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Abstract Organs-on-a-chip is a microfluidic microphysiological system that uses microfluidic tech-
nology to analyze the structure and function of living human cells at the tissue and organ levels
in vitro. Organs-on-a-chip technology, as opposed to traditional two-dimensional cell culture and
animal models, can more closely simulate pathologic and toxicologic interactions between different
organs or tissues and reflect the collaborative response of multiple organs to drugs. Despite the fact
that many organs-on-a-chip-related data have been published, none of the current databases have
all of the following functions: searching, downloading, as well as analyzing data and results from
the literature on organs-on-a-chip. Therefore, we created an organs-on-a-chip database (OOCDB)
as a platform to integrate information about organs-on-a-chip from various sources, including lit-
erature, patents, raw data from microarray and transcriptome sequencing, several open-access
datasets of organs-on-a-chip and organoids, and data generated in our laboratory. OOCDB con-
tains dozens of sub-databases and analysis tools, and each sub-database contains various data
associated with organs-on-a-chip, with the goal of providing researchers with a comprehensive, sys-
tematic, and convenient search engine. Furthermore, it offers a variety of other functions, such as
mathematical modeling, three-dimensional modeling, and citation mapping, to meet the needs of
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researchers and promote the development of organs-on-a-chip. The OOCDB is available at http://

www.organchip.cn.

Introduction

Two-dimensional cell culture [1,2] and animal models [3] are
commonly used in traditional clinical drug research. There is,
however, a structural distinction between monolayer cells
in vitro and natural tissues. Furthermore, traditional in vitro
cell culture models cannot fully compare the interactions of
various organs and tissues [1.4,5]. Therefore, the efficacy of
drug screening cannot be tested accurately [6,7]. Furthermore,
due to interspecific differences between humans and animals,
several drugs that pass animal model screening may fail in clin-
ical trials due to toxicity to humans or a lack of curative effect
[8]. Therefore, there was an urgent need for new technology to
complete the in vitro construction of pathologic and physio-
logic models, and thus organs-on-a-chip technology was devel-
oped. Organs-on-a-chip are in vitro microfluidic
microphysiological systems that mimic the structural and func-
tional properties of human tissues and organs [4,9]. Micropro-
cessing technology, cell culture, biomaterials, and other
methods are used to create it on a microfluidic chip [10,11].
It not only performs high-resolution, real-time imaging analy-
sis of the structure and function of living human cells at the tis-
sue and organ levels in vitro [11], but it also eliminates the
uncertainty caused by complex metabolism in traditional phar-
macokinetic studies [2,12].

Various organs-on-a-chip technologies have been devel-
oped in recent years [13]. These organ-on-chips contain various
organ-specific cell types [4] that can be used to simulate corre-
sponding organs. Lung chips [14,15], liver chips [16], cornea
chips [10], and heart chips [17] are a few examples. The disease
modeling data of various organs have seen explosive growth as
a result of the advancement of this technology. Furthermore,
the complexity of human organs-on-a-chip structure, measure-
ment connotation, and the rapid development of large
amounts of data impedes the use of organs-on-a-chip data.

Among established databases, the University of Pitts-
burgh’s microphysiology systems database (MPS-DB) is the
only one dedicated to organs-on-a-chip [18,19]. It can success-
fully collect and use data from organs-on-a-chip and makes
significant contributions to the development of a related data-
base [20]. This database, however, has some limitations. First,
MPS-DB contains a large amount of organ-on-a-chip model
data, and the organ-on-a-chip data collection is extensive.
However, content for organ-on-a-chip-related data, such as lit-
erature, patents, and other publicly available data, is relatively
scarce. Therefore, data richness is insufficient. Second, the
MPS-DB data cannot be completely downloaded. Only the
models’ brief data are available for download; however, the
pictures and detailed descriptions of the models are not; thus,
insufficient data are available. Furthermore, some public data-
bases, such as PubChem [21], NCBI [22], DrugBank [23],
ChEMBL [24], and BRD (https://brd.nci.nih.gov/brd/), are
available for organs-on-a-chip research. However, due to a
lack of relevance and standardized methods and management
systems for large multidimensional and heterogeneous organs-
on-a-chip data, they are insufficiently useful in organs-on-a-

chip research. We created the organs-on-a-chip database
(OOCDB) in response to the urgent need to better prepare
for future research and provide a comprehensive and search-
able database for scholars in relevant fields, we have developed
the OOCDB.

