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Background: DLEU2 is a long noncoding RNA considered important in the progression of 
many cancers. However, correlations between DLEU2 and kidney renal clear cell carcinoma 
(KIRC) and liver hepatocellular carcinoma (LIHC) have rarely been reported.
Methods: We first analysed the expression of DLEU2 across cancers and the correlation 
between DLEU2 and the clinical features of KIRC and LIHC by using the “ggplot2” package 
in R and searched the Oncomine database and Timer website platform. We verified the 
expression of DLEU2 in the GEO dataset (GSE105261 and GSE45267). Receiver operating 
characteristic (ROC) curves were drawn using the “pROC” and “ggplot2” packages in R, and 
we constructed a DLEU2-based prognostic nomogram for KIRC and LIHC by using the 
“survival” and “rms” packages in R. Then, we analysed the correlation between DLEU2 
expression and prognosis in R as well as the correlation between DLEU2 and immune cell 
infiltration in the TIMER database. Finally, we explored the causes of DLEU2 upregulation 
in the UCSC Xena and UALCAN databases.
Results: We found that DLEU2 was upregulated in many cancers, including KIRC and 
LIHC. Expression of DLEU2 is associated with tumour stage, grade, lymphatic metastasis, 
and distant metastasis in KIRC as well as alpha-fetoprotein (AFP), tumour stage, grade, 
lymphatic metastasis, and distant metastasis in LIHC. DLEU2 is an adverse factor for the 
prognosis of KIRC and LIHC. In addition, DLEU2 has moderate accuracy in diagnosing 
KIRC and LIHC and predicting their prognosis. Moreover, we found that expression of 
DLEU2 correlated positively with immune cell infiltration in KIRC and LIHC, and upregu
lation of DLEU2 in KIRC and LIHC suggests a poor prognosis based on immune cells 
analysis. Genetic and epigenetic analyses of DLEU2 indicate that copy number variations 
(CNVs) and methylation contribute to the upregulation of DLEU2.
Conclusion: The long noncoding RNA DLEU2 has the potential to predict the prognosis 
and immune infiltration of KIRC and LIHC.
Keywords: DLEU2, prognosis, immune infiltration, KIRC, LIHC

Introduction
Kidney renal clear cell carcinoma (KIRC) and liver hepatocellular carcinoma 
(LIHC) are two common solid tumours that are insensitive to traditional radio
therapy and chemotherapy.1,2 Immunotherapy, which has emerged in recent years, 
has become an optimized treatment option for many cancers, including KIRC and 
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LIHC.3–5 Therefore, it is important to understand the 
relationship between cancer progression and immune 
infiltration. The tumour microenvironment (TME), which 
includes tumour cells, immunoinfiltrating cells, stromal 
cells and extracellular matrix, is pivotal for tumorigenesis 
and development. It has been reported that the interaction 
between tumour cells and infiltrating immune cells affects 
the progression of tumours.6 Immune infiltration is 
thought to play an important role in the progression of 
KIRC and LIHC.7,8 Previous studies have reported that 
the prognosis of KIRC is closely related to immune- 
infiltrating macrophages, CD4+ T cells, CD8+ T cells, 
and regulatory T cells.9,10 The treatment outcome of 
LIHC is believed to be correlated with infiltrating macro
phages, B cells, CD4+ T cells, neutrophils, and dendritic 
cells.11 The immunoregulatory molecules PD1, PD-L1, 
PD-L2, and CTLA4 are believed to be involved in the 
malignant progression of KIRC,9 and PD-1 and CTLA-4 
are believed to be associated with a poor prognosis of 
LIHC.12 These findings suggest that tumour-infiltrating 
immune cells may be a promising therapeutic target for 
KIRC and LIHC. Considerable progress has been 
achieved in the diagnosis, surgical treatment, and drug 
treatment of KIRC and LIHC, but their clinical outcomes 
are still unsatisfactory. Due to the heterogeneity of 
tumours, both KIRC and LIHC require further investiga
tion to identify effective molecular targets for persona
lized therapy.

DLEU2 is a long noncoding RNA aberrantly expressed 
in many cancers.13–20 Previous studies have reported that 
DLEU2 affects the progression of malignancies via multi
ple mechanisms.13,14,19,20 DLEU2 can mediate the pro
gression of gastric cancer by regulating the EMT process 
and affecting the Akt signalling pathway and can promote 
the proliferation of cervical cancer cells by regulating the 
Notch signalling pathway.13,14 In addition, DLEU2 pro
motes the malignant progression of laryngeal squamous 
cell carcinoma by influencing the PI3K-Akt signalling 
pathway.20 Overall, DLEU2 is thought to play a crucial 
role in cancer progression.

Notably, DLEU2 was initially reported in immunocell- 
associated disease (diffuse large B-cell lymphoma),21 suggest
ing that DLEU2 may correlate with immune cell infiltration. 
KIRC and LIHC are common malignancies that have been 
reported to correlate closely with immune cell infiltration.7,8 

However, whether DLEU2 contributes to the progression of 
KIRC and LIHC by affecting immune cell infiltration has not 
been reported.

