
Abstract. Background/Aim: Body fluids are considered to be
a rich source of disease biomarkers. Proteins in many body
fluids have potential clinical applications for disease diagnostic
and prognostic purposes. The aim of this study was to establish
an in-depth multi-body fluid proteome. Materials and Methods:
Ten body fluids associated with 8 types of cancers collected
from 23 patients involved in 19 common diseases underwent
liquid chromatography tandem mass spectrometry (MS)
analysis after gel-based protein separation (SDS-PAGE) or
peptide-based fractionations. Bioinformatic analysis, including
principal component analysis (PCA), consensus clustering, and
hierarchical clustering analysis were also performed. The
biological function was determined using the Database for
Annotation, Visualization and Integrated Discovery (DAVID).
Results: We profiled the proteome of ten body fluids, including
ascites, bile, cerebrospinal fluid (CSF), hydrothorax, knee joint
fluid (KJF), plasma, saliva, serum, tears, and urine. A total of
3,396 nonredundant proteins were identified, of which 304 were
shared among ten body fluids, with common functions in focal
adhesion and complement/coagulation cascades. A total of
41.5% (1,409) of the proteins were detected in only one body

fluid and were closely related to their adjacent tissues by
function. The functional analysis of the remaining 1,683
proteins showed that similar functions might be shared among
different body fluids, which further highlighted the close
connection of body fluids in the human body. Conclusion: A
deep proteome of multi-body fluids originated from patients
diagnosed with 19 common diseases provides a valuable data
resource, and might indicate the potential application of body
fluids for biomarker discovery.

Human body fluids are considered rich sources of potential
disease biomarkers because they are in direct contact with a
variety of living tissues, which include plasma/serum, saliva,
urine, cerebrospinal fluid (CSF), tear fluid, ascites, bile,
hydrothorax and knee joint fluid (KJF). It is widely accepted
that human body fluids contain disease-associated proteins
that are secreted, shed, and emanated from pathological
tissues across the body (1). In disease, highly altered protein
expression profiles in body fluids may generate undeniable
signatures and unwrapped fingerprints, which may provide
insight into disease mechanisms. Therefore, body fluids have
potential applicability for the early detection of disease, for
the monitoring of its progression, and for therapeutic drug
efficacy, especially for their adjacent diseased tissue.

Proteomics is a powerful method for biomedical research.
With the significant advances in mass spectrometry (MS) and
proteomics technologies (2, 3), protein biomarker discovery
has become one of the central applications of proteomics. In
terms of disease diagnosis and prognosis, compared to tissue
biopsy, human body fluids (e.g. blood, urine, tears, or saliva)
appear to be more easy and attractive because of several key
advantages, including low invasiveness, minimum cost, and
the ease of sample collection and processing (4). The
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application of modern proteomic tools in body fluids (5)
raised some major issues related to the standardization of
sample collection, separation, and processing for qualitative
proteomics [such as two-dimensional gel electrophoresis (2-
DE) (6-8) and multiple liquid chromatography (LC)
techniques (9)] or quantitative proteomics [such as 2D
difference gel electrophoresis (10), isotope-coded affinity tag
(11), stable isotope labeling by amino acids in cell culture
(12, 13) and isobaric tags for relative and absolute
quantification (14-17)]. The ion intensity-based label-free
quantitative approach has gradually gained more popularity
and provides an alternative powerful tool to resolve and
identify thousands of proteins from a complex biological
sample (18, 19). 

Body fluid proteomes have been investigated for more than
10 years, beginning with the Human Plasma Proteome Project
in 2002 (20). The emergence of high-accuracy and high-
resolution mass spectrometers in 2006 led to large-scale
analyses of tear-duct fluid (21), urine (22), and seminal
plasma (23) from Mann’s group, which were considered the
first high-accuracy proteome maps of human body fluids.
With the rapid development of MS technology, the large-scale
MS-based draft of the human proteome was presented in
2014 (24), including the proteomes of human tissues, cell
lines, and body fluids. Among them, the proteomic datasets
from eight body fluids (urine, seminal plasma, blood, vitreous
humor, CSF, synovial fluid, saliva, and milk) were assembled
to contribute to the whole proteome map of humans (24).

Urine with less complexity than serum and relatively high
thermodynamic stability is a promising study medium for
discovery of novel biomarkers in many human diseases, such
as bladder and prostate cancer, and renal diseases (25-27). CSF
is secreted from several different central nervous system (CNS)
structures, and the change in the protein composition of CSF
is considered a sensitive indicator for the analysis of
neurodegenerative or other CNS disorders (28, 29). As for
saliva, the related salivary protein markers (such as
glycoproteins) (30) have been well demonstrated to be
important for the diagnosis of Sjogren’s syndrome (SS), an
autoimmune disease characterized by xerostomia (dry mouth)
and xerophthalmia (dry eyes). Tear fluid analysis is also a
noninvasive approach in early diagnosis and study of
pathogenesis of eye-related diseases such as dry eye syndrome.

In this study, we collected 10 body fluids from 23 patients
diagnosed with 19 common diseases, obtained 157 MS raw
files, and conducted a proteomic comparison using high-
resolution MS. All of the proteomic data from ascites, bile,
CSF, hydrothorax, KJF, plasma, saliva, serum, tears and urine
were obtained using similar approaches and bioinformatics
pipelines. For each body fluid, relative protein abundance was
estimated using intensity-based algorithm quantitation
(iBAQ) methods (31). A deep analysis was performed
regarding the protein composition of ten body fluids, and the

proteins were extensively characterized to provide functional
annotation of the body fluid proteomes, novel insights into
the relationships among these ten body fluids, and greater
research utility for multiple diseases.

Materials and Methods

Body fluid samples. Prior to enrollment, all volunteers were
provided with a verbal explanation of the study and signed a
document of informed consent. The study was approved by the
Institutional Research Ethics Committee of Zhongshan Hospital
(B2019-200R). For the complex proteome database of human body
fluids, we collected 10 body fluids (ascites, bile, CSF, hydrothorax,
KJF, plasma, saliva, serum, tears and urine) from 23 patients
diagnosed with 19 common diseases (10 females and 13 males,
mean age of 52 years). The characteristics of the 23 patients are
shown in Table I.

Sample preparation. All the samples were centrifuged at 12,000 × g,
at 4˚C for 10 min to remove the cells and any debris. The supernatants
were collected, and the protein concentration was determined using
the Bradford assay (TaKaRa, Beijing, PR China). The samples were
stored at −80˚C until further use.

