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microRNA-10a-5p overexpression suppresses malignancy of colon cancer by
regulating human liver cancer fibroblasts
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The crosstalk between tumor and stroma plays a critical role in cancer metastasis. However, the function of miR-10a-5p
on liver fibroblasts in the metastatic microenvironment of colon cancer (CC) and the effect of activated fibroblasts on CC
cells are still unclear. In our study, miR-10a-5p overexpression inhibited the proliferation, migration, and IL-6/IL-8 level
of LX-2 cells and human liver cancer fibroblasts (HLCFs). Moreover, miR-10a-5p had lower expression in HLCFs than in
human liver normal fibroblasts (HLNFs). The conditioned medium (CM) from LX-2 cells with miR-10a-5p overexpression
or HLNFs could inhibit the invasion, migration, and stemness of CC SW480 cells, whereas HLCFs CM could promote these
malignant phenotypes of SW480 cells. The present study illustrates the effect of miR-10a-5p on the liver fibroblasts and the
altered liver fibroblasts in the microenvironment on CC cells induced by miR-10a-5p, which may aid the understanding of

the mechanisms underlying CC liver metastasis.
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Colon cancer (CC) is one of the most common types
of malignant tumor worldwide [1]. In China, the rates
of morbidity and mortality of CC are 14.2/100,000 and
7.4/100,000, respectively [2]. Invasion and metastasis are
the main causes of colon cancer death [3]. Metastases spread
to all parts through hematogenous or lymphangitic routes,
such as lymph nodes, liver, lung, peritoneum, brain, and
bone [4]. In distant organ metastasis, the liver is the most
frequent target organ of CC metastases [5]. The prognosis of
patients with distant metastasis, especially for patients with
liver metastasis, is extremely poor [6]. More studies on the
molecular mechanisms governing the CC metastasis need to
be performed.

Tumor metastasis is a complex and multistep process
[7], including tumor cell adhesion, cell invasion, extracel-
lular matrix remodeling, angiogenesis, genesis of lymphatic
vessels, and immune system [8]. Each of these processes
is affected by nonmalignant cells of the tumor microenvi-
ronment (TME) [9]. TME not only includes tumor cells
themselves, but also includes extracellular matrix (ECM),

immune cells, soluble molecules, and stromal cells, such as
cancer-associated fibroblasts (CAFs), etc. [10]. The ‘activated’
fibroblasts within the tumor stroma have been termed CAFs,
and they can promote tumor development and metastasis by
secreting a variety of growth factors, cytokines, chemokines,
and degrading extracellular matrix proteins [11, 12]. For
example, CAFs co-cultured with oral squamous cell carci-
noma (OSCC) enhanced the migration and invasion ability
of OSCC by secreting C-C motif chemokine ligand 7 (CCL7)
[13]. Furthermore, miR-200s by targeting friend leukemia
virus integration 1 (FLI-1) and transcription factors 12
(TCF12) in CAFs promoted ECM remodeling, which could
promote the invasion and metastasis of breast cancer cells
both in vitro and in vivo [14]. However, the interactions
between CC cells and fibroblasts that affect the liver metas-
tasis of colon cancer are largely unclear.

MicroRNAs (miRNAs) are essential biological functional
regulators of cell proliferation, apoptosis, and differentia-
tion by regulating the target gene expression by partial or
complete base pairing [15-17]. miRNAs also play impor-
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tant role in the occurrence and metastasis of inflammatory-
related tumors [18]. Recently, studies indicate that miRNAs
can regulate the activity of CAFs by targeting different signal
pathways and metabolic matrices, thus participating in the
complex signal network between tumor cells and CAFs [19,
20]. For example, miR-335 upregulation in CAFs inhibits
PTEN expression, thus advances migration and invasion
of gastric cancer cells [19]. In addition, downregulation
of miR-1 in lung cancer CAFs promotes the secretion of
stromal cell-derived factor 1 (SDF1), which promotes lung
cancer cell proliferation and cisplatin resistance through
nuclear factor kappa-B (NF-kB) and B-cell lymphoma XL
(Bcl-XL) signaling pathways [20].

