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Abstract 28 

Long non-coding RNAs (lncRNAs) have emerged as significant players for 29 

maintaining the morphology and function of tissues or cells. The precise regulatory 30 

effectiveness of lncRNA is closely associated with the spatial expression patterns 31 

across tissues and cells. Here, we proposed the Cellular-Elevated LncRNA (LncCE) 32 

database to systematically explore cellular-elevated (CE) lncRNAs across normal and 33 

cancer tissues in single cells. LncCE encompasses 87,946 CE lncRNAs of 149 cell 34 

types by analyzing 181 single-cell RNA sequencing (scRNA-seq) datasets, involved 35 

in 20 fetal normal tissues, 59 adult normal tissues, as well as 32 adult and 5 pediatric 36 

cancer tissues.Two main search options were provided via a given lncRNA name or a 37 

cell type. The output results emphasize both qualitative and quantitative expression 38 

features of lncRNAs across different cell types, co-expression with protein-coding 39 

genes as well as their involved in biological functions. For cancers, LncCE 40 

particularly provided quantitative figures for exhibiting their expression changes 41 

compared to control samples and clinical associations with patient overall survivals. 42 

Together, LncCE offers an extensive, quantitative and user-friendly interface to 43 

investigate cellular-elevated expression atlas for lncRNAs across normal and cancers 44 

tissues at single-cell level. The LncCE database is available at 45 

http://bio-bigdata.hrbmu.edu.cn/LncCE. 46 

KEYWORDS: lncRNA; LncCE; single-cell sequencing; cancer; cellular-elevated 47 

  48 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 21, 2024. ; https://doi.org/10.1101/2024.05.17.594684doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.17.594684
http://creativecommons.org/licenses/by-nc-nd/4.0/


Introduction 49 

Long non-coding RNAs (lncRNAs) are a class of noncoding RNAs which are longer 50 

than 200 nucleotides (nt) and lack protein coding capacity [1-3]. It was widely 51 

accepted that lncRNAs were closely associated with various crucial biological 52 

functions to maintain tissue morphology, even cancer development [4-6]. 53 

Emerging studies have comprehensively characterized the expression patterns of 54 

genes with bulk transcriptomes. Besides tissue-specific (TS) genes, other two kinds of 55 

genes were found to be important for the realization of the physiological function of 56 

normal tissues as well as the formation and development of cancer, including 57 

tissue-enhanced genes and tissue enriched ones [7, 8]. These three categories of genes 58 

all exhibit tissue-elevated expression in a certain tissue, that is, the gene expression is 59 

dominantly higher in some tissues than in other tissues. Genes with tissue-elevated 60 

expression patterns were constantly identified and validated across normal and cancer 61 

tissues [9-11], and their biomarker potential for cancer diagnosis and prognosis were 62 

discussed [6, 12]. Thus, comprehensive characterization of spatial expression can 63 

reveal the function of lncRNAs across tissues and cancers. Indeed, current 64 

developments in transcriptome analyses unveiled the stronger tissue-specificity 65 

expression of lncRNAs than protein-coding genes [13]. In our previous studies, the 66 

tissue-elevated expression patterns of lncRNAs have been systematically explored 67 

across normal and cancer tissues, and their key roles were also revealed in 68 

maintaining morphology and function of tissues [6, 12]. 69 

Single-cell RNA sequencing (scRNA-seq) technologies are powerful for analyzing 70 

the spatial expression patterns of genes at single cell level [14], providing an 71 

unprecedented chance to highlight increasingly challenging biological questions and 72 

explore the molecular mechanisms related to carcinogenesis [15-17]. Emerging 73 

studies also have investigated the expression pattern of lncRNA across normal and 74 

cancer cells [18-21], and further experimentally validated lncRNAs with cell 75 

state-specific functions involved in cell cycle progression and apoptosis [22, 23]. For 76 

example, lncRNAs specially expressed in T cell were found to play important roles in 77 
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cancer immunity [24]. However, yet little is known about lncRNA expression 78 

properties at the single-cell level, and there is still no comprehensive database for 79 

