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Background: Mounting evidence has implicated that exosomes-delivered noncoding RNAs are 
key regulators in carcinogenesis. The effect of miR-548c-5p has been elucidated in some cancers. 
However, the role of exosomal miR-548c-5p in colorectal cancer (CRC) is not fully understood. 
We aim to explore the function and mechanism of exosome-delivered miR-548c-5p in CRC. The 
altering effect of exosome-derived miR-548c-5p on the prognosis of CRC patients is also inves-
tigated by estimating overall survival and disease-free survival.
Materials and Methods: The expression of miR-548c-5p in exosomes is determined by real- 
time PCR. The proliferation and invasion of CRC cells are estimated by MTT, transwell assay and 
scratch test. The targeted gene of miR-548c-5p is investigated by luciferase reporter assay, real- 
time PCR, Western blot and chromosome immunoprecipitation (CHIP) assay. CRC cells are 
transplanted subcutaneously in BALB/c nude mice to estimate their growth in vivo.
Results: MiR-548c-5p derived from CRC cell exosomes inhibits the proliferation and invasion 
of CRC cells in vitro. Exosomal miR-548c-5p can also prevent from colorectal carcinogenesis 
in nude mice in vivo. HIF1A is documented to be a target of miR-548c-5p, and HIF1A can 
targetedly regulate CDC42 in CRC cells. Exosomal miR-548c-5p affects CRC cell growth, 
migration and invasion via miR-548c-5p/HIF1A/CDC42 axis. In addition, exosomal miR-548c- 
5p can be a predictive factor for CRC prognosis.
Conclusion: Our study has suggested that exosomal miR-548c-5p can regulate CRC 
through HIF1A/CDC42 axis, which helps to understand CRC pathogenesis more clearly 
and identify novel therapeutic strategies for CRC patients.
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Introduction
To the best of knowledge, colorectal cancer (CRC) is one of the most common 
cancers across the world.1 The etiology and pathogenesis of CRC are not clear 
yet. It has been demonstrated that lifestyle, heredity and colorectal adenoma 
are closely related to CRC. Besides, familial adenomatous polyposis and 
hereditary nonpolyposis can elevate the risk of CRC.2,3 Great progress in 
CRC treatment has been made during the past few years, but the prognosis 
of patients is not so good particularly among advanced CRC cases. Therefore, 
identifying biomarkers predicting CRC initiation and progression is essential. 
Mounting evidence has implicated noncoding RNAs in circulation can serve as 
useful markers for CRC, including exosomes-encapsulating microRNAs 
(miRNAs).
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Exosomes belong to small extracellular vesicles with 
important biological activity.4 The role of exosomes in 
cancer has been widely described, which may serve as 
promising therapeutic approaches.5,6 Exosomes can med-
iate communications between cancer cells by delivering 
active constituents, such as noncoding RNAs, proteins and 
peptides.7 Among them, miRNA is a kind of noncoding 
RNA involved in regulating carcinogenesis. During the 
past few decades, accumulated studies have demonstrated 
that miRNAs are key regulators in CRC.8–10 Some exo-
somes-delivering miRNAs have also been identified as 
ideal makers for CRC diagnosis, treatment and 
prognosis.11–13 Previously, we have elucidated that miR- 
548c-5p is dysregulated in CRC.14 However, the function 
and mechanism of exosomal miR-548c-5p in CRC are 
unclear yet. This study is aimed to demonstrate the effect 
of exosomal miR-548c-5p in CRC. In addition, the influ-
ence of exosomal miR-548c-5p in CRC outcomes is also 
estimated.

Materials and Methods
Participants
Table 1 presents the characteristics of 104 CRC patients, 
who have enrolled in the Affiliated Hospital of Weifang 
Medical University and received surgical resection. The 
follow-up time since first surgical resection is up to 3 
years since surgical resection. Our study is approved by 
the Institutional Ethics Committee of the Affiliated 
Hospital of Weifang Medical University. The patients’ 
informed consent has been obtained prior to study. This 
is conducted in accordance with the Declaration of 
Helsinki.

