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Abstract. Long non-coding RNA (lncRNA) AGAP2-AS1 
has been reported to be a potential biomarker for a variety 
of cancer types, while its function in clear cell renal carci-
noma (ccRCC) has not yet been fully determined. The current 
study aimed to determine the value of lncRNA AGAP2-AS1 
in ccRCC based on The Cancer Genome Atlas (TCGA) 
database. The association between AGAP2-AS1 expres-
sion and associated clinical characters were analyzed using 
the Wilcoxon signed-rank test and logistic regression. The 
diagnostic value of AGAP2-AS1 expression in ccRCC tissue 
was assessed using receiver operating characteristic (ROC) 
curve analysis. Clinicopathological characteristics associated 
with overall survival in patients with TCGA were analyzed 
using Cox regression and the Kaplan-Meier method. Gene set 
enrichment analysis (GSEA) was also performed to assess 
the biological function of AGAP2-AS1. The results demon-
strated that increased expression of AGAP2-AS1 in ccRCC 
was significantly associated with male, T3/T4, lymph node 
metastasis, distant metastasis and high tumor stage (III/IV; 
all, P<0.05). The area under the ROC curve (normal vs. all 
tumors) was revealed to be 0.891. Kaplan-Meier survival anal-
ysis indicated that ccRCC with high lncRNA AGAP2-AS1 
exhibited a worse prognosis compared with low AGAP2-AS1 
(P<0.001). The univariate analysis revealed that high expres-
sion of AGAP2‑AS1 was significantly associated with poor 
overall survival [hazard ratio (HR). 1.85; 95% confidence 
interval (CI), 1.48‑2.33; P<0.001). Multivariate analysis 
revealed that AGAP2-AS1 remained independently associ-
ated with overall survival, with a HR of 1.57 (CI, 1.21‑2.03; 
P<0.01). GSEA outcome demonstrated that stromal stimula-
tion, angiogenesis, epithelial to mesenchymal transition, 
basal cell carcinoma, ECM receptor interaction and the 

Notch signaling pathway were differentially enriched in the 
AGAP2-AS1 high expression phenotype. Therefore, the high 
expression of AGAP2-AS1 may be an independent predictor 
of poor survival in patients with ccRCC.

Introduction

Renal cell carcinoma (RCC), is among the most common 
urological tumor, and accounts for 3.8% of adult malignan-
cies in the United States (1). Clear cell renal cell carcinoma 
(ccRCC), which is the most common RCC subtype, associates 
with early distant metastasis (2). Accumulating knowledge and 
scientific research have demonstrated that localized ccRCC 
(even partly advanced stages) may be curable, however, up 
to 17% of patients with ccRCCs exhibit distant metastases at 
time of diagnosis (3,4). For patients with distant metastasis, 
chemotherapy and radiotherapy are common treatments. 
However, not all patients respond to these treatments, and the 
long-term survival rate for patients with ccRCC and distant 
metastasis remains poor (5). The poor long-term survival 
rate has been associated with late detection of advanced 
stage (6-8). Therefore, the determination of novel diagnostic 
and prognostic biomarkers for this disease is required.

LncRNA AGAP2-AS1 (AGAP2 Antisense 1), which is 
also known as PUNISHER ENSG00000255737, is located 
at 12q14.1 and has been identified to be associated with 
a variety of cancer types, including non-small cell lung 
cancer (9,10) and malignant glioma (11). Recent research has 
demonstrated that the overexpression of AGAP2-AS1 occurs 
in breast cancer compared with paired adjacent noncancerous 
tissues, and promotes cell growth and trastuzumab resis-
tance (12). In pancreatic cancer, AGAP2-AS1 was indicated 
to be associated with highly metastatic tumor characters by 
recruiting zeste homolog 2 (13). Additionally, further studies 
have revealed that the upregulated expression of AGAP2-AS1 
markedly correlates with clinical features in hepatocellular 
carcinoma (HCC) and promotes the effects of hypoxia on 
metastasis and EMT (14). AGAP2-AS1 has also been detected 
in tissues samples of patients with gastric cancer and gastric 
cancer cell lines, which suggests that AGAP2-AS1 may be 
a potential prognostic biomarker (15). However, few studies 
have reported the expression of AGAP2-AS1 and the prog-
nosis of ccRCC until recently. 

