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Purpose. To compare the expression level of apelin in muscle-invasive bladder cancer and matched paracarcinoma tissues and
investigate the relationship between apelin and clinical prognosis in the patients. Methods. To assess apelin expression by using
immunohistochemical method compared with bladder tumors and matched paracarcinoma tissues. Subsequently, the correlation of
apelin expression with the clinicopathological features of bladder cancer patients was analyzed. Kaplan-Meier survival curves
method was used to analyze apelin prognostic significance for muscle-invasive bladder cancer patients (including 404
muscle-invasive bladder cancer patients and 28 normal bladder tissues, in TCGA dataset). Results. Apelin protein level was
overexpressed in bladder tumor tissues compared with paracarcinoma tissues. Furthermore, high apelin expression was associated
with high tumor stage (P < 0 05), distant metastasis (P < 0 05), and vascular invasion (P < 0 05). Kaplan-Meier curve analyses
showed that the overexpression of apelin was a potential predictor of overall survival and disease-free survival. Conclusion. Apelin
was upregulated in bladder tumor tissues compared with matched adjacent noncancer tissues, especially in the high tumor stage,
distant metastasis, and vascular invasion. What is more, high expression of apelin in muscle-invasive bladder cancer indicates the
poor prognosis. These data suggested that apelinmight be a therapeutic potential biomarker inmuscle-invasive bladder cancer patients.

1. Introduction

Bladder cancer is a common tumor of the urinary tract
among the world, and 81190 patients will be diagnosed
with bladder cancer in 2018, of whom 17240 cases will
die [1]. In the developed countries, bladder cancer is more
frequent and is the 4th cancer in men and the 9th cancer
in women [2], whose treatment cost is the highest per
patient of all cancers [3]. Bladder cancer can be divided
into three stages: nonmuscle invasive, muscle invasive,
and metastatic. About 25% of patients with bladder cancer

invaded the bladder muscle layer [4]. Radical cystectomy
and intravesical chemotherapy are the standard treatments
for MIBC, but the five-year mortality rate remains nearly
50-70% [5, 6]. Hence, finding novel biomarkers controlling
muscle-invasive bladder cancer progression will promote
the development of diagnosis and therapy for muscle-
invasive bladder cancer [7–12].

Apelin is an endogenous ligand for G-protein-coupled
receptor which was first isolated by Tatemoto et al. in 1998
[13]. Subsequently, apelin proved to play a vital role in tumor
neoangiogenesis through a paracrine effect on the host
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vessels and its mRNA expression level was increased in 49
tumors [14]. It has been reported that apelin overexpression
was related to poor prognosis in lung cancer [15], oral cancer
[16], prostate cancer [17], and gastric cancer [18]. In addi-
tion, Berta et al. demonstrate that apelin induces lymphan-
giogenesis and participate in lymph node metastasis [19].

Until now, no study has analyzed apelin expression
among bladder cancer and matched paracarcinoma tissues.
In this study, we analyzed apelin levels in bladder cancer
and matched paracarcinoma tissues. In addition, we evalu-
ated the correlations between different expression levels of
apelin and clinical findings and outcome.

2. Materials and Methods

2.1. Patients and Tissue Samples. In this retrospective study, a
total of 120 muscle-invasive bladder cancer patients’ samples
were collected, who had undergone standard radical
cystectomy in the Urology Department of Tianjin Medical
University General Hospital, from the year 2013 to 2017.
There was no history of neoadjuvant chemotherapy or
preoperative therapy in all patients. All the protocols were
confirmed according to the ethical guidelines of the 1975
Helsinki Declaration, and the study was approved by the
Tianjin Medical University General Hospital, China. The
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Figure 1: Bioinformatics analysis of apelin from the TCGA database. (a) The expression of apelin in bladder cancer tissues and normal
controls. (b–c) Kaplan-Meier analysis of the associations between apelin mRNA expression and the overall survival and disease-free
survival of BC patients.
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clinical research informed consent was signed by each
patient prior to surgery.

The clinical information from TCGA public data set
(including 404 bladder cancer patients and 28 normal
bladder tissues; bladder urothelial carcinoma (BLCA),
TCGA, Provisional (http://www.cbioportal.org/study?id=
blca_tcga#summary) was collected to analyze the
progression-free survival and overall survival.