Cell Growth and Exosomes Extraction
HCT116 and SW480 CRC cells and normal intestinal 
epithelial cells Henle-407 are purchased from Genechem 
Biotechnology Company (Shanghai, China) and cultured 
in DMEM (GIBCO, USA) adding with 10–20% fetal calf 
serum (GIBCO, USA). CRC cells are transfected by lenti-
virus plasmids using polybrene reagent to make CDC42 or 
HIF1A overexpression (OE) or knocked down (KO) in 
CRC cells. In addition, CRC cells are treated by miRNA 
mimics and the controls for tests (Guangzhou, China) 
using lipofectamine 2000 (Invitrogen, USA). Exosomes 
are extracted by the instructions of Exosome Isolation 
and Purification Kit (Umibio, Shanghai, China). In brief, 
the serum samples are acquired after centrifugation 

(1000g, 10 min) of fresh peripheral blood. Exosomes in 
cell culture supernatant and the serum are isolated accord-
ing to the protocol. The morphology of exosomes is 
scanned by transmission electron microscope, and their 
diameter and concentration are estimated by Nanosight 
instrument. Those purified exosomes are stored at −80°C 
for subsequent experiments.

Cell Proliferation, Migration and Invasion
MTT kit (Beyotime, Shanghai, China) is adopted to ana-
lyze the proliferation of CRC cells growth of cells. The 
absorption at 490nm is detected according to the protocol. 
Transwell assay is performed to assess CRC cell invasion 
by using the transwell chambers with Matrigel (Corning, 
MA, USA). Briefly, 105 cells (per well) are cultured, 
respectively, in chambers with or without exosomes 
(40ug/mL) for 48h, and then fixed by paraformaldehyde 
(4%) and stained with crystal violet (0.1%). Scratch test is 
also performed to estimate the migration status of CRC 
cells when stimulated by exosomes for 48h.

Table 1 Characteristics of Patients

Low Exosomal 
miR-548c-5p 
(n=67)

High Exosomal 
miR-548c-5p 
(n=37)

Age

<59 29 16
≥59 38 21

Gender
Women 25 10

Men 42 27

TNM stage

I 10 7
II 37 18

III 10 4

IV 10 8

Liver metastasis

+ 10 3
- 57 34

Lymph node metastasis
+ 13 4

- 54 33

Tumor differentiation

Low 20 7

Moderate 16 14
High 31 16

Abbreviation: TNM, tumor node metastasis.
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Real-Time Polymerase Chain Reaction 
(PCR)
MiR-548c-5p derived from serum exosomes is determined 
by real-time PCR using TaqMan PCR kit (ThermoFisher 
Scientific, USA). MiR-16-5p is used as an endogenous con-
trol. MiR-548c-5p expression in serum exosomes is esti-
mated by 2–ΔΔCT. Primers are as listed below. Human 
HIF1A, f, 5ʹTCCATGTGACCATGAGGAAA3ʹ; r, 5ʹCCA 
AGCAGGTCATAGGTGGT3ʹ. Human CDC42, f, 5ʹGCT 
GGGTGCTAAGAAACTCG3ʹ; r, 5ʹCATAAAGCCACTTC 
CCTCCA3ʹ. Mouse HIF1A, f, 5ʹGAAATGGCCCAGTGA 
GAAAA3ʹ; r, 5ʹTATCGAGGCTGTGTCGACTG3ʹ. Mouse 
GAPDH, f, 5ʹAACTTTGGCATTGTGGAAGG3ʹ; r, 5ʹACA 
CATTGGGGGTAGGAACA3ʹ. Human GAPDH, f, 5ʹCGA 
CCACTTTGTCAAGCTCA3ʹ; r, 5ʹAGGGGAGATTCAGT 
GTGGTG3ʹ.

Western Blot
CRC cells are treated by mimics and controls. Then, 30μg 
proteins per well are separated by gel electrophoresis after 
extraction from CRC cells using RIPA buffer (Beyotime, 
Shanghai, China). HIF1A (Abcam, Cambridge, UK) and 
β-actin (CST, Boston, USA) are used for immunoblotting 
assay based on the instructions.

Luciferase Reporter Assay
The wild and mutant binding sites of HIF1A or CDC42 3ʹ- 
UTR are cloned into lentivirus plasmids and used to trans-
fect cells. Activity of the luciferase in the system 
(Promega, WI, USA) is estimated. Experiments are per-
formed for at least three times.

