used in this
project is maxquant1.6.0.16. The protein database is from the UniProt
protein database (download: 08/05/2019; Homo sapiens: 173,282 en-
tries). Maxquant library search software analysis parameter settings
were as follows: Enzyme: Trypsin; Max Missed Cleavages: 2; Main search
Peptide Tolerance: 4.5 ppm,; First search Peptide Tolerance: 20 ppm;
First search Peptide Tolerance: 20 ppm; Fixed modifications: Carbami-
domethyl (C); Variable modifications: Oxidation(M), Acetyl (Protein N-
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term); PSM (Peptide-Spectral Matching) FDR: 0.01; Protein FDR: 0.01;
Protein quantification: Razor and unique peptides were used; LFQ: True;
LFQ min. ratio count: 1; Match between runs: True.

After analyzing, all exosomal proteins were reliably identified and
quantified based on P-value,0.05. Protein ratios with 2.0-fold change
was considered to be differentially expressed. The proteins identified
obviously more than 2.0-fold change between this pair of cell lines were
identified as “all or no” proteins. For cell components, biological pro-
cesses and molecular functions were identified using R software (version
3.6.3) for gene ontology (GO) annotation. Pathway analysis and
enrichment of exoDEPs were annotated using the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database (http://www.genome.jp/kegg
/pathway) using R software (version 3.6.3). For GO and KEGG anal-
ysis, seven R software packages, namely, “colorspace,” “stringi,”
“ggplot2,” “DOSE,” “clusterProfiler”, “org.Hs.eg.db”and “enrichplot,”
were used to analyze and to generate the figures. Interaction between
exoDEPs was analyzed using Cytoscape (version 3.8.2) [8]. The
enrichment analysis was determined by a two-tailed Fisher’s exact test
to identify the enrichment of the differentially expressed proteins
against the background of all identified proteins with a corrected
P-value,0.05.

Western blot

Western blotting was performed as described previously [9]. Primary
antibodies against CD9, CD63, CD81, HSP90, FGFBP1, SIPA1, THBS1,
TGFBI, COL6A1, RPL10, SLC2A3 (GLUT3), MYO1D, RBP1, SMOC2,
GLG1, and CEMIP (Protein-Tech Group, Rosemont, IL, USA) were used.

Western blotting was performed to verify the expression of exosome
marker proteins and selected exoDEPs in SW620 and SW480 exosomes.
Equivalent amounts of total protein (20 pg) were resolved by 10% so-
dium dodecyl sulfate polyacrylamide gel electrophoresis, and the anti-
bodies were diluted as follows: anti-CD9 (1:1000), anti-CD63 (1:1000),
anti-CD81 (1:2000), anti-HSP90 (1:200), anti-FGFBP1 (1:500), anti-
SIPA1 (1:2000), anti-THBS1 (1:500), anti-TGFBI (1:200), anti-COL6A1
(1:200), anti-RPL10 (1:1000), anti-GLUT3 (1:500), anti-MYO1D
(1:200), anti-RBP1 (1:500), anti-SMOC2 (1:500), anti-GLG1 (1:1000),
and anti-CEMIP (1:1000) (Protein-Tech Group, Rosemont, IL, USA).
Proteins were detected using an enhanced chemiluminescence reagent
(Santa Cruz Biotechnology, Dallas, TX, USA). Western blot signals were
quantified using FluorChem E (Protein Simple, San Jose, CA, USA). All
analyses were performed using western blots in at least two biological
replicates.

Clinical sample collection and IHC

To identify the exoDEPs in clinical human CRC pathologic tissues, 33
CRC samples from 11 patients were retrospectively selected from the
pathology database of the Affiliated First Hospital Dalian Medical Uni-
versity, China, between 2020 and 2021, for IHC analysis. All patients
received routine preoperative preparation and surgical therapy. None of
the patients had a family history of cancer nor received preoperative
neoadjuvant therapy. There were five cases (45.45%) combined with
clinical and pathological diagnosed regional lymph node metastasis
(stage III/IV), and six cases (54.54%) without (Stage I/1I). This retro-
spective study was approved by the First Affiliated Hospital of Dalian
Medical University Medical Research and Ethics Committee. Written
informed consent was obtained from all patients prior to tissue acqui-
sitions. The clinical stage of the patients was defined according to the
American Joint Committee on Cancer TNM staging system. Detailed
patient clinical information is shown in Table 5.

The paraffin-embedded tissue sections were deparaffinized, dehy-
drated through graded alcohols, and subjected to antigen retrieval using
citrate buffer (pH 6.0) for 7 min at high heat. The sections were washed
with PBS and blocked with 0.3% hydrogen peroxide. The slides were
incubated at 4 °C overnight with the following primary antibodies: anti-
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FGFBP1 (1:200), anti-SIPA1 (1:200), anti-THBS1 (1:200), anti-TGFBI
(1:200), anti-COL6A1 (1:200), anti-RPL10 (1:200), anti-GLUT3
(1:200), anti-MYO1D (1:200), anti-RBP1 (1:200), anti-SMOC2 (1:200),
anti-GLG1 (1:200), and anti-CEMIP (1:200) (Protein-Tech Group,
Rosemont, IL, USA). The slides were visualized using a dia-
minobenzidine chromogen solution (Dako, Glostrup, Denmark) and
counterstained with routine hematoxylin, followed by dehydration with
graded ethanol series and mounting of the slides. The immunostaining
densities of proteins were quantitatively assessed using NIS-Elements BR
3.0 (Nikon, Tokyo, Japan). In brief, after placing the sections on a mi-
croscope (Nikon E800), the images were transferred to a computer using
a digital camera (Nikon 80i). Three visual fields were randomly
inspected on all slides under high-power magnification. The mean op-
tical densities of the positive areas were measured. The results are
expressed as the exact values of the relative optical density units.

Cell proliferation assay

Cell proliferation assays were performed using a Cell Counting Kit-8
(CCK-8, KeyGEN BioTECH, Jiangsu, China) according to the manufac-
turer’s protocol. Exosomes equaling 500 ng of exosomal proteins were
added per well, if needed.

In vitro migration and invasion assay

Migration and invasion assays using the Transwell system (24 wells,
8 pm pore size filters, Costar, New York, USA) were performed as
described in our previous studies [9]. Exosomes equaling 5 pg of exo-
somal proteins were added to the upper chamber together with the cells,
if needed.

Statistical analysis

Statistical analyses and graphics were conducted using GraphPad
Prism 9.0 (GraphPad Software, San Diego, CA, USA). Comparisons of
quantitative data were made using Student’s t-test (two-tailed; P < 0.05,
considered statistically significant). Results are presented as mean =+
standard error of the mean.

Results

Isolation and identification of exoDEPs secreted by SW620 and SW480
cell lines

To identify the exosomal proteins closely associated with CRC
metastasis, we used a pair of homologous human CRC cell lines, SW620
(highly metastatic) and SW480 (weakly metastatic), as the model sys-
tem. Under the light microscope, SW620 showed a spherical shape and
discrete growth pattern, while SW480 showed a shuttle shape and
aggregate growth pattern (Fig. 1A). After isolation, transmission elec-
tron microscopy (TEM) was used to visualize the sizes and structures of
the prepared exosomes. As indicated in Fig. 1C, exosomes were detected
as a heterogeneous population of small (< 150 nm) particles showing
round and cup-shaped morphology electron micrographs. NTA
confirmed the observed size distributions (Fig. 1D). Median sizes of
116.8 nm (mean 120.3 + 6.64 nm) and 111.8 nm (mean 112.0 + 5.60
nm) were observed for SW620-exo and SW480-exo, respectively. Par-
ticle concentrations were calculated resulting in 5.4 x 107/mL (mean
5.3+ 1.1 x 107/mL) (SW620-exo) and 8.6 x 107/mL (mean 8.6 + 1.7 x
107/mL) (SW480-ex0). Expressions of exosomal markers CD9, CD63,
CD81, and HSP90 were verified by WB (Fig. 1B). These vesicles were
used for downstream proteomic analyses.
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Fig. 1. Identification of exosomes. (A) Cell morphology and distribution characteristics under Light microscope. (B) Western blot analysis confirmed exosome-
specific and cell-specific protein marker expression. Protein sizes are indicated. (C) Transmission electron microscopy (TEM) pictures visualized the morphology
of isolated exosomes. Scale bar: 100 nm. (D) Nanoparticle tracking analysis (NTA) revealed the size distribution and particle concentration of isolated exosomes.

Label-free proteomics identify the metastasis-associated exoDEPs in the
CRC

After purifying the exosomes of SW620 and SW480, we first lysed the
exosomes to obtain the proteins and further hydrolyzed the protein
peptides, which were directly semi-quantitatively detected by liquid
chromatography-mass spectrometry (LC-MS). According to the principle
of label-free proteomics, the frequency (counts) of peptide capture and
detection in mass spectrometry is positively correlated with its abun-
dance in the mixture. Therefore, the protein count detected by mass
spectrometry reflects the abundance of protein. Using an appropriate
mathematical formula, the mass spectrometry detection count can be
linked with the amount of protein to quantify the secreted proteins of the
two cells to determine the upregulated or downregulated proteins with
the largest expression difference and the “all or none” expressed pro-
teins. The technical schematic diagram and the heat map and volcano
map of the differential proteomics are shown in Fig. 2.

