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Abstract. In this study, we aim to find out the lncRNA biomarker of progressive acute 
lymphoblastic leukaemia (ALL). After the comparison of the phase II and phase III gene expression 
downloaded from Therapeutically Applicable Research to Generate Effective Treatment (TARGET) 
online database, 112 differentially expressed lncRNAs and 73 differentially expressed miRNAs 
were screened by edge R package. The regulatory of lncRNA-miRNA was found based on the 
screened differentially expressed gene by using the mircode database. C20orf166-AS1 was 
analyzed as a new progressive biomarker by comparing the gene expression in different tumors by 
cancer cell line encyclopedia website. And the impact on ALL progression was proven by the 
receiver operating characteristic (ROC) curve and kmplot survival curve. 

Introduction 

Acute lymphoblastic leukaemia (ALL) is a complicated hematological malignant disease. With the 
progression of this disease, some gene expression would be out of regulation. It had already known 
that there was regulatory between some lncRNAs and miRNAs. In this paper, we aimed to find out 
the differentially expressed genes (DEGs) in ALL progression and whether the DEGs were in a 
regulative relationship. The differentially expressed genes which downloaded from Therapeutically 
Applicable Research to Generate Effective Treatment (TARGET) database website were screened by 
edgeR package [1-3]. Regulatory of the differentially expressed lncRNAs (DElncRNAs) and 
differentially expressed miRNAs (DEmiRNAs) were found by mircode database. And the 
DElncRNA in the regulatory network were considered to be lncRNA biomarkers of progressive ALL. 
It was analyzed by cancer cell line encyclopedia (CCLE) and analyzed by survival R package [4]. 
The receiver operating characteristic (ROC) curve, the area under the ROC curve (AUC) and kmplot 
survival curve were analyzed based on the selected lncRNA biomarker [5, 6].  

Materials and Methods 

lncRNA Matrix and miRNA Matrix 

In order to find out the relationship between the typical lncRNA expression and the ALL progression, 
differentially expressed lncRNAs and differentially expressed miRNAs were screened based on the 
comparison of ALL phase II and III RNA-seq matrix that downloaded from the online TARGET 
database. The two phase gene expression data of ALL patients’ sample were downloaded from 
TARGET () that was saved as txt files. The lncRNA expression files were merged into one matrix, 
and so does the miRNA expression matrix. The relative clinical data was extracted from the clinical 
data excel file. Information of the downloaded gene data are shown in Table I. 
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Table 1. Information of the downloaded gene data 

Gene 
data 

Clinical 
number

gene 
number 

Sample number 

Gene 
Expressi

on 
192 

lncRNA  
12067 

Stage II 216 

Stage III 96 

miRNA-
seq 

192 
miRNA   

1871 
Stage II 231 
Stage III 39 

DEGs Screening and Regulatory of lncRNA-miRNA Analysis 

DElncRNAs, and DEmiRNAs were screened by using the edgeR package and R software according 
to the threshold values: adjusted P-value < 0.01 and |logFoldChange| > 4 [7]. Based on the 
DElncRNAs and DEmiRNAs, the regulatory of lncRNA-miRNA was selected by mircode database 
(www.mircode.org) [8, 9]. The DElncRNAs which were found in mircode database would be 
regarded as biomarkers for progressive ALL in the further research [1, 10].  

Expression and Progression Analysis for the Biomarkers  

Firstly, the expression of biomarker found in the regulatory network was analyzed by CCLE 
(https://portals.broadinstitute.org/ccle). And then, it was analyzed by the survival R package in a 5 
years ROC curve AUC analysis and Kmplot survival analysis [11-13].  

 

Figure 1. C20orf166-AS1 expression in tumors 

Results 

Compared the lncRNA and miRNA expression in phase III and phase II, 112 DElncRNAs and 73 
DEmiRNAs were screened out. Among them, 21 of the DElncRNAs were high- expressed while the 
rest DElncRNAs were low-expressed. Besides, there were 17 high-regulated DEmiRNAs and 56 
low-expressed DEmiRNAs. The top 20 significant high- or low-expressed DElncRNAs and 
DEmiRNAs were listed in table II.  
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Table 2. Differentially expressed gene 

gene expression Gene symbol 

lncRNA 

high- 

RP11-704M14.1, RP5-991C6.4, CTC-493L21.2, 
CTC-493L21.1, C20orf166-AS1, KIAA0087, 
RP11-99A1.2, AC013402.5, CTD-2034I4.1, 
PLCB1-IT1, RP11-374A22.1, AC132807.1, 
CACNA1C-IT3, HOXA11-AS, CTD-2034I4.2, 
ARHGAP22-IT1, RP11-328K2.1, MIR646HG, 
RP11-121P10.1, C1orf132 

