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Fig. S1. Case study and workflow of using LncSpA. (A) The interface of the browse module, 

with selection of LIHC in ‘Cancer-Centric’ page, or HULC in ‘LncRNA-Centric’ page. (B) 

Quickly searching LIHC by clicking the corresponding circle of LIHC in human body figure. (C) 

The search interface based on Cancer - LIHC, or LncRNA - HULC. (D) The search results 

respectively for LIHC or HULC. (E-L) Eight types of detailed information were provided for the 

annotation entry of HULC in LIHC. (E) Basic annotation information. (F) Qualitative and 

quantitative spatial expression patterns in cancer tissues. (G) Qualitative and quantitative 

spatial expression patterns in normal tissues. (H) Table and network layout of lncRNA-mRNA 

co-expressed network. (I) Online function enrichment analysis by taking co-expressed mRNAs 

as input to GREAT. (J) The known disease association for HULC. (K) Diagnostic-based 

annotations of HULC. (L) Prognostic-based annotations of HULC.  
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Fig. S2. Case study of LINC00261 and workflow of using LncSpA. (A) The search 

interface based on Cancer - LIHC, or LncRNA – LINC00261. (B) The search results 

respectively for LIHC or HULC. (C-J) Eight types of detailed information were provided for the 

annotation entry of LINC00261 in LIHC. (C) Basic annotation information. (D) Qualitative and 

quantitative spatial expression patterns in cancer tissues. (E) Qualitative and quantitative 

spatial expression patterns in normal tissues. (F) Table and network layout of lncRNA-mRNA 

co-expressed network. (G) Online function enrichment analysis by taking co-expressed 

mRNAs as input to GREAT. (H) The known disease association for LINC00261. (I) 

Diagnostic-based annotations of LINC00261. (J) Prognostic-based annotations of LINC00261. 
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Supplementary Text S1. Potential applications based on LncSpA resource 

To illustrate the use of LncSpA in cancer, we provided five potential applications to investigate 

the functional of lncRNAs. We found that LncSpA resource can help analyzing the expression 

variation of lncRNAs across tissues and cancers, identifying the clinical associated lncRNAs, 

exploring the tissue and cancer similarity, prioritizing cancer lncRNAs, predicting the function 

of lncRNAs, and comparison between adult and pediatric cancer. 

Application-1: Expression variation of lncRNAs among tissues and cancers 

Resolving the molecular details of lncRNA transcriptome variation in the different tissues would 

greatly increase our knowledge of their function in human diseases. LncSpA is a freely 

available interactive resource, offering the possibility to explore the tissue-elevated lncRNA in 

tissues and cancers. Based on the data in LncSpA, we revealed a large number of elevated 

lncRNAs in brain, testis and blood, which is consistent with the results of protein-coding genes 

(1,2). For each lncRNA, the expression level across different tissues and cancer types was 

presented, together with visualization. This allows the users to explore individual lncRNAs, as 

well as navigation of their global expression patterns, in all major tissues in the human body.  

 

Fig. S3. The expression of SOX2-OT across tissues and cancer types in different data 

resources. A for GTEx, B for HPA, C for HBM2, D for FANTOM and E for TCGA.  

For example, SOX2-OT has been demonstrated to be brain-specific expression (3), and it 

was associated with Alzheimer’s disease and numbers of cancers (4,5). We queried its 

expression in LncSpA, we found that it was highly expressed in brain samples in all four 

resources (Supplementary Fig. S3A-D). We found that SOX2-OT was also highly expressed in 



4 
 

brain-related cancers, such as low-grade glioma and glioblastoma (Supplementary Fig. S3E). 

These results suggest that SOX2-OT play important roles and might be as a biomarker in 

cancer. Another example is the brain-specific expressed lncRNA MIAT, it also shows high 

expression in normal brain tissues and brain-related cancers (see details in LncSpA). MIAT 

has been identified as a biomarker in glioblastoma (6). Taken together, the integrative lncRNA 

expression map in LncSpA can be used as a starting point to explore the molecular function of 

lncRNAs.  

