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ABSTRACT

An updated LncTarD 2.0 database provides a compre-
hensive resource on key IncRNA-target regulations,
their influenced functions and IncRNA-mediated reg-
ulatory mechanisms in human diseases. LncTarD 2.0
is freely available at (http://bio-bigdata.hrbmu.edu.
cn/LncTarD or https:/Inctard.bio-database.com/).
LncTarD 2.0 was updated with several new fea-
tures, including (i) an increased number of disease-
associated IncRNA entries, where the current release
provides 8360 key IncRNA-target regulations, with
419 disease subtypes and 1355 IncRNAs; (ii) pre-
dicted 3312 out of 8360 IncRNA-target regulations as
potential diagnostic or therapeutic biomarkers in cir-
culating tumor cells (CTCs); (iii) addition of 536 new,
experimentally supported IncRNA-target regulations
that modulate properties of cancer stem cells; (iv)
addition of an experimentally supported clinical ap-
plication section of 2894 IncRNA-target regulations
for potential clinical application. Importantly, Lnc-
TarD 2.0 provides RNA-seq/microarray and single-
cell web tools for customizable analysis and visu-
alization of IncRNA-target regulations in diseases.
RNA-seq/microarray web tool was used to mining
IncRNA-target regulations in both disease tissue
samples and CTCs blood samples. The single-cell
web tools provide single-cell IncRNA—-target anno-
tation from the perspectives of pan-cancer analysis
and cancer-specific analysis at the single-cell level.
LncTarD 2.0 will be a useful resource and mining
tool for the investigation of the functions and mech-
anisms of IncRNA deregulation in human disease.

INTRODUCTION

Long noncoding RNA (IncRNA) has been substantially
linked to many human diseases, especially cancer (1-4).
Some studies have found that IncRNA dysregulation in
breast cancer (5,6), lung cancer (7), Alzheimer disease
(8) and other diseases (9-12). Currently, many IncRNA-
related databases have been published concerning IncRNA
sequence, expression, function, regulation, and disease as-
sociations. For example, experimentally supported or pre-
dicted IncRNA-disease associations have been generated
and stored in some databases, such as LncRNADisease 2.0
(13), Lnc2Cancer 3.0 (14), and MNDR v3.0 (15). Some
databases have been established to collect experimentally
validated or predicted IncRNA-associated regulatory rela-
tionships (such as ceRNA interactions based on scRNA-
sequencing or bulk RNA-sequencing datasets), such as
LnCeCell (16), LncRNA2Target 2.0 (17), LncACTdb 3.0
(18) and DIANA-LncBase v3 (19). Some databases have
been established to document and annotate genetic vari-
ants of IncRNAs in diseases, such as Lnc2Meth (20) and
LincSNP 3.0 (21). To facilitate the study of mechanisms
of IncRNA deregulation in the pathogenesis of disease, we
previously reported the first version of the LncTarD (22)
database, which integrated disease-associated IncRNA-
target regulations, key downstream targets, IncRNA-
dependent mechanisms and biological functions in human
diseases into a comprehensive resource.

With the increasing interest in human IncRNAs, a large
number of disease-associated IncRNA-target regulations
have been reported in recent years. The correlations between
IncRNAs (23,24) and their target regulation mechanisms
such as sponge (25,26), methylation (27-29) and transcrip-
tional regulation (30,31), have also been widely reported.
The reports of disease-related IncRNA-target regulations
supported by a large number of experiments provide a ba-
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Figure 1. Data expansion and features of LncTarD 2.0. (A) Summary of the contents of the database, including the collection of articles reporting IncRNA—
target regulations, the addition of IncRNA-target regulations information and mechanisms, and the construction of single-cell and RNA-seq/microarray
web tools. (B) Data on the regulatory mechanisms, biological functions, and clinical application of IncRNA-target regulations in diseases are included. A
panel of tools has been developed to mine, visualize, and analyze IncRNAs at single cell and RNA-seq/microarray levels.

sis for studying their clinical application. Previous studies
have found that circulating tumor cells (CTCs) and circu-
lating IncRNAs and their targets have broad application
prospects for cancer diagnosis (32,33). For example, cir-
culating RNA UCAI1 regulates MYOG6 expression through
miR-143 in colorectal cancer, affecting cell proliferation and
migration (34). LncRNAs have also been found to regulate
tumor stem cells (CSCs) through their targets, and then af-
fect tumor maintenance and spreading (35-37). MALAT1
has been reported to bind directly to the mRNA of SOX2,
and promote the stemness of gastric cancer cells, and may
be a potential target for gastric cancer (38). Considering
these newly discovered IncRNA—target regulations, as well
as publicly available data resources, it was necessary to up-
date the LncTarD database with more resources and im-
proved tools.