Protein trypsin digestion and one-dimensional reversed-phase liquid
chromatography (RPLC). Two strategies were adopted for further
analysis. In the first strategy, ascites, bile, CSF, hydrothorax, KJF,
plasma, serum, and urine samples were depleted of high-abundance
proteins, fractioned on SDS-PAGE and in-gel tryptic digestion.
Depletion of human serum albumin (HSA), albumin, IgG, IgA, IgM,
IgD, IgE ĸB and λ light chains, α-1-acidic glycoprotein, α-1-
antitrypsin, α-2-macroglobulin, apolipoprotein A1, fibrin, binding
globin and transferrin from serum and plasma was carried out using
High-Select™ Top14 Abundant Protein Depletion Mini Spin Columns
(Thermo Fisher Scientific, Rockford, IL, USA) as per the
manufacturer’s instructions. The depleted proteins were resolved on a
4%-20% gradient SDS-PAGE gel and the gel was stained using
colloidal Coomassie blue. The dark-colored gel slices were excised
and destained using 50 mM ammonium bicarbonate (ABC) in 40%
methanol and then sequentially vibrated in 75% acetonitrile (ACN),
HPLC/MS grade water, and 50 mM ABC. The sample was then
subjected to reduction using 5 mM dithiothreitol (DTT) (60˚C for 45
min) followed by alkylation using 20 mM iodoacetamide (10 min at
room temperature). In-gel digestion with trypsin was carried out at
37˚C for 12-16 h. Peptides were extracted from gel pieces sequentially
using 100% ACN, 0.1% formic acid, and 100% ACN. The tryptic
peptides were desalted by a home-made reverse-phase C18 column in
a pipet tip, and eluted with acetonitrile (50%) and formic acid (0.1%).
The peptide elution was dried in a vacuum concentrator (Concentrator
plus, Eppendorf, Hamburg, Germany), and then analyzed by liquid
chromatography tandem mass spectrometry (LC-MS/MS). 

Alternatively, another strategy used for saliva and tear fluid was
to perform direct in-solution digestion with trypsin; the resulting
peptides were then fractionated by a home-made reverse-phase C18
column in a pipet tip. Peptides were eluted and separated into nine
fractions using a stepwise gradient of increasing acetonitrile (6%,
9%, 12%, 15%, 18%, 21%, 25%, 30%, and 35%) at pH 10. The nine
fractions were combined to three fractions (6%+15%+25%;
9%+18%+30%; 12%+21%+35%). The peptide elution was dried in
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a vacuum concentrator (Concentrator plus, Eppendorf), and then
analyzed by LC-MS/MS. 

LC-MS/MS analysis. Peptides from body fluids were detected by
Orbitrap Fusion Lumos (Thermo Fisher Scientific). Orbitrap Fusion
Lumos LC-MS/MS analyses were performed on an Easy-nLC 1000
liquid chromatography system (Thermo Fisher Scientific) coupled
to an Orbitrap Fusion Lumos via a nano electrospray ion source
(Thermo Fisher Scientific). Fractions from the first-dimension
RPLC were dissolved with a loading buffer (5% methanol and
0.2% formic acid) and loaded onto a 360 μm ID × 2 cm, C18 trap
column at a maximum pressure of 280 bar with 12 μl of solvent A
(0.1% formic acid in water). Peptides were separated on a 150 μm
ID × 14 cm column (C18, 1.9 μm, 120 Å, Dr. Maisch GmbH,
Germany) over a 75-min gradient (Solvent A: 0.1 % formic acid in
water; Solvent B: 0.1 % formic acid in 80 % ACN) at a constant
flow rate of 600 Nl/min. The 75-min gradient was set as following:
4%-15% B in 10 min; 15%-30% B in 50 min; 30%-50% B in 9
min; 50%-100% B in 1 min; 100% B for 5 min. The eluted
peptides were ionized under 2 kV and introduced into the mass
spectrometer. MS was operated under a data-dependent acquisition
mode. For the MS1 Spectra full scan, ions with m/z ranging from
300 to 1,400 were acquired by Orbitrap mass analyzer at a high
resolution of 60,000. The automatic gain control (AGC) target
value was set at 4.0E+05. The maximal ion injection time was 50
ms. MS2 Spectra acquisition was performed in quadrupole isolation
mode with an isolation window of 1.6 m/z. Precursor ions were
selected and fragmented with higher energy collision dissociation
(HCD) with a normalized collision energy of 30%. Fragment ions

were analyzed using an ion trap mass analyzer with an AGC target
value of 5E+04 at a high resolution of 15,000, with a maximal ion
injection time of 22 ms. Peptides that triggered MS/MS scans were
dynamically excluded from further MS/MS scans for 18 s. All data
were acquired using the Xcalibur software (Thermo Fisher
Scientific).

Peptide identification and label-free-based protein quantification.
MS raw files were searched against the NCBI human Refseq protein
database (released on 04-07-2013; 32,015 entries) with MaxQuant
software, using the integrated Andromeda search engine with the
false discovery rate (FDR) <1% at peptide and protein levels. The
mass tolerances were 20 ppm for the precursor and 0.5 Da for
productions collected by Fusion Lumos. The proteolytic cleavage
sites were K and R. Up to two missed cleavages were allowed. The
database search considered cysteine carbamidomethylation as a
fixed modification and N-acetylation and oxidation of methionine
as variable modifications. All identified peptides were quantified in
MaxQuant derived from their MS1 intensity. Peptide FDR was
adjusted to 1%. For protein quantification, we used intensity-based
label-free quantification, known as the iBAQ algorithm, which
divided the protein abundance (derived from identified peptides’
intensities) by the number of theoretically observable peptides. A
match between runs (MBR) (32) was enabled to transfer the
identification between separate LC-MS/MS runs based on their
accurate mass and retention time after retention time alignment. The
z-score was calculated using the equation z=(x−μ)/σ, where μ stands
for the mean of the samples’ iBAQ and σ stands for the standard
deviation of the samples.
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Table I. Data of patients used for human body fluids proteomic analysis.

Sample ID                 Body fluids                    Gender                 Age (years)                                                          Diagnosis

Case 1                            Ascites                          Male                          41                                                                      SBS
Case 2                            Ascites                        Female                         43                                                           Pancreatic lesions
Case 3                            Ascites                          Male                          44                                                               Liver lesions
Case 4                            Ascites                        Female                         40                                                            Choledochal cyst
Case 5                              Bile                            Male                          70                     Duodenal papillary adenoma with high intraepithelial neoplasia
Case 6                              Bile                            Male                          80                                                            Acute cholangitis
Case 7                              CSF                          Female                         59                                                                      SAH
Case 8                              CSF                          Female                         31                                            Chair deformity with syringomyelia
Case 9                              CSF                          Female                         62                                          The right cerebellar hemangioblastoma
Case 10                     Hydrothorax                     Male                          48                                                             Pleural effusion
Case 11                     Hydrothorax                   Female                         73                                                           Hepatitis cirrhosis
Case 12                     Hydrothorax                     Male                          82                                                   Gastrointestinal hemorrhage
Case 13                            KJF                           Female                         29                                                                      SLE
Case 14                          Plasma                          Male                          37                                                        Intracranial aneurysm
Case 15                          Plasma                        Female                         64                                     Cholecystolithiasis with chronic cholecystitis
Case 16                          Plasma                          Male                          66                                                               Chest distress
Case 17                          Saliva                         Female                         28                                                                    Normal
Case 18                          Serum                          Male                          45                                                          Pulmonary fibrosis
Case 19                          Serum                          Male                          55                                                          Pulmonary fibrosis
Case 20                            Tear                          Female                         28                                                                    Normal
Case 21                           Urine                           Male                          52                                                         Hepatitis B cirrhosis
Case 22                           Urine                           Male                          62                                                   Abdominal aortic aneurysm
Case 23                           Urine                           Male                          64                                                               Liver lesions

KJF: Knee joint fluid; SBS: short-bowel syndrome; SAH: subarachnoid hemorrhage; SLE: systemic lupus erythematosus.



