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Abstract
MicroRNAs (miRNAs) are involved in the progression of many cancers through 
largely unelucidated mechanisms. The results of our present study identified a gene 
cluster, miR- 221/222, that is constitutively upregulated in serum exosome samples 
of patients with colorectal carcinoma (CRC) with liver metastasis (LM); this upregula-
tion predicts a poor overall survival rate. Using an in vitro cell coculture model, we 
demonstrated that CRC exosomes harboring miR- 221/222 activate liver hepatocyte 
growth factor (HGF) by suppressing SPINT1 expression. Importantly, miR- 221/222 
plays a key role in forming a favorable premetastatic niche (PMN) that leads to the 
aggressive nature of CRC, which was further shown through in vivo studies. Overall, 
our results show that exosomal miR- 221/222 promotes CRC progression and may 
serve as a novel prognostic marker and therapeutic target for CRC with LM.
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1  | INTRODUC TION

Colorectal carcinoma (CRC) is the third most common cancer type 
and the leading cause of cancer- related deaths worldwide.1 The 
most frequent site of CRC metastasis is the liver. Approximately 
30% of all CRC patients are diagnosed with liver metastasis (LM), 
which causes at least two- thirds of CRC deaths.2 Emerging evidence 
suggests that in addition to local signals in the primary tumor mi-
croenvironment, the tumors also send signals to future metastatic 
sites from a long distance to foster the emergence of the hospitable 
premetastatic niche (PMN) which can promote the proliferation of 
spreading tumor cells.3 Although many reports have described a 
large number of molecular abnormalities of coding proteins or non-
coding RNAs associated with the pathogenesis of LM in CRC that 
play crucial roles in this process,4,5 the exact regulatory mechanism 
remains unclear.

Tumor- secreted extracellular vesicles (EVs) are important mes-
sengers for intercellular crosstalk from tumor to mesenchymal cells 
in local and remote microenvironments.6- 8 Exosomes, which are EVs 
released by cells, range in size from 30 to 100 nm and carry proteins, 
lipids, and various types of nucleic acids.9 Exosomes are important 
cancer cell– derived factors that initiate the formation of a niche 
before distant- organ metastasis.10- 12 The results of recent studies 
have indicated that exosomes act as mediators to regulate the tumor 
microenvironment and support tumor metastasis and progression.13 
However, the precise physiological function of exosomes in promot-
ing tumor metastasis needs to be further elucidated.

MicroRNAs (miRNAs) are ∼22- nucleotide (nt) noncoding RNAs 
whose primary function is to suppress the translation of the target 
messenger RNA.14 A large amount of evidence have suggested that 
exosomes contain high levels of miRNAs that exert crucial effects 
on the immune regulation, chemotherapy resistance, and metasta-
sis of many tumor types.15-  miR- 221 and miR- 222 (miR- 221/222) are 
located within a 1- kb region of the X chromosome, have identical 
seed sequences, and form a gene cluster. Recently, the role of miR- 
221/222 in tumorigenesis, whether as an oncogene or as a tumor 
suppressor gene, has been reported.17- 19 Studies have shown that 
miR- 221 and miR- 222 overexpression in the cancer stroma is associ-
ated with the malignant potential of colorectal cancer.20,21 However, 
to date, the discovery of tumor- derived exosomal miR- 221/222 dys-
regulation, their specific biological features, and potential regulatory 
mechanism in the development of LM require further investigation 
in CRC.

Serine protease inhibitor Kunitz type 1 (SPINT1), which is named 
hepatocyte growth factor activation inhibitor type 1 (HAI1), is a type 
I transmembrane serine protease inhibitor that is frequently found 
on the surface of epithelial cells.22 The abnormal expression of 
SPINT1 has been confirmed in many cancers and may be a significant 
factor in the mechanism of HGF/MET activation.23- 25

In the present study, we demonstrate that exosomal miR- 
221/222 is frequently overexpressed in colorectal cancer patients 
with LM and predicts poor disease survival. We further demon-
strated that c- met is overexpressed in LM of CRC, while HGF is not, 

suggesting that CRC metastases primarily bind HGF secreted by the 
liver. Using an in vitro cell coculture model, we showed that CRC 
exosomes harboring miR- 221/222 activate liver HGF by suppress-
ing SPINT1 expression. Importantly, in vivo studies have shown 
that miR- 221/222 has a key role in forming hospitable PMNs, which 
promotes the invasiveness of CRC cells. In summary, tumor- derived 
exosomal miR- 221/222 regulates the liver microenvironment and 
exacerbates LM, while upregulated paracrine HGF creates favorable 
conditions for incoming metastatic CRC cells.

