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ABSTRACT

Inflammatory bowel disease (IBD) is an intestinal
immune-dysfunctional disease worldwide whose preva-
lence increasing in Asia including China. It is a chronic
disease of the gastrointestinal tract with unknown
cause. Exosomes are small vesicles in various body
fluids. They have diameters of 40–120 nm, and one of
their functions is long-distance transfer of various sub-
stances. In this study, we investigated the contents of
salivary exosomes in patients with IBD and in healthy
controls to explore a new biomarker in patients with IBD.
In this study, whole saliva was obtained from patients
with IBD (ulcerative colitis (UC), n = 37; Crohn’s disease
(CD), n = 11) and apparently healthy individuals (HC,
n = 10). Salivary exosomes were extracted from sam-
ples, and the proteins within the exosomes were iden-
tified by liquid chromatograph-mass spectrometer (LC-
MS/MS). The results showed that more than 2000 pro-
teins were detected in salivary exosomes from patients
with IBD. Through gene ontology analysis, we found that
proteasome subunit alpha type 7 (PSMA7) showed
especially marked differences between patients with IBD
and the healthy controls, in that its expression level was
much higher in the CD and UC groups. This exosomal
protein is related to proteasome activity and inflamma-
tory responses. So we conclude that in this research,

salivary exosomal PSMA7 was present at high levels in
salivary exosomes from subjects with IBD. It can be a
very promising biomarker to release the patients from
the pain of colonoscopy.
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INTRODUCTION

Inflammatory bowel disease (IBD) includes ulcerative colitis
(UC) andCrohn’s disease (CD). It is an immune-dysfunctional
disease worldwide whose prevalence increasing in Asia
including China. It is a chronic disease of the gastrointestinal
tract of unknown cause. Previous reports have suggested that
IBDmay be related to gut microbes and/or immune regulatory
mechanisms; more recent research shows that it may also be
related to oral cavity (Rautava et al., 2015).

Recently research on IBD has focused on exosomes,
spherical vesicles with a diameter of 40–120 nm (Vlassov
et al., 2012). They contain diverse contents, such as proteins,
including enzymes (Simpson et al., 2009). Exosomes also
carry lipids (Siravegna et al., 2017) and, frequently, high levels
of RNAs, among which miRNAs represent a considerable
proportion (Bach et al., 2017). Exosomes are now considered
to have multiple functions, including immune regulation, dis-
tribution of cell substances, and propagation of prion proteins
and retroviruses (Ritchie et al., 2013). They also provide an
important tool in drug delivery, using mesenchymal stem cells
to secrete them (Lai et al., 2013). Exosomes are regarded as a
major player in material communication between cells
because of their ability to transport substances. In 2013, the
Noble Prize for Physiology and Medicine was awarded to
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three scientists who determined the mechanism of exosome-
mediated transport between cells. Previously, it was sug-
gested that exosomes are messengers that transport sub-
stances between cells, but the mechanism was not
understood. What’s more, exosomes have the ability of sta-
bility which help themmove far away and not to rupture. These
characteristics suggest that exosomes have potential use in
clinical diagnosis and treatment (Zheng et al., 2014).

Exosomes exist in almost every type of cell and body fluid
(Yamada et al., 2012). They also exist in saliva. As an
important aspect of the oral cavity, saliva connects the mouth
with the gastrointestinal tract and other body tissues and
organs. Many oral diseases, such as ulcers, tumors, and
many other lesions, exist not only in the mouth but else-
where in the body. Similarly, the occurrence and develop-
ment of systemic diseases can also influence changes in
salivary biomarker expression and may even cause oral
lesions. For example, Lau et al. (2013) suggested that
pancreatic cancer and the oral cavity interact with each other
via exosomes derived from the tumor. The oral cavity is
frequently affected in patients by IBD. According to literature
reports, the incidence of IBD with oral involvement is
0.5%–80% (Rowland et al., 2010). Oral lesions frequently
co-occur with IBD intestinal damage and are often relieved
when intestinal inflammation improves, suggesting that the
occurrence of oral lesions is correlated with the incidence of
IBD (Veloso, 2011). Thus, we suggest that oral saliva of IBD
patients contains exosomes. Moreover, the contents in these
exosomes may, at least partially, reflect the existence and
development of IBD, and they may be great biomarkers of
IBD due to the characteristics of exosomes.

