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Abstract—Spatial transcriptomics has become a major 

method for high-throughput analysis of gene expression at the 

current level of cells, which can directly study gene expression 

changes in disease cells, reveal the occurrence and development 

mechanism of diseases, identify potential therapeutic targets 

related to diseases, and provide new clues for disease diagnosis 

and treatment. Although there have been major breakthroughs 

in the analysis and acquisition of transcriptome data, there are 

still many challenges in how to effectively manage, share and 

utilize these valuable data resources in the study of human 

systemic diseases. To solve this problem, we are committed to 

building a spatial transcriptome database website related to 

human systemic diseases, aiming to provide reliable datasets 

related to multiple diseases, and provide certain data 

information and analysis results to accelerate the progress of 

human systemic diseases research. This paper will introduce 

the construction process of the database website in detail, and 

discuss its application prospects in disease research, with the 

aim of promoting further development and innovation in the 

field of human health. Here, Human-spa mainly includes 12 

Human systems, 38 disease types, 55 datasets, and Human-Spa 

provides a very friendly web interface for visualization and 

dataset parsing. In conclusion, the construction of Human-Spa 

will provide a powerful tool and resource platform for Human 

disease research. Human-Spa is available for free at 

http://www.human-spa.cn/ 
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I. INTRODUCTION  

Human health and disease are determined by the 
synergies of different cell types and tissues. Based on the 12 
major systems, the classification of human diseases can 
better understand and study human diseases. For example, 
we are familiar with Respiratory System, such as Lung 
Cancer [1], Pulmonary Fibrosis [2], Lung Adenocarcinoma 
cells [3] and other diseases; Urinary System, such as Adrenal 
Cancer [4], Adrenal Hyperplasia [5], Renal Clear Cell 
Carcinoma [6] and other diseases, each system is closely 
linked to maintain the normal function of the body. These 
classifications contribute to a better understanding of the 
characteristics of individual systems and the manifestations 
of diseases, and provide guidance for the study of human 

diseases. However, it should be noted that each disease may 
involve multiple systems, so it is necessary to consider the 
interaction of multiple systems comprehensively when 
studying and diagnosing diseases. 

Spatial transcriptomics [7] is a technique and meth-
odology used to investigate the spatial distribution and 
dynamics of gene expression with in cells. The rapid 
development of spatial transcriptomics technology allows us 
to better understand the type, function and spatial distribution 
of cells. Spatial transcriptome sequencing technology has a 
wide range of applications in biomedical research. In the 
beginning, Linnarsson et al. [8] the first proposed and 
developed single-cell RNA sequencing technology [8, 9], 
which laid the foundation for single-cell analysis. 
Subsequently, Ke et al. proposed Slide-seq technology [10] 
to realize spatial analysis of gene expression. So far, 
common sequencing technologies include: spatially-located 
RNA sequencing [11], Slide-seq [12], SeqFISH [13] and 
MERFISH [14], etc. It can help to study organ development, 
tumor microenvironment, immune cell distribution, and gene 
expression in the nervous system, it can also be used in 
disease diagnosis and drug development. Therefore, it is very 
convenient to build a related database website for the 
collation and application of transcriptome cell datasets. 

Spatial transcriptome data has also exerted great 
influence in the information age. scRNA-seq [15] (single-cell 
RNA sequencing), as a high-throughput molecular biology 
technique utilized for sequencing and analyzing the 
transcriptome of individual cells [16, 17]. It has a wide range 
of applications in life science research, including precise 
classification and definition of cell subsets, identification of 
cell state transitions, analysis of cellular development and 
differentiation pathways, as well as investigation into disease 
pathogenesis [18, 19]. At present, there are two methods [20, 
21] for integrating scRNA-seq and spatial transcriptome 
data, mainly are Deconvolution [22] and Mapping [23]. 
Deconvolution aims to isolate discrete cell subpopulations 
from a mixture of mRNA transcripts at each capture point 
based on single-cell data; Mapping has two aspects: locating 
a specified scRNA-seq to each cell on the HPRI [24] map 
profile and locating each scRNA-seq cell to a specific niche 
or region of the tissue. Under the leadership of deep learning, 
machine learning, and artificial intelligence, very effective 
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spatial transcriptome data can be obtained, making 
significant contributions to scientific research. 