Our previous study demonstrated that exosomal-miR-
10a derived from colon cancer cells suppresses proliferation,
migration, and cytokines expression of human lung normal
fibroblasts [21], which partly inhibited the CC primary cell
metastases. However, the role of miR-10a-5p in liver fibro-
blasts activation and the influence of altered fibroblasts on
the metastatic potential of CC cells, remains unclear. In the
present study, we used LX-2 cells (one of two fibroblasts in
the liver) and human liver cancer fibroblasts (HLCFs, estab-
lished from colon cancer patient with liver metastasis) to
study the function of miR-10a-5p on activation of fibroblasts
in the liver and the crosstalk between liver fibroblasts and CC
cell line SW480.

Patients and methods

Primary cells preparation. The tissues were obtained
from a 54-year-old female patient who was pathologically
diagnosed with colon cancer with liver metastasis in October
2018. All procedures were conducted with the approval of the
Ethical Committee of Tangshan People’s Hospital (Approval
No.: RMYY-LLKS-2020-002). The patient’s informed consent
was obtained before the start of the study. Firstly, fresh
normal liver tissue (>5.0 cm away from the tumor) and liver
metastatic cancer tissue of a patient with CC were collected
and rapidly placed into Dulbeccos modified Eagle’s F12
medium (DMEM/F12) (Gibco, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (FBS) (Gibco, Carlsbad,
CA, USA), 100 U/ml penicillin, and 0.1 mg/ml streptomycin.
Within 30 min, the sample was washed three times with
PBS and cut into approximately 1.0 mm® fragments. The
small tissue fragments were then collected into a cell culture
flask filled with DMEM/F12 supplemented with 10 ng/ml
epidermal growth factor (EGF) (PeproTech, Rocky Hill, NJ,
USA), 20% FBS, 100 U/ml penicillin, and 0.1 mg/ml strepto-
mycin, and cultured at 37°C in a humidified incubator with
5% CO,. During the process of cell culture, DMEM/F12 was
replaced every 2-3 days until cell confluence reached 80%.
For the present study, the 3-8 passages of the two kinds of
cells were used.

Cell culture. The human hepatic stellate cell line LX-2
was donated by Shijiazhuang Fifth Hospital and cultured

in Dulbecco’s modified Eagles medium (DMEM) (Gibco,
Carlsbad, CA, USA) containing 10% FBS, 100 U/ml penicillin,
and 0.1 mg/ml streptomycin. The human CC cell line SW480
was donated by Tianjin Medical University and cultured in
Minimal Essential Medium (MEM)-a (Gibco, Carlsbad, CA,
USA) supplemented with 10% FBS, 100 U/ml penicillin, and
0.1 mg/ml streptomycin. The 0.25% trypsin-EDTA (Gibco,
Carlsbad, CA, USA) was used to digest parietal cells. Cultures
were incubated in a cell incubator in atmosphere containing
5% CO, at 37°C.

Cell immunofluorescence assay. The third generation of
human liver normal fibroblasts (HLNFs) and HLCFs were
seeded into 6-well plates (1x10° cells/well) and incubated
in a 37°C incubator with 5% CO,. After 48 h, cells were
washed with 1x PBS, then fixed with 4% paraformaldehyde
in PBS for 30 min at 37°C, and permeabilized for 10 min
0.2% Triton X-100 in PBS (Sigma, St. Louis, MO, USA).
Next, the cells were blocked by 5% (w/v) bovine serum
albumin (BSA) (Amresco, Solon, OH, USA) to suppress the
nonspecific reaction for 60 min. Cells were then incubated
with primary anti-Cytokeratin 18 antibody (anti-CK-18)
(Abcam, Cambridge, MA, USA, ab32118, 1:300), primary
anti-alpha smooth muscle Actin antibody (anti-a-SMA)
(Saierbio, Tianjin, China, SRP05217, 1:300), and primary
anti-Fibroblast-specific protein 1 antibody (anti-FSP-1)
(Abcam, Cambridge, MA, USA, ab197896, 1:300), overnight
at 4°C. Then, cells were washed three times with 1x PBS
and incubated with the Alexa Fluor-555 conjugated goat
anti-rabbit secondary antibodies (ThermoFisher Scientific,
Waltham, MA, USA, A21430, 1:500) diluted in a blocking
buffer for 45 min in the dark. Finally, DAPI (Vector Labora-
tories, Burlingame, CA, USA) was used for nuclei staining at
room temperature for 5 min. Cells were observed under an
IX71 fluorescence microscope (Olympus, Tokyo, Japan).