Therefore, we updated LncTarD to version 2.0 (LncTarD
2.0) (Figure 1 and Table 1). The current release includes
8,360 experimentally supported key IncRNA-target regula-
tions in 419 disease subtypes and their clinical application.
LncTarD 2.0 also provides two interactive web-based tools

to characterize the dynamic IncRNA—target regulations in
human diseases based on scRNA-seq and bulk RNA-seq
datasets of tissue samples and CTCs blood samples. Col-
lectively, LncTarD 2.0 aims to integrate the experimentally
supported key IncRNA-target regulations, their influenced
functions, IncRNA-mediated regulatory mechanisms and
potential clinical application in human diseases.

IMPROVED EXPANSION AND NEW FEATURES
Data expansion and preprocessing

LncTarD 2.0 was updated to contain experimentally sup-
ported key IncRNA-target regulations, their influenced
functions, and IncRNA-mediated regulatory mechanisms
associated with various human diseases (Table 1). In the
first instance, we screened >6000 studies in the PubMed
database. Among them, 5523 reports from 2019 to 2021
contained relevant information, which was incorporated
into the database. All searches followed similar keyword
combinations as the ones used in LncTarD 1.0.



Table 1. Comparison of the data included in LncTarD 1.0 and LncTarD
2.0

Fold
Features LncTarD 1.0 LncTarD 2.0 increase
IncRNA-target 2822 8360 2.96
regulations
Diseases 177 419 2.36
IncRNAs 475 1355 2.85
PCG 774 1743 2.25
miRNA 391 506 1.29
Biological functions 140 286 2.04
Cancer stem cell - 536 New
Clinical applications - 2894 New
Circulating tumor cell - 3312 New
Single cell Web Tools - 73 datasets New
RNA seq Web 90 datasets 351 datasets 39
Tools-GEO
RNA seq Web - 17 datasets New
Tools-CTC

Next, we extracted the experimentally supported as-
sociations between IncRNA-target gene regulation and
disease, and these relationships were experimentally con-
firmed. Compared with LncTarD 1.0, we added the effect
of IncRNA-target regulations on CSCs, expression pattern
in CTCs, and clinical application. If IncRNA-target regu-
lations were confirmed to be biomarkers related to metas-
tasis, recurrence, circulation, drug resistance or prognosis
in cancer, we extracted such information to characterize
the clinical application of the IncRNA—target regulations.
Similarly, if IncRNA-target regulations were confirmed to
affect the functions of CSCs such as stemness, prolifera-
tion, invasion and expansion in cancer, we extracted this
information to characterize the effect of IncRNA-target
regulations on CSCs. In addition, we collected 17 RNA-
seq datasets of CTCs from the PubMed database. In this
step, we also recorded detailed information including IncR-
NAs, target genes and cancer names, direction of regula-
tion, experimental method for each interaction, expression
pattern of IncRNA, experimental method and IncRNA mi-
croarray, positively or negatively influenced biological func-
tions, IncRNA-mediated regulatory mechanisms, informa-
tion from the PubMed database and a brief description
of functional IncRNA-target regulation in human diseases
from the original studies. Furthermore, we added more
detailed data to demonstrate the IncRNAs and their tar-
gets cancer associations more comprehensively. We col-
lected other names of IncRNAs and their targets includ-
ing aliases, synonyms, Entrez IDs and Ensembl ID (39).
We also updated the location information of IncRNAs on
chromosomes. Finally, we used a standardized classification
scheme, the Disease Ontology, to annotate human diseases
(40).