2  | MATERIAL S AND METHODS

2.1 | Human samples

Human CRC LMs and adjacent noncancerous tissues were obtained 
from patients undergoing surgery at the Tianjin Medical University 
Cancer Institute and Hospital (Tianjin, China). This study was ap-
proved by the Ethics Committee of Tianjin Medical University 
Cancer Institute and Hospital. Informed consent was signed from 
each patient before collecting samples. During the surgery, tissue 
samples were promptly placed into liquid nitrogen.

2.2 | Animals

Female BALB/c- nu mice (6 weeks of age) were housed in a special 
pathogen- free animal facility. The experiments involving mice were 
performed with the approval of the Institutional Animal Care and 
Research Advisory Committee of Tianjin Medical University Cancer 
Institute and Hospital.

2.3 | Cell culture

The human CRC cell line SW480 was acquired from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). SW480 cells 
were cultured in 1640 medium (Gibco). Primary mouse liver cells 
were acquired from the livers of C57BL/6J mice (6 weeks) and main-
tained in RPMI 1640 culture medium (Gibco) supplemented with 
10% FBS and 1% penicillin/streptomycin (Gibco).

2.4 | Isolation of exosomes from serum and cell 
culture media

Serum exosomes (sr- exosomes) were extracted using an exosome isola-
tion kit (Invitrogen). Exosomes were extracted from cell by gradient cen-
trifugation, with all isolation processes performed at 4°C. First, the cells 
and other debris were removed by centrifugation at 3000 g, followed 
by centrifugation at 10 000 g for 30 minutes. Next, the cell culture 
medium was harvested and centrifuged at 110 000 g for 70 minutes. 
Finally, the pellet was resuspended in PBS to collect exosomes.
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2.5 | Protein extraction and western blot analysis

Western blotting was performed to assess protein levels, which 
were normalized to that of GAPDH. Total proteins form lysates were 
separated by SDS- PAGE and then transferred to polyvinylidene flu-
oride (PVDF) membranes (Roche). Then, membranes were blocked 
with 5% bovine serum albumin, followed by an incubation with the 
primary antibody at 4°C overnight. The proteins were visualized with 
an enhanced chemiluminescence (ECL) reagent after incubation with 
a suitable HRP- conjugated secondary antibody at room temperature 
for 1 hour.

2.6 | RNA isolation and quantitative reverse 
transcription PCR (RT- qPCR)

Total RNA was extracted with TRIzol reagent (Invitrogen) and re-
verse transcribed into cDNA using avian myeloblastoma virus (AMV) 
reverse transcriptase (TaKaRa). U6 small nuclear RNA was used as 
an internal reference for miR- 221/222, and GAPDH was used as the 
internal reference for mRNA. All reactions were assayed in triplicate. 
The sequences of the primers used for target gene amplification 
were as follows:

5′- CCTGGTGCTACACGGGAAAT- 3′ (HGF, sense)
5′- CACATCCACGACCAGGAACA- 3′ (HGF, antisense)
5′- CAGCAGTGCCTCGAGTCTTGTC- 3′ (SPINT1, sense)
5′- GATGGCTACCACCACCACAATG- 3′ (SPINT1, antisense)
5′- AGAAGGCTGGGGCTCATTTG- 3′ (GAPDH, sense)
5′- AGGGGCCATCCACAGTCTTC- 3′ (GAPDH, antisense).

2.7 | ELISA

An ELISA kit was used to assess HGF secretion according to the 
manufacturer's protocol (Sigma).

2.8 | Immunohistochemistry

Tissue sections were fixed in 4% paraformaldehyde and embedded 
in paraffin. Then, after blocking the activation of endogenous per-
oxidase, the tissue sections were incubated with anti- HGF antibody 
(1:200, Abcam) before being stained with DAB substrate and coun-
terstained with hematoxylin for the same amount of time. Five fields 
of each section were analyzed under a microscope.