The OOCDB is a standardized system that contains a large
number of charts, literature, and patent data. Furthermore, the
database content is updated on a regular basis. Every month,
relevant literature, patents, and other information are gathered
to keep researchers up to date on the latest developments and
research hotspots. Furthermore, when compared with other
databases, OOCDB has the following benefits. (1) This data-
base is divided into sections, which include literature, patents,
drugs, poisons, chemicals, and other information, with each
section containing a variety of open-access data. The data-
base’s content is extensive, and the data are detailed. Further-
more, the OOCDB contains a large amount of lab-generated
data, which supplements the public data and forms the data
source of the OOCDB. (2) Our database handles data related
to organs-on-a-chip, analyzes the author, publishing time,
and publishing unit of the data, and provides researchers with
an analysis of the most recent research findings. (3) Our data-
base can also offer free online tools for researchers, such as
mathematical modeling, by allowing them to upload their
own data or data of interest. These data will be analyzed using
tissue enrichment analysis to determine the organ of gene
enrichment, and they will thus correspond to their own exper-
imental results and serve as a research reference. Therefore,
OOCDB can further promote data exchange and sharing of
on-chip organs, which is critical for accelerating on-chip organ
research and overcoming complex diseases.

Database content and methods

Data collection and integration

It is the main framework, interaction, and logic of our
OOCDRB, as illustrated in Figure 1. To create a high-quality
OOCDRB, a standardized data collection and organization pro-
cess is used. We used “organ-on-a-chip”, “organs-on-a-chip”,
“organ on chips”, “organ chips”, and “organoid chip”. “Heart
chip”, “liver chip”, “vascular chip”, “skin chip”, “lung chip”,
“intestinal chip”, ““neural chip”, “tumor chip”, and “‘reproduc-
tive system and embryo chip” keywords were retrieved from
PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), NCBI
[22], BRD, and Google patent-related publications (https://pa-
tents.glgoo.top/). The data were filtered manually by reading
the abstracts and full text, and the data from publications
not related to organ chips were excluded. There were 107,873
relevant literature data, 16,841 histology data, and 11,915
patent data collected in total. Furthermore, we extracted infor-
mation on drugs, toxins, compounds, and devices from litera-
ture, patents, and histology data. We obtained relevant open-
access data using keywords from DrugBank, ChEMBL, CTD
[25], and EMA (https://www.ema.europa.eu/en), and provided
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Figure 1  The main construction principle of OOCDB

A. The OOCDB’s data sources primarily include PubChem, NCBI, DrugBank, ChEMBL, BRD, OpenFDA,CTD, and EMA. B. The
OOCDB’s backend. Elasticsearch and MySQL process the data based on the logical level, and the results are then transferred to the
control layer. C. The OOCDB’s frontend. To create frontend web pages, backend data are transferred via the API and combined with
JQuery and Ajax via HTMLS, CSS, and JavaScript. D. The OOCDB data presentation. Following frontend processing, the data are
primarily classified as popular resources, featured tools, and data statics. OOCDB, organs-on-a-chip database; NCBI, National Center for
Biotechnology Information; BRD, Biospecimen Research Database; CTD, Comparative Toxicogenomics Database; EMA, Europan

Medicines Agency; API, application program interface.

links to the original websites for non-open-access data. A total
of 14,020 drug records, 17,329 poison records, 4,986,258 com-
pound records, and 160 device records were collected.

We imported the collected data into the control layer for
analysis and integration, as shown in Figure 1B. The literature
data were classified and processed according to the different
organs and cancers studied and then entered into the organ
and cancer research databases, respectively. At the same time,
the authors, citations, and cited relationships were processed
to create the citation data. We used the citation data to create
a citation map, integrating and interconnecting over 100,000
papers. Furthermore, we used the Elasticsearch tool (https://
www.clastic.co/cn/elasticsearch/) to connect the literature
and drug libraries, filtering out drugs that appear in the liter-
ature and linking them to drugs in the drug library, so that
drug data can be accessed directly through the literature and
literature data can be accessed through the drugs. We catego-
rized patent data by country and checked the patent applica-
tion and expiry dates, providing the option to filter patents
by date. We sorted the statistics for histology data by the
organ studied and provided a distribution map of the organs
studied. In addition, we processed the histology data and inte-
grated it with the literature data using the Elasticsearch tool.
Finally, rather than being separate databases, the databases
in OOCDB were interconnected and based on the MySQL
database system.