In this study, we accessed the Oncomine database and 
the TIMER and Kaplan–Meier Plotter website platforms 
and analysed the expression of DLEU2 in KIRC and LIHC 
and the correlation between its expression and the prog
nosis of KIRC and LIHC. Then, we analysed correlation 
between DLEU2 expression and infiltrating immune cells 
on the TIMER website. We further explored the potential 
mechanism of dysregulated DLEU2 expression in KIRC 
and LIHC, such as DNA methylation, CNVs, and somatic 
cell mutations. Our findings identified an important role of 
DLEU2 in the prognosis of KIRC and LIHC. We also 
uncovered a mechanism by which DLEU2 can affect 
immune cell infiltration in the TME of KIRC and LIHC 
and affect the prognosis of KIRC and LIHC.

Methods
Oncomine Database Analysis
Oncomine (https://www.oncomine.org/resource/main. 
html) is the largest cancer gene chip database and inte
grated data search platform worldwide.22 Oncomine 
merges DNA and RNA-Seq data derived from TCGA, 
GEO and online publications. Oncomine contains compre
hensive cancer mutation data, gene expression information 
and correlative clinical data. Using the Oncomine data
base, differential expression analyses, correlation analyses 
and coexpression analyses can be implemented to choose 
genes with differential content in certain cancers, identify 
target genes, and determine research directions. We ana
lysed the differences in the DLEU2 content across cancers 
using the Oncomine database platform.

TIMER Database Analysis
TIMER (https://cistrome.shinyapps.io/timer/) is an 
online tool used to study tumour immunity led by Prof. 
Xiaobing Liu, a professor of immunoinformatics at 
Harvard University.23 TIMER uses RNA-Seq expression 
profile data to detect immune cell infiltration in tumour 
tissues and comprehensively analyses the correlation 
between gene expression and immune cell infiltration in 
various cancers. The TIMER algorithm was used to 
evaluate the abundance of six immune-infiltrating cells 
(B cells, CD4+ T cells, CD8+ T cells, neutrophils, 
macrophages, and dendritic cells). TIMER also allows 
users to analyse differences in gene expression between 
cancer and normal tissue in various cancers.23 We ana
lysed the difference in the content of DLEU2 between 
various cancer specimens and matched normal 
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specimens using the TIMER website. Then, we analysed 
the correlation between DLEU2 and 6 immune infiltrat
ing cells and 16 immune cell molecular markers.

Kaplan–Meier Plotter Website Platform 
Analysis
The Kaplan–Meier Plotter (http://kmplot.com/analysis/) 
database combines microarray and RNA-SEq data from 
public databases, such as TCGA, GEO, and EGA, to 
evaluate the impact of tens of thousands of genes on 
survival in 21 cancers.24 We used the Kaplan–Meier 
Plotter database to evaluate the correlation between 
DLEU2 expression and survival in various cancers. We 
also used an online tool to perform a prognostic analysis of 
DLEU2 expression based on the abundance of different 
immune cells. The hazard ratios (HRs) and log-rank 
p-values of the 95% confidence intervals (CIs) were 
extracted.

UCSC Xena Database Analysis
The UCSC Xena database (http://xena.ucsc.edu/) is 
a cancer genomics data analysis platform that supports 
the visualization and analysis of multiple omics data 
from cancer samples.25 The platform contains numerous 
public datasets, including data from TCGA, GTEx, ICGC, 
TARGET and other large cancer research projects. The 
database provides information regarding gene expression, 
protein expression, copy numbers, methylation, and 
somatic mutations and clinical data, such as patient treat
ment and survival outcomes. We performed DLEU2 
expression analysis, copy number variation (CNV) analy
sis, somatic mutation analysis and DNA methylation ana
lysis using the UCSC Xena website platform.

UALCAN Database Analysis
UALCAN (http://ualcan.path.uab.edu/index.html) is 
a website that allows users to mine and analyse cancer 
data online.26 Its data are mainly derived from the 
TCGA database. The content of the website mainly 
includes expression analysis, survival analysis, methyla
tion survival analysis, correlation analysis and pan- 
cancer view and can be linked to several other external 
databases for users to perform other analyses. We per
formed a methylation analysis of DLEU2 in KIRC and 
LIHC using this site.

Statistical Analysis
DLEU2 expression analysis was performed with the 
ONCOMINE, TIMER, and R projects using the “ggplot2” 
package. ROC curves were drawn using the “pROC” and 
“ggplot2” package-derived R projects. A nomogram and 
calibration curves were drawn by manipulating the “survi
val” and “rms” packages in the R Project. The survival 
curve was drawn by combining the Kaplan–Meier Plotter 
database and “survival” package-derived R Project. The 
correlation analysis of gene expression in the TIMER 
database was performed by conducting a Spearman corre
lation analysis. Differences were considered statistically 
significant only when the P-value was less than 0.05.