low- 

RP11-217E13.1, RP11-470P21.2, CTD-2337I7.1, 
RP3-326I13.1, D21S2088E, RP11-615I2.1, 
AF131216.5, RP11-96H17.1, LINC00681, 
RP11-368L12.1, ENOX1-AS1, RP1-297M16.2, 
RP11-396N11.1, RP11-717H13.1, LINC00839, 
RP11-359E19.2, RP11-252P19.1, AP005530.2, 
LINC01289, CTC-457E21.1 

miRNA 

high- 

hsa-mir-513b, hsa-mir-513a-2, hsa-mir-513a-1, 
hsa-mir-513c, hsa-mir-214, hsa-mir-137, hsa-mir-1-1, 
hsa-mir-1-2, hsa-mir-135a-2, hsa-mir-4518, 
hsa-mir-876, hsa-mir-135a-1, hsa-mir-548a-3, 
hsa-mir-199a-1, hsa-mir-196a-2, hsa-mir-199a-2, 
hsa-mir-450a-2 

low- 

hsa-mir-92a-2, hsa-mir-124-1, hsa-mir-1266, 
hsa-mir-892a, hsa-mir-182, hsa-mir-217, hsa-mir-10b, 
hsa-mir-99b, hsa-mir-183, hsa-mir-891a, 
hsa-mir-891b, hsa-mir-105-2, hsa-mir-383, 
hsa-mir-124-2, hsa-mir-4491, hsa-mir-1247, 
hsa-mir-767, hsa-mir-892b, hsa-mir-4465, 
hsa-mir-5685 

 

 

Figure 2. The ROC curve of C20orf166-AS1 
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In mircode database, 15 miRNAs were found in a relative regulatory with the DElncRNAs. As 
one of the most significant dys-regulated lncRNAs, C20orf166-AS1, was regulated with the 
dys-regulated miRNAs, hsa-miR-372, hsa-miR-183 and hsa-miR-22 in this study. By analyzed in 
CCLE, C20orf166-AS1 was down-regulated in all kinds of ALL than other tumors.  

Hsa-miR-372, hsa-miR-183 and hsa-miR-22 were 3 miRNAs that had already known in cancer 
research. Hsa-miR-183 and has-miR-22 were involved in ovarian cancer and acute myeloid 
leukaemia [14-16]. Has-miR-372 was found in the prognostic of Colorectal Cancer, hepatocellular 
carcinoma and lung cancer [17-19]. 

In a 5-year-survival analysis, the ROC curve and AUC analysis was done based on 
C20orf166-AS1. In the ROC curve drawn in Figure II, the AUC value is 0.762. The true positive rate 
was higher than the false positive rate in total. The clinical survival data of C20orf166-AS1 were 
merged and drawn a kmplot curve by using kaplan-meier method. The KM survival curve 
(p=2.514e-06) in Figure III showed that it was at a higher risk in phase III than phase II. In 
5-year-survival time, the survival curve was about 30% higher risk in the high expression group.   

 

Figure 3. The survival curve of C20orf166-AS1 

Discussion 

As a complicated hematological malignant disease, the cause of ALL is still unclear, and it 
progresses rapidly without effective treatment. From previous studies, it is known that the lncRNAs 
and miRNAs were in a close regulatory network in some case. And the regulatory can be used to 
slow down or even cure the disease. In this study, in order to find out the lncRNA biomarkers for 
progressive ALL and its regulatory of lncRNA-miRNA, first of all, the lncRNAs and miRNAs 
expression of the ALL patients were downloaded from the TAGERT database. Compared patients at 
the phase III and phase II, DElncRNAs and DEmiRNAs were screened secondly. By using the 
mircode database, the regulatory of DElncRNA-DEmiRNA was found. The dys-regulated lncRNA, 
C20orf166-AS1 was regulated with the dys-regulated miRNAs, hsa-mir-372, hsa-mir-183 and 
hsa-mir-22. 

In the further research, C20orf166-AS1 was low expressed in ALL than other tumors by analysed 
in CCLE. After that, the survival R package was used to do the ROC curve and AUC analysis and 
kmplot survival curve analysis in a 5 years survival time. The expression of C20orf166-AS1 in a 
high level was higher risk than the low level ones that shown in Figure 3 (p=2.514e-06). And the 
ROC curve with a high AUC (AUC=0.762) provide a strong proof for our research. 
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From the study above, it can be known that C20orf166-AS1 would be a progressive biomarker of 
ALL. And it might be used to cure the disease by regulate the relative regulatory miRNAs, 
hsa-miR-372, hsa-miR-183 and hsa-miR-22. 
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