2.2. Immunohistochemistry and Scoring. Immunohistochem-
istry procedure was used to analyze apelin expression. Briefly,
the tissue samples were stored in formalin, followed by paraf-
fin embedding, and were sliced into 4-micrometer sections.
The sections were baked at 75°C for 1 h and immersed in
xylene for 20 minutes to dewax. Then, the sections were
hydrated in gradient ethanol and heated in citrate buffer for
about 20 minutes to repair antigen. The sections blocked
endogenous catalase using 3% hydrogen peroxide solutions
at 37°C for 15 minutes. After that, the sections were incu-
bated with primary rabbit anti-human apelin antibody
(1 : 500 dilution, Abcam, UK, ab59469) overnight at 4°C in
a wet box. Consecutively, the sections were incubated with
goat anti-rabbit secondary antibody for 1 hour in a wet box,
then the sections were dripped with substrate solution
(diaminobenzidine (DAB)) until the sections were developed
and then redyed in hematoxylin, dehydrated in gradient
ethanol, transparentized in xylene, and coverslipped with
neutral balsam. For negative control groups, PBS was used
to replace the primary antibody.

The scores of apelin expression was assessed on the
stained area and the intensity of the brown staining. The
stained area was measured by the percentage of positive
tumor cells and was scored as follows: 0, <5% positive
tumor cells; 1, 5%~50% positive tumor cells; and 2,
>50% positive tumor cells. The intensity of the brown
staining was scored as follows: 0, negative staining or weak
staining; 1, medium staining; and 2, intense staining. The
total score of the stained area and the intensity of the
brown staining were used to classify the expression levels:
0~2, low level and 3~4, high level. The scores was assessed
by two experienced pathologists and finally reviewed by a
senior pathologist.

2.3. Statistical Analysis. All the statistical analysis used the
SPSS version 22.0 software for Windows. The correlations
between clinicopathological parameters and the apelin
expression at the protein level were evaluated by using the
chi-square test. The progression-free survival and overall
survival were measured by using the Kaplan-Meier curve
method. P value of <0.05 was regarded as significant.

3. Results

3.1. Expression of Apelin in Bladder Tumors and Matched
Paracarcinoma Tissues. The mRNA expression of apelin was
evaluated by analyzing the TCGA database. As shown in
Figures1(a), therewasnodifferentexpressionbetweenbladder
tumorandnormalbladdertissues.However,theproteinexpres-
sion of apelin measured by immunohistochemistry was

detected in 120 bladder tumors, and matched paracarcinoma
tissues showed that apelin protein was primarily located in the
cell cytoplasm,whichwaspresent inbladder tumor tissues, but
weakly or negatively expressed inmatched paracarcinoma tis-
suesFigures1(a) and1(b)).

3.2. Correlations between Clinicopathological Parameters and
Apelin Expression. As shown in Table 1, the relationship
between apelin expression and muscle-invasive bladder can-
cer clinicopathological features is summarized. The upregu-
lation of apelin protein level was associated with distant
metastasis (P < 0 05) and vascular invasion (P < 0 05). How-
ever, overexpression of apelin protein was not significantly
associated with age (P > 0 05), gender (P > 0 05), tumor stage
(P > 0 05), tumor grade (P > 0 05), lymph node metastasis
(P > 0 05), and recurrence (P > 0 05).

3.3. Apelin Is a Poor Prognostic Factor in Bladder Cancer
Patients after Radical Cystectomy. The data of bladder
cancer patients who have undergone radical cystectomy
were from TCGA dataset and Tianjin Medical University

Table 1: Relationships of apelin and clinicopathological
characteristics in 120 patients with muscle-invasive bladder cancer.

Feature
All

n = 120

Apelin
expression

χ2 P
Low High
n = 40 n = 80

Age (years) 1.406 0.236

<65 67 27 45

≥65 53 13 35

Gender 0.677 0.410

Male 64 24 40

Female 56 17 39

Tumor stage 5.419 0.020∗

T2 40 19 21

T3/T4 80 21 59

Tumor grade 0.944 0.331

Low 38 15 23

High 82 25 57

Lymph node metastasis 0.957 0.328

Yes 37 10 27

No 83 30 53

Recurrence 1.678 0.195

Yes 55 15 40

No 65 25 40

Distant metastasis 5.625 0.018∗

Yes 48 10 38

No 72 30 42

Vascular invasion 4.344 0.037∗

Yes 52 12 40

No 68 28 40

∗ indicates P < 0 05 with statistical significance.