Results
Expression of the Long Noncoding RNA 
DLEU2 in Various Cancers
We searched for expression of DLEU2 in various cancers 
in the Oncomine database, and the results revealed that 
the abundance of DLEU2 expression in most cancer 
tissues was higher than that in the matched normal tis
sues (Figure 1A). The expression level of DLEU2 was 
then analysed in the TIMER database. The analysis 
results of the TIMER database revealed that DLEU2 
was highly expressed in most human cancers compared 
with that in the matched normal tissues, especially KIRC 
and LIHC (Figure 1B). To obtain more convincing 
results, we used the “ggplot2” package in R Project to 
analyse the expression of DLEU2 in pan-cancer, and the 
results were consistent with those in the TIMER and 
ONCOMINE databases (S1). Next, we used the “ggplot” 
package in R to verify the findings in the Oncomine and 
TIMER databases and found that the expression of 
DLEU2 in KIRC and LIHC was significantly higher 
than that in their corresponding normal tissues 
(Figure 1C and G). In addition, we verified the expres
sion of DLEU2 in the relevant datasets of KIRC 
(GSE105261) and LIHC (GSE45267) (S2), and the 
results were consistent with those obtained using the 
TIMER and Oncomine databases. Notably, DLEU2 
expression is closely related to the primary tumour lesion 
(T), regional lymph node involvement (N), and distant 
metastasis (M) of KIRC in the TNM staging system 
(Figure 1D–F). Meanwhile, DLEU2 correlated signifi
cantly with the primary tumour lesion, histologic grade 
and alpha-fetoprotein level (AFP) of LIHC 
(Figure 1H–J).
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Figure 1 Expression of DLEU2 in cancer tissues and matched normal tissues in various cancers. (A) DLEU2 expression in cancer tissues and matched normal tissues in 
various cancers derived from the Oncomine database. (B) DLEU2 expression in different cancers derived from the TIMER website platform and the text in the red box 
refers to the expression level of DLEU2 in KIRC and LIHC. (C) Differences in DLEU2 expression between KIRC samples and matched normal samples. (D–F) The 
expression level of DLEU2 correlated significantly with the T stage (D), N stage (E) and M stage (F) in the international TNM staging system of KIRC. (G) Differences in 
DLEU2 expression between LIHC samples and matched normal samples. (H–J) Expression of DLEU2 correlated significantly with the T stage in the international TNM 
staging system of LIHC (H), histological grade (I) and AFP level (J). *p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: AFP, alpha-fetoprotein; KIRC, kidney renal clear cell carcinoma; LIHC, liver hepatocellular carcinoma.
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DLEU2’s Efficiency in Predicting KIRC and 
LIHC
To explore the correlation between DLEU2 expression and 
KIRC and LIHC, we used the “pROC” package and 
“ggplot2” package in R to plot the receiver operating char
acteristic curve (ROC) of DLEU2 in KIRC and LIHC 
(Figure 2A and B). The graph shows that DLEU2 expression 
can predict KIRC (AUC=0.896, CI: 0.852–0.940) and LIHC 
(AUC=0.852, CI: 0.8 15–0.889) with a certain accuracy.

The Prognostic Value of DLEU2 and the 
Construction of a Prognostic Nomogram 
for KIRC and LIHC
To explore the factors influencing the prognosis of KIRC 
and LIHC, univariate and multivariate Cox hazard regres
sion analyses were performed to identify factors that might 
affect the prognosis of KIRC and LIHC. The results of the 
univariate analysis showed that an age>60 years, right 
tumour, high T.N.M stage, high histologic grade, and 
high expression of DLEU2 affected the OS of KIRC 
(Table 1). The multivariate analysis showed that an 
age>60 years, high T.M stage, high histologic grade, and 
high expression of DLEU2 affected the OS of KIRC 
(Table 1). This finding implies that an age>60 years, 
high T and M stage, high histologic grade, and high 
expression of DLEU2 are independent prognostic factors 
of KIRC. Meanwhile, the univariate analysis and multi
variate analysis of the factors that may affect the prognosis 
of LIHC showed that high histologic grades, tumours and 
high expression of DLEU2 were independent prognostic 

factors of LIHC (Table 2). Then, we extracted the inde
pendent prognostic factors of KIRC and LIHC and con
structed nomograms for the prognosis of KIRC and LIHC 
by using the ‘rms’ package in R Project. As shown in 
Figure 3A, the nomogram revealed the relationship 
between age, T stage, M stage, and histologic grade and 
the DLEU2 expression level and the 1-, 2-, and 3-year 
survival probabilities of OS in KIRC. The nomogram for 
predicting the prognosis of LIHC showed the relations 
between the histologic grade, tumour status and DLEU2 
expression and the 1-, 2-, and 3-year survival probabilities 
of OS in LIHC (Figure 3E). The DLEU2-based nomogram 
for both KIRC (C index=0.753) and LIHC (C 
index=0.710) showed good performance in terms of pre
dicting the OS of KIRC and LIHC. The 1-, 2-, and 3-year 
calibration curves of KIRC (Figure 3B–D) and LIHC 
(Figure 3F–H) displayed consistency between our results 
and the predicted results, suggesting that the performance 
of the DLEU2-based nomogram in predicting the prog
nosis of KIRC and LIHC was satisfactory.

