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a b s t r a c t 

A metastasis of colorectal cancer is difficult to diagnose, and has a poor prognosis. Therefore, we tried to elucidate 

the possibility of a diagnostic and prognostic marker. Exosomal miR-193a and let-7g were sorted by miRNA 

microarray. The expression of miR-193a in the PTM group was lower than that of the primary CRC group, and 

the expression of let-7g was higher than that of the primary CRC. MMP16 and CDKN1A expression was confirmed 

respectively for target genes of two miRNAs. When the mimics of these miRNAs were treated with cell lines, both 

MMP16 and CDKN1A decreased intracellular expression. Cell invasiveness and proliferation were decreased by 

miR-193a and increased by let-7g. The differences in expression of exosomal miR-193a and let-7g extracted from 

the plasma of patients were classified as cancer progression indicators. Furthermore, the survival rate decreased in 

the group with low miR-193a expression and high let-7g expression. Our study confirmed the possibility of using 

this as a diagnostic and prognostic marker for colorectal cancer by measuring the expression levels of exosomal 

miR-193a and let-7g in blood. 
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Colorectal cancer (CRC) has the third highest incidence in the world
mong all cancer types, and it is estimated that 2.4 million will have oc-
urred by 2035 [1] . The peritoneum, one of the areas where colorectal
ancer metastasizes and recurs, covers most of the organs in the ab-
omen, and supports many of these organs, holding them in position.
his is where many nerves, blood vessels and lymphatic vessels pass.
herefore, the second most frequent occurrence of colorectal cancer re-
urrence or metastasis is known to be in the peritoneum because it has
uch close physical contact with other organs [2–4] . 

According to next generation sequencing analysis, only 10% of iso-
ated metastases are in the peritoneum, but complex metastases in the
iver and other organs, including the peritoneum, occurs more than 20%
f the time [5] . 

The diagnosis of peritoneal metastasis through visualization such as
T or PET is difficult. Early diagnosis is likewise difficult because of
he sporadic spread of the peritoneal cancer in a very small and flat
orm. Peritoneal metastasis is often found only near the end stage [6] .
herefore, peritoneal metastasis tends to be only relatively resistant to
ystemic therapy, but it also has poor prognosis [ 3 , 7–9 ]. 
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There is a treatment that can be performed in patients with selec-
ive conditions at a high medical level and environment. Hyperthermic
ntraperitoneal chemotherapy (HIPEC) is performed simultaneously fol-
owing cytoreductive surgery, which suppresses the progression of peri-
oneal metastasis [10–13] . However, this treatment is known to have a
igh risk of mortality. Recently, HIPEC and second-look surgery treat-
ents have been used in a preventive manner to control cancers at the

arly stages of progression [14–16] . 
Liquid biopsy through blood samples can be detected at an early

tage of cancer, and simultaneous monitoring allows relatively quick
nd easy determination of anticancer drug resistance and the possibility
f recurrence [17–19] . 

Recently, studies have been actively performed by extracting exo-
omes in blood [20–22] . Exosomes contain miRNAs and proteins as well
s DNA. Specific miRNAs in exosomes can be used as markers for colon
ancer recurrence [23–25] . Several studies have reported that exosomes
ncrease the tumor-like behavior of mesenchymal stem cells [26–29] . 

A miRNA is a short (20–24 nt) noncoding RNA that is involved in
he post-transcriptional regulation of gene expression in multicellular
rganisms by affecting both the stability and the translation of mRNAs
27] . Furthermore, miRNAs target protein-coding mRNAs at the post-
ticle under the CC BY-NC-ND license 
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ranscriptional level by direct cleavage to the mRNAs or by inhibition
f protein synthesis. 

Recent studies indicate that exosomal miRNAs have been identified
n plasma and are important as noninvasive liquid biomarkers for cancer
atients [ 23 , 30 , 31 ]. 

As mentioned earlier, not all peritoneal metastasis come from colon
ancer, but this is difficult to detect before peritoneal metastasis, and af-
er metastasis, the prognosis is poor. In view of these risks, studies about
olorectal cancer metastasizing to other organs have been actively con-
ucted, but there has not been much genetic analysis research done of
rimary colorectal cancer peritoneal metastasis. If studies of the peri-
oneal metastatic cancer-producing exosome miRNAs and the genes tar-
eted by these miRNAs are conducted, this could provide a foundation
or basic research of peritoneal metastatic cancer. 

aterials and methods 

ell culture 

The cells used in this study were obtained from the Korean Cell Line
ank. All colorectal cancer and paired peritoneal metastatic cancer cell

ines (SNU-2335A, SNU-2335D, SNU-2404A, SNU-2404B, SNU-2414A,
NU-2414B, KM12C, KM1214, SW480 and SW620) were routinely cul-
ured in RPMI1640 media (Gibco; Thermo Fisher Scientific, Inc.) sup-
lemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Sci-
ntific, Inc.), 100 U/mL penicillin and 100 μg/mL streptomycin (Gibco;
hermo Fisher Scientific, Inc.). All cell lines were cultured in a humidi-
ed incubator at 37 ̊C containing 5% CO 2 and 95% air. 

uman plasma samples 

A total of 69 cases of plasma samples were collected from CRC pa-
ients before surgery in Seoul National University Hospital between May
9, 2014 and November 12, 2015. Our study was conducted in accor-
ance with the Declaration of Helsinki. Written informed consent was
batained from each subject or each subject’s guardian. All research
ere performed after approval by an institutional review board (IRB
o. 1103-125-357). Whole blood was collected through venipuncture,
nd an EDTA tube containing whole blood was dispensed into an Ep-
endorf tube (E-tube) within 3 h. After 30 μL of protease inhibitor was
dded to each E-tube, it was centrifuged at 4 ̊C, 1500 ✕ g for 10 min.
he supernatant was transferred to new tube and stored in a deep freezer
–80 °C) until needed. 

xosome isolation 

Cell culture medium. Exosome was isolated using total exosome
solation (from cell culture media) reagent (cat no.4478359, Thermo
isher Scientific, Inc.). Cell culture medium was harvested and was cen-
rifuged the cell medium at 2000 ✕ g for 30 min. Supernatant was trans-
erred to a new tube and mixed with exosome isolation reagent (culture
edium: reagent = 2: 1). Medium-reagent mixture was incubated at 4 ̊C

or overnight. After incubation, the mixture was centrifuged at 10000
 g for 1 h at 4 ̊C. The mixture pellet was resuspended in PBS. 

