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Exocyst controls exosome biogenesis via Rab11a
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Tumor cells actively release large quantities of exosomes, which
pivotally participate in the regulation of cancer biology,
including head and neck cancer (HNC). Exosome biogenesis
and release are complex and elaborate processes that are
considered to be similar to the process of exocyst-mediated
vesicle delivery. By analyzing the expression of exocyst subunits
and their role in patients with HNC, we aimed to identify exo-
cyst and its functions in exosome biogenesis and investigate the
molecular mechanisms underlying the regulation of exosome
transport in HNC cells. We observed that exocysts were highly
expressed in HNC cells and could promote exosome secretion
in these cells. In addition, downregulation of exocyst expres-
sion inhibited HN4 cell proliferation by reducing exosome
secretion. Interestingly, immunofluorescence and electron mi-
croscopy revealed the accumulation of multivesicular bodies
(MVBs) after the knockdown of exocyst. Autophagy, the major
pathway of exosome degradation, is not activated by this intra-
cellular accumulation of MVBs, but these MVBs are consumed
when autophagy is activated under the condition of cell starva-
tion. Rab11a, a small GTPase that is involved in MVB fusion,
also interacted with the exocyst. These findings suggest that
the exocyst can regulate exosome biogenesis and participate
in the malignant behavior of tumor cells.

INTRODUCTION
Head and neck cancer (HNC) is a common malignancy and is the
seventh most common cancer in the world, with approximately
890,000 new cases worldwide and approximately 450,000 HNC-
related deaths in 2018.1 HNC is a group of tumors that originate
from tissues or organs in the head and neck region, excluding the
eye, ear, brain, and esophagus. Accordingly, HNC includes thyroid
cancer, laryngeal cancer, nasopharyngeal carcinoma, and oral and
maxillofacial tumors.2 More than 90% of HNC cases are of
squamous cell carcinoma (SCC) arising from epithelial cells in the
mucosa.3 The major therapeutic approaches for HNC are surgery,
chemoradiotherapy, targeted therapy, and immunotherapy. Despite
extensive advances in HNC treatment, the 5-year overall survival
rate of advanced HNC remains low, at approximately 50%, thereby
This is an open access article under the CC BY-NC-
posing a major clinical challenge.1,4 Therefore, it is crucial to
discover novel treatments for HNC.

Exosomes are extracellular vesicles with a diameter of 30–150 nm that
contain proteins, lipids, and genetic materials, including DNA, RNA,
and miRNA, perceived to be carriers of these cargoes between diverse
locations in the body.5 Most cell types can release exosomes into the
extracellular space under both physiological and pathological condi-
tions.6,7 Exosomes perform an important range of extracellular func-
tions, which include interactions with the cellular microenvironment
through morphogen signaling, immunologic mediation, cell recruit-
ment, and horizontal transfer of genetic material.8 Tumor cells
actively release large quantities of exosomes, which are mobile and
participate in crucial steps to regulate cancer biology, including tumor
growth, tumorigenesis, immune escape, angiogenesis, metastasis, and
resistance to therapies.9–11 Increasing evidence has demonstrated the
role of exosomes in all stages of cancer by mediating intercellular
communication and signal transduction, including HNC.12 For
example, exosomes produced by hypoxic oral SCC cells can induce
epithelial-mesenchymal transition in normoxic cells and promote
the invasion of cancer cells by inducing macrophage activation.13,14

In addition, laryngeal cancer (LC)-derived exosomes can reduce LC
radiosensitivity via the long non-coding RNA HOTAIR/micro-
RNA-454-3p/E2F2 axis.15 Thus, the biogenesis mechanism of exo-
somes needs to be evaluated in detail.

Exosome biogenesis is a complex and elaborate process, which starts
in the endosomal system. Early endosomes mature into late endo-
somes or multivesicular bodies (MVBs) and, during the process of
MVB formation, the outer endosomal membrane invaginates to
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produce intraluminal vesicles (ILVs) inside the organelles.16 MVBs
can then either merge with lysosomes to degrade their cargoes or
fuse with the plasma membrane to release ILVs into the extracellular
space as exosomes.17 As part of endosomal trafficking, the docking
and fusion of MVBs with the plasma membrane and exosome release
play crucial roles not only in the delivery of messengers to the extra-
cellular environment but also in the functioning of membrane lyso-
some homeostasis and autophagy. Any defect in this release process
may have a serious impact on numerous aspects of cell biology,
including cell growth and metabolism. Current research shows that
the docking and fusion of MVBs with the plasmamembrane are regu-
lated by small GTPases of the Rab family, including Rab27a, Rab27b,
and Rab11a.18–20 However, the specific molecular mechanisms
involved in the transport of Rab protein and exosome biogenesis
remain unclear.