The aim of the current study was to assess the correlation 
between the expression of AGAP2-AS1 and ccRCC based 
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on data obtained from The Cancer Genome Atlas (TCGA). 
Transcriptomes and clinical documents of 539 patients with 
ccRCC were downloaded from TCGA and the expression of 
AGAP2-AS1 was analyzed with clinical characters of ccRCC. 
Furthermore, the biological pathways associated with ccRCC 
were determined using gene set enrichment analysis (GSEA).

The results of the current study demonstrated that the 
upregulated expression of AGAP-AS1 was associated with 
poor prognosis of ccRCC, and that epithelial mesenchymal 
transition (EMT), angiogenesis, notch pathway, ECM receptor 
interaction, stromal stimulation, basal cell carcinoma and 
the high recurrence of bladder cancer were associated with 
AGAP2-AS1 expression.

Materials and methods

RNA‑sequencing patient data and bioinformatics analysis. 
The gene expression data (total of 611 samples; 539 ccRCC 
samples and 72 samples of normal adjacent noncancerous 
tissues; workflow type: HTSeq‑FPKM) and corresponding 
clinical information were downloaded from TCGA. The 
expression of AGAP2-AS1 in ccRCC was analyzed and 
compared with adjacent healthy tissues. The characteristics of 
patients, including age, gender, grade, clinical stage and TNM 
stage, were recorded. Some data were not available, so these 
were considered to be missing values. 

GSEA. In the present study, according to the expres-
sion of AGAP2-AS1, all cases were divided into the 
high-AGAP2-AS1 expression group and low-AGAP2-AS1 
expression group, then GSEA was subsequently performed 
to assess the significant survival difference that was observed 
between high- and low-AGAP2-AS1 groups. Gene set permu-
tations were performed 1,000 times for each analysis. The 
expression of AGAP2-AS1 was used as a phenotype label. 
The nominal P-value and normalized enrichment score (NES) 
were used to analyze the enriched pathways.

Statistical analysis. All data were conducted using R (v.3.5.3; 
https://cran.r‑project.org/). The comparison of the expression 
of AGAP2-AS1 between ccRCC and normal groups was 
performed using Wilcoxon rank sum tests, ccRCC and adja-
cent groups were analyzed using Wilcoxon signed-rank tests. 
Subjects were divided into two groups: Gene expression above 
the median value vs. subjects with gene expression below 
the median value. The relationship between AGAP2-AS1 
and age, gender, M classification, N classification were 
analyzed using the Wilcoxon rank sum test, AGAP2-AS1 and 
T classification, stage, grade was used Kruskal‑Wallis test. 
Clinicopathological characteristics associated with OS in 
patients with AGAP2-AS1 were assessed using Cox regres-
sion and the Kaplan-Meier method. Multivariate Cox analysis 
was used to compare the influence of AGAP2‑AS1 expression 
on survival and other clinical characteristics.

Results

Patient characteristics. The clinical characteristics of 
patients, including age, gender, grade, TNM stage and clinical 
stage, were collected and are presented in Table I. A total of 

191 female patients and 346 male patients were included in the 
current study. A total of 173 patients were aged >55 year old 
(32.52%) and 359 patients were aged >=55 years old (67.48%). 
Clinical stage included stage I (269; 50.37%), stage II (57; 
10.67%), stage III (125; 23.41%) and stage IV (83; 15.55%). 
The topography distribution included T1 (275; 51.21%), T2 
(69; 12.85%), T3 (182; 33.89%) and T4 (11; 2.05%). A total of 
240 patients (93.39%) exhibited no lymph node metastases. A 
total of 79 (15.64%) patients had distant metastases. A number 
of case files of lymph node metastases and distant metastases 
were not available, and these were treated as missing cases.

AGAP2‑AS1 were highly expressed in renal tissues. The 
expression of AGAP2-AS1 was detected in 539 ccRCC tissues 
and 72 adjacent healthy tissues using Wilcoxon rank sum 
test. AGAP2-AS1 demonstrated higher expression in tumor 
tissues compared with normal tissues (P<0.001; Fig. 1A). 
Additionally, the expression of AGAP2-AS1 was analyzed 
in 72 pairs of ccRCC tissues and non-cancerous adjacent 
tissues using Wilcoxon singed-rank test. The results indicated 
that AGAP2‑AS1 was significantly overexpressed in ccRCC 
tumors (P<0.001; Fig. 1B), indicating AGAP2‑AS1 may be 
associated with ccRCC carcinogenesis. 

