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Exosomal-miR-10a derived from colorectal cancer cells
suppresses migration of human lung fibroblasts,
and expression of IL-6, IL-8 and IL-1f
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Abstract. MicroRNAs (miRs) carried in exosomes serve
an important role in the pre-metastatic microenvironment
and in intercellular interactions. However, the function
of exosomal-miR-10a derived from primary colorectal
cancer (CRC) cells on fibroblasts in the lung metastatic micro-
environment of patients with CRC remains unclear. Reverse
transcription-quantitative PCR was performed using samples
from patients with CRC, and demonstrated that the expres-
sion levels of miR-10a were significantly lower in serum and
cancer tissue samples from patients with CRC compared with
in serum from healthy individuals and paired non-cancerous
tissues, respectively. In addition, the expression levels of
miR-10a were inversely associated with the invasion depth
of CRC. Exosomal-miR-10a derived from CRC cells reduced
the proliferative and migratory activities of primary normal
human lung fibroblasts (NHLFs), and the expression levels of
IL-6, IL-8 and IL-1B in NHLFs. The present study provided
insight into the phenotypic alterations of NHLFs induced by
exosomal-miR-10a derived from CRC cells, which may aid
understanding of the mechanism underlying the process of
CRC lung metastasis.

Correspondence to: Professor Yufeng Li or Professor Yankun Liu,
The Cancer Institute, Tangshan People's Hospital, 65 Sheng-Li Road,
Tangshan, Hebei 063001, P.R. China

E-mail: rmyy_lyk@163.com

E-mail: fengfly01@163.com

“Contributed equally

Key words: colorectal cancer, exosome, microenvironment, lung
fibroblasts, microRNA-10a

Introduction

The incidence of colorectal cancer (CRC) increased from 12.8
in 2003 to 16.8 per 100,000 in 2011 in China over the past
few decades. Although the incidence of CRC is lower in China
than that noted in other countries worldwide, the case-fatality
and mortality/incidence ratios are higher (1). Overall, ~50% of
patients with CRC may develop lymph node, liver, lung, perito-
neum, brain and bone metastases; metastasis is associated with
worse survival compared with that in patients without metas-
tases (2). The liver is the most frequent target organ of CRC
distant metastases, and ~1/3 of all patients with CRC present
with or subsequently develop colorectal liver metastases (3).
Only a limited number of patients with CRC present with lung
metastasis. Although metastasectomy can uniformly improve
cancer-specific survival in patients with liver metastases, it
does not have the same effects for patients with lung metastasis
and combined liver and lung metastases (4). To date, although
several studies have focused on the liver metastasis of CRC,
the mechanism underlying CRC lung metastasis is not fully
understood.

The microenvironment has been recognized to serve
an important role in tumor metastasis (5). Stromal cell
reprogramming is a key factor in the remodeling of the
internal microenvironment of tumors and in intercellular
interactions (6). The stroma consists of fibroblasts, immune
cells, blood lymphatic vessels and the extracellular matrix
(ECM) (7). The complex composition of the microenviron-
ment, notably its dynamic feature transformed by cancer cells,
can enhance malignant progression. Mounting evidence has
revealed that fibroblasts in normal tissues function as resting
mesenchymal cells embedded within the interstitial fibrillar
ECM, which can be activated to cancer-associated fibroblasts
(CAFs) in a context-dependent manner during wound healing,
tissue inflammation and organ fibrosis (8-10). Subsequently,
CAFs can function synergistically with cancer cells to form
an environment conducive to proliferation and metastasis (11).

It has been reported that tumor-derived exosomes
are necessary for pre-metastatic microenvironment
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formation (12). Exosomes are a subset of extracellular vesi-
cles (30-150 nm) that are released from cells upon fusion
of an intermediate endocytic compartment, known as the
multivesicular body, with the plasma membrane (13). They
contain proteins, mRNA, microRNAs (miRNAs/miRs),
small RNAs and/or DNA fragments that facilitate pre-meta-
static niche formation by mediating communication between
tumor cells and surrounding components, or by horizontally
transferring their contents into recipient cells (14). miRNAs
are small non-coding RNAs, which suppress gene expres-
sion at the post-transcriptional level via sequence-specific
interactions with the 3'untranslated region of cognate
mRNA targets (15). Previous studies have reported that
exosomes contain a high level of miRNAs (16-18). These
molecules have been shown to contribute to the develop-
ment of metastasis in several types of cancer. For example,
exosome-mediated transfer of miR-193a-3p, miR-210-3p
and miR-5100 has been shown to promote metastasis of
lung cancer cells by activating STAT3 signaling-induced
epithelial-to-mesenchymal transition (EMT) (19).
Tumor-derived exosomal-miR-1247-3p has also been shown
to induce CAF activation and thus facilitate lung metastasis
of liver cancer (20). However, the mechanisms underlying
the activation of fibroblasts by CRC primary cells remain
unclear, and are particularly obscure with regards to lung
metastasis of CRC cancer.