The exocyst is a conserved octameric complex that is composed of
eight subunits: namely, Sec10, Sec6, Sec8, Sec5, Sec15, and Exo84,
and twomembrane-targeting subunits Sec3 and Exo70.21 The exocyst
localizes to dynamic areas of the plasma membrane where it mediates
the delivery of Golgi-derived secretory vesicles through its role in ve-
sicular trafficking, tethering, and fusion.22–24 The exocyst complex is
assembled hierarchically. Sec10 is a central component of the exocyst
and is considered to serve as a bridge between the plasma membrane
and the remaining exocyst complex.25 Sec3 and likely some Exo70
proteins are located at the plasma membrane and assist in the forma-
tion of the plasma membrane-associated target membrane-soluble
NSF attachment receptor proteins (t-SNAREs) as well as interact
with GTPases at the plasma membrane to organize the cytoskeleton
in preparation for vesicle delivery.23,26–28 Besides its role in exosome
biogenesis, the exocyst contributes to the regulation of a wide array of
cellular processes, including cell growth, division, motility, and polar-
ization, which links to human diseases.22

As the docking and fusion process of MVBs is similar to the process
involved in exocyst-mediated vesicle delivery, we hypothesize that the
exocyst plays a critical role in the guiding, docking, and fusing of
MVBs with the plasma membrane and exosome release. This new
finding provides potential therapeutic targets for the clinical treat-
ment of cancer metastasis, particularly HNC metastasis.

RESULTS
Exocyst controls exosomes secretion

Consistent with a previous finding that tumor cells actively produce
and release more exosomes,29 we found that the expression level of
exosome-specific markers (CD9, CD63, and CD81) was higher in
LC tissues than in adjacent healthy tissue (Figures S1A and S1B). Us-
Figure 1. Regulation of exosome release by exocysts in HNC

(A and B) Sec10, Sec3, and Exo70 expression in LC tissue compared with that in Ctrl.

immunohistochemistry staining. LC, laryngocarcinoma tissue; Ctrl, adjacent normal tissu

Exo70 expression in HN4 and NP69 cells. (C) Representative images of western blottin

Representative NTA traces and quantification of exosomes after knockdown of the exp

small interfering (si)RNA for Sec10, Sec3, or Exo70 protein. *p < 0.05, **p < 0.05, ***p
ing the online database HNCDB, we found that a positive correlation
between exocyst subunits and exosome markers (Figures S1C–S1J),
with the expression level of exocyst subunits being higher in HNC tis-
sues than in normal tissues, especially being highest in tumor grade 4
versus normal and grade 1–3 tissues (Figures S1K–S1R). We
confirmed this result in LC tissue and HNC cell line, HN4 cells.
The exocyst is composed of eight subunits, of which two units of
Sec3 and Exo70 proteins are located at the plasma membrane,
whereas Sec10 acts as a central bridge for these two modules. We
selected Sec10, Sec3, and Exo70 for the exocyst complex. Immunohis-
tochemistry results revealed that the expression of these three pro-
teins was significantly higher in LC tissues than in the adjacent
healthy tissue (Figures 1A and 1B). Consistent with the observations
in LC tissues, such exocyst subunits were also more highly expressed
in HN4 cells than in NP69 cells, which is a normal human nasopha-
ryngeal epithelial cell line (Figures 1C and 1D).

To directly assess the effect of the exocyst on exosome secretion, we
analyzed exosome concentration after knockdown of the exocyst by
specific siRNA against each of Sec10, Sec3, and Exo70 in HN4 cells
(Figures S2A–S2E and S2G). As shown in Figure 1E, HN4 cells
with exocyst knockdown secreted significantly fewer exosomes than
those expressing a control siRNA (Figures 1E, S2I, and S2J). Another
HNC cell line, CNE2, got similar results (Figure 1F). These results
suggested that the exocyst might contribute to controlling exosome
secretion in HNC.

Exocyst depletion inhibits cell proliferation

Interestingly, we found that exocyst knockdown inhibited the prolif-
eration of HN4 cells (Figures 2A–2C), but did not affect apoptosis and
cell migration (Figures S3A–S3H). To further explore whether exo-
some concentration or exosome content affects the inhibition of
cell proliferation induced by exocyst depletion, we assessed prolifera-
tion using cell counting kit-8 (CCK-8) assays after treating HN4 cells
with the same amount of exosomes or equal volumes of cell culture
medium with or without exosomes from HN4 cells transfected with
a scrambled, Sec3 siRNA, Sec10 siRNA, or Exo70 siRNA. The results
showed that the proliferation of HN4 cells was inhibited by an equal
volume of the whole supernatant from HN4 cells transfected with
siRNAs of exocyst subunits, but not by equal amounts of exosomes
(Figures 2D and 2E), This suggested that exocyst knockdown induced
the abatement of exosome concentration but did not affect exosome
content; furthermore, low exosome concentration induced a decrease
in the proliferation to other cells through intercellular communica-
tion. To further determine whether only the amount of exosomes af-
fects cell proliferation, we treated HN4 cells with equal volumes of cell
culture medium without exosomes from HN4 cells transfected with a
(A) Representative images of immunohistochemistry staining. (B) Data summary of

es. **p < 0.01, ***p < 0.001 by t test. Scale bar, 50 mm. (C and D) Sec10, Sec3, and

g. (D) The summary data of western blotting compared with NP69 cells. (E and F)

ression of exocyst subunits by transfecting HN4 (E) and CNE2 (F) cells with specific