Correlation between the expression of AGAP2‑AS1 and 
clinical characteristics in patients with ccRCC. A total of 
539 ccRCC samples with AGAP2-AS1 expression data were 

Table I. Characteristics of patients with clear cell renal carci-
noma based on The Cancer Genome Atlas database.

Clinical characteristics Nο. of cases Percentage

Topography  
  T1 275 51.21
  T2  69 12.85
  T3 182 33.89
  T4 11 2.05
Lymph node  
  N0 240 93.39
  N1 17 6.61
Metastasis  
  M0 426 84.36
  M1 79 15.64
Stage  
  I 269 50.37
  II 57 10.67
  III 125 23.41
  IV 83 15.55
Age, years  
  <55 173 32.52
  ≥55 359 67.48
Sex  
  Female 191 35.57
  Male 346 64.43
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analyzed from TCGA. Upregulated expression of AGAP2-AS1 
was significantly correlated with clinical stage (P<0.001; 
Fig. 2A), the grade of topography distribution (P<0.001; 
Fig. 2B), topography distribution (P<0.001; Fig. 2C), gender 
(P<0.001; Fig. 2D), distance metastasis (P<0.001; Fig. 2E) and 
lymph node metastasis (P<0.001; Fig. 2F). Univariate analysis 
revealed that increased AGAP2-AS1 expression (based on 
median value) was associated with poor prognostic clinico-
pathologic characteristics using logistic regression (Table II). 
Upregulated AGAP2‑AS1 expression in ccRCC was signifi-

cantly associated with TNM stage (OR, 1.75 for T3/T4 vs. 
T1/T2; P=0.002; OR, 3.23 for N1 vs. N0; P=0.047; OR, 1.98 
for M1 vs. M0; P=0.007) and stage (OR, 1.77 for stage III/IV 
vs. stage I/II; P=0.001).

Diagnostic value of AGAP2‑AS1 expression in clear cell renal 
carcinoma. To assess the diagnostic value of AGAP2-AS1 in 
ccRCC, a ROC curve analysis was performed by testing the 
expression stage between patients with ccRCC and healthy, 
adjacent cases (Fig. 3A). The area under the ROC curve 

Figure 1. lncRNA AGAP2‑AS1 is significantly upregulated in clear cell renal carcinoma compared with in normal or adjacent normal tissues. (A) AGAP2‑AS1 
exhibited significantly higher expression in cancer tissues than in normal tissues (P<0.001). (B) AGAP2‑AS1 was prominently overexpressed in clear cell renal 
carcinoma (P<0.001) compared with in 72 pairs of non-cancerous adjacent tissues according to a Wilcoxon single rank test. lncRNA, long non-coding RNA.

Figure 2. Association between lncRNA AGAP2‑AS1 expression and clinicopathologic characteristics. (A) Expression of AGAP2‑AS1 grouped by T classifica-
tion. (B) Expression of AGAP2‑AS1 grouped by M classification. (C) Expression of AGAP2‑AS1 grouped by N classification. (D) Expression of AGAP2‑AS1 
grouped by age. (E) Expression of AGAP2-AS1 grouped by sex. (F) Expression of AGAP2-AS1 grouped by clinical stage. (G) Expression of AGAP2-AS1 
grouped by histologic grade. lncRNA, long non‑coding RNA; T, topography distribution; N, lymph node metastasis; M, distant metastasis.
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(AUC) was 0.891, which indicated an excellent diagnostic 
value. Subgroup analysis demonstrated the diagnostic value 
of AGAP2-AS1 expression in different stages of ccRCC, with 
AUC values of 0.892 for clinical stage I, 0.780 for clinical 
stage II, 0.932 for clinical stage III and 0.945 for clinical stage 
IV (Fig. 3B‑3E).

