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Abstract. – OBJECTIVE: It was the aim of 
this study to explore the role and mechanism of 
long non-coding RNA (lncRNA) AFAP1-AS1 in 
the progression of bladder cancer (BCa) by in 
vitro experiments.  

PATIENTS AND METHODS: AFAP1-AS1 lev-
els in 40 pairs of clinical BCa tissue samples 
and normal ones collected from BCa patients 
were determined, and paired sample t-test was 
applied to compare the differences between 
groups. The prognosis data of patients with 
BCa were collected, and survival analysis and 
t-test were performed to specify the interplay 
between AFAP1-AS1 and the prognosis of BCa 
patients. Subsequently, AFAP1-AS1 expression 
level in BCa and normal cells were further con-
firmed by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR), and Cell Counting 
Kit-8 (CCK-8), 5-Ethynyl-2’-deoxyuridine (EdU), 
and transwell assays were performed to figure 
out the influence of this lncRNA on the prolif-
eration ability and invasiveness of BCa cells. 
Meanwhile, the interaction between AFAP1-AS1 
and its sense mRNA was analyzed. We used 
co-transfection technology to simultaneously 
transfect si-AFAP1-AS1 and pcDNA3.1-AFAP1 or 
their corresponding negative controls into BCa 
cells, and cell proliferation and invasion ability 
in different subgroups were determined to ex-
plore the underlying mechanism through which 
AFAP1-AS1 plays a role in BCa progression.   

RESULTS: No matter in BCa tissues or in 
cell samples, compared to the corresponding 
normal controls, AFAP1-AS1 was found high-
ly expressed; at the same time, in invasive 
bladder cancer tissues, the expression level 
of AFAP1-AS1 was also higher than that in 
non-invasive tissues. Meanwhile, survival anal-
ysis revealed that patients with BCa with high 
expression of AFAP1-AS1 owned a shorter over-
all survival rate than those with low expres-
sion, indicating a negative interplay between 
AFAP1-AS1 expression and patients’ prognosis. 
In addition, in BCa cell lines, according to the 
results of CCK-8, EDU, and transwell assays, 
the proliferative capacity, as well as the inva-
sive ability of BCa cells, were found weakened 
after downregulation of AFAP1-AS1. Meanwhile, 
a negative interplay was discovered between 
AFAP1-AS1 and its sense mRNA. Finally, the re-
sults of cell reversal experiment using co-trans-

fection technique revealed that overexpression 
of AFAP1 can reverse the inhibitory impact of 
lncRNAAFAP1-AS1 on the malignant ability of 
BCa cells.

CONCLUSIONS: AFAP1-AS1 may enhance the 
proliferation ability as well as the invasiveness 
of BCa cells so as to aggravate the degree of 
BCa malignancy.
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Introduction

Bladder cancer (BCa) is a common malignant 
tumor in the urinary system, accounting for a 
large proportion of all urinary tumors1,2. Among 
male patients, BCa ranks the fourth most com-
mon cancer, and the incidence rate of which is 
nearly 5 times that of female patients worldwide3. 
Due to the high incidence and mortality of BCa, 
the research of BCa is always in the hot field of 
tumor research. Although there are various treat-
ment methods for BCa, such as surgery, chemo-
therapy, and radiotherapy, which have made great 
progress in recent years, the 5-year tumor-specific 
survival rate of BCa patients is still low4,5. The 
lack of in-depth understanding of the etiology of 
BCa and research on its pathogenesis have limited 
the further improvement of BCa treatment, which 
has become one of the most important reasons for 
the failure of BCa treatment. Therefore, it is ur-
gent to find a more accurate and effective target 
for BCa treatment to help solve the huge social 
public health burden induced by BCa.

