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Abstract. Clear cell renal cell carcinoma (ccRCC) is a lethal 
cancer, and biomarkers for exact diagnosis and predicting 
prognosis are urgently needed. The present study aimed to 
determine the roles of distal‑less homeobox (DLX) family 
genes in ccRCC. The clinicopathological and mRNA 
expression data of patients with ccRCC were derived from 
The Cancer Genome Atlas database. Kaplan‑Meier curves, 
univariate and multivariate Cox hazard analyses, in addition 
to receiver operator characteristic curves were used to evaluate 
the prognostic and diagnostic values. A single‑sample gene 
set enrichment analysis was used to quantify the infiltration 
levels of immune cells. Reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) and immunohisto‑
chemistry were conducted to examine the expression levels of 
DLX4 in tumor and adjacent tissue; the results demonstrated 
that DLX4 was highly expressed in ccRCC tissues compared 
with normal renal tissues. Furthermore, DLX4 expression 
was associated with tumor stage and grade. High proportions 
of males, advanced pathological stage, higher tumor grade 
and T, N and M stage were also observed in the high DLX4 
expression group. Patients with the high DLX4 expression 
levels tended to have lower overall survival and disease‑free 
survival rates compared with those with low DLX4 expression. 
DLX4 expression also showed favorable diagnostic efficiency 
in ccRCC patients. Based on functional enrichment analysis, 
cell cycle related pathways, epithelial‑mesenchymal transition, 
glycolysis and inflammatory response were associated with 
the expression levels of DLX4. Furthermore, DLX4 expression 

was revealed to be associated with tumor immunosuppressive 
microenvironment. Overall, the expression level of DLX4 may 
be considered a novel prognostic indicator in ccRCC and a 
specific diagnostic biomarker for patients with ccRCC.

Introduction

Renal cell carcinoma (RCC) is one of the most common malig‑
nancies among adults and is estimated to have caused 73,750 
new cases and 14,830 deaths in the United States in 2020 (1). 
Clear cell (cc)RCC is the most common histologic subtype of 
RCC, accounting for ~90% of RCC cases (2). ccRCC is the 
leading cause of death in the majority of patients with RCC and 
is responsible for ~3% of all adults diagnosed with cancer (3). 
The morbidity and mortality of ccRCC are also increasing in 
the majority of countries (4). Despite remarkable advances in 
the diagnosis and treatment of ccRCC in recent years, ccRCC 
remains one of the deadliest cancers. In fact, metastasis at diag‑
nosis occurs in a large proportion of patients owing to the lack 
of characteristic clinical symptoms (5). Approximately 30% 
of patients with ccRCC developed recurrence and progression 
despite surgical resection of the primary tumor (6,7). ccRCC is 
a chemo‑ and radioresistant neoplasia, with limited alternative 
treatment options available for therapeutic use (8). At present, 
novel therapeutic options for ccRCC include anti‑angiogenic 
agents (such as sorafenib, sunitinib, pazopanib, axitinib and 
bevacizumab), mTOR inhibitors (temsirolimus and evero‑
limus) and immune checkpoint inhibitors (nivolumab) (9,10). 
However, these drugs result in only partial responses in few 
patients with ccRCC and a poor prognosis. Therefore, there 
is an urgent need to identify new biomarkers for accurate 
diagnosis of ccRCC and to explore its underlying mechanisms.

The distal‑less homeobox (DLX) gene family is a cluster 
of homeobox genes comprising six different members 
(DLX1‑DLX6)  (11). DLX is postulated to serve a role in 
forebrain and craniofacial development. In fact, according to 
previous studies, the DLX gene family may be involved in early 
development and cell differentiation, and is frequently dysreg‑
ulated in neoplasms (12,13). For instance, DLX1 may promote 
progression and metastasis of prostate and ovarian cancer by 
enhancing TGF‑β/SMAD4 signaling  (14,15). DLX2 could 
counteract TGF‑β‑induced cell cycle arrest and apoptosis to 
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promote tumorigenesis (16), and it is considered to be a marker 
of survival and disease progression in prostate cancer (17); 
DLX3 regulates cell cycle progression and squamous tumor 
growth  (18). DLX5 is involved in the growth and diffuse 
spreading of invasive glioma cells (19), and DLX4 serves a 
vital role in the early development and differentiation of tumor 
cells  (12). DLX4 may induce a megakaryocytic transcrip‑
tional program by inducing IL‑1β and NF‑κB signaling (20). 
DLX4 may induce expression of the cell surface molecule 
CD44 in ovarian tumor cells by stimulating IL‑1β‑mediated 
NF‑κB activity, thereby promoting tumor‑mesothelial cell 
interactions and peritoneal metastasis of ovarian cancer (21). 
Chen  et  al  (22) adapted the approach of network‑based 
molecular modeling of physiological behaviors to specifically 
isolate physiological behaviors in alopecia areata model that 
contribute to the recruitment of immune cells in autoimmune 
disease. They found that DLX4 is expressed in the skin and 
could induce recruitment of immune cells in alopecia areata 
model. Therefore, they propose that DLX4 is a master regu‑
lator of immune infiltration recruitment, and the loss of DLX4 
expression may contribute to immune evasion in cancer. These 
studies suggested that aberrant expression of DLX gene family 
may be related to the development and metastasis of tumors. 
However, the roles of DLX gene family in ccRCC patients 
remain unclear.