Plasma. Exosome was isolated using total exosome isolation (from
lasma) reagent (cat no.4484450, Thermo Fisher Scientific, Inc.).
lasma sample was centrifuged at 2000 ✕ g for 30 min. The supernatant
as transferred to new tube and centrifuged at 10000 ✕ g for 20 min

o romove debris. The clarified plasma was mixed with 0.5 volumes of
BS and 0.05 volumes of proteinase K was added to sample. Exosome
recipitation reagent (0.2 volume) was added to mixture of plasma and
BS. The sample was incubated at 4 ̊C for 30 min. After incubation, the
ample was centrifuged at 10000 ✕ g for 5 min at room temperature
RT). The supernatant of sample was aspirated and exosome pellet was
esuspended by PBS. 
2 
xosomal miRNA extraction 

Exosomal miRNA was extracted by Total Exosome RNA & Protein
solation Kit (cat no. 4478545, Thermo Fisher Scientific, Inc.) according
o the manufacturer’s instructions. 200 μL of Suspended exosome in PBS
as mixed with 200 μL of 2 ✕ denaturing solution (prewarmed at 37 ̊C)
nd was incubated on ice for 5 min. 400 μL of Acid-Phenol:Chloroform
as added to the exosome mixture and it was centrifuged for 5 min at
aximum speed ( ≥ 10,000 ✕ g) at room temperature. The aqueous (up-
er) phase was transferred to new tube without lower phase contami-
ation. 1.25 volume of 100% ethanol was added to the aqueous phase.
he mixture was placed onto filter cartridge. The filter cartridge with
he mixture was centrifuged at 10,000 ✕ g for ∼15 s and was washed
ith wash solution (1, 2 and 3). The filter cartridge was transferred to a

resh collection tube and was eluted with elution solution or nuclease-
ree water. 

everse transcription (RT) and pre-amplification 

cDNA was generated from exosomal miRNA using Megaplex TM 

rimer Pools, Human Pools A v2.1 (cat no. 4401009, Thermo Fisher
cientific, Inc.). 3 μL of exosomal miRNA was added to RT reaction
ixture (0.80 μL Megaplex TM RT Primers (10 ✕ ), 0.20 μL dNTPs with
TTP (100 mM), 1.50 μLMultiScribe TM Reverse Transcriptase (50 U/μL),
.80 μl 10 ✕ RT Buffer, 0.90 μL MgCl 2 (25 mM), 0.10 μLRNase Inhibitor
20 U/μL) and 0.20 μL Nuclease-free water). 

The RT reaction was performed according to the following condi-
ions: 40 cycles of 3 steps (16 ̊C for 2 min, 42 ̊C for 1 min and 50 ̊C for
 s), hold step for 5 min at 85 ̊C and final hold step at 4 ̊C. RT reaction
as performed in a programmable thermal cycler (PCR system 9700;
hermo Fisher Scientific, Inc.). 

To increase the quantity of desired cDNA, preamplification step was
erformed using Megaplex TM PreAmp Primers, Human Pool A v2.1 (cat
o. 4399233, Thermo Fisher Scientific, Inc.). 2.5 μL of RT product was
ixed with 22.5 μL of preamplification reaction mixture (TaqMan R ○

reAmp Master Mix (2 ✕ ) 12.5 μL, Megaplex TM PreAmp Primers (10 ✕ )
.5 μL, Nuclease-free water 7.5 μL). The preamplification reaction was
erformed according to the following conditions: Three hold step (95 ̊C
or 10 min, 55 ̊C for 2 min and 72 ̊C for 2 min), 12 cycles of 2 steps
95 ̊C for 15 s and 60 ̊C for 4 min), hold step for 10 min at 99.9 ̊C and
nal hold step at 4 ̊C. RT reaction was performed in a programmable
hermal cycler (PCR system 9700; Thermo Fisher Scientific, Inc.). 

RT-PCR 

1.33 μL of Preamplified product was added to Universal PCR mas-
er mixture using TaqMan TM MicroRNA Assay (cat no.4427975, Thermo
isher Scientific, Inc.). PCR master mixture was composed with TaqMan
icroRNA Assay (20 ✕ ) 1.00 μL, TaqMan 2 ✕ Universal PCR Master Mix,
o AmpErase UNG. 10.00 μL and Nuclease-free water 7.67 μL. TaqMan
icroRNA Assay (20 ✕ ) were ordered hsa-miR-193a (cat no.002281)

nd hsa-let-7g (cat no.002282). The PCR amplification was performed
ccording to the following conditions: Initial hold for 10 mins at 95 ̊C,
enaturation at 95 ˚C for 15 s, annealing/extension at 60 ˚C for 60 s
5 cycles, followed by a final data collection step at 60 ˚C. PCR am-
lification was performed in a Applied Biosystems 7300 Fast Real-Time
CR System (Thermo Fisher Scientific, Inc.). MMP16 and CDKN1A genes
ere performed by traditional qRT-PCR using SYBR green. qRT-PCR
ixture (10.0 μL SYBR green 2 ✕ , 0.6 μL MMP16 primer and CDKN1A

rimer and 6.8 μL Distilled water) was added to the complementary
NA (cDNA) 2 μL of cell lines. Sequence of MMP16 was Forward: TGC-
ATATGGTGGGAAGATG and Reverse: GTGGACGAAAGCTCCCTGAG.
equence of CDKN1A was Forward: AGGGGACAGCAGAGGAAG and
everse: GCGTTTGGAGTGGTAGAAATCTG. The PCR amplification was
erformed according to the following conditions: Initial hold for 10 min
t 95 ̊C, denaturation at 95 ̊C for 15 s, annealing/extension at 57 ̊C for
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0 s 40 cycles, followed by a final data collection step at 57 ̊C. PCR am-
lification was performed in a Applied Biosystems 7300 Fast Real-Time
CR System (Thermo Fisher Scientific, Inc.). 

