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ABSTRACT: This study aimed to evaluate the relevance of exosomes in laryngeal or hypopharyngeal cancer. The
peripheral blood from 22 patients with head or neck cancer and 11 normal subjects were retrospectively analyzed. The
exosomes were extracted and the shape was observed through an electronic transmission microscope. Nanoparticle
Tracking Analysis (NTA) was used to detect the particle concentration and particle size of the exosomes. The exosomes
from the supernatant liquids of laryngeal cancer and hypopharyngeal cancer patients could be separated. They had
a cup-shaped structure with the diameters within 30–100 nm. The protein concentration of exosomes from both
types of cancer patients was significantly higher than from normal subjects (p < 0.05). Using western blot, Cluster
of differentiation (CD) 63 and CD 81 were detected in the exosomes, but protein calnexin was not detected. The
particle concentration of exosomes of the patients was not significantly different from normal subjects (p > 0.05). The
particle diameter of exosomes from laryngeal cancer patients was larger than that from normal subjects (p > 0.05)
while that from hypopharyngeal cancer patients was significantly larger (p < 0.01). In conclusion, exosomes were
expected to be a potential non-invasive and simple tumor marker of body fluid for laryngeal or hypopharyngeal cancer.
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INTRODUCTION

Laryngeal malignant tumor is one of the most com-
mon malignant tumors in humans [1]. Gener-
ally, laryngeal malignant tumor includes laryngeal
and hypopharyngeal cancers [2]. The pathology
is mostly squamous cell cancer. The symptoms
of laryngeal malignant tumors in the early phrase
are not typical, and these can easily lead to cervi-
cal lymph node metastasis, and a poor prognosis.
Therefore, the early detection, early diagnosis and
early treatment of laryngeal and hypopharyngeal
cancers are extremely important for such patients,
in order to improve their survival rate and life
quality [3–5]. Seeking for tumor markers is the key
for the diagnosis, treatment and prognosis of such
tumors in the early phase [6, 7].

Exosomes, 30–150 nm mature double mem-
brane multivesicular bodies (MVBs) originating
from the endosomal pathway, are highly expressed
in blood and body fluids such as urine and saliva [8].
Growing evidence has demonstrated that exosomes
participate in the development, progression and

treatment of cancer by mediating intercellular com-
munication and signal transduction [9]. Thus,
exosomes may serve as promising markers for
monitoring cancer progression and therapeutic re-
sponses [10, 11]. Furthermore, exosomes can be
obtained from blood or saliva of patients, thus,
the detection method is relatively simple and non-
invasive [12, 13]. In head and neck cancers, pre-
vious studies have demonstrated that the number
of exosomes in the body fluids could be used as a
prognosis indicator. Gimzewski et al reported that
elevated exosome numbers, exosome sizes, and in-
terexosomes were detected in the saliva of patients
with oral cancer; and patients with advanced-stage
disease and shorter overall survival exhibited ele-
vated levels of exosomes [14]. Kannan et al demon-
strated that exosome signatures could serve as
candidate biomarkers for early cancer diagnosis,
monitoring and surveillance in HPV-16-associated
oropharyngeal [15]. But, currently, the role of
exosomes in laryngeal or hypopharyngeal cancer
has not been determined. Therefore, this study aims
to evaluate the relevance of exosomes in laryngeal
or hypopharyngeal cancer.
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MATERIALS AND METHODS

General consideration

This was a retrospective study to evaluate the rele-
vance of exosomes in laryngeal or hypopharyngeal
cancer.

Compliance with ethics guidelines

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Zhejiang University Jinhua Hospital.
Since the study does not require any patient-related
intervention or experiment, the Ethics Committee
has reviewed it without informed consent.

Population

From 2015 to 2017, patients with laryngeal malig-
nant tumors who were treated in the Department
of Otolaryngology of Jinhua Hospital had been re-
cruited in this study. Approval by the Ethics Commit-
tee of the hospital was performed; and all patients
provided a signed informed consent.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients who were diagnosed
as laryngeal or hypopharyngeal cancer; (2) patients
with primary cancer; (3) patients >18 years old.
Exclusion criteria: (1) patients who received radio-
therapy or chemotherapy before the surgery; (2)
patients whose tumors have already metastasized.

Extraction and characterization of exosomes

The experimental groups: (1) the peripheral blood
serum of normal healthy people was used as the
control group; (2) the peripheral blood serum from
laryngeal cancer patients was taken as the laryngeal
cancer group; (3) the peripheral blood serum from
hypopharyngeal cancer patients was taken as the
hypopharyngeal cancer group.