Prognostic Significance of the Differential 
Expression of DLEU2 in Different 
Cancers
We searched the Kaplan–Meier Plotter database to determine 
the prognostic significance of DLEU2 expression in human 
cancers. As shown in Figure 4A–D, high DLEU2 expression 
predicted a poor outcome of KIRC, LIHC, UCEC, and KIRP. 
To obtain more intuitive results, we use the R project to 
analyse the correlation between the expression of DLEU2 
and the prognosis of human cancer and the tumor sample 

Figure 2 ROC curve of DLEU2 expression predicting the outcome of KIRC (A) and LIHC (B). 
Abbreviations: KIRC, kidney renal clear cell carcinoma; LIHC, liver hepatocellular carcinoma; ROC, receiver operating characteristic.
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size, HR, CI and P values were extracted to draw the forest 
plots. Forest plots showed that DLEU2 was a hazard for OS 
(HR = 1.89, P < 0.001), disease-specific survival (DSS) (HR 
= 1.97, P = 0.01) and progression-free interval (PFI) (HR = 
1.37, P = 0.05) in KIRC and OS (HR = 1.56, P = 0.011), DSS 
(HR = 1.68, P = 0.024) (Figure 5A–C). These findings 
suggest that DLEU2 expression can predict a poor outcome 
of KIRC and LIHC.

DLEU2 Correlated with Immune 
Infiltration in KIRC and LIHC
It has been previously reported that tumour-infiltrated 
immune cells can be used to predict sentinel node involve
ment and the survival of cancer patients.27 Therefore, we 

analysed the correlation between DLEU2 expression and 
immune infiltration in various cancers in the TIMER data
base. The results showed that expression of DLEU2 in KIRC 
correlated significantly positively with the infiltration of 
B cells (r=0.133, p=4.30e−03), CD8+ T cells (r=0.286, 
p=1.15e−09), CD4+ T cells (r=0.276, p=1.67e−09), macro
phages (r=0.182, p=1.03e−04), neutrophils (r=0.428, 
p=8.34e−22), and dendritic cells (r=0.268, p=6.17e−09) 
(Figure 6A). In addition, expression of DLEU2 correlated 
significantly positively with immune-infiltrated B cells 
(r=0.348, p=2.96e−11), CD8+ T cells (r=0.3, p=1.58e−08), 
CD4+ T cells (r=0.291, p=3.89e−08), macrophages (r=0.334, 
p=2.39e−10), neutrophils (r=0.269, p=3.77e−07), and den
dritic cells (r=0.366, p=3.42e−12) in LIHC (Figure 6B).

Table 1 Univariate and Multivariate Cox Regression Analysis of KIRC in TCGA

Variables Univariate Analysis Multivariate Analysis

HR(95% CI) P value HR(95% CI) P value

Gender

Female 0.930(0.682–1.268) 0.648 1.157(0.747–1.791) 0.513
Male

Age(year)

≤60 1.765(1.298–2.398) * 1.654(1.060–2.580) *
>60

Race

White 0.818(0.454–1.474) 0.505 1.116(0.433–2.874) 0.820
Non-white

Laterality

Left 0.706(0.523–0.952) * 1.162(0.750–1.802) 0.501
Right

T stage

T1&T2 3.228(2.382–4.374) *** 1.820(1.118–2.962) *
T3&T4

N stage

N0 3.453(1.832–6.508) *** 1.611(0.789–3.291) 0.191
N1

M stage
M0 4.389(3.212–5.999) *** 2.954(1.785–4.890) ***
M1

Histologic grade

G1&G2 2.702(1.918–3.807) *** 1.762(1.065–2.914) *
G3&G4

DLEU2

Low 1.871(1.372–2.552) *** 1.809(1.152–2.841) *

High

Notes: *p<0.05; ***p<0.001. 
Abbreviations: KIRC, Kidney renal clear cell carcinoma; LIHC, Liver hepatocellular carcinoma.
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DLEU2 Correlated with Specific Markers 
of Immune Cells
We searched the TIMER website platform to analyse the 
correlation between DLEU2 expression and molecular mar
kers of infiltrating immune cells in KIRC and LIHC. Our 

results revealed that the expression of DLEU2 in KIRC 
correlated significantly with the immune markers of 
B cells, CD8+ T cells, dendritic cells, M2 macrophages, 
monocytes, neutrophils, T cell exhaustion, Tfh cells, Th1 
cells, and Tregs (Table 3). In LIHC, DLEU2 expression 

Table 2 Univariate and Multivariate Cox Regression Analysis of LIHC in TCGA

Variables Univariate Analysis Multivariate Analysis

HR(95% CI) P value HR(95% CI) P value

Gender

Female 0.793(0.557–1.130) 0.200 0.792(0.418–1.500) 0.474
Male

Age(year)

≤60 1.205(0.850–1.708) 0.295 1.411(0.791–2.518) 0.244
>60

Race
White 0.791(0.551–1.135) 0.203 0.593(0.292–1.206) 0.149
Non-white

Weight(Kg)

≤70 0.941(0.657–1.346) 0.738 2.051(0.791–5.316) 0.139
>70

Height(cm)

< 170 1.232(0.849–1.788) 0.272 0.947(0.498–1.800) 0.868
≥170

BMI(Kg/cm2)
≤25 0.798(0.550–1.158) 0.235 0.599(0.236–1.524) 0.282
>25

AFP(ng/mL)
≤400 1.075(0.658–1.759) 0.772 0.778(0.396–1.527)0.465 0.465
>400

Pathologic stage

Stage I&Stage II 2.504(1.727–3.631) *** 1.350(0.718–2.539) 0.351
StageIII&Stage IV