2.9 | miRNA target analysis and luciferase 
reporter assays

The PicTar (http://pictar.mdcbe rlin.de/), miRanda (http://www.
micro rna.org/), and TargetScan (http://www.targe tscan.org/) 

algorithms were used to predict and analyze the miRNA binding 
sites. The reporter plasmids were designed by Genscript (Nanjing, 
China). Briefly, cells were transfected with firefly luciferase re-
porter plasmids, β- galactosidase expression vectors, and the same 
amount of mimics, inhibitors, or scrambled negative control (NC) 
RNA for luciferase reporter assays with the β- galactosidase vec-
tor (Ambion) used as an internal control. A dual luciferase assay 
kit (Promega) was used to analyze the luciferase activity 24 hours 
after transfection.

2.10 | CCK- 8 cell viability assay

A cell counting kit (CCK- 8) (Biosharp) was used to assess cell pro-
liferation. The cells were seeded into 96- well plates, and after 
treatment or coincubation with exosomes for 48 hours, 10 µL of 
CCK- 8 reagent was mixed into each well. Then, the 96- well plates 
were incubated in an incubator for 2 hours. Finally, the optical den-
sity (OD) value at 450 nm was analyzed on a microplate reader 
(Thermo) to calculate the cell viability. The assay was carried out 
at least in triplicate.

2.11 | Cell migration assay

The migratory ability of cells was determined using 24- well Transwell 
chambers (Costar) covered by 8.0- mm- pore polycarbonate mem-
branes. Approximately 1 × 105 pretreated cells were seeded into the 
upper chamber in 200 µL of serum- free culture medium, while 600 µL 
of culture medium supplemented with 20% fetal bovine serum was 
added to the lower chamber for chemotaxis assays. After 12 hours, 
the migrated cells were fixed with methanol for 15 minutes and then 
stained with a 0.1% crystal violet solution for 15 minutes.

2.12 | Establishment of in vivo tumor- bearing 
mouse models

SW480 cells were transfected with lentiviruses to overexpress miR- 
221, miR- 222, or miR- 221/222, and untreated SW480 cells were 
used as a control. Transfected SW480 cells were injected into BALB/
c- nu mice to establish in vivo models of tumor growth and metastasis.

2.13 | Statistical analyses

The data were obtained from three independent experiments and 
are presented as the mean ± SE. Differences between groups were 
measured using Student's t- test for comparisons between two 
groups or one- way ANOVA for multiple comparisons. Differences 
were considered significant at P < .05 (*P < .05; **P < .01; and 
***P < .001).

http://pictar.mdcberlin.de/
http://www.microrna.org/
http://www.microrna.org/
http://www.targetscan.org/
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3  | RESULTS

3.1 | Expression of exosomal miR- 221/222 and HGF 
in CRC LMs

Sr- exosomes were isolated from CRC patients and normal subjects, 
and transmission electron microscopy (TEM) observations showed 
that isolated sr- exosomes were approximately 100 nm in size and 
had a round morphology (Figure 1A).

In addition, the exosome markers CD9, Alix, and TSG101 and 
the exosome negative marker GM130 were used to validate the 
isolated exosomes (Figure 1B). As shown in Figure 1C, most of the 
isolated exosomes were approximately 100 nm in size. To assess the 
expression of exosomal miR- 221/222 in CRC accompanied by LM, 
we measured exosomal miR- 221/222 expression by qRT- PCR. Our 
data showed that miR- 221/222 are highly expressed in sr- exosomes 
of CRC patients but underexpressed in those of normal subjects. 
Moreover, the exosomal miR- 221/222 contents were enriched in 
the serum of patients with LM (Figure 1D). These results showed 
that CRC sr- exosomes harbor miR- 221/222, which may have a sig-
nificant role in the process of CRC. Kaplan- Meier analysis revealed 
that the progression- free interval rate in the low– miR- 221/222 
group was consistently higher than that in the high– miR- 221/222 
group (Figure 1E).