In total, 942 exoDEPs were quantified in all three mechanical and
biological repetitions and searched against the database. By setting the
quantification ratio 2.0-fold change as the threshold, 115 exoDEPs (2.0-
fold change, P < 0.05) were identified, including 31 upregulated and 84
downregulated proteins in SW620 exosomes. The top 10 upregulated
and downregulated exosomal proteins in SW620 are listed in Tables 1
and 2, respectively. (Table S1 lists all 31 upregulated proteins and
Table S2 lists all 84 downregulated proteins in SW620 exosomes).

To find more accurate and in-depth information associated with
metastasis of CRC, we also identified 90 “all or none” exoDEPs in this
analysis, wherein 30 proteins were found only in SW620 exosomes, and
60 proteins were found only in SW480 exosomes. The top five proteins
expressed only in SW620 and SW480 exosomes are listed in Tables 3 and
4, respectively. (Table S3 lists all 30 proteins expressed only in SW620
exosomes, and Table S4 lists all 60 proteins expressed only in SW480
exosomes).

Exosomes from SW620 promoted the proliferation, migration, and
invasion of SW480

To investigate the role of exosomes in the proliferation of CRC cell
lines, we performed CCK-8 assays. The results showed that after treat-
ment with SW620 exosomes, the proliferation of SW480 cells increased.
After treatment with SW480 exosomes, the proliferation of SW620 cells
decreased more obviously (Fig. 3A). This result indicated that SW620
exosomes could promote the proliferation of SW480 cells, whereas
SW480 exosomes could inhibit the proliferation of SW620 cells, thus
showing that the inhibitory role of SW480 exosomes was stronger. To
investigate the role of exosomes in the migration and invasion of CRC
cell lines, we performed transwell assays. Results showed that after
treatment with SW620 exosomes, migration and invasion of SW480
were significantly enhanced by 60% (Fig. 3B-C). These results indicated
that exosomes play a crucial role in CRC invasive behaviors through
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extracellular effects, and the promoting role of SW620 exosomes on
SW480 cells was very prominent. The changes in cell shape and pseu-
dopodia of this pair of cell lines were not obvious after treatment.

In summary, the promoting role of the exosomal proteins of SW620
and the inhibiting role of the exosomal proteins of SW480 on tumor
invasion and metastasis have been elucidated in the cellular functional
experiments above. However, the key proteins and pathways involved
remained unknown. Therefore, we performed bioinformatics analysis
for all exoDEPs to explore in-depth information in further research.

Functional enrichment analysis and protein-protein interaction network
analysis of upregulated and downregulated exoDEPs

To characterize the functions and subcellular locations of the upre-
gulated and downregulated exoDEPs between this pair of cell lines, GO
annotation, KEGG pathway, and PPI network analysis were carried out.
The GO annotation analysis included biological processes, cellular
components, and molecular functions. For biological process classifica-
tion, exoDEPs are mainly associated with cell junction assembly, cell
junction organization, extracellular structure organization, regulation of
cellular component size, and viral life cycle. For cellular components,
exoDEPs are mainly associated with cell-substrate adherens junctions,
cell-substrate junctions, focal adhesions, melanosomes, and pigment
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Table 1

Top 10 upregulated exoDEPs in SW620.
Protein Protein names Gene names Sequence coverage Mol. weight SW620/ P. value
IDs [%] [kDa] SW480
Q14512 Fibroblast growth factor-binding protein 1 FGFBP1 19.2 26.264 35.5622503 0.03006523
P24821 Tenascin TNC 31.2 240.85 31.9171121 0.02235115
Q96FS4 Signal-induced proliferation-associated protein 1 SIPA1 0.7 101.82 13.2653467 0.00628316
Q8N6F7 Galanin peptides GAL 25.2 13.302 6.59087605 0.00043934
P07996 Thrombospondin-1 THBS1 25.7 129.38 5.15722985 0.00596742
Q15582 Transforming growth factor-beta-induced protein ig-h3 TGFBI 26.4 74.68 4.29955673 0.00079523
Q08380 Galectin-3-binding protein LGALS3BP 30.4 65.33 4.23649295 0.02398548
P18827 Syndecan-1 SDC1 10.6 16.936 3.95082411 0.00969672
P98160 Basement membrane-specific heparan sulfate proteoglycan core HSPG2 31.7 464.01 3.65451637 0.00490496

protein

P50995 Annexin A1l ANXA11 39.7 45.597 3.63266542 0.00082676

Table 2

Top 10 downregulated exoDEPs in SW620.
Protein IDs  Protein names Gene names  Sequence coverage [%] Mol. weight [kDa] SW620/ P. value

SW480

P11169 Solute carrier family 2, facilitated glucose transporter member 3~ SLC2A3 20.8 31.874 0.011749168 0.0296785
094832 Unconventional myosin-Id MYO1D 28.2 116.2 0.038787995 0.00027188
P29374 Retinol-binding protein 1 RBP1 56 10.644 0.072787169 0.00388128
Po8172 Ephrin-B1 EFNB1 16.2 38.006 0.074930021 0.00119442
P08133 Annexin A6 ANXA6 37.1 75.872 0.078012029 0.00031708
Q96TA1 Niban-like protein 1 C9orf88 10.9 82.682 0.126490412 0.01065253
Q9Y696 Chloride intracellular channel protein 4 CLIC4 26.6 26.694 0.137963444 0.03000887
P05556 Integrin beta-1 ITGB1 20.9 88.414 0.14864844 0.00146909
P16422 Epithelial cell adhesion molecule EPCAM 34.8 37.893 0.163589346 0.00048008
P61081 NEDDS8-conjugating enzyme Ubc12 UBE2M 8.7 20.9 0.165887295 0.0115204

Table 3

Top 10 exoDEPs only expressed in SW620.
protein Protein names Gene names  Sequence Mol. Sequence Sequence Intensity LFQ intensity =~ LFQ intensity
IDs coverage [%] weight coverage 480- coverage 620- 480-mean 620-mean

[kDa] mean [%] mean [%]

Q8NCR9 Clarin-3 CLRN3 12.4 25.321 3.866667 6.6 79,843,000 0 34,011,666.7
Q8NDCO MAPK-interacting and MAPK1IPIL 6.9 24.269 0 4.6 58,364,000 0 30,015,333.3

spindle-stabilizing
protein-like

Q8WUJ3 Cell migration-inducing CEMIP 11.2 153 0 7.2 5.88E+08 0 283,110,000
and hyaluronan-binding
protein
Q92896 Golgi apparatus protein GLG1 3.4 134.55 0 2.766667 1.37E4+08 0 68,899,333.3
1
Q9H3U7 SPARC-related modular ~ SMOC2 17.7 49.674 0 16.86667 8.83E+08 0 448,096,667
calcium-binding protein
2
Table 4
Top 10 exoDEPs only expressed in SW480.
Protein Protein names Gene Sequence Mol. Sequence Sequence Intensity LFQ intensity LFQ
IDs names coverage weight coverage 480- coverage 620- 480-mean intensity
[%] [kDa] mean [%] mean [%] 620-mean
P05121 Plasminogen activator SERPINE1 2.5 45.059 1.666666667 0 36,502,000 11,615,333.33 0
inhibitor 1
P50151 Guanine nucleotide- GNG10 42.6 7.2053 42.6 0 98,311,000 29,713,666.67 0

binding protein G(I)/G
(S)/G(0) subunit

gamma-10

P41221  Protein Wnt-5a WNT5A 9 40.886 7 0 213,720,000  62,549,666.67 0

P31146  Coronin-1A CORO1A 3.9 51.026 1.866666667 0 25,254,000 8,137,000 0

Q92817  Envoplakin EVPL 0.4 231.63 0.4 0.133333333 22,870,000 6,611,900 0
granules. For molecular function, exoDEPs are mainly associated with In the KEGG pathway analysis, the enriched pathways included the
actin binding, actin filament binding, cadherin binding, calcium- PI3K-Akt signaling pathway and ECM-receptor interaction in meta-
dependent protein binding, and cell adhesion molecule binding bolism, endocytosis, regulation of actin cytoskeleton, focal adhesion,
(Fig. 4A-C). and cell adhesion molecules in cellular processes (Fig. 4D). The enriched