Bioinformatics and statistical analysis for MS data. Principal
component analysis (PCA) of 10 body fluids was performed using
the FactoMineR package (version 2.4) (33). The protein expression
matrix of 10 body fluids was used to identify the proteomic clusters
using the consensus clustering method implemented in the R package
ConsensusClusterPlus v.3.8 (34). Consensus clustering analysis of the
proteomic profiles identified four clusters of 10 body fluids based on
the 1,500 most variable proteins (proteins with the top 44% standard
deviations). The cluster analysis was performed using k-means, with
the following setting: maxK=8, reps=10,000, pItem=0.8, pFeature=1,
clusterAlg="hc", distance="pearson" for the clustering runs. Preferred
cluster results were selected by considering the profiles of the
consensus cumulative distribution function (CDF) and delta area
under the CDF curve for clustering solutions between 2 and 8
clusters. The rank survey profiles of the consensus CDF and the delta
area under the CDF curve indicated a four-cluster solution for 10
body fluids using the proteomic data. Hierarchical clustering was
performed using the pheatmap (Pretty Heatmaps) function in the R
package (pheatmap, version 1.0.8). The Gene Ontology (GO)
biological process (GO-BP), the GO cellular component (GO-CC)
and GO molecular function (GO-MF) terms, and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways that were
enriched in the sets of enriched genes were determined using the
Database for Annotation, Visualization and Integrated Discovery (35)
Bioinformatics Resource v 6.8. The values of p<0.05 and FDR<0.05
(adjusted by Bonferroni and Benjamini) were considered to determine
the statistically significant results of GO-BP, GO-CC, GO-MF and
KEGG enrichment. Pearson’s correlation analysis was used to
calculate the correlation coefficients (r) among 10 body fluids. 

Data availability. The accession number for the MS proteomics data
reported in this paper is iProX repository (www.iprox.org) (36):
Project ID IPX0002854000 and ProteomeXchange ID PXD024255. 

Results

Proteomic analysis of 10 body fluids. In this study, we
conducted proteome profiling of 10 human body fluids (ascites,
bile, CSF, hydrothorax, KJF, plasma, saliva, serum, tears, and
urine) through gel-based protein separation (SDS-PAGE) or
peptide-based fractionations and then LC-MS/MS identification
with Orbitrap Fusion Lumos (Figure 1A). For gel-based protein
separation, we obtained the gel-band fractions of body fluids as
follows: ascites (31 fractions), bile (12 fractions), CSF (17
fractions), hydrothorax (19 fractions), KJF (17 fractions),
plasma (28 fractions), serum (18 fractions), and urine (9
fractions). For peptide-based fractionations, we combined the
nine fractions into three fractions: F1 (6%+15%+25%), F2
(9%+18%+30%), and F3 (12%+21%+35%). Overall 157 raw
files of body fluids were obtained. The high-resolution tandem
mass spectra were searched against the human RefSeq protein
database and then imported into the MaxQuant software to
estimate the false discovery rates for the proteins. Matches
between runs were adopted for fractions within one body fluid.
The FDRs for protein identifications were controlled to less than
1%. A total of 3,396 proteins were identified from the MS raw
data. For samples such as bile, ascites, and plasma that were

separated with SDS-PAGE, the number of protein
identifications was higher than the proteins identified in saliva
and tears. A combined list of 2,109, 1,892, and 1,277 proteins
were identified in the bile, ascites, and plasma, respectively. A
total of 827 and 459 proteins were identified in the untreated
saliva and tear fluid, respectively (Figure 1B). 

Quantification of the body fluids proteome. Using the
intensity-based absolute quantification (iBAQ) algorithm, we
estimated the overall distribution of the protein abundance
in 10 body fluids based on the original quantitative
information detected by label-free quantification. The
proteome quantification results of 10 body fluid experiments
were relatively comparable, as their medians were on the
same level (Figure 1C). In 10 body fluid proteomes, the
iBAQ values varied by approximately 3 to 12 orders of
magnitude, indicating a highly dynamic range (Figure 1D).
The top 10 ranked proteins with high or low abundance of
10 body fluids are listed as shown in Figure 1E. We found
that plasma and serum were enriched by plasma lipoproteins
such as APOA1, APOA2, APOA3, and APOA4, and
complement activation regulators such as C3 and C4B. In
addition, the proteins involved in complement and
coagulation cascades such as FGA, SERPINA1, SERPINC1,
and SERPING1, were also overrepresented in other body
fluids such as ascites, bile, and hydrothorax. The low
abundance proteins of 10 body fluids were almost involved
in immune system and immune response, e.g. UBE2V1,
UBE2K, PTPN11, TNFSF13B, and VCAM1. For all 3,396
proteins identified by LC-MS/MS analysis, approximately
58.5% (1,987) were identified in at least two body fluids, of
which 9.0% (304) were commonly identified in 10 body
fluids, and the remaining 41.5% (1,409) of “specific”
proteins were identified in only one body fluid (Figure 1F).
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Figure 1. Summary of the proteomic analysis of body fluids. (A)
Schematic illustration of the experimental workflow. Two strategies for
body fluids were adopted: in one, the proteins were separated on SDS-
PAGE and in-gel digested with trypsin; in the other, the proteins were
digested in-solution. The peptides were then analyzed by liquid
chromatography tandem mass spectrometry (LC-MS/MS) using an
Orbitrap Fusion Lumos. (B) The bar plot indicates the number of
proteins detected in ten body fluids. (C) The boxplot illustrates the
protein abundance of ten body fluids. (D) Dynamic range of ten body
fluids, based on protein abundance [Log 10 (iBAQ)]. (E) List of
proteins with high abundance or low abundance of each body fluid. (F)
Pie chart showing the protein identification among ten body fluids. (G)
The KEGG pathways of all identified proteins in ten body fluids. KJF:
Knee-joint fluid; CSF, cerebrospinal fluid; KEGG: Kyoto Encyclopedia
of Genes and Genomes; TCA: tricarboxylic acid cycle.
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The overall proteomic characterization of body fluids. Gene
Ontology (GO) annotation and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis of the relative
abundances of all identified proteins across 10 body fluids
were performed. A total of 3,396 proteins were clustered into
262, 300, and 797 terms in the GO cellular component (GO-
CC), molecular function (GO-MF), and biological process
(GO-BP) categories, respectively. Among them, 125 (47.4%),
96 (32.0%), and 205 terms (25.7%) exhibited significance
(p<0.001) as the overrepresented terms in GO-CC, GO-MF,
and GO-BP, respectively. The overrepresented terms were
filtered with a count of more than 20, enrichment greater than
2-fold, and FDR less than 0.001. In the GO-CC category, GO
terms related to extracellular proteins such as extracellular
exosome (1,695 proteins found), extracellular space (611), and
extracellular matrix (202) were overrepresented. GO terms
related to plasma membrane proteins (105, FDR=5.20E-12),
blood microparticle (101, FDR=2.22E-37), and lysosome
proteins (96, FDR=3.82E-16) were overrepresented. In the
GO-MF category, most proteins (156, FDR=1.08E-38) were
clustered into cadherin binding involved in cell-cell adhesion,
as expected. As for the GO-BP category, the top ranked terms
were platelet degranulation (81, FDR=3.10E-35), cell adhesion
(206, FDR=3.10E-35), proteolysis (189, FDR=2.28E-21), cell-
cell adhesion (140, FDR=4.04E-31), and extracellular matrix
organization (105, FDR=1.86E-24). The KEGG pathway
analysis identified 48 overrepresented terms, which were
clustered into 2 major systems: immune system and
metabolism system. The immune system included biosynthesis
of antibiotics (112, FDR=1.03E-15), phagosome (89,
FDR=3.08E-16), complement and coagulation cascades (62,
FDR=5.57E-26), and extracellular matrix (ECM)-receptor
interaction (54, FDR=7.51E-11). The metabolism system was
composed of carbon metabolism (69, FDR=1.92E-13),
glycolysis/gluconeogenesis (42, FDR=1.35E-8), glutathione
metabolism (28, FDR=1.83E-4), fatty acid degradation (28,
FDR=1.62E-6), pyruvate metabolism (24, FDR=1.38E-4), and
tyrosine metabolism (22, FDR=1.36E-4) (Figure 1G). These
findings presented a comprehensive molecular feature of
multi-body fluids, pinpointing to the immune and metabolic
systems as the main axes of biological function.