Histologic.grade

G1&G2 1.991(0.761–1.564) * 1.913(1.076–3.399) *
G3&G4

Tumor status
Tumor free 2.317(1.590–3.376) *** 1.882(1.057–3.352) *
With tumor

Vascular invasion

No 1.344(0.887–2.035) 0.163 1.471(0.818–2.648) 0.198
Yes

DLEU2

Low 1.594(0.986–1.971) * 1.773(1.003–3.132) *

High

Notes: *p<0.05; ***p<0.001. 
Abbreviations: KIRC, Kidney renal clear cell carcinoma; LIHC, Liver hepatocellular carcinoma.
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Figure 3 DLEU2-based nomogram and calibration curve. (A) Nomogram of the 1-, 2-, and 3-year survival probabilities of OS in KIRC based on age, the T stage, M stage, 
histologic grade and DLEU2 expression level; (B) 1-year calibration curve in KIRC; (C) 2-year calibration curve in KIRC; (D) 3-year calibration curve in KIRC; (E) 
Nomogram of the 1-, 2-, and 3-year survival probabilities of OS in LIHC based on the histologic grade, tumour status and DLEU2 expression level; (F) 1-year calibration 
curve in LIHC; (G) 2-year calibration curve in LIHC; (H) 3-year calibration curve in LIHC. 
Abbreviations: KIRC, kidney renal clear cell carcinoma; LIHC, liver hepatocellular carcinoma; OS, overall survival.
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correlated positively with the immune markers of B cells, 
CD8+ T cells, dendritic cells, monocytes, T cell exhaustion, 
TFH cells, Th1 cells, and Tregs (Table 3). Notably, we found 
that DLEU2 expression was significantly associated with 
molecular markers of various tumour-infiltrating immune 
cell subtypes, including CD8+ T cell markers, CD8A, 
CD8B, T cell (including general and exhausted) markers, 
CD3D, CD3E, CD2, GZMB, LAG-3, PD-1, Th (Th1 and 
Th2) cell markers, TBX21, STAT4, STAT1, IFNG, IL13, 
GATA3, STAT6, Treg markers, FOXP3, CCR8, STAT5B, 
TGFB1, B cell markers, CD19, CD79A, DC markers, 
ITGAX, NRP1, CD1C, HLA−DPA1, HLA−DRA, HLA 
−DQB1, neutrophil marker CCR7, ITGAM, CEACAM8, 
and HLA−DPB1 in KIRC. Similar to KIRC, the expression 
level of DLEU2 in LIHC also correlated positively with 
immune markers of various T-cell subtypes, such as CD8+ 
T cells, T cells (general), T cell exhaustion, Tfh cells, Th1 
cells, Th2 cells, and Tregs. In addition, DLEU2 expression 
in LIHC was significantly associated with B cell, dendritic 
cell and monocyte immune markers. These findings suggest 
that DLEU2 expression possibly modulates immune infiltra
tion in KIRC and LIHC.

Prognostic Potential of DLEU2 in 
Different Cancers Based on Different 
Enriched Immune Cells
This study shows that high DLEU2 expression indicates 
a poor prognosis of KIRC and LIHC and is associated with 
immune cell infiltration in tumours. We hypothesized that 
DLEU2 influences the prognosis of KIRC and LIHC by, or 
at least partially by, influencing immune infiltration in the 
TME. We performed survival analysis of DLEU2 expres
sion in KIRC and LIHC using the Kaplan–Meier Plotter 

website in the order of enrichment of B cells, CD4+ 
memory T cells, CD8+ T cells, macrophages, NK T cells, 
Treg T cells, Th1 cells, and Th2 cells. Surprisingly, high 
expression of DLEU2 in KIRC was associated with 
enriched B cells (p=0.0023), CD4+ memory T cells 
(p=4.5e-06), CD8+ T cells (p=2.7e-05), macrophages 
(p=1.1e-05), NK T cells (p=0.0011), Treg T cells 
(p=0.00054), and Th1 cells (p=0.013), and this cohort 
had a poor prognosis (Figure 7A–H). High expression of 
DLEU2 in enriched B cells (p=0.00028), CD4+ memory 
T cells (p=0.0037), CD8+ T cells (p=0.004), macrophages 
(p=0.039), NK T cells (p=0.038), Treg T cells (p=0.0069), 
Th1 cells (p=0.01), and Th2 cells (p=0.011) was also 
associated with a poor prognosis in LIHC (Figure 7I–P). 
These findings indicate that immune infiltration may, at 
least partially, influence the prognosis of KIRC and LIHC 
with high DLEU2 expression.