Survival curve, univariate and multivariate analysis of 
AGAP2‑AS1 in ccRCC. As presented in Fig. 4A, Kaplan-Meier 
survival analysis indicated that high-AGAP2-AS1 in ccRCC 
exhibited a worse prognosis compared with low-AGAP2-AS1 
(P<0.001). The univariate analysis, which was performed 
using a Cox regression, revealed that high AGAP2-AS1 
correlated significantly with poor OS [hazard ratio (HR), 1.85; 

95% confidence interval (CI), 1.48‑2.33; P<0.001]. Other clini-
copathological variables were also indicated to be associated 
with poor survival included age, advanced stage and TNM 
stage (Table III). 

These results indicated ccRCC with increased 
AGAP2-AS1 expression correlated with the development into 
a more advanced stage (grade 3/4), lymph node metastasis and 
distance. Multivariate analysis was subsequently performed 
(Table III). The results demonstrated that high expression of 
AGAP2-AS1 was associated with poor OS in patients with 
ccRCC and a high HR.

AGAP2‑AS1‑associated biological pathways identified by 
GSEA. GSEA was performed to identify biological pathways 

Figure 3. Diagnostic value of AGAP2-AS1expression in clear cell renal carcinoma. (A) Receiver operating characteristic curve for AGAP2-AS1 expression in 
normal renal tissue and clear cell carcinoma. (B) Normal vs. tumor in stage I. (C) Normal vs. tumor in stage II. (D) Normal vs. tumor in stage III. (E) Normal 
vs. tumor in stage IV. AUC, area under the curve.

Table II. lncRNA AGAP2-AS1 expression is associated with clinicopathological characteristics (logistic regression).

Clinical characteristics Total, n Odds ratio (95% CI) P‑value

Age (≥55 vs. <55) 530 1.16 (0.81‑1.68) 0.405
Sex (male vs. female) 530 1.83 (1.27-2.63) 0.001
T (T3/T4 vs. T1/T2) 530 1.75 (1.23‑2.52) 0.002
N (N1 vs. N0) 255 3.23 (1.09-11.8) 0.047
M (M1 vs. M0) 498 1.98 (1.21-3.31) 0.007
Grade (G3/G4 vs. G2/G1) 521 1.33 (0.94‑1.88) 0.104
Stage (III/IV vs. I/II) 527 1.77 (1.24‑2.52) 0.001
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in ccRCC by comparing the aberrant AGAP2-AS1 expres-
sion data sets. The significant differences (FDR <0.25; NOM 
P<0.05) in enrichment of MSigDB Collection (including h.all.
v6.2.symbols.gmt and c2.cp.kegg.v6.2.symbols.gmt). A total 
of 7 critical biological pathways, including stromal stimula-
tion, angiogenesis, epithelial to mesenchymal transition, basal 

cell carcinoma, ECM receptor interaction and the Notch 
signaling pathway indicated significantly differential enrich-
ment in AGAP2-AS1 high expression phenotype based on 
NES, NOM P‑value and FDR value (Figs. 5A–5I; Table IV), 
indicating the potential role of AGAP2-AS1 in the develop-
ment of ccRCC.

Figure 4. Kaplan‑Meier curves for overall survival rate in clear cell renal carcinoma. (A) Kaplan‑Meier curves for all cases. (B) Kaplan‑Meier curves 
for stage G1/G2. (C) Kaplan‑Meier curves for stage G3/G4. (D) Kaplan‑Meier curves for clinical stage III/IV. (E) Kaplan‑Meier curves for M0 and N0. 
(F) Kaplan-Meier curves for N0. (G) Kaplan-Meier curves for female. (H) Kaplan-Meier curves for male. (I) Kaplan-Meier curves for age.
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Discussion

ccRCC is a common subtype of kidney cancer, however, 
up to 17% of patients with ccRCCs present with primary 
metastatic disease (3). Therefore, the prognosis for patients 
with ccRCC and distance metastasis remains difficult to 
predict (16). lncRNAs form several groups of molecules 
that influence the gene expression of protein‑coding genes 
in different ways. Currently, a large number of lncRNAs are 
increasingly considered to be associated with the recurrence 
and prognosis of cancer (17,18). lncRNAs exhibit the potential 
to be used as therapeutic targets and prognostic biomarkers. 
For example, lncRNA SNHG6-003 may function as a sponge 

for miR‑26a/b to promote the progression of hepatocellular 
carcinoma (19). lncRNA LUCAT1 has been indicated to 
promote proliferation and invasion in ccRCC cells via the 
AKT/GSK‑3β signaling pathway (20). lncRNA AGAP2‑AS1 
ectopic expression has been indicated in numerous types 
of carcinoma, including in hepatocellular carcinoma (14), 
non-small cell lung cancer (9,10), gastric cancer (15) and 
glioma (11). Furthermore, AGAP2-AS1 has been indicated to 
be co-expressed with HDGF (21) and ANGPTL4 (13), which 
are associated with tumor angiogenesis. However, few studies 
have reported the expression of AGAP2-AS1 and the effect of 
its expression on ccRCC prognosis. Therefore, in the current 
study, to determine the clinicopathological and prognostic 