Consensus clustering analysis of 10 body fluids based on
proteome. Consensus clustering analysis of the proteomic
profiles identified four clusters of 10 body fluids based on the
1,500 most variable proteins (proteins with the top 44%
standard deviations) (Figure 2). Ascites, bile, and CSF were
grouped into cluster C-I, hydrothorax, KJF, plasma and serum
were grouped into cluster C-II, while saliva and tears were
grouped into cluster C-III; urine was solely grouped into cluster
C-IV (Figure 3A and Table II). The consensus clustering result
showed the similarity of biological function in each body fluid
cluster. Next, we performed a functional enrichment analysis

according to KEGG pathway annotations, and determined the
dominant bioprocesses of each cluster (Figure 3B and 3C). The
C-I cluster was associated with metabolic bioprocesses,
including carbon metabolism (p=1.23E-19) (e.g. GPI, ENO1,
G6PD, etc.), glycolysis/ gluconeogenesis (p=6.47E-13) (e.g.
ADH1C, ADH1A, PGK1, etc.), fatty acid degradation
(p=6.20E-9) (e.g. ACAA1, ACAT1, HADH, etc.), glyoxylate
and dicarboxylate metabolism (p=3.06E-7) (e.g. MDH1,
GRHPR, PGP, etc.). The C-II cluster, containing hydrothorax,
KJF, plasma, and serum, was associated with metabolism-
related oxidative phosphorylation (p=1.03E-5) (e.g. NDUFA8,
UQCRB, COX7A2, etc.), as well as immune bioprocesses,
including complement and coagulation cascades (p=1.24E-53)
(e.g. C1QA, C1R, C1S, etc.), ECM-receptor interaction
(p=4.27E-6) (e.g. THBS3, ITGA2, CD36, etc.), and focal
adhesion (p=3.31E-5) (e.g. COL4A1, VWF, EGFR, etc.). The
C-III cluster was characterized with salivary secretion
(p=3.84E-7) (e.g. CST1, CST2, DMBT1, etc.), sphingolipid
signaling pathway (p=2.25E-2) (e.g. PPP2R2B, SPTLC2,
SGPP1, etc.), fatty acid biosynthesis (p=2.28E-2) (e.g.ACSL1,
FASN, ACSBG2, etc.), and apoptosis (p=2.65E-2) (e.g.AKT3,
FADD, BID, etc.). While in C-IV, the urinary proteome was
enriched by lysosome related proteins (such as ATP6V0C,
AGA, and CSTC), cell adhesion molecules (CAMs) (such as
CD276, CDH3, and HLA-DRB1), and ECM receptors (such
as LAMA5, LAMB2, and COL6A3) (Figure 3B and 3C). 

The specific protein components and functional features of 10
body fluids. Correlation coefficients (Pearson’s correlation)
among 10 body fluids showed a broad range of 0 to 0.87
(Figure 4A). Among them, ascites showed higher correlation
with hydrothorax, KJF, and plasma (r=0.63, 0.87 and 0.64,
respectively), of which the latter three body fluids showed
higher correlation with each other (r=0.78, 0.73 and 0.75,
respectively). Serum highly correlated with hydrothorax, KJF,
and plasma (r=0.74, 0.64 and 0.83, respectively). On the
contrary, we found that bile showed very low correlation with
hydrothorax (r=0.06) and urine (r=0.03). The overlapping
protein numbers of ascites, hydrothorax, KJF, and plasma are
also respectively shown in Figure 4B. PCA showed that the
protein components of 10 body fluids were distinctive (Figure
4C). Furthermore, we performed a comparison of these body
fluid proteome datasets. For all 3,396 proteins identified by LC-
MS/MS analysis, approximately 58.5% (1,987) were identified
in at least two body fluids and the remaining 41.5% (1,409) of
“specific” proteins were identified in one body fluid, providing
clues that the “specific” proteins can be used for biomarker
discovery. In detail, the “specific” proteins identified in ascites,
bile, CSF, hydrothorax, KJF, plasma, saliva, serum, tears, and
urine were separately 279, 482, 92, 43, 25, 108, 117, 26, 71,
and 166, respectively (Figure 4D). The GO and KEGG analysis
of the body fluid-specific proteins revealed that the proteins
were closely related to the tissues and their adjacent tissues by
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Figure 2. The consensus clustering analysis of ten body fluids. The consensus clustering analysis of ten body fluids identified four clusters. k was
tested from 2 to 8. Consensus matrices, as well as the consensus cumulative distribution function (CDF) plot, delta area (change in CDF area)
plot, and tracking plot are shown.
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Figure 3. Proteomic clustering of ten body fluids. (A) The consensus clustering analysis of ten body fluids identified four clusters. The heatmap
depicts the relative abundance of the signature proteins in four subtypes (Z score of iBAQ). (B) A bubble plot of the KEGG pathway enrichment of
C-I, C-II, C-III, and C-IV is shown. (C) Diagram summarizes the differentially expressed signatures and signaling cascades involved in C-I to C-
IV. The heatmap under each protein depicts the Z score of average protein abundance in each proteomic subtype. CSF: Cerebrospinal fluid; KJF:
knee-joint fluid; ECM: extracellular matrix; KEGG: Kyoto Encyclopedia of Genes and Genomes; TCA: tricarboxylic acid cycle.