Among all the miR- 221/222– related mRNAs predicted with 
bioinformatics methods, SPINT1 was selected for analysis be-
cause of its upregulated expression in many cancers (Figure 1F). 
HGF is frequently expressed in the liver and has cancer- promoting 
effects. Accordingly, we evaluated the effect of CRC exosomes 
on HGF. The serum HGF levels of CRC patients were higher than 
those of normal subjects and were significantly increased in pa-
tients with LM (Figure 1G). The immunohistochemistry results 
showed high HGF expression in primary tumor and liver tissues 
and low HGF expression in CRC metastases (Figure 1H). These 
findings were supported by the Western blot results. However, 
the HGF receptor c- MET was highly expressed in CRC LMs 
(Figure 1I). These results indicate that metastatic cancer cells bind 
HGF and that HGF is secreted into the liver microenvironment in 
a paracrine manner. In addition, the Western blot results showed 
that HGF was highly expressed in CRC primary tumor tissues, 
whereas SPINT1 was downregulated (Figure 1J). In addition, the 
enzyme- linked immunosorbent assay (ELISA) results indicated 
that exosomal miR- 221/222 significantly promoted liver HGF re-
lease (Figure 1K).

3.2 | miR- 221/222 directly targets SPINT1 
in the liver

Stromal cell and hepatocyte markers were used to characterize the 
types of primary hepatocytes. Alpha smooth muscle actin (α- SMA), 
desmin (markers of hepatic stellate cells), and F4/80 (a marker of 
Kupffer cells) were enriched in primary cells (Figure 2A).

Primary liver cells were treated with NC RNA or miR- 221/222 
mimics or inhibitors. As expected, the expression of miR- 221/222 
in primary liver cells treated with miR- 221/222 mimics was greatly 
decreased compared that that observed in the NC group (Figure 2B). 
To further investigate the regulatory mechanism of miR- 221/222 
and SPINT1, luciferase reporter plasmids with a wild- type or mu-
tant 3′- UTR of SPINT1 mRNA were obtained, with the predicted 
interactions between miR- 221/222- 3p and the 3′- UTR of SPINT1 
shown in Figure 2C. The results showed marked attenuated lucif-
erase activity in the miR- 221–  and miR- 222– overexpressing groups, 
while miR- 221/222 inhibition caused enhanced luciferase activity 
(Figure 2D). When the binding site of miR- 221- 3p or miR- 222- 3p 
was mutated, miR- 221- 3p/miR- 222- 3p had no effect on luciferase 
activity (Figure 2D). Subsequently, mRNA and protein levels were 
assessed in primary liver cells. SPINT1 mRNA levels remained es-
sentially unchanged upon miR- 221/222 overexpression or underex-
pression (Figure 2E). The Western blot results indicated that SPINT1 
expression was relatively downregulated when miR- 221 or miR- 222 
was upregulated, while treatment with miR- 221/222 strongly en-
hanced SPINT1 protein expression (Figure 2F,G). The above results 
were consistent with these miRNAs inhibiting mRNA expression at 
the post- transcriptional level. In short, miR- 221 and miR- 222 were 
shown to regulate SPINT1 expression in primary hepatocytes by 
binding directly to the 3'- UTR of SPINT1 mRNA.

3.3 | SW480 exosome– delivered miR- 221/222 
regulates the biological behavior of primary liver cells 
in vitro