Chromosome Immunoprecipitation 
(CHIP) Assay
HIF1A overexpressed or siRNA lentivirus plasmids treated 
CRC cells are treated with formaldehyde (1%) for 10 min at 
25°C. Ice-cold PBS containing protease inhibitors is applied 
to wash cells twice. After centrifugation, cells are resus-
pended in SDS lysis solution and then sonicated. The lysates 
are centrifugated, and the supernatant is diluted with ChIP 
buffer and incubated with antibody and protein G beads 
according to the protocol. CDC42 expression in the immu-
noprecipitates is quantified by PCR.

Nude Mice
BALB/c nude mice (4 week old) are used for subcuta-
neous tumor model construction. CRC cells are harvested 

and suspended in phosphate-buffered saline, which are 
injected into mice subcutaneously. Exosomes rich of 
miR-548c-5p are injected into tumors after tumor forma-
tion. Tumor volume is also estimated during tumor forma-
tion. Six weeks later, mice are sacrificed by cervical 
method and the tumor size is evaluated. Animal study is 
governed by the Animal Ethics Committee of Weifang 
Medical University and conducted by following the guide-
lines for the welfare of the laboratory animals.

Statistical Analysis
The 3-year survival of all patients is analyzed by Kaplan– 
Meier survival curve analysis and Log rank test are per-
formed to assess the overall survival and disease-free 
survival of CRC patients. Data are analyzed using 
Graphpad Software (San Diego, CA, USA). The Student 
t-test or one-way ANOVA is adopted for data calculation. 
P < 0.05 is statistically significant.

Results
CRC Cells Exosomes Derived miR-548c- 
5p Prevents from Cell Proliferation, 
Migration and Invasion
Exosomes from CRC cells have been characterized using 
electron microscopy, particle-size distribution, and 
Western blot for exosome markers CD9 and CD63 
(Supplementary Figure 1). Previously, we have found 
miR-548c-5p was reduced in serum exosomes of CRC 
patients.14 Here, reduced miR-548c-5p is also found in 
CRC cells (HCT116 and SW480) derived exosomes com-
pared with normal intestinal epithelial cells (Henle-407) 
derived exosomes (Figure 1A). CRC cells transfected by 
miR-548c-5p mimics can produce exosomes with high 
level of miR-548c-5p, and miR-548c-5p primarily exists 
in exosomes but not free in the supernatant as evidenced 
by real-time PCR (Figure 1B and C). Subsequently, CRC 
cells are co-incubated with exosomes from miR-548c-5p 
mimics treated CRC cells. Exosomal miR-548c-5p pre-
vents from CRC cell proliferation (Figure 1D and E). 
Besides, the migration and invasion of SW480 cells at 
48h is also significantly restrained when they are treated 
by exosomes delivering high levels of miR-548c-5p, 
which is demonstrated by scratch test and transwell assay 
(Figure 1F–H). All these findings have implicated that 
CRC cells can secret exosomes, and those exosomes are 
capable of inhibiting CRC cell proliferation, migration and 
invasion by delivering miR-548c-5p to other CRC cells.
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Figure 1 Exosomal miR-548c-5p affects CRC cell growth, migration and invasion. (A) MiR-548c-5p in exosomes of SW480 and HCT116 cells compared with normal cell 
line Henle-407 (**p < 0.01; n = 3). (B) MiR-548c-5p in CRC cells treated by miRNA mimics (**p < 0.01; n = 3). (C) MiR-548c-5p in exosomes-containing supernatant and 
exosomes purified from the cultural supernatant of SW480 and HCT116 cells (n = 3). (D) SW480 proliferation assay by MTT at 490nm (**p < 0.01; n = 3). (E) HCT116 
proliferation assay by MTT at 490nm (**p < 0.01; n = 3). (F) Invasion number of SW480 cells assayed by transwell (**p < 0.01; n = 3). (G) Representative picture of transwell 
assay for SW480 cells stimulated by exosomal miR-548c-5p. (H) Representative picture of scratch test for SW480 cells stimulated by exosomal miR-548c-5p.
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miR-548c-5p Targetedly Regulates HIF1A 
in CRC Cells
In order to elucidate the mechanism of miR-548c-5p in 
CRC, we screen the potential target of miR-548c-5p in the 
miRBase database. It is implicated that HIF1A, also 
known as HIF1α, is a potential-targeted gene of miR- 
548c-5p (Figure 2A). HIF1A has been strongly suggested 
to be involved in the pathogenesis of carcinogenesis. As 
a result, we hypothesize that miR-548c-5p might regulate 
CRC via regulating the expression and function of HIF1A. 
Luciferase reporter assay has further demonstrated that 
miR-548c-5p targetedly regulated HIF1A (Figure 2B). 