CNV, Somatic Mutation, and Methylation 
Analyses of DLEU2
This study revealed that DLEU2 is aberrantly expressed in 
KIRC and LIHC. We further explored the causes of this 
dysregulation of DLEU2 expression in KIRC and LIHC. 
Previous studies have reported that CNVs, somatic muta
tions, and DNA methylation play a crucial role in genetic 
and epigenetic regulation, especially DNA methylation 
and CNVs, and correlate closely with oncogenesis and 
progression.28–30 We searched for CNV levels, somatic 
mutations and DNA methylation of DLEU2 in KIRC and 
LIHC using the UCSC Xena website platform. The heat 
map (Figure 8) results showed that expression of DLEU2 
correlated closely with CNVs and DNA methylation, but 
not with somatic mutations, in both KIRC and LIHC. In 

Figure 4 Survival curves of high and low DLEU2 expression in different cancers derived from the Kaplan–Meier Plotter database. Among them, red text refers to DLEU2 
high expression group, black refers to DLEU2 low expression group. (A) High expression of DLEU2 indicates a poor OS of KIRC. (B) High expression of DLEU2 is 
associated with a poor OS in LIHC. (C) High expression of DLEU2 correlates with a poor OS in UCEC. (D) High expression of DLEU2 implies a poor OS in KIRP. 
Abbreviations: HR, Hazard ratio; KIRC, Kidney renal clear cell carcinoma; KIRP, Kidney renal papillary cell carcinoma; LIHC, Liver hepatocellular carcinoma; OS, Overall 
survival; UCEC, Uterine corpus endometrial carcinoma.
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Figure 5 Forest plot of the prognostic value of DLEU2 expression in different cancer types. In the forest plot, the text in the red box refers to the two cancers in this study, 
KIRC and LIHC, the red dot refers to the value of HR, and the green line represents the 95% CI. (A–C) Prognostic HR of DLEU2 in various cancers for OS (A), DSS (B), 
and PFI (C). 
Abbreviations: CI, Confidence intervals; DSS, Disease specific survival; HR, Hazard ratio; OS, Overall survival; PFI, Progression free interval; KIRC, Kidney renal clear cell 
carcinoma; LIHC, Liver hepatocellular carcinoma.
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addition, we analysed methylation levels of DLEU2 in 
KIRC and LIHC samples compared with their normal 
samples in the UALCAN database, and the results showed 
that the aberrant expression of DLEU2 was significantly 
related to KIRC (p=0.004) and LIHC (p=0.01) methylation 
(S3). In summary, CNVs and methylation may contribute 
to abnormal DLEU2 expression.

Discussion
DLEU2 is a long noncoding RNA initially reported to be 
deleted in lymphocytic leukaemia.31 DLEU2 has been 
reported to regulate the evolution or progression of several 
types of cancer.32 This study is the first to analyse the 
expression of DLEU2 and its correlation with clinically 
relevant indicators, prognosis, immune infiltration, and 
gene variation in KIRC and LIHC.

In this study, we found that the expression of DLEU2 
was higher in KIRC and LIHC samples than in matched 
normal samples and that the expression of DLEU2 was 
associated with the TNM stage of KIRC (Figure 1C–F). In 
addition, DLEU2 expression correlated with the T stage, 
histological grade, and AFP level of LIHC (Figure 1G–J). 
ROC curve analysis (Figure 2) shows that DLEU2 has 
a certain accuracy in predicting KIRC and LIHC. The 
prognostic nomogram and 1-, 2-, and 3-year calibration 
curves for KIRC and LIHC revealed the satisfactory per
formance of the DLEU2-based nomogram (Figure 3). 
These findings show that DLEU2 is closely related to the 
progression of KIRC and LIHC and that DLEU2 correlates 
with the prognosis of KIRC and LIHC and has the 

potential to be a significant diagnostic and prognostic 
marker of KIRC and LIHC.

The prognosis analyses of DLEU2 suggested that high 
expression of DLEU2 was associated with a poor prog
nosis of KIRC and LIHC (Figures 4 and 5). These results 
are consistent with previous reports showing that DLEU2 
can promote malignant phenotypes, such as tumour 
growth, migration and invasion. Dong et al reported that 
DLEU2 could be a competitive RNA to influence the EMT 
and glycolysis in endometrial cancer.33 Han et al reported 
that DLEU2 could promote malignant behaviours in gas
tric cancer cells.13 Our results demonstrate the potential of 
DLEU2 to predict the outcomes of KIRC and LIHC.

DLEU2 has been previously reported to affect the 
proliferation and differentiation of immune cells.34 The 
correlation analysis between DLEU2 and immune cells 
showed that DLEU2 expression correlated positively 
with 6 types of immune infiltrating cells in KIRC and 
LIHC (Figure 6A and B). These results suggest that 
DLEU2 mediates immune cell infiltration in KIRC and 
LIHC.

Then, we analysed the association between DLEU2 and 
immune cell markers in KIRC and LIHC (Table 3). After the 
cell purity calibration, we found that DLEU2 was positively 
associated with several immune cell molecular markers. 
This finding further supports the correlation between 
DLEU2 and immune infiltration in KIRC and LIHC. 
Notably, our results show that DLEU2 correlates positively 
with markers of Treg and T cell exhaustion, such as TGFB1 
and CTLA4. TGFB1 and CTLA4 have been shown to play 

Figure 6 Correlation analyses between the DLEU2 expression level and the infiltrating immune cell level in KIRC (A) and LIHC (B). The red text “cor” and “p” refer to the 
correlation coefficient and statistical difference between DLEU2 and the level of immune cell infiltration respectively. 
Abbreviations: KIRC, Kidney renal clear cell carcinoma; LIHC, Liver hepatocellular carcinoma.
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Table 3 Correlation Analysis of DLEU2 Expression with Molecular Markers of Immune Cells