In the present study, the expression levels of DLX gene 
family in ccRCC were examined and its prognostic value and 
correlations with pathological parameters were evaluated. 
Here, differences in both overall survival and disease‑free 
survival (DFS) were selected to investigate the association with 
the distributions of clinical phenotypes. DLX4 was selected 
for further validation and its potential functional mechanisms 
were explored.

Materials and methods

Data acquisition. mRNA expression data of six members 
of DLX gene family in The Cancer Genome Atlas (TCGA) 
dataset (HTSeq Counts) were acquired from University of 
California, Santa Cruz (UCSC) Xena website (xenabrowser.
net)  (23); the project number was TCGA‑KIRC. The data 
were processed using RSEM normalization methods and 
expressed as log2(x+1) transformed. Clinical information 
of 533 patients, including age, sex, pathological stage, 
pathological grade, TNM stage, overall survival and survival 
status were obtained from UCSC Xena. DFS of patients with 
ccRCC was obtained from the cBio Cancer Genomics Portal 
(http://cbioportal.org).

Differential expression levels, diagnostic efficiency and 
prognostic significances. The differential expression of six 
members of the DLX gene family was compared between 
ccRCC and adjacent normal renal tissues in TCGA dataset. The 
differential expression of DLX4 was also compared between 
the different clinical subgroups (advanced vs. early stage, high 
vs. low grade, N0 vs. N1, M0 vs. M1). Kaplan‑Meier curves 
and log‑rank tests were performed to evaluate the prognostic 
significance, and receiver operating characteristic (ROC) 
curves were generated to assess the diagnostic efficiency (24). 
Univariate and multivariate Cox hazard analyses were 

performed to assess the overall survival and DFS of patients 
with ccRCC.

ccRCC tissue samples. A total of 40 pairs of ccRCC tumors 
and matched normal renal tissues were retrieved from the 
Department of Urology at the Second People's Hospital of 
Wuhu (Wuhu, China) and The First Affiliated Hospital of 
Anhui Medical University (Hefei, China) between May 2019 
and May 2020. Adjacent normal renal tissues, ≥2 cm away 
from the location of the tumor, were cut and collected. Samples 
were placed in RNAlater stabilization solution (Invitrogen; 
Thermo Fisher Scientific, Inc.) and frozen in liquid nitrogen. 
These samples were evaluated by two pathologists to confirm 
the histopathological results of ccRCC. Inclusion criteria were 
ccRCC, and exclusion criteria were other types of RCC and 
benign renal tumors. Written informed consent was provided 
by all patients. The present study was approved by the Ethics 
Committee of Human Research of The Second People's 
Hospital of Wuhu and The First Affiliated Hospital of Anhui 
Medical University (approval no. PJ2019‑14‑22). The study 
methodology conformed with the standards of the Declaration 
of Helsinki.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from ccRCC tissue using the TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc.) method. The purity and 
concentration of total RNA solution were detected using 
a NanoDrop spectrophotometer (NanoDrop Technologies; 
Thermo Fisher Scientific, Inc.). Extracted RNA was reverse 
transcribed into cDNA using a PrimeScript™ RT with 
gDNA Eraser kit (Takara Bio, Inc.) according to the manu‑
facturer's protocol. The cDNA was subjected to qPCR by a 
SYBR Green Mix (Takara Bio, Inc.). Thermocycling condi‑
tions were as follows: Initial denaturation at 95 for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec and 60˚C for 34 sec, 
then final extension at 95˚C for 15 sec, 60˚C for 1 min and 
95˚C for 15 sec. A final reaction volume of 20 µl was used, 
and the ABI 7500 Real‑Time PCR System (Thermo Fisher 
Scientific, Inc.) was used to measure the reactions. Relative 
gene expression of DLX4 were analyzed using the 2‑ΔΔCq 
method (25). GAPDH was used as endogenous control to 
normalize the relative expression of DLX4. The primers 
were purchased from Sangon Biotech Co., Ltd., and the 
sequences were as follows: DLX4 forward, 5'‑CAG​CAC​
CTA​AAC​CAG​CGT​TTC‑3' and reverse, 5'‑GAG​CTT​CTT​
ATA​CTT​GGA​GCG​TT‑3'; and GAPDH forward, 5'‑GGG​
AGC​CAA​AAG​GGT​CAT‑3' and reverse, 5'‑GAG​TCC​TTC​
CAC​GAT​ACC​AA‑3'.

Immunohistochemistry. Paraffin‑embedded tissue specimens 
were sliced into 4‑µm‑thick sections. The slides were placed 
in a 60˚C thermostat and baked for 20 min to dewax. Then, the 
slides were hydrated in xylene Ⅰ (30 min), xylene II (30 min), 
anhydrous ethanol (5 min) twice and 95, 90, 80 and 70% ethanol 
(5 min each). Then, the slides were heated at 100˚C for 10 min 
in citric acid buffer (0.01 M, pH 6.0) for antigen retrieval. 
The slides were incubated in 3% hydrogen peroxide solution 
(cat. no. SP 9000; Beijing Zhongshan Jinqiao Biotechnology 
Co., Ltd.) for 15 min at room temperature and washed three 
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times in phosphate‑buffered saline (PBS; pH 7.4). The slides 
were blocked with 3% bovine serum albumin (cat. no. G5001; 
Servicebio) for 1  h at room temperature, then incubated 
with anti‑DLX4 antibody (1:100; cat. no. DF3387; Affinity 
Biosciences, Ltd.) overnight at  4˚C. After three washes 
with PBS, the slides were incubated with biotinylated goat 
anti-rabbit IgG (1:200; cat. no. G23303; Servicebio) for 2 h 
at room temperature. Finally, DAB (Beyotime Institute of 
Biotechnology) was used to detect the immune complexes and 
the sections were counterstained with hematoxylin for 3 min 
at room temperature. The images were captured using a light 
microscope (Olympus Corporation). DLX4 expression was 
measured based on the intensity of immune staining (intensity 
score) with ImageJ version 6.0 software (National Institutes of 
Health), as previously described (26).