Besides, the mRNA and protein of HIF1A in SW480 
cells are significantly decreased when cells are admini-
strated into miR-548c-5p mimics (Figure 2C and D). 
Accordingly, we conclude that miR-548c-5p can regulate 
HIF1A posttranscriptionally.

miR-548c-5p/HIF1A/CDC42 Axis in CRC 
Cells
The expression of CDC42 and HIF1A is significantly 
reduced in miR-548c-5p mimics treated CRC cells as 
evidenced by real-time PCR (Figure 3A). We hypothesize 
that the decreased expression of CDC42 in miR-548c-5p 

Figure 2 HIF1A is a target of miR-548c-5p. (A) MiR-548c-5p recognizes the bases of HIF1A 3ʹUTR scanned in TargetScan database. (B) Luciferase reporter assay 
(Compared with mimics control group, **p < 0.01; n = 3). (C) HIF1A mRNA in CRC cells (**p < 0.01; n = 3). (D) Protein of HIF1A in CRC cells determined by Western 
blot (Representative picture).
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Figure 3 MiR-548c-5p/HIF1A/CDC42 axis regulates CRC cell proliferation and invasion. (A) Decreased expression of HIF1A and CDC42 in SW480 cells treated by miR- 
548c-5p mimics (**p < 0.01; n = 3). (B) Expression of HIF1A mRNA in SW480 cells transfected by lentivirus plasmids with HIF1A-OE and HIF1A-KO (***p < 0.001; **p < 
0.01; n = 3). (C) CDC42 in immunoprecipitates estimated by real-time PCR (**p < 0.01; n = 3). (D) Expression of CDC42 in immunoprecipitates estimated by real-time PCR 
(**p < 0.01; n = 3). (E) Luciferase reporter assay shows enhanced luciferase activity of CDC42 promoter in HIF1A overexpressed cells (***p < 0.001; n = 3). (F) MTT 
estimating SW480 cell proliferation (comparing with control: **p < 0.01; comparing with CDC42-OE group; &p < 0.05, &&p < 0.01; n = 3). (G) Transwell assay assessing 
SW480 cell invasion (comparing with control: **p < 0.01; comparing with CDC42-OE group: &&p < 0.01; n = 3).  
Abbreviations: KO, knocked down; OE, overexpressed.
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mimics treated CRC cells is attributed to downregulation 
of HIF1A. In order to elucidate this, we have performed 
the following experiments. HIF1A is up- and down- 
regulated by lentivirus transfection of SW480 cells 
(Figure 3B). As a transcriptional factor, HIF1A can bind 
to the promoter of CDC42 and enhance its expression 
suggested by CHIP assay, while the expression of 
CDC42 is decreased when HIF1A is knocked down 
(Figure 3C and D). Besides, as demonstrated by luciferase 
reporter assay, the overexpressed HIF1A promotes the 
transcription of CDC42 demonstrated by enhanced lucifer-
ase activity (Figure 3E). After screening in databases of 
Target Scan and miRBase, we have found miR-548c-5p 
could not recognize the 3ʹUTR of CDC42. Therefore, 
CDC42 can be targetedly regulated by transcriptional fac-
tor HIF1A but not miR-548c-5p directly. To investigate the 
function of CDC42 in CRC cells, SW480 cells are over-
expressed with CDC42 and administrated into exosomes 
rich of miR-548c-5p. It is demonstrated that CDC42 

overexpression enhances the proliferation and invasion of 
SW480 cells, whereas exosomal miR-548c-5p can restrain 
its effects probably by downregulating HIF1A in CRC 
cells (Figure 3F and G). Accordingly, exosomal miR- 
548c-5p can regulate CRC cell growth and invasion 
through miR-548c-5p/HIF1A/CDC42 axis. All these find-
ings have suggested that exosome-encapsulated miR-548c- 
5p participates in CRC tumorigenesis.