Flow cytometry assay. For identifying the purity of
primary cells, the third generation of HLNFs and HLCFs
1 x 10° cells were harvested to detect CK-18 and a-SMA.
Cells were blocked with blocking buffer (5% BSA in PBS)
after one washing, fixed with 2% paraformaldehyde, and
incubated at room temperature for 10 min. Then, cells were
washed three times and permeabilized by permeabilization
solution (0.1% Triton X-100 in PBS) for 10 min. Next, cells
were washed three times, incubated in a blocking buffer for
30 min at room temperature, and treated with the anti-CK-18
(1:20) and anti-a-SMA (1:20) for 30 min at room tempera-
ture. Finally, cells were washed twice and incubated with a
secondary antibody (1:500) for 30 min at room temperature.
Cells were re-suspended in 1x PBS and analyzed using a BD
FACSAria™ II with BD FACSDiva™ software (BD Biosciences,
San Jose, CA, USA).

Cell transfection. miR-10a-5p mimics and negative
control group mimics (NC mimics) were obtained from
GenePharma Company (Suzhou, China). The sequences
referred above are listed in Table 1. All transfections were
performed with Lipofectamine 2000 reagent (Invitrogen,
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Carlsbad, CA, USA) according to the manufacturer’s recom-
mendations.

RNA extraction and reverse transcription-quantita-
tive polymerase chain reaction (RT-qPCR). Total RNA
was extracted from cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. RNA concentration was measured using Nanodrop
ZD-2000 (Applied Thermo, MA, USA). RNAs were reversed
transcribed into ¢cDNA by PrimeScript™ RT reagent Kit
(TaKaRa, Otsu, Japan) in accordance with its protocol. Real-
time PCR was conducted using SYBR® Premix Ex Taq™II Kit
(TaKaRa, Otsu, Japan) and performed on Pikoreal 96 System
(ThermoFisher Scientific, Waltham, MA, USA). The proce-
dures of miR-10a-5p for gPCR were 95 °C for 3 min, followed
by 40 cycles of 95°C for 12 s, and 62 °C for 40 s. U6 was used as
a housekeeping gene for miR-10a-5p in cells. The procedures
of IL-6 and IL-8 for qPCR were 94 °C for 4 min, followed by
33 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for
1 min. B-actin was used to normalize the expression levels
of IL-6 and IL-8. The 2744 method was used to calculate the
relative expression of target genes [22]. The sequences of all
indicated primers are listed in Table 1. All experiments were
carried out at least in triplicate.

Enzyme-linked immunosorbent assay (ELISA). The
concentrations of IL-6 and IL-8 secreted from LX-2 cells,
HLNFs, and HLCFs were measured by ELISA kits (R&D
Systems, Minneapolis, MN, USA) according to the manufac-
turer’s instructions by a microplate reader at a wavelength of
450 nm.

Conditioned medium (CM) preparation. The LX-2 cells
transfected as previously described, HLNFs, and HLCFs
were inoculated into a cell culture flask at 5x10° cells/flask.
After 24 h, the culture medium was replaced by a serum-
free medium, and the cells were placed in a cell incubator
containing 5% CO, at 37°C for 48 h to conduct a starvation
culture. Then, the supernatant of cell culture was collected
and centrifuged at 1,000 rpm for 10 min to remove dead
cells. The supernatant was named CM and stored at -80°C
for subsequent experiments.

CCK-8 assay. The LX-2 cells and HLCFs transfected
as previously described, as well as the SW480 cells treated
with indicated CM were distributed in different wells of
96-well cell culture dish (3x10° cells/well). To detect cell
viability, Cell Counting Kit-8 (CCK-8) (Dojindo Molecular
Technologies, Shanghai, China) was added into supernatants
and incubated with cells at 37°C for 2 h and then the absor-
bance of cells was measured by microplate reader at 450 nm
wavelength (ThermoFisher Scientific, Waltham, MA, USA).
Each experiment was carried out in triplicate wells and was
repeated three times.

5-ethynyl-20-deoxyuridine (EdU) incorporation assay.
LX-2 cells and HLCFs transfected as previously described
were distributed in different wells of 6-well cell culture plate
(2x10° cells/well). After overnight incubation, the cells were
treated by BeyoClick™ EdU-488 Proliferation Kit (Beyotime,

Shanghai, China) according to the manufacturer’s instruc-
tions and analyzed using a BD FACSAria™ II with BD
FACSDiva™ software (BD Biosciences, San Jose, CA, USA).
Each experiment was carried out in three replicate wells and
was repeated three times.