Database construction

To create the database index, we used the Elasticsearch tool.
We set the primary key of the MySQL database as the article
title, patent title, drug name, poison name, and other data to

avoid duplicate data because the primary key of a database
is unique. As shown in Figure 1C, the data processed by the
control layer are transferred to the front end via the applica-
tion programming interface (API). For web page construction,
the database employs the jQuery framework, HTMLS, CSS,
and JavaScript technologies, and requests are handled via
Ajax. Finally, as shown in Figure 1D, the OOCDB database
was created, which included popular resources, featured tools,
and publication statistics.

Database interface

Figure 2 depicts the OOCDB architecture. There are six navi-
gation bars, eight sub-databases, and three featured tools for
data analysis processing and related statistical analysis in the
OOCDB, which can provide data associated with organs-on-
a-chip literature and patents, as well as brief information
about drugs, toxins, compounds, and their applications in
organs-on-a-chip. The home page, database page, submission
page, about page, help page, and lab data page are the six web-
site navigation bar entries, as shown in Figure 2. The database
page is the most important part of OOCDB, and it contains
popular resources, featured tools, and publication statistics.
The most popular resources are the Genome Sequence Archive
(GSA) [26], DrugBank, devices, organs, patents, cancer
research, chemicals, and toxicants. Each sub-database has its
own set of unique data. Three-dimensional (3D) models, math-
ematical modeling, and citation map are examples of featured
tools that have achieved innovative advancement. In the pub-
lication statistics, the top authors, top affiliation, and top jour-
nals sections reflect trending research topics and the most
recent discoveries.
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Figure 2 The main framework of OOCDB

OOCDB?’s six navigation bars are the home page, the database page, the submission page, the about page, the help page, and the lab data
page. The database page is the most important part of OOCDB. The highlighted tools, popular resources, and publication statistics are all
linked. Popular resources primarily store basic data, including GSA, DrugBank, devices, organs, patents, cancer research, chemicals, and
toxicants. In addition, featured tools and publication statistics rely primarily on popular resources for analysis and processing. GSA,

Genome Sequence Archive.

A simple search in OOCDB will yield the following results:
(1) relevant data on organs-on-a-chip, such as literature,
patents, and histology data; (2) information about drugs,
devices, organs, patents, chemicals, toxicants, data from the
lab itself, and other organs-on-a-chip-related data; and (3)
names of famous experts, institutions, and journals in the field
of organs-on-a-chip, which can be used for organs-on-a-chip
hotspot analysis. OOCDB provides a variety of online tools
in addition to easy access to required information. Users
can, for example, use mathematical models for tissue enrich-
ment analysis, choose the database’s own standard database
or a database provided by the user for comparison, and thus
identify the organs enriched by the genes of interest. Further-
more, users can submit their organs-on-a-chip-related research
results in our submission interface to enrich the database con-
tent in order to collect more organs-on-a-chip-related data.

Results

The OOCDB page is divided into three sections. First, there is
a search box at the top of the page (Figure 3A). To switch to
other proprietary databases, such as literature, drugs, and
GSA, click the “All” button. Users enter an advanced search
by clicking the advanced search switch located beneath the
search bar. A keyword search on literature, drugs, GSA, and
patent databases is called an advanced search. The OOCDB

statistics are located at the bottom of the search page. OOCDB
currently has 122,000 academic papers related to organs-on-a-
chip, including over 4000 academic journals and 20,000 affili-
ations involving 25,000 researchers and experts in the field.
Second, our database’s core components are popular
resources, featured tools, and publication statistics (Figure 3B).
GSA, DrugBank, devices, organs, patents, cancer research,
chemicals, and toxicants are among the most popular
resources. View datasets direct users to the desired sub-
database and query its contents. A 3D model, mathematical
modeling, and citation map are among the tools available.
By entering the corresponding section, the user can process
the data. Top authors, top affiliations, and top journals are
all included in publication statistics. Users can inquire about
their information by clicking more. Finally, the page displays
basic information about the database, such as the resource,
database features, and developer information (Figure 3C).