An Exosome Extraction Kit (EXOTC10A-1, Sys-
tem Biosciences, CA, USA) was used to extract and
culture the serum. The first stage: the serum was
centrifuged at 3000g for 15 min, and the super-
natant is collected. The second stage: Add 450 µl
of precipitant (4:1) to the liquid obtained in the first
step. After even mixing, it was fixed for 30 min
at 4 °C. The third stage: the incubated samples are
centrifuged at 1500g for 5 min, and the supernatant
was discarded. The fourth stage: the precipitation
was suspended by 100 µl of phosphate buffered
saline (PBS), repackaged, and kept at −80 °C.

The exosomes were observed through an elec-
tronic transmission microscope. Basic steps: Fifty µl

of exosome suspension was added to red wax, a
polyvinyl acetate/carbon coated copper net was
then added; and this was fixed for 20 min at room
temperature. The excess liquid was absorbed on
filter paper and fixed with 2% paraformaldehyde
(2% PFA) for 2 min. The copper mesh was washed
3 times with double distilled water and re-stained
with 2% phosphotungstic acid (2% PTA) for 1 min.
The excess liquid was absorbed on filter paper and
dried overnight at room temperature.

The BCA protein was quantified according to
the serum sample size. The bicinchoninic acid
(BCA) working fluid was prepared using (50:1) BCA
reagents A and B. The BCA working fluid was stable
at room temperature for 24 h. The BSA standard
was used at 1.0, 0.8, 0.6, 0.4, and 0.2 mg/ml. Add
20 µl of serum samples at various dilutions in PBS or
standard protein samples at various concentrations
to a 96-well plate. Afterwards, 200 µl of BCA
working liquid was added into each pore, and these
are fixed for 30 min at 37 °C. The absorbance at
595 nm was measured.

Western blot detection: exosomes were lysed,
denatured in SDS buffer (0.4% SDS, 0.2 M Tris-
HCl, pH 6.8, 5% glycerol, 0.02% bromophenol
blue, 1% 2-mercaptoethanol) at 95 °C for 10 min.
Equal amounts of extracted protein (50 µg/lane)
were separated by 10% SDS-PAGE and transferred
to polyvinylidene difluoride membranes (BioTrace
NT, Darmstadt, Germany). The membranes were
blocked for 2 h with 5% non-fat milk powder and, af-
terwards, incubated overnight at 4 °C with antibod-
ies against CD63 (1:1000), CD81 (1:1000) and Cal-
nexin (1:1000). A secondary antibody (horseradish
peroxidase (HRP)-conjugated goat anti-mouse IgG)
was applied for 1 h at ambient temperature. Lu-
minescent visualization was done using an ECL kit
(Merck Millipore, Darmstadt, Germany) to identify
immunoreactive protein bands.

Statistical methods

The SPSS 19.0 software program was used to per-
form the statistical analysis. Continuous variables
were expressed as mean± standard deviation (SD).
Discontinuous variables were expressed in percent-
age (%). For two comparisons, each value was
compared by t-test when each datum conformed
to the normal distribution; while non-normally dis-
tributed continuous data were compared using non-
parametric tests. Counting data were analyzed by
chi-square test. The receiver operating characteris-
tic (ROC) curve analysis of the subject work char-
acteristics was used to determine whether the head
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Fig. 1 The morphology and volume of exosomes were
assessed by electronic transmission microscopy.

and neck lesions were benign or malignant. In order
to calculate the area under the ROC curve and the
corresponding Youden index, the following formula
was used: sensitivity + specificity −1. p < 0.05 was
considered statistically significant.

RESULTS

General clinical data

In the present study, a total of 22 patients with head
and neck malignancies were included. All of these
22 patients were male, and their age ranged within
50–77 years old, with an average age of 64.5 years
old. Among these patients, 11 cases had laryngeal
cancer (9 cases were glottic site and 2 supraglottic
site) and the other 11 cases had hypopharyngeal
cancer (9 cases were piriform fossa type and 2
posterior pharyngeal wall type). In addition, 3
cases were severe heterogenous hyperplasia and
focal cancer; the remaining 19 cases were squamous
cell cancer. TNM stages: 6 cases were T1N0M0;
T1N1M0, 1 case; T2N0M0, 2 cases; T2N1M0, 2
cases; T3N0M0, 1 case; T3N1M0, 4 cases; T3N2M0,
4 cases; T4N0M0, 1 case; and T4N2M0, 1 case.
Clinical staging: 6 cases (27.3%) were in stage I,
3 cases (13.6%) in stage II, 3 cases (13.6%) in stage
III, and 10 cases (45.5%) in stage IV.

