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Abstract—Exosomes play an important role in the early 

diagnosis and development of hepatocellular carcinoma 

(HCC). In the past, researchers mainly studied the 

contents of exosomes and the biological mechanism on cells, 

but the changes of mechanical properties of cells caused by 

exosomes are not clear. In this study, the changes of 

mechanical properties of hepatocytes (L-02) co cultured 

with exosomes (7721-exos) derived from HCC (SMMC-

7721) with low metastatic ability were studied. The 7721-

exos were able to promote the proliferation and rearrange 

the cytoskeleton of L-02 cells. Atomic force microscopy 

(AFM) results showed that the height was increased, the 

adhesion and the elastic modulus were reduced. The effect 

was concentration dependent. In a word, the changes of 

cell mechanical properties induced by exosomes were of 

great significance to further study the mechanism of 

exosomes. 
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I. INTRODUCTION 

Hepatocellular carcinoma (HCC) is the most common 
primary liver cancer in the world [1-2]. The cancer often 
misses the optimal opportunity for treatment, because it is 
difficult to diagnose at an early stage [3-4]. Therefore, it is 
necessary to improve the early diagnosis rate and study the 
mechanism of HCC. 

Exosomes are extracellular vesicles (30-150nm) secreted 
by cells and carry a variety of biological molecules [5-7]. 
Recent studies have shown that exosomes can be used for the 
early detection of tumors [8-9]. Exosomes are involved in the 
regulation of cellular microenvironment, immune system and 
cellular genetic mechanism [10-12]. In addition, exosomes are 
involved in tumorigenesis, development, proliferation, 
metastasis and transform normal cells into tumor cells [13-17]. 
Although some progress has been made in the field of biology, 
the mechanism of exosomes is still unclear. Therefore, it may 
be possible to find a new breakthrough to study the changes of 
cell mechanical properties induced by exosomes. 

Atomic force microscope (AFM) is a mature tool for 
studying the mechanical properties of cells [18-20]. The 
working principle of AFM is to detect the sample with a tip at 
the end of the cantilever. The cantilever bending is caused by 

the interaction between the tip and the sample surface, and this 
bending can be quantified, so the interaction strength between 
the tip and the sample is measured. The topographic survey 
can be accurate to the nanometer level [21-22]. Mica has the 
advantages of stable chemical properties and simple 
preparation. It is a common substrate for the detection of 
samples in the air [23-24]. Sharma et al described the research 
status of AFM as a tool for studying extracellular vesicles and 
exosomes [25]. It can quantitatively detect the adhesion and 
elastic modulus of cells [26-30]. Now it is mostly used to 
characterize the activity and behavior of cells and provide 
more information for studying the interaction between cells 
and the microenvironment. 

In this study, we studied the effects of exosomes (7721-
exos) secreted by low metastatic HCC (SMMC-7721) cells on 
proliferation, cytoskeleton and the mechanical properties of 
hepatocytes. The results are helpful to further study the 
mechanism of exosomes. 

II. METHOD AND EXPERIMENT  

A. Extraction and Identification of Exosomes 

The SMMC-7721 cells were cultured in RPMI-1640 
medium containing 10% fetal bovine serum (without 
exosomes) and 1% penicillin and streptomycin. After the cells 
grew to logarithmic phase, the exosomes were extracted by 
differential centrifugation. In brief, the cell supernatant was 
centrifuged at 300xg for 10 min, 2000xg for 10 min, and 
10000xg for 30 min. After the above steps, the supernatant was 
filtered by 0.22-μm filter membrane. Then, the supernatant 
was centrifuged at 100000 xg for 70 min. Finally, the 
exosomes were washed with PBS and centrifuged at 100000 
xg for 70 min. Western blotting was used to detect the 
expression of CD9, CD63 and CD81 in SMMC-7721 cells and 
7721-exos. 

B. MTT Assay 

The L-02 cells in logarithmic growth phase were seeded 
with a density of 8 × 103 cells/well. After the cells were 
completely adherent to the wall, different concentrations of the 
7721-exos were added. The cell survival rate was detected by 
MTT assay for 24 h and 48 h, respectively. 

C. Fluorescence Staining Assay 

According to the results of MTT analysis, the appropriate 
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concentration of 7721-exos was selected to treat L-02 cells. 
Actin filaments were detected by fluorescent staining. The 
cells were washed with PBS, fixed with 4% paraformaldehyde 
for 15 min, and treated with FITC-Phalloidin in dark for 20 
min. Then the cells were photographed under fluorescence 
microscope. 