icroRNA mimic transfection 

1 ✕ 10 6 cells were seeded to be 60–80% confluent on 6-well plate
SPL life sciences). 9 μL Lipofectamine R ○ RNAiMAX Reagent (cat no.
3778100, Thermo Fisher Scientific, Inc.) and 3 μL miRNA mimic of hsa-
iR-193a-5p (miRBase accession no. MIMAT0004614, Thermo Fisher

cientific, Inc.) and hsa-let-7g-5p (miRBase accession no. MI0000433,
hermo Fisher Scientific, Inc.) were diluted in 150 μL Opti-MEM
edium, respectively. The diluted miRNA was added to the diluted

ipofectamine R ○ RNAiMAX Reagent (1:1 ratio). The mixture was incu-
ated for 5 min at room temperature. The incubated miRNA-lipid com-
lex was added to cells. The transfected cell was incubated for 1-3 days
n a humidified incubator at 37 ̊C containing 5% CO 2 and 95% air. 

ell invasion assay using 3D cell culture chip 

Cell migration assay was performed using the AIM Biotech 3D
ell Culture Chips (cat. no. DAX01; Merck KGaA), according to the
anufacturer’s instructions ( https://www.aimbiotech.com/adherent-

ell-migration.html ). 1 ✕ 10 5 cells/mL in Opti-MEM was trypsinized and
e-suspended. The cell suspension was mixed with Geltrex R ○ Basement
embrane Matrix gel (cat no. A14132-02, Thermo Fisher Scientific,

nc.). 10 μL of the mixture (with cells) was filled the chip of middle
nlet. Gel-filled chips (on AIM holders) was placed into a 37 °C incu-
ator and was incubated for half an hour to allow polymerization of
ollagen to take place. To induce chemotaxis, 50 μL of serum-free cell
ulture medium was added into one port of a channel and then 50 μL of
ell culture medium (with serum) was added to the opposite connected
ort. 

3D Objects Counter plugin ( http://fiji.sc/3D_Objects_Counter ) in Im-
geJ was used to count the total number of cells and to obtain the in-
ividual Cartesian coordinates of every cells that has invaded and mi-
rated into the gel. The threshold level and size filter were adjusted to
ake sure every cell in the region of interest is counted. The differences

f the x-coordinates were calculated between cells and the gel interface.
catter plot was performed by using Graphpadprism (version 5.0). The
-coordinate of the scatter plot represents the invasion distance from
he gel interface. 

mmunocytochemistry 

2 ✕ 10 5 cells were placed on 8-well Chambered Coverglass with
on-removable wells (cat no. 155411, Thermo Fisher Scientific, Inc.)
nd incubated for 24 h. Cells were permeablilized and fixed with BD
ytofix/Cytoperm 

TM reagent (cat no. 554722, Thermo Fisher Scientific,
nc.) at room temperature for 20 min. After permeabilization and fixa-
ion, cells were treated with 0.1% PBST (phosphate-buffered saline with
ween-20) containing 1% bovine serum albumin for at least 30 min. Af-
er the blocking step, cells were incubated with the Alexa Fluor R ○ 568
onjugated anti-Ki67 antibody (RRID:AB_2756822, cat no. ab211968,
bcam) for 2 h at room temperature and with 1 ✕ DAPI solution for
0 min. Immunocytochemistry was performed by LSM800 confocal mi-
roscope (Carl Zeiss, Mainz, Germany). 

ell cycle assay 

1 ✕ 10 6 cells were harvested and fixed with cold 70% ethanol for
0 min. After fixation, 500 uL PI buffer (50 μg/mL propidium iodide,
.1 mg/mL RNase A and 0.05% Triton X-100 in PBS) was added and
tained at room temperature for 40 min. The stained cells were washed
wice and cell cycle assay was performed by FACSCanto TM II Cell Ana-
yzer (BD Biosciences). Each phase of the cell cycle was calculated using
odFit LT V3.3.11 software. 
3 
estern blot 

Cells were lysed with RIPA lysis buffer (ATTO Corporation) and pro-
ein concentrations were determined using the SMART 

TM Micro BCA
rotein Assay kit (Intron Biotechnology, Inc.). Proteins (10 μg) were
oaded on Mini-PROTEAN 

R ○ TGX Precast Gels (Bio-Rad Laboratories,
nc.) with 4 ✕ SDS buffer and transferred to PVDF membranes using
he Trans-Blot Turbo TM Transfer Pack (Bio-Rad Laboratories, Inc.). The
embranes were blocked at room temperature for 1 h with 2% skim
ilk in 0.05% TBS-Tween (BD Biosciences) and were then exposed

o primary antibodies for 1–2 h at room temperature against MMP16
RRID:AB_2532467, cat. no. 701306; 1:2000; Thermo Fisher Scientific,
nc.), E-cadherin (RRID:AB_300946, cat no. ab1416; 1:500; Abcam,
K), total ERK (RRID:AB_330744, cat. no. 9102; 1:1,000; Cell Signaling
echnology, Inc.), phosphorylated (p)-ERK (RRID:AB_331646, cat. no.
101; 1:250; Cell Signaling Technology, Inc.), Snail (RRID:AB_2255011,
at no. 3879; 1:1000; Cell Signaling Technology, Inc.), Vimentin
RRID:AB_10562134, cat no. ab92547; 1:2000; Abcam) and 𝛽-actin
RRID:AB_2714189, cat. no. sc-47778; 1:100; Santa Cruz Biotechnology,
nc.). Subsequently, membranes were incubated with anti-mouse IgG
H + L) secondary antibody, HRP (RRID:AB_2536527, cat. no. G-21040;
:5,000; Thermo Fisher Scientific, Inc.) and anti-rabbit IgG (H + L) sec-
ndary antibody, HRP (RRID:AB_1500696, cat. no. G-21234; 1:5,000;
hermo Fisher Scientific, Inc.). ECL reagent (Pierce TM ECL Western Blot-
ing Substrate; cat no. 32106; Thermo Fisher Scientific, Inc.) was used
or visualization. 𝛽-actin was used as a loading control for each lane. 