Our previous study demonstrated that miR-10a expres-
sion was higher in primary CRC tissues compared with that
noted in lymph node metastatic tissues. In addition, miR-10a
was shown to suppress CRC metastasis to the liver by modu-
lating EMT and the process of anoikis of CRC cells in vitro
and in a nude mouse model (21). In the present study, the
function of exosomal-miR-10a derived from CRC primary
cells was investigated on a normal human lung fibroblast
(NHLF) cell line established from the normal lung tissues.
Initially, the expression levels of miR-10a were detected in
serum and cancer tissues from patients with CRC, and the
analysis aimed to assess whether miR-10a may be considered a
blood-based biomarker for the diagnosis of patients with CRC.
Subsequently, a NHLFs cell line was established from a patient
with lung fibroma, and the ability of NHLFs to absorb exosomes
from SW480 cells and the effects of exosomal-miR-10a on
cell proliferation, migration and pro-inflammatory cytokine
expression were assessed.

Materials and methods

Clinical specimens and cell lines. Human serum was collected
from 20 healthy subjects and 40 patients with CRC who had
not received chemotherapy or radiotherapy prior to radical
resection at Tangshan People's Hospital (Tangshan, China).
The patients with CRC were aged between 32 and 78 years
old and included male and female patients, they were
admitted to the Tangshan People's Hospital between April and
October 2017. The CEA, CA-199 and CA-724 of the patients
with CRC were detected by an electrochemical luminescence
analyzer (E601; Roche Diagnostics) when they were admitted
to the hospital. The TNM stage was determined according to
The Eighth Edition AJCC Cancer Staging Manual (22). The
healthy subjects were between 41 and 73 years old, which

included male and female subjects, from the same hospital.
Furthermore, 15 pairs of tissue samples from the 40 patients
with CRC were collected (including adjacent normal tissues
and cancer tissues). The use of clinical samples was approved
by the Ethical Committee of Tangshan People's Hospital, and
written informed consent was obtained from the individuals.

The NHLF cell line was established via the tissue block
adherent method using tissues obtained from a 51-year-old
male patient pathologically diagnosed with benign lung
tumors in August 2017. The collection of a fresh clinical
sample from this patient was approved by the Ethical
Committee of Tangshan People's Hospital and written
informed consent was obtained. Firstly, fresh normal lung
tissue was collected >2.0-cm away from the lesion and
rapidly added to Dulbecco's modified Eagle's F12 medium
(DMEM/F12; Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.), 100 U/ml penicillin and 0.1 mg/ml
streptomycin. Within 20 min, the sample was washed twice
with PBS, cut into 1.5-2.0-mm?® fragments and centrifuged
at 200 x g for 5 min at 26°C. The small lung tissue frag-
ments (1.5-2.0 mm?) were then collected into a cell culture
flask filled with DMEM/F12 supplemented with 20% FBS,
100 U/ml penicillin and 0.1 mg/ml streptomycin, and
cultured at 37°C in a humidified incubator with 5% CO, for
1 h. Subsequently, the culture flask was inverted for 24 h,
after which the culture flask was placed in the humidi-
fied incubator and the culture medium was replaced with
DMEM/F12 supplemented with 10% FBS, 100 U/ml peni-
cillin and 0.1 mg/ml streptomycin. During the process of
cell culture, DMEM/F12 was replaced every 3-4 days until
cell confluence reached 80%. For the present study, passage
3-7 primary NHLFs were used.

The human colon cancer SW480 cell line was donated
by Professor Hua Tang (Tianjin Medical University, Tianjin,
China). The cells were conventionally cultured in minimum
essential medium o (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% FBS, 100 U/ml penicillin and 100 pxg/ml
streptomycin, and incubated at 37°C in a humidified incubator
supplemented with 5% CO,.

