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ABSTRACT 

Exosomal microRNA derived from colorectal cancer affected CCL7 

secretion from cancer-associated fibroblasts 

 

Gyoung Tae Noh 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Kang Young Lee) 

 

 

Exosomes are a group of small membranous vesicles, that shed into 

extracellular environment by tumoral or non-tumoral cells, which contribute to 

cellular communication by delivering micro ribonucleic acid (miRNA). In this 

study, we aimed to evaluate the role of microRNAs of exosomes from 

colorectal cancer cell lines in tumorigenesis by affecting cancer-associated 

fibroblasts (CAFs) which are vital constituents of the tumor microenvironment. 

To analyze the effect of exosomal miRNA on the tumor microenvironment, 

monocytic cell line THP-1 migration was evaluated by Transwell migration 

assay with CAFs isolated from colon cancer patients. The migration assay was 

performed with CAFs ± CCL7-blocking antibody and CAFs that treated with 

exosomes isolated from colon cancer cell lines. Additionally, messenger RNA 

(mRNA) sequencing of exosome treated CAFs was performed to verify the 

effect of exosomal miRNA on CAFs. To find associated exosomal miRNA, 

miRNA sequencing and quantitative reverse transcription (qRT)-polymerase 

chain reaction (PCR) were performed. Furthermore, qRT-PCR of CCL7 from 

CAFs transfected with let-7d-5p inhibitor was performed to validate the 

candidate miRNA. THP-1 migration was decreased in CCL7 blocking antibody 

or exosomes treated CAFs in the migration assay. CCL7 mRNA expression was 

decreased in exosome treated CAFs. Colon cancer cell lines contained miRNA 
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let-7d-5p in secreted exosomes that target CCL7 secretion from CAFs. CCL7 

inhibiting activity of exosomal miRNA let-7d-5p was downregulated after 

transfection by let-7d-5p inhibitor. Exosomes from colorectal cancer cell lines 

affected CCL7 secretion from CAFs possibly via miRNA let-7d-5p and 

interfered with the migration of CCR2+ monocytic THP-1 cells in vitro. 

                                                            

Key words: colorectal cancer, exosome, micro RNA, migration, 

cancer-associated fibroblast
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Exosomal microRNA derived from colorectal cancer affected CCL7 

secretion from cancer-associated fibroblasts 

 

Gyoung Tae Noh 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Kang Young Lee) 
 

 

I. INTRODUCTION 

Exosomes are a group of small membranous vesicles that shed into the body 

fluids or extracellular environment by tumoral or non-tumoral cells. These vesicles 

play pivotal roles in cellular communication, through the shuttling between donor 

and recipient cells.1 Increasing evidence has shown that exosomes can participate 

not only in different physiological events but also in diverse pathological 

processes, such as cancer. The lumen of exosomes contains different components 

such as deoxyribonucleic acid (DNA), ribonucleic acid (RNA), lipids, and proteins, 

representing the bioactive molecules in donor cells. Micro-ribonucleic acids 

(miRNA) is one of the exosomes cargos, involved in different processes of cancer, 

such as angiogenesis and metastasis.2 MiRNAs are short single-stranded 

noncoding RNAs that possess the ability to bind complementary target messenger 

RNA (mRNA). MiRNAs can induce either mRNA targeting, thereby constituting 

a crucial port of post-transcriptional regulation of mRNA expression.3 

Tumor-derived exosomal miRNAs are regarded as potential trigger of various 

malignant transformations. There have been several reports that cancer-derived 

exosomes contain miRNAs, which can contribute to tumorigenesis by affecting 

tumor proliferation, invasion, migration, cell survival, regulation of the immune 

response, angiogenesis, epithelial-mesenchymal transition, and cellular 

stemness.4-7 
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For colorectal cancer (CRC), the roles of specific exosomal miRNAs for 

tumorigenesis have been suggested. They have a significant influence on 

colorectal cancer development and progression but are also able to transfer the 

ability to resist to the anticancer therapy.8-10 MiRNAs such as miR-21, -155, 

-25-3p, -200b, -210, and -1246 are associated with oncogenic effect such as 

angiogenesis, migration, invasion, metastasis, chemoresistance.11-19 MiR-196b-5p 

and -142-3p are known to induce cellular stemness and miR-1249-5p, 

miR-6737-5p, miR-6819-5p, and miR-10b showed indirect oncogenic activity by 

modulating the function of fibroblasts.20-22 On the contrary, there are several 

miRNAs of miR-96, -149, -486-5p, - 6869-5p, -8073, and -193a with tumor 

suppressor effect.23-27 Despite these rapidly accumulating evidences, details 

regarding the involvement of the majority of miRNAs and the clinical significance 

of exosomal miRNAs are not yet well defined. Only several miRNAs of miR-21 

MiR-17~92, 25~106b clusters, and miR-1246 showed their clinical utility as a 

diagnostic biomarker in CRC.12,13,16,19,28-30 

Cancer-associated fibroblasts (CAFs) are vital constituents of the tumor 

microenvironment, and their interactions with cancer cells play a major role in 

mediating their formation and activation.31,32 CAFs are a group of cells that exhibit 

mesenchymal-like features and are likely mesoderm-derived. They are found in 

the vicinity or in indirect contact with neoplastic cells and are often the dominant 

cell type within a solid tumor mass.33,34 There are likely quiescent or resting cells 

that are capable of responding to extrinsic cues, such as growth factors, cytokines 

and mechanical stress, to become activated.33,35 When cancer arises in the adult 

organ, the dominant niche likely includes the expansion of quiescent fibroblasts 

residing in the host tissue in response to the injury caused by the developing 

neoplasm.33 CAFs in CRC interact with all other cells in tumor microenvironment 

via direct cell to cell contact and secretion of cytokines, thereby stimulating tumor 

progression and ultimately metastasis.36-38 Multiple CAF-derived factors sustain 
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proliferative signaling in CRC cells and support the cancer cells to resist cell death 

and evade growth suppressors.38 CAFs in CRC secrete epidermal growth factor, 

hepatocyte growth factor, IGF1/2, PEG-2, PDGF, fibroblast growth factor-1, and 

vascular endothelial growth factor.39-41 These growth factors activate the pathway 

which mediated cell proliferation and cell survival, protein synthesis, cytoskeletal 

rearrangement, and invasion.42 CAF-derived TGF-β, connective tissue growth 

factor, and IL-2 leads to CRC proliferation and angiogenesis.39-41,43 CAFs in CRC 

regulate the anti-tumor immune response by secreting various cytokines such as 

CCL-5, -7, -11, CXCL-12, and -16.44 CAF secretion of chemokines can recruit 

immunosuppressive myeloid-derived suppressor cell population to the tumor and 

inhibit natural killer cell function.38,45 CAFs also associated with CRC stemness 

and chemotherapy resistance by secreting netrin-1 and exosomal miR-92a-3p.46,47 

According to the studies analyzing molecular subtypes of CRC, CAFs was 

associated with specific subtype. A SSM subtype of CRC, which was 

characterized by cancer stemness and epithelial-to mesenchymal transition, 

associated with high stromal content and abundance of CAFs.48 In the other 

classification, CMS1 and CMS4 subtypes, which are microsatellite instable-like 

and mesenchymal subtypes, respectively, are characterized by an extensive tumor 

infiltration by CAFs.49 

In this study, microRNAs of exosomes from colorectal cancer cell lines were 

profiled and analyzed to investigate their role in tumorigenesis by affecting CAFs 

which are vital constituents of the tumor microenvironment.  