3Disease Markers

http://www.cbioportal.org/study?id=blca_tcga#summary
http://www.cbioportal.org/study?id=blca_tcga#summary


General Hospital. We used the Kaplan-Meier method to
analyze the association between apelin expression and
patients’ survival in our hospital. Generally, we divided the
patients into apelin high-expression subgroups and apelin
low-expression subgroups Figure 1(a), and there was signifi-
cant difference between the two groups in the patients’ over-
all survival (P = 0 015 < 0 05, Figure 1(c) and disease-free
survival (P = 0 012 < 0 05, Figure 1(c)). Consistent with our
results, apelin at mRNA level was present both in bladder
tumor tissues and the matched paracarcinoma tissues
Figure 2(a). We also found that high apelin mRNA expres-
sion was significantly related with patients’ overall survival
(P = 0 035 < 0 05, in the TCGA dataset, Figure 2(b)) but
not disease-free survival (P = 0 39 > 0 05, in the TCGA
dataset, Figure 2(c)).

4. Discussions

The therapies and survival rate for muscle-invasive bladder
cancer patients have improved with using ultrasonic exami-
nation [20], cystoscopy [21], and urine exfoliative cytology
[22]. However, more and more evidence shows that the
above methods may miss malignant tumors due to varied
reasons [23]. Patients with metastatic and invasive events will
lead to adverse prognosis and death [24]. To identify a novel
biomarker for evaluating the phenotypes of muscle-invasive
bladder cancer is urgent. As far as we know, clinical signifi-
cance of apelin in muscle-invasive bladder cancer patients
has not been reported.

In our study, we proved for the first time that apelin
could play an important role in the progression of
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Figure 2: Immunohistochemical analysis of the correlation between apelin and the clinical outcomes of muscle-invasive bladder cancer
patients. (a) The typical staining of high and low expressions of apelin in muscle-invasive bladder cancer tissues. (b) The negative staining
of apelin in normal bladder tissues. (c) Kaplan-Meier analysis of the associations between apelin protein expression and the overall
survival and disease-free survival of patients.
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muscle-invasive bladder cancer. We found that apelin
protein level was upregulated in muscle-invasive bladder
cancer and high level expression of apelin was correlated
with high tumor stage, distant metastasis, vascular inva-
sion, and poor survival in muscle-invasive bladder cancer
patients. These findings indicated that apelin might be a
therapy target for muscle-invasive bladder cancer and
may guide the urologist to better understand the progres-
sion of muscle-invasive bladder cancer.

Apelin was found to play an important role to promote
tumor neoangiogenesis and sustain tumor expansion and
progression in various human cancers. For example,
Harford-Wright et al. [25] reported that apelin was a central
regulator to maintain the stem-like properties of glioblas-
toma cells. To block the apelin receptor signaling pathway
may suppress tumor cell expansion and progression. Mean-
while, our data also showed that apelin was a druggable factor
in muscle-invasive bladder cancer patients through evaluat-
ing apelin expression and muscle-invasive bladder cancer
clinicopathological features. Chen et al. [26] demonstrated
a novel association between JAG/Notch3 and apelin system,
targeting them can inhibit progression of colon carcinoma.
Furthermore, they found that Apelin13 can upregulate the
expression of Notch3. Inhibition in either of them would
prevent the growth of tumor cells. Although we did not study
the underlying mechanism that how apelin could promote
the progression in bladder cancer, our data about apelin
expression and clinicopathological features showed that
apelin was a therapeutic and management target which was
consistent with their findings. Feng et al. [18] showed that
tumor apelin expression was significantly upregulated in
gastric cancer compared with adjacent normal tissues. Our
data also reported that tumor apelin protein level was highly
expressed in bladder cancer by using immunohistochemistry,
but there was no difference in mRNA level through analyzing
the TCGA database. We thought that the protein level was
more compelling, but our study was single-center with small
sample, and we also need to expand the sample size in multi-
ple centers for further analysis. In addition, the study
reported that high apelin expression was closely associated
with high invasion and metastatic phenotype of gastric
cancer: they also conducted that high expression of apelin
was correlated with poor prognosis and shorter overall sur-
vival in gastric patients [18]. In our study, we found that high
expression of apelin was also correlated with shorter overall
survival and disease-free survival in muscle-invasive bladder
cancer patients. In Hall et al.’s study [27], they found that
apelin was upregulated in cholangiocarcinoma in the protein
level by using IHC compared to adjacent nonmalignant liver
tissues. They also found apelin gene expression was increased
in human cholangiocarcinoma by RT-qPCR. So they used
ML221, an apelin receptor antagonist, to treat tumor-
bearing mice, and observed that ML221 treatment was effec-
tive on decreasing tumor growth. Hoffmann et al. [28]
found that mRNA and protein expressions of apelin and
its receptor were higher in ovarian tumor cell lines
compared with noncancer cell lines. Apelin was involved
in mitosis in ovarian epithelial cancer cells. With these
previous findings in glioblastoma, colon carcinoma, gastric

cancer, cholangiocarcinoma, and ovarian cancer, our data
also found that high expression of apelin was significantly
associated with invasion and metastatic features and poor
prognosis in patients with muscle-invasive bladder cancer.