Gene set enrichment analysis (GSEA). Patients in TCGA data 
set were divided into high and low expression groups according 
to the median values of DLX4 gene expression. GSEA was 
conducted to explore the possible functional mechanisms of 
DLX4 in ccRCC with GSEA 3.0 software (Broad Institute; 
broad.mit.edu/gsea) (27). The reference gene set file was h.all.
v7.0.symbols.gmt; normalized P‑value <0.05 and FDR <0.25 
were set as threshold values.

Functional enrichment analysis. Pearson correlation coef‑
ficients was calculated to determine the association between 
DLX4 gene expression and genes in TCGA dataset. Genes 
that strongly correlated with the expression levels of DLX4 
(correlation coefficient R>0.4) were obtained as previously 
described  (28). A total of 559 positively correlated genes 
and 226 negatively correlated genes were identified. Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Gene 
Ontology (GO) enrichment analyses were performed using 
The Database for Annotation, Visualization and Integrated 
Discovery (https://david.ncifcrf.gov) to investigate the possible 
molecular mechanisms of these selected genes. The cutoff 
value was set at P<0.05.

Estimation of the immune microenvironment composition. 
To quantify the cellular composition of the immune infil‑
trates in each patient in TCGA dataset, a set of metagenes, 
including non‑overlapping sets of genes that are representa‑
tive of 28 specific immune cell subpopulations, was obtained 
from a previous study  (29). Subsequently, single‑sample 
GSEA was used to quantify the 28 types of immune cells 
based on the metagenes. In the tumor microenvironment, 
immune and stromal cells are the two main non‑tumor 
components; these components have been proposed to be 
valuable for tumor treatment and prognosis (30). To assess 
the tumor microenvironment associated with DLX4 expres‑
sion levels, the immune and the stromal scores (which reflect 
the infiltration levels of non‑tumor cells) for the TCGA 
dataset were calculated using the ESTIMATE package (30). 
The differences in immune cell composition and immune 
and stromal scores were compared between the high and 
low DLX4 expression groups, which were divided based on 
the median expression values. In addition, the correlations 
between DLX4 expression levels and immunosuppressive 
immune cells were evaluated.

Comparison of tumor mutation burden and cytolytic activity. 
Tumor mutation burden (TMB) is defined as the total amount 
of coding errors of somatic genes, base substitutions, inser‑
tions or deletions detected per million bases (31). In the present 
study, 38 megabases was used as the exon length. TMB was 
calculated as (the number of variants)/(exon length) for each 
patient with ccRCC using Perl scripts (32). The somatic muta‑
tion status data of ccRCC samples (workflow type: VarScan2 
Variant Aggregation and Masking) were downloaded from the 
TCGA data portal (https://portal.gdc.cancer.gov/repository) 
in May 2021. The cytolytic activity scores were calculated as 
the geometric mean of the granzyme A and perforin expres‑
sion (13). The TMB scores and cytolytic activity scores were 
also compared between high and low DLX4 expression groups.

Statistical analysis. For equivalent variables with a normal 
distribution, an unpaired Student's t‑test was performed for 
comparisons between the two groups, and one‑way ANOVA 
followed by Tukey's post hoc test was used for comparison 
between multiple groups. The paired Student's t‑test was used 
to compare paired samples. For non‑normally distributed 
variables, the Wilcoxon rank‑sum test was performed for 
comparisons between two groups. Pearson's χ2 test was used to 
evaluate the distributions of clinical factors between the high 
and low‑DLX4 expression groups. Log‑rank tests were used 
for Kaplan‑Meier curves to assess survival differences. The 
correlations between DLX4 expression and tumor immuno‑
suppressive cells were evaluated using Pearson's correlation 
analysis, and ‘general linear model’ method was used to fit 
curves. P<0.05 was used to indicate a statistically significant 
difference.

Results

Relative expression of DLX family genes in ccRCC. To 
investigate the roles of DLX family genes in ccRCC, the 
mRNA expression levels of six members of the DLX family 
in the TCGA dataset were investigated. A heat map revealed 
the overall expression levels of the six members of the 
DLX family between normal and tumor samples in TCGA 
dataset (Fig. 1A). Furthermore, the expression levels of six 
members were compared between normal and tumor samples. 
Downregulated levels of DLX3 and upregulated levels of 
DLX1, DLX2, DLX4, DLX5 and DLX6 were observed in 
tumor samples compared with normal samples in TCGA 
dataset (Fig. 1B). The expression levels of paired normal and 
tumor samples in TCGA dataset were also compared, which 
revealed the same expression patterns (Fig. 1C).

Prognostic values of DLX family in ccRCC. Patients in the 
TCGA data set were divided into high and low expression 
group according to the median values of the mRNA expression 
levels for each gene of the DLX family. A total of 511 patients 
with ccRCC with overall survival and 422 with DFS informa‑
tion were included. The differences in overall and DFS status 
for six members of DLX family were compared using the 
χ2 test. The distribution for overall survival status was found 
to be significantly different for DLX2 and DLX4, whereas 
the distribution for DFS status was significantly different 
for DLX2, DLX4 and DLX5 (Table I). Kaplan‑Meier curves 
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were used to evaluate the prognostic significances of the DLX 
family in ccRCC. Kaplan‑Meier curves for overall survival 
revealed poor prognosis in high DLX2 expression group 
(Fig. 2B), DLX4 (Fig. 2D) and DLX5 (Fig. 2E) for patients 
with ccRCC. However, the overall survival rates between the 
high and low expression group of DLX1 (Fig. 2A), DLX3 
(Fig. 2C) and DLX6 (Fig. 2F) were not significantly different. 