With the continuous development of transcriptomic and 
spatial transcriptomic imaging technologies, an increasing 
number of spatial transcriptomic database websites are 
beginning to involve the integration and analysis of spatial 
transcriptomic data. For example, in 2018, Stuart et al. 
developed a website called “Tabula Muris Spatial” [25] that 
integrates spatial transcriptomic data from 18 different 
tissues in mice and provides online querying and analysis 
tools. In 2020, Z. Fan et al. released the first single-cell 
spatial transcriptomic database and an online visualization 
platform called “SpatialDB” [26]. They classified the dataset 
using 8 different sequencing technologies, providing a 
resource database for studying the spatial cellular structure of 
tissues and potentially offering new insights into the cellular 
microenvironment in diseases. More recently, Z. Fan et al. 
developed a new spatial transcriptomic database website 
called “SPASCER” [27], aimed at aiding the understanding 
of tissue heterogeneity, microenvironments in specific 
regions, and intercellular interactions across tissue structures 
at multiple levels. 

Combining the existing spatial transcriptome data sites 
with the lack of idling databases for specific human system 
diseases, we developed Human-Spa, a manually collated 
resource of spatial transcriptome datasets for researchers to 
efficiently investigate and reuse these published data. In the 
current version, Human-Spa is divided into 12 categories 
based on Human systems, for the vacancy of idling database 
sites for diseases of human systems. Including 
Cardiovascular System (4), Endocrine System (3), Digestive 
System (2), Hematopoietic System (2), Surgical System (1), 
Epidermal System (5), Immune System (4), Urinary System 
(4), Respiratory System (8), Reproductive System (16), 
Musculoskeletal System (3), Nervous System (3), including 
a total of 38 disease types, an online site that provides partial 
spatial visualization of 55 datasets and multiple common 
spatial transcriptome techniques. Human-Spa is available for 
free at http://www.human-spa.cn/ and no login required. 

II. WEBSITE OVERVIEW 

The Human Systems Disease Spatial Transcriptome 
Database (Human-Spa) is an online platform for storing and 
providing spatial transcriptome data related to various 
systemic diseases of the human body. Human-Spa is 
committed to collecting, collating, and sharing transcriptome 
data from multiple tissues and disease states so that 
scientists, researchers, and physicians can conduct research 
in understanding disease mechanisms and developing new 
treatments (Fig.1). 

In order to enhance the navigability of our database 
website, we delve into the specific gene expression patterns 
and cellular subpopulation differentiations across various cell 
types in different tissues and organs. We need to carefully 
consider several factors, including data sources, data 
processing and storage, database construction, and data 
visualization analysis. Let's take a closer look at each of them. 

A. Data collection 

These datasets involved in this website are mainly  
obtained from GEO database [28], PubMed literature 
database [29] and other platforms, The above are all open 
databases, which contain the literature of published research 

data. According to the different data sources, the paper 
information and datasets involved in the specific data are 
collected, including keywords and systematic review. After 
the collected datasets are classified according to disease type, 
the dataset containing expression matrix and normalized 
processing are preferentially retained, so as to facilitate the 
subsequent data integration and improve the efficiency of 
data visualization analysis. We obtained 38 disease types and 
55 datasets from the search results (Fig.1 and TABLE Ⅰ). For 
each datasets, we read the original paper, extract the original 
data, and provide uniform details of the data publication 
information, experimental design, and data description on the 
website. 

B. Data processing 

In the process of matrix expression and normalization of 
the collected spatial transcription datasets, data preprocessing 
is firstly carried out. In the process of data preprocessing, 
considering the influence of different sequencing 
technologies on the results of data analysis, the quality 
control of the collected data is taken into account, the data 
with poor quality is cleaned and deleted, and the data 
dimension is reduced by gene screening to eliminate the data 
batch effect.  To eliminate differences that may occur in 
horizontal comparisons.  The  matrix representation and data 
normalization are further carried out. When the expression 
matrix was generated, gene readings and FPKM/RPKM [30] 
values were taken, and gene expression levels were arranged 
by gene row and sample column. A series of standardized 
gene samples were performed to eliminate differences in 
expression between them.  The main purpose of the above 
processing is to obtain a dataset that  meets the requirements 
of the analysis. 

To facilitate data visualization, we store the processed 
datasets in a MySQL database and create a data table for it, 
connect via Navicat, and communicate with the front page 
via Express. 

C. Database construction 

Human-Spa is built on a CentOS Linux server. The Web 
server is built using Apache, the website is developed using 
PHP, the front-end web page is developed using Layui 
framework, and the Echarts framework is used to realize 
visualization. The visual data analysis presented in Human-
Spa uses common data analysis packages such as Seurat, 
Scanpy, etc. 