Lastly, our data also showed that apelin was upregulated
in bladder tumor tissues compared with matched adjacent
noncancer tissues, especially in the high tumor stage, distant
metastasis, and vascular invasion. What is more, high expres-
sion of apelin in muscle-invasive bladder cancer was
correlated with the poor prognosis. These data suggested that
apelin might be a potential therapeutic biomarker in
muscle-invasive bladder cancer patients. But our study is
single-centered with small sample; the sample size in multi-
ple centers should be expanded for further verification. It is
urgent to conduct cell experiments in vitro and animal
experiments in vivo to comprehend the underlying mecha-
nism of apelin’s upstream and downstream interactions in
muscle-invasive bladder cancer progression.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Ethical Approval

All applicable international, national, and/or institutional
guidelines for the care and use of human specimens were
followed.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Long Yang carried out the experiment and drafted the
manuscript. Yanlei Li, Xiao-Qing Li, and Zheng Zhang
participated in the design of the study and performed the sta-
tistical analysis. Yanlei Li participated in its design and coor-
dination and helped to draft the manuscript. All authors have
read and approved the final manuscript. All authors have
agreed to publish this article.

References

[1] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2018,” CA: A Cancer Journal for Clinicians, vol. 68, no. 1,
pp. 7–30, 2018.

[2] M. Burger, J. W. F. Catto, G. Dalbagni et al., “Epidemiology
and risk factors of urothelial bladder cancer,” European
Urology, vol. 63, no. 2, pp. 234–241, 2013.

[3] K. D. Sievert, B. Amend, U. Nagele et al., “Economic
aspects of bladder cancer: what are the benefits and costs?,”
World Journal of Urology, vol. 27, no. 3, pp. 295–300, 2009.

[4] J. C. Park, D. E. Citrin, P. K. Agarwal, and A. B. Apolo,
“Multimodal management of muscle-invasive bladder cancer,”
Current Problems in Cancer, vol. 38, no. 3, pp. 80–108, 2014.

[5] H. B. Grossman, R. B. Natale, C. M. Tangen et al., “Neoadju-
vant chemotherapy plus cystectomy compared with

5Disease Markers



cystectomy alone for locally advanced bladder cancer,” The
New England Journal of Medicine, vol. 349, no. 9, pp. 859–
866, 2003.

[6] H. A. El-Monim, M. M. El-Baradie, A. Younis, Y. Ragab,
A. Labib, and I. El-Attar, “A prospective randomized trial for
postoperative vs. preoperative adjuvant radiotherapy for
muscle-invasive bladder cancer,” Urologic Oncology: Seminars
and Original Investigations, vol. 31, no. 3, pp. 359–365, 2013.

[7] Y. Feng, J. Liu, Y. Kang et al., “miR-19a acts as an oncogenic
microRNA and is up-regulated in bladder cancer,” Journal of
Experimental & Clinical Cancer Research, vol. 33, no. 1,
p. 67, 2014.

[8] L. J. Li, J. L. Zhu, W. S. Bao, D. K. Chen, W. W. Huang,
and Z. L. Weng, “Long noncoding RNA GHET1 promotes
the development of bladder cancer,” International Journal
of Clinical and Experimental Pathology, vol. 7, no. 10,
pp. 7196–7205, 2014.

[9] S. Yu, Q. Meng, H. Hu, andM. Zhang, “Correlation of ANXA1
expression with drug resistance and relapse in bladder cancer,”
International Journal of Clinical and Experimental Pathology,
vol. 7, no. 9, pp. 5538–5548, 2014.

[10] J. Zhao and N. Xing, “Identification of γ-synuclein as a
stage-specific marker in bladder cancer by immunohistochem-
istry,” Medical Science Monitor, vol. 20, pp. 2550–2555, 2014.

[11] M. Kataoka, K. Ishibashi, S. Kumagai et al., “Expression and
function of LPA1 in bladder cancer,” The Journal of Urology,
vol. 194, no. 1, pp. 238–244, 2015.

