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Many complex systems such as the Internet, the World Wide Web, the brain, and the 

causes of diseases can be described by networks with nodes representing agents and 

links representing relationships or interactions between nodes. Despite these systems 

seeming utterly different at first glance, they are all made up of interacting parts. 

Individual objects in this type of system are not isolated but connected through links or 

relationships. Long non-coding RNAs (LncRNAs), one of the factors related to many 

diseases, are specific genes in the human genome that control many different biological 

processes. lncRNAs have been shown to regulate cancer development and occurrence. 

We used link prediction bioinformatics tools to identify lncRNAs affecting various 

types of cancers. To achieve this goal, two-part networks were used using CN (Common 

Neighbors), AA (Adamic/Adar), PA (Preferential Attachment), and JC (Jaccard's 

Coefficient) algorithms. The results indicated that all the obtained lncRNAs with a high 

score had been reviewed in other research articles, which was a sign of the correctness 

of our algorithms.  4.5% of the obtained results lacked scientific and research studies, 

all with a high score for future studies and included lncRNA H19 and SPRY4-IT1. In 

addition, in one case with a high score and first position in the Excel file obtained using 

the Jaccard coefficient algorithm, lncRNA with the symbol AC09510.3 was associated 

with adenocarcinoma. Still, this possible link has not been investigated in any article 

yet. Conclusion: The current study may identify novel lncRNAs implicated in 

Adenocarcinoma, vulva squamous cell carcinoma, basal cell carcinoma, gestational 

choriocarcinoma, chromophobe renal cell carcinoma, brain cancer, pancreatic cancer, 

hepatocellular carcinoma, prostate cancer, embryonal cancer, germ cell cancer, and 

choriocarcinoma; however, further research is required to determine the potential 

functions of this lncRNAs in cancers mentioned above.  

 

 

Introduction  

Many complex systems such as the Internet, the 

World Wide Web, the brain, and the causes of 

diseases can be described by networks with nodes 

representing agents and links representing 

relationships or interactions between nodes. 

Despite these systems seeming completely 
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different at first glance, they are all made up of 

interacting parts. Individual objects in this type of 

system are not isolated, but connected through 

links or relationships (Albert and Barabási 2002, 

Dorogovtsev, Goltsev et al. 2002, Newman 2003, 

Boccaletti, Latora et al. 2006, Costa, Rodrigues et 

al. 2007, Kerrache, Alharbi et al. 2020). 

For more than two decades, the use of link 

prediction methods has been of great interest in 

complex network research which is essentially too 

expensive if done in traditional methods and its 

goal is to understand and develop effective tools to 

describe and quantify complex systems therefore, 

the first step in this effort is to observe and record 

existing interactions to build a network (Ahmad, 

Akhtar et al. 2020, Jafari, Abdolhosseini-Qomi et 

al. 2021, Shang and Small 2022). 

So far, many indices have been developed for link 

prediction, which is classified into three main 

models: models based on the Markov chain, 

models based on machine learning, and models 

based on topological structure similarity. Many of 

the investigated networks are large-scale networks, 

therefore, due to the complexity of the first two 

models, they cannot be used, but the third model, 

relying on the topological structure, provides the 

information of complex networks in a simple 

way(Li, Huang et al. 2018). Some widely used 

methods accurately predict which observed pairs 

of unrelated nodes should be connected. Therefore, 

by helping to select more accurate network models, 

link prediction methods can elucidate the 

organizing principles of a variety of complex 

systems (Ghasemian, Hosseinmardi et al. 2020, 

Qiu, Zhong et al. 2021). 

Common Neighbors (CN) (Newman 2001, Li, 

Huang et al. 2018), Preferred Attachment (PA), 

Adamic-Adar (AA), and Jaccard’s Coefficient (JC) 

(Jaccard 1901) are types of such indicators that 

mainly focus on the structural characteristics of 

nodes (Lü and Zhou 2010, Jafari, Abdolhosseini-

Qomi et al. 2021). For better understanding, each 

algorithm is briefly explained below. 