Popular resources

GSA database

The GSA database contains a total of 16,841 cases of raw
microarray and transcriptome sequencing data. These data
are classified according to human organs and tissue types, such
as lung, muscle, skeleton, nervous system, genetic system, and
soft tissue. The database website contains the exact number of
microarray and transcriptomic sequencing. In addition, the
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Figure 3  The screenshot of the main interface of OOCDB showing four parts of the website
A. The OOCDB search box and data were introduced. B. The database’s main body, including featured tools, popular resources, and

publication statistics. C. The basic information about the OOCDB.

years of publication of organs-on-a-chip-related literature are
tracked. Furthermore, the statistical results revealed that
research data on organs-on-a-chip has been increasing in
recent years, and organs-on-a-chip is gradually becoming a
trending research area. Data in GSA can be searched in
OOCDB using ordinary and advanced search functions. When
using the standard search, keywords can be used to retrieve

information. Advanced search features include “and”, “or”,

Alliance & Collaboration About Us

NIH E

Europe rd
Japan

UK E. %

29

and ‘“‘not relationships”, which can be used to search for mul-
tiple keywords that have relationships between them. It also
includes access number, title, experience type, organization
name, department, and lab, all of which can be searched
individually. The search result includes status, title,
organization(s), experience type, summary, overall design,
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contributor(s), platforms, samples, and relations. These files
are saved in the OOCDB and can be downloaded in soft, min-
imal, and text formats.

DrugBank database

The DrugBank database contains information on 14,020 dif-
ferent types of drugs that are linked to organs-on-a-chip.
The database, as shown in Figure 4A, provides drug informa-
tion such as name, accession number, structure, chemical for-
unique
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Figure 4 A brief introduction to the sub-databases

A. Drug detail interface in the DrugBank database. B. Organ distribution map in the organ database. C. Cancer distribution map in the
cancer research database. D. Citation map of all data. E. Chemical detail interface in the chemical database. F. Toxicant detail interface in

the toxicant database.
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Table 1 Number of studies for each device in the device database
Material /method Number of studies
TCPS 1

PDMS 52

Hydrogel 22

Membrane 60
Three-dimensional printing 1
Microfabrication 18

Machining 4

Pouring 2

Note: TCPS, tissue culture polystyrene; PDMS, polydimethylsiloxane.

Device database

We first presented a distribution map of 160 studies on organs-
on-a-chip devices in the device database (Table 1). Users can
access the literature database by clicking on the desired
organs-on-a-chip devices in the distribution map. The database
provides an overview of organs-on-a-chip devices, including
fabrication materials, manufacturing technology, fluid drive
and control in microfluidic chips, and signal detection.

Organ database

The organ database categorizes studies based on organ names,
resulting in 97 different categories, each corresponding to an
organ. By comparing these category keywords to the organs-
on-a-chip literature that we downloaded, we were able to
screen and classify 77,628 relevant documents (Table 2). After
that, the top 20 organs with the highest frequency were chosen
for a graphic display. As shown in Figure 4B, most studies on
organ microarray in the organ database were about the brain
(15,974), liver (11,844), and lung (5758), which is also the
research hotspot of organ microarray. OOCDB offers full-
text downloads of these related studies, as well as reference
and citation maps. A citation map is created with the reference
and citation, and the size of the circle indicates the author’s
influence in this field. The larger the circle, the greater the influ-
ence of the authors, making it easier for researchers to find
experts in the field.

Patent database

The patent database was created by screening out 54 keywords
related to organs-on-a-chip, searching for patents on Google,
and retrieving a total of 11,915 patents. These patents are
downloaded into our database and classified based on country.
As shown in Table 3, the United States (4028), China (3301),

Table 2 Number of studies for each organ in the organ database

Organ Number of studies
Brain 15,974
Liver 11,844
Lung 5758
Heart 5445
Kidney 4659
Bone 3111
Prostate 2159
Artery 2074
Bone marrow 1455
Other 25,149

Table 3 Number of patents for each country in the patent database

Country Number of patents
United States 4028
China 3301
Japan 1444
European Patent Office 669
France 352
Russia 348
South Korea 295
Germany 281
Australia 256
Other 941

and Japan (1444) hold a large number of patents related to
organs-on-a-chip and thus have a significant advantage in
the field. Furthermore, OOCDB offers full-text retrieval and
the ability to download relevant patents. Users can narrow
their search scope in the OOCDB by date and country, and
they can also retrieve patents in the advanced search by title,
author, abstracts, description, patent number, and country
expiry date. Therefore, users can easily download the patents
they require.