Li et al6 have demonstrated that the occurrence 
of BCa is closely related to genetic and epigenetic 
changes. The mechanisms, including Akt, growth 
factor receptor (EGFR), nuclear factor kappa B 
(NF-κB), and other mechanisms, are engaged in 
the BCa progression and even the pathogenesis of 
tumor resistance; however, these classical path-
ways are still insufficient to explain the contin-
uous progression and metastasis of BCa7. In re-
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cent years, long non-coding RNA (lncRNA), with 
transcript length greater than 200 nucleotides, has 
become a hot topic in tumor research, and some 
studies8,9 have demonstrated that they can partic-
ipate in the normal biological process and the de-
velopment of human diseases under pathological 
conditions via regulating gene expression. Ram-
narine et al9 have demonstrated that LncRNA can 
be used to diagnose and predict the prognosis of 
prostate cancer, and can also be used to guide 
the clinical treatment of prostate cancer. In rec-
tal cancer, a large number of lncRNA expression 
disorders were also found to be associated with 
epigenetic changes and gene splicing mutations 
in tumor cells10. The emergence of liquid biop-
sy technology has accelerated the clinical appli-
cation of lncRNA, and the production of a large 
number of clinical data has provided great help 
for the discovery and exploration of more and 
more novel lncRNAs11. Similarly, the role of ln-
cRNA in BCa has been widely studied, and some 
studies have confirmed that the expression of long 
non-coding RNA PART1 is abnormally highly 
expressed in patients with BCa, and the prolifer-
ation and apoptosis of BCa cells are affected by 
a series of factors after knocking down the ex-
pression of PART112. Bioinformatics analysis also 
revealed a large number of abnormally expressed 
long non-coding RNAs in BCa tissues, including 
some that can be used as new prognostic mark-
ers for BCa13. Therefore, the new discoveries and 
studies on lncRNAs may provide new directions 
for the diagnosis and treatment of cancer. Among 
them, more attention has been paid to the mech-
anism of anti-sense RNA. LncRNA sox21-AS1 
plays a pivotal role in the progression of cervi-
cal cancer14, and lncRNA TTN-AS1 is closely 
relevant to the epithelial mesenchymal transfor-
mation of lung adenocarcinoma and other patho-
logical processes15. Previously, we found that AF-
AP1-AS1, as a new long non-coding RNA, is of 
great significance in the development of various 
tumors16; however, there have been no studies on 
the relationship between AFAP1-AS1 and patho-
genesis of BCa. The purpose of this study was to 
explore the specific role and related mechanisms 
of this oncogene in BCa.

Our previous work has indicated that lncRNA 
AFAP1-AS1 in BCa tissue along with cell spec-
imens was remarkably upregulated compared 
with that in normal tissues and cells. In addition, 
comprehensive clinical analysis revealed that AF-
AP1-AS1 was correlated with poor prognosis of 
BCa patients. Therefore, in order to confirm our 

hypothesis, we designed corresponding in vitro 
tests and further explored the possible mechanism 
of AFAP1-AS1’s role via biological test techniques.

Patients and Methods

Clinical Sample
Our tissue sample includes 40 BCa tissues 

and 40 corresponding normal adjacent tissues 
harvested from eligible BCa patients. They were 
primarily diagnosed and did not receive blad-
der perfusion therapy nor preoperative neoadju-
vant therapy. Clinical data of BCa patients were 
recorded, including tumor staging, histological 
grade, metastatic state, etc. The excised tissue 
specimens were pathologically confirmed by two 
experienced independently pathologists, and they 
were immediately stored in a liquid nitrogen tank 
(Ambion, Austin, TX, USA). This study was ap-
proved by the Ethics Committee of Qujing No. 1 
Hospital. Signed written informed consents were 
obtained from all participants before the study. 
This study was conducted in accordance with the 
Declaration of Helsinki.

Cell Culture
The BCa cell lines (T24, RT4, UMUC-3, J82) 

and the normal bladder epithelial cell line (SV-
HUC-1) used in the experiment were purchased 
from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). T24, RT4, J82 cell lines were 
cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Gibco, Rockville, MD, USA), UMUC-3 
cell line was cultured in Roswell Park Memorial In-
stitute-1640 (RPMI-1640) medium (HyClone, South 
Logan, UT, USA), and SV-HUC-1 cell line was cul-
tured in F-12 medium. All cell culture medium used 
for cell culture was supplemented with 10% fetal 
bovine serum (FBS; Gibco, Rockville, MD, USA) 
and antibiotics, and the cells were cultured in an in-
cubator with 5% CO2 at 37°C.