Cell immunofluorescence. Third generation NHLFs were
identified by cell immunofluorescence. Cells were seeded
into 6-well plates at a density of 50% and incubated in a
37°C incubator containing 5% CO, for 3-5 days until they
had reached 80% confluence. Subsequently, cells were fixed
with 2% paraformaldehyde in PBS for 10 min, permeabi-
lized for 10 min in PBS-0.01 Triton X-100 (Sigma-Aldrich;
Merck KGaA), and then blocked with 5% bovine serum
albumin (cat. no. 0332-100G; Amresco LLC) to suppress
non-specific reactions at room temperature for 60 min. Cells
were then incubated with anti-cytokeratin-18 (CK-18) (1:500;
cat. no. ab32118; Abcam) and anti-a-smooth muscle actin
(0-SMA; 1:500; cat. no. SRP05217; Tianjiin Saierbio) overnight
at 4°C, followed by incubation with Alexa Fluor® 555-conju-
gated secondary anti-rabbit antibody (1:500; cat. no. A-21-430;
Invitrogen; Thermo Fisher Scientific, Inc.) for 60 min at room
temperature in the dark. The negative isotype was incubated
with PBS in the same conditions as the CK-18 and a-SMA
antibodies. Finally, DAPI was used for nuclear staining at
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room temperature for 2 min. Cells were observed under an
IX71 fluorescence microscope (Olympus Corporation).

Flow cytometry. For identifying primary cells, third genera-
tion NHLFs were cultured in DMEM/F12 (Gibco; Thermo
Fisher Scientific, Inc.) with 10% FBS, 100 U/ml penicillin
and 0.1 mg/ml streptomycin in 6-well plates for 3-5 days, and
1x10° cells were harvested to detect a-SMA and CK-18 cell
makers. Cells were blocked with blocking buffer (0.5% BSA
in 1X PBS) after one wash, and were fixed with 2% parafor-
maldehyde at room temperature for 10 min. Subsequently,
cells were washed once and permeabilized with 0.5 ml
permeabilization solution (cat. no. 340973; BD Biosciences)
at room temperature for 10 min. Cells were then washed once,
incubated in blocking buffer for 30 min at room temperature,
and incubated with a-SMA (1:20; cat. no. SRP05217; Tianjiin
Saierbio) and CK-18 (1:20; cat. no. ab32118; Abcam) primary
antibodies for 30 min at room temperature. Finally, cells were
washed twice and incubated with Alexa Fluor® 555-conjugated
secondary antibody (1:500) for 30 min at room temperature.
Cells were resuspended in 1X PBS and analyzed using a
BD FACSAria™ II (BD Biosciences) with BD FACSDiva™
software (BD Biosciences).

Extraction and identification of exosomes. SW480
cells at a density of 80% were cultured in cell culture
flasks containing fresh DMEM/F-12 supplemented with
exosome-depleted FBS. The cells were transfected with
miR-10a mimics (5'-UACCCUGUAGAUCCGAAUUUG
UGCAAAUUCGGAUCUACAGGGUAUU-3") and negative
control (NC) mimics (5'-UUCUCCGAACGUGUCACGUTT
3ACGUGACACGUUCGGAGAATT-3"), purchased from
Shanghai GenePharma Co., Ltd., at 37°C for 48 h, according
to the manufacturer's protocol, using Lipofectamine® 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). After
48 h, supernatants from the different groups were collected,
centrifuged at 300 x g at 25°C for 10 min and filtered through
0.45-uM filters. Supernatants were again collected, and centri-
fuged at 2,000 x g for 10 min, 10,000 x g for 30 min and twice at
100,000 x g for 70 min using the Optima XPN-100 (Beckman
Coulter, Inc.) all at room temperature. The exosome pellet
was resuspended in PBS, ultra-centrifuged at 100,000 x g for
70 min, resuspended in 100 ul 1X PBS and stored at -80°C.
Exosomes were observed under a JEM-1200EX transmis-
sion electron microscope (JEOL, Ltd.) and quantified using
NanoSight LM10 (Malvern Instruments, Ltd.), which was
conducted by Guangzhou EpiBiotek Co., Ltd..