function (Figure 4E and Table III). For example, the specific
proteins identified in ascites and bile were separately clustered
into pancreatic secretion (p=9.83E-4) (such as PNLIPRP1,
PNLIPRP2, CPA2, CELA2A, and CELA3B) and bile secretion
(p=1.33E-6) (such as SCARB1, SLC5A1, ATP1B1, BAAT, and
AQP1). Ascites was additionally enriched for long-term
potentiation (p=1.49E-2) (e.g. PPP3R1, MAP2K2, PLCB2,

etc.), chemokine signaling pathway (p=2.17E-2) (e.g. ROCK1,
GRK6, GNB4, etc.), and platelet activation (p=2.47E-2) (e.g.
APBB1IP, SYK, COL5A3, etc.). Bile was enriched for
metabolic pathways (p=5.34E-5), such as histidine metabolism
(p=1.13E-3) (e.g. ALDH3A2, MAOA, HNMT, etc.) and fat
digestion and absorption (p=1.47E-2) (e.g. ABCG8, FABP2,
NPC1L1, etc.). CSF was enriched for cell adhesion molecules
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Table II. The KEGG pathways of four clusters.

Term                                                                                                                                                        Count                                           p-Value

The KEGG pathways of cluster C-I

hsa01130: Biosynthesis of antibiotics                                                                                                      96                                            1.64E-24
hsa03050: Proteasome                                                                                                                               37                                            3.80E-22
hsa01200: Carbon metabolism                                                                                                                  60                                            1.23E-19
hsa01100: Metabolic pathways                                                                                                               296                                            6.34E-18
hsa00010: Glycolysis / Gluconeogenesis                                                                                                 37                                            6.47E-13
hsa01230: Biosynthesis of amino acids                                                                                                    37                                            1.07E-11
hsa04145: Phagosome                                                                                                                               54                                            2.33E-09
hsa00071: Fatty acid degradation                                                                                                             24                                            6.20E-09
hsa00030: Pentose phosphate pathway                                                                                                     19                                            1.95E-08
hsa00630: Glyoxylate and dicarboxylate metabolism                                                                             17                                            3.06E-07

The KEGG pathways of cluster C-II

hsa04610: Complement and coagulation cascades                                                                                  49                                            1.24E-53
hsa05150: Staphylococcus aureus infection                                                                                             18                                            5.94E-12
hsa05322: Systemic lupus erythematosus                                                                                                23                                            4.88E-09
hsa05012: Parkinson's disease                                                                                                                  23                                            1.48E-08
hsa05133: Pertussis                                                                                                                                    15                                            6.67E-07
hsa04512: ECM-receptor interaction                                                                                                        15                                            4.27E-06
hsa00190: Oxidative phosphorylation                                                                                                      18                                            1.03E-05
hsa04510: Focal adhesion                                                                                                                         22                                            3.31E-05
hsa04145: Phagosome                                                                                                                               18                                            5.04E-05

The KEGG pathways of cluster C-III

hsa04970: Salivary secretion                                                                                                                    12                                            3.84E-07
hsa00512: Mucin type O-Glycan biosynthesis                                                                                           5                                         0.002302219
hsa04071: Sphingolipid signaling pathway                                                                                                7                                         0.022467508
hsa00061: Fatty acid biosynthesis                                                                                                              3                                         0.022752444
hsa00603: Glycosphingolipid biosynthesis - globo series                                                                         3                                         0.026230468
hsa04210: Apoptosis                                                                                                                                    5                                         0.026462612

The KEGG pathways of cluster C-IV

hsa04142: Lysosome                                                                                                                                  39                                            3.98E-28
hsa00531: Glycosaminoglycan degradation                                                                                               8                                            1.24E-06
hsa04514: CAMs                                                                                                                                       14                                            6.61E-04
hsa04512: ECM-receptor interaction                                                                                                        10                                         0.001916782
hsa04974: Protein digestion and absorption                                                                                              9                                         0.007445093
hsa00600: Sphingolipid metabolism                                                                                                           6                                         0.017356452
hsa04145: Phagosome                                                                                                                               11                                         0.023555688
hsa04610: Complement and coagulation cascades                                                                                    7                                         0.023805229
hsa04612: Antigen processing and presentation                                                                                        7                                         0.036092838

KEGG: Kyoto Encyclopedia of Genes and Genomes, ECM: extracellular matrix; CAMs: cell adhesion molecules.



(CAMs) (p=5.20E-4), including NFASC, CDH4, NRXN1,
NRXN2, CNTN2, and LRRC4B. Plasma was characterized
with oxidative phosphorylation (p=6.74E-6) (e.g. NDUFA8,
UQCRB, ATP5I, etc.), mismatch repair and DNA replication
(p=1.33E-2, 3.11E-2, respectively) (e.g. RPA1, RPA2, SSBP1,
etc.), and tight junction (p=2.91E-2) (e.g. ACTN2, MYH8,
ACTG1, etc.). As expected, salivary secretory proteins,
including MUC7, KCNN4, CST5, and HTN1, were specifically
overrepresented in saliva. In addition, we found that the MAPK
signaling pathway (p=1.05E-2) (e.g. MAP2K3, EGF, NFKB1,
etc.) was enriched in saliva, while apoptotic process and cell
proliferation related bioprocesses were also significantly
enriched (p<0.05). Some vitamin digestion- and absorption-
related proteins (such as CUBN, LMBRD1, and RBP2) were
identified in urine. In addition, tumor necrosis factor-mediated
signaling related proteins (such as TNFRSF12A, CD27, RELT,
and PSMA8) were also highly expressed in urine.

The differential proteins and features of 10 body fluids. A total
of 304 proteins (9.0% of all identified proteins) were identified
in all analyzed body fluids, which may indicate that these
proteins were essential for various life activities. Accordingly,
most of these common proteins in body fluids were complement
and coagulation components (such as C3, C4A, CPB2, CFB,
and FGB), apolipoproteins (such as CDC42, APOA1, and
APOA2), and filament tropomyosin (such as TPM1, TPM2,
DMTN, EPB41, and ANK1), which may partially be due to the
material exchange among body fluids. The commonly identified
proteins were functionally categorized based on universal
KEGG pathway terms (Figure 5A). The top annotated pathways
included focal adhesion (p=7.12E-6) (e.g. LAMA2, EGFR,
THBS3, etc.), complement and coagulation cascades (p=3.32E-
5) (e.g. FGB, C3, C4A, etc.), biosynthesis of amino acids
(p=4.69E-5) (e.g. PKM, TPI1, CPS1, etc.), ECM-receptor
interaction (p=2.08E-4) (e.g. LAMA2, COL5A1, COL6A2,
etc.), biosynthesis of antibiotics (p=5.04E-4) (e.g. PGM1,
PFKP, BCAT2, etc.), and lysosome (p=5.86E-4) (e.g. AGA,
CTSD, CTSS, etc.). Metabolic pathways such as carbon
metabolism (p=5.40E-3), vitamin digestion and absorption
(p=1.47E-2) and glycolysis/gluconeogenesis (p=2.13E-2) were
also highly activated. 