 

II. MATERIALS AND METHODS 

1. Cell culture 

HT-29 (American Type Culture Collection, ATCC, Manassas, VA, USA; 

HTB-38™), SW480 (ATCC, CCL-228™), Jurkat (ATCC, TIB-152™), and 

THP-1 (Korea Cell Line Bank, Seoul, Korea) cells were cultured at 37 ℃ in 
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Roswell Park Memorial Institute medium 1640 (RPMI 1640, WELGENE, 

Gyeongsan-si, Korea), including 10% fetal bovine serum (FBS, WELGENE), 100 

U/ml penicillin G sodium and 100 μg/ml streptomycin (Capricorn Scientific, 

Ebsdorfegrund, Germany). Cells were grown to sub-confluence (85-90%) in 10% 

FBS/RPMI-1640 media. All cell lines were maintained in 5% CO2 at 37 ℃. For 

exosome isolation, HT-29 and SW480 cells (Table 1) were washed with growth 

medium using phosphate-buffered saline (PBS), followed by a 10% 

exosome-depleted FBS (System Biosciences, Palo Alto, CA, USA) supplemented 

with antibiotics. HT-29 and SW480 cells were cultured with exosome-free FBS 

for 24 or 48 hours for the isolation of extracellular vesicles. 

Table 1. Colorectal cancer cell lines used in this study. 

 HT-29 

(ATCC HTB-38) 

SW480 

(ATCC CCL-228) 

Organism Human 

44 years, female 

Human 

50 years. male 

Disease Colorectal adenocarcinoma Dukes’ type B colorectal cancer 

RAS Mutation No mutation Mutation in codon 12 

 

2. Isolation and analysis of exosomes 

Exosomes were isolated by ultracentrifugation using an Optima XE-90 equipped 

with a fixed-angle SW41Ti rotor (Beckman Coulter, Fullerton, CA, USA). First, 

cell suspensions were centrifuged at 1,500 rpm for 10 minutes at 4 ℃ to remove 

cells and collect the cell supernatant. Next, cell supernatants were centrifuged at 

4,000 rpm for 20 minutes at 4 ℃ to remove cell debris, followed by filtering with 

a 0.22 um syringe filter (Sartorius Stedim Biotech GmbH, Germany) to remove 

proteins and larger vesicles (i.e., micro-vesicles). The filtered supernatants were 

ultra-centrifuged at 34,100 rpm for 70 minutes at 4 ℃. The resultant pellets were 

resuspended in PBS for washing. The final supernatants were ultra-centrifuged at 
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34,100 rpm for 70 minutes at 4 ℃. Exosomes were also purified using the 

ExoQuick-TC™ exosome precipitation solution (System Biosciences, Palo Alto, 

CA, USA) according to the manufacturer’s protocol. The cell supernatant was 

collected and centrifuged at 300 ×g for 15 min at 4 ℃ to remove the cells and cell 

debris. The supernatant was transferred to a Macrosep Advance centrifugal device 

with Omega membrane (Pall, Port Washington, NY, USA) and centrifuged 5,000 

× g for 30 minutes at 4 ℃. Concentrated media was added to an appropriate 

volume of ExoQuick solution. After 12 hours, the miture was centrifuged at 1,500 

× g for 30 minutes at 4 ℃. The final collected pellets were resuspended in PBS for 

Nanosight particle tracking analysis (Nanosight NS300, Malvern Instruments Ltd, 

UK) and with lysis buffer (pro-prep, iNtron Biotechnology, Sungnam-si, Korea) 

for immunoblotting. Exosomes were observed using Hitachi H-7650 transmission 

electron microscope (Japan). The exosomes were immediately used and stored at 

-80 ℃, up to 1 month. 

3. Isolation and culture of CAFs 

Tumor samples from patients undergoing surgery were obtained at Ewha 

University Medical Center (Seoul, Korea) in accordance with the ethical 

guidelines of the institutional review board (IRB No. SEUMC 2019-12-028). All 

patients provided their formal, informed, and written consent, agreeing to supply a 

biopsy for this study. CAFs were isolated from the tumor samples of patients. 

Cancer specimens (8 mm2) were washed three times with PBS, minced into 

approximately 0.5-1 mm2 pieces, and digested in RPMI-1640 containing 0.05% 

trypsin (Gibco/ThermoFisher Scientific, Waltham, MA, USA) and 0.75 mg/mL 

collagenase type I (Stem Cell Technologies, Vancouver, Canada) for 40 minutes at 

37 °C. The homogenate was collected and passed through a 70 μm pore cell 

strainer (SPL Life Sciences, Pocheon-si, Korea). Cells were washed with PBS and 

plated in Dulbecco’s modified Eagle’s medium-high glucose (DMEM-HG, 

Welgene) containing 10% FBS, 100 μg/mL streptomycin, and 100 U/mL 
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penicillin. After 48 hours, the medium was replaced to remove non-adherent cells. 

Then CAFs were expanded for three weeks.50 

4. Immunoblotting 

Colorectal cancer cells were plated in a 100-mm culture plate with 8 ml of media. 

For immunoblotting analysis, 20 μg of protein was resolved with 12% sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) resolving gel and 

transferred to polyvinylidene difluoride (PVDF) membranes (GE Healthcare Life 

science, Pittsburgh, PA, USA). The membranes were probed with anti-CD9 

antibody (EPR2949, rabbit monoclonal, ab92726, Abcam, Cambridge, UK), 

anti-CD63 antibody (MX-49.129.5, mouse monoclonal, ab193349, Abcam) and 

anti-beta-actin antibody (C4, mouse monoclonal, Santa Cruz Biotechnology, Santa 

Cruz, CA, USA). The secondary antibodies used were horseradish peroxidase 

(HRP)-goat anti-rabbit immunoglobulin (IgG) antibody, HRP-conjugated goat 

anti-mouse IgG F(ab')2 (both from Enzo Life Sciences, Farmingdale, NY, USA) 

and HRP-conjugated goat anti-mouse IgG (H+L) antibody (#1706516, Bio-Rad 

Laboratories, Hercules, CA, USA). The images were detected using an ECL 

chemiluminescent substrate (GE Healthcare Life science) and analyzed using a 

LAS-3000 imager (Fujifilm, Japan). 

CAFs were harvested to detect the protein level of alpha smooth muscle actin 

(α-SMA). Twenty-five ug of proteins were resolved by SDS-PAGE, transferred to 

membranes treated in blocking agent, and incubated overnight with primary 

antibodies against α-SMA (sc-32251; Santa Cruz Biotechnology, Dallas, TX, 

USA) and β-actin (sc-47778; Santa Cruz Biotechnology). After repeat washes, the 

membranes were incubated with anti-mouse HRP-conjugated secondary antibody 

(Bio-Rad, Hercules, CA, USA) for 1 hour at room temperature. Following 

washing, membranes were developed using SuperSignal West Femto Substrate 

(Thermo Fisher Scientific, Waltham, MA, USA) and scanned using ImageQuant 

LAS 4000 (GE Healthcare, Little Chalfont, UK). 
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5. Flow cytometry 

CAFs were stained with anti-fibroblast activation protein (FAP) antibody 

(#427819, mouse monoclonal IgG1, Novus Biologicals, Littleton, CO, USA) 

followed by fluorescein isothiocyanate (FITC)-conjugated anti-mouse IgG1 

antibody. Jurkat and THP-1 cells were incubated with FITC-conjugated 

anti-human CCR1 (5F10B29, mouse monoclonal), allophycocyanin 

(APC)-conjugated anti-human CCR2 (K036C2, mouse monoclonal), and 

APC-conjugated anti-human CCR3 (5E8, mouse monoclonal) antibodies (all from 

BioLegend, San Diego, CA, USA) for 30 minutes on ice. Isotype antibody-stained 

cells were used as controls. Cells were centrifuged at 400 × g for 5 minutes at 

room temperature and fixed with 1% paraformaldehyde in flow cytometry staining 

buffer (0.5% FBS in PBS). Cells were detected using a NovoCyte flow cytometer 

(ACEA Biosciences, San Diego, CA, USA) and analyzed with NovoExpress 

software (ACEA Biosciences). 