Cancer research database

The cancer research database is similar to the organ database.
Using 87 cancer keywords, 30,158 articles were found, and a
chart displaying the top 20 cancers frequently mentioned in
papers was created (Figure 4C). Breast cancer (3189), leukemia
(2386), and lung cancer (1701) are frequently mentioned in the
cancer database, and organs-on-a-chip are widely used in these
cancers (Table 4). This database, like the organ database,
includes a citation map to help you find the most authoritative
scholars in the fields of organs-on-a-chip and cancer
(Figure 4D).

Chemical database

The chemical database contains data on 4,986,258 com-
pounds related to organ microarrays. The compounds are
listed alphabetically. The compound database provided data
such as InChi key, SMILES, and InChi (Figure 4E). Users
can easily find the structures and properties of related
compounds.

Table 4 Number of studies for each cancer in the cancer research
database

Cancer Number of studies
Breast cancer 3189
Leukemia 2386
Lung cancer 1701
Prostate cancer 1593
Lymphoma 1168
Colorectal cancer 1004
Neuroblastoma 793
Squamous cell carcinoma 719
Ovarian cancer 571
Non-small cell lung cancer 622
Other 16,412
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A oyl Biomediacal Big Data-Human Anatomy

frontal lobe

Display Invert  Opacity

3 =
C ?-y frontal lobe

terature

Measurement of coordination of object manipulation in non-human primates.

We present a modification of the automated movement assessment panel [Gash DM, Zhang Z, Umberger G, Mahood K, Smith M, Smith C, et al. An automated movement assessment panel
for upper limb motor functions in rhesus monkeys and humans. J Neurosci Methods 1999;89:111-7] that incorporates a three-dimensional load cell to record forces applied by monkeys while
manipulating food targets. The absolute force-time integral (total absolute impuise) is used to characterize the total of the applied forces over time as the food (carrot chip with a hole punched
through the center) is manipulated and lifted from a flat surface (easiest task) and threaded over a straight rod (medium difficulty) or curved rod (highest difficulty). We show from tests in
three rhesus monkeys that the total absolute impulse measure is sensitive to task complexity, learning and lesion of frontal lobe motor areas (in one case) and that there is good reliability in
day-to-day performance (even with long periods between performances) after the monkey has leamed the task.

frontal lobe GABA levels in cocaine dependence: a two-dimensional, J-resolved magnetic resonance spectroscopy

N measures of brain acid (GABA) may be especially useful in the identification of cocaine-related changes in brain chemistry that can be
used to guide the development of future treatments for cocaine-dependent persons. This study assessed whether brain GABA levels in cocaine-dependent subjects with and without an
alcohol disorder differ from GABA levels in healthy comparison subjects. Two-dimensional, proton magnetic resonance spectroscopy was used to determine GABA levels in the left prefrontal
lobe of cocaine-dependent subjects (N=35) recruited from a National Institute on Drug Abuse (NIDA)-sponsored treatment trial of cocaine dependence and a comparison group (N=20). At
treatment baseline, mean GABA concentrations were 0.93+/-0.

Figure 5  Steps of searching for related literature by the organization on a chip study
A. Enter the chip study sub-database organization. B. Enter the 3D model you are looking for. C. To access the relevant literature, click on
the organ’s name.
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Toxicant database

The toxicant database contains data on 17,329 different types
of toxicants. They are alphabetically arranged and can be
retrieved in the order of the alphabet. Furthermore, users
can enter the name of the toxicant in the search box and be
taken directly to the toxicants interface. Information on vari-
ous toxicants, including name, equivalent terms, other data-
base numbers, CAS registry number, structure image, and
external links, is provided in the toxicant detailed interface
(Figure 4F). If some toxicant properties are not found in
OOCDB, users can use external links to enter the special tox-
icant database for a query. At the same time, we combined the
toxicant database with the literature database on organs-on-a-
chip. If the toxicant is used in organ-on-a-chip research, the
relevant literature is listed below.

Featured tools

The featured tools in OOCDB present the most important
characteristics of organs-on-a-chip, and the user can obtain
these data. A 3D model, mathematical modeling, and citation
map are all part of the feature resource.