DFS was also compared between the high and low expression 
groups. A significantly lower DFS rate was identified in the 
high expression group of DLX2 (Fig. 2H), DLX4 (Fig. 2J) and 
DLX5 (Fig. 2K) relative to the low expression group. However, 
the DFS rate was not significantly different between DLX1 
(Fig. 2G), DLX3 (Fig. 2I) and DLX6 (Fig. 2L). The expression 
of DLX2 and DLX4 was revealed to be associated with overall 

Table I. Comparison of overall survival and DFS between different expression levels of DLX1‑6.

	 Overall survival	 DFS
	-----------------------------------------------------------------	----------------------------------------------------------------- 
Variable	 χ2	 P‑value	 χ2	 P‑value

DLX1 (high vs. low)	 2.530	 0.112	 0.121	 0.728
DLX2 (high vs. low)	 9.286	 0.002	 10.939	 <0.001
DLX3 (high vs. low)	 0.388	 0.533	 1.424	 0.233
DLX4 (high vs. low)	 41.010	 <0.001	 26.160	 <0.001
DLX5 (high vs. low)	 2.420	 0.120	 7.146	 0.008
DLX6 (high vs. low)	 0.992	 0.319	 0.964	 0.326

DFS, disease‑free survival; DLX, distal‑less homeobox.

Figure 1. Expression analysis of DLX family genes in ccRCC. (A) Heat map showing the overall expression levels of six members of DLX family in TCGA 
database. (B) Violin plots comparing the expression levels of six members of DLX family in TCGA database. (C) Comparison of DLX gene expressions in 
paired ccRCC and adjacent normal renal tissue. DLX, distal‑less homeobox; TCGA, The Cancer Genome Atlas; ccRCC, clear cell renal cell carcinoma. 
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and DFS in ccRCC patients in both survival distribution 
difference assessment and Kaplan‑Meier curves. Difference in 
either overall survival or DFS were not identified for several 
genes, including DLX3 and DLX5. Therefore, DLX2 and 
DLX4 were selected for subsequent analyses.

Association between clinicopathological characteristics 
and DLX2 or DLX4. To investigate the association of DLX2 
and DLX4 with the distributions of clinical phenotypes, 
patients were divided into two subgroups according to the 
median mRNA expression levels. A high proportion of males, 
advanced pathological stage, higher grade, higher T stage, 
N1 stage, and M1 stage were identified in the high expression 
group of DLX4 (Table II); however, no significant difference 
was identified for age distribution (Table II). In addition, the 
expression of DLX2 was not shown to be associated with 
the clinicopathological variables examined for patients with 

ccRCC (Table II). Therefore, DLX4 was selected for further 
studies. Univariate Cox regression analysis showed that the 
expression level of DLX4 was a risk factor for overall survival 
(Table III) and DFS (Table IV) in ccRCC patients. Based on 
multivariate Cox hazard analysis, the expression level of DLX4 
was an independent risk variable for the overall survival of 
ccRCC patients (Table III) and DFS (Table IV) after integra‑
tion with multiple clinicopathological characteristics. These 
findings indicated that the expression level of DLX4 was as an 
independent prognostic predictor for ccRCC patients, which 
may provide a supplement for clinical factors.

The relationships between clinical variables and DLX4 
expression levels were investigated in the TCGA dataset. 
The expression levels of DLX4 were significantly higher 
in stage 3&4 vs. 1&2 (Fig. 3A and D), grade 3&4 vs. 1&2 
(Fig. 3B and E) and T 3&4 vs. T 1&2 (Fig. 3C and F). In 
addition, high expression levels of DLX4 were observed 

Table II. Association between DLX2 or DLX4 mRNA expression and clinicopathological characteristics of patients with clear 
cell renal cell carcinoma.

	 DLX2 mRNA expression	 DLX4 mRNA expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological	 High	 Low			   High	 Low
characteristic	 (n=266)	 (n=267)	 χ2	 P‑value	 (n=266)	 (n=267)	 χ2	 P‑value

Age, years	 60.27±12.12	 60.98±12.18		  0.5	 59.84±11.9	 61.41±12.36		  0.136
(mean ± SD)	
Sex			   0	 1			   18.977	 <0.001
  Male	 172	 173			   185	 160		
  Female	 94	 94			   81	 107		
Stage			   6.97	 0.138			   41.738	 <0.001
  I	 124	 143			   103	 164		
  II	 24	 33			   23	 34		
  III	 69	 54			   78	 45		
  IV	 48	 35			   60	 23		
  Unknown	 1	 2			   2	 1		
Grade			   2.39	 0.664			   49.563	 <0.001
  G1	 7	 7			   3	 11		
  G2	 107	 122			   87	 142		
  G3	 109	 97			   113	 93		
  G4	 40	 36			   61	 15		
  Unknown	 3	 5			   2	 6		
T stage			   5.483	 0.14			   34.486	 <0.001
  T1	 126	 147			   108	 165		
  T2	 32	 37			   31	 38		
  T3	 101	 79			   118	 62		
  T4	 7	 4			   9	 2		
N stage			   0.061	 0.806			   5.254	 0.022
  N0/Nx	 259	 258			   253	 264		
  N1	 7	 9			   13	 3		
M stage			   1.531	 0.216			   17.329	 <0.001
  M0/Mx	 221	 233			   209	 245		
  M1	 45	 34			   57	 22		

DLX, distal‑less homeobox.
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in N1 vs. N0 stage (Fig. 3G), M1 vs. M0 stage (Fig. 3H) 
and dead vs. alive (Fig. 3I). These results suggested that 
the expression levels of DLX4 were highly associated with 
tumor malignancy.