providing CE lncRNA expression atlas across human tissues and cancers via 80 

large-scale scRNA-seq data. 81 

To address these challenges, we constructed the public resource, LncCE 82 

(http://bio-bigdata.hrbmu.edu.cn/LncCE), which is a landscape of Cellular-Elevated 83 

lncRNAs in single-cell across normal and cancer tissues. The cellular-elevated (CE) 84 

lncRNAs were comprehensively discovered, which were further classified into three 85 

categories based on their dominant in a certain cell type, including cell specific (CS), 86 

cell enriched (CER) and cell enhanced (CEH). LncCE not only provides the 87 

cellular-elevated expression patterns of lncRNAs, but also can be used for 88 

downstream analysis, such as identifying novel cellular markers and comparing 89 

cellular-elevated expression patterns of lncRNAs across different cellular states. 90 

LncCE could significantly help the research community to understand the biological 91 

functions of lncRNA in cells, tissues and tumorigenesis. 92 

 93 

Data collection and processing 94 

Data collection and pre-processing in LncCE 95 

For single-cell RNA transcriptome resources across normal tissues, three widely 96 

available transcriptome datasets were collected (Table S1), including Human Cell 97 

Landscape (HCL) [25], Cross-tissue Immune Cell Atlas (TICA) [26], The Tabula 98 

Sapiens (TTS) [27]. Specially, one normal fetal transcriptome datasets, HCL Fetal 99 

datasets, also had been contained in our study for a comprehensive compare of CE 100 

(cellular-elevated) lncRNAs of development. 101 

For single-cell RNA transcriptome resources across cancer tissues, we collected 102 

scRNA raw count files from Gene Expression Omnibus (GEO) [28], ArrayExpress 103 

[29], TISCH [30] and TISCH2 [31]. Similarly, pediatric cancer transcriptome datasets 104 

were also collected, including five pediatric cancer types [32, 33]. 105 

For all scRNA transcriptome resources, we also collected the metadata 106 

information (including sample ID, organ/tissue origin, clinical treatment, biosample 107 
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groups, and major cell types) of each normal or cancer tissue. For all scRNA datasets, 108 

we removed genes that were not expressed in at least 3 cells and cells that did not 109 

have at least 50 detected genes. The data was then normalized using scale factor of 110 

10,000 and natural log-transformed, and then LncCE documented 2,893,787 cells 111 

from 181 transcriptome resources, including 74 transcriptomes of 32 cancers, 5 112 

transcriptomes of 5 pediatric cancers, 82 transcriptomes of 59 normal tissues and 20 113 

transcriptomes of 20 fetal normal tissues. In the cell type identification, LncCE used 114 

the original major cell type annotation from the metadata information. To provide 115 

comprehensive and precise annotations of similar cell types, we have corrected and 116 

unified the cell types, such as, in some datasets the cell names are misspelled or the 117 

same cell type have different names in different datasets. Furthermore, to identify 118 

clusters of distinct cell populations, the tSNE clustering algorithms was implemented 119 

in the Seurat R package (v4.3.0). 120 

Gene annotation 121 

Gene annotation files were downloaded from GENCODE (release 38, GRCh38) [34] 122 

which includes different types of genes, including protein-coding genes, long 123 

noncoding RNAs (lncRNAs), and pseudogenes. For a more comprehensive analysis 124 

of lncRNAs expression patterns at single-cell level, we consider ‘pseudogenes’ as 125 

‘long noncoding RNAs’ in our study. 126 

Identifying the CE lncRNA 127 

To identify CE lncRNAs in each tissue, we identified lncRNAs that have at least 128 

5-fold higher expression levels in one cell-type compared with all other cell-types [6, 129 

9, 12, 35]. Moreover, CE lncRNAs were also further classified into three 130 

subcategories to reflect increasing degrees of elevated expression in a particular tissue, 131 

including “cell specific (CS)”, “cell enriched (CER)”, and “cell enhanced (CEH)”. (i) 132 