rug sensitivity test 

AUC value of CRC-PTM cell lines. The experiment was conducted as
escribed in the previous paper [32] . At density of 2 ✕ 10 5 cells/well,
umor cells were seeded into a 96-well plate. Optimal concentrations of
nti-cancer drugs were then used to treat 18 CRCs. These concentrations
ere: 100 μg/mL of TAS-102, 100 μg/mL of Regorafenib, 1000 μg/mL
f Leucovorin calcium, 1000 μg/mL of Capecitabine, 50 μg/mL of Api-
olisib, 100 μg/mL of Belinostat, 50 μg/mL of Trametinib, 50 μg/mL
f Cyclopamine, 100 μg/mL of ICG-001, 100 μg/mL of Buparlisib,
0 μg/mL of SAHA, 50 μg/mL of Afatinib, 5 μg/mL of AZD2014,
00 μg/mL of MK-5108, 50 μg/mL of Olaparib, 100 μg/mL of Irinote-
an, 50000 μg/mL of 5-FU, 100 μg/mL of Oxaliplatin, 100 μg/mL of
aicalein, 100 μg/mL of Curcumin, 100 μg/mL of Genistein, 200 μg/mL
f Resveratrol, 1000 μg/mL of Cetuximab, and 1000 μg/mL of Beva-
izumab. The 96-well plate containing anti-cancer drugs was incubated
or 72 h at 37 °C. After incubation, 10 uL EZ-Cytox solution was applied
o each well. After the plate was incubated for 2 h at 37 °C, optical den-
ity value was assessed at 450 nm with a Multiskan TM GO Microplate
pectrophotometer (Thermo Fisher Scientific). 

Live/Dead cell counts of miRNA mimic treatment. 2 ✕ 10 5 cells were
laced on 96-well plate (cat no. 30096, SPL life sciences, USA). After
ncubation for 24 h, cells were stained with 4 μg/mL of Hoechst 33342
cat no. H3570, Thermo Fisher Scientific, Inc.) for 30–60 min. Hoechst
3342 was aspirated and mixture of anti-cancer drugs and 4 μg/mL
ropidium iodide was treated to the cell. Anti-cancer drugs treated
n cells were selected as Afatinib, AZD2014, 5-Fu, Oxaliplatin, Rego-
afenib, Trametinib, Cylcopamine and ICG-001. These concentrations
ere: 50 μg/mL of Afatinib, 5 μg/mL of AZD2014, 50000 μg/mL of
-FU, 100 μg/mL of Oxaliplatin, 100 μg/mL of Regorafenib, 50 μg/mL
f Trametinib, 50 μg/mL of Cyclopamine, 100 μg/mL of ICG-001. After
reatment with the mixture, the bright field, Hoechst 33342 and pro-
idium iodides of cells were observed every 24, 48, and 72 h through
he ImageXpress Micro Confocal High-Content Imaging System (Molec-
lar Devices, LLC., USA). The number and percentage of Live/Dead cells
ere calculated with the MetaXpress software version 6 (provided with

he ImageXpress instrument). 

https://www.aimbiotech.com/adherent-cell-migration.html
http://fiji.sc/3D_Objects_Counter
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icroarray of microRNA and mRNA expression 

The Affymetrix Genechip miRNA 4.0 array process was executed ac-
ording to the manufacturer’s protocol. 1000 ng RNA samples were la-
eled with the FlashTag TM Biotin RNA Labeling Kit (Genisphere, Hat-
eld, PA, USA). The labeled RNA was quantified, fractionated and hy-
ridized to the miRNA microarray according to the standard procedures
rovided by the manufacture. The labeled RNA was heated to 99°C for
 minutes and then to 45 °C for 5 min. 

RNA-array hybridization was performed with agitation at 60 rota-
ions per minute for 16 h at 48 °C on an Affymetrix GeneChip Hybridiza-
ion oven 645. The chips were washed and stained using a Genechip Flu-
dics Station 450 (Affymetrix, CA, United States). The chips were then
canned with an Affymetrix GCS 3000 canner (Affymetrix). 

MiRNA-Gene ontology (GO) analysis was performed by top 5 list
f miRNAs that satisfy |fold change| ≥ 2 and p value < 0.05 between
rimary CRC group and paired PTM group. The miRNA-GO analysis was
onducted through DIANA-mirPath v 3.0 software. 

The genes targeted by miR-193a used heatmap to compare
he expression levels in each CRC-PTM cell line set (SNU-2335A,
NU-2335D, SNU-2404A, SNU-2404B, SNU-2414A and SNU-2414B)
nd the heatmap were analyzed using “pheatmap ” libarary in
 program (v 4.0.0). 

icroarray raw data preparation and Statistical analysis 

Raw data were extracted automatically in Affymetrix data extraction
rotocol using the software provided by Affymetrix GeneChip R ○ Com-
and Console R ○ Software (AGCC). The CEL files import, miRNA level
MA + DABG-All analysis and result export using Affymetrix R ○ Power
ools (APT) Software. Array data were filtered by probes annotated
pecies. 

The comparative analysis between test sample and control sample
as carried out using independent t-test and fold change in which the
ull hypothesis was that no difference exists among groups. False dis-
overy rate (FDR) was controlled by adjusting p value using Benjamini-
ochberg algorithm. All Statistical test and visualization of differentially
xpressed genes was conducted using R statistical language 3.3.2. 

esults 

solation and validation of exosomal miRNA in CRC and PTM cell lines 

Three pairs of primary CRC and PTM cell lines (SNU-2335A, SNU-
335D, SNU-2404A, SNU-2404B, SNU-2414A and SNU-2414B) originat-
ng from the same patient were all grown in attached form, except for
he floating cells, SNU-2404B. All six cell lines were shown to have the
hape of typical epithelial cells ( Fig. 1 A-F). 

The exosomes extracted from the primary colorectal cancer and peri-
oneal metastatic cell lines were confirmed using CD63 (exosome pos-
tive marker), and Calnexin (exosome negative marker), respectively
 Fig. 1 G). Cell lysate was used as an internal positive control, CD63 was
onfirmed to be positive in all cell lines, and there was no contamination
f cell lysate by negative of Calnexin. 

The similarity of exosomal miRNAs between the CRC and the paired
TM was confirmed by multidimensional scaling (MDS). The exosomal
iRNA dataset showed a low level of similarity in the SNU-2404 set

nd the SNU-2414 set, except for the SNU-2335 set ( Fig. 1 H). Common
xosomal miRNAs with significant fold changes between CRC and PTM
roups were let-7g-5p, miR-191-5p, miR-193a-5p, miR-4674, and miR-
789-5p. Let-7g-5p and miR-191-5p increased in the PTM group as com-
ared to the CRC group, and miR-193a-5p, miR-4674 and miR-6789-5p
ecreased in the PTM group as much as in the CRC group ( Fig. 1 I). 