RNA extraction and reverse transcription quantitative
PCR (RT-gPCR). The blood samples were collected from
the patients with CRC, and then the serums were extracted
from the blood at room temperature at 200 x g for 10 min
within 30 min. Total RNA was extracted from tissues and
serum using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
RNA was tested for quality via 1% agarose gel electropho-
resis. cDNA was synthesized using the PrimeScript™ Ist
Strand cDNA Synthesis kit including DNase (Takara Bio.,
Inc.) from 3 pg total RNA with a thermocycler (Arktik™ 96;
Thermo Fisher Scientific, Inc.) Stem-loop RT-qPCR (Suzhou

Table I. Primer sequences used for reverse transcription-quan-
titative PCR.

Gene Primer sequence (5'-3")

miR-10a F: TGCGGTACCCTGTAGATCCG

R: CCAGTGCAGGGTCCGAGGT
U6 F: ATTGGAACGATACAGAGATT
R: GGAACGCTTCACGAATTTG

Cel-miR-39 UCACCGGGUGUAAAUCAGCUUG
IL-6 F: ACTCACCTCTTCAGAACGAATTG
R: CCATCTTTGGAAGGTTCAGGTTG
IL-8 F: TTTTGCCAAGGAGTGCTAAAGA
R: AACCCTCTGCACCCAGTTTTC
IL-1P F: ATGATGGCTTATTACAGTGGCAA
R: GTCGGAGATTCGTAGCTGGA
[-actin F: ACTGTGCCCATCTACGAGG

R: GAAAGGGTGTAACGCAACTA

miR-10a, microRNA-10a; NC, negative control; F, forward;
R, reverse.

GenePharma Co., Ltd.) analysis for the detection of miR-10a
in tissues, cells and exosomes was conducted as previously
described (21). The qPCR assay was performed as follows:
95°C for 3 min, and 40 cycles of 95°C for 12 sec and 62°C
for 40 sec. The fold-change was analyzed using the 2-244
method (23). Cel-miR-39 (Shanghai GenePharma Co., Ltd.)
is a miRNA that is not expressed in human cells, so it was
used as an external parameter for miR-10a in serum samples,
and U6 was used as a housekeeping gene for miR-10a in
tissues and cells.

TRIzol was used for RNA extraction from the NHLF cells.
RT-qPCR analysis of IL-6, IL-8 and IL-1p was performed
using PrimeScript™ 1Ist Strand cDNA Synthesis kit (Takara
Bio, Inc.) and random primers for RT. The process of RT was
performed at 65°C for 10 min, 25°C for 5 min, 0°C for 2 min,
42°C for 30 min, 70°C for 10 min. qPCR was conducted using
SYBR Premix Ex Taq (Takara Bio, Inc.) and a PikoReal 96
RT-PCR system (Thermo Fisher Scientific, Inc.). gPCR was
performed at 95°C for 4 min, then 33 cycles at 95°C for 1 min,
55°C for 1 min and 72°C for 1 min, and finally 72°C for 10 min.
[B-actin was used to normalize the expression levels of IL-6,
IL-8 and IL-1p. The primer sequences are provided in Table I.
All experiments were carried out at least in triplicate (24).

Trace experiment of exosomes. SW480 cells in the miR-10a
mimics and NC groups were pretreated with 6.5 mmol/l DiO
(Beyotime Institute of Biotechnology) at 37°C for 20 min,
according to the manufacturer's instructions. Subsequently,
the exosomes were collected from the SW480 supernatants
as aforementioned. The obtained DiO-labeled exosomes
were incubated with NHLFs pretreated with 6.5 mmol/l DiLL
(Beyotime Institute of Biotechnology) at 37°C for 10 min. The
location of exosomes was observed using an IX71 fluorescence
microscope (Olympus Corporation).
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Proliferation assay. NHLFs (4x103/well) were seeded into
96-well plates, and equal quantities of exosomes from SW480
cells in the miR-10a mimics and NC groups were added into
the wells with an exosome concentration of 10 yg/ml. To
detect the proliferative ability of NHLFs, 10% CCK-8 (100 pl;
Dojindo Molecular Technologies, Inc.) was added into the well
and incubated with NHLFs at 37°C for 3 h. Absorbance was
measured using a microplate reader at a wavelength of 450 nm
(Multiskan FC; Thermo Fisher Scientific, Inc.). Each experi-
ment was carried out in three replicate wells and was repeated
three times.