Table 5
Detailed clinical information from 11 patients.
Patient Gender Age CEA CA199 Tumor site Tumor Tumor Pathological type IHC Metastasis Lymph node TNM stage Stage
number (ng/ (ng/ml) size (cm) pattern (liver/lung/ metastasis
ml) ascites)
Patient 1 Female 45 5.38 5.38 Carcinoma of the 4.5 x5 Ulcerative Moderately and poorly EGFR(Membranous plasma+); no 241(4/12) pT4bN2MO  IIIC
straight B differentiated tubular Ki-67(430%);p53(Missense
junction adenocarcinoma mutation); MLH-1(+); MSH-2
(++); MSH-6(+); PMS-2(-+)
Patient 2 Female 77 6.1 5.76 Upper rectum 6.5 x 4.3  Ulcerative Moderately and well differentiated =~ EGFR(Membrane weak+); no no pT4aNOMO  IIB
tubular adenocarcinoma with Ki-67(+70%); p53(Mutation);
papillary adenocarcinoma MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
Patient 3 Male 63 3.07 2.5 Sigmoid colon 2.3 x 21  Uplift Moderately differentiated tubular EGFR(Membrane +); no no pT2NOMO 1
adenocarcinoma Ki-67(+20%);p53(Nonsense
mutation);MLH-1(+); MSH-2
(+); MSH-6(+); PMS-2(+)
Patient 4 Female 63 3.55 12.17 Carcinoma of the 5.5 x5 Ulcerative Moderately differentiated tubular EGFR(Membrane weak-+); no no pT3NOMO A
straight B adenocarcinoma Ki-67(+70%);
junction p53(Mutation); MLH-1(+);
MSH-2(+); MSH-6(+); PMS-2
€3]
Patient 5 Female 65 1.41 9.06 Ascending colon 7.3 x5 Ulcerative Moderately differentiated tubular EGFR (Membranous plasma+);  no 201(1¢);202 pT3N1cMO 111B
adenocarcinoma with mucinous Ki-67(+60-70%); p53(+30%); (10)
adenocarcinoma MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
Patient 6 Male 75 46.88 16.35 Low rectum 6 x 3.5 Ulcerative Moderately and poorly EGFR (most membranous no 251(13/16); pT4aN2MO  IIIC
differentiated tubular plasma+); 252(3/3)
adenocarcinoma Ki-67(+80%);
p53(+,mutation)
MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
Patient 7  Female 65 2.14 46.5 Low rectum 4.5 x 3.5  Uplift MRERE (RBIE, BRIBNAS  EGFR (+); no 251(1/9 + pT4aN2M0  IIIC
HAAAR, R IBFHFREZERIC) Ki-67(+60%); 1¢);252(1/6)
P53(90%-+, mutation);
MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
Patient 8 Female 69 9.74 0.74 Hepatic flexure 5x 3.5 Ulcerative Mucinous adenocarcinoma EGFR (+); no 2211/ pT4aNOMO  IIB
of colon Ki-67(+70%); 11);223(1/2)
p53(95%-+, mutation);
MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
Patient 9 Male 79 7.29 6.09 Ascending colon 45x3 Ulcerative Papillary adenocarcinoma with EGFR (plasma-+); no 211(1/5) pT4aN1IMO  IIIB
moderately differentiated tubular Ki-67(+80%);
adenocarcinoma p53(+,mutation)MLH-1(+);
MSH-2(+); MSH-6(+); PMS-2
€3]
Patient Female 67 0.76 8.1 Low rectum 1.5 x 1.5  Uplift Papillary adenocarcinoma with EGFR (Membrane weak-); no no pT1INOMO 1
10 well and moderately differentiated Ki-67(+70%);
tubular adenocarcinoma p53(Missense mutation);
MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
Patient Female 60 3.21 8.89 Low rectum 4x3 Ulcerative Poorly differentiated tubular EGFR(Membranous plasma-+); no no pT2NOMO I
11 adenocarcinoma Ki-67(+80%);

p53(weak or strong+70%);
MLH-1(+); MSH-2(+); MSH-6
(+); PMS-2(+)
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Fig. 3. . The changes in the migration and invasion ability of CRC cells after treated with SW620-exo and SW480-exo. (A) SW620-exo enhanced proliferation of
SW480 cells and SW480-exo inhibited proliferation of SW620 cells by CCK-8 analysis. (B) SW620-exo enhanced migration of SW480 cells by Transwell invasion
assay. (C) SW620-exo enhanced invasion of SW480 cells by Transwell invasion assay. (P < 0.05, Student’s t-test) (*p, 0.05).
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Fig. 4. Bioinformatics analysis of upregulated and downregulated exoDEPs. (A) GO annotation includes Biological Processes (BP), Cellular component (CC) and
Molecular Function (MF) analysis. Coloring of proteins is based on functional enrichment analysis; (B) The enriched pathways by KEGG analysis; (C) Visible clusters
of the protein-protein interaction map was assigned to enriched ontologies among the upregulated and downregulated exoDEPs with calculated P-value adjusted for

multiple comparisons.

pathways suggest that the exosomal proteins were mostly active in the
process of tumor metabolism, cellular movement, and skeleton
connection in the microenvironment.

To identify the chief nodes and important connectors among the
exoDEPs, we performed the PPI network analysis using Cytoscape 3.8.2.
There were 114 exoDEPs that had at least one known interaction with

other proteins in the PPI network (P < 1.0e-16). The top 20 active
proteins with three or more interactions were PS1TP5BP1, GAPDH,
ACTG1, FN1, ITGB1, RAC1, ACTN4, TSG101, ACTN1, TFRC, ITGA2,
ANXA2, THBS1, SDC1, LDHA, APOE, P4HB, HSPG2, MYOI1C, and
ARPC2. These proteins were mostly associated with pathways including
endocytosis, regulation of actin cytoskeleton, Rapl signaling pathway,
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cAMP signaling pathway, and PI3K-Akt signaling pathway. The direct
interactions between these highly active proteins and enriched path-
ways are also shown in Fig. 4E.

Bioinformatics analysis of “all or none” exoDEPs

For the “all or none” exoDEPs, GO annotation, KEGG pathway, and
PPI network analysis were carried out separately. For biological process
classification, exoDEPs expressed only in SW620 are mainly associated
with the regulation of synapse structure or activity, synapse organiza-
tion, response to amyloid-beta, positive regulation of intracellular pro-
tein transport, and positive regulation of cellular protein localization.
ExoDEPs expressed only in SW480 cells are mainly associated with cell-
substrate adhesion, cell-matrix adhesion, positive regulation of
interleukin-8 production, negative regulation of the canonical Wnt-
signaling pathway, and regulation of hair follicle development. For
cellular components, exoDEPs expressed only in SW620 were mainly

Translational Oncology 19 (2022) 101389

associated with glutamatergic synapse, endoplasmic reticulum lumen,
clathrin-coated pit, interstitial matrix, and glial cell projection. ExoDEPs
expressed only in SW480 are mainly associated with focal adhesion, cell-
substrate adherens junction, cell-substrate junction, collagen-containing
extracellular matrix, and proteasome regulatory particles. For molecular
function, exoDEPs expressed only in SW620 were mainly associated
with amide binding, clathrin binding, glycosaminoglycan binding,
peptide binding, and signal sequence binding, while exoDEPs expressed
only in SW480 were mainly associated with actin monomer binding,
cadherin binding, cell adhesion mediator activity, cell adhesion mole-
cule binding, and proteasome binding (Fig. 5A).

For the KEGG pathway analysis, exoDEPs expressed only in SW620
were mostly active in pathways including the adherens junction, endo-
crine and other factor-regulated calcium reabsorption, endocytosis,
focal adhesion, and phospholipase D signaling pathway. ExoDEPs
expressed only in SW480 were mostly active in pathways including
Epstein-Barr virus infection, citrate cycle (TCA cycle), Huntington
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disease, proteasome, and Alzheimer disease (Fig. 5B).

In the PPI network analysis, 88 exoDEPs had at least one known
interaction with other proteins in the PPI network (P = 5.08e-07)
(Fig. 5C). The top 20 active proteins with three or more interactions
were CDH1, APP, CYCS, WNT5A, PSMA2, FYN, ICAM1, IDH1, PPP2CB,
PSMD14, ITGA1, PSMD2, DNM1, ENO2, MCAM, CS, AP2B1, SERPINE],
QSOX1, and TJP1. These proteins were mostly associated with pathways
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including 2-oxocarboxylic acid metabolism, citrate cycle (TCA cycle),
proteasome, synaptic vesicle cycle, endocrine and other factor-regulated
calcium reabsorption, pathogenic Escherichia coli infection, viral
myocarditis, cell adhesion molecules (CAMs), phospholipase D signaling
pathway, carbon metabolism, apelin signaling pathway, and Epstein-
Barr virus infection.

In summary, metabolism and cell movement regulation are the main
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Fig. 6. Validation of exoDEPs by WB on CRC cell line exosomes. (A) Six upregulated proteins FGFBP1, SIPA1, THBS1, TGFBI, COL6A1, and RPL10 were verified
overexpressed in SW620 exosomes. (B) Three downregulated proteins GLUT3, MYO1D, and RBP1 were verified to be overexpressed in SW480 exosomes. (C) Three
proteins SMOC2, GLG1 and CEMIP were verified to be obviously overexpressed in SW620 exosomes. (P, 0.05, Student’s t-test) (*p < 0.05, **p < 0.01).
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mechanisms involved in “all or none” exoDEPs. Compared to the exo-
somes of SW620, the proteins that disappeared in the exosomes of
SW480 may play a role and may degrade or they may be transmitted as
messengers. These proteins play an important role in the invasion and
metastasis of CRC.