The top 5 exosomal miRNAs were sorted with a significant fold
hange in the SNU-2335 set, SNU-2404 set and the SNU-2414 set (sup-
4 
lementary Table1). A total of 16 miRNAs were sorted, including the
an-CRC-PTM group (except that the 4 exosomal miRNAs that had been
uplicated). 

A total of 16 exosomal miRNAs were analyzed to perform physio-
ogical functions in the cell through DIANA-miRPath GO analysis. This
onfirmed that 16 exosomal miRNAs were involved in various biologi-
al processes, including gene expression, cell-cell signaling, extracellular
atrix organization, and disassembly ( Fig. 1 J). 

We validated both the let-7g-5p and miR-193a-5p among the exoso-
al miRNAs having significant fold changes through qRT-PCR, and it
as confirmed that miR-193a showed a significant difference among
ll CRC-PTM sets (including the primary CRC-lymph node metasta-
is set). On the other hand, let-7g-5p was found to have no signifi-
ant difference between the SW480-620 set and the KM12C-KM1214
et ( Fig. 1 K-L). 

MP16 and CDKN1A as exosomal miRNA target genes 

The target genes of miR-193a-5p were predicted through MicroRNA
arget Prediction Database (miRDB), TargetScan v7.2 and miRWalk 2.0.
oth MMP16 and CDKN1A were sorted as a result of using three predic-
ion analysis methods (supplementary Table2). A microarray of intracel-
ular RNA, not exosomal miRNA, was used for confirming the expression
f miR-193a and let-7g target genes. MMP16 and CDKN1A were not de-
ected because the basal levels of intracellular MMP16 and CDKN1A

ere not significantly different in the primary CRC group or the PTM
roup (supplementary fig s1A-B). In all CRC-PTM cell line sets with the
W480-620 set and the KM12C-1214 set (lymph node metastasis), the
etastatic cell line treated with miR-193a mimicked the decreased RNA

xpression of MMP16 as compared to the metastatic cell line of the con-
rol group ( Fig. 2 A). The primary CRC cell lines with let-7g mimicked a
ore significantly decreased CDKN1A expression than did the cell lines

f the control group in all cell lines except KC12C ( Fig. 2 B). 
The protein expression of MMP16 was also lower in the primary

RC group than in the metastasis group in the CRC-PTM cell line set.
n comparison, SW480-620 set and KC12C-1214 set showed no signif-
cant differences in protein expression. The peritoneal metastatic cell
ine treated with miR-193a mimicked increased protein expression of
-cadherin more than did the control peritoneal metastasis cell line in
NU-2335D and SNU-2404B. Snail and vimentin were shown to be oppo-
ite to the expression of E-cadherin, and snail and vimentin expressions
f the peritoneal metastatic cell line treated with miR-193a mimic were
ore decreased than were the control peritoneal metastatic cell line in

NU-2335D, SNU-2404B and SNU-2414B. Phospho-ERK expression of
he peritoneal metastatic cell line group did not show any significant
ifference in the effects of the miR-193a mimic ( Fig. 2 C). The phospho-
RK expression of the let-7g treatment group was higher than that of
he control group in SNU-2404A and SNU-2414A. There was no signifi-
ant difference in the expression of EMT markers, including E-cadherin
r snail and vimentin, between the primary CRC cell line group and the
et-7g treatment group ( Fig. 2 D). 

etastatic role of exosomal miR-193a and exosomal let-7g 

To elucidate the metastatic role of exosomal miR-193a and let-7g,
ell invasiveness was confirmed by inducing chemotaxis. Cell invasion of
he right channel was not seen because of chemotaxis from right to left,
hereas cell invasion to the left channel was observed in SNU-2335A,
NU-2335D, SNU-2404A, SNU-2404B, SNU-2414A and SNU-2414B. The
eritoneal metastatic cell lines expressed miR-193a to a lesser degree
nd the let-7g to a greater degree than did the primary CRC cell lines.
herefore, in order to confirm the effect of miR-193a, an miR-193a
imic was treated in the metastatic group and compared to the con-

rol group. Similarly, to confirm the effect of let-7g, the primary CRC
roup with an let-7g mimic was compared to the control group. The
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Fig. 1. Isolation and validation of exosomal miRNA between primary CRC and paired PTM. The morphological characteristics of primary colorectal cancer cell 

lines and peritoneal metastatic colorectal cell lines were observed under a microscope. Primary colorectal cancer: (A) SNU-2335A, (C) SNU-2404A, (E) SNU-2414A; 

Peritoneal metastatic cancer: (B) SNU-2335D, (D) SNU-2404B, (F) SNU-2414B. (G) CD63 was used as a positive marker for exosome, and Calnexin (endoplasmic 

reticulum marker) was used as a negative marker. To confirm the contamination of cell lysate, cell lysate was used as an internal control. (H) MDS plot was visualized 

the level of similarity of individual cases of a dataset. Blue dot: primary CRC group, Red dot: PTM group. (I) Top 5 list of miRNAs that satisfy |fold change| ≥ 2 and 

p value < 0.05 between primary CRC group and paired PTM group. (J) Gene ontology analysis was performed through DIANA-mirpath v3.0 software to identified 

what role the total of 16 miRNAs present in the top5 list (except 4 duplicated miRNAs) played in the cell. A total of 16 miRNAs were involved in functions such as 

ECM disassembly and organization. (K-L) Let-7g-5p and miR-193a-5p were selected as miRNAs with higher and lower fold change in the peritoneal metastasis group 

than the primary colorectal cancer group out of a total of 16 miRNAs. qRT-PCR was performed to confirm that miR-193a showed a significant difference in all cell 

line sets. (K) fold change of let-7g, (L) fold change of miR-193a. 
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roup treated with the miR-193a mimic significantly decreased cell in-
asiveness as compared to the control group, and the group treated with
he let-7g mimic significantly increased cell invasiveness as compared
o the control group ( Fig. 3 A-C). 

