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Abstract

Cancer biomarkers are measurable indicators that play vital roles in clinical applications. Biomarkers in body fluids have gained considerable
attention since the development of liquid biopsy, and their data volume is rapidly increasing. Nevertheless, current research lacks the compilation
of published cancer body fluid biomarkers into a centralized and sustainable repository for researchers and clinicians, despite a handful of small-
scale and specific data resources. To fulfill this purpose, we developed liquid biomarker (LigBioer) containing 6231 manually curated records from
3447 studies, covering 3056 biomarkers and 74 types of cancer in 22 tissues. LigBioer allows users to browse and download comprehensive
information on body liquid biomarkers, including cancer types, source studies and clinical usage. As a comprehensive resource for body fluid

biomarkers of cancer, LigBioer is a powerful tool for researchers and clinicians to query and retrieve biomarkers in liquid biopsy.

Database URL: http://www.medsysbio.org:8080/LigBioer

Introduction

Biomarkers are biochemical, cellular, gene-related or molec-
ular indicators of diseases that are measurable in physical
media, such as blood, body fluids, tissues or cells (1). Biomark-
ers are widely used in clinical applications including early
cancer diagnosis, improved cancer prognosis, early detection
of cancer relapse, real-time monitoring of therapeutic efficacy
and therapeutic resistance (2).

Cancer is a complex disease with a high mortality rate
and is a major global public health concern (3, 4). Biomark-
ers have been widely used for cancer diagnosis and treatment
since their development (5). In the era of precision oncology,
molecular profiles of individual cancer patients can facili-
tate treatment decisions, monitor subsequent responses and
alert patients to the emergence of therapeutic resistance and
relapse. Gold standard molecular profiling is performed for
resected or biopsied tumors (6). However, tumor biopsy
is invasive, inconvenient and difficult to track in terms of
temporal and spatial heterogeneity (7).

In the last two decades, advances in liquid biopsy have
paved the way for tumor tracking (8). The management and
prognosis of patients will also benefit from the development
of liquid biopsy technology (9, 10). Compared with tissue-
based biopsy approaches, liquid biopsy is less invasive and

samples are more easily obtainable during disease progres-
sion, thus complementing the development of dynamic molec-
ular imaging assessments (11). Liquid biopsy tests include
circulating tumor cells (CTCs), circulating nucleic acids,
including cell-free DNA (cfDNA) and circulating tumor DNA
(ctDNA) in the plasma, cell-free RNAs (mRNAs, long non-
coding RNAs and microRNAs), extracellular vesicles, tumor-
educated platelets, proteins and metabolites that can be found
in a range of body fluids (12, 13).

Clinically, the Food and Drug Administration approved
CTC enumeration using CellSearch technology to stratify
patients with breast, colorectal and prostate cancers (14).
ctDNA analysis has been optimized for routine diagnosis in
disease monitoring and the identification of actionable muta-
tions (15, 16). For example, the detection of EGFR mutations
in ctDNA in non-small cell lung cancer indicates that patients
are ready for targeted therapy (17). Recent studies have shown
that exosomes are effective in liquid biopsy for early diag-
nosis, disease monitoring and prognosis prediction (18-20).
CTC, cfDNA and extracellular vesicles are currently the most
commonly used tests in clinical practice.

Although many online tumor biomarker databases are
available, they are used for tumor biopsies. For example,
Liver Cancer Expression Resource (21) and Colorectal Cancer
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Biomarker Database (22). There are a few liquid biopsy
databases, such as the Protein Body Fluid Database: human
body fluid proteome (HBFP) (23). Nevertheless, HBFP con-
tains only information about proteins and is not specific to
cancer. Thus, we developed a database of liquid biomarker
(LigBioer) that covers multiple types of biomarkers for differ-
ent types of cancers.

Result
Data collection

We extracted body fluid biomarkers of cancer from the
literature. We searched the published literature before 28
February 2022, from the PubMed database with keywords
such as ‘body fluid’, ‘liquid biopsy’, ‘circulating tumor cells’,
‘circulating DNA’, “circulating RNA’, ‘carcinoembryonic anti-
gen’, ‘extracellular vesicle’, ‘exosome’, ‘ectosome’, ‘shedding
microvesicle’, ‘apoptotic body’ and ‘secretome’, removing
reviews, meta-analysis papers and papers without full text.
We used R programming language to filter out abstracts that
did not contain the ‘cancer’ word. Subsequently, we manu-
ally searched the abstracts for literature containing biomarker
names, cancer types and body fluid sources. We collected
drug target, sensitivity and resistance data of biomarkers from
the collected papers. Figure 1A shows the common types of
body fluids and biomarkers. The first two parts of Figure 1B
schematically illustrate the data-collection process.

Database and web interface design

LigBioer is freely available without registration. LigBioer was
designed to operate optimally with Google Chrome and Fire-
fox. The web interface was implemented using Java technol-
ogy (Java Server Pages, Asynchronous JavaScript, and Ajax),
Google Code API and XML under the integrated develop-
ment environment Eclipse (https://www.eclipse.org/). Public
access to the database was strictly read-only. The web appli-
cation was hosted and deployed on the Apache Tomcat server
(version 9). LigBioer provides a user-friendly web interface
that allows for intuitive browsing and searching. The web-
site includes five primary functional pages: ‘Home’, ‘Browser’,
‘Search’, ‘Download’ and ‘Help’. The third part of Figure 1B
shows the structure of LigBioer. Figure 2 illustrates the pages
and how to use the browse and search functions.