Diagnostic and prognostic value of DLX4 mRNA expres‑
sion in ccRCC. Based on the prognostic values of DLX4 
for the overall and DFS of patients with ccRCC in TCGA 
dataset, it was sought to further confirm the prognostic 

Figure 2. Prognostic values of DLX family in clear cell renal cell carcinoma. Kaplan‑Meier curves of the overall survival for (A) DLX1, (B) DLX2, (C) DLX3, 
(D) DLX4, (E) DLX5 (F) and DLX6 (F) Kaplan‑Meier curves of the disease‑free survival for (G) DLX1, (H) DLX2, (I) DLX3, (J) DLX4, (K) DLX5 (L) and 
DLX6 (L). DLX, distal‑less homeobox. 
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significances of DLX4 in different subgroups of patients. A 
worse overall survival rate was revealed in the high DLX4 
expression group compared with the low expression group 
for male, female, stage Ⅰ and II, stage III and IV, grade 1 
and grade 2, grade 3 and grade 4, low age (≤60 years) and 
elderly (>60  years) subgroups (Fig.  4A). In addition, a 
worse DFS rate was identified in high compared with low 
expression group for male, female, stage I and II, grade 1 
and grade 2, high age (>60 years) and low age (≤60 years) 
subgroups (Fig. 4B). However, DFS was not significantly 
different between stage III and IV and grade 3 and grade 
4 subgroups. These results suggested that DLX4 may be a 
potential prognostic biomarker for ccRCC. To determine 
whether the expression of DLX4 has diagnostic values in 
ccRCC, ROC curves were generated and AUCs were calcu‑
lated to determine the diagnostic efficiency. DLX4 could 
sufficiently differentiate ccRCC from normal tissues with 
an AUC of 0.863 in the entire TCGA dataset (Fig. 4C). In 
addition, the diagnostic values of DLX4 expression levels 
were evaluated for paired normal and adjacent tumor 
samples in TCGA dataset, with an AUC of 0.837 (Fig. 4D). 
These results suggested that DLX4 may be a potential 
biomarker for ccRCC patients with favorable diagnostic 
performance.

DLX4 is highly expressed in ccRCC tissues. To further confirm 
the expression levels of DLX4 in ccRCC vs. normal renal tissue, 
RT‑qPCR and immunohistochemistry were used to verify the 
results of the TCGA databases at the mRNA and protein levels. 
The results revealed higher DLX4 mRNA expression levels in 
ccRCC samples compared with matched normal renal samples 
(Fig. 5A and B). Furthermore, the expression levels of DLX4 
in ccRCC samples and the matched normal renal samples were 
detected using immunohistochemistry, which revealed higher 
protein levels of DLX4 in ccRCC tissues (Fig. 5C and D). 
These results indicated that DLX4 was highly expressed in 
ccRCC tissues, which aligns with the TCGA database analysis 
results aforementioned.

Biological pathogenesis of DLX4 in ccRCC. To investigate the 
functional mechanism of DLX4 in ccRCC, genes that are highly 
associated with the expression levels of DLX4 in ccRCC were 
first selected; of which 328 positively related genes and 210 
negatively associated genes were selected (Fig. 6A). Functional 
enrichment analysis of these genes was carried out to deter‑
mine the potential mechanisms. The GO terms, including 
‘positive regulation of ubiquitin protein ligase activity’, ‘posi‑
tive regulation of protein phosphorylation’, ‘mitotic nuclear 
division’, ‘microtubule cytoskeleton organization’, and ‘cell 

Table III. Univariate and multivariate Cox hazard analyses of DLX4 mRNA expression levels for overall survival of patients 
(n=511).

	 Univariate analysis	 Multivariate analysisa

Clinicopathological	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age, years	 1.702	 1.243‑2.332	 <0.001	 1.54	 1.122‑2.112	 0.007
  ≤60 (n=258)						    
  >60 (n=253)						    
Sex	 1.024	 0.743‑1.409	 0.886			 
  Female (n=176)						    
  Male (n=335)						    
T stage	 1.839	 1.571‑2.152	 <0.001	 1.306	 1.083‑1.576	 0.005
  T1 or T2 (n=326)						    
  T3 or T4 (n=185)						    
N stage	 3.579	 1.885‑6.798	 <0.001	 1.835	 0.952‑3.537	 0.069
  N0 or NX (n=497)						    
  N1 (n=14)						    
M stage	 4.488	 3.262‑6.175	 <0.001	 2.527	 1.749‑3.654	 <0.001
  M0 or MX (n=433)						    
  M1 (n=78)						    
Grade	 1.618	 1.357‑1.929	 <0.001	 1.241	 1.028‑1.5	 0.025
  G1 or G2 (n=235)						    
  G3 or G4 (n=276)						    
DLX4 expression	 2.841	 2.027‑3.982	 <0.001	 1.885	 1.320‑2.691	 <0.001
  Low (n=255)						    
  High (n=256)						    