Transwell migration assay. NHLFs were plated in 24-well
Transwell plates at a density of 1x10*/well in DMEM/F12 with
10% FBS, 100 U/ml penicillin and 0.1 mg/ml streptomycin.
The medium in the upper chamber was free of FBS, whereas
the medium in the lower chamber was supplemented with
10% FBS. For detecting exosome function, 6 g SW480-derived
exosomes were added to the inserts. After incubation at 37°C
for 48 h, the cell inserts were fixed with 33% (v/v) acetic acid
(glacial acetic acid: Methyl alcohol was 1:3) and stained with
0.1% crystal violet (Beijing Solarbio Science & Technology
Co., Ltd.). Both the fixing and staining assays were conducted
at room temperature for 10 min. Images of representative
fields were captured with a light microscope, and the number
of migrated cells per field was counted. The procedure was
conducted as previously described (21), and the data were
analyzed from three different wells per group.

Wound-healing assay. NHLFs at a density of 1x10° per well
were plated into six-well plates in DMEM/F12 supplemented
with 3% FBS, 100 U/ml penicillin and 0.1 mg/ml strepto-
mycin. The SW480-derived exosomes at a concentration of
10 pg/ml were added to each well at 37°C for 24 and 48 h.
Subsequently, a wound was generated on the cell monolayers
using a 200-ul pipette tip, and the NHLFs that migrated into
the wounded area were observed under a light microscope at
the specific time points. Wound closure was calculated with
ImagelJ software (version 1.46; National Institutes of Health).

Expression of inflammatory factors. To detect the effect
of exosomes on the expression levels of cytokines, an equal
number (1x10%/flask) of NHLFs was plated in a 25 ml cell
culture flask, and miR-10a exosomes and NC exosomes of the
same quantities were added to the flasks. After incubation at
37°C for 48 h, the NHLFs in each group were collected and
RT-gqPCR was performed to detect the expression levels of the
cytokines IL-6, IL-8 and IL-1f.

Statistical analysis. Data analysis was performed using SPSS
software version 17.0 (SPSS, Inc.). Each experiment was
carried out at least in triplicate and all results are presented
as the mean + SD. A paired Student's t-test was used to
compare the paired tissue samples. Student's t-test was used to
assess statistical significance. Significant association between
miR-10a expression and clinicopathological parameters were
assessed using the independent samples t-test. An ANOVA
was performed to compare three groups followed by Scheffe
post hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Table II. Association between miR-10a serum expression and
clinicopathological features of patients with colorectal cancer.

Variables N (40) miR-10a expression P-values®

Age, years 0.861
<65° 20 0.49+0.44
>65 20 0.46+0.35

Sex 0.172
Male 23 0.42+0.40
Female 17 0.57+0.34

Tumor site® 0.978
Colon 20 0.48+0.43
Rectum 20 0.47+0.36

Tumor type 0.372
Adenocarcinoma 37 0.49+0.39
Mucinous® 3 0.37£0.28

Invasion depth 0.039¢
T1+T2 11 0.30+£0.26
T3+T4 29 0.58+0.37

No. of positive nodes 0.558
0 29 0.41+0.33
1-3 6 0.53+0.45
3+ 5 0.65+0.55

Distant metastasis 0.095
MO 38 0.45+0.39
Mi 2 0.92+0.16

TNM stage 0.301
I+11 27 0.43+0.38
II+IV 13 0.57+£0.42

CEA, ng/ml 0.593
0-5 22 0.44+0.33
>5 18 0.51+0.46

CA-199, U/ml 0.611
0-39 36 0.46+0.39
>39 4 0.57£0.45

CA-724,U/ml 0.260
0-6.9 37 0.49+0.39
>6.9 3 0.27+£0.23

“Student's t-test was used to compare two groups and ANOVA was
used to compare three groups; "Median age at operation; ‘Proximal
colon tumors are those arising in the cecum, ascending colon, hepatic
flexure, or transverse colon; distal colon tumors are those arising in
the splenic flexure, descending colon, or sigmoid colon; and rectal
tumors are those arising in the rectosigmoid or rectum. “Statistically
significant (P<0.05). ‘Mucinous type includes mucinous adeno-
carcinoma and signet ring cell carcinoma. CEA, carcinoembryonic
antigen; CA-199, carbohydrate antigen 19-9; CA-724, carbohydrate
antigen 72-4; miR-10a, microRNA-10a.