A shotgun mass spectroscopy approach enables thou-
sands of proteins to be identified at once; its efficiency and
sensitivity render it a powerful technique in protein research
(Dowell et al., 2008). As early as 2009, Rommel et al. (2009)
used 1D-PAGE and LC-MS/MS to identify proteins in exo-
somes from colon carcinoma cells. In 2011, Choi et al. (2011)
detected approximately 850 microvesicular proteins from
ascites in patients with colorectal cancer. Those findings
showed that intestinal cells secrete exosomes that may
transfer between organs or influence the other organ’s
exosomes. Thus, using a shotgun approach, deep and
accurate exploration of proteins in exosomes is possible.
Given this background, to explore differences in the salivary
protein contents of exosomes between patients with IBD and
healthy subjects, we used a shotgun proteomics approach to
identify the protein composition of exosomes in various
groups.

RESULTS

Electron microscopy images and membrane protein
verification

Figure 1A–C show intuitive images of salivary exosomes
from patients with UC, CD and healthy controls. The scale

bar is 200 nm; the exosomes are 40–120 nm in size and
largely spherical in shape. Their bilayer lipid membrane can
be seen. The size and shape of the exosomes did not vary
markedly. These findings confirmed the presence of exo-
somes in the salivary sampes. Western blotting of the exo-
some-specific CD63 and the housekeeping β-actin proteins
as vesicle membrane-specific proteins was performed
(Fig. 1D). Although the three groups exhibited some differ-
ences in expression profiles, all contained CD63 and β-actin,
confirming the extraction of exosomes. The results of Fig. 1
are intended to illustrate that the method to extracting exo-
somes from the three sets of samples is stable, repeatable,
and successful.

Salivary exosomal proteins in healthy controls
and patients with IBD

The protein profiles of salivary exosomes differed among
patients with IBD and healthy controls. Raw data peptide-to-
spectrum matches (PSM) were generated automatically from
the system database and can provide a useful comparison
dataset among the three groups of proteins, showing the
expression level of some proteins (Zhang et al., 2014). Fig-
ure 2A is a venn chart and has three sets of samples. The
intersection of the proteins (26 + 8 + 279 + 86 = 399) of all

200nm

200 nm

200 nm

CU .B CH .A

C. CD
D

HC UC CD
CD63

β-Actin

200 nm

Figure 1. Electron microscopy of exosomes. (A–C) The
images of salivary exosomes under electron microscopy of

HC, UC, and CD patients. The scale bar is 200 nm and the

exosomes are 30–120 nm in size and largely spherical in

shape. The size of the exosomes did not differ markedly.

(D) Western blotting of exosomes-specific CD63 and

housekeeping gene β-actin. The existence of the vesicle

membrane-protein confirms the extraction of exosomes.
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the CD samples is made into a red circle,which means these
399 kinds of proteins are exsisting in every CD individual
sample. Similarly, there are 392 (8 + 29 + 76 + 279) kinds of
proteins in every UC individual sample. The yellow circle is
the collection of all the 1,408 (279 + 76 + 86 + 967) proteins
in the healthy control group. It means the sum of all the
proteins in each HC sample is 1,408. Every individual
healthy sample may not contain all the 1,408 proteins. This
screening ensures the 8 proteins are present in every IBD
patient. 26 proteins are present only in every CD patient. 29
proteins are only present in every UC patient. So we chose
eight proteins in the red box, which are present in all IBD
patients and are not present in healthy patients. Details of
the eight proteins are provided in Fig. 2B. In addition, 279
kinds of proteins in the middle of the three circles are present
in all three sets of the samples. There may be examples of
proteins that are reduced as well as elevated in the IBD
groups in these 279 proteins. But compared to the specific 8
proteins only expressing in IBD groups, even if there are

differences in the expression of the 279 proteins between
IBD and healthy groups, their specificity may not be so good.
So we are mostly concerned with the 8 specific proteins in
the disease group. We provide all the protein number and
description in each category in the Supplementary data 1.
Next, GO analysis using the DAVID database was performed
to analyze 63 (8 + 26 + 29) genes found only in patients with
IBD in terms of biological processes, molecular functions,
and cellular components (Fig. 3). Most GO terms with high
enrichment score were related to acute inflammatory
responses, proteasome complexes, peptidase activity, and
immune responses.