< 0.001 by t test.
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Figure 2. Exocyst depletion inhibits cell proliferation by reducing exosome concentration

(A–C) Proliferation detection after knockdown of the expression of exocyst subunits by transfecting HN4 cells with specific small interfering (si)RNA for Sec10, Sec3, or Exo70

protein. PCNA, proliferating cell nuclear antigen. (A) Representative images of western blotting. (B) The summary data of western blotting compared with siCtrl. (C) The

summary data of CCK-8 compared with those of siCtrl. CCK-8, cell counting kit-8. *p < 0.05, ***p < 0.001 by t test. (D) Quantitative CCK-8 assay showing proliferation of HN4

cells after treatment with equal volumes of cell culture medium fromHN4 cells transfected with siCtrl or with Exo70, Sec3, or Sec10 siRNA. *p < 0.05 versus siCtrl by t test. (E)

Quantitative CCK-8 assay showing proliferation of HN4 cells after treatment with equal amounts of exosomes from HN4 cells transfected with siCtrl or with Exo70, Sec3, or

Sec10 siRNA. (F) Quantitative CCK-8 assay showing proliferation of HN4 cells after treatment with an equal volume of exosome separated from HN4 cells transfected with

siCtrl or with Exo70, Sec3, or Sec10 siRNA. OD, optical density.
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scrambled, Sec3 siRNA, Sec10 siRNA, or Exo70 siRNA; the results
showed that cell proliferation did not differ in these four groups,
which suggested that other components in the supernatant, except
538 Molecular Therapy: Nucleic Acids Vol. 27 March 2022
exosomes, do not affect cell proliferation (Figure 2F). These results
showed that exocyst depletion inhibits cell proliferation by reducing
the amount of exosomes secretion.
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Exocyst depletion induces the accumulation of CD63-positive

MVBs

To reveal the mechanism of regulation of exosome biogenesis by exo-
cyst, we analyzed the subcellular expression of CD63, a marker of late
endosomes and MVBs (LEs/MVBs) by immunofluorescence staining
under exocyst depletion. As shown in Figures 3A and 3B, exocyst
depletion resulted in the enlargement of CD63-positive MVBs and
the formation of larger and stronger fluorescent spots. The results
of western blotting confirmed that CD63 expression was significantly
increased in HN4 cells after Sec10, Sec3, or Exo70 knockdown
compared with that in cells transfected with control siRNA (Figures
3C and 3D). To gain further insight into the role of the exocyst in exo-
some biogenesis, we performed electronmicroscopy to investigate the
number and morphology of ILVs and MVBs. In contrast to a signif-
icantly decreasing number of extracellular exosomes, the number of
MVBs per 100 mm2 and ILVs per MVB markedly increased in HN4
cells with the knockdown of the expression of exocyst subunits
compared with those in control cells (Figures 3E–3G). These results
suggested that exocyst depletion abated exosome secretion because
MVBs could not be trafficked to the plasma membrane for releasing
and then accumulating in cells.
Autophagy activation consumes accumulated ILVs

Autophagy is a key mechanism for exosome degradation.17 To deter-
mine whether accumulated MVBs induced by knockdown of exocyst
subunits was attributed to a reduction of autophagy, we assessed the
expression level of the microtubule-associated protein 1A/1B-light
chain 3 (LC3-II/LC3-I) ratio after Sec10, Sec3, or Exo70 knockdown.
The results indicated that exocyst depletion did not affect the LC3-II/
LC3-I ratio compared with control HN4 cells (Figures 4A and 4B),
suggesting that the accumulated MVBs did not activate autophagy af-
ter knocking down the exocyst. ILVs may be degraded through fusion
of MVBs with autophagosomes.30 Thus, we performed immunofluo-
rescence assays to detect the co-localization of CD63 with the auto-
phagy marker LC3 or Beclin1 or with the lysosomal marker
LAMP1 in HN4 cells after transfection with scrambled siRNA or spe-
cific Sec10, Sec3, or Exo70 knockdown. The results suggested that
CD63 was not co-localized with LC3, Beclin1, or LAMP1 in any of
these four groups (Figures S4A–S4R), suggesting that accumulated
MVBs cannot co-localize with autophagosomes and lysosomes after
knocking down the exocyst. Next, we found that activated autophagy
under serum starvation could rescue the enhancement of CD63
expression and accumulation of LE/MVBs induced by exocyst deple-
tion (Figures 4C–4H). To assess whether the accumulation of LE/
MVBs in cells was degraded rather than released after autophagy acti-
vation, we tested exosome secretion by HN4 cells transfected with
Figure 3. Exocyst depletion induces the accumulation of CD63-positive MVBs