Results

miR-10a levels are expressed at lower levels in the serum
and cancer tissues of patients with CRC. Our previous study
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Figure 1. Relative expression levels of miR-10a in serum and cancer tissues from patients with CRC. (A) Reverse transcription-quantitative PCR analysis of
miR-10a in serum samples from patients with CRC compared with serum from healthy subjects, nqp=40, n,;=20. (B) Expression levels of miR-10a in serum
samples from randomly selected patients with CRC and healthy subjects, n=10. "P<0.05, “P<0.01, “"P<0.001 vs. H. (C) Expression levels of miR-10a in cancer
tissues compared with adjacent non-tumor tissues from the same patients with CRC patient as (B), n=10. The expression of miR-10a in serum and tissues from
patients with CRC was normalized to cel-miR-39 and U6 snRNA, respectively. The results are presented as the mean + SD. All experiments were performed

at least in triplicate, and Student's t-test was used to analyze the data. "P<0.05, “"P<0.01,

subjects; CRC, colorectal cancer; miR-10a, microRNA-10a.

discovered that miR-10a was highly expressed in primary
CRC tissues compared with the corresponding expression
in metastatic lymph node tissues (21). Therefore, the present
study examined whether miR-10a was a biomarker for
early diagnosis of patients with CRC. The expression levels
of miR-10a were detected in mixed serum samples from
40 patients with CRC and 20 healthy subjects. The expression
levels of miR-10a were lower in 32 out of the 40 serum samples
from patients with CRC compared with those in the serum
samples from the healthy subjects (not all 40 patient samples
are shown; Fig. 1A). The expression levels of miR-10a in the
serum samples from patients with CRC were negatively asso-
ciated with the invasion depth of CRC; however, no significant
association was noted between miR-10a expression and other
clinicopathological indices (Table II).

A total of 15 pairs of tissue samples were selected from the
40 patient samples, in order to detect the expression levels of
miR-10a. After carefully checking the integrity of the tissue
RNA, only 10 cases from these samples could be used for
further study (Fig. 1B). The expression levels of miR-10a were
detected in serum and tissue samples. The expression levels of
miR-10a were lower in the serum samples from patients with
CRC compared with those detected in the healthy subjects
(Fig. 1B). A total of eight patients out of 10 exhibited lower
miR-10a expression in cancer tissues compared with those
noted in the adjacent normal tissues, which was consistent
with the results obtained from serum samples (Fig. 1C).
These results indicated that miR-10a expression was lower in
serum and cancer tissue samples from patients with CRC, thus
suggesting that this miRNA may be a potential biomarker for
the diagnosis of CRC.

Establishment and identification of NHLFs. Fibroblasts
have been recognized to be the dominant component of the
tumor stroma. Previous studies have suggested a prominent

ok

P<0.001 vs. non-tumor tissues. Ca, patients with CRC; H, healthy

functional role for these cells in cancer progression and metas-
tasis (25-27). In the present study, NHLFs were established
using the tissue block adherent method and the third genera-
tion of NHLFs was identified. The NHLFs exhibited classic
spindle-shape morphology with a potential for planar polarity
(Fig. 2A and B). a-SMA and CK-18 are the classic makers
used for human fibroblast identification. The expression levels
of a-SMA and CK-18 were examined in NHLFs by cellular
immunofluorescence assays. a-SMA was expressed mainly in
the cytoplasm and cellular membrane, whereas it was weakly
expressed in the cell nucleus of NHLFs (Fig. 2A). CK-18 was
weakly expressed in the cytoplasm, cellular membrane and
cell nucleus of NHLFs (Fig. 2B). Consistent with the afore-
mentioned results, flow cytometry indicated that the ratios
of negative isotype (Fig. 2C), a-SMA (Fig. 2D) and CK-18
(Fig. 2E) expressed in NHLFs were 96.9 and 36.5%, respec-
tively. Since low expression of CK-18 in NHLFs is a known
marker for human epithelial cells (28,29), the expression
analysis of these markers indicated that primary NHLFs were
successfully established.