Table III. Univariate regression and multivariate survival model of prognostic covariates in patients with clear cell renal carci-
noma (Cox regression).

Clinicopathologic variables Hazard ratio (95% CI) P‑value

Univariate analysis  
  Age (≥55 vs. <55) 1.58 (0.98‑2.56) 0.060
  Sex (male vs. female) 1.01 (0.66-1.54) 0.951
  T (T3/T4 vs. T1/T2) 1.82 (1.47‑2.25) <0.001
  N (N1 vs. N0) 2.93 (1.52-5.67) 0.001
  M (M1 vs. M0) 4.07 (2.63-6.30) <0.001
  Grade (G3/G4 vs. G1/G2) 1.62 (1.29‑2.04) <0.001
  Stage (III/IV vs. I/II) 1.92 (1.54‑2.34) <0.001
  AGAP2-AS1 1.85 (1.48-2.33) <0.001
Multivariate analysis  
  T (T3/T4 vs. T1/T2) 1.41 (0.62‑3.25) 0.412
  N (N1 vs. N0) 1.24 (0.62-2.49) 0.548
  M (M1 vs. M0) 2.22 (1.32-3.73) 0.003
  Grade (G3/G4 vs. G1/G2) 1.67 (1.01‑2.75) 0.045
  Stage (III/IV vs. I/II) 1.48 (0.58‑3.75) 0.409
  AGAP2-AS1 1.57 (1.21-2.03) 0.001

Table IV. Gene sets enriched in phenotype high vs. low of AGAP2‑AS1.

MSigDB collection Gene xet name NES NOM P‑value FDR q‑value

h.all.v6.2.symbols.gmt HALLMARK_EPITHELIAL_ 2.192 0.002 0.011
 MESENCHYMAL_TRANSITION_6
 HALLMARK_HYPOXIA 1.688 0.038 0.115
 HALLMARK_ANGIOGENESIS 1.877 0.012 0.063
c2.cp.kegg.v6.2.symbols.gmt KEGG_ECM_RECEPTOR_INTERACTION 2.077 <0.001 0.021
 KEGG_NOTCH_SIGNALING_PATHWAY 1.760 0.043 0.116
 KEGG_BASAL_CELL_CARCINOMA 1.617 0.037 0.180
c2.cgp.v6.2.symbols.gmt LINDGREN_BLADDER_CANCER_HIGH_ 2.367 <0.001 0.012
 RECURRENCE
 JECHLINGER_EPITHELIAL_TO_ 2.215 <0.001 0.020
 MESENCHYMAL_TRANSITION_UP

Gene sets with NOM P‑value <0.05 and FDR q‑value <0.25 were considered as significantly enriched. FDR, false discovery rate; 
NES, normalized enrichment score; NOM, normalized.
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value of AGAP2-AS1 in ccRCC, the mRNA expression of 
AGAP2-AS1 in ccRCC was assessed through bioinformatics 
analysis of data from TCGA database. Receiver operating 
characteristic (ROC) curve analysis, GSEA and other methods 
were also used to assess the diagnostic and prognostic value 
of AGAP2-AS1.

In the present study, high throughput RNA sequencing data 
of ccRCC were downloaded from the TCGA database, and the 
outcomes demonstrated that high lncRNA AGAP2-AS1 was 
significantly associated with worse survival status. Kaplan‑Meier 
curves for OS also indicated that higher expression of lncRNA 
AGAP2-AS1 was associated with different genders, levels of 

Figure 5. Enrichment plots from GSEA. GSEA results showing (A) stromal stimulation, (B) angiogenesis, (C) epithelial to mesenchymal transition, (D) hypoxia, 
(E) basal cell carcinoma, (F) ECM receptor interaction, (G) Notch signaling pathway, (H) bladder cancer high recurrence and (I) summary of GSEA. KEGG, 
Kyoto Encyclopedia of Genes and Genomes; NES, normalized enrichment score; FDR, false discovery rate; GSEA, gene set enrichment analysis.
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ages, high clinical stage, and advanced TNM stage in patients 
with ccRCC. Logistic analyses, univariate and multivariate Cox 
analyses indicated that AGAP2-AS1 expression may be a poten-
tial indicator for ccRCC prognosis, and ROC analysis affirmed 
the diagnostic value of AGAP2-AS1 expression in ccRCC.