Wound assay. The HLCFs transfected as previously
described and the SW480 cells treated with indicated CM
were plated into 6-well plates (2x10* cells/well) for 48 h. Then
the cell monolayers were wounded with a 200 ul pipette tip
to draw a gap on the plates, followed by 3 washes with 1x
PBS and incubation in serum-free medium at 37°C for 24h
and 48 h. Cells that migrated into the cleared section were
observed under a microscope at specific time points. Wound
closure was calculated with Image] software (version 1.46)
(National Institutes of Health, Bethesda, MD, USA).

Transwell migration or invasion assay. A Transwell
chamber culture system (Corning, Corning, NY, USA) was
used to detect the migration or invasion capability of cells.
1x10°LX-2 cells after transfection or SW480 cells were seeded
in the Transwell upper chamber without or with Matrigel-
coated inserts with serum-free opti-MEM (Gibco, Carlsbad,
CA, USA). A complete growth medium containing 20% FBS,
100 U/ml penicillin, and 0.1 mg/ml streptomycin was added
to the lower chamber. For the invasion assay, Matrigel (BD
Biosciences, San Jose, CA, USA) was thawed at 4 °C, then 50
pl Matrigel solution (matrigel : medium, 1:3) was added to
the precooled inserts and solidified in a 37 °C incubator for 1
h. After incubation at 37°C and 5% CO, for 24 h (migration)
or 48 h (invasion), the upper side of the filter membrane was
wiped with a cotton swab to remove cells. The cell inserts were
fixed with 33% (v/v) acetic acid (glacial acetic acid:methyl
alcohol, 1:3) for 30 min and stained with 0.1% (v/v) crystal
violet (Solarbio, Beijing, China) for 20 min. Representative
fields were photographed and the numbers of migrated cells

Table 1. Primer sequences.

Name Sequence (5’>3’)
F: UAC CCU GUA GAU CCG AAU UUG UG

R: CAA AUU CGG AUC UAC AGG GUA UU

miR-10a-5p mimics

NC mimics F: UUC UCC GAA CGU GUC ACG UTT
R: ACG UGA CAC GUU CGG AGA ATT
miR-10a-5p F: TGC GGT ACC CTG TAG ATC CG
R: CCA GTG CAG GGT CCGAGGT
U6 F: ATT GGA ACG ATA CAG AGA AGATT
R: GGA ACG CTT CACGAATTT G
IL-6 F: ACT CAC CTCTTC AGA ACG AAT TG
R: CCA TCT TTG GAA GGT TCA GGT TG
IL-8 F: TTT TGC CAA GGA GTG CTA AAG A
R: AAC CCT CTG CACCCA GTTTTC
B-actin F: ACT GTG CCC ATC TAC GAG G

R: GAA AGG GTG TAA CGC AACTA

Abbreviations: miR-10a-5p-microRNA-10a-5p; NC-negative control; F-
forward; R-reverse
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per field were counted by using a light microscope (Olympus,
Tokyo, Japan). Three independent experiments were repeated
to get the mean value.

Cell-matrix adhesion assay. 96-well plates were coated
3 h with 2 mg/ml Matrigel at 37°C and were blocked with
1% BSA for 2 h. The SW480 cells treated with indicated CM
at 48 h were suspended in complete medium and seeded
on the 96-well plates at a density of 2x10*/well in triplicate,
allowed to adhere at 37°C for at 30 min, 60 min, or 90 min,
and then were washed three times with phosphate-buffered
saline. Images of adherent cells were captured using a light
microscope and the quantitative results of adhered cells were
determined using CCK-8 assay.

Sphere formation assay. For sphere formation, the
SW480 cells treated with indicated CM at 48 h were plated
on low adhesion 6-well plates (Corning, Corning, NY, USA)
in a density of 3,000/well and cultured in MEM-a supple-
mented with 10% FBS, 100 U/ml penicillin, and 0.1 mg/ml
streptomycin at 37°C for 10 days. After observation under
a microscope, representative images were captured and the
number of spheroid amount per well was counted.

Statistical analysis. Statistical analysis was performed
using SPSS software version 17 (SPSS Inc., Chicago, IL,
USA). Each experiment was carried out in triplicate at least
and all results were presented as mean + SD. Student’s t-test
was used to assess statistical significance. A value of p<0.05
was considered significant.