Immune Cell Type Molecular Markers KIRC LIHC

None Purity None Purity

cor p cor p cor p cor p

B cell CD19 0.176 **** 0.151 ** 0.195 *** 0.23 ****

CD79A 0.083 0.054 0.066 0.156 0.193 *** 0.273 ****

Dendritic cell ITGAX 0.321 **** 0.303 **** 0.327 **** 0.406 ****
NRP1 0.205 **** 0.196 **** 0.261 **** 0.271 ****

CD1C 0.117 ** 0.118 * 0.188 *** 0.238 ****
HLA−DPA1 0.209 **** 0.206 **** 0.146 ** 0.21 ****

HLA−DRA 0.187 **** 0.197 **** 0.137 ** 0.196 ***

HLA−DQB1 0.152 *** 0.132 ** 0.137 ** 0.203 ***
HLA−DPB1 0.145 *** 0.136 ** 0.114 * 0.173 **

Monocyte CSF1R 0.166 *** 0.134 ** 0.14 ** 0.219 ****
CD86 0.211 **** 0.199 **** 0.267 **** 0.365 ****

Macrophage PTGS2 0.159 *** 0.112 * 0.113 * 0.179 ***
IRF5 0.32 **** 0.332 **** 0.355 **** 0.349 ****

VSIG4 0.133 ** 0.109 * 0.058 0.264 0.119 *

MS4A4A 0.223 **** 0.221 **** 0.116 * 0.188 ***

CD163 0.186 **** 0.181 **** 0.096 * 0.151 **

Natural killer cell KIR3DL3 0.064 0.139 0.042 0.369 0.119 * 0.103 0.056
KIR3DL2 0.073 0.090 0.069 0.142 0.116 * 0.153 **
KIR3DL1 0.08 0.066 0.08 0.086 0.076 0.143 0.08 0.138

KIR2DS4 0.108 * 0.114 * 0.162 ** 0.14 **

KIR2DL4 0.186 **** 0.188 **** 0.221 **** 0.242 ****
KIR2DL3 0.079 0.070 0.073 0.117 0.133 * 0.153 **

KIR2DL1 0.1 * 0.089 * −0.016 0.76 −0.045 0.407

Neutrophils CCR7 0.145 *** 0.125 ** 0.165 ** 0.243 ****
ITGAM 0.192 **** 0.179 *** 0.197 *** 0.245 ****

CEACAM8 0.135 ** 0.133 ** 0.09 0.084 0.101 0.061

T cell (general) CD3D 0.242 **** 0.222 **** 0.257 **** 0.344 ****
CD3E 0.254 **** 0.231 **** 0.228 **** 0.335 ****

CD2 0.271 **** 0.254 **** 0.228 **** 0.332 ****

Treg TGFB1 0.123 ** 0.105 * 0.201 **** 0.262 ****
FOXP3 0.193 **** 0.151 ** 0.247 **** 0.268 ****
STAT5B 0.193 **** 0.209 **** 0.249 **** 0.224 ****

CCR8 0.261 **** 0.253 **** 0.364 **** 0.417 ****

T cell exhaustion CTLA4 0.407 **** 0.387 **** 0.3 **** 0.384 ****
LAG3 0.28 **** 0.258 **** 0.333 **** 0.371 ****

HAVCR2 0.1 * 0.101 * 0.252 **** 0.352 ****

GZMB 0.237 **** 0.222 **** 0.157 ** 0.194 ***

PDCD1 0.264 **** 0.259 **** 0.323 **** 0.389 ****

CD8+T cell CD8A 0.275 **** 0.278 **** 0.228 **** 0.157 **
CD8B 0.228 **** 0.229 **** 0.181 *** 0.288 ****

(Continued)
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important immunoregulatory roles in immune microloops. 
CTLA4 has been reported to mediate T cell apoptosis and 
inhibit T cell proliferation and cytokine release to mediate 
tumour immune escape, while TGFB1 enhances this effect 
by increasing the expression of CTLA4.12 It has been pre
viously reported that T cells play an important role in 
immune regulation in the tumour microenvironment, such 
as the recruitment of regulatory T cells (Tregs) in the 
immune microenvironment by limiting the signal transduc
tion of effector T cells and their killing effect on tumour 
cells.35 Yang et al reported that a high proportion of DC cells 
and Treg cells and T cell exhaustion promote the tumour 
microenvironment in bladder cancer.36 Our results also show 
that the expression of DLEU2 was associated with immune 
markers of CD8+ T cells, Tfh cells, Th1 cells, and Th2 cells. 
These findings shed light on the potential mechanism by 
which DLEU2 mediates immune cell infiltration in KIRC 
and LIHC. Therefore, DLEU2 may contribute to a poor 
prognosis of KIRC and LIHC by recruiting or regulating 
the infiltration of immune cells in the TME.