Identification and tracer technique of exosomes from SW480
cells. To further investigate the effects of miR-10a derived
from SW480 cell exosomes, miR-10a was overexpressed in
these cells by transfection with miR-10a mimics. Subsequently,
exosomes were isolated. RT-qPCR indicated that the expres-
sion levels of miR-10a were significantly increased in
exosomes from transfected cells compared with those noted
in control subjects (Fig. 3A). Subsequently, electron micros-
copy and NanoSight equipment were employed to identify
the shape and size distribution of the exosomes secreted
from SW480 cells. The exosomes exhibited a hemispherical
shape (Fig. 3B and C). The diameters of all exosomes were
mainly concentrated at 0-300 nm and the majority of them
were centered at 100-200 nm. Furthermore, it was shown
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Figure 2. Establishment and identification of NHLFs. Immunofluorescence analysis of (A) a-SMA and (B) CK-18 expressed in NHLFs. Sections of NHLFs
were stained with a-SMA and CK-18 antibodies. Antigen-antibody complexes were visualized using DAPI and observed under a fluorescence microscope
(top panel: magnification, x200; bottom panel: magnification, x400). Flow cytometric analysis results of (C) negative isotype, (D) a-SMA and (E) CK-18 in
NHLFs. The experiments were performed at least in triplicate. NHLFs, normal human lung fibroblasts; a-SMA, a-smooth muscle actin; CK-18, cytokeratin-18.

that exosomes released by SW480 cells could be absorbed by
NHLFs (Fig. 3D). Taken together, these data suggested that
exosomes carrying miR-10a could form an important tool for
communication between primary CRC cells and NHLFs.

Exosomal-miR-10a from SW480 cells reduces NHLF prolif-
eration, migration, and IL-6, IL-8 and IL-1f expression. In
order to investigate the effect of exosomal-miR-10a from the
primary CRC cells on fibroblasts in lung metastatic loci, the
effects of exosomes derived from miR-10a-overexpressing
SW480 cells were examined on NHLF features, including
cell proliferation, migration and the expression of pro-inflam-
matory cytokines. NHLFs were respectively treated with the
same quantity of exosomes from the miR-10a mimics and
NC groups. The proliferative activity of the miR-10a group
NHLFs was significantly decreased compared with that of the
NC group within the first 2 days (Fig. 4A and D). In addi-
tion, wound-healing assays indicated that NHLFs exhibited
reduced migratory activity when treated with exosomes
overexpressing miR-10a at 24 and 48 h (Fig. 4B and E). The
Transwell migration assay indicated similar results as those
noted from the wound-healing assay at 48 h (Fig. 4C and F).
In order to determine the effects of exosomes derived from

miR-10a-overexpressing SW480 cells on the expression of
inflammatory cytokines in NHLFs, the mRNA expression
levels of IL-6, IL-8 and IL-1p3 were detected. The results
demonstrated that all three inflammatory cytokines exhibited
decreased expression levels in the miR-10a-overexpressing
group (Fig. 4G). These data suggested that exosomal-miR-10a
from SW480 cells may not only reduce NHLF proliferation
and migration, but could also inhibit the mRNA expression
levels of IL-6, IL-8 and IL-1§.

Discussion

It is well known that cancer metastasis is a very complex
process. Various hypotheses have been proposed to explain
this biological process. It has been proposed that metastatic
dissemination largely depends on mechanical factors that result
from the anatomical structure of the vascular system (30). In
addition, it has been reported that cancer metastasis is initi-
ated by numerous subpopulations of cells that have different
biological characteristics, including metastatic potential (31).
The most accepted hypothesis is Paget's ‘seed and soil' hypoth-
esis, which suggests that the outcome of metastasis is not
due to chance, but due to certain tumor cells having specific
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affinity for the microenvironment of certain organs (32).
Previously, the ‘seed and soil' hypothesis was revised, and it
has been proposed that primary neoplasms and metastases
consist of both tumor cells and microenvironment cells (33). In
the present study, fibroblasts were used, which are dominant,
long-lived and highly plastic cells present within the tumor
microenvironment. The experiments aimed to determine the
mechanism by which primary tumor cell exosomal-miR-10a
regulates lung metastasis in patients with CRC.