aMultivariate models are adjusted for TNM classification, age, grade and DLX4 expression level. CI, confidence interval; DLX, distal‑less 
homeobox; HR, hazard ratio.
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division’ were enriched for biological process (Fig. 6B); ‘extra‑
cellular region’, ‘endoplasmic reticulum lumen’, ‘extracellular 
exosome’, and ‘cytoplasmic microtubule’ were enriched for 
cellular component (Fig. 6C) and ‘protein domain specific 
binding’, ‘identical protein binding’, ‘RNA polymerase  II 
regulatory region sequence‑specific DNA binding’, ‘protein 
kinase binding’, and ‘enzyme binding’ were enriched for 
molecular function (Fig. 6D). The terms ‘cell cycle’, ‘PPAR 
signaling pathway’ and ‘fatty acid degradation’ were enriched 
for KEGG pathways (Fig. 6E). In addition, the terms that are 
more closely related to the cell cycle and complement and 
coagulation cascades were selected and highlighted in red in 
Fig. 6. 

Patients with ccRCC in the TCGA dataset were divided into 
high and low expression groups based on median expression 
level of DLX4. GSEA was then performed to determine the 
statistical significance of the biological pathways associated 
with the expression levels of DLX4 (Fig. 7A, C and E). The 
results revealed that the expression of DLX4 was associated 
with biological pathways related to G2M checkpoint, epithe‑
lial‑mesenchymal transition (EMT), glycolysis, inflammatory 
response and TNFα signaling via NF‑κB. The distributions 
of cell cycle‑related genes for high and low DLX4 expression 

groups are presented in Fig. 7B. Based on the heat map, patients 
in the high DLX4 expression group exhibited a trend of higher 
expression levels of cell cycle‑related genes compared with 
the low DLX4 expression group. Genes involved in EMT were 
expressed at notably higher expression levels in the high DLX4 
expression group (Fig. 7D). The distributions of the inflam‑
matory molecules, including chemokines, cytokines and 
their receptors, between the high and low expression groups 
of DLX4 were also compared (Fig.  7F). A trend towards 
higher expression of inflammatory molecules was identified 
in patients in the high DLX4expression group. These findings 
suggested that cell cycle‑related pathways, EMT and inflam‑
matory response may be a potential mechanism of DLX4 in 
ccRCC tumorigenesis.

Immune cell infiltration associated with DLX4 expression. 
Based on the associations of DLX4 expression with inflam‑
matory and immune responses, the associations between the 
expression levels of DLX4 and immune cell infiltration were 
investigated by examining the differences in the expression 
profiles of 28 immune cell types separated into high and low 
DLX4 expression groups of DLX4 (Fig. 8A and B). Patients 
with high DLX4 expression in TCGA dataset had a high 

Figure 3. Association with clinicopathological variables for DLX2 and DLX4. Comparisons of the expression levels of DLX4 for different subgroups of 
patients from (A) pathological stage 1 to stage 4, (B) pathological grade 1 to grade 4; and (C) tumor stage T1 to T4 (C) Comparisons of the expression levels of 
DLX4 for patients (D) between pathological stages 1 and 2 and stages 3 and 4, (E) between pathological grades 1 and 2 and grades 3 and 4, (F) between tumor 
stages T1 and T2 and stages T3 and T4, (G) between lymphatic metastasis N0 and N1, (H) between distant metastasis M0 and M1, and (I) between alive and 
dead. **P<0.01, ***P<0.001, ****P<0.0001 and ####P<0.0001. DLX, distal‑less homeobox; ns, not significant.
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percentage of immune cells, including immature dendritic cells, 
activated dendritic cells, gamma delta T cells, macrophages, 
myeloid‑derived suppressor cells (MDSCs), plasmacytoid 
dendritic cells, regulatory T cells and T follicular helper cells. 

In addition, a positive correlation was determined between the 
expression levels of DLX4 and tumor immunosuppressive cells, 
including immature dendritic cells, activated dendritic cells, 
gamma delta T cells, macrophages, MDSCs, plasmacytoid 

Figure 4. Prognostic values of DLX4 in different subgroups of ccRCC patients and the diagnostic value of DLX4. Kaplan‑Meier curves of (A) overall survival 
and (B) disease‑free survival of DLX4 in different subgroups of patients with ccRCC patients. Diagnostic value of DLX4 in ccRCC (C) for all samples in 
The Cancer Genome Atlas dataset and (D) for paired tumor and adjacent normal tissue. ccRCC, clear cell renal cell carcinoma; DLX, distal‑less homeobox. 
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dendritic cells, regulatory T cells and T follicular helper cells 
(Fig. 8C). The immune and stromal scores for TCGA cohort 
were calculated using the ESTIMATE algorithm. Patients 
in the high DLX4 expression group had significantly higher 
immune and stromal scores compared with the low DLX4 
expression group (Fig. 8D and E, respectively). Furthermore, 
patients in the high DLX4 expression group had significantly 
higher TMB and cytolytic activity scores compared with those 
in the DLX4 low expression group (Fig. 8F and G, respec‑
tively).

Discussion

RCC is one of the most lethal urological malignancies with 
high tumor heterogeneity (33); ccRCC is the most common 
histological subtype. Prevalence of ccRCC has steadily 
increased (34), placing a heavy burden on health and property 
of individuals. Biomarkers that could be used to accurately 
diagnose or predict patient prognosis are thus urgently required. 
In the present study, bioinformatics methods were used to 
explore the functions of six members of the DLX gene family 
in ccRCC in multiple public databases. DLX4, that may serve a 
more important role in patients with ccRCC. Subsequently, the 
diagnostic and prognostic values, the association with clinical 
factors and the potential functional mechanisms of DLX4 

were systematically investigated. The associations between 
DLX4 expression and the tumor immune microenvironment 
were systematically evaluated.