Validation of exoDEPs by WB on CRC cell line exosomes

To obtain independent evidence for exoDEPs identified by label-free
proteomics, we chose six upregulated proteins, three downregulated
proteins, and three proteins only expressed in SW620 for verification by
WB. The results showed that six upregulated proteins, FGFBP1, SIPA1,
THBS1, TGFBI, COL6A1, and RPL10 were overexpressed in the SW620
exosomes (Fig. 6A) and three downregulated proteins, GLUT3, MYO1D,
and RBP1, were overexpressed in SW480 exosomes (Fig. 6B). Three
proteins expressed in SW620 exosomes, namely SMOC2, GLG1, and
CEMIP, were verified as overexpressed in the SW620 exosomes (Fig. 6C).
However, the differences in expression identified by WB were not co-
ordinated with mass spectrometry. In the verification of the upregulated
proteins, the expression differences of SIPA1 and TGFBI were the most
obvious and not FGFBP1. The differences in the expression of THBS1 and
COL6A1 were not obvious as in mass spectrometry. In the verification of
SMOC2, GLG1, and CEMIP that were expressed only in SW620, both
SMOC2 and GLG1 showed little expression in SW480 exosomes, while
the expression of CEMIP in SW480 exosomes could still be seen.

Validation of exoDEPs by IHC on clinical human CRC pathologic tissues

In this study, we chose six upregulated exoDEPs, FGFBP1, SIPA1,
THBS1, TGFBI, COL6A1, and RPL10; three downregulated exoDEPs,
GLUT3, MYO1D, and RBP1 in SW620; and three exoDEPs, SMOC2,
GLG1, and CEMIP, that were expressed only in SW620 for verification by
IHC staining of compared non-lymph node metastatic (n = 6) and lymph
node metastatic CRC tissues (n = 5) (Fig. 7).

The results indicated that six upregulated exoDEPs, namely FGFBP1,
SIPA1, THBS1, TGFBI, COL6A1, and RPL10, were overexpressed in CRC
tissues with lymph node metastasis, and three downregulated exoDEPs,
namely GLUT3, MYO1D, and RBP1, were overexpressed in CRC tissues
without lymph node metastasis. Three exoDEPs expressed only in
SW620, namely SMOC2, GLG1 and CEMIP, were found to be overex-
pressed in CRC tissues with lymph node metastasis. Most proteins are
expressed in tissues between tumors rather than in cells. Compared with
the expression in cancer tissues, the expression levels of all identified
exoDEPs in paracancerous tissues were lower. The immunostaining
densities of proteins were quantitatively assessed using NIS-Elements BR
3.0 (Nikon, Tokyo, Japan). In brief, after placing the sections on a mi-
croscope (Nikon E800), the images were transferred to a computer using
a digital camera (Nikon 80i). Three visual fields were randomly exam-
ined on all slides under high-power magnification. The mean optical
densities of the positive areas were measured. The results were
expressed as the exact values of the relative optical density units. This
analysis confirmed that all three proteins were significantly upregulated
in both non-metastatic and metastatic CRC tissues.

Discussion

Exosomes are nanovesicles that play a major role in the TME, espe-
cially in cell-cell communication by horizontal transfer of signaling
molecules. TME-derived exosomes also support metastatic niche for-
mation, suppress the antitumor immune response, and impart drug
resistance. Our proteomic analysis aimed to reveal the exosomal pro-
teins that affect CRC invasion and metastasis. In this study, we used a
label-free proteomics method to perform comparative proteomic anal-
ysis of exosomes from a pair of homologous human CRC cell lines SW620
(highly metastatic) and SW480 (weakly metastatic), which have
different metastatic abilities. A total of 942 exoDEPs were quantified,
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among which 115 exoDEPs (31 upregulated and 84 downregulated in
SW620 exosomes) showed obvious differential expression (2.0-fold
change, P < 0.05). The total 90 “all or none” exoDEPs were identified in
this analysis, wherein 30 proteins were found expressed only in SW620
exosomes, and 60 proteins were found expressed only in SW480
exosomes.

To verify the data obtained in this research, we chose six upregulated
exoDEPs in SW620, including FGFBP1, SIPA1, THBS1, TGFBI, COL6A1,
and RPL10 and subjected them to WB and IHC. All six proteins were
upregulated in SW620 exosomes and CRC tissues with metastasis. The
expression of the six proteins correlated with poor pathological type and
late stage.

Fibroblast growth factor-binding protein 1 (FGFBP1) was the first
upregulated exoDEP in SW620 cells. It is a secreted chaperone that
mobilizes paracrine-acting FGFs, stored in the extracellular matrix, and
presents them to their cognate receptors. Several studies have demon-
strated FGFBP1 overexpression in various tumors, including head and
neck squamous cell carcinoma (HNSCC), mammary, cervix, prostate,
melanoma, colon, and pancreatic cancer [10-13]. In previous studies,
the role of FGFBP1 was mostly related to cancer cell proliferation and
angiogenesis. Recent studies have indicated the promoting metastatic
role of FGFBP1. HSD11B2 was reported to enhance CRC cell migration
and invasion capacity by upregulating the expression by FGFBP1,
increasing the phosphorylation of AKT in the PI3K-Akt pathway [14].
FGFBP1 also acts as a downstream target of the FBW7/c-Myc axis and
promotes cell proliferation and migration in pancreatic cancer [15].
There are no reports on the exosomal role of FGFBP1 in tumor pro-
gression. In this study, we verified the upregulation of exo-FGFBP1 in a
highly metastatic CRC cell line. The results confirmed the positive
exosomal role of FGFBP1 in the invasion and metastasis of CRC cells
from the TME. However, the understanding of the specific mechanism
requires further study.

Signal-induced proliferation associated protein 1 (SIPA1) is the third
most upregulated exoDEP in SW620 cells. It is a GTPase-activating
protein expressed in proliferative active lymphoid cells as a mitogen-
induced nuclear protein. SIPA1 has a tight interaction in controlling
cellular adhesion in cancer metastasis [16]. Overexpression of SIPA1
was found in colon, prostate, breast, and other several types of cancers
[17,18]. SIPA1 promotes cancer metastasis by inhibiting adhesion and
downregulating the expression of ECM-related proteins [19]. The find-
ings of this study verified the metastasis-promoting role of SIPA1 as an
exosomal protein in the CRC microenvironment. IHC results indicated
that SIPA1 was mostly expressed in the tissue around or between cancer
cells. Combined with other research results, exo-SIPA1 may be secreted
to decrease intercellular adhesion in the CRC.

Thrombospondin-1 (THBS1) is the fifth most upregulated exoDEP in
SW620 cells. As a glycoprotein, it is an endogenous inhibitor of angio-
genesis and tumor progression. Downregulation of THBS1 is reported to
be correlated with poor prognosis in lung, breast, and cervical cancer
[20-22]. For THBS1 and CRC, a recent study indicated that low THBS1
expression correlated with late stage of liver and lymph node metastasis
and significantly worse overall survival rate than high THBS1 expression
[23]. Although most results indicated the negative role of THBS1 in
tumor progression, we verified the upregulation of THBS1 in highly
metastatic CRC cell line exosomes. This result appears to be more
complicated. The role of THBS1 as an exosome in the extracellular
microenvironment is contrary to its role in the cell. In previous studies,
the positive role of exo-THBS1 in CRC invasion and metastasis has rarely
been confirmed. This special finding may provide new research di-
rections for THBS1 in the CRC microenvironment.

Transforming growth factor p-induced protein (TGFBI) is the sixth
most upregulated exoDEP in SW620 cells. It is a secreted extracellular
matrix protein consisting of 683 amino acids and includes four evolu-
tionarily conserved fasciclin-1 domains and a C-terminal Arg-Gly-Asp
motif [24]. The role of TGFBI in cancer is unclear. It appears to be
tissue-specific, acting as a tumor suppressor or promoter.
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Fig. 7. Validation of exoDEPs by IHC on clinical human CRC pathologic tissues. (A) Six upregulated proteins FGFBP1, SIPA1, THBS1, TGFBI, COL6A1, and RPL10
were found to be overexpressed in CRC tissues with lymph node metastasis. (B) Three downregulated proteins GLUT3, MYO1D, and RBP1 were found to be
overexpressed in CRC tissues without lymph node metastasis. (C) Three proteins SMOC2, GLG1, and CEMIP were verified obviously overexpressed in CRC tissues
with lymph node metastasis. (P,0.05, Student’s t-test) (*p < 0.05, **p < 0.01).
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Downregulation of TGFBI was observed in leukemia [25], whereas
hypermethylation of the TGFBI promoter, which suppresses TGFBI
expression, was observed in ovarian, prostate, and lung carcinomas [26,
27]. These findings indicated the tumor-suppressor functions of TGFBI.
Conversely, TGFBI is also known to perform tumor promoter functions
in various cancers. TGFBI upregulation has been reported as a promising
prognostic marker in oral squamous cell carcinoma, renal cell carci-
noma, and pancreatic cancer [28]. In this study, we verified the pro-
moting role of TGFBI in the invasion and metastasis of CRC as an
exosome, which has not been previously reported. The exosomal role of
TGFBI is very promising and requires further study.