® The ‘Home’ page provides a speedy search and synop-
sis of the database LigBioer. Users can input the name
of a biomarker or the type of cancer to retrieve the
corresponding information.

¢ The ‘Browse’ page provides a browse through modules
of all records. The ‘Browse’ page contains five mod-
ules, ‘biomarker’, ‘cancer types’, ‘other species’, ‘drugs’
and ‘scores’. The ‘biomarker’ module includes the types,
sources and clinical usage of biomarkers. The ‘cancer’-type
module displays the primary sites of cancer. Users can click
on the buttons of organs or icons on the human body to
browse for cancer biomarkers of specific organs.

¢ The ‘Search’ page allows users to set four search condi-
tions: species, source of body fluid, clinical usage and
types of biomarkers. Subsequently, the users can search
for biomarkers using the name of a biomarker and the
type of cancer.
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Figure 1. Construction of LigBioer. (A) Biomarkers in body fluids, such as
blood, urine, CSF, saliva and ascites. EVs, proteins, circulating cell-free
RNA (non-coding and messenger RNA), ctDNA, TEPs, the tumor cell
fraction with CTCs and the non-tumor cell fraction (immune cells, CECs
or CA fibroblasts) can be detected in the different body fluids. CSF,
cerebrospinal fluid; EV, extracellular vesicle; CA fibroblast,
cancer-associated fibroblast; CEC, circulating endothelial cell; TER
tumor-educated platelet. (B) Process of data collection, filtering and
website structure. 1: Data collection. 2: Data filtration. 3: Structure of
website.

Cloud Storage
Download

o All Entries
o Other Species
e Biomarker Scores

e The ‘Download’ page provides the latest data on body
fluid biomarkers of cancer. Users can download four files
containing all the information for all markers. Other-
Species.txt contains information on the biomarkers of
species other than humans. Drugs.txt contains informa-
tion about biomarkers that contain information about
drugs. Scores.txt contains the clinical scores of the
biomarkers.

* The ‘Help’ page guides users to use the website, learn the
website’s statistics and contact us by e-mail. Users can
obtain statistics through pie charts designed using High-
Charts (a JavaScript framework for drawing statistical
charts). Pie charts allow users to click on sectors to see
the details of the charts. If users have any questions or
suggestions, they can send us an e-mail by clicking on
‘contact us’.

Clinical scores of biomarkers

The LigBioer database was used to calculate a statisti-
cal score to evaluate the clinical confidence of the body
fluid biomarkers of cancer. The clinical score was assessed
based on the following four aspects: presence/absence
of a drug in that entry (S1={1,0}), presence/absence
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Figure 2. Usage instructions of LigBioer. (A) Browse page. (B) Subpages of the browse page. (C) Search page. (D) Table of search and browse results.
of information on drug resistance (S2={1,0}), high- Table 1. The 10 biomarkers with top clinical scores
throughput/low-throughput/absence of detection techniques B . S

[ iomarkers Core
($3=1{0.2,1,0}) and the number of papers containing the

biomarker (n). In summary, a high clinical score indicates miR-342-3p 5.854 x 103
detailed medication information and low-throughput biolog- ~ C/EBPB 5.854 x 103
. . .. 3

ical experiments. Clinical scores were calculated as follows: MUCSAC 5.854 x 10
circ_0007385 5.853 x 103
1 sTn 5.853 x 103
Score=) " (SL+S2+83). PHEX-AS1 5.852 x 10°
RP11-77G23.5 5.851 x 103
. . . . GOLPH3 5.850 x 103

Table 1 shows the 10 biomarkers with the highest clinical ; )

& circ TRPS1 5.850 x 103
Scores. miR141-3p 5.850 x 103

Statistics of LigBioer

LigBioer contains 6231 entries of biomarkers among 3056
biomarkers for 74 types of cancer in 22 tissues from 3447
articles. The biomarkers were obtained from 14 body fluids,

including blood, ascites, urine and saliva, encompassing
DNA, RNA, protein, cell and other types. The LigBioer
database also contains species other than humans, such as
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mouse, canine, feline and gallus (Figure 3). Figure 3A shows
the distribution of biomarker types; more than half of them
were RNA biomarkers. Figure 3B shows that the tissue sites
and the breast tissue had the most biomarkers in body flu-
ids. Figure 3C shows the distribution of body fluid types and

A

15.5%
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the blood accounted for the vast majority of cases. Figure 3D
shows the species distribution; the human species are the
majority of all species. Figure 3E shows the distribution of
cancer types; breast cancer tops the list, followed by lung
cancer.
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Figure 3. Statistics of biomarkers in LigBioer. (A) Classification of biomarkers. (B) Tissues of cancer. (C) Source of body fluid. (D) Source species for

biomarkers. (E) Cancer types for biomarkers.
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Discussion and conclusion

LigBioer is a manually curated database that contains multi-
ple types of body fluid cancer biomarkers. LigBioer can assist
clinicians in diagnosis and scientific researchers in selecting the
research objectives. LigBioer will be updated regularly accord-
ing to the newly available biomarkers and user-submitted data
as an interactive website.

However, LigBioer only collected data and did not design
the analytics for further investigation. Analysis tools and other
functional modules will be available for subsequent updates. A
module on clinical guidelines and clinical trials will be added
to enable clinicians in accessing information more effectively.

In conclusion, LigBioer will be a valuable tool for
researchers and clinicians to retrieve biomarkers for liquid
biopsy of tumors and manage cancer treatment.
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