Exosomes secreted from SW480 cells (SW480- exos) were isolated 
(Figure 3A), and Western blot assays verified that the isolated ex-
osomes expressed exosomal marker proteins but not a negative 
exosomal marker protein (Figure 3B). As shown in Figure 3C, miR- 
221/222 expression in liver stromal cells was greatly reduced upon 
transfection with miR- 221/222 inhibitors, and SW480 cells trans-
fected with miR- 221/222 inhibitors were used to prepare exosomes 
removing miR- 221/222 (SW480 exos miR- 221/222 del). SW480 
exosomes significantly suppressed SPINT1 and promoted HGF pro-
tein expression in liver stromal cells, while the enhanced HGF pro-
tein expression was blocked when miR- 221/222 was depleted from 
the exosomes (Figure 3E). However, both SW480 and SW480 exos 
miR- 221/222 del exosomes induced no obvious changes in SPINT1 
mRNA levels (Figure 3D) indicating that exosomal miR- 221/222 
activates liver HGF by suppressing SPINT1. Subsequently, we as-
sessed the impact of SW480 exosome– delivered miR- 221/222 on 
liver stromal cell invasion and migration. As shown in the schematic 
diagram presented in Figure 3F, primary hepatocytes were indirectly 
cocultured with SW480 cells using a 0.4- mm polyester membrane, 
which allowed HGF to pass between the chambers (Figure 3F). 
CCK- 8 and Transwell assays were used to evaluate the effect of 
SW480 exosomes on the biological function of liver stromal cells. 
As HGF levels increased upon exosomal miR- 221/222 treatment, 
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F I G U R E  1   Correlation between exo- miR- 221/222 and hepatocyte growth factor (HGF) in colorectal carcinoma (CRC) liver metastasis 
(LM). A, Scanning electron microscopy of human sr- exosomes (scale bar, 100 nm). B, Western blot (WB) of the exosome markers CD9, Alix, 
and TSG101 and of the negative exosome marker GM130. C, Nanoparticle tracking analysis (NTA) of isolated exosomes. D, Sr- exosomal miR- 
221/222 is associated with CRC LM. Exosomes were isolated from the serum of normal subjects (Normal), CRC patients without metastasis, 
and CRC patients with LM (n = 40). E, miR- 221 and miR- 222 expression was closely linked with survival in CRC. F, The potential binding 
positions of miR- 221/222 in SPINT1 mRNA. G, ELISA analysis of serum HGF secretion in healthy donors (Normal), CRC patients without 
metastasis, and CRC patients with LM (n = 3). H, Immunohistochemistry (IHC) analysis of HGF (scale bar, 50 µm). I, WB analysis of HGF and 
c- mesenchymal- epithelial transition factor (MET) expression. J, HGF and SPINT1 expression in CRC primary tumor and CRC paracarcinoma 
tissues. The cancer tissue is represented by T, and the paracarcinoma tissue is represented by P. K, The clinical relevance between plasma 
exo- miR- 221/222 and HGF expression levels (n = 42). **P < .01
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F I G U R E  2   Identification of SPINT1 as the direct target of miR- 221/222. A, Western blot (WB) analysis and quantification of alpha smooth 
muscle actin (α- SMA), desmin, and F4/80 to identify liver cells (n = 3). B, RT- qPCR quantification of miR- 221 and miR- 222 in samples treated 
with miR- 221/222 mimics or miR- 221/222 inhibitors (n = 3). C, The putative binding sites for miR- 221/222 and SPINT1. D, Direct recognition 
of SPINT1 by miR- 221/222 (n = 5). The relative luciferase levels were detected using a luciferase kit after transfection (n = 5). E, Relative levels 
of SPINT1 mRNA in liver cells transfected with miR- 221/222 mimics or inhibitors (n = 4). F, WB analysis of hepatocyte growth factor (HGF) 
and SPINT1 levels in primary liver cells with overexpressed or suppressed miR- 221 or miR- 222 (n = 4). G, Quantification analysis of F. **P < .01

F I G U R E  3   Colorectal carcinoma (CRC) exosomes harboring miR- 221/222 facilitate liver hepatocyte growth factor (HGF) by blocking 
SPINT1 expression. A, Transmission electron microscopy (TEM) images of SW480 cell exosomes (scale bar, 100 nm). B, Western blot (WB) 
analysis of positive and negative exosomal markers in SW480 cell exosomes. C, SW480 exos miR- 221/222 del decreased liver miR- 221/222 
levels (n = 5). D, Effects of SW480 exosomes delivering miR- 221/222 on SPINT1 mRNA levels in liver stromal cells (n = 5). E, Effects of 
SW480 exosomes delivering miR- 221/222 on SPINT1 and HGF protein levels in mixed primary liver cells (n = 5). F, Schematic diagram of an 
in vitro model of cell coculture. G, The influence of SW480 exosome– delivered miR- 221/222 on primary liver cell viability (n = 5). H, The 
influences of SW480 exosome– delivered miR- 221/222 on cell invasion (n = 5). **P < .01
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SW480 exos miR- 221/222 del was used to reduce the HGF levels. 
Primary hepatocytes treated with SW480 exosomes promoted the 
proliferation and migration of liver stromal cells, while hepatocytes 
treated with SW480 exos miR- 221/222 del showed the opposite ef-
fect (Figure 3G,H). In summary, these results support that SW480 
exosome– mediated production of HGF plays a crucial role in influ-
encing the biological behavior of liver stromal cells.