Experimentally supported regulatory mechanisms and clini-
cal applications of IncRNAs and their targets in cancer

To provide a comprehensive resource to study the role of
IncRNAs in cancer, we manually curated IncRNA-target
regulations that can serve as cancer biomarkers. First, we
collected 2894 experimentally supported clinical applica-
tions of IncRNA-target regulations. Second, we used 17
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CTCs RNA-seq datasets including 877 CTC samples of
seven cancer types to characterize the potential of IncRNA-
target regulations as diagnosis or therapeutic response
markers. The differential expression of IncRNA-target reg-
ulations between CTCs and normal blood samples was
analyzed using R package limma (41). Genes with abso-
lute fold-change > 2 and false discovery rate (FDR) <
0.05 in the same CTC dataset were considered dysregulated
IncRNAs or target genes in CTCs. We predicted 3312 out of
8360 IncRNA-target regulations that were differentially ex-
pressed in CTC samples as potential diagnostic or therapeu-
tic biomarkers in blood. Finally, we added new 536 experi-
mentally supported key IncRNA-target regulations, which
play important roles in plasticity and self-renewal proper-
ties of CSCs in 71 human disease subtypes. Furthermore,
the current release includes 8360 key IncRNA-target regu-
lations from PubMed literature associations with 419 dis-
ease subtypes, 1355 IncRNAs, 1743 protein-coding genes,
506 miRNAs and 286 biological functions. The current ver-
sion of LncTarD records 5531 experimentally supported
functional regulations including ceRNA or sponge (3719
entries), transcriptional regulation (595 entries), epigenectic
regulation (436 entries), interaction with protein (706 en-
tries), interaction with mRNA (62 entries), and chromatin
looping (13 entries), and 2829 expression associations in hu-
man diseases.

Newly developed single-cell web tool for discovery and anal-
ysis of IncRNA—target regulations

Single-cell RNA sequencing (scRNA-seq) is a high-
throughput method to measure and compare the levels
of gene expression at single-cell resolution; thus, develop-
ing an efficient method for analyzing large datasets is es-
sential. A rapid and comprehensive approach could en-
able the analysis of cancer pathology and the discovery of
IncRNA-target regulations as cancer biomarkers. In Lnc-
TarD 2.0, we designed a single-cell web tool, which can be
employed to characterize and understand IncRNA-target
regulations according to the provided single-cell datasets.
A total of 73 scRNA-seq datasets concerning IncRNA ex-
pression were collected from Lnc2Cancer 3.0 and Gene Ex-
pression Omnibus (GEO) (42). The R package Seurat and
SingleR were used for standardization, quality control, and
cell type identification of scRNA-seq data (Supplementary
methods). A total of 168 197 high-quality cells were ob-
tained in 32 cancer types. Moreover, we characterized the
association of an IncRNA-target pair with a specific cell by
testing the statistical independence of their expression val-
ues (43). The IncRNA-target pairs with significant expres-
sion correlation (with a significance level of less than 0.01)
in a cell were identified (Supplementary methods). LncTarD
2.0 provides interactive and customizable functions includ-
ing two powerful modules: (i) Pan-cancer analysis module
of key IncRNA-target regulations, which mainly provides
three tools to graphically display the differences/similarities
of IncRNA-target regulations among cancer types at the
single-cell level and (ii) Cancer-specific analysis module
of key IncRNA-target regulations, which mainly provides
three tools to reveal the cancer cell subpopulation specificity
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of IncRNA-target regulations and intratumor heterogene-
ity at the single-cell level.

Tools in pan-cancer and cancer-specific analysis mod-
ules provide the following: (i) differential regulations analy-
sis, which provides the landscape of differential IncRNA—
target regulations across multiple single-cell datasets and
cancer cell subpopulations; (ii) differential expression anal-
ysis, which provides the landscape of differential expres-
sion of IncRNAs and target genes across multiple single-
cell datasets and cancer cell subpopulations; (iii) functional
states analysis, which provides the landscape of differential
IncRNA-target regulations associated with a given cell state
(such as stemness, angiogenesis and inflammation) across
multiple single-cell datasets and cancer cell subpopulations.
AUCell algorithm was used to determine the activity of
IncRNA-target regulations within a cell (44). The Wilcoxon
rank-sum test was used to estimate the significance of dif-
ferences in activity of IncRNA-target regulations among
different scRNA-seq datasets or subpopulations (45) (Sup-
plementary methods). Furthermore, all tools in pan-cancer
and cancer-specific analysis modules contained more com-
plex functions for mining a given IncRNA-target pair, in-
cluding general information (including associated disease
subtype, biological functions, regulatory mechanisms, dys-
regulation in CTCs), UMAP/tSNE-based cell clustering,
cell clustering maps of cell-specific IncRNA-target regula-
tions, heat map and box plots of differential expression of
IncRNA and targets, and IncRNA-target networks. All of
the above functions were performed using the R package
Seurat (version 4.0.4).