AGAP2-AS1, as a non-coding RNA, has been demon-
strated to promote anaplastic glioma cells proliferation, 
migration and invasion, and the knockdown of AGAP2-AS1 
has been indicated to increase apoptosis cell rates (11). Similar 
outcomes have been revealed in the human metastatic pancre-
atic cancer cell line AsPC-1 (13), and in non-small cell lung 
cancer cell lines A549 and SK-MES-1 (10). Consistent with 
previous studies, the results of the current study demonstrated 
that increased AGAP2-AS1 expression was associated with 
poor overall survival and the potential mechanisms governing 
this may be the connection with stromal simulation (22,23), 
angiogenesis (24,25), epithelial-mesenchymal transition (26), 
hypoxia (27) or the notch signaling pathway (28,29). 
Angiogenesis, epithelial-mesenchymal transition and hypoxia 
are well-known hallmarks of cancers, and angiogenesis serves 
an important role in the progression of ccRCC via VEGF (30), 
FGF-2, PDGF, angiopoietins, ephrins, apelin (APLN) 
and chemokines (31,32). In the present study, the aberrant 
expression of AGAP2-AS1 was enriched in the process 
of angiogenesis, which may be activated by the PI3K/Akt 
pathway (33). These previous studies indicated that lncRNA 
AGAP2‑AS1 may function via the VEGF and Akt pathway, 
which could be used as a drug target for ccRCC. Furthermore, 
the prognostic value of AGAP2-AS1 expression was exam-
ined in different subgroups of ccRCC and it was indicated that 
high lncRNA AGAP2‑AS1 expression was significantly asso-
ciated with G1/G2, stage I/II and M0 cases, highlighting the 
potential value of AGAP2-AS1 in the development of ccRCC.

Currently, surgery is the most common treatment for ccRCC. 
However, the possibility of recurrence, which adversely impacts 
patient outcomes, is an important factor in the choice of treat-
ment (34). The current study also assessed the correlation 
between AGAP2-AS1 expression and a number of clinicopatho-
logical characters, and the results revealed that this potential 
biomarker may help to guide treatment selection in patients with 
ccRCC. High expression of AGAP2-AS1 also negatively affected 
OS among patients with histological grade G1/G2, grade G3/G4 
and clinical stage III/IV; but not patients with histological clinical 
stage I/II, which further demonstrated the specific prognostic role 
of AGAP2-AS1 expression in subgroup analysis and its potential 
contribution to precision therapy for ccRCC. 

Although the results in the present study provided infor-
mation regarding the relationship between AGAP2-AS1 and 
ccRCC, there were some limitations to the present study. 
All clinical factors should have been considered, including 
BMI, the details on treatments received by patients involved, 
smoking status and other biomarkers' levels. However, this 
information is often missing, or inconsistent treatments are 
stated in public databases. Only a total of 72 healthy samples 
and 539 ccRCC samples were evaluated in the current study 
which may limit the present work. Therefore, the sample size 
should be increased in future study. 

Overall, the current study demonstrated the diagnostic 
and prognostic value of AGAP2-AS1 expression in patients 
with ccRCC. However, the current study was performed using 

RNA‑seq of TCGA database, which lacks protein level files 
and direct mechanisms information. Additionally, the number 
of healthy subjects and information on later stages are limited. 
Therefore, further identification of effective biomarkers in 
ccRCC cases of advanced stage is required in the future. 

In conclusion, we observed that lncRNA AGAP2-AS1 is 
up-regulated in ccRCC, which also correlates with clinical 
progression and serves as an independent risk factor for OS 
in ccRCC. Our findings partily demonstrated that lncRNA 
AGAP2-AS1 may be a potential biomarker in the diagnosis 
and prognosis of ccRCC.
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