6. Transwell migration assay 

Transwell migration assay was performed using Transwell® -24 well permeable 

support plates with an 8.0 μm pore size polycarbonate membrane (Corning, 

Corning, NY, USA). CAFs (105 cells/well) were cultured in lower chamber for 24 

hours. To migration assay, lower cells were treated with 10 μg/mL CCL7 blocking 

antibody (R&D Systems, Inc., Minneapolis, MN, USA) and/or 100 μg/mL 

exosome from FBS, HT-29 or SW480 cells. THP-1 cells (2 × 105 in each well) 

were seeded in the upper chambers in 100 μl serum-free medium. The chamber 

was incubated at 37°C for 5 hours. RPMI1640 supplemented with 10% FBS was 

added to the lower chamber as a positive control for the migration of THP-1 cells 

and serum free-RPMI-1640 was used as negative control. Migrated THP-1 cells in 

lower chambers were counted after trypan blue staining using hemocytometer. 

7. RNA extraction, library construction, and mRNA sequencing of CAFs 

RNA was extracted from CAFs (Qiagen, Hilden, Germany) and subsequently 
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column purified with a RNeasy mini kit (Qiagen). cDNA libraries were prepared 

with 1 μg of starting total RNA using a TruSeq RNA library Prep kit v2 (Illumina, 

San Diego, CA), and transcriptome sequencing was performed using a NovaSeq 

S4 Reagent kit and Illumina NovaSeq (Macrogen, Seoul, Korea). The reads were 

mapped to the human genome reference (UCSC hg19) using TopHat v2.0.13. The 

total mapped read numbers for each transcript were determined and normalized to 

detect fragments per kilobase of exon per million fragments mapped (FPKMs) 

using Cufflinks v2.2.1. Genes with more than one zero FPKM value out of the 

analyzed samples were excluded to filter potentially significant gene expressions. 

For differentially expressed gene (DEG) analysis, the values of log2 (FPKM+1) 

were calculated, and then normalized by quantile. Transcripts with absolute 

fold-change values larger than 2 with a q-value ≤0.05 were included in the 

analysis as DE genes. 

8. Small RNA library construction and sequencing analysis of exosomal miRNA 

For miRNA sequencing, total RNA was isolated using an extraction kit (Qiagen, 

Germany) and sent to Macrogen (Seoul, Korea) for small RNA library 

construction and sequencing. The RNA isolated from each sample was used to 

construct sequencing libraries with the SMARTer®  smRNA-Seq Kit for Illumina, 

following the manufacturer's protocol. The libraries were pooled in equimolar 

amounts, and sequenced on an Illumina HiSeq 2500 (Illumina, USA) instrument to 

generate 101 base reads. Image decomposition and quality value calculations were 

performed using the modules of the Illumina pipeline. Raw data (the reads for 

each miRNA) were normalized by relative log expression normalization using 

DESeq2. MiRNA target genes were predicted using TargetScan 

(http://www.targetscan.org/vert_72/), miRDB (http://mirdb.org/), and 

microRNA.org (http://www.microrna.org/) databases. 

9. Quantitative reverse transcription (qRT)-polymerase chain reaction (PCR) of 

exosomal miRNAs 
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A qRT-PCR was performed on the miRNA from exosomes to validate the 

miRNA data. To harvest cell exosomes for qRT-PCR, 4×106 of HT-29 and 

SW480 cells were cultured in RPMI 1640 with 10% exosome-free FBS for 24 

hours in a humid atmosphere with 5% CO2 incubator at 37 ℃. Each cell 

supernatant was centrifuged for 5 minutes at 1,300 rpm and filtrated using 0.22 

μm syringe filter. The miRNA of exosomes was extracted using Exo2D™-EV 

isolation kit for RNA analysis (EXOSOMEplus, Suwon-si, Korea). Samples were 

centrifuged at 3000 × g for 15 minutes to remove the cells and debris, and the 

supernatant was transferred to a new tube. Exo2D™ was incubated at 37 ℃ for 15 

minutes and inverted. It was shaken every 5 minutes to keep the samples optically 

opaque during the process. Next, 10 mL of sample per 2 mL of Exo2D™ reagent 

B was added and mixed by inverting. The mixtures were centrifuged at 3,000 × g 

for 30 minutes at 4 ℃. The aqueous phase of Exo2D™ grabs exosomes was 

precipitated. Exosomes are dissolved in a very small volume of the aqueous phase. 

The phase appears in the white pellet. The remainder should be eliminated. The 

homogenized samples were resuspended in 100 μl of PBS. MicroRNAs are not 

naturally polyadenylated. With the MystiCq microRNA cDNA synthesis mix 

(Merck, Darmstadt, Germany), microRNAs were polyadenylated through a 

poly(A) polymerase reaction and subsequently added to convert the poly(A) tailed 

microRNAs into cDNA using an oligo-dT adapter primer. The adapter primer 

incorporates a unique sequence at its 5’ end, which allows for the amplification of 

cDNAs in real-time RT-qPCR reactions. MystiCq universal PCR primers, miRNA 

primers gas-MiR-1246, gas-MiR-367-3P, has-let-7d-5p, and SNORD48 (human 

positive control primer) were purchased from Merck. Real-time PCR was 

conducted to quantify the expression of specific genes using a KAPA SYBR ®  

FAST qPCR kit (KAPA Biosystems Inc., Woburn, MA, USA) with an ABI 

PRISM 7000 sequence detection system (Applied Biosystems, Foster City, CA, 

USA). The relative expression of miR-6126, miR-367-3p, let-7d-5p, and 
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miR-1246 was determined relative to that of SNORD 48, and levels were 

calculated using the 2-ΔΔCT method. 

10. qRT-PCR of CCL7 from CAFs 

To detect expression of CCl7, CAFs treated with exosomes derived from HT-29 

cells (100 ug/ml) or SW480 cells (100 ug/ml) for 24 hours were harvested. On the 

other hands, CAFs transfected with has-let-7d-5p inhibitor or negative control 

inhibitor were also harvested for qRT-PCR. Reverse transcription was performed 

using 1 μg RNA and 5× Reverse Transcription Master Premix (ELPIS-Biotech, 

Daejeon, Korea) according to the manufacturer's instructions. Quantitation of 

target gene expression was performed by mixing cDNA with a primer pair specific 

for Ccl7 (forward; 5’-ACCACCAGTAGCCACTGTCC-3’ and reverse 5’-GAG 

GAG CATCCCACA GTT TT-3’) and using a SensiFAST SYBR Hi-ROX kit 

(Bioline, London, UK). Gene amplification was conducted using 40 cycles of a 

15 s denaturation step at 95°C and 1 min amplification and signal acquisition step 

at 62°C using a StepOnePlus Real-Time PCR System (Applied Biosystems, Foster 

City, CA). The relative expression levels of ccl7 were determined using Galdh as a 

housekeeping gene. The Gapdh amplicon was generated using following primer 

pair: 5’-GGTAAAGTGGATATTGTTGCCATCAATG-3’ (forward) and 

5’-GGAGGGATCTCGCTCCTGGAAGATGGTG-3’ (reverse). 

11. Transfection with let-7d-5p inhibitor 

To confirm the effect of microRNA, has-let-7d-5p on the CCL7 expression, 

CAFs were transfected with has-let-7d-5p specific inhibitor (Bioneer Corporation, 

Daejeon, Korea) using METAFECTENE ® PRO reagent (Biontex, Munchen, 

Germany) in accordance with the manufacturer’s instruction. Briefly, Cells at 

confluency 80% in 6-well plate were treated with 5ug of let-7d-5p specific 

inhibitor or negative control inhibitor (Bioneer Corporation) mixed with 

METAFECTENE ® PRO reagent. After 6hr, exosomes derived from HT-29 cells 

or SW480 cells were added at a concentration of 100 ug/ml to the cells 
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respectively without replacement of medium. The cells were maintained for 72 

hours until harvest. 

12. Statistical analysis 

The statistical analysis was performed using GraphPad Prism version 6.04 

(GraphPad Software Inc., San Diego, CA, USA). All data are presented as the 

mean ± SEM. Statistical significance was determined by one-way analysis of 

variance (ANOVA) in conjunction with Dunnett’s post hoc test for cell migration 

assay and Student’s t-test for CCL7 expression by qRT-PCR. All analyses were 

performed using Prism 8 (GraphPad Software, Inc., La Jolla, CA, USA). A 

P-value of < 0.05 was considered to be statistically significant. 