Previous studies have suggested that miR-10a expression
is upregulated in various tumor types, including breast (34),
pancreatic cancer (35), hepatocellular carcinoma (36) and
non-small cell lung cancer (NSCLC) (37,38). In addition,
higher expression levels of miR-10a have been reported to be
positively correlated with advanced tumor stage and positive
lymph node metastasis in NSCLC (38). In contrast to these
observations, a different role of miR-10a was reported in our
previous study, which revealed a negative correlation between
miR-10a expression and distant metastasis and invasion depth
in patients with CRC (21). In the present study, results indicated
that miR-10a expression was lower in the serum samples of
patients with CRC compared with the levels noted in healthy
subjects. In addition, lower expression levels of miR-10a were
detected in cancer tissues compared with those noted in the
paired adjacent normal tissues of patients with CRC. The
expression of miR-10a was also inversely associated with the
invasion depth of CRC. The different functions of miR-10a in
various types of cancer may be due to the biological hetero-
geneity of tumor cells. Due to these differences, our future
studies aim to provide a deeper understanding of the effects of
miR-10a on lung metastasis of CRC. Additional experiments
will be conducted in the future to clarify the mechanism
underlying lower miR-10a expression in the serum of patients
with CRC.

To address the role of miR-10a in the process underlying
lung cancer metastasis of CRC, NHLFs were established and
identified. Fibroblasts are associated with all stages of disease
progression, including cancer metastasis, and they are consid-
ered a component of the general host response to tissue damage
caused by cancer cells (39). Notably, a more accurate definition
of a fibroblast is a resting mesenchymal cell with the poten-
tial to be activated by appropriate stimuli and thus become a
mesenchymal stem cell (39). In the present study, exosomes
were used, which are considered a significant factor within
the microenvironment, to investigate the specific function of
miR-10a on regulating the crosstalk between the primary CRC
tumor site and lung metastatic loci. The results revealed that
miR-10a in exosomes secreted by CRC cells could suppress the
proliferative activity of NHLFs. In contrast to these findings,
miR-10a-overexpressing exosomes promoted cell proliferative
activity within 2 days, and there was no significant difference
in proliferation between the miR-10a and NC groups after
2 days, which was possibly caused by non-continuous supple-
mentation of exosomes. In addition, the data demonstrated that
miR-10a reduced the migratory ability of NHLFs within 48 h,
as determined by wound-healing and Transwell assays. These
reduced proliferative and migratory capabilities of NHLFs
may be adverse factors for CRC primary cell metastasis.

IL-6 is a pro-inflammatory cytokine that has been posi-
tively associated with tumor progression and metastasis in

various types of cancer (40,41). It has been reported that high
levels of IL-6 and IL-8 in the circulation are associated with
decreased overall survival of patients with melanoma (42). The
present study demonstrated that exosomal-miR-10a derived
from SW480 cells reduced IL-6 and IL-8 expression levels
in NHLFs. IL-1f facilitates invasion and extravasation in
the early stages of metastasis (43), and promotes EMT (44).
The IL-1p inflammatory response has been reported to
be driven by primary breast cancer and is considered to be
dissemination-supportive and colonization-suppressive factor,
thus leading to the suppressed metastasis of breast cancer (45).
Moreover, microenvironment-secreted IL-1f3 may promote
breast cancer metastatic colonization in the bone via activation
of Wnt signaling (46). In the present study, IL-1f3 expression
was downregulated in NHLFs treated with exosomes from
SW480 cells overexpressing miR-10a, thus suggesting that the
IL-1p expression of NHLFs may mediate an inflammatory
response, which may partly contribute to CRC cell metastasis.
The present study was limited by the lack of evaluation of
downstream pathway mechanisms of miR-10a, which could
reduce proliferation and migration of NHLFs and decrease the
expression of inflammatory cytokines. The exact mechanism
will be assessed in follow-up studies.

In conclusion, the present study provided evidence that
miR-10a was expressed at lower levels in the serum and
cancer tissues of patients with CRC, and its expression was
inversely associated with invasion depth of CRC. Furthermore,
exosomal-miR-10a derived from CRC cells reduced the
proliferative and migratory activities, and the expression of
IL-6, IL-8 and IL-1f, in NHLFs. These data may provide a
novel insight into the mechanism underlying lung metastasis
and may provide molecular biomarkers for the assessment of
tumor metastasis to the lung tissues of patients with CRC.
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