GO analysis of salivary exosomal proteins in patients
with IBD

Shotgun mass spectra were used to identify proteins in
salivary exosomes from patients with IBD (UC and CD
groups). Using the same selection process to evaluate

Description Gene name CD PSM UC PSM HC PSM Function

Transketolase TKT 351 274 0 Carbohydrate metabolic process
Talin-1 TLN1 130 160 0 Povement of cell or subcellular component

WD repeat-containing protein 1 WDR1 132 83 0 Platelet activation
Nucleobindin NUCB2 53 23 0 DNA binding

Brain acid soluble protein 1 BASP1 33 40 0 Protein domain specific binding

Proteasome subunit alpha type-7 PSMA7 28 44 0 Proteasome activities

Proteasome subunit beta type-7 PSMB7 13 16 0 Proteasome activities
Putative V-set and immunoglobulin 

domain-containing-like protein IGHV4OR 2 7 0 Innate immune response

B
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Figure 2. Proteins in salivary exosomes of IBD and healthy groups. (A) Comparison of the numbers of proteins in healthy

controls and IBD patients. (B) 8 proteins that only exist in IBD patients (both CD and CD). The most reasonable protein that may

interact between oral cavity and colon intestine is PSMA7. (C) PSMA7’s function in the inflammation or cancer in the digestive

systems had been reported by many studies. The speculated way shows the expression of PSMA7 is high in the salivary exosomes

of IBD patients. IBD may influence the oral mucosal cells to secret exosomes, which may express the similar protein pattern of colon

tissues.
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exosomal proteins in patients with IBD and healthy controls,
63 proteins that only express in the CD and UC groups were
identified, and a GO analysis was performed. And those 63
proteins are distributed in a variety of GO terms concerning
the molecular function, biological process, and cellular
components (Fig. 3). GO analysis is conducted by the
DAVID website. Data statistics are also derived directly from

the DAVID database. The GO term we choose to study
should have a high enrichment score and the P value of
which should be lower than 0.05. Some GO terms with a
high enrichment score, such as peptidase activity, acute
inflammatory response, and membrane attack complex,
were associated with inflammation and proteosomes. We
are mostly concerned about the 8 proteins expressed only in

A. Biological process

B. Cellular component

C. Molecular function

 Humoral immune response mediated by immunoglobulin
Acute inflammatory response
Activation of plasma proteins

Immunoglobulin mediated immune response
Lymphocyte mediated immunity

Adaptive immune response
Adaptive immune response based on immunogolobulin

Humoral immune response
Leukocyte mediated immunity

Activation of immune response
Immune response

Immune effector process
Innate immune response

Positive regulation of immune response
Positive regulation of immune system process

Inflammatory response
Negative regulation of protein modification process

Anaphase-promoting complex
Negative regulation of ubiquitin protein

Negative regulation of ubiquitin-protein ligase activity
Negative regulation of ligase activity

Positive regulation of protein ubiquitination
Regulation of protein modification process

Positive regulation of protein modification process
Positive regulation of immune system process

Enrichment
0 2 4 6 8

Endopeptidase activity
Threonine-type endopeptidase activity

Threonine-type peptidase activity
Peptidase activity, acting on L-amino

Peptidase activity
Endopeptidase activity

Peptidase activity, acting on L-amino
Peptidase activity

Enrichment
0 0.5 1.51 2 2.5 3

Membrane attack complex
Pore complex

Extracellular space
Proteasome complex

Proteasome core complex
Anchored to membrane

Enrichment
0 2 4 6 8

Figure 3. GO analysis of 63 genes. (A–C) GO analysis of the total 63 differentially expressed proteins was based on the shotgun

proteomic results in the aspects of biological process, cellular component, and molecular function. Some highly enriched terms such

as acute inflammatory response, proteasome complex, endopeptidase activity etc. were associated with inflammatory bowel disease.
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the IBD group (both CD and UC). The 8 proteins distin-
guished the group of IBD disease and healthy controls. The
proteins we choose should meet the following criteria: 1. The
protein should be in the 8 proteins that only expressed in the
IBD group; 2. The gene of the protein is in the GO terms with
a high enrichment score. PSMA7 is distributed in the most
GO terms with high enrichment score. Meanwhile a large
number of literatures have reported that PSMA7 has
increased in IBD intestinal fluid, tissue, or in colorectal
cancer, or some other digestive diseases. In addition,
PSMA7 is reported to be associated with intestinal inflam-
mation and is associated with intestinal cancer metastasis.
Thus, we focused on proteasome subunit alpha type 7
(PSMA7, NCBI GENE ID: 5688) within the peptidase activity
group as a target protein.

Verification of select specific proteins by Western
blotting

Western blotting was performed to confirm PSMA7 expres-
sion in individual samples. The Western blotting results are
shown in Fig. 4A. Levels of PSMA7 were significantly higher
in patients with CD and UC compared with healthy controls,
which showed negligible levels, confirming our previous
results. Moreover, samples from patients at different stages
were also evaluated by Western blotting (Fig. 4B). The
results showed much lower exosomal PSMA7 levels in

patients with UC and CD in remission than in patients with
active diseases.