The inhibitory effect of cell invasiveness by miR-193a was 59.6%,
8.2%, and 54.8%, in the SNU-2335D, SNU-2404B and SNU-2414B, re-
pectively. Conversely, the effect of increasing cell invasiveness by let-
g was 471.7%, 240.1%, and 278.7% in SNU-2335A, SNU-2404A, and
NU-2414A, respectively. 
5 
In order to confirm the cell proliferation, the change in intracellu-
ar expression of Ki-67 (a cell proliferation marker) was observed in
he treatment of miR-193a and the let-7g mimic. Based on the exoso-
al miRNA analysis between the primary CRC and the PTM groups, the
iR-193a expression was lower and let-7g expression was higher after
etastasis. Therefore, the let-7g mimic and the miR-193a mimic treat-
ents were performed for the primary CRC group and the PTM group,

espectively. Ki-67 expression of the let-7g mimic treatment group in-
reased as compared to the control group in SNU-2335A. The Ki-67 ex-
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Fig. 2. Effect of miR-193a and let-7g on target gene expression in CRC-paired PTM sets. qRT-PCR was performed to compare the difference of MMP16 in treatment of 

miR-193a-mimic. SNU-2335 set, SNU-2404 set and SNU-2414 set are peritoneal metastasis case, and KC12C-1214 set and SW480-620 set are lymph node metastasis 

case. (A) MMP16 mRNA expression of metastatic cell line groups transfected with miR-193a mimic. (B) CDKN1A mRNA expression of primary CRC cell line groups 

transfected with let-7g mimic. (C) Protein expression of metastatic cell line groups transfected with miR-193a mimic. (D) Protein expression of primary CRC cell line 

groups transfected with let-7g mimic. 𝛽-actin was used as a loading control for each lane. 
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ression of the miR-193a mimic treatment group decreased than that of
he control group in SNU-2335D ( Fig. 3 D-E). 

nalysis of multiple drug responsiveness for clinical approach 

In most drugs, metastatic cell lines survived at higher drug concen-
rations as compared to primary colorectal cancer cell lines ( Fig. 4 A). A
otal of six cell lines was generally sensitive to receptor tyrosine kinase
nhibitors, such as regorafenib and afatinib, and also were sensitively af-
ected by MEK inhibitors such as trametinib. On the other hand, cell lines
howed relatively high AUC values for AZD2014 known as an mTOR
nhibitor, oxaliplatin known as one element of the FOLFOX (typically
long with folinic acid and 5-fluorouracil). Among 24 drugs, five drugs
ith a low AUC value (regorafenib, afatinib, 5-Fu, trametinib and ICG-
01), one drug with a middle AUC value (cyclopamine) and two drugs
ith a high AUC value (AZD2014 and oxaliplatin) were selected to an-
lyze the drug response to the cell lines treated with an miRNA mimic
 Fig. 4 B-C). After treatment with the drugs, the PI was continuously in-
reased for three days, and the number of dead cells was confirmed by
ncreasing the PI in all cell lines ( Fig. 4 B). Comparing the percentage of
iving cells according to the AUC type of drug, the miRNA mimic-treated
ell lines for two drugs, oxaliplatin and regorafenib, which respectively
ad a high and low AUC value on average, also showed the same pattern.
6 
f note, the AUC value of AZD2014 was higher than that of 5-Fu and
rametinib. But cell viability with AZD2014 treatment was lower than
he treatment with 5-Fu and trametinib in drug response tests, including
he miRNA mimic treated group ( Fig. 4 C). 

ultiple markers of colorectal cancer progression as exosomal miR-193a 

nd exosomal let-7g 

To identify exosomal miRNAs as colorectal cancer markers, we con-
rmed the expression of exosomal miR-193a and exosomal let-7g by
sing the exosomes in the plasma of colorectal cancer patients. Among
he 69 patients having colorectal cancer, those who were 80 years old
ere the most common, and their staging was most frequently AJCC
 American Joint Committee on Cancer ) stage Ⅱ (supplementary Table3). 

As the AJCC staging progressed to a high grade, exosomal miR-193a
xpression decreased significantly in all stages as compared to stage Ⅰ ,
nd exosomal let-7g significantly increased in all stages except in stage
 ( Fig. 5 A). The recurrence group had less miR-193a expression than did
he group not having recurrence and let-7g expression was significantly
igher ( Fig. 5 B). The expression of exosomal miR-193a and exosomal
et-7g were identified, according to the concentration of carcinoembry-
nic antigen (CEA), and the expression of let-7g did not show a signif-
cant difference at various concentration levels. On the other hand, the
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Fig. 3. Effect of miR-193a and let-7g mimic 

on metastatic properties. Cell invasiveness 

was measured by inducing chemotaxis 

from right to left by cells mixed with 

BME gel in the middle channel. The y- 

coordinate of the scatter plot represents 

the invasion distance from the gel in- 

terface. (A) left: SNU-2335D + miR-193a 

mimic, right: SNU-2335A + let-7g mimic; 

(B) left: SNU-2404B + miR-193a mimic, 

right: SNU-2404A + let-7g mimic; (C) left: 

SNU-2414B + miR-193a mimic, right: SNU- 

2414A + let-7g mimic. Ki-67 expression was 

performed by confocal microscope. Left to 

right image: Bright field, Red: Ki-67, Blue: 

DAPI and merged image. (D) SNU-2335A, 

(E) SNU-2335D. 

7 
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Fig. 4. Multiple drug responsiveness in primary CRC and paired PTM. Cells were tested for drug sensitivity using a total of 24 FDA-approved anticancer drugs. 

The concentrations of anticancer agents are mentioned in the materials and methods section. (A) 24 drugs sensitivity of each cell line was compared through AUC 

value. (B) Cell viability of confocal microscopic image was observed for 72 hr after selected 8 drugs treatment. Blue: Hoechst33342, Red: Propidium Iodide (PI). (C) 

Percentage of cell viability was performed by heatmap. 
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xpression of miR-193a showed a significant decrease in the level of
EA ( > 5 ng/mL) as compared to other concentration levels ( Fig. 5 C).
he expression of exosomal miR-193a was not different according to
he presence or absence of lymphatic invasion, but the expression of let-
g was higher in the group with lymphatic invasion than in the group
ithout lymphatic invasion ( Fig. 5 D). The expression of exosomal miR-
93a and exosomal let-7g, in accordance with the presence or absence
f venous invasion, was the same as the expression pattern with recur-
ence. The group with venous invasion had a lower miR-193a expression
nd a higher level of let-7g than did the group without venous invasion
 Fig. 5 E). 
8 
linical correlation of exosomal miR-193a and exosomal let-7g on 

olorectal cancer prognosis 

Through cell line analysis, exosomal miR-193a was significantly
ower in all types of metastatic cell lines than it was in primary col-
rectal cancer cell lines, and exosomal let-7g was higher in peritoneal
etastatic cell lines than in primary colorectal cancer cell lines ( Fig. 2
-B). 