CS lncRNAs were expressed only in a particular cell-type, where the expression 133 

thresholds were set 0.001 for counts per million (CPM); (ii) CER lncRNAs were with 134 

at least 5-fold higher expression level in a particular cell-type compared with the max 135 

expression levels in all other cell-types; and (iii) CEH lncRNAs were with at least 136 

5-fold higher expression level in a particular cell-type compared with the average 137 
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expression levels in all other cell-types. Furthermore, we defined a CE lncRNA when 138 

it expressed in more than ten cells of the same cell-types. Similarly, we also identified 139 

cancer CE lncRNAs in each cancer cell-type. Moreover, CE protein-coding genes in 140 

each cell-type under normal or cancer states were also identified. 141 

LncRNA-mRNA correlation 142 

Due to the inefficiency of the technical molecule, scRNA-Seq may not be able to 143 

detect the truly expressed gene in some cells and is therefore represented by false zero 144 

expression. Thus, scRNA-seq data may be much sparser than the whole tissue RNA 145 

sequencing, we apply scLink, a new method to better characterize the statistical 146 

dependencies between genes in single cell [36]. Users can set different correlation 147 

thresholds, spatial pattern of mRNAs to visualize the co-expressed lncRNA-mRNA 148 

subnetwork based on the tool echarts. Moreover, CE mRNAs in the same cell were 149 

also highlighted in the co-expression subnetwork by node colors. 150 

Function prediction of CE lncRNAs 151 

Function prediction of CE lncRNAs also provided in single-cell. After users select the 152 

co-expressed mRNAs in the above step, genes are online subjected into the R 153 

packages “clusterProfiler” to predict enriched functions of lncRNA, including Gene 154 

Ontology categories and pathways [37]. 155 

Database construction 156 

LncCE was constructed by Java Server Pages and deployed on Tomcat software (v6). 157 

All datasets in LncCE were documented and managed in MySQL database (v5.5). 158 

Several commonly used Java script packages, including ECharts (v5.2.2), Datatable 159 

(v1.12.1), Highcharts (v7.1.2) and plotly (v2.16.1), were implemented for 160 

presentation of query results and interactive visualization of data. All data processing 161 

and integration analysis were performed using R software (v4.1.2). Currently, the 162 

website has been tested on several popular web browsers, including Google Chrome 163 

(preferred), Firefox, or Apple Safari browsers. 164 

 165 

Database content and usage 166 

Data summary  167 
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The current version of LncCE includes 2,893,787 cells, covering 149 cell types across 168 

37 cancer types and 79 normal tissues of the human body. There were 20 fetal normal 169 

tissues, 59 adult normal tissues, 32 adult and 5 pediatric cancer tissues. On average, 170 

each scRNA-seq dataset has 34,865 cells, ranging from 515 to 103,703 cells (Table 171 

S1). A total of 14,941 lncRNAs were identified in LncCE database. The CE lncRNAs 172 

were comprehensively identified (details in data collection and processing), which 173 

were further classified into three categories, including CS lncRNAs, CER lncRNAs 174 

and CEH lncRNAs. Currently, there were 87,946 CE lncRNAs were curated in 175 

LncCE (Table S2), with the largest number of CE lncRNAs in lacrimal gland 176 

functional unit cell of eye (TTS, n = 3342) and the smallest number of CE lncRNAs 177 

in B cell of BRCA (GSE114727_indrop, n = 1). 178 

Database overview 179 

LncCE is not only a comprehensive resource of CE lncRNAs across single-cell but 180 

also provides a user-friendly web interface for investing the spatial expressions of 181 

lncRNA across cellular states (Figure 1). The users can switch between adult and 182 

pediatric normal/cancer tissues by typing the button on the homepage. Users could 183 

click on the corresponding button in the homepage to enter the “Browse”, “Search”, 184 

and “Download” pages for browsing, searching, and downloading all CE lncRNAs in 185 