Animal studies present that PSMA7 expressed
the similar pattern in both colon and oral tissue

The model of IBD and healthy group was established with
the male C57BL/6 mice. Figure 5A showed the flow chart of
the animal study. Figure 5B showed the different phenotype
of IBD mice colon and healthy mice colon. And Fig. 5C
illustrates the different length of IBD colon and healthy colon.
So the Fig. 5B and 5C showed the mice IBD model to be
usable. Western blot showed the expression level of the
protein in the oral and colon tissue from the IBD model and
healthy controls. Higher expression of IL-6 in IBD colon
supplements the effective model of IBD mice. Higher
expression of PSMA7 in colon and oral tissue of IBD mice
model may further illustrate that the expression pattern of
salivary exosomal PSMA7.

DISCUSSION

Studies of exosomes from patients have focused mostly on
colorectal cancer. In contrast, little research has addressed
salivary exosomes from patients with IBD. To our knowledge,
our study is the first report on salivary exosomes in IBD.
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Figure 4. Verification of PSMA7 in salivary exosomes. (A) Salivary exosomal PSMA7 levels were detected by Western blotting

among HC, CD, and UC groups. And PSMA7 exists mostly in CD and UC patients. (B) Salivary exosomal PSMA7 levels were

detected in CD-active, CD-remission, UC-active, UC-remission patients. The result shows expression of PSMA7 reduced a lot in

patients who are in the remission phase.
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Extraction of exosomes from saliva

Exosomesare spherical vesicles, 40–120nm in diameter, with
a phospholipid bilayer structure. Their size and shape can be
identified clearly using electron microscopy (Benito-Martin
et al., 2013). Exosomes contain several specific membrane
transport proteins and fusion proteins, such as RAB, GTPa-
ses, annexins, flotillins, and proteins involved in microvesicle
body biogenesis. Moreover, lipidmembrane formation-related
proteins, such as integrin and transmembrane proteins CD9,
CD81, CD82, and CD63, play important roles in the formation

and structure of exosomes (Azmi et al., 2013). CD63 and
β-actin were detected in the extracted exosomes by Western
blotting and in the shotgun mass spectra of all three groups,
confirming the extraction of exosomes in saliva.

Association between oral cavity and the occurrence,
development, and treatment of IBD

IBD is associated with a systemic immune response, which
can lead to inflammation in the gut and damage of other
organs. IBD affects not only the intestinal tract but also the
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Figure 5. Expression profile of PSMA7 in animal studies. (A) Flow chart of the animal study. (B) Colon sections obtained from

mice were analyzed for their outward appearance. (C) Colon length of the colitis model mice and control groups. (D) Proteins from the

tissue of colon and oral cavity were extracted. The expression of PSMA7 is higher in IBD groups both in the colon and oral tissues.
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mouth. Specific oral lesions include pebble-like lesions,
mucogingivitis, and non-specific IBD oral lesions, including
aphthous stomatitis and pyostomatitis vegetans. In addition,
exosomes from the oral cavity may also affect the intestinal
tract, suggesting a mutual role in IBD (Lankarani et al., 2013).

As early as 2009, Rommel et al. (2009) extracted exo-
somes from colon cancer cells (lim1215 cell). These vesicles
promoted tumor progression and metastasis and played an
important role in transportation. In this way, we predict IBD
colon cells may also secrete exosomes and colon-derived
exosomes may be one of the reasons that influence the oral
cavity, just as exosomes work in the metastasis in the pan-
creas cancer which influence the oral cavity (Lau et al.,
2013). The animal studies we conduct partly verify our
suggestion that there may be an association between exo-
somes in colon and oral cavity. The origin of exosome in
body fluid is mainly from cell secretion. So the exosomes in
saliva should be mostly from the oral tissue cells. This is also
partly proved in our animal experiments. Animal experiments
showed that the expression level of PSMA7 in oral epithelial
tissue was similar to that of intestinal inflammation. The
expression level of exosomal PSMA7 in human saliva is also
similar to the development of intestinal inflammation. The
expression of PSMA7 in oral mucosal epithelium is higher in
the IBD mice, which is consist with the expression profile of
PSMA7 in the colon tissue in the IBD group. Because sali-
vary exosome is mostly secreted by oral tissue, we believe
that exosomal PSMA7 in human saliva is a good biomarker
for the development of IBD. But because of the character-
istics of long transport of exosomes, we cannot rule out
some of the exosomes in saliva are also derived from other
places, such as the intestinal fluid and cells through in vivo
circulation. This requires us to carry out deeper research to
prove. What’s more, deep studies concerning the mecha-
nism of exosomes between oral cavity and colon need to be
done to verify our speculation. From now on, we can only
suggest that contents of salivary exosomes can change
through the development of IBD.