The exosomes were tested by electronic
transmission microscopy

The present study, the morphology of exosomes was
verified by electronic transmission microscopy. The
results revealed that the lipid double wrapped flat

y=0.9384x+0.0442

R =0.9962

2.5

2

1.5

1

0.5

0 0.5 1 1.5 2 2.5

0

Concentration(mg/ml)

O
D

 5
70

 n
m

（a）

0

1

2

3

4

5

Contro
l

Lar
yngoca

rc
in

om
a

H
ypophar

yngea
l c

ar
cin

om
a

C
o

n
ce

n
tr

at
io

n
 (
μg

/μ
l)

*

*
(b)

Fig. 2 Exosome protein concentration as measured by
BCA (* p < 0.05 versus control).

sphere, diameter of the 30–100 nm, presented with
a cup-shape structure, which was in line with the
typical features of exosomes.

Fig. 1 shows that the exosome volume was
larger in patients with laryngeal or hypopharyngeal
cancer, when compared with the peripheral blood
serum of normal subjects.

Exosome protein concentration was measured
by BCA protein

Fig. 2 shows that the exosome protein concentration
obviously increased in both the laryngeal and hy-
popharyngeal cancer groups, when compared with
the control group (p < 0.05).

Area under the curve: AUC = 0.926±0.046.
When the exosome protein concentration was
2.8842 mg/ml, the maximum Youden index was
0.864, the diagnostic sensitivity was 86.4%, and the
specificity was 100%. Therefore, an exosome pro-
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Fig. 4 Expression of CD63, CD81 and calnexin in exo-
somes as determined by Western blot. The results show 4
replicates (4 lanes) of each sample.

tein concentration of 2.8842 mg/ml was determined
as the diagnostic threshold, and the exosome pro-
tein concentration in peripheral blood can be used
as an indicator for the early diagnosis of laryngeal
and hypopharyngeal cancers (Fig. 3).

The protein expression of CD63, CD81 and
calnexin in exosomes was determined by
western blot

Fig. 4 shows that CD63 and CD81 proteins were
detected in exosomes from the control group, la-
ryngeal cancer group and hypopharyngeal cancer
group, while calnexin protein was not detected.

The exosome particle concentration and particle
size were measured by NTA

As shown in Fig. 5, there was no significant dif-
ference in exosomes particle concentration in the
control group, laryngeal cancer group and hypopha-
ryngeal cancer group (p > 0.05). Compared to
the control group, the exosome particle size of
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Fig. 5 The exosomes particle concentration and particle
size within 50–250 nm (** p < 0.01 versus control).

laryngeal cancer non-significantly increased (p >
0.05). On the other hand, exosome particle size sig-
nificantly increased in the hypopharyngeal cancer
group, and the difference was statistically significant
(p < 0.01). The ROC curve result for the exosome
particle size in the control group and hypopharyn-
geal cancer group were analyzed as follows: AUC =
0.979±0.024. When the exosome particle size was
162 nm, the largest Youden index was 0.818. There-
fore, the exosome particle size value of 162 nm was
taken as the critical value, the diagnostic sensitivity
was 100%, and the specificity was 81.8%. Hence,
the exosome particle size in peripheral blood can be
used as one of the indexes for the early diagnosis of
hypopharyngeal cancer.
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DISCUSSION

Laryngeal and hypopharyngeal cancers are the most
common malignant tumors of the head and neck
in the world [16, 17]. It was found that the five-
year survival rate of laryngeal cancer patients has
a close relationship with diagnostic staging. The
survival rate and life quality of these patients can be
improved by early diagnosis and treatment. Due to
the absence of clinical tumor markers for laryngeal
and hypopharyngeal cancers, the search for tumor
markers has been a key factor influencing these
patients, in terms of early diagnosis, early treatment
and prognosis.