Collagen type VI al chain (COL6A1) is another upregulated exoDEP
and has an anchoring function that plays roles in cell migration, dif-
ferentiation, and embryonic development [29]. Compared to the cor-
responding normal tissues, COL6A1 is more active in tumor tissues such
as cervical cancer, prostate cancer, and lung cancer [30,31]. Over-
expression of COL6A1 enhances the motility and metastasis of cancer
cells [32]. Although the role of COL6A1 has been elucidated, its role as
an exosome has seldom been determined.

Ribosomal protein L10 (RPL10), also known as UL16, is a 25 kDa
protein, which was first found in non-tumorigenic Wilms tumors, and
participates in the late steps of 60S ribosomal assembly [33]. RPL10
mainly plays a role in protein synthesis. However, an increasing number
of studies have shown that RPL10 also has ribose functions in vitro, such
as participating in signaling pathways in different cell biological pro-
cesses, regulating cell proliferation, migration, and differentiation. In
terms of tumor, some studies have confirmed that the expression level of
RPL10 in human epithelial ovarian cancer is higher than that in normal
ovarian tissue. When its expression level decreases, the viability,
migration, and invasion ability of epithelial ovarian cancer cells
decrease, but the apoptosis level increases [34]. Similarly, in a study of
prostate cancer, high levels of RPL10 expression can promote the pro-
gression of advanced tumors [35,36]. Tumor immunity has been a
promising research direction in recent years. Proteomic studies have
shown that RPL10 can participate in the JAK/STAT signaling pathway
and promote the progression of T-lymphocytic leukemia [37]. Our
research also confirmed the promoting role of exo-RPL10 in CRC
metastasis. Based on the above results, we speculate that RPL10 may
have a function beyond the ribosome, such as immunosuppression in the
process of tumor development.

The top three downregulated exoDEPs in SW620, including SLC2A3,
MYO1D, and RBP1, were also verified. They were upregulated in SW620
exosomes and CRC tissues without metastasis. The overexpression of the
three proteins demonstrated a correlation with the pathological type
and early stage.

Solute carrier family 2 member 3 (SLC2A3), also known as GLUT3,
facilitates glucose transport. In previous research, tumors with high
expression of SLC2A3 were shown to enrich immune cell infiltration in
the TME. An association between the overexpression of SLC2A3 and
poor clinical outcomes has been reported in CRC [38,39]. In Yao’s
research, SLC2A3 accelerated aerobic glycolysis in gastric cancer cells
by activating the SLC2A3-STAT3-SLC2A3 feedback loop and then pro-
moting phosphorylation of the STAT3 signaling pathway and down-
stream glycolytic targeting gene. SLC2A3 also potentially contributes to
the M2 subtype transition of macrophage infiltration in the gastric
cancer microenvironment [40]. However, in our study, exo-SLC2A3 was
found to inhibit the malignant behavior of CRC metastasis. The opposite
role of intracellular and extracellular is a valuable part of this study and
warrants further research.

Unconventional myosin-1d (MYO1D) belongs to the EGFR family
(except ErbB3) at the plasma membrane. It binds only with unphos-
phorylated EGFRs and anchors them to the underlying actin
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cytoskeleton at the plasma membrane. Overexpression of MYO1D en-
hances colorectal and breast cancer cell motility and viability by upre-
gulating EGFR levels, thereby promoting colorectal tumor progression in
vivo in mice. MYO1D is upregulated in human CRC tissues from the
advanced stages. Overexpressed MYO1D contributes to CRC, possibly as
a novel oncogene, thus serving as an additional target for the suppres-
sion of RTK signaling. However, in this study, exo-MYO1D in the
microenvironment might play an inhibitory role in the malignant
behavior of CRC. The detailed mechanism requires further verification
and study.

Retinol-binding protein 1 (RBP1) is a cytosolic carrier that regulates
retinol homeostasis in various human and rodent tissues [41,42]. It
possesses high-affinity binding of retinoic acid and possibly functions as
a chaperone-like protein to regulate the prenuclear phase of retinoic
acid signaling [43,44]. Studies have reported that RBP1 is abnormally
expressed in several human cancers, including bladder cancer, laryngeal
cancer, and tongue squamous cell carcinoma [45-47]. RBP1 over-
expression promotes cell autophagy in OSCC cells by interacting with
CKAP4 [48]. However, in this study, exo-RBP1 in the microenvironment
might play an inhibitory role in the malignant behavior of CRC. The
detailed mechanism requires further verification and study.

In our research, the discovery of the “all or none” exoDEPs was of
great significance. The exoDEPs expressed only in SW620 cells can more
clearly show their ability to promote the invasion and metastasis of CRC
cells. We screened out ninety “all or none” exoDEPs, including 30 ones
only expressed in SW620 and 60 ones only expressed in SW480. Among
these exoDEPs, we performed WB and IHC experiments using SMOC2,
GLG1, and CEMIP to verify the results of proteomics. Overexpression of
the three proteins demonstrated a correlation with the late pathological
stage.

Secreted modular calcium-binding protein2 (SMOC2) belongs to the
secreted protein acidic and rich in cysteine (SPARC) family of matri-
cellular proteins. It regulates the expression of ECM and Matrix metal-
loproteinases (MMPs) and modulates cell-matrix interactions, focal
adhesion, and actin stress fiber organization by activating cellular
integrins [49]. The expression and functional significance of SMOC2
have been explored in many types of cancers, such as breast, colon, lung,
and liver cancers [49-52]. As an intestinal stem cell marker, SMOC2
elevation is necessary to increase cell motility, proliferation, and liver
metastasis in colon cancer. However, in a recent study by Jang, SMOC2
was suggested as an independent prognostic marker for better clinical
outcomes in a large cohort of CRC patients and acts as a tumor sup-
pressor in CRC progression [53]. In this study, we confirmed that
SMOC2 promotes the invasion and metastasis of CRC as an exosome and
from the extracellular perspective. Therefore, combined with these
controversial results, the role of exo-SMOC2 is largely unknown and
needs to be further explored.

Golgi glycoprotein 1 (GLG1, also called E-selectin Ligand 1, Esl1) isa
cysteine-rich fibroblast growth factor receptor (FGFR). GLG1 has been
reported to be associated with the progression of various carcinomas.
FGFR signaling possesses broad mitogenic and cell survival mechanisms
and is involved in a variety of biological processes, including embryonic
development, cell growth, and tumor invasion [54]. In a study by
Tamami Morisaki, GLG1 was found to be significantly associated with
the T stage with respect to invasion depth [55]. It should be noted that
GLG1 may be associated with the invasion potential of CSCs via FGFR
signaling.

CEMIP, also known as KIAA1199 (cell migration-inducing protein),
is a secreted protein that plays a role in extracellular ligand binding and
processing. The biological role of CEMIP has been studied in cancer
biology, and a number of studies have demonstrated its high expression
levels in cancer cell lines and its association with cancer invasion and
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metastasis [56,57]. It plays a crucial role in the apoptosis, proliferation,
invasion, and migration of various cancer cells. In addition, CEMIP is
also involved in the regulation of various signaling pathways such as
epithelial-mesenchymal transition (EMT), PI3K/Akt, MEK/ERK, and
Wnt/p-catenin. In CRC research, CEMIP was found to be significantly
overexpressed in the adenoma-adenocarcinoma pathway of colorectal
carcinogenesis [58]. CEMIP mRNA was also detected in the plasma of
patients with colorectal neoplasia than in the plasma from healthy
controls [59]. These results suggest that CEMIP is both an endogenous
and a secreted protein in the CRC. However, its role in promoting cancer
cell metastasis as an exosome has not been extensively studied.

Reviewing the whole study, we think that there are some limitations
that need to be improved. First, the clinical sample volume is limited,
and a larger clinical sample volume collected is needed in the future
study to establish the reference of clinical features. Second, the validated
exoDEPs may play an important regulatory role in the progress of CRC,
therefore, elucidation of deeper mechanism research is needed in future
study.