Patients with CD and UC exhibited greater diversity
and higher levels of salivary exosomal proteins than did
healthy controls

Today, proteomics can provide a powerful approach for IBD,
especially for thediagnosis andmanagement of IBD.Although
a number of biomarkers show high degrees of diagnostic
accuracy, proteomic analyses have not replaced endoscopy
as the gold-standard diagnostic method. There is a continuing
need for a non-invasive method with sufficient specificity and
sensitivity to diagnose IBD. A biomarker present in exosomes,
which have high relative stability, is one approach for a more
accurate diagnosis of IBD (Chan et al., 2016).

In 2011, Choi et al. (2011) investigated exosomes in
malignant ascites from colorectal cancer patients. Various
cancer cells, including colorectal cancer cells, release

exosomes into the surrounding tissue and peripheral circu-
lation, including malignant ascites. In that study, exosomes
were extracted from colorectal cancer ascites and subjected
to SDS-PAGE and nano-LC-MS/MS 1D analysis; the authors
detected a total of 846 proteins in three colorectal cancer
patients. The functions of these proteins include tumor
development, migration, invasion, growth, immune regula-
tion, and angiogenesis. They also detected a colon-specific
surface antigen in colorectal cancer. Proteomics analyses
will be helpful to determine the differential features of exo-
somes in tumor progression and will contribute to the
development of new diagnostic tools for colorectal cancer.

We performed a similar process of extracting exosomes
from the saliva of patients with IBD and detected exosomal
proteins using an advanced shotgun proteomics approach.
As a result, we detected 399 and 392 unique proteins in
exosomes from patients with UC and CD, respectively.
However, there were >2000 exosomal proteins present in
both the UC and CD groups, far more than in the healthy
controls. Among them, we focused on eight proteins
expressed only in the IBD groups. Most of these eight pro-
teins were related to inflammation, proteasomes activity and
immune response, pointing to their origin from IBD disease.

Salivary exosomal PSMA7 is a significant protein
biomarker of IBD

Proteasome subunit PSMA7 is a subunit of the 20S pro-
teasome, an intracellular protein. Many studies have shown
that the gene associated with inflammation and immunity
increases the risk of major depressive disorder and reduces
a patient’s response to certain drugs. The proteasome is a
basic part that promotes the management function of T cells.
One study suggested that proteasomal PSMA7 plays a role
in the susceptibility to antidepressants. In that study, in
peripheral blood cells and fibroblasts collected from patients,
the proteasome was shown to be responsible for the
degradation of proteins and to control autoimmune disorders
and immune tolerance. These functions are also relevant to
disorders of the digestive system (Minelli et al., 2015).

PSMA7 is also considered a novel biomarker of colorectal
cancer. Increased expression of PSMA7 is associated with
liver metastasis of colon cancer and reduced survival rate of
patients, suggesting the potential for proteasome inhibitors in
clinical therapeutic applications (Romanuik et al., 2009).
Furthermore, it has been shown that PSMA7 plays a role in
the progression of colon cancer and may be a unique target
for drug treatment. Abnormal PSMA7 activation can signifi-
cantly regulate colon cancer metastasis. Hu et al. (2009)
knocked out PSMA7 in a human colon cancer cell line.
Knockdown of PSMA7 in RKO cells inhibited anchorage-
independent growth and cell invasion and migration. Addi-
tionally, knockdown of PSMA7 can significantly inhibit RKO
cell-induced tumors. PSMA7 may be a target site of drugs
based on interference with colorectal cancer treatment. In
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another study that used small interfering RNA to knockdown
PSMA7, increased expression of 97 genes was detected in
human colorectal cancer cells (HT-29) exhibiting increased
apoptosis. This result indicates that downregulated PSMA7
expression can lead to apoptosis of human colorectal cancer
cells. PSMA7 is highly expressed in colorectal cancer cells
compared with normal colonic tissues. Thus, PSMA7
silencing may cause cancer cells to enter apoptosis (Honma
et al., 2009). The mechanism of PSMA7 in colon cancer may
also be explained by tumor angiogenesis, which is an
important biological process in IBD pathology (Tandle et al.,
2009).

In summary, salivary exosomal PSMA7 was found to
express much higher in patients with IBD (CD and UC). It
may play roles in immune and inflammatory effects in IBD via
protection and long-distance transportation of exosomes as
it has been reported in other disease in the digestive system.
But the exact mechanism between the salivary exosomal
PSMA7 and the development of IBD still need to be
explored. PSMA7-containing exosomes exist in the saliva in
the oral cavity, which may provide a more accurate diag-
nostic approach for IBD. Other proteins may also be specific
to CD and UC patients, which we still need to investigate.