Updated RNA-seq/microarray web tool for mining and
deeper understanding of IncRNA-target regulations

The rapid growth of RNA-seq/microarray data offers more
chances for data mining and deeper understanding of
the important role of IncRNA dysregulation in disease
pathogenesis and tumor heterogeneity. In this work, we
first obtained RNA-seq datasets containing IncRNA-target
expression information from The Cancer Genome Atlas
(TCGA), including transcriptome data of 33 cancer types
and 11 373 TCGA pan-cancer patients (46). Second, we ex-
tracted 351 sets of microarray and RNA-seq datasets from
the literature and downloaded them in the GEO. Similarly,
we obtained 17 RNA-seq datasets of CTCs from the liter-
ature, including 877 CTC samples and seven cancer types.
Three functions of the RNA-seq/microarray tools were es-
tablished: TCGA analysis module of key IncRNA-target
regulations, GEO analysis module of key IncRNA-target
regulations and CTC analysis module of key IncRNA-
target regulations. These tools allow valuable analysis for
mining cancer-related IncRNA-target regulation biomark-
ers, exploring the biological function of IncRNAs, and pro-
moting clinical application of blood therapy and diagnosis
of diseases.

Tools in TCGA, GEO and CTC analysis modules mainly
provided the following: (i) to demonstrate the differential
expression patterns of IncRNA-target regulation, R pack-
age DESeq2 (47) and limma (41) were used for differen-
tial analysis of RNA-seq/microarray data; (ii) box plot dia-
grams were used to compare the expression of specific IncR-

NAs and targets between cancer and normal samples; (iii)
to show the dynamic expression correlation of functional
IncRNA-target regulations in human disease, Pearson cor-
relation coefficients between IncRNAs and key targets in
each of the datasets were calculated, and a ¢ test of the Pear-
son correlation coefficient was used to estimate the correla-
tion significance; (iv) scatter plots were used to display the
expression of IncRNA-target in certain TCGA/GEO/CTC
datasets.

DATABASE CONSTRUCTION AND IMPROVED USER
INTERFACE

All data in LncTarD 2.0 were stored and managed us-
ing MySQL (version 5.6.50). The web interfaces were built
in PHP (version 7.3) on Linux and Apache platform.
The LncTarD 2.0 is freely available at https://Inctard.bio-
database.com. The old version LncTarD 1.0 is still in ser-
vice. Users can enter it from the LncTarD 2.0 homepage or
go directly to http://bio-bigdata.hrbmu.edu.cn/LncTarD1.
0/. LncTarD 2.0 exhibits a user-friendly interface and pro-
vides flexible routes for data access, enabling users to query
the database in just a few steps: (i) From ‘Home’, ‘Browse’
and ‘Search’ pages, users can quickly obtain detailed infor-
mation on IncRNA-target regulations in human diseases
(Figure 2A-E); (i) From the ‘RNA-seq/microarray Web
Tools’ page (Figure 2F), users can obtain detailed data on
IncRNAs and their target genes, including differential ex-
pression analysis and correlation analysis based on TCGA,
GEO, and CTC datasets; (iii)) In ‘Single Cell Web Tools’
page (Figure 3A and B), from the perspective of pan-cancer
and cancer-specific analysis, single-cell web tools can per-
form complex functions and characterize key IncRNA—
target regulations from scRNA-seq datasets, including dif-
ferential regulations analysis, differential expression anal-
ysis, and functional states analysis at the pan-cancer and
cancer-specific levels. In addition, we also provide spe-
cific tools for mining IncRNA-target regulations, includ-
ing UMAP/tSNE-based cell clustering and gene expres-
sion, differential expression of IncRNAs and target genes
among cell subsets, and characterization of IncRNA-target
association in a single cell; (iv) LncTarD 2.0 is a fully open
resource, and users can obtain all data from the ‘Down-
load’ page; (v) The ‘Submit’ page enables researchers to sub-
mit novel experimentally supported IncRNA-target associ-
ations. (vi) In ‘Help’ page, users can receive a detailed tuto-
rial about how to use LncTarD 2.0.