Exosome-Delivered miR-548c-5p Inhibits 
Tumor Growth in Nude Mice
CDC42 overexpressed SW480 cells are subcutaneously 
planted in nude mice. As presented in Figure 4A, exosome- 
delivered miR-548c-5p injected into tumors can slow down 
the growth of CDC42-overexpressed CRC cells via down-
regulating HIF1A, which is demonstrated by real-time PCR 
(Figure 4B). In addition, the tumor size in nude mice is 
smaller in exosomes-encapsulated miR-548c-5p treated 

Figure 4 Exosomes-derived miR-548c-5p restrains CRC tumor growth in vivo. (A) MiR-548c-5p from exosomes slows down the growth of CDC42 overexpressed CRC 
cells in nude mice (comparing with control: *p < 0.05; **p < 0.01; comparing with CDC42-OE group: &p < 0.05). (B) HIF1A mRNA expression in tumors from nude mice 
(**, p < 0.01). (C) Representative picture for subcutaneous tumor formation in nude mice. (D) Tumor size of nude mice at 6 weeks after subcutaneous implantation 
(comparing with control: **p < 0.01; comparing with CDC42-OE group: &p < 0.05).  
Abbreviations: KO, knocked down; OE, overexpressed.
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cells compared with that from CDC42 overexpressed 
SW480 cells (Figure 4C and D). Accordingly, exosome- 
delivered miR-548c-5p prevents from the tumorigenesis of 
CRC by targeting HIF1A/CDC42.

miR-548c-5p in Exosomes Predicts CRC 
Prognosis
Exosomal miR-548c-5p in serum is determined in our 
study. We have found that CRC patients with low miR- 
548c-5p expression in serum exosomes had poor outcomes 

(Figure 5). The survival of patients with higher miR-548c- 
5p in exosomes is longer than those with lower expression 
miR-548c-5p in exosomes (Figure 5A, P for Log rank test 
= 0.008). Similarly, CRC patients with lower miR-548c-5p 
in exosomes have poor disease-free survival (Figure 5B, 
P for Log rank test = 0.007). Table 2 shows univariate and 
multivariate cox regression results, which has implicated 
that reduced miR-548c-5p in exosomes is associated with 
poor prognosis of CRC patients independent of late TNM 
stage, low tumor grade and liver metastasis. Accordingly, 

Figure 5 Exosomal miR-548c-5p predicts CRC prognosis. (A) Kaplan–Meier survival curve analysis of 3-year survival (P for Log rank test = 0.008). (B) Kaplan–Meier 
survival curve analysis of disease-free survival (P for Log rank test = 0.007).
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exosomal miR-548c-5p is a predictive factor for CRC 
prognosis.

Discussion
This study shows that miR-548c-5p in exosomes is dysre-
gulated in CRC and inhibits the growth of cancer cells. 
Besides, HIF1A is documented to be a target of miR-548c- 
5p, and transcriptional factor HIF1A can regulate CDC42 
in CRC cells. Moreover, exosomal miR-548c-5p regulates 
CRC oncogenesis via miR-548c-5p/HIF1A/CDC42 axis. 
Additionally, exosomal miR-548c-5p is a promising prog-
nostic factor for CRC. As a result, exosome-encapsulated 
miR-548c-5p is a key biomarker for CRC by influencing 
its oncogenesis and prognosis.