Members of the DLX gene family contain a homeobox 
that could encode genes expressed in the head and limbs of 
the developing fruit fly. The DLX gene family includes six 
different members, DLX1‑DLX6, and is hypothesized to serve 
vital roles in forebrain and craniofacial development  (35). 
Recently, multiple studies have demonstrated different expres‑
sion patterns of the DLX gene family in malignant tissues 
compared with non‑malignant tissues (12). Several members 
of the DLX gene family are involved in early development 
and cell differentiation and are frequently dysregulated in 
cancer (12,13,36). At present, the roles of the DLX gene family 
in ccRCC remain unclear. Therefore, the present study exam‑
ined the expression levels of the six members of the DLX gene 
family in ccRCC. Based on the results, the expression levels 
of the six members of the DLX gene family were different 
between tumor and normal tissues. These findings suggested 
that the DLX gene family may play vital roles in the tumorigen‑
esis and development of ccRCC. A previous study revealed that 
DLX2 could counteract TGF‑β induced cell cycle arrest and 
apoptosis to promote tumorigenesis (16). DLX2 has also been 
considered to be a marker of survival and disease progression 
in prostate cancer (17). DLX5 is involved in the growth and 

Table IV. Univariate and multivariate Cox hazard analyses of DLX4 mRNA level for DFS of patients (n=422).

	 Univariate analysis	 Multivariate analysisa

Clinicopathological	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age (years)	 1.366	 0.959‑1.945	 0.084			 
  ≤60 (n=230)						    
  >60 (n=192)						    
Sex	 1.429	 0.962‑2.123	 0.077			 
  Female (n=142)						    
  Male (n=280)						    
T stage	 4.527	 3.134‑6.539	 <0.001	 1.396	 1.131‑1.726	 0.002
  T1 or T2 (n=283)						    
  T3 or T4 (n=139)						    
N stage	 5.955	 2.990‑11.861	 <0.001	 2.729	 1.346‑5.536	 0.005
  N0 or NX (n=410)						    
  N1 (n=12)						    
M stage	 8.537	 5.882‑12.398	 <0.001	 5.176	 3.415‑7.845	 <0.001
  M0 or MX (n=371)						    
  M1 (n=51)						    
Grade	 1.832	 1.491‑2.252	 <0.001	 2.301	 1.306‑3.157	 0.002
  G1 or G2 (n=208)						    
  G3 or G4 (n=214)						    
DLX4 expression	 3.011	 2.040‑4.444	 <0.001	 1.887	 1.245‑2.860	 0.003
  Low (n=211)						    
  High (n=211)						    

aMultivariate models are adjusted for TNM classification, grade and DLX4 expression level. CI, confidence interval; DFS, disease‑free survival; 
DLX, distal‑less homeobox; HR, hazard ratio.
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metastasis of invasive glioma cells (19). Genes with prognostic 
values and those associated with clinical factors have more 
clinical significance. In the present study, it was demonstrated 
that the DLX2 and DLX4 genes have prognostic value for 
overall survival and DFS of patients with ccRCC, indicating 
their potential for use as prognostic biomarkers for ccRCC. In 
addition, the expression of DLX4 was revealed to be closely 
associated with clinical factors in ccRCC patients. However, 
further studies may be necessary to examine the differential 
expression and functional phenotype of all these genes.

DLX4 proteins, first identified in human placental 
tissue, is involved in the development and maturation of the 
placenta. The human DLX4 gene encodes three function‑
ally different protein isoforms: β protein 1 (BP1), DLX7 
and unidentified DLX4 (13). DLX7 has rarely been studied, 
and recent research has mainly focused on BP1; thus, BP1 is 
also called DLX4 (13). The expression of DLX4 in different 
types of cancer and the characteristics of malignant behavior 
have been reported. For example, high expression of DLX4 
has been verified in various cancers, including leukemia, 
breast, prostate, liver, endometrial and ovarian, and this high 
expression levels may promote tumor progression (37,38). 
In endometrial cancer, DLX4 overexpression leads to the 
upregulation of genes related to proliferation, metastasis 

and cell cycle to promote cell proliferation and migration, 
and is associated with poor prognosis (37). In inflammatory 
breast cancer, DLX4 promotes tumor progression, inva‑
sion and metastasis (39). In breast cancer, DLX4 drives the 
expression of twist to promote epithelial to mesenchymal 
transition, cancer migration, invasion and metastasis (40). 
In prostate cancer, DLX4 is an important upstream factor 
in the carcinogenic pathway of prostate cancer, which may 
contribute to tumor progression and invasion (41). In ovarian 
cancer, DLX4 promotes peritoneal metastasis of tumor 
cells by stimulating IL‑1β‑mediated NF‑κB activity (21). In 
choriocarcinoma, DLX4 may be involved in the survival of 
human choriocarcinoma cells by inhibiting apoptosis (42). 
In the present study, the roles and potential mechanisms of 
DLX4 in ccRCC were investigated. A recent study showed 
that DLX4 contributed to the proliferation and migration of 
ccRCC via EMT pathways (43). The present study further 
extends the above research conclusions. Accordingly, DLX4 
was revealed to be an independent risk factor and a poten‑
tial diagnostic and prognostic biomarker for ccRCC. In the 
development of ccRCC, cancer‑related biological pathways, 
including the cell cycle, EMT and immune response, were 
significantly altered. Cell cycle‑related gene expression 
signatures are a marker of highly proliferative cells and, thus, 