Cell Transfection and quantitative
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

Small interfering RNA for cell transfection 
was purchased from Shanghai GM GenePharma 
(Shanghai, China) at a concentration of 50 nM. The 
reagent used for transfection in the BCa cell line was 
HilyMax Transfection Reagent (Dojindo Molecu-
lar Technologies, Kumamoto, Japan). The follow-
ing is the small interfering RNAs for transfection, 
siRNA1, 5’-CCTATCTGGTCAACACGTATT-3’; 



LncRNA AFAP1-AS1 promotes malignant progression of bladder cancer

8749

siRNA2, 5’-GGGCTTCAATTTACAAGCATT-3’. 
Corresponding negative controls: 5’-UUCUC-
CGAACGUGUCACGUTT-3’ and 5’-ACGUG-
ACACGUUCGGAGAATT-3’. Total RNA was 
extracted using TRIzol reagent (TaKaRa, Dalian, 
China), and complementary deoxyribose nucleic 
acid (cDNA) was synthesized using the reverse tran-
scription kit (Invitrogen, Carlsbad, CA, USA), which 
followed by qRT-PCR detection using SYBR Pre-
mix EX TaqTM (TaKaRa, Dalian, China) with ABI. 
For each sample, the expression levels of the genes 
were calculated using glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) and 2-ΔΔCt method. The 
primer sequences used are as follows: AFAP1-AS1, 
F: 5’-CACACAGGGGAATGAAGAGG-3’, R: 
5’-AATGGTGGTAGGAGGGAGGA-3’; AFAP1, 
F: 5’-CCGTGCATCAACGGCTCGCTC-3’; R: 
5’-TTCACAACAGCCGCGGGATCC-3’; GAP-
DH, F: 5’-GAAGGTGAAGGTCGGAGTC-3’; R: 
5’-GAAGATGGTGATGGGATTTC-3’.

Cell Counting Kit-8 (CCK-8) Assay
Two bladder tumor cell lines, T24 and UMUC-

3, were separately digested to prepare a single cell 
suspension. After the two groups of cells were 
grown to a concentration of about 2 x 104 cells/
ml, 100 μL of cells per well, i.e., 2000 cells/well, 
were plated. After incubated for 16 h, transfec-
tion was performed according to the instructions 
(0.2 μg plasmid + 0.5 μL transfection reagent, li-
pofectamine 2000). After transfected cells were 
cultured for 6, 24, 48, and 72 h, 10 μL of CCK-
8 (Dojindo Molecular Technologies, Kumamoto, 
Japan) was added to the wells at each detection 
time point. After 3 h of culture, the optical density 
(OD) value was measured at 490 nm.

5-Ethynyl-2’-Deoxyuridine (EdU) Assay
Tumor cells in logarithmic growth phase were 

seeded in 96-well plates at 1×105 cells per well and 
cultured to normal growth stage. After adding 
the transfection reagent, we used the cell culture 
medium to dilute the EdU solution (Thermo Fish-
er Scientific, Waltham, MA, USA) in a ratio of 
1000:1 to prepare an appropriate amount of 50 μm 
EDU medium; cell fixation and Apollo staining 
were performed according to the product speci-
fications. Finally, image acquisition and analysis 
were performed under a fluorescence microscope.

Transwell Experiment
Cell invasiveness assays were performed using 

a transwell chamber (Corning, Corning, NY, USA). 
Approximately 2×105 cells were seeded in the upper 

compartment (8 mm pore size, Corning, Corning, 
NY, USA) and 100 μL of serum-free medium was 
added. The medium containing 10% FBS was add-
ed to the lower layer of the chamber for directional 
attraction. The upper and lower culture solutions 
are separated by a polycarbonate membrane. After 
cultured for 48 hours in a standard environment, 
the cells penetrating the membrane were stained 
with 0.5% crystal violet, and finally photographed 
with a microscope and counted.