LncCE.  186 

CE lncRNAs could be browsed by “LncRNA-Centric”, “Normal-Centric” and 187 

“Cancer-Centric”. In LncRNA-Centric page, all CE lncRNAs were organized in the 188 

hierarchical structure based on chromosomal localization. In the other two browse 189 

pages, normal, adult, and pediatric cancer tissues were also organized in hierarchical 190 

structure based on anatomic classification in human body map. Moreover, users can 191 

quickly enter the “Searching Result” pages by clicking tissue of interest in the human 192 

body on the home page. In the “Search” sections, four different query options were 193 

provided on the basis of normal or cancer tissues of interest, lncRNA names or cell 194 

types. In addition, the statistic information of LncCE can also be accessed from the 195 

“Statistics” page. All data in the database can be freely downloaded from the 196 

“Download” page. A detailed tutorial showing how to browse and query data was also 197 
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available on the “Help” page. 198 

LncRNA-based exploration with LncCE 199 

Recently, some studies have reported that LUCAT1 (lung cancer associated transcript 200 

1) is a cancer-related and myeloid cell-specific lncRNA, which can interact with 201 

STAT1 (signal transducer and activator of transcription 1) to inhibit ISGs 202 

(interferon-stimulated genes) transcription [38-40]. As use case for a “LncRNA” 203 

search, we employed LncCE to identify the cell types expressing LUCAT1 across 204 

different tissues. 205 

Upon entering a lncRNA in the corresponding search field at the “LncRNA” 206 

region of the “search” page, the LncCE displays a table of the gene’s basic 207 

information in each cell type in every dataset in which the gene is identified as CE 208 

lncRNA (Figure 2A and B). We searched for LUCAT1 and observed that it is most 209 

highly expressed in myeloid cells in most cancers including lung cancer and 210 

colorectal cancer, and also highly expressed in myeloid cells in normal tissues 211 

including lung, esophagus tissues (Figure 2A).  212 

By clicking the details button in these tables, users can further obtain more details 213 

for individual entry. A hyperlink was linked to the detail result page for the CE 214 

lncRNA LUCAT1 in NSCLC (non-small cell lung cancer) of GSE117570. Eight major 215 

types of information were provided (Figure 2C-2K). (i) Basic annotation information 216 

was provided and an annotation link could provide annotations of LUCAT1 in 217 

ImmReg [41], TransLnc [42] and LncSpA [6]. (ii) CE cancer tissue (NSCLC), 218 

subclassification of CE, and corresponding expression levels were listed in a table, a 219 

bar chart and box chart of expression across cell types was provided, and a tSNE 220 

figure which is colored by cell type was used to visualize the expression of lncRNA, 221 

such as LUCAT1. (iii) The qualitative and quantitative spatial expression patterns in 222 

normal tissues (lung tissue as its CE tissue) were provided. (iv) Co-expression 223 

between CE lncRNA LUCAT1 and mRNAs were shown in a network view. In 224 

addition, the correlation information was listed in a table, and users could select 225 

different thresholds (0-0.7) to filter the lncRNA-mRNA co-expression network. (v) 226 

Co-expressed mRNAs were used for functional and pathway enrichment analysis, 227 
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identifying various kinds of relations with physiologic and pathologic lung tissue. (vi) 228 

Evidences have also shown the association between NSCLC and LUCAT1 from 229 

Lnc2Cancer, LncRNADisease, and exoRBase. (vii) Expressions of lncRNA in cancer. 230 

We found that LUCAT1 was upregulated in LUAD (lung adenocarcinoma) and LUSC 231 

(lung squamous cell carcinoma) in TCGA, suggesting LUCAT1 as a candidate 232 

oncogenic lncRNA, which is consistent with the study of Agarwal S. et.al [38]. (viii) 233 

The results of regression analysis and the Kaplan–Meier survival plot indicated that 234 

LUCAT1 was a protective factor in LUAD and LUSC. Taken together, these eight 235 

panels provided detailed information for understanding the function of CE lncRNA 236 

across different cell types under normal and cancer tissues. 237 

Cell type-based exploration with LncCE 238 

Emerging studies have well-characterized the function of cell-type elevated mRNAs 239 

across normal and cancer tissues, but there has been less research to lncRNAs. LncCE 240 

represents a comprehensive annotation of cell-type elevated lncRNAs, providing the 241 

possibility to investigate the function of CE lncRNAs. LncRNAs are cell-type 242 

specifically expressed in a variety of cell types (Table S3), including immune cells (T 243 

cell, B cell, macrophage and etc.), stromal cell, endothelial cell, and muscle cell.  244 