(A–D) CD63 expression in HN4 cells after the cell were transfected with siCtrl or with Exo

after transfection with Exo70 small interfering (si)RNA, Sec3 siRNA, or Sec10 siRNA v

rescence intensity of CD63. (C) Representative western blotting images of CD63 express

0.01 versus siCtrl by t test. (E–G) The number of MVBs and ILVs after transfection with

electron microscopy images of HN4 cells after transfection with scrambled siRNA, Exo7

100 mm2. (G) The number of ILVs per MVB. *p < 0.05, **p < 0.01, **p < 0.01 versus siC
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scrambled, Sec10 siRNA, Sec3 siRNA, or Exo70 siRNA. As shown
in Figures 4I and 4J, exosome concentration did not differ among
HN4 cells with knockdown of the expression of any of the exocyst
subunits and control cells when autophagy was activated with serum
starvation. These results suggested that, although intracellular exo-
somes, namely ILVs, can be accumulated after knockdown of the exo-
cyst and cannot activate autophagy, autophagy activation consumes
accumulated ILVs.

Exocyst trafficks MVBs by interacting with Rab11a

To further determine the mechanism of exocyst-mediated exosome
biogenesis, we examined known and predicted protein-protein inter-
actions by analyzing data in the Search Tool for the Retrieval of Inter-
acting Genes (STRING) database. The results showed that exocyst
complex components interacted with Rab11a (Figure 5A). The results
of a co-immunoprecipitation (co-IP) assay provided supporting evi-
dence that the exocyst complex subunits Sec10, Sec3, and Exo70
interact with Rab11a (Figures 5B–5E). In addition, we found that
Rab11a was highly expressed in LC tissue and that extracellular exo-
some secretion was significantly decreased in HN4 cells with knock-
down of Rab11a expression (Figures 5F–5I, S2F, and S2H), suggesting
that Rab11a can also mediate exosome secretion in HNC cells.

To explore whether the exocyst mediates the docking of MVBs to the
plasma membrane via Rab11a, we used the MVBs markers CD9,
CD63, and CD81 to pull down each of the Rab11a and exocyst sub-
units in co-IP assays. The results demonstrated a physical interaction
amongMVBs, Rab11a, and exocysts (Figure 5J).With the knockdown
of Rab11a expression, the interactions between the MVBs marker
CD63 and Sec10, Sec3, or Exo70 were significantly weakened (Figures
5K–5N). After blocking the assembling of the exocyst via knockdown
of Sec10 expression, the interactions between CD63 and membrane
part units of Sec3 or Exo70 were significantly decreased; however,
there was no effect on the interaction between CD63 and Rab11a (Fig-
ures 5O–5R). When we separately knocked down the expression of
the membrane-targeting exocyst subunits, namely, Sec3 and Exo70,
the interactions among CD63, Rab11a, and Sec 10 were unaffected
(Figures 5S–5Z). These results suggested that Rab11a and the exocyst
bind with MVBs for delivery to the cell membrane and assemble a
complete exocyst with Exo70 and Sec3, located in the plasma mem-
brane, which are the necessary steps before fusion of MVBs with
the cell membrane and exosome secretion.

DISCUSSION
Tumor cells actively secrete large amounts of exosomes that form
important components of the tumor microenvironment and are
70, Sec3, or Sec10 siRNA. (A) CD63 immunofluorescence in HN4 cells accumulates

ersus with scrambled siRNA. Scale bar, 50 mm. (B) Quantification analysis of fluo-

ion. (D) Quantification of CD63. b-Tubulin was used for normalization. *p < 0.05, **p <