In conclusion, in this study, we first found that SW620-derived
exosomes could significantly enhance the proliferation, migration and
invasion abilities of SW480 cells. These results indicated that highly
invasive colorectal cancer cells may transport their oncogenic charac-
teristics to less invasive cancer cells through the exosomes to accelerate
disease progression. We then used a label-free proteomics as a large-
scale purification method to compare this pair of homologous CRC cell

Translational Oncology 19 (2022) 101389

exosomal proteins regulating CRC metastasis. Finally, six upregulated
exoDEPs (FGFBP1, SIPA1, THBS1, TGFBI, COL6A1, and RPL10), three
downregulated exoDEPs (SLC2A3 [GLUT3], MYO1D, and RBP1), and
three exoDEPs (SMOC2, GLG1, and CEMIP) expressed only in SW620
were validated by western blot (WB) and immunohistochemistry (IHC).
Verification of these exosomal proteins revealed their potential
biochemical characteristics and regulatory functions in CRC invasion
and metastasis.
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Supplementary Tables

lines with different metastatic abilities to reveal the most associated Table S1
Protein IDs Protein names Gene names Sequence coverage Mol. weight SW620/ P. value
[%] [kDa] SW480
Q14512 Fibroblast growth factor-binding protein 1 FGFBP1 19.2 26.264 35.5622503 0.03006523
P24821 Tenascin TNC 31.2 240.85 31.9171121 0.02235115
Q96FS4 Signal-induced proliferation-associated protein 1 SIPA1 0.7 101.82 13.2653467 0.00628316
Q8N6F7 Galanin peptides GAL 25.2 13.302 6.59087605 0.00043934
P07996 Thrombospondin-1 THBS1 25.7 129.38 5.15722985 0.00596742
Q15582 Transforming growth factor-beta-induced protein ig-h3 TGFBI 26.4 74.68 4.29955673 0.00079523
Q08380 Galectin-3-binding protein LGALS3BP 30.4 65.33 4.23649295 0.02398548
P18827 Syndecan-1 SDC1 10.6 16.936 3.95082411 0.00969672
P98160 Basement membrane-specific heparan sulfate proteoglycan core HSPG2 31.7 464.01 3.65451637 0.00490496
protein
P50995 Annexin A1l ANXA11 39.7 45.597 3.63266542 0.00082676
P46782 40S ribosomal protein S5 RPS5 16 22,391 3.43144522 0.0340731
P67809 Y-box-binding protein YBX1 16.5 29.374 3.11206098 0.03244381
P02751 Fibronectin FN1 27.8 259.21 3.06819854 0.03725025
P12109 Collagen alpha-1(VI) chain COL6A1 3.8 108.34 3.06807273 0.00024771
Q9UN37 Vacuolar protein sorting-associated protein 4A VPS4A 16.7 26.829 2.70042167 0.00500222
Q9P265 Disco-interacting protein 2 homolog B DIP2B 7.1 171.49 2.68856637 0.0007878
P46779 60S ribosomal protein L28 RPL28 21.3 9.657 2.64353933 0.03593148
Q5VW32 BRO1 domain-containing protein BROX BROX 11.1 42.872 2.43025282 0.00954632
Q99816 Tumor susceptibility gene 101 protein TSG101 15.9 40.917 2.40154634 0.00648237
043657 Tetraspanin-6 TSPANG6 25.6 14.958 2.33242004 0.00169953
P05452 Tetranectin CLEC3B 27.5 17.794 2.26469372 0.011433
P61313 Ribosomal protein L15 RPL15 15.2 19.338 2.25663371 0.00551006
P53990 IST1 homolog IST1 57.3 23.375 2.25109795 0.00531066
P13010 X-ray repair cross-complementing protein 5 XRCC5 16.4 64.243 2.23381025 0.00371267
Q8J015 60S ribosomal protein L13a RPL13A 14.3 23.558 2.13155137 0.02407208
Q9H9H4 Vacuolar protein sorting-associated protein 37B VPS37B 9.2 20.654 2.09589466 0.02963136
P02461 Collagen alpha-1(III) chain COL3A1 1.6 138.56 2.09300108 0.02280738
P27635 60S ribosomal protein L10 RPL10 40.7 12.285 2.08918466 0.03237894
Q8WUM4 Programmed cell death 6-interacting protein PDCD6IP 39.6 96.022 2.05463106 0.00321507
P07237 Protein disulfide-isomerase P4HB 14.2 16.215 2.04047326 0.0174391
Q9HD42 Charged multivesicular body protein 1a CHMP1A 30.7 15.301 2.02701323 0.01108996
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Table S2
Protein IDs Protein names Gene names Sequence coverage Mol. weight SW620/ P. value
[%] [kDa] SW480
P11169 Solute carrier family 2, facilitated glucose transporter member 3 SLC2A3 20.8 31.874 0.011749168 0.0296785
094832 Unconventional myosin-Id MYO1D 28.2 116.2 0.038787995 0.00027188
P29374 Retinol-binding protein 1 RBP1 56 10.644 0.072787169 0.00388128
P98172 Ephrin-B1 EFNB1 16.2 38.006 0.074930021 0.00119442
P08133 Annexin A6 ANXA6 37.1 75.872 0.078012029 0.00031708
Q96TA1 Niban-like protein 1 C9orf88 10.9 82.682 0.126490412 0.01065253
Q9Y696 Chloride intracellular channel protein 4 CLIC4 26.6 26.694 0.137963444 0.03000887
P05556 Integrin beta-1 ITGB1 20.9 88.414 0.14864844 0.00146909
P16422 Epithelial cell adhesion molecule EPCAM 34.8 37.893 0.163589346 0.00048008
P61081 NEDDS8-conjugating enzyme Ubc12 UBE2M 8.7 20.9 0.165887295 0.0115204
P14222 Perforin-1 PRF1 29.7 61.346 0.166465764 0.00887923
Q969P0 Immunoglobulin superfamily member 8 IGSF8 21.2 65.033 0.168737967 1.6776E-05
043707 Alpha-actinin-4 ACTN4 63.7 104.85 0.184502626 0.00046581
000159 Unconventional myosin-Ic MYO1C 21.8 118.99 0.196118715 0.00091981
000468 Agrin AGRN 27 203.09 0.204624716 0.00258642
P11166 Solute carrier family 2, facilitated glucose transporter member 1 SLC2A1 12.5 45.869 0.227212304 0.00028607
P10909 Clusterin Clusterin 17.4 57.832 0.231262489 0.01649402
075083 WD repeat-containing protein 1 WDR1 25.7 66.227 0.235138519 0.01728513
P18564 Integrin beta-6 ITGB6 1.3 75.849 0.238701666 0.00190898
P43007 Neutral amino acid transporter A SLC1A4 2.4 47.726 0.248104871 0.00052163
Q01650 Large neutral amino acids transporter small subunit 1 SLC7A5 9.9 55.01 0.254952388 0.00514504
000186 Syntaxin-binding protein 3 STXBP3 12 67.764 0.257123529 0.03321712
P63218 Guanine nucleotide-binding protein G(I)/G(S)/G(O) subunit GNG5 23.5 7.3184 0.258537813 0.01695074
gamma-5
P61026 Ras-related protein Rab-10 RAB10 20.5 22.541 0.260031307 0.0027144
P13987 CD59 glycoprotein CD59 29.6 11.985 0.274520883 0.000113
Q15758 Neutral amino acid transporter B(0) SLC1A5 25.9 56.583 0.275747651 7.5488E-05
Q9UHDS8 Septin-9 Septin-9 22 23.971 0.279355157 0.00055609
P12814 Alpha-actinin-1 ACTN1 50.4 103.06 0.286041695 0.00051225
J3KPF3 4F2 cell-surface antigen heavy chain SLC3A2 36.4 64.872 0.287544691 6.9295E-05
P55060 Exportin-2 CSE1L 5.6 110.42 0.29415306 0.01109174
P31947 14-3-3 protein sigma SFN 43.1 27.774 0.294432959 0.00401826
Q16643 Drebrin DBN1 14.8 36.471 0.320680503 0.02215882
P59998 Actin-related protein 2/3 complex subunit 4 ARPC4 19.9 21.058 0.324678693 0.00407438
P61006 Ras-related protein Rab-8A RAB8SA 25.1 23.668 0.324702465 0.03330491
V9HWH9 Protein S100-A11 S100A11 42.9 11.74 0.335125777 0.00294128
Q01518 Adenylyl cyclase-associated protein 1 CAP1 16.2 47.39 0.337232915 0.03235735
P48509 CD151 antigen CD151 5.1 19.792 0.355641041 0.02287931
P17301 Integrin alpha-2 ITGA2 4.3 129.29 0.362271878 0.0435853
P26447 Protein S100-A4 S100A4 46.5 11.728 0.3624522 0.01947124
Q9H223 EH domain-containing protein 4 EHD4 35.1 61.155 0.370830425 0.00295808
Q1KLZO Actin, cytoplasmic 2 PS1TP5BP1 70.1 41.722 0.379410112 0.04247494
P27348 14-3-3 protein theta YWHAQ 53.9 27.764 0.391324245 0.00384362
Q92522 Histone H1lx H1FX 26.3 22.487 0.394994486 0.02046652
P54709 Sodium/potassium-transporting ATPase subunit beta-3 ATP1B3 31.2 31.512 0.39581471 0.00900052
VOHWF5 Peptidyl-prolyl cis-trans isomerase A PPIA 48.5 18.012 0.397199254 0.04077159
Q12959 Disks large homolog 1 DLG1 4.9 75.96 0.398631587 0.01565711
P62879 Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-2 GNB2 48.5 37.331 0.402599067 0.00485033
P35241 Radixin RDX 30 68.563 0.405935961 0.00974889
Q14847 LIM and SH3 domain protein 1 LASP1 26.4 29.645 0.406985226 0.01617477
P31431 Syndecan-4 SDC4 7.8 71.657 0.407307866 0.0159348
B6VEX4 Abl interactor 1 ABI1 9.3 42.637 0.407476812 0.02251877
Q9ULV4 Coronin-1C CORO1C 21.9 53.28 0.40985014 0.00343122
Q86W92 Liprin-beta-1 PPFIBP1 7 114.02 0.41468217 0.02693422
P03971 Macrophage migration inhibitory factor MIF 17.4 12.476 0.418381567 0.0001584
Q86VI3 Ras GTPase-activating-like protein IQGAP3 IQGAP3 4.5 179.48 0.420461641 0.02336381
P02786 Transferrin receptor protein 1 TFRC 21.7 84.872 0.425257535 0.00214362
P04439 HLA class I histocompatibility antigen, A alpha chain HLA-A 34.8 31.623 0.427826788 0.01397475
P62136 Serine/threonine-protein phosphatase PP1-alpha catalytic subunit =~ PPP1CA 21.1 38.631 0.432666807 0.00477209
Q9NRW3 DNA dC->dU-editing enzyme APOBEC-3C APOBEC3C 6.8 22.796 0.440265332 0.04194558
Q86 x 29 Lipolysis-stimulated lipoprotein receptor LSR 23.4 64.346 0.440534774 0.00496959
P02649 Apolipoprotein E APOE 27.1 36.154 0.440589659 0.01600696
P18085 ADP-ribosylation factor 4 ARF4 41.1 20.511 0.443431257 0.01993945
P55011 Solute carrier family 12 member 2 SLC12A2 8.8 129.72 0.443858211 0.00511427
P36873 Serine/threonine-protein phosphatase PP1-gamma catalytic PPP1CC 24.5 33.773 0.445747816 0.00223503
subunit
Q5ZPR3 CD276 antigen CD276 10.3 41.709 0.447245301 0.00571664
VOHWB9 L-lactate dehydrogenase;L-lactate dehydrogenase A chain LDHA 32.8 36.688 0.458180976 0.00041123
015143 Actin-related protein 2/3 complex subunit 1B ARPC1B 14.2 40.949 0.458231108 0.00228224
Q71U19 Histone H2A.V H2AFV 31.2 13.509 0.464114005 0.03317498
P21291 Cysteine and glycine-rich protein 1 CSRP1 33.8 16.94 0.468629793 0.02915667
VOHVZ4 Glyceraldehyde-3-phosphate dehydrogenase GAPDH 46.9 36.053 0.46891796 0.00324459
Q8N5I2 Arrestin domain-containing protein 1 ARRDC1 9.2 29.254 0.470525512 0.0043285