Results

Overexpression miR-10a-5p inhibits LX-2 cells activa-
tion. The LX-2 cell line established by Friedman in 2005
shows the phenotype of activated hepatic stellate cells [23].
To explore whether miR-10a-5p influences the activation
of LX-2 cells, miR-10a-5p mimics were transfected into
the LX-2 cells to enhance the expression of miR-10a-5p.
Compared with the negative control group, the expression of
miR-10a-5p was enhanced by approximately 17-fold in the
miR-10a-5p mimics group (***p<0.001, Figure 1A). Then,
we detected the effects of miR-10a-5p overexpression on cell
proliferative and migratory abilities of LX-2 cells. CCK-8
assay showed that overexpression of miR-10a-5p suppressed
LX-2 cells viability at 2, 3, 4 days post-transfection (*p<0.05;
*p<0.05; **p<0.01, respectively, Figure 1B). To further
confirm the inhibitory effect of miR-10a-5p on LX-2 cells
proliferation, an EdU assay was performed to detect prolifer-
ating cells. The results revealed a significantly lower prolifer-
ation rate of LX-2 cells following treatment with miR-10a-5p
compared with the control (**p<0.01, Figure 1C). The
Transwell migration assay indicated that overexpression
of miR-10a-5p reduced the migratory ability of LX-2 cells
after 24 h (***p<0.001, Figure 1D). In addition, the effect of
miR-10a-5p on the secretion of IL-6 and IL-8 by LX-2 cells
was analyzed by the ELISA assay. The results showed that
LX-2 cells transfected with miR-10a-5p mimics decreased

the concentration of IL-6 and IL-8 in condition medium
(CM) with 20.8% and 30.1%, respectively (**p<0.01; *p<0.05,
Figure 1E). RT-qPCR assay showed that miR-10a-5p overex-
pression also suppressed the expression of IL-6 and IL-8 in
LX-2 cells (**p<0.001; **p<0.001, Figure 1F). These results
demonstrated that miR-10a-5p could inhibit the LX-2 cells
activation, including proliferation, migration, and secretion
abilities.

LX-2-miR-10a-5p CM suppresses SW480 cells migra-
tion, invasion, and spheroid formation. To elucidate if the
activity of LX-2 cells affected malignancy of primary colorectal
cancer cells, the migration, invasion, and spheroid formation
abilities of SW480 cells treated with CM from LX-2-miR-
10a-5p cells (LX-2 cells transfected with miR-10a-5p mimics)
were analyzed. As shown in Figures 2A and 2B, there were no
significant differences in cell proliferation and cell adhesion
abilities between the LX-2-NC CM group and the LX-2-miR-
10a-5p CM group (p>0.05, p>0.05). Whereas the invasion
(Figure 2C), migration (Figure 2D), and spheroid formation
(Figure 2E) abilities of SW480 cells treated with LX-2-miR-
10a-5p CM were markedly decreased (***p<0.001, **p<0.01,
*p<0.05), respectively. These results indicated that decreased
cells activation caused by miR-10a-5p overexpression poten-
tially inhibited colon cancer cells metastasis by affecting the
microenvironment.

Establishment and identification of HLNFs and HLCFs.
To further confirm the role of miR-10a-5p on the activa-
tion of HLCFs, the HLNFs and HLCFs isolated from a colon
cancer patient with liver metastasis were established. Cells
were isolated and purified by a repeated adherence method.
Then, morphological characteristics were observed under a
light microscope. The passaged fibroblasts from normal liver
tissues exhibited a long fusiform shape in bundles or braids
with consistent size, while the passaged fibroblasts from liver
cancer tissues showed a flat fusiform shape with different
sizes and disorder growth (Figure 3A). Immunofluorescence
staining showed that cytokeratin 18 (CK-18), a well-known
marker of epithelial cells, was neither expressed in HLNFs
nor in HLCFs (Figure 3B). In addition, fibroblast-specific
protein 1 (FSP-1), a specific marker of fibroblast expression
[24], was expressed in both of the two cell lines (Figure 3C).
The alpha-smooth muscle actin (a-SMA), a marker of
tumor-associated fibroblasts [25], was weakly expressed in
HLNFs and strongly expressed in HLCFs (Figure 3D). Next,
the FACS analysis demonstrated that the positive ratios of the
negative isotype, CK-18 and a-SMA were approximately 0%
(Figure 3E), 0% (Figure 3F), and 95% (Figure 3G), respec-
tively. These data indicated that these two primary cells we
established, were HLNFs and HLCFs and their features and
purities were qualified for further experiments.