Statistical Analysis
All data in this experiment were analyzed by 

Statistical Product and Service Solutions (SPSS; 
IBM Corp, Armonk, NY, USA) 20.0 and GraphPad 
Prism (Version X; La Jolla, CA, USA) software. 
Differences between two groups were analyzed 
by using the Student’s t-test. Comparison between 
multiple groups was done using One-way ANOVA 
test followed by post-hoc test (Least Significant 
Difference). Survival analysis of BCa patients was 
performed using the Kaplan-Meier method. p<0.05 
was considered statistically significant.

Results

AFAP1-AS1 is Highly Expressed in BCa
The results of gene expression analysis re-

vealed that AFAP1-AS1 level in 40 BCa tissues 
was higher than that in normal adjacent bladder 
tissues (Figure 1A); and in bladder tumor cell lines 
(T24, RT4, UMUC-3, J82), although AFAP1-AS1 
level was different, it was still higher than that in 
normal bladder cell line (SV-HUC-1) (Figure 1B). 
Subsequently, we collected the clinical informa-
tion of patients, and then, divided the 40 BCa cas-
es into two groups, invasive BCa group (17) and 
non-invasive BCa group (23), according to the 
clinical tumor grade of BCa. Statistical analysis 
revealed that AFAP1-AS1 gene expression in in-
vasive BCa samples was remarkably higher than 
that in non-invasive ones (Figure 1C); in addition, 
BCa patients with highly-expressed AFAP1-AS1 
had a shorter survival time (Figure 1D). These re-
sults suggested that the AFAP1-AS1 gene may act 
as a potential oncogene, which is closely relevant 
to the poor prognosis of BCa.

Knockdown of AFAP1-AS1 Expression 
Can Inhibit the Proliferation Ability 
and Invasiveness of BCa Cells

We selected T24 and UMUC-3 cells for sub-
sequent experiments. Small interfering RNA 
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was used to target knockdown AFAP1-AS1 lev-
el in BCa cells, and the transfection efficien-
cy was determined by qRT-PCR 24 hours lat-
er; as a result, the knockdown efficiency was 
confirmed higher than 70% (Figure 2A). Sub-
sequently, both the results of CCK-8 and EDU 
assays revealed that the cell proliferation activ-
ity of BCa cells in si-AFAP1-AS1 group was 
remarkably attenuated (Figure 2B, 2C); mean-
while, transwell invasion detection revealed 
that the migratory ability of BCa cells was also 
weakened after AFAP1-AS1 was downregu-
lated (Figure 2D). The results of these in vitro 
experiments revealed an evident influence of 
AFAP1-AS1 expression on the proliferative and 
invasive activity of BCa cells.

AFAP1-AS1 Level in BCa is Negatively 
Correlated With AFAP1 mRNA Level

To investigate the interplay between AF-
AP1-AS1 and AFAP1, and its sense strand 
mRNA, we examined the expression level of 
AFAP1 in above-mentioned tissue samples. As 
a result, in BCa tissues, AFAP1 gene expression 
was lower than that in normal bladder tissue spec-
imens (Figure 3A); meanwhile, AFAP1 revealed 
an increased gene level in invasive BCa tissues 
compared to the non-invasive ones (Figure 3B). 
Meanwhile, Pearson correlation analysis revealed 
a negative interplay between AFAP1-AS1 and 
AFAP1 expression in BCa tissues, and the cor-
relation coefficient reached R2=0.3470 (Figure 
3C). In addition, the AFAP1 gene level was found 