scrambled siRNA, Exo70 siRNA, Sec3 siRNA, or Sec10 siRNA. (E) Representative

0 siRNA, Sec3 siRNA, or Sec10 siRNA. Scale bar, 1 mm (F) The number of MVBs per

trl by t test.
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considered to be the main contributors to tumor progression and
metastasis.31–35 Surgical treatments induce a dramatic reduction in
the plasma levels of exosomes expressing CD63 in the early period,
which shows that the tumor mass is responsible for the high levels
of circulating exosomes detected in patients with cancer.36 In this
study, we found that the expression level of exosome-specific markers
(CD9, CD63, and CD81) was higher in HNC cells than in adjacent
healthy tissue. Therefore, investigating the molecular mechanisms
of tumor exosome biogenesis may be of great significance for
improving the outcomes of HNC treatment. The exocyst, a conserved
octameric complex, localizes to dynamic areas of the plasma mem-
brane where it mediates the delivery of Golgi-derived secretory vesi-
cles through its role in vesicular trafficking, tethering, and fusion,
which are similar to the docking and fusion process of MVBs in exo-
some biogenesis. Studies have also reported on the involvement of
exocyst components in exosome biogenesis. Chacon-Heszele et al. re-
ported that the exocyst is involved in urinary exosomes.37 However,
how the exocyst modulates exosome biogenesis in cancers, especially
in HNCs, is not well understood. Focusing on the exocyst as a partic-
ipator of exosome biogenesis, we aimed to investigate the mechanism
underlying exosome biogenesis in HNC.

Exosomes contain many molecular proteins, including, mRNA,
miRNA, lncRNA, and fatty acids.8 Various in vitro assays have
demonstrated that cancer-derived exosomes, which act as cancer’s
little army, promote tumor malignant biological behavior.38 The
stomach adenocarcinoma cell SGC-7901 promoted tumor cell prolif-
eration by exosome secretion in a dose-dependent manner.39 Exo-
somes secreted by human liver cancer cell HCC-LM3 significantly
promoted the proliferation of liver cancer cells.40 Our results sug-
gested that exocyst depletion significantly decreased the proliferation
of HN4 cells but had no effect on apoptosis compared with control
cells, as measured by assessing proliferating cell nuclear antigen pro-
tein expression using western blotting. This inhibition in cell prolifer-
ationmight have been the result of reducing the amounts of exosomes
and changing exosome contents.

A link between autophagy and exosomes has been proposed.41

Autophagy eliminates damaged organelles, aggregated proteins,
and invading pathogens, and supplies nutrients during starva-
tion.41 MVBs can fuse with autophagosomes or directly with lyso-
somes after autophagy activation.42 Fader et al. proposed that auto-
phagy increases the fusion of MVBs with autophagosomes, which
directly increases the degradation of MVBs and eventually reduces
exosome release.43 Recent studies have suggested that cellular ho-
Figure 4. Autophagy activation consumes accumulated ILVs

(A and B) Representative western blotting images (A) and summary data (B) of LC3-I and

Representative western blotting images (C) and summary data (D) of LC3-II and LC3-I in

72, and 96 h. **p < 0.01 versus siCtrl by t test. (E–H) CD63 expression in HN4 cells after c

Sec3 siRNA, or Sec10 siRNA. (E) CD63 immunofluorescence in HN4 cells. Scale bar, 50

western blotting images of CD63 expression. (H) Quantification of CD63. b-Tubulin w

cultured in an FBS-free medium for 96 h and then transfected with scrambled, Exo70 si

traces. (J) The summary data of exosome concentration. Values are shown as the mea
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meostasis decides the degradation or secretion of exosomes.44,45

In our study, we blocked the transport of MVBs and then induced
the accumulation of MVBs in the cells without activating auto-
phagy. We then activated autophagy through cell starvation using
fetal bovine serum (FBS)-free medium and found that autophagy
depleted the accumulated exosomes in HN4 cells. We hypothesized
that the cells consumed the accumulated exosomes through acti-
vated autophagy. Although knockdown of exocyst expression to
cause exosome accumulation was initially insufficient to activate
autophagy, Sec10, Sec3, or Exo70 knockdown and their culturing
in FBS for a prolonged time, activated autophagy to consume the
accumulated exosomes.

The exocyst is regulated by many different small GTPases and has
important roles in exocytosis, cytokinesis, cell growth, primary cilio-
genesis, cell migration, and tumorigenesis.46 In exocytosis, the exocyst
functions to mediate the transport of secretory vesicles to the plasma
membrane before SNARE-mediated fusion.46 However, its role in the
delivery of MVBs to the plasma membrane has not yet been reported.
In this study, we found that the exocyst also participates in exosome
biogenesis by mediating the docking of MVBs in the plasma mem-
brane in HN4 cells. To gain insights into how the exocyst transports
MVBs, we further investigated previous results indicating that the
Rab family promotes vesicle transport and docking as well as the
fusion of transport vesicles with membrane.19 Consistent with those
results, we found that Rab11a was highly expressed in LC tissue
and affected exosome release in HN4 cells. In addition, we found
that the exocyst interacted with Rab11a in HN4 cells. There are at
least two possible scenarios for this interaction: (1) the exocyst de-
livers Rab11a to the plasma membrane, or (2) the exocyst delivers
MVBs to Rab11a, eventually resulting in the fusion of MVBs with
the plasma membrane. To explore these possibilities, we knocked
down Rab11a expression and assessed the binding of MVBs to
Rab11a or exocyst subunits. The results showed that low Rab11a
expression inhibited the interaction of MVBs with the exocyst,
whereas decreasing the expression of the exocyst had no effect on
the interaction of MVBs and Rab11a. Thus, we concluded that the
exocyst was a connector that mediates the role of Rab11a in the trans-
port of MVBs to the membrane, where MVBs eventually fused with
the plasma membrane. Moreover, reduced expression of the exocyst
subunit Sec10 affected the interaction of MVBs with the exocyst sub-
units Sec3 and Exo70, which are located in the plasma membrane.
Conversely, reducing the expression of the exocyst subunits Sec3 or
Exo70 did not affect the interaction of exosomes with exocyst subunit
Sec10. These results provided additional evidence supporting the
LC3-II expression after specific low expression of Exo70, Sec3, or Sec10. (C and D)