 

III. RESULTS 

1. Exosome isolation from HT29 and SW480 cell lines 

Two colorectal cancer cell lines, HT-29 and SW480, were cultured in 

exosome-free FBS-containing media for 24 or 48 hours (Figure 1A), exosomes 

were isolated and purified from culture supernatants. The cup-shaped structures 

and sizes were identified by electron microscopy (Figure 1B). The detection of 

CD9 and CD63 was confirmed by immunoblotting (Figure 1C). The particle size 

distribution and concentration of isolated exosomes were analyzed by Nanosight 

particle tracking analysis (Figure 1D). 
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Figure 1. Exosomes isolated from HT-29 and SW480 cell lines. (A) Cell 

morphology of HT-29 and SW480 cells in RPMI-1640 with exosome-free 10% 

FBS (original magnification × 100). (B) Exosomes secreted from HT-29, and 

SW480 cells were detected by electron microscopy (scale bar, 1 um). (C) 

Immunoblotting assay of CD9 and CD63 in exosomes from HT-29 and SW480 

cells. Beta-actin blot was used as the loading control. (D) Exosomes from HT-29 

and SW480 cells were detected by Nanosight particle tracking analysis. The left 

column represents batch-to-batch variation, and the right column shows the overall 

size of the exosomes isolated from HT-29 and SW480, respectively. 

 

2. CAFs isolation 

To isolate CAFs from colorectal cancer, surgically removed tissue from the 

tumor was minced and enzyme digested. CAFs were typically spindle-shaped 

(Figure 2A), and the expressions of α-SMA and FAP can be observed in this batch 

of cells by immunoblotting and flow cytometry, respectively (Figure 2B and 2C). 
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Figure 2. CAFs isolation from a patient with colorectal cancer. (A) Isolated CAFs 

are spindle-shaped. Adherent cells can be observed after day 2 (original 

magnifications were as indicated). (B) Immunoblotting assay of α-smooth muscles 

actin and β-actin in CAFs. (C) The expression level of fibroblast activation protein 

was analyzed with flow cytometry. 

 

3. Migration of THP-1 cells were affected by CCL7 from HT29 and SW480 
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exosome-treated CAFs 

Cell migration assays were performed with CAFs incubated with exosomes 

from HT29 and SW480 for 5 hours to evaluate the effect of colorectal cancer 

cell-derived exosomes on the chemotactic effect in the tumor microenvironment. 

First, the expression levels of CCR1, CCR2 and CCR3 on Jurkat and THP-1 cells 

were analyzed by flow cytometry. It was found that there was no expression of 

CCR1, CCR2, and CCR3 in Jurkat cells, while CCR2 was highly expressed in 

THP-1 cells (Figure 3A). A Transwell assay was performed with CAFs only, 

CAFs and CCL7-blocking antibody, CAFs and HT29 exosome, and CAFs and 

HT480 exosome. It was found that THP-1 cells migrated toward CAFs and 

decreased by CCL7-blocking antibody treatment. It was noted that migration of 

THP-1 cells was decreased in HT29 and SW480 exosome-treated CAFs 

conditions rather than CAFs-only conditions (Figure 3B). 
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Figure 3. Transwell migration assay. (A) The expression level of CCR1, CCR2, 

and CCR3 in Jurkat and THP-1 cells were analyzed by flow cytometry. (B) 

Schematic presentation of the cell migration assay toward CAFs. CAFs were 

placed in the lower chamber with exosomes from FBS, HT-29 and SW480 cells, 

and THP-1 cells were placed in the upper chamber. Serum-free media was used as 

negative control and 10% FBS containing media used as positive control. After 5 
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hours, THP-1 cells in the lower chamber were collected and counted. Data are 

expressed as the mean +/- SEM and were analyzed by one-way ANOVA (*P < 

0.05, **P<0.01, and ***P<0.001). 

 

4. Expression of mRNAs in CAFs were affected by exosomes from colorectal 

cancer cell lines 

RNAs was extracted from exosome treated and untreated CAFs, and mRNA 

sequencing was performed. It was noted that the mRNA reads of CCL7 in 

exosome treated CAFs were significantly lower than CAFs without exosome 

treatment. (Table 2) 

Table 2. Relative expression of mRNAs in CAFs treated with exosomes from 

colorectal cancer cell lines than CAFs without exosome treatment. 

mRNAs CAFs + HT-29 exosomes CAFs + SW480 exosomes 

ccl7 -0.151 -0.100 

ccl13 -0.370 -0.280 

ccl2 0.394 0.144 

ccl11 0.133 -0.0795 

ccl26 0.065 0.054 

ccl28 0.058 - 

Descriptive value: logFC (log2 fold change between exosome treated CAFs and 

CAF only) 

 

5. Sequencing analysis of miRNAs in exosomes 

Exosomes were isolated, and miRNA sequencing was performed to compare the 

miRNAs contained in exosomes from HT-29 and SW480 cells. Forty-eight hours 

after media replacements, the miRNA reads were lower than that of samples from 

after 24 hours. The fourteen miRNAs, most highly expressed, were selected and 
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listed in Table 2. Next, miRNA target genes were predicted using sequence-based 

database tools, such as Target scan. Possible target genes of the fourteen miRNAs 

from Table 3 were selected. It was noted that CCL7 targeted let-7d-5p was 

detected in exosomes from HT-29 and SW480 cells. 

Table 3. List of miRNAs highly expressed in exosomes from HT-29 and SW480 

cells.  

miRBase_Link HT-29_24hr HT-29_48hr SW480_24hr SW480_48hr 

hsa-let-7a-5p 1667 224 3110 1207 

hsa-let-7b-5p 3231 435 5937 1944 

hsa-let-7d-5p 122 27 170 58 

hsa-let-7e-5p 339 63 762 208 

hsa-let-7f-5p 717 69 1348 358 

hsa-let-7g-5p 115 44 211 88 

hsa-miR-1246 1561 392 4337 2026 

hsa-miR-1290 1022 302 2522 3031 

hsa-miR-185-5p 72 5 166 24 

hsa-miR-191-5p 110 34 230 80 

hsa-miR-23a-3p 105 80 198 174 

hsa-miR-423-5p 300 148 556 258 

hsa-miR-6126 77 5 211 42 

hsa-miR-92a-3p 119 27 169 110 

Numbers represent the normalized detection reads of the miRNA sequence. 

 

6. qRT-PCR for miR-6126, miR-1246, miR-367-3p, and let-7d-5p in exosomes 

qRT-PCR was performed for miR-6126, miR-1246, miR-367-3p, and let-7d-5p 

to confirm miRNA read count in sequencing analysis. It was found that miR-6126, 

miR-1246, miR-367-3p, and let-7d-5p were expressed along with SNORD 48 

(control) (Figure 4). 
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Figure 4. qRT-PCR for miRNA validation in exosomes. (A) HT-29 cell and (B) 

SW480 cells-derived exosome analysis. (1) miR-6126, (2) miR-367-3p, (3) 

let-7d-5p, (4) miR-1246 and housekeeping RNA (SNORD 48). 

 

7. CCL7 secretion from CAFs were affected by exosomal miRNA from HT29 

and SW480 

qRT-PCR of CCL7 from CAFs treated with exosomes derived from colorectal 

cancer cell lines was performed to evaluate the effect of colorectal cancer 
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cell-derived exosomes on the CCL7 secretion from CAFs. Relative expression of 

CCL7 from CAFs was significantly decreased after the treatment of exosome 

(Figure 5A). Furthermore, to confirm the effect of exosomal miRNA on CAFs, 

qRT-PCR of CCL7 from CAFs transfected with has-let-7d-5p inhibitor was 

performed. The expression of CCL7 from exosome treated CAFs transfected with 

has-let-7d-5p inhibitor was significantly higher than exosome treated CAFs 

without transfection (Figure 5B). 