CONCLUSIONS

In conclusion, the levels of salivary exosomal PSMA7 dif-
fered significantly between healthy individuals and patients
with UC and CD. Due to their presence at high levels, exo-
somal proteins produced in IBD may be a sign of the
development of the disease, but further study needs to be
conducted. We think the salivary exosomal PSMA7 is an
ideal biomarker of IBD, and it can also demonstrate the
development of IBD, which may release the pain in recto-
scope for millions of patients.

MATERIAL AND METHODS

Saliva sample collection and preparation

In total, 48 patients were recruited from the People’s Hospital,

Peking University, from 2013 to 2015. Among these patients, 37 had

UC and the others had CD. We also recruited 10 healthy subjects

without IBD as controls. The patients selected in 2013–2015 were

newly diagnosed with IBD and were treatment naïve. They were

matched in terms of age, sex, and systemic diseases with the control

group. And all the patients were examined that none of them has any

oral diseases. In 2016, we revisited five of the previous patients who

had entered a remission phases. Salivary samples were collected

from the recruited individuals. All individuals were asked to rest for

15 min before saliva collection and not to eat or drink after dinner the

previous evening or to brush their teeth on the collection day

morning. The subjects sat upright in a quiet room and were required

to put the tip of their tongue against the sublingual caruncle without

straining. Thus, the saliva, which was received in a paper cup for the

first 5 min, could run from the mouth, and we collected 5 mL of the

spontaneous saliva flow in a 50-mL centrifuge tube. During the

collection procedure, patients were asked not to speak. Immediately

after collection, the unstimulated whole saliva samples were kept on

ice and then centrifuged at 10,000 ×g/min for 10 min at 4°C to

remove insoluble materials, cells, and debris. The supernatant of the

saliva is used for further experiments.

This study was approved by the Peking University Biomedical

Ethics Committee. All participants provided written informed con-

sent. The volunteers’ information is provided in Table S1.

Exosome isolation and transmission electron microscopy

Exosome extraction was performed according to the protocol of the

Invitrogen Total Exosome Isolation kit (catalog number: 4484453).

We used electron microscopy to identify the shape and size of the

substances extracted and to confirm isolation of exosomes. The

extracted exosomes were resuspended in 1× PBS. Then, aliquots

(5 µL) of the exosome samples were placed on carbon-coated grids

(previously treated with plasma cleaner; Ted Pella Inc, CA, USA).

The samples were blotted with filter paper after 30 s. Then the

samples were stained with 2% uranyl acetate for 1 min. The grids

were examined under the FEI T12 electron microscope at 120 kV.

The micrographs were taken using a Gatanultra scan 4K × 4K.

Western blotting of specific exosomal membrane proteins

and specific exosomal proteins from patients with IBD

Exosomes were dissociated using Total Exosome RNA and Proteins

Isolation kit (Invitrogen) according to the protocol. Western blotting

was used to verify specific exosomal membrane proteins and

specific proteins from patients with IBD and healthy controls and

also, mouse tissue. The primary antibodies (anti-β actin, cat. no.

ab6275, anti-CD63, cat. no. ab8219, anti-PSMA7, cat. no.

ab133502, and anti-IL6, cat. no. ab7737, all from AbcamInc, Cam-

bridge, Britain) were mixed with milk at a ratio of 1:1000. The sec-

ondary anti-IgG fluorescent antibody was mixed with TBST/milk at a

ratio of 1:15,000.

Shotgun mass spectroscopy analysis

Exosomal proteins were extracted from the saliva of patients and

healthy controls for shotgun mass spectroscopy analyses. Exosomal

proteins were separated by 10% SDS-PAGE, and the sample gel

lanes were cut into five or six pieces. Then, the gel pieces were

dissolved in methanol and loaded into the LTQ OrbitrapVelos

instrument. Protein IDs and original abundance values were

obtained from the LC-MS/MS mass spectra.

Animal studies

Male C57BL/6 mice (6–8 weeks old, weighing 18–22 g) were from

the Animal Research Center of Peking University People’s Hospital

and were housed in a specifc pathogen-free facility. The experi-

mental protocols were approved by Peking University Biomedical

Ethics Committee. Male C57BL/6 mice were treated with 2.5% DSS

(dextran sulphate sodium) in drinking water for 10 days to induce

colon injury and colitis (Bian et al., 2011). Normal control mice were

given normal drinking water. Mice were sacrificed on day 8 by eye

bloodletting followed by cervical dislocation. Colons were mechani-

cally isolated, cleaned, and measured in length. Oral mucosa
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epithelial tissue was also cut out. The oral and colon tissue from the

mice were made into tissue lysis by RIPA to do further study.