The above enrichment results enabled us to classify the data
into categories by a cluster analysis (Figure 5B). Based on an
unsupervised hierarchical clustering analysis, the plasma and
serum (S-I), hydrothorax and KJF (S-II), saliva and tears (S-III),
CSF and urine (S-IV), ascites and bile (S-V), were separately
clustered into five subgroups; the five subgroups were identified
as significantly different compared with each other.
Furthermore, the KEGG pathway enrichment analysis showed
the most dominant features among the five subgroups. For
example, complement and coagulation cascades (p=9.53E-8),
lysosome (p=1.10E-4), and metabolic pathways (p=2.61E-2)

were separately dominant in S-I, S-IV, and S-V (Figure 5C and
Table IV). We further explored the main functional feature of
body fluids corresponding to one subgroup. The KEGG
enrichment analysis showed that in the S-IV subgroup, urine
was associated with lysosome (p=8.10E-6) and sphingolipid
metabolism (p=5.82E-3), while in CSF, CAMs (p=1.71E-2)
were enriched. In another example, in subgroup S-V, ascites was
associated with metabolism-related pathways, such as
biosynthesis of amino acids (p=1.90E-3), biosynthesis of
antibiotics (p=6.98E-4), carbon metabolism (p=6.79E-3), and
glycolysis/gluconeogenesis (p=2.25E-2); bile was characterized
by protein processing in endoplasmic reticulum (p=1.48E-2)
and proteasome (p=2.55E-2) (Figure 5D and Table IV). The
features of body fluids were consistent with the features of the
respective subgroup. In Figure 5E, the overrepresented proteins
of 10 body fluids are listed; C3, C4A, CFB, EGFR, and ILK
were highly expressed in plasma; AGA, ARSA, ASAH1,
CTSD, and GLB1 were enriched in urine.

For the 1,683 proteins (49.5% of all identified proteins),
which were identified in at least two body fluids, we
performed the same unsupervised hierarchical clustering
analysis, and arrived at a similar clustering result, of which
saliva and tears, hydrothorax and KJF, CSF and urine, and
plasma and serum, were clustered into one subgroup,
respectively (Figure 6A). Regarding these proteins, the
KEGG enrichment result revealed the differential functions
of each body fluid. Specifically, urine-enriched proteins were
mainly related to lysosome, saliva-enriched proteins were
mainly involved in salivary secretion, ascites-enriched and
bile-enriched proteins were important in metabolic
bioprocesses, hydrothorax-enriched proteins were mainly
involved in platelet activation and focal adhesion pathways,
while plasma-enriched proteins in the immune and
complement system. 
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Figure 4. Correlation analysis among ten body fluids and their specific
protein components and functional features. (A) The matrix of
correlation plots revealed a highly varied correlation between the
proteins’ intensities in ten body fluids. (B) Venn diagram showing
proteins that were differentially expressed in these four body fluids
(ascites, KJF, hydrothorax, and plasma); protein numbers and
proportions in these body fluids are also shown. (C) Principal
component analysis (PCA) of the proteome pattern in ten body fluids.
(D) Pie chart showing protein identification among ten body fluids. (E)
The heatmap depicts the relative abundance of the signature proteins in
each body fluid (Z score of iBAQ) (above). A bubble plot of the KEGG
pathway enrichment of each body fluid is shown (below). CSF:
Cerebrospinal fluid; KJF: knee-joint fluid; ESCRT: Endosomal Sorting
Complex Required for Transport; MAPK: mitogen-activated protein
kinase; JAK-STAT: janus kinase-signal transducer and activator of
transcription; KEGG: Kyoto Encyclopedia of Genes and Genome.
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The possible connection between different body fluids. Blood
(plasma or serum) plays a central role in circulation, while
the other 8 body fluids might connect with blood directly or
indirectly. The comparisons between plasma and other 9
body fluids revealed that the overlap between plasma and
KJF was the second high (87.0%) after serum (91.5%)
(Figure 6B). In addition, we also found the hydrothorax,
tears, and CSF showed a larger overlap proportion with
plasma (77.7%, 74.7%, and 72.0%, respectively). The KEGG
pathways of plasma and CSF were similar to each other,
mainly the ones related to immune function (complement
and coagulation cascades, and platelet activation) (Figure
6A). As shown in Figure 6C, a model was built for
illustrating the possible connection between different body
fluids based on previous reports (37) and the results in this
study. The protein compositions and functional annotations
showed that the plasma, hydrothorax, and KJF were more
similar than the other fluids, suggesting that a great deal of
material exchanges occurred among them. 

Discussion

Human body fluids have been an important material for disease
diagnosis, having many advantages including minimum cost,
noninvasiveness, and ease of sample collection. Therefore,
measuring biomolecules in body fluids or tissues for diagnosis,
monitoring, and prognostic purposes is key to help clinicians
and guide decision making for treatment, patient management,
and the development of drugs and prevention strategies.
Recently, several large-scale proteomic studies of body fluids
were conducted. The Plasma Proteome Database (PPD;
http://www.plasmaproteomedatabase.org/) (38, 39) contains
information on 10,546 proteins detected in serum/plasma
linked to 509 scientific articles, 3,784 of which were reported
in at least two research articles in the 2014 updated version.
In addition, Mann’s group reported that the human urinary
proteome contains more than 1,500 proteins which include a
large proportion of membrane proteins. The latest largest-
scale human CSF proteome identified 3,256 nonredundant
proteins (40). Compared with plasma/serum, urine, CSF,
saliva, bile, tears and ascites, the proteomes of hydrothorax
and KJF are less studied. Even though the open-access online
repositories of some human body fluids such as plasma
(http://www.plasmaproteomedatabase.org/) (38, 39), urine
(http://urineproteomics.org/databases.html) (41), and saliva
(https://www.jcvi.org/research/saliva-proteome-database)
(42), have been described. The characterization of sample
matrices taken from other human body fluids is still not fully
comprehensive. 

With the development of LC-MS/MS technology, protein
biomarker discovery has become one of the main
applications of proteomics. Considering the advantages of
body fluids, analysis of human body fluid proteomes has

become one of the most promising approaches to discover
biomarkers for human diseases.