3D model

A 3D model is a tool for understanding the combination of
organs-on-a-chip data in OOCDB and human organs at the
anatomical level. Users can navigate and find the target organ
by navigating in the 3D anatomical atlas for the human brain
male and female bodies. A visual window displays actual
human anatomical structures (Figure 5). There are three parts
to this: a human brain model, a male anatomical model, and a
female anatomical model. Figure 5 shows that the database
contains high-quality human brain models, male anatomical
models, female anatomical models, as well as internal struc-
tures viewed from a surgical perspective. Users can enter the
corresponding model by clicking the image, and then clicking
it again to enter the corresponding organs. Users can navigate
several anatomical layers in the human body or brain in each
model. They can enter any organ with the help of an anatom-
ical map. There are 111, 2984, and 3000 different types of brain
organs, male organs, and female organs, in each model, respec-
tively. Users can get the corresponding organ name by clicking
the corresponding position of the organ in the model, and then
by clicking the name of the organ, users can view omics data,
literature data, and drug data of the organ in OOCDB to find
detailed information on the organs-on-a-chip and the current
research status. It helps researchers find relevant information

<

and advances the
technology.

development of organs-on-a-chip

Mathematical modeling

Most users are concerned about whether their own data
derived from an in vitro organs-on-a-chip platform are consis-
tent with the organ in vivo and how similar they are. Therefore,
we included a section on mathematical modeling that gives
users a useful tool for estimating consistency between in vitro
data from their organs-on-a-chip platform and gene expression
data from real human organs. This section currently includes
TissueEnrich, a tool for calculating the enrichment of tissue-
specific genes in a set of input genes using the hypergeometric
test [27]. This tool is embedded in a web server and has an
easy-to-use graphical user interface. The tissue specificity of
cells cultured in vitro in an organs-on-a-chip platform can be
tested by the user. This tool’s workflow consists of three steps:
input, modeling, and output (Figure 6A). The user uploads the
gene list of the most highly expressed genes, differentially
expressed genes, or co-expressed genes to the web server for
the input step. The gene list can be typed directly into the tool’s
web page or saved as a file (Figure 6B). In addition, in the fol-
lowing step, the user can provide an expression dataset of
interest for further tissue-specific enrichment analysis (Fig-
ure 6C). After clicking the submit button, a program will auto-
matically check the identity document (ID) of the genes
uploaded by the user to confirm that the genes are recognizable
for the enrichment analysis. Furthermore, users can select
genes based on the results of the ID conversion (Figure 6C).
The confirmed genes are sent to the enrichment analyzer,
which compares the gene list with prebuilt datasets or a user-
supplied custom expression dataset. The user must choose
whether to use the Benjamini-Hochberg correction for multi-
ple hypothesis testing, which is recommended, when compar-
ing to prebuilt datasets. For defining tissue-specific gene
expression, two prebuilt human datasets are provided: human
protein atlas (HPA) [28] and genotype-tissue expression
(GTEX) [29]. If you use the custom expression dataset, the ser-
ver will take you to the parameters setting page (Figure 6D).
When all of these settings are complete, the server will begin
the analysis. Tables and plots will be used to display the
results. The tables contain the enrichment analysis scores, such
as the log;, P value, tissue-specific gene number, fold change,
samples, and tissue type (Figure 6E), as well as the enriched
genes (Figure 6F). The plots are the log;y P value bar plot
(Figure 6G) and the heat map of the tissue-specific gene
expression profile (Figure 6H). All tables and plots are avail-
able for users to download.

Figure 6  Tissue enrichment analysis performed in the mathematical model

A. The workflow of the mathematical model includes input, modeling, and output. B. The input of the mathematical model. First, the user
selects a dataset. Second, the user provided a gene list. Third, the user selected a file containing a list of genes. Finally, the user chose a file
from the custom expression dataset. C. Tissue-specific enrichment analysis. Program checked. The program validated the genes uploaded
by the user to ensure that they are recognizable for enrichment analysis, and the users can select the genes based on the id conversion
results. D. Fold change threshold, minimum expressed gene threshold, the maximum number of tissues, and tissue-specific gene type are all
available on the parameters page. E. Enrichment analysis scores include log;o P value, tissue-specific gene number, fold change, samples,
and tissue type. F. The genes that are overrepresented. G. The plots are the log;o bar plots (P value). H. The heat map of the expression
profile of the tissue-specific genes, giving the log, TPM value of each gene. TPM, transcripts per kilobase million.
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Citation map