Next, we focused on CE lncRNAs which were identified in no less than 15 245 

datasets (Figure 3). Several lncRNAs, including LUCAT1, MIAT (myocardial 246 

infarction associated transcript), WFDC21P (WAP four-disulfide core domain 21), 247 

CARMN (cardiac mesoderm enhancer-associated non-coding RNA) and PCAT19 248 

(prostate cancer associated transcript 19), appear to be expressed in matched cell 249 

types, suggesting a conserved role in these cell types. LUCAT1 is reported as a 250 

myeloid-specific lncRNA, and it is identified as CE lncRNA in 85 datasets in LncCE 251 

(Figure 4A), in particular with myeloid dervied cells (macrophage, monocyte and 252 

neutrophil, 66/85) and myeloid cell (7/85). MIAT is a T cell marker in LncCE which is 253 

identified as CE lncRNA in 20 adult cancer datasets (Figure 4B), and it has been 254 

reported mainly expressed in tumor and T cells which indicating that MIAT may be 255 

involved in the immune escape process of cancer [43]. WFDC21P, also known as 256 

lnc-DC, is a lncRNA expressed exclusively in human dendritic cells, that is required 257 
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for optimal dendritic cell differentiation from human monocytes and WFDC21P has 258 

been shown to promotes the nuclear translocation and function of STAT3 by 259 

interacting with the transcription factors STAT3 [44], and is identified as CE lncRNA 260 

of dendritic cell in 23 datasets (Figure S1A). CARMN has been reported an 261 

evolutionarily conserved smooth muscle cell-specific lncRNA [45] and is identified as 262 

CE lncRNA in endothelial and muscle cells (Figure S1B). PCAT19 has been reported 263 

to safeguard DNA in quiescent endothelial cells by preventing uncontrolled 264 

phosphorylation of RPA2 (replication protein A2) [46] and drive prostate cancer [47] 265 

or as a prognostic biomarker for endometrial cancer [48]. In LncCE, PCAT19 is 266 

identified as CE lncRNA in 126 datasets, particularly in endothelial cell (108/126), 267 

suggesting PCAT19 may be a novel biomarker for endothelial cell (Figure S1C). 268 

These observations suggested a considerable number of cell elevated lncRNAs are 269 

involved in cellular differentiation, activation and inflammation based signaling, 270 

cancer initiation, development and treatment resistance.  271 

  272 
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Discussion  273 

In summary, LncCE is a comprehensive resource for investigating the spatial 274 

expression patterns of lncRNAs at single-cell level across adult and fetal normal 275 

tissues, as well as adult and pediatric cancer types. User-friendly interface was 276 

designed for querying, browsing, and downloading the CE lncRNAs of interest. Eight 277 

major types of information for CE lncRNAs were provided for visualizing and 278 

understanding their function in physiologic and pathologic phenotypes.  279 

Comparing with the other resources, LncCE is particularly dedicated to 280 

cellular-elevated lncRNA across normal and cancer single-cell transcriptomic datasets 281 

(Table S4). LncCE not only provides the spatial expression patterns of CE lncRNAs, 282 

but also can be used for downstream analysis, such as identifying novel cellular 283 

markers and comparing spatial patterns of lncRNAs across different states. In the 284 

future, we will continue to update LncCE to include more cells across normal and 285 

cancer tissues and maintain it as a valuable resource. In addition, the drug 286 

susceptibility for CE lncRNAs will also be added to our database in the future. CE 287 

lncRNAs in LncCE are potentially promising candidate therapeutic targets in 288 

precision oncology. The CE lncRNAs may be the marker genes for distinguishing cell 289 

types. We believe that LncCE will be a valuable resource for both experimental and 290 

computational researchers to bridge the knowledge gap from lncRNA expression to 291 

phenotypes. 292 

  293 
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 294 

Data availability 295 

The online database LncCE is publicly available at 296 

http://bio-bigdata.hrbmu.edu.cn/LncCE. 297 
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Figure legends 445 