Figure 5. High expression levels of DLX4 in ccRCC tissues. (A and B) Reverse transcription‑quantitative PCR revealed high expression levels of DLX4 mRNA 
in ccRCC tissues compared with normal adjacent tissue. (C and D) Immunohistochemistry showed high expression levels of DLX4 protein in ccRCC tissues 
compared with normal adjacent tissue. Scale bar for entire images and local magnification images were 100 and 50 µm, respectively. ccRCC, clear cell renal 
cell carcinoma; DLX, distal‑less homeobox. **P<0.01, ***P<0.001. 
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widely regarded as a biomarkers of aggressive malignancy 
and poor prognosis (44). In the present study, it was revealed 
that cell cycle‑related genes were significantly higher in the 

high DLX4 expression group, suggesting that DLX4 may 
promote tumor progression by changing the cell cycle. EMT 
is characterized by the loss of epithelial characteristics and/or 

Figure 6. GO term and KEGG pathway functional enrichment analysis of DLX4 in ccRCC. (A) Heat map of genes associated with DLX4 expression (Pearson 
|R|>0.4), and the distribution of their clinical features. GO functional term enrichment analysis of DLX4 in ccRCC for (B) biological process, (C) cellular 
component, (D) molecular function. (E) KEGG pathway enrichment analysis. The terms that are closely related to the cell cycle were selected and highlighted 
in red. ccRCC, clear cell renal cell carcinoma; DLX, distal‑less homeobox; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 7. Gene set enrichment analysis and comparison of related pathway genes. (A and B) Enriched cell cycle pathway for DLX4 gene in The Cancer Genome 
Atlas dataset, and distribution patterns for genes of cell cycle. (C and D) Enriched epithelial‑mesenchymal transition pathway, and distribution patterns for 
genes of epithelial‑mesenchymal transition. (E and F) Enriched inflammation related pathways, and distribution patterns for genes of inflammatory molecules. 
DLX, distal‑less homeobox.
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gain of mesenchymal characteristics, which are key compo‑
nents in metastasis formation (45). EMT is a highly complex 
biological process, and numerous factors promote and inhibit 
EMT. In the present study, the EMT pathway was enriched, 
and genes correlated with EMT exhibited increased expres‑
sion levels in the high DLX4expression group, suggesting 

that DLX4 may promote tumor progression through EMT. 
More detailed studies are required to verify the potential 
functional mechanisms of DLX4 in ccRCC.

ccRCC is one of the most immune‑infiltrated tumors and 
rapidly responds to immunotherapy (46). The level of immune 
cell infiltration is a key factor in determining the effect 

Figure 8. Association between tumor immune microenvironment and DLX4 expression. (A) The distribution patterns of 28 immune cell types in high and low 
DLX4 expression groups in The Cancer Genome Atlas dataset. (B) Box plots showing 28 differential immune cell infiltrations between high and low DLX4 
expression groups. (C) Correlations between the expression of DLX4 and types of tumor immunosuppressive cells. The differences of (D) immune score and 
(E) stromal score in high and low DLX4 expression groups. The differences of (F) tumor mutation burden and (G) cytolytic activity scores in high and low DLX4 
expression groups. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. DLX, distal‑less homeobox; MDSC, myeloid‑derived suppressor cells; ns, not significant.
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of immunotherapy and prognosis in patients with ccRCC. 
Therefore, exploring the tumor immune microenvironment and 
identifying biomarkers associated with immunotherapeutic 
response have important clinical significance. Previous studies 
identified DLX4 as a master regulator of immune infiltration 
recruitment and have proposed the possibility that the expres‑
sion of DLX4 may affect immune evasion in cancer (21,22). In 
the present study, it was revealed that immune and inflamma‑
tory pathways were significantly enriched in the high DLX4 
expression group. DLX4 expression was positively correlated 
with the infiltration ratio of tumor immunosuppressive cells, 
suggesting that DLX4 may serve a role in tumor immunosup‑
pression. These results were consistent with those that revealed 
that the worse prognosis of ccRCC patients was due to the 
tumor immune microenvironment of ccRCC being dominated 
by suppressed and dysfunctional cells (47). However, more 
detailed studies were required to verify the roles of DLX4 in 
the tumor immune microenvironment.

The present study found that DLX4 may be a potential 
diagnostic and prognostic biomarker that promotes tumor 
progression in ccRCC. High expression of DLX4 in ccRCC 
was also demonstrated and was DLX4 was revealed to be 
associated with the malignant characteristics of ccRCC. 
Furthermore, DLX4 expression was associated with the tumor 
immunosuppressive microenvironment. However, the present 
study has certain limitations. First, the associations between 
DLX4 and ccRCC biological behaviors must be confirmed 
in vivo and in vitro. Furthermore, the underlying molecular 
mechanisms of DLX4 facilitating ccRCC must be thoroughly 
investigated.

In conclusion, the present study demonstrated that high 
expression levels of DLX4 in ccRCC were associated with 
poor overall survival and DFS, as well as high tumor stage 
and grade. DLX4 expression was also found to be associ‑
ated with the tumor immunosuppressive microenvironment. 
Collectively, the present data suggested that DLX4 is a prom‑
ising prognostic indicator and a specific diagnostic biomarker 
for ccRCC. Accordingly, DLX4 may be considered a potential 
therapeutic target for ccRCC.
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