A citation map is an OOCDB tool for analyzing the citation
situation in organ chips. Users can use the citation map’s
search box to look for a field keyword. It will search the
organs-on-a-chip literature database for authors based on
the keywords entered by users and visually present them. Fur-
thermore, users can visualize the entire dataset by clicking on
all data. Figure 7A shows that the size of the circle indicates
the number of papers cited by that author in the field, with

the larger circle indicating the author’s number of cited articles
in the field. Furthermore, the citation relationship of each
author in the field, if any, is expressed in the citation map by
connecting the lines. Figure 7B also includes a trend graph
of publications in the field, illustrating the change in the num-
ber of studies cited on organs-on-a-chip over time. Therefore,
the citation map tool can be used to identify research hotspots
in the field of organs-on-a-chip and promote the development
of organs-on-a-chip-related fields.
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Figure 7 Introduction of citation map
A. A graph of authors who have received a high number of citations in their field. B. Change of cited literature in the field over time.
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The introduction of our lab:

Suzhou Medical Device Research Institute of Southeast University , established
in March 2017 and located in Suzhou National High-tech Industrial Development
Zone, is a medical device science and technology innovation and technology
achievement transfer platform jointly built by Southeast University, Suzhou
National High-tech Industrial Development Zone and Jiangsu Industrial
Technology Research Insitute. It is a platform for medical device science and
technology innovation and technology transformation jointly built by Southeast
University, Suzhou National High-Tech Industrial Development Zone and Jiangsu
Industrial Technology Research Institute.

The model of the organ-on-a-chip:

B Search:

Detail Name Organ a Type Data Download
> barrier like organoid hip Al Membrane )
) Multi-organoids-on-a-chip Al Mix Former t
[®) Heart-on-a-chip Heart Muscle Bundle [a]
[ Liver-on-a-chip Liver Multicellular Polyculture {i,
> Development of composite hydrogels for tumor-on-a-chip Tumor Mix Former o)
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Organ: Al

Type:Membrane

Description: Construction of a membrane chip with integrated transmembrane resistance measurement. Functional cells from stem cell differentiated related organs are added to the chip, and related cells
are delivered to the exact location of the membrane in the chip through microfiuidic channels respectively, optimizing pH, culture fuid flow rate flow direction, oxygen and carbon dioxide distribution
biomechanics, electrical stimulation and other conditions to explore the optimal conditions for organoid culture. For lung and skin-like organs, an air-liquid culture environment is introduced at the right ime to
induce the maturation of epithelial cel layers in the skin and lung chips. The integrated PCB electrode plate on the chip is connected to  transmembrane resistance meter via MicroUSB port for real-time
detection of cell growth status and barrier function.

Device Image:

Model Image None
Data None

Reference: None

D Image detail: m

Membrane barrier structure transmembrane resistance
measurement, membrane organ chip design drawing and physical
drawing.

Figure 8 Introduction of in-house data
A. The introduction of organ-on-a-chip data from our lab. B. Major organ model data from our lab. C. Detailed information on organs-
on-a-chip models. D. The image details of the organ chip.
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A. Results of tissue enrichment analysis of 318 hepatocellular carcinoma-associated genes. B. Heatmap of 318 hepatocellular carcinoma-
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carcinoma. G. Search results for hepatocellular carcinoma in the drug database.



256 Genomics Proteomics Bioinformatics 21 (2023) 243-258

Lab data

Figure 8 depicts the lab data section, which includes data and
models of organs-on-a-chip from laboratories. At the moment,
it primarily involves our research institute’s results as a demon-
stration, such as blood vessels-on-a-chip, epidermis-on-a-chip,
heart-on-a-chip, and tumor-on-a-chip, and it will include data
from our chip’s end users, collaborators, and other labs (Fig-
ure 8A). The organs-on-a-chip model includes search, filter,
and download capabilities. Users can search directly for rele-
vant organs-on-a-chip data or filter data by organ and/or sim-
ulation method to quickly and easily find the data they need.
Meanwhile, we provided a download function that allowed
users to directly download the data they needed (Figure 8B).
Users can also view detailed organs-on-a-chip data by clicking
“detail,” which provides detailed information for each organ-
on-a-chip. We have divided our own lab data into six fields:
name, organ, type, description, device image, and model
image, so that researchers can browse and study the data mea-
sured or recorded from each chip in detail (Figure 8C). Fur-
thermore, users can view the details of an image by clicking
on a device or model image to learn more about the organ chip
(Figure 8D).

Publication statistics

Furthermore, OOCDB compiles authors, institutions, and
journals. Users can view the number of published papers, cita-
tion frequency, and publication trend of top authors, top affil-
iations, and top journals in the current period by selecting
different time periods. Users can sort by count or citation
and select authors, institutions, and journals to read.