Overexpression of miR-10a-5p inhibits HLCFs activa-
tion. Next, we compared the expression of miR-10a-5p and
the secretion of IL-6 and IL-8 between HLNFs and HLCFs.
The miR-10a-5p level in HLCFs was markedly lower than
that in HLNFs (*p<0.05, Figure 4A). The concentrations of
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Figure 1. miR-10a-5p overexpression inhibits the LX-2 cells activation. The LX-2 cells were transfected with miR-10a-5p mimics or negative control
(NC), respectively. A) The miR-10a-5p expressions in the miR-10a-5p mimics group and the NC group were detected by RT-qPCR at 24 h post-trans-
fection. U6 was used as an internal control. B) The cell viabilities of the miR-10a-5p mimics group and the NC group were analyzed by CCK-8 assay at
1-4 day (s) post-transfection. C) The proliferation abilities of the miR-10a-5p mimics group and the NC group in LX-2 cells were detected by the EAU
incorporation assays. D) The migration abilities of the miR-10a-5p mimics group and the NC group were detected by Transwell assay with Matrigel
at 24 h post-transfection (magnification 200x). E) The concentrations of IL-6 and IL-8 in condition medium (CM) from LX-2 cells treated with miR-
10a-5p mimics and NC for 72 h were detected by ELISA assay. F) The expression of IL-6 and IL-8 were detected in LX-2 cells treated with miR-10a-5p
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Figure 3. Establishment and identification of HLNFs and HLCFs. A) Morphological observation of human liver normal fibroblasts (HLNFs) and hu-
man liver cancer fibroblasts (HLCFs) (magnification 100x). B-D) Immunofluorescence images of NHLFs and THLFs stained with CK-18 (B), FSP-1
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IL-6 and IL-8 in HLCFs CM were higher than HLNFs CM
(*p<0.05; **p<0.01, Figure 4B). Then, HLCFs were trans-
fected with miR-10a-5p mimics (miR-10a-5p mimics group)
or negative control oligo (NC group). At 24 h post-transfec-
tion, the expression of miR-10a-5p in the miR-10a mimics
group was highly increased as compared to that in the NC
group (***p<0.001, Figure 4C). miR-10a-5p overexpression
significantly suppressed the proliferation of HLCFs at 3- and
4-days post-transfection (p>0.05; *p<0.05; *p<0.05, Figure
4D). Consistently, EAU assay also revealed that miR-10a-5p
significantly inhibited cell proliferation of HLCFs cells
(**p<0.01, Figure 4E). The wound healing assay showed
that migration ability of the miR-10a-5p mimics group was
markedly decreased as compared to the NC group (**p<0.01;
*p<0.05, Figure 4F). Both the IL-6 and IL-8 were downregu-
lated in the miR-10a-5p mimics group compared with the NC
group (**p<0.01; **p<0.01, Figure 4G). These data suggested
that miR-10a-5p could inhibit the activity of HLCF cells.

HLCFs CM promotes SW480 cells migration, invasion,
and spheroid formation. To confirm the results of Figure 2,
the affection of HLCFs CM on invasion, migration, and
spheroid formation abilities of SW480 cells was detected.
There was no difference between the SW480 cells proliferation
abilities treated with HLNFs CM (HLNFs group) and HLCFs
CM (HLCFs group) within four days (all p>0.05, Figure 5A).
The cell adhesion abilities also exhibited no alteration in the
two groups at 30 min, 60 min, and 90 min (p>0.05, Figure
5B). However, SW480 cells treated with HLCFs CM exhibited
stronger invasion (Figure 5C), migration (Figure 5D), and
cell spheroid formation abilities (Figure 5E) that those of the
HLNFs group (***p<0.001, **p<0.01, *p<0.05), respectively.
In summary, deactivation of HLCFs induced by miR-10a-5p
could suppress migration and invasion of colon cancer cells
by affecting the microenvironment.

Discussion

In this study, we identified that the miR-10a-5p was
frequently hypoexpressed in the activated liver fibroblasts.
Overexpression of miR-10a-5p inhibits the proliferation and
migration of LX-2 and HLCFs cells, as well as the secretion or
expression level of IL-6/IL-8 in these fibroblasts, suggesting
that miR-10a-5p could inhibit the activation of fibroblasts in
the liver microenvironment. Consequently, the suppressed
activation of fibroblasts restrained the invasion, migration,
and stemness activities of SW480 cells.