Exosomes are common membrane-bound nanovesicles, 
which encapsulate proteins, lipids, carbohydrates, nucleic 
acids and many other contents with biological activity.15–17 

As extracellular vesicles (EVs), exosomes participate in 
cell-to-cell communications by delivering diverse biomole-
cules between cells. Therefore, exosomes can be explored 
as promising drug carriers for diverse diseases, particularly 
cancer. Accumulating studies have strongly suggested 
a number of exosomes-encapsulated miRNAs play vital 
roles in cancer in the past few decades, such as breast 
cancer, liver cancer and CRC.18–20 Previously, we have 
demonstrated the specific profile of dysregulated miRNAs 
in exosomes in CRC, among which miR-548c-5p is one of 
the most significantly reduced miRNAs.14 Certain differen-
tially expressed miRNAs in the profile have specific func-
tion in CRC, including miR-638, miR-6869-5p and miR- 
6803-5p.9,11,21,22 The role of miR-548c-5p in cancer has 
drawn wide attention.23–25 The study by Peng et al has 
suggested exosomal miR-548c-5p is correlated with cancer 
prognosis.26 However, the function and mechanism of exo-
somal miR-548c-5p in CRC pathogenesis are largely 

unknown. In this study, we have demonstrated miR-548c- 
5p is reduced in HCT116 and SW480 CRC cells derived 
exosomes compared with those from Henle-407 normal 
intestinal epithelial cells. MiR-548c-5p derived from CRC 
cell exosomes can restrain the proliferation, migration and 
invasion of other CRC cells. Besides, miR-548c-5p is cap-
able of downregulating the expression of HIF1A posttran-
scriptionally. As a transcriptional factor, HIF1A can 
targetedly regulate CDC42 in CRC cells. Currently pub-
lished studies have suggested the key effect of HIF1A in 
cancer, including CRC.27,28 HIF1A can regulate the tumor-
igenesis and tumor progression of CRC through interacting 
with certain miRNAs.29,30 In this study, we have demon-
strated HIF1A can be regulated by miR-548c-5p in CRC 
cells. Accordingly, HIF1A and its linkage with miRNA 
provide new therapeutic targets for CRC.

CDC42 is an essential GTPase protein for cancer 
metastasis, which belongs to the Rho family member.31,32 

CDC42 participates in regulating cell-to-cell adhesion, cell 
proliferation and cell cycle.32 It has been well established 
that CDC42 is upregulated in a number of malignancies 
and serves as a promising target for cancer treatment, such 
as colon cancer and hepatocellular carcinoma.33–35 CDC42 
regulates oncogenesis and cancer metastasis by influencing 
cancer cell proliferation, migration and invasion.31,36,37 

There are several miRNAs demonstrated to directly reg-
ulate CDC42 as targeted gene in CRC, such as miR-384 
and miR-330.38,39 However, there is no data demonstrating 
the association between HIF1A and CDC42. Our findings 
firstly show the evidence that CDC42 can be targetedly 
regulated by transcriptional factor HIF1A but not miR- 
548c-5p directly. Accordingly, exosomal miR-548c-5p is 
involved in oncogenesis of CRC through miR-548c-5p/ 
HIF1A/CDC42 axis. MiR-548c-5p targetedly regulates 
HIF1A, while HIF1A can directly influence CDC42 

Table 2 Cox Regression Analysis

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age (≥ 59) 1.03(0.78–2.15) 0.845 1.36(0.53–3.47) 0.521

Sex (M/F) 1.15(0.51–2.60) 0.729 1.30(0.55–3.08) 0.552
Lymph node metastasis 1.74(0.76–2.48) 0.338 1.87(0.79–2.19) 0.440

Liver metastasis 3.15(1.38–7.21) 0.007 3.20(1.24–5.37) 0.017

Late TNM Stage 2.25(1.10–6.88) 0.013 3.00(1.24–4.79) 0.003
Tumor grade 3.69(2.25–11.36) 0.002 4.28(2.27–9.01) 0.015

Low exosomal miR-548c-5p 4.46(1.33–14.97) 0.015 4.03(0.96–12.03) 0.023

Abbreviations: CI, confidential interval; HR, hazard risk; TNM, tumor node metastasis.
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expression in CRC cells. The miR-548c-5p/HIF1A/ 
CDC42 axis may serve as prospective strategies for the 
diagnosis and therapy of CRC.

In conclusion, our study has shown that exosomal miR- 
548c-5p is involved in colorectal carcinogenesis via reg-
ulating HIF1A/CDC42. Besides, exosomes-encapsulated 
miR-548c-5p can function as an independent factor of 
CRC prognosis. As a result, exosomal miR-548c-5p is 
a promising target for CRC treatment, and miR-548c-5p/ 
HIF1A/CDC42 axis provides new insight into CRC patho-
genesis and treatment.
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