The results obtained using the Kaplan–Meier plotter 
website platform showed that high expression of DLEU2 
enriched in several immune cell cohorts of KIRC and LIHC 
was associated with a poor prognosis (Figure 7). Tregs can 

limit the immune system’s immunity to tumours and 
increase the body’s immune tolerance to tumours, leading 
to the immune escape of tumours.35 DCs can lead to tumour 
immunosuppression and promote tumour growth and metas
tasis by increasing Tregs and activating CD8+ T cells.37 

Moreover, M2 tumour-associated macrophages can increase 
the activity of tumour cells and mediate the EMT process in 
tumours.38 TGFB1 is an important immune marker of Tregs, 
and expression of DLEU2 correlates positively with 
TGFB1. Bao et al showed that TGFB1 induces immune 
escape in LIHC by increasing the expression of PD-1 and 
CTLA-4 on T cells.12 Moreover, several studies have 
reported that macrophages, Tregs, and CD8+ T cells in the 
KIRC microenvironment can promote tumour growth and 
immune escape.39–41 These results suggest that DLEU2 may 
influence the prognosis of KIRC and LIHC by regulating 
immune cell infiltration in the TME.

CNVs, gene mutations and DNA methylation are 
important mechanisms that mediate carcinogenesis.42 In 
our study, the heat map (Figure 8) showed that DLEU2 
expression was associated with CNVs and DNA methyla
tion but not somatic mutations. DLEU2 methylation leads 
to the dysregulation of its expression, which mediates 
disease progression.43 CNVs are an important marker of 

Table 3 (Continued). 

Immune Cell Type Molecular Markers KIRC LIHC

None Purity None Purity

cor p cor p cor p cor p

Th1 TBX21 0.313 **** 0.308 **** 0.2 *** 0.365 ****
STAT4 0.435 **** 0.424 **** 0.284 **** 0.293 ****
STAT1 0.343 **** 0.351 **** 0.373 **** 0.143 **

IFNG 0.317 **** 0.316 **** 0.243 **** 0.305 ****
IL13 0.276 **** 0.269 **** 0.135 ** 0.257 ****

Th2 GATA3 0.08 0.065 0.046 0.328 0.242 **** 0.27 ****
STAT6 0.216 **** 0.235 **** 0.21 **** 0.332 ****

STAT54 0.196 **** 0.181 **** 0.284 **** 0.393 ****

Th17 STAT3 0.221 **** 0.219 **** 0.058 0.268 0.305 ****
IL17A 0.046 0.285 0.042 0.368 0.177 *** 0.142 **

TAM CCL2 0.214 **** 0.178 *** 0.099 0.057 0.351 ****
IL10 0.234 **** 0.222 **** 0.224 **** 0.177 ***

CD68 0.024 0.574 0.036 0.443 0.166 ** 0.317 ****

Tfh BCL6 0.28 **** 0.268 **** 0.292 **** 0.056 0.297
IL21 0.11 * 0.106 * 0.123 * 0.175 **

Notes: *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001. 
Abbreviations: KIRC, Kidney renal clear cell carcinoma; LIHC, Liver hepatocellular carcinoma.
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Figure 7 Kaplan–Meier survival curves of high and low DLEU2 expression based on the enrichment of different immune cells. Among them, red text refers to DLEU2 high 
expression group, black refers to DLEU2 low expression group. (A–H) High DLEU2 expression indicates a worse prognosis based on the enrichment of B cells (A), CD4+ 
memory T cells (B), CD8+ T cells (C), macrophages (D), NK T cells (E), Treg T cells (F), and Th1 cells (G) in KIRC. (I–P) High DLEU2 expression is associated with a poor 
prognosis based on the enrichment of various immune cells, such as B cells (I), CD4+ memory T cells (J), CD8+ T cells (K), macrophages (L), NK T cells (M), Treg T cells 
(N), Th1 cells (O) and Th2 cells (P). 
Abbreviations: HR, Hazard ratio; KIRC, Kidney renal clear cell carcinoma; LIHC, Liver hepatocellular carcinoma.
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Figure 8 Analysis of gene expression, CNVs, somatic mutations and methylation in KIRC and LIHC. Heat map displaying the correlations between DLEU2 expression and 
CNVs, somatic mutations, and methylation in KIRC (A) and LIHC (B). 
Abbreviations: CNVs, Copy number variations; KIRC, Kidney renal clear cell carcinoma; LIHC, Liver hepatocellular carcinoma.
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carcinogenesis and can lead to aberrant copy numbers, 
including amplification, insertion, loss, and deletion. 
Moreover, studies have shown that CNVs play an impor
tant role in the progression of cancers, such as lung ade
nocarcinoma, breast cancer, and ovarian cancer.29,44,45

Conclusion
DLEU2 is upregulated in various cancers, especially KIRC 
and LIHC, and its aberrantly upregulated expression is 
associated with poor clinicopathologic features, a poor 
prognosis, and high immune cell infiltration in KIRC and 
LIHC. Copy number variations and DNA methylation may 
contribute to the high expression of DLEU2 in KIRC and 
LIHC. Furthermore, our study revealed that DLEU2 
expression correlates with the poor outcome of KIRC 
and LIHC by influencing immune infiltration in the 
TME. Therefore, this study provides a new approach to 
the immunotherapy of KIRC and LIHC.

Abbreviations
AFP, Alpha-fetoprotein; CNV, Copy number variations; 
CI, Confidence intervals; DSS, Disease specific survival; 
KIRC, Kidney renal clear cell carcinoma; LIHC, Liver 
hepatocellular carcinoma; OS, Overall survival; PFI, 
Progression free interval; ROC, Receiver operating char
acteristic; TME, Tumour microenvironment.
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