It has been reported that activated fibroblasts were recog-
nized as an abundant and active stromal cell population in
the TME, and functioned as the remodeling machine to aid
the creation of a desmoplastic tumor niche [26]. Emerging
evidences showed that the status of the fibroblasts in the
microenvironment plays an important role in cancer metas-
tasis. For example, miR-1, miR-206, and miR-31-mediated
FOXO3a/VEGF/CCL2 signaling played a prominent role in
the transformation of NFs into CAFs, which promoted lung

cancer cells migration, colony formation, tumor growth,
and TAMs recruitment [27]. The exosomes miR-1249-5p,
miR-6737-5p, and miR-6819-5p promoted human colon
fibroblasts activation by inhibiting the expression of tumor
protein p53 (TP53), thus accelerated tumor progression [28].
Recently, the hepatic stellate LX-2 cells differentiated into
carcinoma-associated fibroblasts have been proved to facili-
tate liver metastasis of CC [29]. In our study, the proliferation
and migration activities of LX-2 cells were both suppressed by
the miR-10a-5p overexpression. In addition, the secretion of
IL-6 and IL-8 of LX-2 cells was decreased. The similar pheno-
typic change of the HLCFs induced by miR-10a-5p overex-
pression revealed that miR-10a-5p could inhibit the activa-
tion of fibroblasts in the liver. Furthermore, our previous
study has reported that miR-10a was hyperexpressed in the
primary CRC tissues and cell lines, and miR-10a overexpres-
sion could suppress SW480 cells to metastasis to the liver by
modulating epithelial-to-mesenchymal and anoikis [30]. The
recent research in our lab has proved that exosomal-miR-10a
from the SW480 cells can be released into the serum and
cell media to inhibit the lung fibroblasts migration and IL-6/
IL-8/IL-1P expression, which partly inhibit the CRC metas-
tasis to the lung [21]. In the present study, we put forward
to the reduced invasion, migration, and stemness of SW480
cells, affected by the CM from LX-2 cells and primary fibro-
blasts with miR-10a-5p overexpression, restricted SW480
cells metastasis to the liver. In our previous study, SW480
cells have been proved to have endogenous high expression
of miR-10a and could produce exosomal-miR-10a. Hence,
the role of miR-10a-5p in autonomous and non-autonomous
manners could be a potential mechanism in regulation cell
viability and adhesion activities of SW480 cells, which did
not exhibit significant differences between the two groups
induced by miR-10a-5p (Figure 2A/B). However, the specific
regulatory mechanisms of SW480 cells' autonomous and
non-autonomous manners of miR-10a-5p should be investi-
gated in the future.

The massive secretion of pro-inflammatory cytokine
has been recognized to be able to form an inflammatory
microenvironment and promote disease development. For
example, the activated fibroblasts secreted pro-inflammatory
cytokines IL-6 and IL-8 to promote liver cancer progression
[31]. Downregulated miR-10a could promote the production
of various inflammatory cytokines by leading to activation
of NF-«B signaling, including TNF-q, IL-1f, IL-6, and IL-8
in the fibroblast-like synoviocytes (FLSs), thereby promoting
the proliferation, migration, and invasion of FLSs and the
progression of rheumatoid arthritis [32]. In human mesan-
gial cells (HMCs), miR-10a inhibited the IL-8 secretion by
directly targeting IL-8, thereby inhibiting the proliferation of
HMC cells and the progression of lupus nephritis [33]. Our
results suggested that miR-10a-5p could inhibit the secre-
tion or expression of IL-6 and IL-8 in LX-2 and HLCFs cells,
which was probably an important factor in inhibiting liver
metastasis of CC. AsIL-8 had been identified as a direct target
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of miR-10a in HMCs [33], the regulation of the relationship
between miR-10a-5p and IL-6 and IL-8 in human liver fibro-
blasts needs to be further studied.

In conclusion, our results indicate that miR-10a-5p
inhibits the activation of liver fibroblasts, and the subse-
quently phenotypic alterations of fibroblasts suppressed
SW480 cells metastasis to the liver (Figure 6). Our study on
the crosstalk between the tumor cells and fibroblasts provides
a new insight for liver metastases of CC, which contributes to
efficient prevention and therapeutic strategies for CC.
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