 

Figure 5. qRT-PCR of CCL7 from CAFs. (A) The expression of CCL7 from CAFs 

treated with exosomes from HT-29 and SW480 was significantly decreased than 

CAFs without treatment. (B) The expression of CCL7 from exosome treated CAFs 

transfected with has-let-7d-5p inhibitor was significantly higher than CAFs 

without transfection. Data are expressed as the mean +/- SEM and were analyzed 

by Student’s t-test (*P < 0.05). 

 

IV. DISCUSSION 

The tumor microenvironment plays a significant role in tumor occurrence and 

development, and cell-to-cell communication is an essential mechanism in the 

tumor microenvironment, which maintains tissue homeostasis and normal cellular 

activities.51,52 The mechanisms of cell-to-cell communication are direct cell-to-cell 

contact mediated by integral membrane protein, indirect contact through the 

extracellular matrix, and distant communication by circulating miRNA via 
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exosomes or extracellular miRNA in the extracellular microenvironment.53 

Recently, the role of tumor cell-derived exosomes in cell-to-cell communication in 

the tumor microenvironment have drawn attention, and their pathogenesis has 

been gradually revealed. 

Exosomes are 50-120 nm cup-shaped vesicles that were first identified by Pan 

and Johnstone in 1983.54 They originates from endosomes and are generated in 

two stages. Initially, endosomes are manufactured through the inward budding of 

clathrin-coated regions of the cell membrane. Then, the membrane of the 

endosomes bulges inward, and many small vesicles that have received the 

cytoplasmic contents of the cell appear in endosomes, which are called 

multivesicular bodies. Next, these multivesicular bodies shed their intraluminal 

vesicles, named exosomes into extracellular spaces or a wide range of body fluids 

via fusing with the plasma membrane.55-58 During the formation of exosomes, they 

receive the components of originating cells. Thus, based on their sources, 

exosomes carry various types of molecules, such as miRNA, mRNA, DNA, long 

non-coding RNA, proteins, and lipids.59 Based on the ExoCarta 

(http://www.exocarta.org/), an online database presenting the latest contents of 

extracellular vesicles, 4,563 proteins, 194 lipids, 1,639 mRNAs, and 764 miRNAs 

have been found in exosomes, in multiple organisms.60 Accumulating evidence 

has shown that in most exosomes, irrespective of their origin, there are some 

common characteristics. For instance, the membrane of exosomes is enriched with 

high levels of cholesterol, ceramide, sphingomyelin and glycerophospholipids, 

with long and saturated fatty-acyl chains.61,62 Furthermore, exosomes contain a set 

of different proteins, including heat shock proteins (HSP60, HSP70, and HSP90), 

cytoskeletal proteins (myosin, β-actin, and tubulin), multivesticular body synthesis 

proteins (Alix and Tsg101), integrins and tetraspanin family proteins (CD9, CD63, 

and CD81), membrane transporters, fusion proteins (annexins, Rab GTPases, 

flotillins) and glycolytic proteins (enolase 1 and glyceraldehyde 3-phosphate 
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dehydrogenase).57,59 In the present study, exosomes were isolated from the 

cultured colon cancer cell lines HT-29 and SW480. These were confirmed as 

exosomes by theirs surface marker CD9 and CD63 and the size measurement in 

the TEM and Nanosight particle tracking analysis (Figure 1). Exosomes were 

isolated by classical ultracentrifugation and precipitation. Higher exosome yield 

was reported in the precipitation than ultracentrifugation and the yield of exosome 

isolation was superior in the precipitation in this study.63  

The malignant phenotypes of tumors are not only determined by cancer cells 

themselves but also depend on the surrounding tumor microenvironment.64 Studies 

on the relationship between exosomal miRNAs and cancer begin to reveal a 

general picture of their ubiquitous involvement in cellular pathways from life to 

death and from metabolism to communication. These molecules have an 

undeniable role in cancer as tumor suppressors and promoters modulating cell 

proliferation and migration, and in epithelial-mesenchymal transition, and tumor 

proliferation, angiogenesis and metastasis.65 Moreover, exosomal miRNAs can 

even affect the environment surrounding the tumor, influencing the extracellular 

matrix as well as the immune system activation and recruitment. The tumor 

microenvironment is defined as a variety of normal cells, blood vessels, signaling 

molecules, and the extracellular matrix that surrounds tumor cells and CAFs are 

vital constituents of the tumor microenvironment, which have interactions with 

cancer cells and play a major role in mediating their formation and 

activation.31,32,66 CAFs are morphologically spindle-shaped and express α-SMA, 

FAP-α, fibroblast specific protein-1 (FSP-1), platelet-derived growth factor 

receptor-α (PDGFR-α), and PDGFR-β.50 In this study, CAFs were prepared by 

enzyme digestion followed by the elimination of floating cells after 48 hours, 

while maintaining adherent cells expressing α-SMA and FAP-α (Figure 2). The 

huddle of CAF isolation from colorectal cancer, however, contamination is 

suspected at the source or during cell preparation. These cell lines should be 
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handled alone, preferably in quarantine. 

The paracrine signaling between CAFs and cancer cells, wherein CAFs secrete 

growth factors and cytokines such as CXCL12 (stromal cell-derived factor-1, 

SDF-1), CCL7 (monocyte-chemotactic protein 3, MCP3), transforming growth 

factor-beta (TGF-β), fibroblast growth factors (FGFs), hepatocyte growth factor 

(HGF), periostin, and Tenascin C (TN-C), might directly and positively impact 

tumor progression by enhancing the survival, proliferation, stemness, and 

metastasis-initiating capacity of cancer cells, ultimately promoting cancer 

progression, but also enhancing resistance to therapy.67-74 Among the cytokines 

secreted by CAFs, CCL7 can act as a tumor-derived factor that may promote 

tumor growth, invasion and metastasis. CCL7 is upregulated in lung adenomas 

isolated from old mice, which show marker accumulation of immune cells. 

Furthermore, lung adenomas formed on an aging background are more invasive.75 

CCL7 is expressed at higher levels in metastatic renal cell carcinoma than in 

primary renal cell carcinoma.76 High CCL7 expression evokes the recruitment of 

tumor-associated macrophages, resulting in the persistence of increased vascular 

permeability. Therefore, tumor cells can cross the blood-brain barrier and move 

toward the brain tissue.76-78 The tumorigenic properties of CCL7 have also been 

confirmed in colorectal cancer cells.79,80 Colorectal cancer cell proliferation, 

migration and invasion are increased by the overexpression of CCL7 in vitro and 

in vivo. In clinical specimens, high CCL7 expression in metastatic liver tumor 

tissue suggests that CCL7 promotes colorectal cancer liver metastasis.79 In this 

study, exosomes from colorectal cancer cell lines, HT-29 and SW480, affected 

CCL7 secretion from CAFs and interfered with the migration of CCR2+ 

monocytic THP-1 cells in vitro (Figure 3B, Figure 5A, and Table 2). It can be 

speculated that secretion of immune cell attractants by CAFs were suppressed by 

cancer cell-derived exosomes. In our following experiment, microRNAs of 

exosomes from colorectal cancer cell lines, HT-29 and SW480 were isolated and 
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compared. The miRNA sequencing and miRNA validation results did not show 

significant differences between these two cells and both cell lines contained 

miRNA let-7d-5p in secreted exosomes. According to the previous reports, CCL7 

is known to be downregulated by miRNA let-7d-5p, which was one of the 

miRNAs expressed by exosomal miRNA from the human colon cancer cell line 

sequencing in our experiment (Table 3 and Figure 4). As a tumor suppressor, 

Let-7d-5p specifically binds to the 3’-UTR of CCL7 mRNA and modulates its 

expression in a negative feedback manner, which are frequently downregulated in 

many human malignancies, such as lung cancer, breast cancer, and hepatocellular 

carcinoma.81-84 In our experiment validating the role of exosomal miRNA 

let-7d-5p, exosome treated CAFs transfected with this miRNA specific inhibitor 

showed higher expression of CCL7 than downregulated CAFs by exosomes from 

colorectal cancer cell lines (Figure 5B). 