Here, we performed a label-free proteomic analysis on ten
body fluids from 23 patients diagnosed with 19 common
diseases, and identified a total of 3,396 nonredundant proteins.
The body fluids in the study included ascites, bile, CSF,
hydrothorax, KJF, plasma, saliva, serum, tear fluid and urine.
In our study, we found 1,374, 688, 116, 331, 1,168, 369, 337
and 495 proteins in ascites, bile, CSF, KJF, plasma, saliva, tear
fluid and urine, respectively, that were not reported in
previously published proteomic datasets of body fluids (Figure
7A). Nevertheless, some of the proteins that we identified had
also been included in previous studies. Specifically, Jin et al.
identified 4,856 specific proteins in the ascitic fluids from
gastric cancer; 491 of these proteins were also detected in
ascites, in the present study (43). Farina et al. identified 1,678
bile-specific proteins, 1,421 of which were common with our
results (44). Macron et al. identified 3,379 proteins in CSF
samples from normal human. Compared with normal CSF
proteome, our study identified 872 commonly shared proteins
(such as OMG, SNCA, APOA1, APOE, APOM) in the CSF
(45). The additional 116 proteins specifically identified in our
study might provide potential biomarkers for the diagnosis of
subarachnoid hemorrhage (SAH), chair deformity with
syringomyelia, and the right cerebellar hemangioblastoma.
Bhattacharjee et al. identified 870 proteins in total in synovial
fluid and among them, 456 proteins overlapped with the
proteome of KJF in our study (46). Nanjappa et al. updated
the PPD in 2014 and identified 10,546 proteins of plasma in
total; among them, 109 proteins were also identified in the
current study. Compared with the published saliva proteome
data, our study identified 458 overlapping proteins, which
accounted for 15.7% of the 2,462 proteins identified by Ai et
al. in 2010 (47). Mann’s group researchers, de Souza et al. and
Adachi et al. identified 491 and 1,500 proteins in tear fluid
proteome (48) and urinary proteome (22) of healthy donors
separately, of which, 122 and 628, respectively, were
commonly identifiable in our study. Compared with the
published proteomic data, 495 urinary proteins were specific
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Figure 5. The differential features of common proteins identified in ten
body fluids. (A) Bar plots depict KEGG pathways of commonly
identified proteins among ten body fluids. (B) Hierarchical clustering
based on the iBAQ quantification. (C) A bubble plot of the KEGG
pathway enrichment of S-I, S-II, S-III, S-IV and S-V is shown. (D) A
bubble plot of the KEGG pathway enrichment of some body fluids is
shown. (E) The line charts of overrepresented proteins of ten body
fluids. PPAR: Peroxisome proliferator-activated receptor; ECM:
extracellular matrix; CSF: cerebrospinal fluid; KJF: knee joint fluid;
MAPK: mitogen-activated protein kinase; KEGG: Kyoto Encyclopedia
of Genes and Genome.
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Table III. The KEGG/GO-BP pathways of body fluid-specific proteins detected in each body fluid.

Term                                                                                                                                                        Count                                           p-Value

The KEGG pathways of the ascites-specific proteins

hsa04972: Pancreatic secretion                                                                                                                   9                                            9.83E-04
hsa04961: Endocrine and other factor-regulated calcium reabsorption                                                    6                                          0.00295514
hsa04144: Endocytosis                                                                                                                              13                                         0.006887314
hsa04721: Synaptic vesicle cycle                                                                                                               6                                         0.012388033
hsa04720: Long-term potentiation                                                                                                              6                                         0.014945923
hsa04062: Chemokine signaling pathway                                                                                                10                                         0.021716756
hsa04611: Platelet activation                                                                                                                       8                                         0.024694693

The KEGG pathways of the bile-specific proteins

hsa03010: Ribosome                                                                                                                                  29                                            7.67E-14
hsa04976: Bile secretion                                                                                                                           14                                            1.33E-06
hsa01100: Metabolic pathways                                                                                                                 72                                            5.34E-05
hsa00340: Histidine metabolism                                                                                                                 6                                         0.001131805
hsa02010: ABC transporters                                                                                                                       8                                         0.001147674
hsa04145: Phagosome                                                                                                                               14                                         0.004152053
hsa00980: Metabolism of xenobiotics by cytochrome P450                                                                     9                                         0.006359228
hsa04975: Fat digestion and absorption                                                                                                     6                                         0.014711489

The KEGG/GO-BP pathways of the CSF-specific proteins

hsa04514: CAMs                                                                                                                                         6                                            5.20E-04
GO:0007155 - cell adhesion                                                                                                                     14                                            3.22E-07
GO:0007417 - central nervous system development                                                                                 8                                            1.95E-06
GO:0001501 - skeletal system development                                                                                              5                                         0.004536909

The GO-BP pathways of the hydrotharox-specific proteins

GO:0019953 - sexual reproduction                                                                                                             2                                         0.021822892
GO:0044267 - cellular protein metabolic process                                                                                     3                                          0.02778669
GO:0046427 - positive regulation of JAK-STAT cascade                                                                        2                                         0.047399203

The GO-BP pathways of the KJF-specific proteins

GO:0006952 - defense response                                                                                                                 3                                         0.002844721
GO:0007528 - neuromuscular junction development                                                                                2                                         0.032844474

The KEGG pathways of the plasma-specific proteins

hsa00190: Oxidative phosphorylation                                                                                                        9                                            6.74E-06
hsa04932: NAFLD                                                                                                                                       8                                            1.41E-04
hsa03430: Mismatch repair                                                                                                                         3                                         0.013287547
hsa03440: Homologous recombination                                                                                                      3                                         0.020705914
hsa04530: Tight junction                                                                                                                             4                                         0.029071185
hsa03030: DNA replication                                                                                                                         3                                          0.03105129

The KEGG/GO-BP pathways of the saliva-specific proteins

hsa04010: MAPK signaling pathway                                                                                                         7                                          0.01049111
hsa04970: Salivary secretion                                                                                                                      4                                         0.025534381
GO:0006915 - apoptotic process                                                                                                                9                                         0.013303082
GO:0008283 - cell proliferation                                                                                                                 7                                         0.016049921

The KEGG/GO-BP pathways of the serum-specific proteins

hsa00620: Pyruvate metabolism                                                                                                                 2                                         0.040017534
GO:0006768 - biotin metabolic process                                                                                                     2                                         0.017373395

Table III. Continued



identified in our study, which might be associated with these
diseases, such as hepatitis B cirrhosis, abdominal aortic
aneurysm, and liver lesions.

We presented a comprehensive proteome landscape, and
consensus clustering identified four clusters (C-I to C-IV) with
distinct proteome features: C-I (glycolysis/gluconeogenesis and
fatty acid degradation), C-II (complement/coagulation cascades
and ECM), C-III (salivary secretion, sphingolipid pathway, and
apoptosis) and C-IV (lysosome and cell adhesion molecules).
The consensus clustering analysis revealed the high similarity
of proteome profiles among body fluids within one cluster,
such as ascites, bile, and CSF within C-I cluster (Figures 2 and
3A). The overlap among body fluids within one cluster is
shown in Figure 7B, implying the exchange of many proteins
among these body fluids. We determined the body fluid-
specific proteins and biological function, which might be
applicable for disease diagnosis. For example, bile-enriched
proteins were mainly involved in bile secretion and saliva-
enriched proteins in salivary secretion. We also observed the
obvious enrichment of metabolic pathways such as histidine
metabolism and fat digestion/absorption in bile, revealing its
metabolic function. 