Case study: using OOCDB to study hepatocellular carcinoma

OOCDB makes it simple and quick to conduct organ-on-a-
chip research. In comparison to other open public databases,
OOCDB focuses on organ-on-a-chip, allowing researchers to
quickly find relevant information. OOCDB can provide more
comprehensive data than MPS-DB. Here is an example of
what OOCDB can do for hepatocellular carcinoma.

Tissue enrichment analysis for genes associated with hepa-
tocellular carcinoma can be performed using a mathematical
model and a dataset of tissue-enriched genes from 12 nontu-
mor tissues [30]. We used the method of Li et al. [30] to per-
form enrichment analysis on these 318 genes. The
information was processed by entering the gene symbol and
selecting the human protein atlas. These genes were mostly
enriched in the liver, which matches the findings of Li et al.
[30] (Figure 9A). These findings demonstrated the mathemati-
cal model’s dependability. The mathematical model identified
genes that were highly enriched in the liver, such as SER-
PINAI, APOAI, ORM]I, and others, laying the groundwork
for future experiments (Figure 9B). As shown in Figure 9C,
we can also use the 3D model to quickly locate the liver and
the organs adjacent to it in the body and perform a quick
search for these organs. Furthermore, OOCDB has a citation
map function, as shown in Figure 9D, which shows the results
of a citation map search for hepatocellular carcinoma, which

includes information on experts in the field. OOCDB provides
a large amount of information on literature, histology, and
drugs for hepatocellular carcinoma (Figure 9E—G) so that
researchers can easily and quickly retrieve the information they
need to conduct their research.

Conclusion and future plans

Organs-on-a-chip technology has been widely concerned and
developed rapidly with the rapid development of modern
science and technology. Organs-on-a-chip is a new platform
for in vitro cell culture that was created by combining micro-
fabrication technology and 3D cell culture. This method has
the advantages of portability, high throughput, and in vivo
microenvironment simulation over traditional modeling meth-
ods. Furthermore, it has broad application prospects in disease
pathogenesis research and drug screening. Furthermore, it can
provide an integrated and systematic solution for life sciences
and medical research, as well as play a critical role in a variety
of fields, including life science and medicine. Furthermore,
because organs-on-a-chip is a new technology, the data gener-
ated by it is currently in the “blowout” stage. Several organs-
on-a-chip-related studies are constantly published, and organs-
on-a-chip research is maturing. Therefore, a database related
to organs-on-a-chip must be established.

OOCDRB is a unified platform (science as a service) that pro-
vides scientific research communities with organs-on-a-chip
biological big data sharing and application services. It is built
on big data, artificial intelligence, and cloud computing tech-
nology, and it offers data services specialized for organs-on-
a-chip data archiving, computational analysis, knowledge
search, sharing services, and visualization.

We completed the corresponding data archiving, annota-
tion, analysis, and visualization work in OOCDB, resulting
in dozens of sub-databases and analysis tools. Furthermore,
OOCDB searches and builds an index, as well as correlates
these data with organ tissue, drug, poison, and disease model
research, in order to understand the traceability of the entire
process of organs-on-a-chip data from a specific organization
to project research to information data in order to achieve
comprehensive data. We will also keep working on the syn-
onym system and hope to have it ready for OOCDB as soon
as possible. Furthermore, the 3D and mathematical models
in OOCDB are a valuable resource for developers and users
who develop and use human organ model predictions, effec-
tively promoting the models’ safety and accuracy. We will con-
tinue to translate the 3D model’s content into English. More
importantly, dedicated staff will update OOCDB every 3—
6 months to include the most recent academic studies and
related information. It will also provide the most recent
advances in organ-on-a-chip research, analysis of research hot-
spots, and real-time online statistics in academic-related fields.
Therefore, it will provide global on-chip organ researchers and
experts in industry and government health medicine with the
most comprehensive, real-time, and dynamic latest progress
of on-chip organ research. Therefore, our database promotes
progress in the field of organs-on-a-chip. Furthermore, due
to the serious Corona Virus Disease 2019 (COVID-19) out-
break, we will increase the relevant literature collection on
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the lung chip and new crown pneumonia epidemic and con-
tribute to the common difficulties.
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OOCDB is available at http://www.organchip.cn/.
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