 

V. CONCLUSION 

In conclusion, exosomes from colorectal cancer cell lines, HT-29 and SW480, 

affected CCL7 secretion from CAFs possibly via miRNA let-7d-5p and interfered 

with the migration of CCR2+ monocytic THP-1 cells in vitro. Present study 

suggests the role of exosomal miRNA in tumorigenesis of colon cancer by 

affecting tumor microenvironment. It needs to be compared the overall effect on 

CAFs by exosomes such as RNA sequencing. Furthermore, the immune cell 

migration and tumorigenesis effect of exosomes in vivo needs to be validated. 



 

- 26 - 

 

REFERENCES 

1. Simpson RJ, Lim JW, Moritz RL, Mathivanan S. Exosomes: proteomic insights 

and diagnostic potential. Expert review of proteomics 2009;6:267-83. 

2. Chen X, Liang H, Zhang J, Zen K, Zhang C-Y. Horizontal transfer of 

microRNAs: molecular mechanisms and clinical applications. Protein & cell 

2012;3:28-37. 

3. Vautrot V, Chanteloup G, Elmallah M, Cordonnier M, Aubin F, Garrido C, et al. 

Exosomal miRNA: small molecules, big impact in colorectal cancer. Journal of 

oncology 2019;2019. 

4. Liu Y, Luo F, Wang B, Li H, Xu Y, Liu X, et al. STAT3-regulated exosomal 

miR-21 promotes angiogenesis and is involved in neoplastic processes of 

transformed human bronchial epithelial cells. Cancer letters 2016;370:125-35. 

5. Ye S-b, Li Z-L, Luo D-h, Huang B-j, Chen Y-S, Zhang X-s, et al. 

Tumor-derived exosomes promote tumor progression and T-cell dysfunction 

through the regulation of enriched exosomal microRNAs in human 

nasopharyngeal carcinoma. Oncotarget 2014;5:5439. 

6. Li J, Yu J, Zhang H, Wang B, Guo H, Bai J, et al. Exosomes-derived MiR-302b 

suppresses lung cancer cell proliferation and migration via TGFβRII inhibition. 

Cellular physiology and biochemistry 2016;38:1715-26. 

7. Zhou W, Fong MY, Min Y, Somlo G, Liu L, Palomares MR, et al. 

Cancer-secreted miR-105 destroys vascular endothelial barriers to promote 

metastasis. Cancer cell 2014;25:501-15. 

8. Chen W-x, Liu X-m, Lv M-m, Chen L, Zhao J-h, Zhong S-l, et al. Exosomes 

from drug-resistant breast cancer cells transmit chemoresistance by a horizontal 

transfer of microRNAs. PloS one 2014;9:e95240. 

9. Valencia K, Luis-Ravelo D, Bovy N, Antón I, Martínez-Canarias S, Zandueta C, 

et al. miRNA cargo within exosome-like vesicle transfer influences metastatic 

bone colonization. Molecular oncology 2014;8:689-703. 



 

- 27 - 

 

10. Zhang Z, Xing T, Chen Y, Xiao J. Exosome-mediated miR-200b promotes 

colorectal cancer proliferation upon TGF-β1 exposure. Biomedicine & 

pharmacotherapy 2018;106:1135-43. 

11. Bigagli E, Luceri C, Guasti D, Cinci L. Exosomes secreted from human colon 

cancer cells influence the adhesion of neighboring metastatic cells: Role of 

microRNA-210. Cancer Biol Ther 2016;17:1062-9. 

12. Ogata-Kawata H, Izumiya M, Kurioka D, Honma Y, Yamada Y, Furuta K, et 

al. Circulating exosomal microRNAs as biomarkers of colon cancer. PloS one 

2014;9:e92921. 

13. Zeng Z, Li Y, Pan Y, Lan X, Song F, Sun J, et al. Cancer-derived exosomal 

miR-25-3p promotes pre-metastatic niche formation by inducing vascular 

permeability and angiogenesis. Nat Commun 2018;9:5395. 

14. Chiba M, Kimura M, Asari S. Exosomes secreted from human colorectal 

cancer cell lines contain mRNAs, microRNAs and natural antisense RNAs, that 

can transfer into the human hepatoma HepG2 and lung cancer A549 cell lines. 

Oncology reports 2012;28:1551-8. 

15. Tsukamoto M, Iinuma H, Yagi T, Matsuda K, Hashiguchi Y. Circulating 

exosomal microRNA-21 as a biomarker in each tumor stage of colorectal cancer. 

Oncology 2017;92:360-70. 

16. Wei C, Li Y, Huang K, Li G, He M. Exosomal miR-1246 in body fluids is a 

potential biomarker for gastrointestinal cancer. Biomarkers in medicine 

2018;12:1185-96. 

17. Bhome R, Goh RW, Bullock MD, Pillar N, Thirdborough SM, Mellone M, et 

al. Exosomal microRNAs derived from colorectal cancer-associated fibroblasts: 

role in driving cancer progression. Aging (Albany NY) 2017;9:2666. 

18. Lan J, Sun L, Xu F, Liu L, Hu F, Song D, et al. M2 macrophage-derived 

exosomes promote cell migration and invasion in colon cancer. Cancer research 

2019;79:146-58. 



 

- 28 - 

 

19. Cooks T, Pateras IS, Jenkins LM, Patel KM, Robles AI, Morris J, et al. Mutant 

p53 cancers reprogram macrophages to tumor supporting macrophages via 

exosomal miR-1246. Nature communications 2018;9:1-15. 

20. Yoshii S, Hayashi Y, Iijima H, Inoue T, Kimura K, Sakatani A, et al. 

Exosomal microRNAs derived from colon cancer cells promote tumor progression 

by suppressing fibroblast TP53 expression. Cancer Sci 2019;110:2396-407. 

21. Li H, Li F. Exosomes from BM-MSCs increase the population of CSCs via 

transfer of miR-142-3p. British journal of cancer 2018;119:744-55. 

22. Dai G, Yao X, Zhang Y, Gu J, Geng Y, Xue F, et al. Colorectal cancer 

cell–derived exosomes containing miR-10b regulate fibroblast cells via the 

PI3K/Akt pathway. Bulletin du cancer 2018;105:336-49. 

23. Li J, Chen Y, Guo X, Zhou L, Jia Z, Peng Z, et al. GPC 1 exosome and its 

regulatory mi RNA s are specific markers for the detection and target therapy of 

colorectal cancer. Journal of cellular and molecular medicine 2017;21:838-47. 

24. Liu X, Chen X, Zeng K, Xu M, He B, Pan Y, et al. 

DNA-methylation-mediated silencing of miR-486-5p promotes colorectal cancer 

proliferation and migration through activation of PLAGL2/IGF2/β-catenin signal 

pathways. Cell death & disease 2018;9:1-17. 

25. Yan S, Liu G, Jin C, Wang Z, Duan Q, Xu J, et al. MicroRNA‐6869‐5p acts as 

a tumor suppressor via targeting TLR4/NF‐κB signaling pathway in colorectal 

cancer. Journal of Cellular Physiology 2018;233:6660-8. 

26. Mizoguchi A, Takayama A, Arai T, Kawauchi J, Sudo H. MicroRNA-8073: 

Tumor suppressor and potential therapeutic treatment. PloS one 

2018;13:e0209750. 

27. Teng Y, Ren Y, Hu X, Mu J, Samykutty A, Zhuang X, et al. MVP-mediated 

exosomal sorting of miR-193a promotes colon cancer progression. Nature 

communications 2017;8:1-16. 

28. Ji H, Chen M, Greening DW, He W, Rai A, Zhang W, et al. Deep sequencing 



 

- 29 - 

 

of RNA from three different extracellular vesicle (EV) subtypes released from the 

human LIM1863 colon cancer cell line uncovers distinct miRNA-enrichment 

signatures. PloS one 2014;9:e110314. 

29. Matsumura T, Sugimachi K, Iinuma H, Takahashi Y, Kurashige J, Sawada G, 

et al. Exosomal microRNA in serum is a novel biomarker of recurrence in human 

colorectal cancer. British journal of cancer 2015;113:275-81. 