Data analysis

We searched the raw data obtained from the LC-MS/MS analysis

using the Uniprot website. A gene ontology (GO) analysis was

performed using the DAVID website. The data were searched

against the human entries in the SwissProt database using the built-

in decoy option. The ImageJ software was used to assess differ-

ences in Western blotting results among the three groups.

ACKNOWLEDGEMENTS

This work was supported by grants from the National Natural Sci-

ence Foundation of China (Grant Nos. 81200762 and 81000162)

and R&D fund of Peking University People’s Hospital (RBD2013-

16).

ABBREVIATIONS

CD, Crohn’s disease; GO, gene ontology; IBD, inflammatory bowel

disease; LC-MS/MS, liquid chromatograph-mass spectrometer;

PSM, peptide-to-spectrum matches; PSMA7, proteasome subunit

alpha type 7; UC, ulcerative colitis

COMPLIANCE WITH ETHICS GUIDELINES

Xiaowen Zheng, Feng Chen, Qian Zhang, Yulan Liu, Peng You,

Shan Sun, Jiuxiang Lin, and Ning Chen declare that they have no

conflict of interest.

All procedures followed were in accordance with the ethical

standards of the responsible committee on human experimentation

(Peking University Biomedical Ethics Committee, Peking, China)

and with the Helsinki Declaration of 1975, as revised in 2000 (5).

Informed consent was obtained from all patients for being included in

the study.

All institutional and national guidelines for the care and use of

laboratory animals were followed.

OPEN ACCESS

This article is distributed under the terms of the Creative Commons

Attribution 4.0 International License (http://creativecommons.org/

licenses/by/4.0/), which permits unrestricted use, distribution, and

reproduction in any medium, provided you give appropriate credit to

the original author(s) and the source, provide a link to the Creative

Commons license, and indicate if changes were made.

REFERENCES

Azmi AS, Bao B, Sarkar FH (2013) Exosome in cancer develop-

ment, metastasis and resistance: a comprehensive review.

Cancer Metastasis Rev 32:623–642
Bach DH, Hong JY, Park HJ, Sk Lee (2017) The role of exosomes

and miRNAs in drug-resistance of cancer cells. Int J Cancer.

doi:10.1002/ijc.30669

Benito-Martin A, Ucero AC, Zubiri I, Posada-Ayala M, Fermandez-

Fernandez B, Cannata-Ortiz P, Sanchez-Nino MD, Ruiz-Ortega

M, Eqido J, Alvarez-Llamas G et al (2013) Osteoprotegerin in

exosome-like vesicles from human cultured tubular cells and

urine. PLoS ONE 8:e72387

Bian Z, Li L, Cui J, Zhang H, Liu Y, Zhang CY, Zen K (2011) Role of

miR-150-targeting c-Myb in colonic epithelial disruption during

dextran sulphate sodium-induced murine experimental colitis and

human ulcerative colitis. J Pathol 225:544–553
Chan PP, Wasinger VC, Leong RW (2016) Current application of

proteomics in biomarker discovery for inflammatory bowel

disease. World J Gastrointest Pathophysiol 7:27–37
Choi DS, Park JO, Jang SC, Yoon YJ, Jung JW, Choi DY, Kim JW,

Kang JS, Park J et al (2011) Proteomic analysis of microvesicles

derived from human colorectal cancer ascites. Proteomics

11:2745–2751
Dowell JA, Frost DC, Zhang L, Li L (2008) Comparison of two-

dimensional fractionation techniques for shotgun proteomics.

Anal Chem 80:6715–6723
Honma K, Takemasa I, Matoba R, Yamamoto Y, Takeshita F, Mori M,

Monden M, Matsubara K, Ochiya T (2009) Screening of potential

molecular targets for colorectal cancer therapy. Int J Gen Med

2:243–257
Hu XT, Chen W, Zhang FB, Shi QL, Hu JB, Geng SM, He C (2009)

Depletion of the proteasome subunit PSMA7 inhibits colorectal

cancer cell tumorigenicity andmigration.OncolRep22:1247–1252
Lai RC, Yeo RW, Tan KH, Lim SK (2013) Exosomes for drug

delivery- a novel application for the mesenchymal stem cell.