Based on the results of the exosomal miRNA experiment derived from
lasma, it was confirmed that the negative correlation between miR-
93a and let-7g was significant ( Fig. 6 A). 
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Fig. 5. Correlation between clinical factors and exoso- 

mal miRNA expression. Expression of exosomal miR- 

193a and let-7g extracted from plasma of colorectal 

cancer patients was confirmed based on various cancer 

progression factors. (A) Cancer stage, (B) Recurrence, 

(C) CEA, (D) Lymphatic invasion, (E) Venous invasion 

9 
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Fig. 6. Mutual and clinical correlation of exosomal miR-193a and let-7g expression. (A) Exosomal miR-193a and exosomal let-7g from the same patient have a 

significant negative correlation. Pearson r: -0.3, p < 0.0302. (B) Kaplan-meier plot according to high or low expression group of exosomal miR-193a. p < 0.0379; (C) 

Kaplan-meier plot according to high or low expression group of exosomal let-7g. p < 0.0106; (D) Kaplan-meier plot according to combined high or low expression 

group of exosomal miR-193a and let-7g. p < 0.0333 
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As described in the Materials and Methods section, the cutoff points
f two exosomal miRNAs (miR-193a and let-7g) were respectively de-
ermined with the MaxStat R Package program in order to divide the
igh and low expression groups for two exosomal miRNAs. The group
ith a high expression of exosomal miR-193a had a greater patient sur-
ival rate than did the low expression group, whereas the group with a
igh exosomal let-7g expression had a lower survival rate than did the
roup with a low expression ( Fig. 6 B-C). Based on the aforementioned
esults, there was a significant difference in survival rate between the
iR-193a high and let-7g low group and the miR-193a low and let-7g
igh group ( Fig. 6 D). Consequently, the lower the expression of exoso-
al miR-193a, the greater the expression of exosomal let-7g, and the
atient prognosis was poorer. 

iscussion 

Peritoneal metastasis of colorectal cancer is the third most common
orm of metastasis, but the prognosis of patients with colorectal metasta-
is is the worst [4] . Peritoneal metastasis is divided into a synchronous
ype, a simultaneous type, and a metachronous type. These occur af-
er colorectal cancer onset. Synchronous peritoneal metastasis occurs in
bout 4% to 13% of all colorectal cancer patients, and metachronous dis-
ase occurs in up to 19% of all patients [33] . The peritoneum is a fertile
ocation where metastasis develops largely because of its large surface
rea. The process of peritoneal metastasis is based upon the “tumor cell
ntrapment ” phenomenon [34] . 

This process proceeds to shedding, binding, migration, and survival
at completion of peritoneal metastasis). In the shedding stage, primary
olorectal cancer is able to penetrate many layers (including mucosa,
ubmucosa, and serosa) and then to detached from the primary tumor
35] . In addition, invasiveness, as well as cell growth, is also one of
he abilities that cancer cells attached to peritoneum must successfully
urvive in the migration stage [36] . 

There are no specific symptoms of peritoneal metastasis, and
maging modalities such as computed tomography (CT) and 18F-
uorodeoxyglucose Positron Emission Tomography/Computed Tomog-
aphy (PET-CT) are used for the diagnosis of peritoneal metastasis. Most
tudies have found that CT scanning has limited sensitivity in detecting
eritoneal nodules < 0.5 cm, with improved sensitivity to increased le-
ion size [37] . 

In our study, primary CRC and PTM derived from the same patient
ere established as cell lines [38] . Unlike liver metastasis or lymph
ode metastasis, known as long distance metastasis, peritoneal metas-
asis has a special environment that occurs at a close physical distance
39] . Therefore, it is known that an exosome autocrine signaling system
s generated [40–42] , but a local environment may occur in which an
utocrine signaling system cannot be formed. Because of the environ-
10 
ental differences, it is believed that increasing exosomal miRNAs, as
ell as decreasing miRNAs between the primary CRC-paired PTMs, can
lay a crucial role in colorectal peritoneal metastasis. 

Consequently, we elucidated the importance of exosomal miRNA in
PM as well as its usefulness as a diagnostic marker for identifying the
ifference in expression of exosomal miRNA between CRC-PTM sets and
evealing what role the protein targeted by exosomal miRNA plays in
etastasis. 

In MDS results based upon miRNA microarray data ( Fig. 1 H), three
rimary CRC groups (SNU-2335A, SNU-2404A and SNU-2414A) were
oncentrated at similar points, whereas PTM groups (SNU-2335D, SNU-
404B and SNU-2414B) were found to be scattered. It was found that
TM groups had different characteristics from the primary CRC group
o which they belonged in accordance with the MDS results. 

The TOP 5 miRNA list was classified according to the differences
n the miRNA expressions between the CRC-PTM sets (supplementary
able1). A DIANA-miRPath analysis was performed to understand the
verall properties of a total of 16 miRNAs. Let-7g-5p (with fold change ≥
) and miR-193a-5p (with fold change ≤ 2) were selected through this
nalysis ( Fig. 1 I-J). The genes targeted by let-7g and miR-193a were
nalyzed by using three target prediction programs (miRDB, miRWalk,
nd TargetScan). Subsequently, it was confirmed that let-7g targets were
he CDKN1A and TGFBR1 , and the miR-193a targets were the MMP16

nd the ACVR1 . 
The RNA expression of MMP16 in all cell lines was higher in the

eritoneal groups than in the primary CRC group. However, protein ex-
ression was the same in the peritoneal metastatic set except for the
W480-620 set and the KC12C-1214 set ( Fig. 2 C). Since the MMP16 is
nvolved in a process of epithelial-mesenchymal transition (EMT) such
s cell invasion and intravasation [ 43 , 44 ], it was necessary to confirm
he protein expression of E-cadherin used as a marker of EMT [45] .
ransfection of miR-193a mimic was induced to increase E-cadherin

n SNU-2335D and SNU-2404B. The results of reduced MMP16 and in-
reased E-cadherin by miR-193a mimic confirmed that miR-193a mimic
ay possibly be involved in the EMT of CPM. Based on the results of

xosomal miRNA microarray analysis, let-7g, which shows more expres-
ion in the peritoneal metastatic cell line group, was expected to induce
ecreased E-cadherin expression and increased snail expression as op-
osed to miR-193a. But in fact, there was no obvious aspect except for
NU-2335A ( Fig. 2 D). This suggests that CDKN1A and TGFBR1 , which
ere selected as let-7g target genes, are involved in cell proliferation or

ell growth, so that this is not likely to have a significant effect on the
xpression of E-cadherin and snail, known to be EMT markers. 