In addition, we made a multi-dimensional analysis based
on the body fluid-common proteins. The hierarchical
clustering analysis of the commonly identified proteins in ten
body fluids revealed five subgroups, and the overlap of two
body fluids within one subgroup (S-I to S-V) are shown in
Figure 7C. The subgrouping of common proteins (304) in ten
body fluids revealed the shared function; for example, the
major biological function of plasma and serum was immune-
related complement/coagulation cascades, as expected. The
functional analysis of the remaining 1,683 proteins
demonstrated a similar function clustering.
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Table III. Continued

Term                                                                                                                                                        Count                                           p-Value

The KEGG/GO-BP pathways of the tear-specific proteins

hsa04071: Sphingolipid signaling pathway                                                                                                3                                         0.046730571
GO:0008152 - metabolic process                                                                                                                4                                         0.016806047
GO:0010882 - regulation of cardiac muscle contraction by calcium ion signaling                                2                                         0.022298654
GO:0046688 - response to copper ion                                                                                                        2                                          0.04718562

The KEGG/GO-BP pathways of the urine-specific proteins

hsa04977: Vitamin digestion and absorption                                                                                             3                                          0.02237321
GO:0039702 - viral budding via host ESCRT complex                                                                            4                                            8.78E-04
GO:0006936 - muscle contraction                                                                                                              6                                         0.002423384
GO:0033209 - tumor necrosis factor-mediated signaling pathway                                                          6                                         0.003697041

KEGG: Kyoto Encyclopedia of Genes and Genomes, GO-BP: gene ontology-biological process; CSF: cerebrospinal fluid; KJF: knee joint fluid;
CAM: cell adhesion molecules; JAK-STAT: janus kinase-signal transducer and activator of transcription; NAFLD: non-alcoholic fatty liver disease;
MAPK: mitogen-activated protein kinase; ESCRT: endosomal sorting complex required for transport.

Table IV. The KEGG pathways of five subgroups identified by
hierarchical clustering analysis.

Term                                                                                           p-Value

The KEGG pathways of subgroup S-I

hsa04610: Complement and coagulation cascades                9.53E-08
hsa05150: Staphylococcus aureus infection                           8.24E-04
hsa04510: Focal adhesion                                                     0.00518338
hsa03320: PPAR signaling pathway                                    0.022469123
hsa04810: Regulation of actin cytoskeleton                       0.035406977

The KEGG pathways of subgroup S-II

hsa04512: ECM-receptor interaction                                   0.061674004
hsa05323: Rheumatoid arthritis                                           0.062364762

The KEGG pathways of subgroup S-III

hsa01100: Metabolic pathways                                            0.014741754
hsa00340: Histidine metabolism                                         0.096238935

The KEGG pathways of subgroup S-IV

hsa04142: Lysosome                                                               1.10E-04
hsa00600: Sphingolipid metabolism                                   0.015426555

The KEGG pathways of subgroup S-V

hsa01230: Biosynthesis of amino acids                                 4.94E-05
hsa01130: Biosynthesis of antibiotics                                    1.34E-04
hsa01200: Carbon metabolism                                            0.020613038
hsa00010: Glycolysis/Gluconeogenesis                              0.024121316
hsa01100: Metabolic pathways                                            0.026082515
hsa04010: MAPK signaling pathway                                  0.029483207

KEGG: Kyoto Encyclopedia of Genes and Genomes, PPAR:
peroxisome proliferator-activated receptor; ECM: extracellular matrix;
MAPK: mitogen-activated protein kinase.
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Figure 6. Possible association between the different body fluids. (A)
Hierarchical clustering based on the iBAQ quantification. (B) Venn
diagram showing proteins that were differentially expressed in the plasma
and other nine body fluids, the protein numbers and proportions in other
nine body fluids are also shown. (C) The model illustrating the association
among body fluids. The solid lines indicate known relationships among
different body fluids, whereas dashed lines are used for our proposed
relationships. CSF: Cerebrospinal fluid; KJF: knee joint fluid.
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Figure 7. Venn diagram comparing the proteome of body fluids. (A) The protein datasets of eight body fluids including ascites, bile, CSF, KJF, plasma, saliva,
tear and urine in this study were compared to the published proteome data of eight body fluids. (B) Venn diagram showing proteins differentially expressed
in three clusters (C-I, C-II, and C-III); protein numbers and proportions are also shown. (C) Venn diagram showing proteins differentially expressed in five
subgroups (S-I, S-II, S-III, S-IV, and S-V); protein numbers and proportions are also shown. SCF: Cerebrospinal fluid; KJF: knee joint fluid.



Human plasma has innumerable links with other body fluids,
which has a potentially important impact on the human body.
Taking this into consideration, we proposed a model illustrating
the possible connection of plasma with these body fluids, which
provided an additional layer for a deep understanding of the
human body. We supposed that KJF may enter the plasma through
an unknown mechanism due to 87% overlap between KJF and
plasma, implying the potential application of plasma biomarkers
in KJF. Additionally, combined with previous studies related to
multiple sclerosis, we also proposed a possible clue between CSF
and plasma. The focus of many research works has been to
expand the pool of available biomarkers in precision medicine and
personalized nutrition for many years. The integrated proteomic
profiling of ten body fluids provided an overall cognition and
understanding of the associations and differences among these
fluids. Identification of specificity and commonality of these
samples at the molecular level may also facilitate with biomarker
discovery and their use in the clinical setting.

The present study provides a rich resource for the proteome
of human body fluids. The development of new biomarkers
may improve the accuracy of diagnosis and therapy of many
diseases, including cancer; thus, allowing clinical oncology to
enter the area of precision medicine. CSF is a source of brain
tumor biomarkers. Brain tumor can cause hemorrhage; it has
been reported that the incidence of hemorrhage from pituitary
adenoma is higher than other brain tumors (49). In this study,
we included one SAH patient and identified 116 new proteins
in CSF that have not been reported in previous studies. The
differences between proteomes of SAH and brain tumor with
hemorrhage may increase the accuracy of CSF biomarkers for
brain tumor diagnosis. Further larger studies are needed to
establish a proteome baseline of CSF.

In addition, urine is also a desirable material for the diagnosis
and classification of diseases and can prove useful in biomarker
discovery. As shown in Table V, we searched our urinary
proteome data for common disease-associated urine markers
and found 23 markers associated with arthritis. These included
ACAN, ADAMTS1, ADAMTS2, ANXA5, BSG, CD5L, CILP,
COMP, CRP, CSTA, FLG, GPI, HLA-DRB1, IL1RN, ITIH1,
ITIH3, LCN2, MMP9, ORM2, PRTN3, S100A8, S100A9 and
TIMP1. Besides that, we also identified 13 markers associated

with myositis, such as CANX, DES, HLA-A, HLA-DRB1,
ICAM1, KRT10, KRT6A, KRT9, MB, MYOM1, PCDHB12,
PRNP and SERPINA3. In our study, diabetes-related urine
markers DPP4, REG1A and REG1B were also detected. 

In conclusion, a comprehensive proteome draft of ten human
body fluids, including ascites, bile, CSF, hydrothorax, KJF,
plasma, saliva, serum, tear fluid, and urine, was obtained using
MS-based shotgun proteomics. The proteome profiling revealed
the common functions in focal adhesion and complement/
coagulation cascades, and body-specific protein and function
features, and the unknown associations among body fluids. The
result provides an original shared data resource, contributing to
the understanding of human body fluids. 
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Table V. Common diseases and their associated body fluids markers.

Common diseases and their associated urine markers
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