Biotechnol Adv 31:543–551
Lankarani KB, Sivandzadeh GR, Hassanpour S (2013) Oral man-

ifestation in inflammatory bowel disease. World J Gastroenterol

19:8571–8579
Lau C, Kim Y, Chia D, Spielmann N, Eibl G, Elashoff D, Wei F, Lin

YL, Moro A, Grogan T et al (2013) Role of pancreatic cancer-

derived exosomes in salivary biomarker development. J Biol

Chem 288:26888–26897
Minelli A,MagriC,BarbonA,BonviciniC,SegalaM,CongiuC,Bignotti

S, Milanesi E, Trabucchi L, Cattane N et al (2015) Proteasome

system dysregulation and treatment resistance mechanisms in

major depressive disorder. Transl Psychiatry 5:e687

Rautava J, Pinnell LJ, Vong L, Akseer N, Assa A, Sherman PM

(2015) Oral microbiome composition changes in mouse models

of colitis. J Gastroenterol Hepatol 30:521–527
Ritchie AJ, Crawford DM, Ferquson DJ, Burthem J, Roberts DJ

(2013) Normal prion proteins is expressed on exosomes isolated

from human plasma. Br J Haematol 163:678–680
Romanuik Ueda T, Le N, Haile S, Yong TM, Thomson T, Vessella

RL, Sadar MD (2009) Novel biomarkers for prostate cancer

including noncoding transcripts. Am J Pathol 176:2264–2276
Rommel AM, Justin WL, Hong J, Richard JS (2009) Isolation of

extracellular membranous vesicle for proteomic analysis. Meth-

ods Mol Biol 528:227–242
Rowland M, Fleming P, Bourke B (2010) Looking in the mouth for

Crohn’s disease. Inflamm Bowel Dis 16:332–337
Simpson RJ, Lim JW, Moritz RL, Mathibvana S (2009) Exosomes:

proteomic insights and diagnostic potential. Expert Rev Pro-

teomics 6:267–283

RESEARCH ARTICLE Xiaowen Zheng et al.

694 © The Author(s) 2017. This article is an open access publication

P
ro
te
in

&
C
e
ll

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1002/ijc.30669


Siravegna G, Marsoni S, Siena S, Bardelli A (2017) Integrating liquid

biopsies into the management of cancer. Nat Rev Clin Oncol.

doi:10.1038/nrclinonc.2017.14

Tandle AT, Calvani M, Uranchimeg B, Zahavi D, Melillo G, Libutti SK

(2009) Endothelial monocyte activating polypeptide-II modulates

endothelial cell responses by degrading hypoxia-inducible factor-

1alpha through interaction with PSMA7, a component of protea-

some. Exp Cell Res 315:1850–1859
Veloso FT (2011) Extraintestinal manifestations of inflammatory

bowel disease: do they influence treatment and outcome? World

J Gastroenterol 17:2702–2707
Vlassov AV, Magdaleno S, Setterquist R, Conrad R (2012)

Exosomes: current knowledge of their composition, biological

functions, and diagnostic and therapeutic potentials. Biochim

Biophys Acta 1820:940–948
Yamada T, Inoshima Y, Matsuda T, Ishiguro N (2012) Comparison of

methods for isolating exosomes from bovine milk. J Vet Med Sci

74:1523–1525
Zhang J, Zhou S, Zhang Q, Feng S, Chen Y, Zheng H, Wang X,

Zhao W, Zhang T, Zhou Y et al (2014) Proteomic analysis of

RBP4/VITAMIN A in children with cleft lip and/or palate. J Dent

Res 93:547–552
Zheng X, Chen F, Zhang J, Zhang Q, Lin J (2014) Exosome

analysis: a promising biomarker system with special attention to

saliva. J Membr Biol 247:1129–1136

Identification of salivary exosomal proteins in IBD RESEARCH ARTICLE

© The Author(s) 2017. This article is an open access publication 695

P
ro
te
in

&
C
e
ll

http://dx.doi.org/10.1038/nrclinonc.2017.14

	Salivary exosomal PSMA7: a promisingbiomarker of inflammatory bowel disease
	ABSTRACT
	INTRODUCTION
	RESULTS
	Electron microscopy images and membrane proteinverification
	Salivary exosomal proteins in healthy controlsand patients with IBD
	GO analysis of salivary exosomal proteins in patientswith IBD
	Verification of select specific proteins by Westernblotting
	Animal studies present that PSMA7 expressedthe similar pattern in both colon and oral tissue

	DISCUSSION
	Extraction of exosomes from saliva
	Association between oral cavity and the occurrence,development, and treatment of IBD
	Patients with CD and UC exhibited greater diversityand higher levels of salivary exosomal proteins than didhealthy controls
	Salivary exosomal PSMA7 is a significant proteinbiomarker of IBD

	CONCLUSIONS
	MATERIAL AND METHODS
	Saliva sample collection and preparation
	Exosome isolation and transmission electron microscopy
	Western blotting of specific exosomal membrane proteinsand specific exosomal proteins from patients with IBD
	Shotgun mass spectroscopy analysis
	Animal studies
	Data analysis

	ACKNOWLEDGEMENTS
	References