Application-2: Clinical associated lncRNAs in cancer 

There is great interest in identifying the molecular biomarkers that are associated with the 

progression of cancer. In the LncSpA resource, the patient survival data and matched lncRNA 

expression enabled us to perform lncRNA-centric and genome-wide survival analysis to 

identify prognostic lncRNAs across cancer types. For each lncRNA and cancer type, the 

patient cohort was stratified into two groups with the highest and lowest expression based on 

individual expression levels. We generated the Kaplan-Meier plots for all tissue enriched 

lncRNAs across 33 cancer types. 

 

Fig. S4. The clinical-associated lncRNAs across cancer types. A, The number of favorable 

and unfavorable lncRNAs across cancer types. B, Pie plot showing the proportion of 
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unfavorable lncRNAs observed in different number of cancer types. C, Pie plot showing the 

proportion of favorable lncRNAs observed in different number of cancer types. 

We identified two types of prognostic marker lncRNAs across cancer types: (1) unfavorable 

lncRNAs, for which higher expression of an lncRNA was correlated with a poor survival, and (2) 

favorable lncRNAs, for which higher expression of an lncRNA was correlated with a longer 

survival. In total, we identified 467 unfavorable and 2,053 favorable lncRNAs in all cancers. 

The number of favorable and unfavorable prognostic lncRNAs varied among the different 

types of cancer (Supplementary Fig. S4A). In acute myeloid leukemia, we identified more 

lncRNAs that were associated with the patient survival. Moreover, it is noteworthy that only 9 

unfavorable and 103 favorable lncRNAs showing the same effects on prognosis in more than 

two cancer types (Supplementary Fig. S4B-C). The majority of lncRNAs showed opposite 

effects on prognosis depending upon cancer types. These results highlighted the need to 

perform functional studies of these lncRNAs in specific cancer context. Together, the 

presented LncSpA provides a resource for lncRNA-based biomedical research, such as 

biomarker discovery. 

Application-3: Exploration of tissue and cancer similarity 

To determine the individual lncRNA expression patterns within and among certain tissues and 

cancer types, we first clustered the normal tissues based on top 1000 lncRNAs with high 

variation. We observed that tissues from different data resources were clustered together by 

t-SNE dimension reduction. In addition, we calculated the similarity between each cancer pair 

based on the Jaccard index of TE lncRNAs. The results showed that cancer types with similar 

tissue of origin shared a number of TE lncRNAs (Supplementary Fig. S5A), such as COAD 

and READ, KIRC, KIRP and KICH, and CHOL and LIHC. 

Moreover, the genome-wide lncRNA expression across normal and cancer samples allow us 

to identify the dysregulated lncRNAs in cancer. We found that a number of TE lncRNAs were 

up-regulated across cancer types (Supplementary Fig. S5B). We next examined the extent of 

overlap of differentially expressed TE lncRNAs among different cancer types. The cancers 

were clustered based on the shared differentially expressed TE lncRNAs. The results showed 

that cancers with similar tissue of origin shared the differentially expressed TE lncRNAs 

(Supplementary Fig. S5C). These results suggest that LncSpA is a valuable resource for 
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investigating the similarity among cancer types.  

 

Fig. S5. Cancer similarity based on TE lncRNAs. A, Clustering of cancer types based on 

the shared TE lncRNAs. B, The number of differentially expressed TE lncRNAs across cancer 

types. C, Clustering of cancer types based on the shared differentially expressed TE lncRNAs.  

Application-4: Prioritization and function analysis of cancer lncRNAs 

The identification and analysis of tissue-specific genes in combinations with other biomedical 

data will provide important insights into disease mechanisms (7). The favorable genes have 

previously found to be elevated in certain normal tissues (1). We thus analyzed lncRNAs with 

high relative expression that correlated with prolonged overall survival. We identified 61 

favorable that showed high expression in normal liver tissues (Supplementary Fig. S6A). 