D. Data analysis and visualization 

A graph of cluster analysis results for relevant disease 
datasets is available in Human-Spa. About UMAP [31] and t-
SNE [32] clustering are popular nonlinear reduction and 
visualization techniques. It is mainly used for dimensionality 
reduction, but it can also be used for clustering tasks. UMAP 
cluster graph is a dataset generated by UMAP algorithm, and 
t-SNE cluster graph is a visual representation of the dataset 
generated by t-SNE algorithm to help us observe and 
understand the cluster structure of the dataset. A cluster map 
can identify cluster patterns, cluster distribution, and 
similarity relationships among data points in a dataset.  

We will cluster and visualize datasets, use dimensionality 
reduction algorithms such as UMAP and t-SNE to reduce 
high-dimensional data to two or many dimensions., data 
dimensionality reduction, and map the data to a low-
dimensional manifold to preserve the local structure of the  
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Fig.1. Overview of the Human-Spa database, the spatial transcriptome data of diseases corresponding to 12 major human systems were collected and 
organized. Human-Spa provides a web interface for the integration of such datasets, where users can preview, upload, download datasets, and view visual 
analysis annotations of datasets. 

data. Clustering algorithms, such as K-means [33] and 
hierarchical clustering [34], are used to perform cluster 
analysis on the data after dimensionality reduction, and the 
clustering results are visualized using scatter plots or other 
graphical methods. In a cluster graph, the data points of 
different clusters often have different colors or markers in 
order to distinguish them. 

E. Data preview, download and upload 

In the process of building the website, the Echarts 
framework was used to carry out statistics on the 
corresponding disease types of each human system, and 
detailed explanations were made in the form of charts. In 
the process of building the website, the Echarts framework 
can be used to carry out statistics on the disease types 
corresponding to each human system and explain them in  

Authorized licensed use limited to: TONGJI UNIVERSITY. Downloaded on August 13,2024 at 13:57:49 UTC from IEEE Xplore.  Restrictions apply. 



296

TABLE Ⅰ PROVIDES DETAILED STATISTICS ON THE COLLECTED DATASETS IN HUMAN-SPA 

(*)OUTSIDE IS THE NUMBER OF DATASETS, INSIDE IS THE NUMBER OF DISEASE TYPES 

Human System 
Datasets 

No.* 
Disease Type 

Cardiovascular 

system 
4（4） 

Pulmonary hypertension, Venous 

hypertension, Dilated myocarditis, 

Carotid atherosclerosis 

Endocrine 

system 
3（3） 

Type 1 diabetes, Type 2 diabetes, 

Adrenal hyperplasia 

Digestive 

system 
2（2） Gastric cancer, Liver cancer 

Hematopoietic 

system 
3（3） 

Chronic lymphocytic leukemia, Acute 

Promyelocytic Leukemia, Acute 

Lymphoblastic Leukemia 

Surgical system 1（1） Dermatitis 

Epidermal 

system 
5（3） 

Melanoma, Squamous-cell Carcinoma, 

Herpes virus 

Immune system 4（2） 
Rheumatoid arthritis, Systemic lupus 

erythematosus 

Urinary system 4（3） 
Adrenal carcinoma, Clear cell carcinoma 

of kidney, Wilms tumor 

Respiratory 

system 
8（4） 

Lung cancer, Pulmonary fibrosis，
Alveolar adenocarcinoma, COVID-19 

Reproductive 

system 
15（6） 

Triple negative breast cancer, Breast 

cancers，Cervical cancer, Ovarian 

cancer，Prostate cancer, HPV 

Musculoskeletal 

system 
3（3） 

Human osteosarcoma, Lumbar disc 

herniation, Osteoarthritis 

Nervous system 3（3） 
Glioma, Intracranial Aneurysms, 

Alzheimer's disease 
detail in the form of charts. First, a dataset of human 
systems and disease types is organized, and the data is 
stored in a JSON file, each system corresponds to an array, 
and the array contains different disease types under that 
system. Import the Echarts library, import the online CDN 
version through the <script> tag or download the library 
file to the local import, create the chart container, specify 
the container element as the parent element of the chart, 
configure the chart parameters.  

In addition, users can also download the required data 
through the “Download” page. If users wish to share their 
data, they can send the necessary information to us via the 
“Upload” page. We will process this data and add it to the 
Human-Spa database. 