30. Fu F, Jiang W, Zhou L, Chen Z. Circulating exosomal miR-17-5p and 

miR-92a-3p predict pathologic stage and grade of colorectal cancer. Translational 

oncology 2018;11:221-32. 

31. Wilson WR, Hay MP. Targeting hypoxia in cancer therapy. Nat Rev Cancer 

2011;11:393-410. 

32. Taddei ML, Giannoni E, Comito G, Chiarugi P. Microenvironment and tumor 

cell plasticity: an easy way out. Cancer Lett 2013;341:80-96. 

33. Kalluri R. The biology and function of fibroblasts in cancer. Nat Rev Cancer 

2016;16:582-98. 

34. Augsten M. Cancer-associated fibroblasts as another polarized cell type of the 

tumor microenvironment. Front Oncol 2014;4:62. 

35. Räsänen K, Vaheri A. Activation of fibroblasts in cancer stroma. Exp Cell Res 

2010;316:2713-22. 

36. Herrera M, Islam AB, Herrera A, Martín P, García V, Silva J, et al. Functional 

heterogeneity of cancer-associated fibroblasts from human colon tumors shows 

specific prognostic gene expression signature. Clinical cancer research 

2013;19:5914-26. 

37. Hawinkels L, Paauwe M, Verspaget H, Wiercinska E, Van Der Zon J, Van Der 

Ploeg K, et al. Interaction with colon cancer cells hyperactivates TGF-β signaling 

in cancer-associated fibroblasts. Oncogene 2014;33:97-107. 

38. Tommelein J, Verset L, Boterberg T, Demetter P, Bracke M, De Wever O. 

Cancer-associated fibroblasts connect metastasis-promoting communication in 



 

- 30 - 

 

colorectal cancer. Frontiers in oncology 2015;5:63. 

39. Nakagawa H, Liyanarachchi S, Davuluri RV, Auer H, Martin EW, De La 

Chapelle A, et al. Role of cancer-associated stromal fibroblasts in metastatic colon 

cancer to the liver and their expression profiles. Oncogene 2004;23:7366-77. 

40. Peddareddigari VG, Wang D, DuBois RN. The tumor microenvironment in 

colorectal carcinogenesis. Cancer microenvironment 2010;3:149-66. 

41. De Boeck A, Hendrix A, Maynard D, Van Bockstal M, Daniëls A, Pauwels P, 

et al. Differential secretome analysis of cancer‐associated fibroblasts and bone 

marrow‐derived precursors to identify microenvironmental regulators of colon 

cancer progression. Proteomics 2013;13:379-88. 

42. Valenciano A, Henríquez-Hernández LA, Moreno M, Lloret M, Lara PC. Role 

of IGF-1 receptor in radiation response. Translational oncology 2012;5:1-9. 

43. Torres S, Bartolomé RA, Mendes M, Barderas R, Fernandez-Aceñero MJ, 

Peláez-García A, et al. Proteome Profiling of Cancer-Associated Fibroblasts 

Identifies Novel Proinflammatory Signatures and Prognostic Markers for 

Colorectal Cancer. Clinical Cancer Research 2013;19:6006-19. 

44. Harper J, Sainson RC. Regulation of the anti-tumour immune response by 

cancer-associated fibroblasts.  Seminars in cancer biology: Elsevier; 2014. 

p.69-77. 

45. Zhang R, Qi F, Zhao F, Li G, Shao S, Zhang X, et al. Cancer-associated 

fibroblasts enhance tumor-associated macrophages enrichment and suppress NK 

cells function in colorectal cancer. Cell death & disease 2019;10:1-14. 

46. Sung P-J, Rama N, Imbach J, Fiore S, Ducarouge B, Neves D, et al. 

Cancer-associated fibroblasts produce Netrin-1 to control cancer cell plasticity. 

Cancer research 2019;79:3651-61. 

47. Hu J, Wang W, Lan X, Zeng Z, Liang Y, Yan Y, et al. CAFs secreted 

exosomes promote metastasis and chemotherapy resistance by enhancing cell 

stemness and epithelial-mesenchymal transition in colorectal cancer. Molecular 



 

- 31 - 

 

cancer 2019;18:91. 

48. Isella C, Terrasi A, Bellomo SE, Petti C, Galatola G, Muratore A, et al. 

Stromal contribution to the colorectal cancer transcriptome. Nature genetics 

2015;47:312-9. 

49. Becht E, de Reyniès A, Giraldo NA, Pilati C, Buttard B, Lacroix L, et al. 

Immune and stromal classification of colorectal cancer is associated with 

molecular subtypes and relevant for precision immunotherapy. Clinical cancer 

research 2016;22:4057-66. 

50. Sha M, Jeong S, Qiu BJ, Tong Y, Xia L, Xu N, et al. Isolation of 

cancer-associated fibroblasts and its promotion to the progression of intrahepatic 

cholangiocarcinoma. Cancer Med 2018;7:4665-77. 

51. Kahlert C, Kalluri R. Exosomes in tumor microenvironment influence cancer 

progression and metastasis. J Mol Med (Berl) 2013;91:431-7. 

52. Lee JK, Park SR, Jung BK, Jeon YK, Lee YS, Kim MK, et al. Exosomes 

derived from mesenchymal stem cells suppress angiogenesis by down-regulating 

VEGF expression in breast cancer cells. PLoS One 2013;8:e84256. 

53. Umezu T, Ohyashiki K, Kuroda M, Ohyashiki JH. Leukemia cell to 

endothelial cell communication via exosomal miRNAs. Oncogene 

2013;32:2747-55. 

54. Harding CV, Heuser JE, Stahl PD. Exosomes: looking back three decades and 

into the future. J Cell Biol 2013;200:367-71. 

55. Mirzaei H, Sahebkar A, Jaafari MR, Goodarzi M, Mirzaei HR. Diagnostic and 

Therapeutic Potential of Exosomes in Cancer: The Beginning of a New Tale? J 

Cell Physiol 2017;232:3251-60. 

56. Nedaeinia R, Sharifi M, Avan A, Kazemi M, Rafiee L, Ghayour-Mobarhan M, 

et al. Locked nucleic acid anti-miR-21 inhibits cell growth and invasive behaviors 

of a colorectal adenocarcinoma cell line: LNA-anti-miR as a novel approach. 

Cancer Gene Ther 2016;23:246-53. 



 

- 32 - 

 

57. Raposo G, Stoorvogel W. Extracellular vesicles: exosomes, microvesicles, and 

friends. J Cell Biol 2013;200:373-83. 

58. Sato-Kuwabara Y, Melo SA, Soares FA, Calin GA. The fusion of two worlds: 

non-coding RNAs and extracellular vesicles--diagnostic and therapeutic 

implications (Review). Int J Oncol 2015;46:17-27. 

59. Yang H, Fu H, Xu W, Zhang X. Exosomal non-coding RNAs: a promising 

cancer biomarker. Clin Chem Lab Med 2016;54:1871-9. 

60. Madhavan B, Yue S, Galli U, Rana S, Gross W, Müller M, et al. Combined 

evaluation of a panel of protein and miRNA serum-exosome biomarkers for 

pancreatic cancer diagnosis increases sensitivity and specificity. Int J Cancer 

2015;136:2616-27. 

61. Subra C, Laulagnier K, Perret B, Record M. Exosome lipidomics unravels 

lipid sorting at the level of multivesicular bodies. Biochimie 2007;89:205-12. 

62. Trajkovic K, Hsu C, Chiantia S, Rajendran L, Wenzel D, Wieland F, et al. 

Ceramide triggers budding of exosome vesicles into multivesicular endosomes. 

Science 2008;319:1244-7. 

63. Patel GK, Khan MA, Zubair H, Srivastava SK, Khushman M, Singh S, et al. 

Comparative analysis of exosome isolation methods using culture supernatant for 

optimum yield, purity and downstream applications. Sci Rep 2019;9:5335. 

64. Klemm F, Joyce JA. Microenvironmental regulation of therapeutic response in 

cancer. Trends Cell Biol 2015;25:198-213. 