HN4 cells when cultured in fetal bovine serum (FBS)-free medium for 0, 12, 24, 48,

ulture in FBS-free medium for 96 h and transfection with siCtrl or with Exo70 siRNA,

mm. (F) Quantification analysis of fluorescence intensity of CD63. (G) Representative

as used for normalization. (I and J) Exosome concentrations after HN4 cells were

RNA, Sec3 siRNA, or Sec10 siRNA. (I) Representative nanoparticle tracking analysis

n ± SD. Statistical analysis was performed using the t test.



Figure 5. Exocyst trafficks MVBs by interacting with Rab11a

(A) Exocyst interacts with Rab11a, as assessed using the STRING database. (B–E)

Co-immunoprecipitation (co-IP) assay results showed that Sec10, Sec3, Exo70,

and Rab11a interacted in HN4 and CNE2 cells. (F and G) Representative images of

immunohistochemical staining (brown) (F) and summary data showing Rab11a

expression in LC tissue versus adjacent healthy tissue (Ctrl) (G). *p < 0.05 versus

siCtrl by t test. Scale bar, 50 mm (H and I) Exosome concentrations after the cells

were transfected with scrambled or Rab11a siRNA in HN4 cells. (H) Representative

nanoparticle tracking analysis traces. (I) The quantification of exosome concentra-

tions in HN4 cells. **p < 0.01 versus siCtrl by t test. (J) Representative western

blotting images show that CD9, CD63, and CD81 each interact with Rab11a,

Exo70, Sec3, and Sec10 in HN4 and CNE2 cells. Lys, whole-cell lysates; Pre-immu,

preimmune serum. (K–Z) The interactions between CD63 and Exo70, Sec3, Sec10,

or Rab11a after siRNA-mediated of Exo70, Sec3, Sec10, or Rab11a knockdown.

CD63 was used for normalization. *p < 0.05, **p < 0.01 versus siCtrl by t test.
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formation of the exocyst in cells, with Sec3 and Exo70 located at the
plasma membrane to promote the attachment of the exocyst to the
membrane and with Sec10 acting as part of the central hub of the exo-
cyst.41,42 Sec10 knockdown inhibited the delivery of vesicles to the
membrane, causing Sec3 and Exo70 on the membrane to have fewer
vesicles to bind to. In contrast, Sec3 or Exo70 knockdown did not
affect the formation of the exocyst, except with vesicles tethered to
the plasma membrane. These findings are consistent with those of
earlier reports describing the formation of exocyst.47

Globally, researchers are examining methods to use or control exo-
some secretion to limit the development of disease. Our results
showed that exocysts play an important role in HNC tissues before
the occurrence of Rab11a-mediated MVB fusion with the plasma
membrane. Thus, inhibiting the expression of exocyst proteins can
induce the accumulation of MVBs and limit exosome secretion,
which may inhibit the proliferation of cancer cells in patients with
HNC. Thus, restricting the biogenesis of tumor cell exosomes that
play a pivotal role in tumor angiogenesis and promote growth and
metastasis by knockdown of exocyst expression may not only inhibit
tumor cell proliferation but also prevent other malignant biological
behaviors.
MATERIALS AND METHODS
Cell culture and cell transfection

HN4, an HNC cell line, was derived from patients with HNSCC.48

HN4 cells were cultured in Dulbecco’s modified Eagle’s medium
(4.5 g/L glucose) (BI, Israel) supplemented with 10% FBS (Viva-
Cell, Shanghai, China) and antibiotics (100 kU/L penicillin and
100 mg/L streptomycin) (BI, Israel) in an incubator at 37�C with
5% CO2. The human nasopharyngeal carcinoma cell line, CNE2,
and the normal NP69 cell lines were obtained from Fenghui Bio-
logical (ChangSha, Hunan).49 RPMI 1640 cell culture medium
was used, which also contained FBS (VivaCell, Shanghai, China)
(10%) and appropriate antibiotics (streptomycin 100 mg/mL and
penicillin G 100 U/mL). The culture was maintained in an atmo-
sphere containing 5% CO2 at 37�C. Exosome-free medium (SBI,
USA) was prepared for isolation of exosomes from the cell culture
supernatant.
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HN4 cells were transiently transfected with specific siRNA against
human Exo70 (the oligoribonucleotide sequence was: 50-GGUUA
AAGGUGACUGAUUA-30; for Sec3, 50-AGAUGAAUACCAAGAG
UUA-dTdT-30; for Sec10, 50-GCAACAAUGUCAGAAAGAA-dTd
T-30; for Rab11a, 50-AAGAGUAAUCUCCUGUCUCGA-30), which
were designed and obtained from Biomics using Lipofectamine
3000 (Invitrogen, Thermo Fisher Scientific, USA) following the man-
ufacturer’s instructions, and then cultured for another 48 h before the
following experiment.