A growing number of studies have revealed that
exosomes play a very important role in the immune
function of cells, the intercellular transportation and
the malignancy of cells [18, 19]. Centrifugation,
Exosome Isolation Kit and some similar kits have
been the usual approaches performed to extract ex-
osomes. The exosomes were successfully extracted
from the peripheral blood serum of patients with
laryngeal or hypopharyngeal cancer. The character-
istics of a cup structure and size of 30–100 nm could
be observed by transmission electron microscopy,
which are in line with the features of exosomes. In
the study conducted by Huang et al, they isolated
and characterized the exosomes derived from the
laryngeal squamous cell carcinoma cell line [20].
Our study also illustrated that tumor cells from
laryngeal or hypopharyngeal cancer could secrete
exosomes.

Cancer cells secrete at least 10 folds more ex-
osomes than normal cells [21]. The components
of tumor-derived exosomes are distinct from those
released from normal cells [21]. And the size of
exosomes from cancer cells seems larger than those
from normal cells. In a previous study, elevated
exosome sizes were detected in the saliva of pa-
tients with oral cancer [14]. As expected, in this
study, we found that, compared with control group,
both the volume and the particle size of exosomes
were significantly increased in the laryngeal and
hypopharyngeal cancers. Therefore, the size of
peripheral blood exosome particles can be used as
one of important indicators for the early diagnosis
of laryngeal and hypopharyngeal cancers.

Exosome contains abundant proteins. In addi-
tion to self-proteins, it also contains proteins de-
rived from cells [22, 23]. Exosome proteins likely
reflect their cellular origin and may also aid in
the detection of cancer [21]. These proteins in-
cluded constitutive components of exosomes such

as tetraspanins (CD9, CD63, CD81, CD82, CD151,
Tspan8), cell type-specific molecules such as his-
tocompatibility complex (MHC) class-I and class-II
and other molecules [11]. In the present study,
it was found that the exosome protein concentra-
tion in the laryngeal and hypopharyngeal cancer
groups was significantly higher than that in the
control group. Furthermore, the exosome protein
concentration of peripheral blood can be used as an
indicator of laryngeal and hypopharyngeal cancers
in the early diagnosis phase. When the protein
concentration of exosomes is ¾ 2.8842 mg/ml, the
possibility of laryngeal or hypopharyngeal cancer
should be taken into consideration.

Four-time transmembrane protein is one of the
ideal protein markers of exosomes, which is highly
expressed in exosomes. Both CD63 and CD81 are
members of the four-time transmembrane protein
family. Protein CD81 is a membrane surface pro-
tein involved in the expression of various biolog-
ical functions of cells, such as cell membrane fu-
sion and cell migration, adhesion, invasion, and
proliferation [24]. The value of protein CD81 in
tumor cells and hepatitis C virus had been widely
researched. Meanwhile, it has been found and
verified that protein CD81 has a close relationship
with the growth and invasion of tumors, and the
infection of hepatitis C virus. Furthermore, recent
studies have shown that exosomes expressing pro-
tein CD81 could regulate the Wnt-PCP signaling
pathway, which is for the migration of breast cancer
cells [25]. These show that protein CD81 plays an
important role in the process of tumor cell migra-
tion. Furthermore, it was found that protein CD81
is also involved in the migration and invasion of skin
keratinocytes [26]. However, few studies have been
done on the influence of protein CD81 on the migra-
tion and invasion function of laryngeal cancer cells,
especially on the migration and invasion function
of exosomes. Protein CD63 is known as lysosomal-
associated membrane protein 3. It was found that
protein CD63 is closely correlated to the invasion
and metastasis of various tumors [27]. Previous
studies have shown that the expression of protein
CD63 is positively correlated with the differentiation
degree of breast cancer, ovarian cancer, gastric can-
cer, and other cancers; and is negatively correlated
with tumor invasion and metastasis [16]. Exosome-
loaded protein CD63, which originates from tumors,
might be a potential tumor marker. The present
study focused on the high expression of proteins
CD81 and CD63 in serum exosomes obtained from
patients with laryngeal or hypopharyngeal cancer;
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and the results suggested that they are possible
protein markers of these two types of cancer, which
might play an important role in the processes of exis-
tence, growth and migration of malignant laryngeal
tumor cells.

Limitations: Firstly, the present trial was not a
randomized controlled trial. Secondly, the present
study was merely a single-center trial, and the sam-
ple size was limited. Thirdly, all of the included
patients were male. The value of exosomes in
laryngeal or hypopharyngeal cancer among female
patients remains unknown, and needs further re-
search.

CONCLUSION

It was found that exosomes were expected to be a
potential non-invasive and simple tumor marker of
body fluid for laryngeal or hypopharyngeal cancer.
This provides a direction for clinically accurate med-
ical diagnosis.
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