(continued on next page)
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(continued)
ProteinIDs  Protein names Gene names  Sequence coverage Mol. weight SW620/ P. value
[%] [kDa] SW480

P54707 Potassium-transporting ATPase alpha chain 2 ATP12A 4.6 115.51 0.474831724 0.00997908

P15529 Membrane cofactor protein CD46 16.7 8.3916 0.476142784 0.00546069

Q9H5V8 CUB domain-containing protein 1 CDCP1 11.1 71.678 0.477411441 0.00845617

P05023 Sodium/potassium-transporting ATPase subunit alpha-1 ATP1A1 39.5 112.89 0.478365161 0.01275306

VOHWA6 Destrin DSTN 46.7 18.506 0.484528666 0.03130172

P07355 Annexin A2 ANXA2 63.4 38.576 0.486185177 0.0028782

P46940 Ras GTPase-activating-like protein IQGAP1 IQGAP1 27.4 189.28 0.487387331 0.00379913

P63261 Actin-related protein 2/3 complex subunit 1B ACTG1 70.1 41.792 0.489096205 0.0144896

015144 Actin-related protein 2/3 complex subunit 2 ARPC2 9 34.333 0.492376837 0.01353878

P09327 Villin-1 VIL1 38.5 92.724 0.492763587 0.00680854

Q9H4M9 EH domain-containing protein 1 EHD1 21.3 60.626 0.492878223 0.00197344

P63000 Ras-related C3 botulinum toxin substrate 1 RAC1 40.6 21.45 0.496595902 0.00756952

Table S3
protein Protein names Gene names  Sequence Mol. Sequence Sequence Intensity LFQ LFQ intensity
IDs coverage weight coverage 480- coverage 620- intensity 620-mean
[%] [kDa] mean [%] mean [%] 480-mean

Q04941 Proteolipid protein 2 PLP2 8.6 16.691 0 5.733333 80,528,000 0 41,380,666.7

P31942 Heterogeneous nuclear HNRPH3 7.9 22.322 0 7.9 67,404,000 0 33,249,433.3
ribonucleoprotein H3

P15328 Folate receptor alpha FOLR1 9.2 24.281 0 5.666667 37,123,000 0 19,172,000

Q05193 Dynamin-1 DNM1 12.2 35.248 0 8.133333 59,177,000 0 29,509,666.7

000391 Sulfhydryl oxidase 1 QSOX1 4.1 66.821 2.2 1.333333 66,597,000 0 17,429,333.3

000410 Importin-5 IPO5 4.2 81.23 0 2.8 24,252,000 0 12,211,666.7

Q96AY3 Peptidyl-prolyl cis-trans FKBP10 2.4 56.158 0 1.6 55,640,000 0 27,467,233.3
isomerase FKBP10

Q9UHB9 Signal recognition particle SRP68 4.2 60.226 0.833333 1.133333 14,730,000 0 7,536,333.33
subunit SRP68

Q13275 Semaphorin-3F SEMAS3F 7.2 30.259 0 4.8 39,158,000 0 19,862,666.7

P12830 Cadherin-1 CDH1 2.8 97.485 0.6 1 1.1E+08 0 49,516,333.3

P30408 Transmembrane 4 L6 family TM4SF1 8.9 10.989 0 8.9 50,396,000 0 25,707,000
member 1

P05067 Amyloid beta A4 protein APP 8.5 54.981 0 5.033333 83,773,000 0 41,696,633.3

Q5HYI8 Rab-like protein 3 RABL3 20.8 5.5193 0 20.8 1.04E-+08 0 50,064,666.7

P24821 Tenascin TNC 34.3 220.85 12.43333 31.96667 8.61E+08 0 433,993,333

P63010 AP-2 complex subunit beta-1 AP2B1 7.3 18.606 0 4.866667 55,812,000 0 27,598,000

P26599 Polypyrimidine tract-binding ~ PTBP1 9 27.114 0 6 2.19E+08 0 108,196,667
protein 1

P06241 Tyrosine-protein kinase Fyn FYN 6.1 60.761 3.4 3.966667 40,373,000 O 20,373,000

P35326 Small proline-rich protein 2A SPRR2A 43.1 7.9653 0 20.4 45,032,000 0 22,238,333.3

P25787 Proteasome subunit alpha PSMA2 13.2 25.84 1.433333 6 38,171,000 0 11,320,766.7
type-2

000567 Nucleolar protein 56 NOP56 10.7 31.253 0 8.566667 36,208,000 0 18,588,333.3

Q5MO9NO Coiled-coil domain- CCDC158 0.9 127.14 0.3 0.9 43,547,000 0 21,854,000
containing protein 158

094985 Calsyntenin-1 CLSTN1 2.7 88.039 0 2.033333 84,046,000 0 41,910,333.3

Q6P988 Palmitoleoyl-protein NOTUM 4.8 55.699 0 3.8 73,588,000 0 37,186,666.7
carboxylesterase NOTUM

P35232 Prohibitin PHB 9.9 29.82 1.233333 4.133333 1.11E+08 0 55,058,533.3

014986 Phosphatidylinositol 4-phos- STM7 4.5 37.786 0 4.5 3.03E+08 0 153,100,000
phate 5-kinase type-1 beta

Q8NCR9 Clarin-3 CLRN3 12.4 25.321 3.866667 6.6 79,843,000 0 34,011,666.7

Q8NDCO MAPK-interacting and MAPK1IP1L 6.9 24.269 0 4.6 58,364,000 0 30,015,333.3
spindle-stabilizing protein-
like

Q8WUJ3 Cell migration-inducing and CEMIP 11.2 153 0 7.2 5.88E+08 0 283,110,000
hyaluronan-binding protein

Q92896 Golgi apparatus protein 1 GLG1 3.4 134.55 0 2.766667 1.37E+08 0 68,899,333.3