PPI network analysis

The PPI network was predicted using the STRING (http://string-db.
org) online database. In this study, the PPI network of Rab11a,
EXOC1, EXOC2, EXOC3, EXOC4, EXOC5, EXOC6, EXOC7, and
EXOC8 was constructed using the STRING database, and interaction
with a combined score >0.4 was considered statistically significant.

Correlation analysis

The correlation between exocyst complex (EXOC1-8) and exosome-
specific markers, CD9, CD63, and CD81, was analyzed using the
Head and Neck Cancer Database (HNCDB: http://hncdb.cancerbio.
info). The “ANALYSIS” component allows users to conduct correla-
tion analysis using 2,403 samples from 78 HNC gene expression
datasets.

Western blotting

For western blotting, cells or exosomes were lysed in RIPA buffer
(150 mM NaCl; 1% Triton X-100; 0.5% sodium deoxycholate; 0.1%
SDS; 50 mM Tris [pH 8.0]; 1� protease inhibitor cocktail [Biosharp]).
Protein concentration was measured using a bicinchoninic acid (BCA)
kit. Loads normalized to 20 mg protein were resolved to 10% or 15%
homemade polyacrylamide gels, transferred onto PVDF membrane,
and processed as described elsewhere.50 The following primary anti-
bodies were used: anti-CD9 (1:250, Santa Cruz, USA), anti-CD63
(1:250, Santa Cruz), anti-CD81 (1:250, Santa Cruz), anti-Exo70
(1:200, Affinity Biosciences, USA), anti-Sec3 (1:200, Affinity Biosci-
ences), anti-Sec10 (1:200, Affinity Biosciences), anti-Rab11a (1:200,
Affinity Biosciences), and anti-vimentin (1:250, ZENBIO, China).
Immunoreactive bands were detected using ECL (Tanon, Shanghai,
China) and images were acquired using a chemiluminescence imaging
system (P&Q Science & Technology, Shanghai, China).

Co-IP

Co-IP assays were performed using procedures described previ-
ously.51 In brief, HN4 cells were lysed with protein lysis buffer (1%
Nonidet P-40, 150 mM NaCl, 20 mM Tris-HCl [pH 8.0], with the
addition of a protease inhibitor cocktail), sonicated, and centrifuged
at 10,000 � g for 20 min at 4�C. CD9, CD63, CD81, Exo70, Sec3,
Sec10, or Rab11a proteins were immunoprecipitated by incubating
800 mg extracted proteins with 5 mg anti-CD6, anti-CD63, anti-
CD81, anti-Exo70, anti-Sec3, anti-Sec10, or anti-Rab11a antibody,
or preimmune IgG, on a rocking platform overnight at 4�C. Protein
A agarose (Millipore, Germany) was then added and incubated for
an additional 3 h at 4�C. The immunoprecipitates were washed three
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times with phosphate-buffered saline (PBS). Finally, the samples were
tested using by western blotting.

Immunofluorescence

HN4 cells treated with siRNAs were cultured on a coverslip (CITOT-
EST Scientific, Jiangsu, China) for 24 h and then fixed with 4% para-
formaldehyde for 20 min at 25�C. HN4 cells were incubated with 5%
BSA (Beyotime Biotechnology, Shanghai, China) and 0.2% Triton X-
100 (Biosharp, Hefei, China) in PBS for 30 min at 25�C for blocking
unspecific bindings. Then, rabbit anti-Beclin 1, anti-LC3, and anti-
LAMP1 and mouse anti-CD63 were incubated in cells overnight at
4�C in a humidified chamber. The cells were incubated with donkey
anti-rabbit IgG Alexa Fluor 594 (1:500, Thermo Fisher Scientific) and
donkey anti-mice IgG Alexa Fluor 488 (1:500, Thermo Fisher Scien-
tific) for 2 h at room temperature, respectively, after rinsing four times
with PBS. Fluorescence images were obtained under a confocal laser-
scanning microscope (ZEISS, Germany).