65. Mao L, Li X, Gong S, Yuan H, Jiang Y, Huang W, et al. Serum exosomes 

contain ECRG4 mRNA that suppresses tumor growth via inhibition of genes 

involved in inflammation, cell proliferation, and angiogenesis. Cancer Gene Ther 

2018;25:248-59. 

66. Schickel R, Boyerinas B, Park SM, Peter ME. MicroRNAs: key players in the 

immune system, differentiation, tumorigenesis and cell death. Oncogene 

2008;27:5959-74. 



 

- 33 - 

 

67. Orimo A, Gupta PB, Sgroi DC, Arenzana-Seisdedos F, Delaunay T, Naeem R, 

et al. Stromal fibroblasts present in invasive human breast carcinomas promote 

tumor growth and angiogenesis through elevated SDF-1/CXCL12 secretion. Cell 

2005;121:335-48. 

68. Jung DW, Che ZM, Kim J, Kim K, Kim KY, Williams D, et al. Tumor-stromal 

crosstalk in invasion of oral squamous cell carcinoma: a pivotal role of CCL7. Int 

J Cancer 2010;127:332-44. 

69. Calon A, Tauriello DV, Batlle E. TGF-beta in CAF-mediated tumor growth 

and metastasis. Semin Cancer Biol 2014;25:15-22. 

70. Bai YP, Shang K, Chen H, Ding F, Wang Z, Liang C, et al. FGF-1/-3/FGFR4 

signaling in cancer-associated fibroblasts promotes tumor progression in colon 

cancer through Erk and MMP-7. Cancer Sci 2015;106:1278-87. 

71. De Wever O, Nguyen QD, Van Hoorde L, Bracke M, Bruyneel E, Gespach C, 

et al. Tenascin-C and SF/HGF produced by myofibroblasts in vitro provide 

convergent pro-invasive signals to human colon cancer cells through RhoA and 

Rac. Faseb j 2004;18:1016-8. 

72. Kikuchi Y, Kashima TG, Nishiyama T, Shimazu K, Morishita Y, Shimazaki M, 

et al. Periostin is expressed in pericryptal fibroblasts and cancer-associated 

fibroblasts in the colon. J Histochem Cytochem 2008;56:753-64. 

73. Alexander J, Cukierman E. Stromal dynamic reciprocity in cancer: intricacies 

of fibroblastic-ECM interactions. Curr Opin Cell Biol 2016;42:80-93. 

74. Cirri P, Chiarugi P. Cancer-associated-fibroblasts and tumour cells: a diabolic 

liaison driving cancer progression. Cancer Metastasis Rev 2012;31:195-208. 

75. Parikh N, Shuck RL, Gagea M, Shen L, Donehower LA. Enhanced 

inflammation and attenuated tumor suppressor pathways are associated with 

oncogene-induced lung tumors in aged mice. Aging Cell 2018;17. 

76. Wyler L, Napoli CU, Ingold B, Sulser T, Heikenwälder M, Schraml P, et al. 

Brain metastasis in renal cancer patients: metastatic pattern, tumour-associated 



 

- 34 - 

 

macrophages and chemokine/chemoreceptor expression. Br J Cancer 

2014;110:686-94. 

77. de Vries NA, Beijnen JH, Boogerd W, van Tellingen O. Blood-brain barrier 

and chemotherapeutic treatment of brain tumors. Expert Rev Neurother 

2006;6:1199-209. 

78. Medioni J, Cojocarasu O, Belcaceres JL, Halimi P, Oudard S. Complete 

cerebral response with sunitinib for metastatic renal cell carcinoma. Ann Oncol 

2007;18:1282-3. 

79. Cho YB, Lee WY, Choi SJ, Kim J, Hong HK, Kim SH, et al. CC chemokine 

ligand 7 expression in liver metastasis of colorectal cancer. Oncol Rep 

2012;28:689-94. 

80. Lee YS, Kim SY, Song SJ, Hong HK, Lee Y, Oh BY, et al. Crosstalk between 

CCL7 and CCR3 promotes metastasis of colon cancer cells via ERK-JNK 

signaling pathways. Oncotarget 2016;7:36842-53. 

81. Boyerinas B, Park SM, Hau A, Murmann AE, Peter ME. The role of let-7 in 

cell differentiation and cancer. Endocr Relat Cancer 2010;17:F19-36. 

82. Shimizu S, Takehara T, Hikita H, Kodama T, Miyagi T, Hosui A, et al. The 

let-7 family of microRNAs inhibits Bcl-xL expression and potentiates 

sorafenib-induced apoptosis in human hepatocellular carcinoma. J Hepatol 

2010;52:698-704. 

83. Yu F, Yao H, Zhu P, Zhang X, Pan Q, Gong C, et al. let-7 regulates self 

renewal and tumorigenicity of breast cancer cells. Cell 2007;131:1109-23. 

84. Zhao B, Han H, Chen J, Zhang Z, Li S, Fang F, et al. MicroRNA let-7c 

inhibits migration and invasion of human non-small cell lung cancer by targeting 

ITGB3 and MAP4K3. Cancer Lett 2014;342:43-51. 



 

- 35 - 

 

ABSTRACT (IN KOREAN) 

대장암에서 분리한 엑소좀의 microRNA가 암연관 섬유아세포의 

CCL7 분비능에 미치는 영향 검증 

<지도교수 이강영> 

 

연세대학교 대학원 의학과 

 

노경태 

 

엑소좀은 종양세포에서 분비되어 microRNA (miRNA) 등 다양한 

유전체를 세포 외 환경으로 전달하며 세포 사이의 신호전달에 

관여하는 것으로 알려져 있다. 본 연구에서는 대장암 

세포주에서 추출한 엑소좀의 miRNA가 종양미세환경의 중요한 

구성요소인 암연관 섬유아세포 (Cancer-associated fibroblasts; 

CAFs)에 주는 영향과 그 기전을 검증하고자 하였다. Transwell 

migration assay를 통해 대장암 환자의 암조직에서 분리한 

CAFs가 단핵구세포주인 THP-1의 세포이동에 미치는 영향을 

평가하고 여기에 엑소좀 및 CCL7 차단 항체를 처리하여 

엑소좀이 CAFs의 CCL7 분비능에 미치는 영향을 THP-1의 

세포이동 정도로 분석하였다. 또한 엑소좀 처리된 CAF에 대한 

mRNA sequencing을 통해 CAF에서 CCL7 mRNA발현 정도를 

분석하였다. 이 기전에 관련된 miRNA를 찾기 위해 

대장암세포주 유래 엑소좀에 대한 microRNA sequencing 및 

역전사-중합효소 연쇄반응 (Quantitative reverse 

transcription-polymerase chain reaction; qRT-PCR)을 시행하였으며 
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찾아낸 후보 miRNA를 검증하기 위해 miRNA 특이 억제인자 

투여 후 CAFs에서 CCL7발현 정도를 qRT-PCR로 분석하였다. 

Transwell migration assay를 통한 THP-1 세포이동 분석결과 CCL7 

차단 항체 및 엑소좀 처리를 거친 CAFs에서 세포이동이 각각 

감소함을 보였고 엑소좀 처리 후 CAFs에서 CCL7 mRNA 발현은 

처리 전에 비해 감소됨을 보였다. 엑소좀에 대한 miRNA 

sequencing 결과 CAFs에서 CCL7 분비를 억제하는 것으로 

알려진 miRNA let-7d-5p의 발현이 확인되었고 엑소좀과 

Let-7d-5p 억제인자를 동시처리 후 시행한 qRT-PCR 결과 엑소좀 

처리만 시행한 CAFs에 비해 CCL7의 발현이 증가를 보였다. 

따라서 대장암 세포주의 엑소좀은 miRNA let-7d-5p를 통해 

CAFs의 CCL7 분비능을 저하시키고 이는 종양미세환경에서 

면역세포의 이동에 영향 줄 수 있을 것이다. 

                                                            

핵심되는 말 : 대장암, 엑소좀, microRNA, 세포이동, 암연관 섬유

아세포



 

 

 