3.4 | SPINT1 regulates the biological behavior of 
liver stromal cells in vitro

As shown in Figure 4A,B, the mRNA and protein expression of HGF 
in liver stromal cells was highly decreased by treatment with the 
small interfering RNA of SPINT1 (si- SPINT1). Primary liver cells were 
directly treated with miR- 221/222 mimics or inhibitors and cotrans-
fected with miR- 221/222 inhibitors and si- SPINT1 or miR- 221/222 
mimics and SPINT1- overexpressing lentivirus (OE.SPINT1). Primary 
liver cells overexpressing miR- 221/222 notably inhibited the levels 
of SPINT1, whereas cotransfection with miR- 221/222 mimics and 
OE.SPINT1 rescued this phenotype (Figure 4C,D). Then, we evalu-
ated the influence of SPINT1 on the suppression of primary liver 
cell proliferation and migration. As expected, si- SPINT1 notably 
promoted the proliferation of primary liver cells. However, cotreat-
ment with miR- 221/222 inhibitors and si- SPINT1 reversed the ef-
fect of miR- 221/222 inhibitors on the proliferation of primary liver 
cells (Figure 4E). Similarly, OE.SPINT1 significantly blocked the 
migration of primary liver cells (Figure 4F), while cotransfection 
with miR- 221/222 mimics and OE.SPINT1 rescued this phenotype 
(Figure 4G). The above in vitro results supported the conclusion that 
miR- 221/222 has a great influence on the malignant biological prop-
erties of liver stromal cells by regulating SPINT1.

3.5 | Exosomal miR- 221/222 regulates liver HGF by 
suppressing SPINT1 in vivo

We generated tumor xenograft models to verify the effect of miR- 
221/222 on tumor growth. SW480 cells were treated with lenti-
viruses to overexpress miR- 221, miR- 222, or miR- 221/222, with 
untreated SW480 cells used as a control (miR- 221 OE, miR- 222 
OE, miR- 221/222 OE, and untreated, respectively). The diameters 
and weights of the tumors were recorded over time, as shown in 
Figure 5A. The diameters and weight of tumors were markedly in-
creased in the miR- 221 OE, miR- 222 OE, and miR- 221/222 OE 
groups compared with the untreated group (Figure 5B,C). The 

overexpression of miR- 221 or miR- 222 promoted the growth of 
metastatic foci, increasing the liver metastatic ratio and diameters 
of metastatic foci (Figure 5D,E,F). Detailed data on the number/pro-
portion of LMs in mice and the diameters of LMs are provided in the 
Supplementary Material. Then, the miR- 221/222 contents in mouse 
plasma exosomes were measured by RT- qPCR. Compared with the 
untreated group, miR- 221 or miR- 222 levels were upregulated in the 
plasma exosomes in the miR- 221 OE and miR- 222 OE groups and 
were markedly increased in the miR- 221/222 OE group (Figure 5G). 
The overexpression of miR- 221 or miR- 222 caused a dramatic de-
crease in SPINT1 levels in tumor tissue but had no effect on SPINT1 
mRNA levels. As expected, miR- 221 or miR- 222 overexpression 
greatly increased the RNA and protein levels of HGF (Figure 5H,I,J). 
These results obtained using tumor- implanted mouse models fur-
ther demonstrated that CRC exosomes harboring miR- 221/222 acti-
vate liver HGF by suppressing SPINT1 expression.

4  | DISCUSSION

The tumor microenvironment can be fine- tuned, is responsible for 
tumorigenesis and development, and coordinates communication 
between cells.26 Kaplan and Lyden initially showed that the adapt-
ability of the PMN prior to the arrival of incoming tumor cells is a 
crucial means by which tumors promote their natural behavior.27 For 
instance, exosomes of melanoma are located in the sentinel lymph 
node and exert synchronous molecular signals that affect cell re-
cruitment, remodeling of the extracellular matrix, and lymph node 
angiogenesis.28 Similarly, recent findings have emphasized the im-
portance of other tumor secretory elements in the establishment 
of a niche before tumor metastasis.29- 31 In the present study, we 
showed the importance of miR- 221/222 in the crosstalk between 
primary tumors and metastases.