D. Characterization of Exosomes and Cells by AFM 

AFM (Nano Wizard III, Germany) was used to 
characterize the morphology and physical properties of 
exosomes and L-02 cells. Exosomes were dripped onto clean 

mica sheets, dried overnight at 4 ℃, and scanned in air using 

tapping mode. The probe model is Tap300AI-G, and the spring 
constant is 40 N/m. After L-02 cells were treated with different 
concentrations of 7721-exos, the cell morphology, elastic 
modulus and adhesion were detected by QI mode. The probe 
model is SHOCONG-10 and the spring constant is 0.1 N/m. 

III. RESULTS AND DISCUSSION 

The image of 7721-exos was probed by AFM in the 
tapping mode (Fig. 1(a)) and the single morphology was oval, 
as shown in Fig. 1(b). According to the statistics of Image J 
software, the size of the 7721-exos was mainly distributed 
between 30-150 nm (Fig. 1(c)). Western blotting successfully 
verified the existence of CD9, CD63 and CD81 in SMMC-
7721 cells and 7721-exos. 

Fig. 2 showed that L-02 cells were treated with different 
concentrations (1500, 2000, 2500, 3000 and 3500 μg/mL) of 
7721-exos for 24 h and 48 h. When the concentration reached 
2500 μg/mL, L-02 cells had obvious proliferation effect, and 
the effect was concentration and time dependent. 

Cytoskeleton is an important component of maintaining 
cell morphology and function. F-actin, the main component of 
cytoskeleton, were observed by fluorescence staining assay. 
The cytoskeleton of L-02 cells without 7721-exos treatment 
was shown in Fig. 3(a). The cytoskeleton of L-02 cells was 
reconstructed and F-actin were reduced after treated with 
7721-exos (2500 μg/mL and 3500 μg/mL) for 48 h, resulting 
in the nucleation effect of protein accumulation (Fig. 3(b)) and 
Fig. 3(c)). The effect was enhanced with the increasing of 
7721-exos concentration. 

The morphology of L-02 cells detected by AFM was 
shown in Fig. 4. The edges of L-02 cells were neat (Fig. 4(a)), 
the cells showed malignant state after treated with 7721-exos 
(2500 μg/mL and 3500 μg/mL) for 48 h (Fig. 4(b)) and Fig. 
4(c)). As shown in Fig. 4(d), the average height of L-02 cells 
was 4.63±1.39 μm, the average elastic modulus and the 
average adhesion was 2.51±0.30 kPa and 2.49±0.16 nN, 
respectively. After treatment with different concentration of 
7721-exos, the average height of L-02 cells increased to 
7.58±1.21 μm and 7.58±1.21 μm, the average elastic modulus 
reduced to 1.84±0.19 kPa and 1.63±0.2 kPa, and the average 

adhesion reduced to 2.16±0.18 nN and 1.82±0.17 nN. The 
changes of physical properties were concentration dependent. 

In summary, HCC secretes a large number of exosomes 
and deliver to the surrounding normal cells, thus changing the 
biological and physical properties of the cells (Fig. 5). 

 

Fig. 1. Verification of 7721-exos. AFM image of 7721-exos (a) and single 
morphology (b); (c) Particle size distribution; (d) Validation of marker protein. 

 

Fig. 2. Effect of 7721-exos on proliferation of L-02 cells. 



 

 

Fig. 3. Effect of 7721-exos on cytoskeleton of L-02 cells. The concentrations 
of 7721-exos were 0 μg/mL (a), 2500 μg/mL (b) and 3500 μg/mL(c). 

IV. CONCLUSION 

In conclusion, 7721-exos were able to promote 
proliferation and rearrange the cytoskeleton of L-02 cells. 
AFM analysis showed that the morphology of L-02 cells was 
malignant, the average height was increased, the average 
elastic modulus and the average adhesion were reduced after 
treated with 7721-exos. The changes were concentration 
dependent. The results of this study are helpful to analyze the 
effect of exosomes on cell biomechanics. 
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Fig. 4. The morphology and mechanical properties of L-02 cells. The 
concentrations of 7721-exos were 0 μg/mL (a), 2500 μg/mL (b) and 3500 
μg/mL(c). (d) Changes of physical properties.  

 

 

 

 

 

 

 

 



 

 

Fig. 5. The schematic diagram of HCC-derived exosomes changing the 
biological and physical properties of hepatocytes. 
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