F. Gene proportion 

According to the expression pattern classification of 
genes in different tissues or physiological conditions in the 
data set, the number of species was integrated, including 
gene name, proportion and classification. Meanwhile, the 
total proportion of classification was calculated, pie chart 
example was created and parameters were configured (Fig. 
2) 

III. DISCUSSION 

At present, We have completed the research on the 
website construction of the spatial transcription database of 

human system diseases, mainly using the front-end 
framework and database to achieve the construction of the 
website, and also made a lot of information collection and 
sorting in the website content, including some data 
analysis content. The main purpose of constructing this 
website is to realize the integration of human spatial 
transcription dataset. This paper mainly describes some 
important work made. At present, spatial transcriptome 
sequencing technology is one of the most popular analysis 
methods, which can provide spatial information of gene 
expression at the tissue and organ level.  

At the same time, the scarcity of websites targeting 
spatial transcriptome databases provides a more favorable 
approach to data analysis in the medical field. Human-Spa 
integrates existing spatial transcription data and provides 
detailed descriptions of data sources, data processing, data 
analysis and visualization on the website. By storing and 
correlating large amounts of transcriptome data in a 
database, Human-Spa provides users with an important 
knowledge discovery platform. The implementation 
process of the existing dataset is described in detail, and 
users can conduct more detailed research according to the 
actual situation and the papers in which the data appear, 
and find the common characteristics, gene expression 
patterns and possible biological mechanisms between 
different diseases. This is very helpful in deepening the 
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understanding of disease occurrence and development, 
providing clues for new treatments and drug development. 

IV. SHORTAGE AND PROSPECT 

Despite the above advantages, Human-Spa still has 
some limitations. First of all, Human-Spa does not provide 
an online analysis method for visualization, but only 
provides the user with the visualized results of our 
implementation. There are a number of relatively mature 
online tools and platforms (SPACECAT, Seurat Spatial, 
etc.) available for online analysis of spatial transcriptome 
data, which provide various analytical methods and 
visualization capabilities to help researchers resolve spatial 
features of gene expression. At the same time, Human-Spa 
as a whole is a static interactive web interface, which 
means that it provides the ability to display and interact 
with existing data, but the data analysis visualization of 
Human-Spa is not yet mature. To address these 
deficiencies, we can make our website richer and more 
powerful with the help of online analysis tools and cutting-
edge frameworks to quickly build a responsive and 
dynamic interface. 

 

Fig.2. This is a picture of the GEO database, dataset GSE148673. That 
is, 46,501 cells in 21 tumors of triple-negative breast cancer were data 
processed to retain 1966 cells with obvious characteristics corresponding 
to the classification and proportion of different gene types. 

The advancement of the Human Cell Atlas project 
provides a new perspective for life science research. It is 
expected that more spatial transcriptomic techniques will 
be developed and spatial gene expression data will be 
accumulated rapidly. We will continue to collect new 
technologies and datasets to update Human-Spa. In 
addition, we will integrate more tools and data sources to 
analyze data. Collecting new technologies and datasets and 
integrating them into Human-Spa will enable the platform 
to offer more comprehensive and diverse data analysis and 
visualization capabilities. This is extremely valuable for 
researchers, allowing them to delve deeper into cell 
function and interactions. In addition, the integration of 
more tools and data sources is also a good direction. By 
combining different tools and data sources, it can provide 
more diversified analysis methods and richer data 
resources, further expanding the scope of application of 
Human-Spa. Continuously updating and integrating new 
technologies, datasets, tools, and data sources, and 
improving on the shortcomings of Human-Spa, Human-
Spa will become a more powerful and comprehensive 
platform that offers more possibilities for researchers and 
pushes life science research  to the next level. 

V. WEBSITE INSTRUCTIONS 

Human-Spa is a website for researchers and 
practitioners in the fields of spatial transcriptome, data 
mining and bioinformatics. It mainly includes the 
following five functional modules: home page, preview, 
dataset, upload and download. The home page provides a 
brief overview of the site's introduction, purpose, and 
dataset information for the 12 major systems of the human 
body. The preview page displays the distribution of the 
dataset in the form of bar charts and pie charts, allowing 
users to intuitively understand the composition and 
distribution of the data. The dataset page classifies by body 
system, showing details of each dataset and some of the 
data analysis results. Users can view data information 
about a particular dataset and obtain an analysis sample 
graph of the dataset in the Submit function on the dataset 
page. The upload page provides the details of the dataset 
submitted by the user, where the user can provide the 
dataset information, which we then summarize and add to 
our database based on this information. The download 
page provides the download function of all datasets, and 
users can get the datasets they need from here. Through the 
above functional modules, Human-Spa provides a 
convenient platform for researchers and practitioners to 
browse, upload and download datasets related to spatial 
transcriptome, data mining and biological information, 
which will help them better conduct research and promote 
the development of related fields. 
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