A case study to identify risk IncRNA—target regulations in
NSCLC using web-based tools

To demonstrate the usage and potential application of Lnc-
TarD database, we performed a case study to identify risk
IncRNA-target regulations in non-small cell lung cancer
(NSCLCQ) by integrating single-cell sequencing data and se-
quencing data from NSCLC tissue and CTCs using web-
based tools. First, we identified differential IncRNA-target
regulations in at least one of NSCLC scRNA-seq datasets
by comparing their regulation activity with other single-
cell datasets (Figure 4A). Next, genes in the differential
IncRNA-target regulations were required to be differen-
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Figure 4. A case study to identify risk IncRNA-target regulations in NSCLC. (A) the top ranked differential IncRNA-target regulations in NSCLC scRNA-
seq datasets by comparing regulation activity with other single-cell datasets. Differential expression of IncRNAs and genes in (B), TCGA cohort and in (C)
CTC datasets. (D) an integrative pipeline to identity risk IncRNA-target regulations in NSCLC. (E) Differential expression of AFAP1-AS1 and VIM in
TCGA cohort and in CTC datasets. (F) Pearson correlation coefficients and significance P-values between AFAP1-AS1 and VIM in TCGA cohort. (G) cell
clustering maps and differential expression analysis of AFAP1-AS1 and VIM in NSCLC cell subpopulations. (H) Distribution of the AFAP1-AS1-VIM
regulation in the tumour microenvironment of NSCLC (left panel) and the cell proportion of AFAP1-AS1-VIM regulation in cell subpopulations (right

panel).

tially expressed in bulk sequence data of solid lung can-
cers from TCGA (Figure 4B). Finally, genes in the differ-
ential IncRNA-target regulations were required to be con-
sistently differentially expressed in CTCs in blood from
NSCLC patients (Figure 4C). Consequently, we identi-
fied nine risk IncRNA-target regulations as potential clin-
ical biomarkers in NSCLC, including AFAP1-AS1-VIM,
AFAPI1-AS1-EGFR, AFAP1-AS1-HDGF, AFAP1-AS1-
CDHI1, IQANKI1-HESI, LINC00511-KLF2, LINC00511-
LATS2, LINC00511-PKM and VIM-AS1-CDHI1 (Figure
4D). For example, AFAP1-AS1 was significantly upregu-

lated in both the TCGA cohort and CTCs in blood sam-
ples of patients with NSCLC (Figure 4E). VIM was signif-
icantly downregulated in both the TCGA cohort and CTC
data for NSCLC (Figure 4E). Moreover, AFAP1-ASI ex-
pression showed significant positive correlations with VIM
expression in the TCGA cohort (R = 0.1, P < 0.05; Fig-
ure 4F). It has been shown that AFAP1-AS1 is a poten-
tial biomarker for predicting the prognostic risk of non-
small cell lung cancer (48). VIM has been reported to be
a biomarker of epithelial-to-mesenchymal transition, which
plays a key role in promoting cell migration (49). AFAP1-
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AS1 has been reported to promote cancer cell proliferation,
cell invasion, and epithelial-to-mesenchymal transition via
modulation of VIM in gallbladder cancer (50). We there-
fore speculated that AFAP1-AS1-VIM regulation may be
a potential risk factor for NSCLC. Furthermore, using the
single-cell web tool, we found that AFAP1-AS1 and VIM
were both upregulated in non-small cell lung cancer stem
cell subpopulation compared with endothelial cell subpop-
ulation (Figure 4G). The cell proportion of AFAP1-AS1-
VIM regulation was higher in breast cancer B cell subpop-
ulation (fold change of 1.7; Figure 4H), suggesting that they
possibly exert a regulatory effect on non-small cell lung can-
cer stem cell subpopulation and may be critical factors in
lung tumor microenvironment.

CONCLUSION

With the increase of reports on experimentally supported
key IncRNA-target regulations, in this study, we expanded
the LncTarD database according to the reported IncRNA—
target regulations and increased the expression of regula-
tions in tissue samples, single-cell samples and blood sam-
ples. With the continuous research on the pathogenesis
of different diseases, we believe that more IncRNAs and
IncRNA-target regulations will be reported. In the future,
we will integrate multi-omics data of diseases, use more
datasets and tools, and continue to maintain and update
the LncTarD database, further understanding the impor-
tant role of IncRNA dysregulation in disease pathogenesis
and tumor heterogeneity.
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