 

Common Neighbors (CN) 

 In this algorithm, scores are calculated for each 

pair of nodes to check the probability of being 

linked, so that the higher the score, the higher the 

probability of being linked. CN is a method with 

low time complexity and easy implementation  

(10, 16, 17).        

In this algorithm, scores are calculated for each 

pair of nodes to check the probability of being 

linked, so that the higher the score, the higher the 

probability of being linked. CN is a method with 

low time complexity and easy implementation 

(Cheng, Chen et al. 2016, Li, Huang et al. 2018, 

Wang and Le 2020). 

Score (x,y) =| τ(x) ∩ τ(y) |                                                                                                            

(Cheng, Chen et al. 2016, Ahmad, Akhtar et al. 

2020)  

 

Jaccard Index (JC) 

About a century ago, Paul Jaccard proposed the 

Jaccard method to compare the similarity and 

diversity of objects. This measurement evaluates 

the overlap between the neighbors of two nodes by 

normalizing the size of the intersection with the 

size of the union (Wang and Le 2020, Coşkun and 

Koyutürk 2021), so as the denominator of the 

fraction increases, the obtained score 

decreases.

  

Sxy = (| τ(x) ∩ τ(y) | )/(| τ(x) ∪ τ(y) | )  (Ahmad, 

Akhtar et al. 2020) 

  

Preferential Attachment Index (PA) 

In this algorithm, the higher the degree, the higher 

the probability of creating a link, and the 

probability that this new link connects x and y is 

proportional to Kx × Ky. Kx refers to the degree 

value of node x (Cheng, Chen et al. 2016, Wang 

and Le 2020). 

Sxy = K x × K y (Cheng, Chen et al. 2016)   

 

Adamic-Adar Index (AA) 

An innovative method to calculate the similarity 

between two web pages was proposed by Adamic 

and Adar in 2003. In the AA technique, nodes with 

smaller degrees contribute more (He, Yang et al. 

2018, Wang and Le 2020). Then, its similarity is 

defined as follows: 

Sxy=∑
1

log kz zϵ| τ(x) ∩ τ(y) |   (He, Yang et al. 2018) 

 

Link prediction is an important and well-studied 

problem in network biology (Coşkun and 

Koyutürk 2021). It is possible to use link prediction 
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to check the probability of a connection between a 

pathogen and a disease by using two-part 

networks. For instance, finding the relationship 

between lncRNAs and different diseases is a 

controversial issue that can be investigated using 

the programming tools and algorithms mentioned 

above. 

In the human genome, long non-coding RNAs 

(LncRNAs) regulate a wide range of biological 

processes through the regulation of long genes 

from the non-coding RNA group. A long gene is 

one that contains at least 200 nucleotides in length. 

lncRNAs have been shown to regulate cancer 

development and occurrence (Wang, Su et al. 

2018, Ali and Grote 2020, Bridges, Daulagala et al. 

2021). LncRNAs are involved in various 

mechanisms of gene regulation due to their ability 

to interact with DNA, RNA, or protein. They can 

act as signals for transcription, decoys for 

transcription repression, epigenetic regulators, or 

scaffolds for the assembly of ribonucleoprotein 

complexes with various protein partners. It is 

possible for lncRNAs to regulate gene expression 

at transcriptional and/or posttranscriptional levels, 

depending on the level of gene expression. 

Furthermore, considering the importance of cell 

signaling pathways in the initiation, progression, 

and metastasis of cancer, lncRNAs that affect these 

pathways can be expected to influence all aspects 

of cancer development (Peng, Koirala et al. 2017, 

Xing, Sun et al. 2021).  
In this study, using bipartite networks and 

programming, we investigate the probability of 

lncRNAs being associated with various types of 

cancers. Then we separate cases with a higher 

probability of connection, which can help 

researchers in future studies. 

 

Methods 

Preliminary data 

The LncRNA and Disease Database 

(http://rnanut.net) was utilized to retrieve lncRNA 
disease data by integrating comprehensive 

experimentally supported ncRNA-disease 

associations curated from manual literature and 

other resources. Here, 10,565 confirmed links 

between different lncRNAs with diseases were 

presented, of which a significant number were 

assigned to cancers. 