Immunohistochemistry

This study was approved by the Clinical Research Ethics Committee
at Anhui Medical University. Each specimen was obtained from a pa-
tient who provided written informed consent. The tissues were fixed
in 4% paraformaldehyde for 2–3 days, dehydrated, embedded in
paraffin, and sliced into 5-mm-thick sections. The sections were
then deparaffinized and rehydrated using routine methods. Antigen
retrieval was accomplished by heating the sections in citrate buffer
solution (0.01 M, pH 6.0) in a microwave oven. Then, an immunohis-
tochemistry kit (ZsBio, Beijing, China) was used to continue the sub-
sequent experiments. The primary antibodies (1:100–1:500) were
incubated overnight at 4�C. Brown particles stained in cells were re-
garded as positive for the presence of antibodies. We used Image-Pro-
plus software to analyze the image density.

TUNEL assay

Cell apoptosis was detected using the TUNEL assay. Experiments
were performed according to the manufacturer’s protocol. In brief,
HN4 cells on the coverslip were fixed with 4% paraformaldehyde so-
lution and then incubated with Triton X-100 (0.1% in PBS) for 5 min
at room temperature. Next, the cells were treated with an equilibra-
tion buffer for 30 min at room temperature. After washing with
PBS three times, the cells were incubated in TdT buffer for another
hour at 37�C. Following washing with PBS, HN4 cells were stained
with 40,6-diamidino-2-phenylindole (DAPI) (Beyotime Biotech-
nology) for 10 min. Finally, the cells were dried and analyzed under
a fluorescence microscope. Each cell was visualized by blue fluores-
cence (DAPI) at a wavelength of 460 nm, and the apoptotic cells
were identified by green fluorescence at a wavelength of 520 nm.
The percentage of apoptosis was calculated as apoptotic cell num-
ber/total cell number � 100%.

Wound healing assay

Cells were seeded at 2.5 � 104 cells per well with transfection-related
siRNA. The cells were scratched using a pipette tip and cultured in an
FBS-free medium. Images were taken again after 24 h.
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CCK-8 assay

The proliferation of HN4 cells was determined using the CCK-8
assay. HN4 cells were trypsinized and seeded in 96-well plates at an
equal density of 6� 103 cells/well after knocking down the expression
of Sec10, Sec3, or Exo70. On the day after the treatment, based on the
experimental design, 10 mL of CCK-8 was added to each well and
incubated for 4 h in an incubator at 37�C with 5% CO2. The absor-
bance was recorded at a wavelength of 450 nm. Cell viability is pro-
portional to the value of the absorbance value.

Isolation of exosome and cell count

Exosomes were collected from exosome-free medium supplements
over a period of 48–72 h. The culture supernatant was centrifuged
at 2,000 � g for 30 min at 4�C to remove dead cells and cell debris.
Then, we used the Total Exosome Isolation Reagent (Thermo Fisher
Scientific) to isolate the exosome for western blotting and used a 0.22-
mm PES membrane filter for diameter detection. HN4 cells were di-
gested by 0.25% pancreatin and resuspended in PBS, then tested using
an automated cell counter (Invitrogen, USA). The number of exo-
somes was measured using a BCA protein assay kit (Beyotime
Biotechnology) and exosomes (20 mg/mL) were added to the cell cul-
ture medium for 48 h.52

Transmission electron microscopy of exosomes

To identify the presence of exosomes, the samples were analyzed us-
ing transmission electron microscopy (TEM). In brief, the extracted
exosomes samples were dropped onto the plasmonic hydrophilic
Formvar/carbon-coated grids for 90 s. Unabsorbed samples were ab-
sorbed on filter paper and stained twice with uranyl acetate (UA) so-
lution on the surface of the EM grid. After rinsing, the samples were
dyed on mesh copper with 5 mL UA for 90 s. The excess UA solution
on the grid was removed. After drying, cells were observed under the
FEICM 200 TEM (FEI, USA) at 120 kV, and the images were recorded
using an Ouemesa CCD digital camera (Olympus Soft Imaging
Solutions).

NanoSight measurements

Analyses were performed by the same operator using NanoSight
NS300 (Malvern, UK) obtained from different laboratories. Cell su-
pernatant was collected in 1.5-mL centrifuge tubes and diluted in par-
ticle-free PBS to obtain a concentration within the recommended
measurement range (1–10 � 108 particles/mL); subsequently, the
above diluent was filtered using a 0.22-mm filter (Millipore, Ger-
many). Experimental videos were analyzed using nanoparticle
tracking analysis (NTA) 2.3 build 17 software (Malvern) after
capturing them in the script control mode (three videos of 30 s per
measurement) using a 1-mL injection syringe (Becton Dickinson,
USA). A total of 900 frames were examined per sample. The samples
were captured and analyzed by applying either an identical or instru-
ment-optimized setting.49

Statistical analysis

Statistical analyses were performed using Prism software (GraphPad)
with a t test. Data are presented as means ± SEM.
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