[12] J. Wang, X. Zhang, L. Wang et al., “Downregulation of urinary
cell-free microRNA-214 as a diagnostic and prognostic bio-
marker in bladder cancer,” Journal of Surgical Oncology,
vol. 111, no. 8, pp. 992–999, 2015.

[13] K. Tatemoto, M. Hosoya, Y. Habata et al., “Isolation and
characterization of a novel endogenous peptide ligand for
the human APJ receptor,” Biochemical and Biophysical
Research Communications, vol. 251, no. 2, pp. 471–476,
1998.

[14] S. C. Sorli, S. le Gonidec, B. Knibiehler, and Y. Audigier,
“Apelin is a potent activator of tumour neoangiogenesis,”
Oncogene, vol. 26, no. 55, pp. 7692–7699, 2007.

[15] J. Berta, I. Kenessey, J. Dobos et al., “Apelin expression in
human non-small cell lung cancer: role in angiogenesis and
prognosis,” Journal of Thoracic Oncology, vol. 5, no. 8,
pp. 1120–1129, 2010.

[16] K. Heo, Y. H. Kim, H. J. Sung et al., “Hypoxia-induced
up-regulation of apelin is associated with a poor prognosis in
oral squamous cell carcinoma patients,” Oral Oncology,
vol. 48, no. 6, pp. 500–506, 2012.

[17] Y. Wan, Z. C. Zeng, M. Xi et al., “Dysregulated micro-
RNA-224/apelin axis associated with aggressive progression
and poor prognosis in patients with prostate cancer,” Human
Pathology, vol. 46, no. 2, pp. 295–303, 2015.

[18] M. Feng, G. Yao, H. Yu, Y. Qing, and K.Wang, “Tumor apelin,
not serum apelin, is associated with the clinical features and
prognosis of gastric cancer,” BMC Cancer, vol. 16, no. 1,
p. 794, 2016.

[19] J. Berta, M. A. Hoda, V. Laszlo et al., “Apelin promotes
lymphangiogenesis and lymph node metastasis,” Oncotarget,
vol. 5, no. 12, pp. 4426–4437, 2014.

[20] H. H. Holm, N. Juul, S. Torp-Pedersen et al., “Bladder tumor
staging by transurethral ultrasonic scanning,” European
Urology, vol. 15, no. 1-2, pp. 31–33, 1988.

[21] I. Karaoglu, A. G. van der Heijden, and J. A. Witjes, “The role
of urine markers, white light cystoscopy and fluorescence
cystoscopy in recurrence, progression and follow-up of
non-muscle invasive bladder cancer,” World Journal of
Urology, vol. 32, no. 3, pp. 651–659, 2014.

[22] R. Liu, Z. Tian, J. Wang, Z. Zhang, and Y. Xu, “Evaluation of
acridine orange fluorescence in exfoliative urinary cytology
for diagnosing bladder carcinoma,” International Urology
and Nephrology, vol. 44, no. 5, pp. 1375–1382, 2012.

[23] C. Jimenez, E. Rohren, M. A. Habra et al., “Current and
future treatments for malignant pheochromocytoma and
sympathetic paraganglioma,” Current Oncology Reports,
vol. 15, no. 4, pp. 356–371, 2013.

[24] E. M. Carballido and J. E. Rosenberg, “Optimal treatment for
metastatic bladder cancer,” Current Oncology Reports,
vol. 16, no. 9, p. 404, 2014.

[25] E. Harford-Wright, G. Andre-Gregoire, K. A. Jacobs et al.,
“Pharmacological targeting of apelin impairs glioblastoma
growth,” Brain, vol. 140, no. 11, pp. 2939–2954, 2017.

[26] T. Chen, N. Liu, G. M. Xu et al., “Apelin13/APJ promotes pro-
liferation of colon carcinoma by activating Notch3 signaling
pathway,” Oncotarget, vol. 8, no. 60, pp. 101697–101706, 2017.

[27] C. Hall, L. Ehrlich, J. Venter et al., “Inhibition of the
apelin/apelin receptor axis decreases cholangiocarcinoma
growth,” Cancer Letters, vol. 386, pp. 179–188, 2017.

[28] M. Hoffmann, E. Fiedor, and A. Ptak, “Bisphenol A and its
derivatives tetrabromobisphenol A and tetrachlorobisphenol
A induce apelin expression and secretion in ovarian cancer
cells through a peroxisome proliferator-activated receptor
gamma-dependent mechanism,” Toxicology Letters, vol. 269,
pp. 15–22, 2017.

6 Disease Markers



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