Preprocessing of the raw dataset 

Due to the close relationship between lncRNAs 

and types of cancer, which was the aim of our 

study, the primary data were analyzed after an 

initial filter and excluding diseases other than 

cancer in Homo sapiens species. The number of 

verified links obtained after applying the filter 

reached 4135 links (Figure 1). 

 

Preparing possible links using link prediction 

algorithms 

The investigated networks in this study were 

bipartite in the sense that the nodes located in one 

group cannot communicate with each other and the 

aim is to detect the possible connections between 

the nodes of one group with another one. To begin 

with, using Python programming for each of the 

Common Neighbors (CN), Jaccard Index (JC), 

Preferential Attachment Index (PA), and Adamic-

Adar Index (AA) algorithms, a program suitable 

for two-part networks were written to find all the 

possible links between the two groups. Then the 

information obtained for each algorithm was 

classified from the most likely to the least likely, 

and the top 100 most likely links were selected 

using the NCBI database 

(https://pubmed.ncbi.nlm.nih.gov) to ensure the 

existence or the lack of research in that field was 

investigated. 

 

Results and Analysis 

After Preprocessing the raw dataset part of its 

network was drawn using the network (Figure1). 

Red nodes in each network represent LncRNAs 

and blue nodes represent diseases. The gray lines 

represent the possible connection of each node of a 

group with another node of the group. Also, the 

diameter of each node has a direct relationship with 

the number of links connected to that node. Jupyter 

notebook platform, pandas, and matplotlib were 

used in the experiment for data preprocessing and 

NetworkX to construct a bipartite network. After 

programming and processing for each of the 4 

selected algorithms, the amount of 1438 types of 

LncRNA and 108 different cancers was obtained, 

and their prioritization order was different for each 

algorithm. According to the said content, it can be 

concluded that the number of nodes that can be 

checked is equal to 1546. Using the Jupyter 

platform, the number of possible links between the 

two groups was calculated as 152,846.  
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Figure 2 shows the graph of the frequency of 

diseases versus lncRNAs degree, according to 

which it can be said that every disease is associated 

with a large number of lncRNAs. The top 100 

possible links of each algorithm were examined, of 

which about 96% of the data had already been 

tested, which confirmed the correctness of the 

programming and processing. Also, around 4% of 

the data had not been researched yet (Figure 3). 
The obtained results are summarized in Table 1.  

 

 
Fig. 1- A bipartite network has been drawn between 

cancers and different lncRNAs using networkX. Red 

nodes in each network represent lncRNAs and blue 

nodes represent diseases. The gray lines represent 

the possible connection of each node of a group with 

another node of the group. 

 

 

Fig. 2- Frequency of diseases versus lncRNAs degree. 

every disease is associated with a large number of 

lncRNAs. 

 

 

Fig. 3- Link prediction algorithm results for 400 

possible links examined. 96% of the data had already 

been tested. around 4% of the data had not been 

researched yet 

 

Table 1- The predicted links between 100 top 

LncRNA and Disease 
LncRNA Disease Algorithm Position of 

prediction 

H19 vulva 

squamous cell 

carcinoma 

AA 38 

AC090510.

3 

colon 

adenocarcino

ma 

JC 1 

H19 vulva 

squamous cell 

carcinoma 

JC 73 

UCA1 gestational 

choriocarcino

ma 

JC 81 

SNHG15 chromophobe 

renal cell 

carcinoma 

JC 38 

BCYRN1 pancreatic 

cancer 

PA 14 

HOXA11-

AS 

pancreatic 

cancer 

PA 24 

NPTN-IT1 pancreatic 

cancer 

PA 25 

RNY1 hepatocellular 

carcinoma 

PA 54 

RNY3 hepatocellular 

carcinoma 

PA 55 

PTENP1 pancreatic 

cancer 

PA 77 

HNF1A-

AS1 

prostate 

cancer 

PA 96 

H19 vulva 

squamous cell 

carcinoma 

CN 34 

4%

96%

without
investigation

investigated
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UCA1 choriocarcino

ma 

CN 99 

 