The cell invasiveness was identified by transfection of miRNA mimic,
nd it was confirmed that the transfection of miR-193a mimic into the
eritoneal metastatic group significantly reduced the invasiveness as
ompared to the control group. The chemotaxis was induced by using
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n FBS-free medium and a medium with FBS, and the invasiveness was
enerated in a right-to-left direction. The treatment of miR-193a mimic
o the peritoneal metastatic cell line and the let-7g to the primary col-
rectal cancer cell line were designed to mimic the in vivo conditions
s much as possible, based on the miRNA analysis results. ( Fig. 3 A-C).
 crucial factor in cancer metastasis is not only cell invasiveness, but
lso cell proliferation. Therefore, Ki-67 immunofluorescence and cell cy-
le assay were performed to confirm the effect of the exosomal miRNA
imic on cell proliferation. The expression of Ki-67 on the let-7g treat-
ent group was higher than that of control group in SNU-2335A. On the

ther hand, the effect of miR-193a mimic on the expression of Ki-67 was
ot significant, whereas the effect of let-7g mimic showed a difference as
ompared to the control group ( Fig. 3 D-E). Because of the spheroid-like
orm of the SNU-2404A and SNU-2414A, permeabilization and stain-
ng of cells inside the colony were not well performed, and they were
ot suitable for immunofluorescence experiments. These results suggest
hat CDKN1A targeted by let-7g is directly involved in the cell cycle, and
MP16 targeted by miR-193a is directly involved in cell invasiveness

ather than cell proliferation. 
Cell viability to a total of 24 drugs was confirmed in SNU-2335 set,

NU-2404 set and SNU-2414 set ( Fig. 4 A), and a total of 8 drugs were
lassified into high AUC group (AZD2014 and Oxaliplatin), intermedi-
te AUC group (Cyclopamine, ICG-001 and Afatinib) and low AUC group
Trametinib, Regorafenib and 5-FU) according to AUC value. Afatinib,
 second-generation EGFR-TKI, is known as an irreversible inhibitor of
RBB2 and EGFR [46] , and AZD2014 is known as an inhibitor of mTOR
47] . CDKN1A and TGFBR1 were targeted by let-7g (supplementary Ta-
le2). This showed a higher expression in the peritoneal metastatic cell
ine than in the primary CRC cell line and played a role in inducing cell
ycle arrest [48] . It is speculated that CDKN1A inactivated by let-7g was
elatively more damaged by afatinib and AZD2014, which mainly in-
ibits cell proliferation and survival in peritoneal metastatic cell lines,
here cell proliferation is more active. Based on a heatmap showing

ell viability, it was confirmed that the cell viability of the let-7g treat-
ent group was lower than that of control group in SNU-2335A and

NU-2404A ( Fig. 4 B-C). The image analysis of live/dead cells through
he Hoechst33342 and PI staining was relatively inaccurate in the SNU-
404B, SNU-2414A, and SNU-2414B. The SNU-2404B was in the form
f a floating cell, so it was difficult to focus the confocal microscope to
onfirm PI staining. Both SNU-2414A and SNU-2414B characteristically
row into a dome shape after gathering in the middle of a well. So, it
s believed that the drugs and PI staining solution could not effectively
enetrate into the dome shape. 

Based on cell line studies, the results obtained from exosomal miRNA
xtracted from the plasma of colorectal cancer patients show that the
ore severe the colorectal cancer becomes, the lower the miR-193a ex-
ression and the higher the let-7g expression are. The expression of miR-
93a and let-7g was confirmed through various factors, including col-
rectal cancer staging, recurrence, lymphatic invasion, and venous inva-
ion, showing significant differences as compared to the control group
 Fig. 5 A-E). These factors were expected to have a close correlation to
he cancer prognosis. Subsequently, we investigated the five-year sur-
ival rate of patients and confirmed that miR-193a and let-7g were clas-
ified as a high expression group and a low expression group and that
hey showed a significant difference. 

Because the amount of exosomal miRNA is small, it is important to
et a cutoff point to distinguish between high expression and low expres-
ion. Although the half-life of miRNAs preserved in the exosomes are
elatively long [ 49 , 50 ], the amount and proportion of exosomal miR-
As extracted from a fresh plasma sample may possibly be different

rom those extracted from a plasma stored for five years. Therefore, the
mount of exosomal miR-193a and let-7g in the fresh plasma sample
ight be different, and the cutoff point will also need to be changed. 

Despite the limitations of this study, if further studies on the expres-
ion of exosomal miR-193a and let-7g are conducted in fresh plasma
amples, the cutoff points of the two miRNAs will be clearly elucidated.
11 
urthermore, exosomal miR-193a and let-7g might be used as markers
o predict the progression and prognosis of colorectal cancer. 

Taken together, the results of our research show that primary CRC
nd paired PTM cancers have different characteristics in the expression
f exosomal miRNA, and among them, miR-193a and let-7g, which show
ignificant difference, are validated. In PTM cancer, both the activation
f MMP16 and the inhibition of CDKN1A induced an acceleration of can-
er invasiveness because of a decrease in miR-193a and an increase in
et-7g. The reduction of exosomal miR-193a and the increase of exoso-
al let-7g extracted from plasma of colorectal cancer patients became
ore significant following poor prognosis indicators, including cancer

taging, recurrence, venous invasion, and lymphatic invasion. Exosomal
iR-193a and let-7g, which express opposite to cancer progressions,
ave a negative correlation. Both a low expression of miR-193a and a
igh expression of let-7g significantly decrease the patient survival rates.
onsequently, exosomal miR-193a and let-7g play a crucial role in can-
er progression and clinically have great potential as cancer prognostic
arkers. 
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