Among these lncRNAs, 15 were down-regulated in cancer when comparing with normal 

samples. We found that three lncRNAs (LINC00261, LINC01018 and LINC01093) were 

annotated in Lnc2Cancer (8). LINC00261 has been found down-regulated in hepatocellular 

carcinoma and functional assays demonstrated that overexpression of LINC00261 in HCC 

cells inhibited cell proliferation, cell colony formation, cell invasion and EMT process in vitro (9). 

LINC01018 and LINC01093 were also found to play important roles in hepatocellular 
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carcinoma (10,11). Based on the data in LncSpA, we found that these three lncRNAs all 

showed higher expression in normal liver tissues across four data resources (Supplementary 

Fig. S6B). Moreover, we used boxplots to show the expression distribution of lncRNAs in 

LncSpA, which clearly showing the down-regulation of these lncRNAs in cancer 

(Supplementary Fig. S6C). The KM plots showing in LncSpA allow users to investigate the 

prognosis effects of lncRNAs and we found that high expression of these three lncRNAs were 

with significantly better survival of liver cancer patients (Supplementary Fig. S6D).  

 

Fig. S6. Candidate cancer-associated lncRNAs in LIHC. A, Venn plot showing the 

overlapping lncRNAs among favorable lncRNAs, liver TE lncRNAs and down-regulated 

lncRNAs in LIHC. B, Heatmap showing the expression of three lncRNAs across normal tissues. 

C, Boxplots showing the distribution of lncRNA expression in tumor and normal samples. D, 

KM survival plots based on the expression of three lncRNAs.  

In addition to identify the candidate cancer-related lncRNAs, understanding their functions is 

still a challenge task (12). LncSpA allows us to generate cancer-specific co-expression 

networks for lncRNA to study their functions. Based on the co-expressed genes of these three 

lncRNAs, we found that the most enriched functions were metabolism-related processes 
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(Supplementary Fig. S7). Metabolic alterations clearly characterize hepatocellular carcinoma 

tumors (13). These lncRNAs might play important roles in cancer by regulating metabolic 

pathways. In summary, these results suggest that LncSpA is helpful for prioritizing 

cancer-related lncRNAs and analyzing their functions in cancer. 

 

Fig. S7. The lncRNA-gene-function associations in LIHC. The co-expressed lncRNAs and 

genes are linked. Genes annotated in each function are linked to functional nodes.  

Application-5: Comparison between adult and pediatric cancer  

It is unknown whether the course of the disease and the required treatment differs between 

pediatric and adult patients (14). The LncSpA resource allows us to explore the common and 

different lncRNAs that were involved in same type of adult and pediatric cancer. Using LAML 

as an example, we identified 18 lncRNAs were overlapped in adult and pediatric cancer. Next, 

we identified the co-expressed protein coding genes based on the expression in adult or 

pediatric cancer patients (Pearson Correlation Coefficient > 0.7 and P <0.05). We identified 14 

and 82 genes in adult and pediatric cancer (Supplementary Fig. S8A). There were 10 

lncRNA-mRNA pairs were shared in adult and pediatric cancer. Next, we performed functional 

enrichment analysis via the co-expressed coding genes. We found that the top 10 enriched 

functions were same in adult and pediatric cancer (Supplementary Fig. S8B), suggesting the 

shared mechanisms between adult and pediatric cancer. Moreover, we found that these 
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functions are correlated with immune response. Taken together, these results suggest that 

LncSpA will help identifying the similar mechanism for adult and pediatric cancer, revealing the 

potential required treatment in pediatric and adult patients. 

 

Fig. S8. Comparison between adult and pediatric cancers. A, The co-expressed genes of 

lncRNAs. B, Top 10 enriched functions in pediatric and adult cancers.  
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