Discussion 

Link prediction is the most basic issue in complex 

networks, which can be simplified by using 

existing algorithms. In this study, we used the 

Jupyter platform and Algorithms called CN 

(Common Neighbors), AA (Adamic/Adar), PA 

(Preferential Attachment), and JC (Jaccard's 

Coefficient) algorithms, which are among the 

types of local approaches and can only be 

calculated through the local information of the 

nodes, to write a program suitable for two-part 

networks to find all the possible links between 

LncRNAs and Disease groups (Wang and Le 

2020). One of the important lncRNAs that was 

observed in the top 100 data of AA, JC, and CN 

algorithms was H19 lncRNA. H19 is one of the 

reported lncRNAs including MALAT1, MEG3, 

TUG1, and UCA1 in bladder cancer (Hua, Lv et al. 

2016). lncRNA H19 can affect the phenotype of 

vascular endothelial cells and thus cause the 

growth of liver tumors. In addition, the role of 

lncRNA H19 in metastasis has been confirmed in 

prostate cancer as well as endometrial cancer 

(Zhang, Wang et al. 2018). In the article published 

by Guang-Yu Wang and his colleagues in 2018, the 

effect of this LncRNA in Esophageal cancer, 

gastric cancer, pancreatic cancer, hepatocellular 

cancer, and colorectal cancer was confirmed 

(Wang, Zhu et al. 2014). But there was no study 

regarding the relationship between H19 lncRNA 

and vulva squamous cell carcinoma. 

In a new study in 2021 by Faiza Naz and her 

colleagues, although effects of lncRNAs including 

HOTAIR, MALAT1, MIR31HG, NEAT1, 

ROCK1, and UCA1 in vulvar cancer were 

mentioned. but the investigation regarding the 

effect of H19 on this disease was not recorded 

(Naz, Tariq et al. 2021). As mentioned earlier, 

UCA1 has been reported as an oncogenic lncRNA 

in several squamous cell carcinomas, such as oral 

squamous cell carcinoma and vulval squamous cell 

carcinoma  (Gao, Fang et al. 2021), but there was 

no study on its relationship with gestational 

choriocarcinoma. 

While the role of HOTAIR lncRNA in this cancer 

has been identified, the results obtained for 

pancreatic cancer, which is one of the types of 

gastrointestinal cancer, emphasize the role of 

BCYRN1, HOXA11-AS, NPTN-IT1, and 

PTENP1 (Bhan and Mandal 2015). According to 

the study conducted by Guo Yu Zhang et al. in 

2017 on human NSCLC cell lines, the effect of 

HNF1A-AS1 lncRNA was shown (Zhang, An et 

al. 2018), but so far, no research has been reported 

on the relationship between this lncRNA and 

prostate cancer. 

The role of SNHG15 lncRNA in urological 

cancers, including bladder cancer, has been 

investigated and confirmed (Guo, Liu et al. 2019), 

but the investigation regarding its role in 

chromophobe renal cell carcinoma, which is one of 

the rarest kidney cancers, has not been done, which 

is suggested to be examined due to the relationship 

between the kidney and urological cancers. Also, 

RNY1 and RNY3 were among the lncRNAs and a 

possible link between them and hepatocellular 

carcinoma was predicted by the PA algorithm, and 

no article has been published about this until now. 

In addition, in one case with a high score and first 

position in the Excel file obtained using the Jaccard 

coefficient algorithm, lncRNA with the symbol 

AC09510.3 was associated with adenocarcinoma 

which is a type of cancer that starts in cells that 

form glands making mucus to lubricant the inside 

of the colon and rectum (Zhang, Qian et al. 2018, 

Pournoor, Mousavian et al. 2020), but this possible 

link has not been investigated in any article yet. 

 

Conclusion 

The current study may identify novel lncRNAs 

implicated in Adenocarcinoma, vulva squamous 

cell carcinoma, basal cell carcinoma, gestational 

choriocarcinoma, chromophobe renal cell 

carcinoma, brain cancer, pancreatic cancer, 

hepatocellular carcinoma, prostate cancer, 

embryonal cancer, germ cell cancer, and 

choriocarcinoma; however, further research is 

required to determine the potential functions of this 

lncRNAs in cancers mentioned above. 
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