Figure 1. A, Paired sample t-test analysis of bladder cancer specimens showed that the expression level of AFAP1-AS1 in 
bladder cancer was higher than that of normal control bladder tissue. B, The expression level of AFAP1-AS1 was determined by 
qRT-PCR in different bladder cancer cell lines. The results showed that the expression of AFAP1-AS1 was higher than that of 
normal bladder epithelial cell line, SV-HUC-1. C, The expression level of AFAP1-AS1 was determined by qRT-PCR in different 
grades of bladder cancer tissue samples. The results showed that the expression of AFAP1-AS1 in the high-grade group was high-
er than that in the low-grade bladder cancer tissue group. D, Survival analysis showed that the overall survival of patients with 
high expression of AFAP1-AS1 was much lower than that of patients with low expression. (**p<0.01, ***p<0.001, ****p<0.0001).
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Figure 2. A, Transfection of si-AFAP1-AS1 in bladder cancer cell lines T24 and UMUC-3 can reduce the expression level of 
AFAP1-AS1 gene. B, CCK8 cell proliferation assay showed that knockdown of AFAP1-AS1 could inhibit the proliferation of 
bladder cancer cell lines T24 and UMUC-3. C, The results of EDU cell proliferation assay showed that knockdown of AFAP1-AS1 
could inhibit the proliferation of bladder cancer cell lines T24 and UMUC-3 (magnification: 400×). D, transwell cell migration 
assay results showed that knockdown of AFAP1-AS1 could inhibit the invasion of bladder cancer cell lines T24 and UMUC-3 
(magnification: 400×); (*p<0.05, **p<0.01, ***p<0.001; taking multiples of 200x).
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upregulated at 24, 48, and 72 hours of transfection 
in T24 cells and UMUC-3 cells transfected with 
si-AFAP1-AS1, and the difference in gene expres-
sion was statistically significant (Figure 3D, 3E), 
suggesting that AFAP1 may be a potential target 
gene for the lncRNA AFAP1-AS1.

Overexpression of AFAP1 Reverses 
the Reduced Proliferation Ability 
and Invasiveness of BCa Cells Induced 
by AFAP1-AS1

We designed an in vitro functional reversal 
experiment to verify that AFAP1-AS1 is en-
gaged in the progression of BCa via modulating 
AFAP1. Three subgroups were set, namely, si-
AFAP1-AS1 group, pcDNA3.1-AFAP1+si-AF-
AP1-AS1 group and negative control group. It 
was found by CCK-8 and EDU experiments that 
co-transfection of pcDNA3.1-AFAP1+si-AF-
AP1-AS1 in BCa cell lines partially restored the 
reduced proliferation rate and viability of BCa 
cells induced by knockdown of AFAP1-AS1 
(Figure 4A, 4B); in addition, transwell assay 

indicated that compared to the si-AFAP1-AS1 
group, the longitudinal invasion ability of tumor 
cells was enhanced by simultaneous transfec-
tion of pcDNA3.1-AFAP1 and si-AFAP1-AS1 
(Figure 4C). These results implied that overex-
pression of AFAP1 could reverse the influence 
of AFAP1-AS1 on the proliferation ability and 
invasiveness of BCa cells.

Discussion

At present, the overall prognosis of bladder 
cancer patients still remains poor, mainly due to 
the advanced clinical stage at the time of initial 
diagnosis. Therefore, early detection and diag-
nosis of BCa has become an effective solution to 
the management problems of BCa patients17. At 
present, the diagnosis of BCa mainly relies on im-
aging features, which lacks of effective biomarkers 
for early detection18. At the same time, due to the 
low sensitivity and specificity of existing examina-
tion methods, the misdiagnosis rate is still high19. 