Figure 1  Schematic of overall design of LncCE 446 

Top, workflow of obtaining all CE lncRNAs from multiple scRNA-seq datasets. 447 

Middle and bottom, user interface of LncCE. The users can select adult or fetal 448 

normal tissues, or adult or pediatric cancer tissues for quick queries. In this panel, the 449 

Search, Browse, Statistics, Download, and Help modules provide flexible ways to 450 

access the dataset. Four types of search moudles were provides for all CE lncRNAs. 451 

Three browsing ways are also given. 452 

 453 

Figure 2  LncRNA-based exploration with LncCE 454 

A. Search by adult or fetal normal tissues, or adult or pediatric cancer tissues, 455 

lncRNAs or cell types of interests. B. The result list for lncRNAs. C. Basic annotation 456 

information for cellular-elevated lncRNA LUCAT1 and annotations in other relevant 457 

databases. D. A global map of different cell populations and expression levels of 458 

LUCAT1 across cell types in CE cancer tissue (NSCLC) in the selected dataset 459 

(GSE117570). E. A global map of different cell populations and expression levels of 460 

LUCAT1 across cell types in CE cancer tissue (NSCLC) in the other dataset. F. A 461 

global map of different cell populations and expression levels of LUCAT1 across cell 462 

types in normal tissues (Lung) associated with CE cancer tissue (NSCLC). G. 463 

Co-expression network between CE lncRNA LUCAT1 and mRNAs. H. Functional 464 

and pathway enrichment analysis of co-expression mRNAs. I. External links related 465 

to NSCLC and LUCAT1. J. Expression and regulation of lncRNA LUCAT1 in TCGA 466 

cancer. K. Survival analysis of CE lncRNA LUCAT1 in TCGA cancer. 467 

 468 

Figure 3  Distribution of CE lncRNA in each cell type (n ≥ 15) across adult and 469 

fetal normal tissues, adult and pediatric cancer tissues 470 

The outermost circle is the cell type, the length shows the amount of CE lncRNAs. 471 

The penultimate circle is CE lncRNA names. The third last circle is the distribution of 472 

CE lncRNAs count in adult cancer tissues, followed by adult normal tissues, pediatric 473 
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cancer tissues and fetal normal tissues. The height of the bar shows the number of 474 

datasets that the lncRNA is identified as CE lncRNA.  475 

 476 

Figure 4  Cell type-based exploration with LncCE 477 

A. tSNE plots of GSE117570_NSCLC dataset colored by cell type and LUCAT1 478 

expression. B. tSNE plots of GSE140819_Metastatic_breast_cancer dataset colored 479 

by cell type and MIAT expression. 480 

 481 

Supplementary material 482 

Figure S1  tSNE plots of GSE140228_LIHC (A), GSE139829_UVM (B) and 483 

CRA001160_PAAD (C) dataset colored by cell type and CE lncRNAs (WFDC21P, 484 

CARMN and PCAT19) expression 485 

Table S1  The information of all datasets 486 

Table S2  The number of CE lncRNA of each datasets across adult/pediatric 487 

cancer/normal tissues 488 

Table S3  The list of CE lncRNAs for each cell type 489 

Table S4  Highlights of lncCE comparing with other human scRNA-seq 490 

database 491 

 492 
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Monocyte/Macrophage

Monocyte/Macrophage

Monocyte/Macrophage

T cell

LUCAT1 (Monocyte/Macrophage; 
NSCLC; GSE117570)

MIAT (T cell; Metastatic breast
cancer; GSE140819)
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Endothelial cell

CARMN (Endothelial cell; UVM; GSE139829)B

PCAT19 (Endothelial cell; PAAD; CRA001160)C

Endothelial cell

A

Dendritic cell

WFDC21P (Dendritic cell; LIHC; GSE140228_10x)
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