Q9H3U7 SPARC-related modular SMOC2 17.7 49.674 0 16.86667 8.83E+08 0 448,096,667

calcium-binding protein 2
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Table S4
Protein Protein names Gene Sequence Mol. Sequence Sequence Intensity LFQ intensity LFQ
IDs names coverage weight coverage 480- coverage 620- 480-mean intensity
[%] [kDa] mean [%)] mean [%] 620-mean

P05121 Plasminogen activator SERPINE1 2.5 45.059 1.666666667 0 36,502,000 11,615,333.33 0
inhibitor 1

P50151 Guanine nucleotide-binding GNG10 42.6 7.2053 42.6 0 98,311,000 29,713,666.67 0
protein G(I)/G(S)/G(O) subunit
gamma-10

P41221 Protein Wnt-5a WNT5A 9 40.886 7 0 213,720,000 62,549,666.67 0

P31146 Coronin-1A CORO1A 3.9 51.026 1.866666667 0 25,254,000 8,137,000 0

Q92817 Envoplakin EVPL 0.4 231.63 0.4 0.133333333 22,870,000 6,611,900 0

P11234 Ras-related protein Ral-B RALB 15.5 23.408 11.63333333 5.3 140,580,000 41,686,666.67 0

P14324 Farnesyl pyrophosphate FDPS 3.6 28.594 2.4 0 23,921,000 7,485,933.333 0
synthase

Q07157 Tight junction protein ZO-1 TJP1 1.4 187.85 1.166666667 0 84,367,000 24,778,666.67 0

P36969 Phospholipid hydroperoxide GPX4 10.4 15.438 6.933333333 0 12,080,000 3,787,700 0
glutathione peroxidase

P41250 Glycine—tRNA ligase GARS 5 77.53 3.3 0 55,583,000 16,794,333.33 0

Q92598 Heat shock protein 105 kDa HSPH1 6.1 88.841 4.1 0 72,896,000 21,843,000 0

P07954 Fumarate hydratase, FH 7.5 54.636 4.5 0.966666667 70,255,000 16,694,400 0
mitochondrial

P02792 Ferritin light chain FTL 24.6 20.019 11.06666667 0 99,553,000 32,634,000 0

P23469 Receptor-type tyrosine-protein PTPRE 3.1 74.564 1.666666667 0 17,773,000 5,656,600 0
phosphatase epsilon

P50895 Basal cell adhesion molecule BCAM 15.8 8.162 10.53333333 0 29,297,000 9,369,333.333 0

043242 268 proteasome non-ATPase PSMD3 3 57.232 3 0 91,877,000 27,149,333.33 0
regulatory subunit 3

QI9NRY6  Phospholipid scramblase 3 PLSCR3 13.6 31.678 8.6 0.9 91,556,000 28,561,000 0

P43121 Cell surface glycoprotein MCAM 7.7 59.019 5.966666667 0 339,680,000 100,331,333.3 0
MUC18

P21980 Protein-glutamine gamma- TGM2 18.8 68.648 17.56666667 0 1,175,800,000  351,616,666.7 0
glutamyltransferase 2

P56199 Integrin alpha-1 ITGA1 3.2 130 2.033333333 0 142,870,000 42,286,666.67 0

P48059 LIM and senescent cell antigen- LIMS1 23 13.705 14.8 0 47,810,000 13,719,666.67 0
like-containing domain protein
1

B772Q0 Actin filament-associated AFAP1L2 3 97.193 3 0 112,520,000 33,462,666.67 0
protein 1-like 2

B9EG73 Dedicator of cytokinesis DOCK9 3.4 233.83 2.566666667 0 307,260,000 89,682,666.67 0
protein 9

P09758 Tumor-associated calcium TACSTD2 16.7 35.723 15.46666667 0 90,281,000 26,570,666.67 0
signal transducer 2

P35080 Profilin-2 PFN2 15.4 9.7982 15.4 0 61,479,000 18,287,333.33 0

P99999 Cytochrome ¢ CYCS 18.8 11.333 12.53333333 0 39,851,000 12,847,533.33 0

Q9HO0Z9 RNA-binding protein 38 RBM38 8.9 13.604 8.9 0 184,370,000 55,261,333.33 0

075390 Citrate synthase CS 24.2 7.3535 16.13333333 0 51,753,000 14,528,333.33 0

095456 Proteasome assembly PSMG1 15.9 7.182 10.6 0 20,264,000 6,455,133.333 0
chaperone 1

P09496 Clathrin light chain A CLTA 3.5 27.818 3.5 0 72,129,000 21,608,000 0

P60983 Glia maturation factor beta GMFB 33.3 17.512 15.96666667 0 95,964,000 30,852,666.67 0

Q9Y4F1 FERM, RhoGEF and pleckstrin FARP1 6 24.749 4 0 23,814,000 6,839,166.667 0
domain-containing protein 1

P62714 Serine/threonine-protein PPP2CB 16.9 13.87 11.26666667 0 36,508,000 10,631,333.33 0
phosphatase 2A catalytic
subunit beta isoform

Q13330 Metastasis-associated protein MTA1 21.8 5.8987 21.8 0 31,412,000 9,423,566.667 0
MTA1

095471 Claudin-7 CLDN7 25.6 13.649 21.46666667 0 189,410,000 56,309,666.67 0

Q13433 Zinc transporter ZIP6 SLC39A6 4.4 30.912 2.933333333 0 46,342,000 14,534,333.33 0

Q08828 Adenylate cyclase type 1 ADCY1 12.5 8.7119 12.5 0 32,293,000 9,449,100 0

015230 Laminin subunit alpha-5 LAMAS5 2.4 399.73 1.9 0 228,260,000 68,682,666.67 0

060635 Tetraspanin-1 TSPAN1 5.4 26.301 5.4 0 162,040,000 48,687,000 0

P09758 Tumor-associated calcium TACSTD2 16.7 35.709 15.46666667 0 264,340,000 77,985,333.33 0
signal transducer 2

P62760 Visinin-like protein 1 VSNL1 19.9 22.142 10.63333333 0 207,320,000 60,677,000 0

Q03405 Urokinase plasminogen PLAUR 30.1 36.978 21.8 0 421,970,000 126,686,666.7 0
activator surface receptor

075874 Isocitrate dehydrogenase IDH1 6.5 41.832 3.333333333 0 56,665,000 17,600,000 0
[NADP] cytoplasmic

Q12846 Syntaxin-4 STX4 9.1 34.18 7.866666667 0 114,630,000 33,291,000 0

Q13200 268 proteasome non-ATPase PSMD2 2.5 64.587 2.5 0 21,373,000 6,739,400 0

regulatory subunit 2

(continued on next page)
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(continued)
Protein Protein names Gene Sequence Mol. Sequence Sequence Intensity LFQ intensity LFQ
IDs names coverage weight coverage 480- coverage 620- 480-mean intensity
[%] [kDa] mean [%] mean [%] 620-mean
P19256 Lymphocyte function- CD58 10.1 13.732 8.966666667 0 45,701,000 13,166,000 0
associated antigen 3
000487 26S proteasome non-ATPase PSMD14 16.9 16.532 11.26666667 0 42,554,000 13,452,333.33 0
regulatory subunit 14
P36543 V-type proton ATPase subunitE ~ ATP6VIE1 5.8 26.145 3.866666667 0 13,687,000 3,852,366.667 0
1
Q54A15 Fermitin family homolog 1 FERMT1 9.9 77.408 6.633333333 0 170,830,000 50,556,666.67 0
Q56274 Actin-like protein ACT 33 11.555 29.76666667 23.3 48,586,000 13,652,666.67 0
P08183 Multidrug resistance protein 1 ABCB1 3 116.72 2 0 82,775,000 24,464,700 0
014936 Peripheral plasma membrane CASK 7.8 66.603 4.866666667 0 128,100,000 36,728,333.33 0
protein CASK
P05362 Intercellular adhesion molecule ~ ICAM1 11.3 57.768 11.3 0 292,830,000 87,657,666.67 0
1
Q14683 Structural maintenance of SMC1A 6 48.887 3.266666667 1.366666667 95,721,000 23,194,000 0
chromosomes protein 1A
Q6FHV6  Gamma-enolase ENO2 15.2 47.268 11.5 7.5 36,401,000 11,354,700 0
P00492 Hypoxanthine-guanine HPRT1 16.1 24.588 9.033333333 0 49,736,000 14,969,666.67 0
phosphoribosyltransferase
P32004 Neural cell adhesion molecule L1CAM 4.5 59.802 2.133333333 0 17,346,000 4,990,466.667 0
L1
Q13509 Tubulin beta-3 chain TUBB3 34 45.622 29.06666667 25.76666667 94,686,000 16,839,333.33 0
Q9UBT3 Dickkopf-related protein 4 DKK4 335 24.875 33.16666667 0 1,338,800,000 396,080,000 0
P30044 Peroxiredoxin-5 PRDX5 56.2 17.031 325 0 458,660,000 147,806,666.7 0
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