In the present study, we revealed that miR- 221/222 secreted by 
CRC can be transported to liver stromal cells via exosomes, inducing 
the formation of a hospitable metastatic environment, providing an 
appropriate colonization environment for incoming metastatic tumor 
cells, and consequently contributing to CRC metastasis. Moreover, 
our data show that tumor- derived exosomal miR- 221/222- 3p can 
induce hepatic stromal cells to secrete HGF in the PMN (Figure 6).

Exosomes secreted from tumors play an important role in 
the construction of the tumor microenvironment to accelerate 
tumor occurrence, development, and migration.32- 35 Exosomes are 
known to mediate tumor immune escape and drug resistance.36,37 
Nevertheless, the impact of exosomes on the relationship between 
primary tumors and metastatic foci needs to be further investigated. 

F I G U R E  4   Liver SPINT1 downregulation promotes the proliferation and invasion of primary liver cells. A, RT- qPCR quantification of 
SPINT1 and hepatocyte growth factor (HGF) in samples treated with si- SPINT1 and SPINT1- overexpressing lentivirus (OE.SPINT1) (n = 5). 
B, SPINT1 and HGF protein levels in liver cells transfected with SPINT1 siRNA and OE.SPINT1 (n = 5). C, Liver stromal cells were directly 
treated with miR- 221/222 mimics or inhibitors and cotransfected with miR- 221/222 inhibitors and si- SPINT1 or miR- 221/222 mimics and 
OE.SPINT1. Western blot (WB) analysis of SPINT1 and HGF expression in primary liver cells. (n = 7). D, Relative mRNA levels of SPINT1 and 
HGF in liver cells. E, Growth curves of liver cells after transfection. F, Liver SPINT1 downregulation promoted the migration of liver cells 
(n = 5). G, Transwell assays of liver stromal cells after transfection, as described above (n = 7). **P < .01
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Thus, it is necessary to study the interactions between the tumor and 
stroma through exosomes. MiR- 221/222- 3p is an onco- promoting 
miRNA that is closely related to poor prognosis in CRC patients.38,39 
However, the unique mechanisms by which miR- 221/222- 3p regu-
lates CRC metastasis have been largely unelucidated. In the present 
study, we report a new signaling pathway between tumors and met-
astatic cells. As a result of this intercellular communication, miRNAs 
secreted by tumor exosomes exert an important influence on tumor 
metastasis by regulating the premetastatic microenvironment, 
which in turn accelerates primary tumor metastasis.

As a serine protease inhibitor, SPINT1 is involved in many bio-
logical behaviors in cells and, more importantly, affects the process 
of tumorigenesis.40,41 SPINT1 has been reported to effectively in-
hibit the activity of a variety of trypsin- like serine proteases, such as 
hepatocyte growth factor activator (HGFA) and matrix metallopro-
teinases, which participate in tumor processes.42 However, the reg-
ulatory mechanism that leads to abnormal SPINT1 expression under 
different circumstances has remained unclear. A lack of SPINT1 pro-
motes tumor transformation and regulates signaling between tumor 
cells and the immune microenvironment, which is involved in the 
invasiveness of skin cutaneous melanoma.43 In our present study, 
we demonstrated that SPINT1 regulates the malignant biological be-
havior of CRC cells in vitro.

Taken together, our results show that CRC exosomes deliver miR- 
221/222 to exert a crucial effect in promoting liver- specific metastasis 
through remodeling of the liver microenvironment. Our data support 
the importance of the PMN and reveal a new mechanism of CRC LM. 
Whether miR- 221/222 secreted by tumor exosomes affects the pro-
cess of tumorigenesis and metastasis through other signaling path-
ways needs to be further studied. In future research, we will continue 
to assess how tumor exosomes affect the tumor microenvironment to 
provide novel directions for the treatment of tumor metastasis.
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