Figure 3. A, Paired sample t-test analysis of bladder cancer specimens showed that the expression level of AFAP1 in bladder 
cancer was lower than that of normal control bladder tissue. B, The expression level of AFAP1-AS1 was determined by qRT-PCR 
in different grades of bladder cancer tissue samples. The results showed that the expression of AFAP1 in the high-grade group was 
lower than that in the low-grade bladder cancer tissue group. C, qRT-PCR determination of AFAP1-AS1 and AFAP1 expression 
levels in 40 pairs of clinical samples showed that the expression of this two lncRNA in bladder cancer tissues was negatively 
correlated. D, E, After transfection of si-AFAP1-AS1 in bladder cancer cell lines T24 and UMUC-3, expression of AFAP1 was 
found up-regulated after 0, 1, 2, and 3 days; (*p<0.05, **p<0.01, ****p<0.0001).
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Figure 4. A, The results of CCK8 cell proliferation assay showed that the proliferation of bladder cancer cell lines T24 and 
UMUC-3 was restored when pcDNA3.1-AFAP1+si-AFAP1-AS1 was co-transfected compared with transfection of si-AFAP1-
AS1 alone. B, EDU cell proliferation assay showed that co-transfection of pcDNA3.1-AFAP1+si-AFAP1-AS1 restored the prolif-
erative capacity of bladder cancer cell lines T24 and UMUC-3 compared with transfection of si-AFAP1-AS1 alone. C, Transwell 
cell invasion assay showed that the invasive ability of bladder cancer cell lines T24 and UMUC-3 was restored when co-transfect-
ed with pcDNA3.1-AFAP1+si-AFAP1-AS1 compared with transfection of si-AFAP1-AS1 alone (magnification:400×); (*p<0.05, 
**p<0.01, taking multiples of 200x).
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Currently, the emergence of large-scale gene 
sequencing technology has made great progress 
in the research on long non-coding RNA, which 
has become a new marker for the diagnosis and 
treatment of clinical tumors and has advantages 
of stable expression and easy detection20. As one 
type of lncRNA, natural antisense RNA has been 
found to regulate the expression level of its sense 
mRNA by affecting its transcriptional activity 
and stability, and thus participate in the regulation 
of tumor progression21. AFAP1-AS1, a newly dis-
covered natural antisense lncRNA, is located on 
the opposite strand of AFAP1, and has been found 
to be dysregulated in a variety of tumors, includ-
ing gastric cancer, pancreatic cancer, cervical 
cancer, etc.16,22,23. Our previous study confirmed 
that AFAP1-AS1 also showed an abnormally 
high expression in BCa tissues. We analyzed the 
clinical sample data and found that AFAP1-AS1 
was remarkably correlated with the prognosis of 
patients, including the total survival time, tumor 
grade, and malignancy degree.

To understand the specific impact of AF-
AP1-AS1 on BCa progression, we used CCK-8, 
EDU, transwell, and other techniques to confirm 
that AFAP1-AS1 can participate in regulating the 
proliferation ability and invasiveness ability of 
BCa cells, indicating that AFAP1-AS1, as an on-
cogene, is involved in the pathological progression 
of BCa. The mechanism of natural antisense RNA 
employs to regulate the malignant progression of 
tumors and includes various forms, among which, 
interfering with the mRNA expression of its sense 
strand cannot be ignored. For example, SPINT1-
AS1 can affect the mRNA expression level of its 
corresponding sense strand SPINT1 and therefore 
participate in the occurrence and development 
of esophageal cancer24. Long non-coding RNA 
OIP5-AS1 was found to be capable of promoting 
tumor progression by increasing the stability of 
OIP5 gene, leading to a poor prognosis of tumor 
patients25. At present, there have also been studies 
on the role of natural antisense RNA in regulating 
the stability of tumor suppressor genes in breast 
cancer26. In this study, we found a significant neg-
ative correlation between AFAP1-AS1 and AFAP1 
in BCa tissue samples and cell lines. In addition, it 
was found that high expression of AFAP1-AS1 may 
indicate a poor prognosis of BCa patients, and the 
dysregulation of AFAP1-AS1 expression could in-
duce the development of BCa by affecting the gene 
transcription of AFAP1. We subsequently verified 
through co-transfection and biological cell func-
tion experiments that overexpression of AFAP1 

could reverse the inhibitory effect of AFAP1-AS1 
on BCa cells, suggesting that AFAP1 may be a po-
tential target gene of AFAP1-AS1, which deserves 
further exploration and confirmation.

In summary, we revealed by qRT-PCR that AF-
AP1-AS1 was abnormally expressed no matter in 
BCa tissue samples or in cell lines. And knockdown 
of this lncRNA was detected by CCK-8, EDU, and 
transwell assays to be able to suppress the prolifera-
tive rate and invasive capacity of BCa cells. 

We identified for the first time the role of ln-
cRNA AFAP1-AS1 in the progression of BCa, 
which was verified in both clinical samples and 
BCa cell lines. In addition, a negative interplay 
between AFAP1-AS1 and AFAP1 was verified 
by in vitro reverse experiments; and both may be 
able to play a synergistic role in BCa progression, 
and thus become a new entry point for BCa diag-
nosis and treatment in the future.

Conclusions

We found for the first time that the synergisti-
cal role between AFAP1-AS1 and its synonymous 
mRNA, AFAP1, can promote the proliferation 
ability and invasiveness of BCa cells and aggra-
vate the malignant degree of BCa cancer.
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