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Abstract. Numerous studies have suggested that inter-
leukin 11 (IL-11) has roles in human gastric, prostate and 
bone cancer and endometrial carcinoma. Hence, we evaluated 
the expression of IL-11 in bladder cancer and the correlation 
of IL-11 levels and clinicopathological features. The expres-
sion of IL-11 in primary human bladder cell culture, human 
bladder cancer cell lines, transitional cell carcinoma (TCC) 
and non-cancerous bladder tissues (NATs) were analyzed 
by western blotting. Enzyme-linked immunosorbent assay 
(ELISA) for urinary IL-11 was performed to compare the 
IL-11 levels in healthy subjects and subjects diagnosed with 
bladder cancer. Our study suggested that the expression of 
IL-11 in human bladder cancer cell lines and TCC was down-
regulated compared with primary human bladder cell culture 
and matched NATs. We also demonstrated reduced urinary 
levels of IL-11 in subjects with bladder cancer compared with 
healthy subjects. Furthermore, we revealed that the levels of 
IL-11 were associated with tumor grade and stage. The results 
suggested that reduced levels of IL-11 may play an important 
role in the carcinogenesis and progression of TCC. They also 
indicated that IL-11 may be a promising predictor for prog-
nosis of TCC.

Introduction

Bladder cancer is one of the most common malignancies 
worldwide. In the western world it is the seventh most common 
malignancy among males, following lung, prostate, colon, 
stomach, liver and esophagus cancer, and is the second most 
common cause of mortality among genitourinary tumors. It 
was estimated that in the western world there would be 70,530 

new cases and 14,680 deaths due to bladder cancer in 2010 (1-3). 
Bladder cancer is compromised of tumors that exhibit a wide 
spectrum of clinical behavior. Approximately 90% of bladder 
cancers are transitional cell carcinoma (TCC), whereas 5% 
are squamous cell carcinomas and 1-2% are adenocarcinomas 
(3,4). The most common form of the disease, which accounts 
for 70-80% of cases, is usually low-grade, multifocal, super-
ficial and papillary. The less common, muscle invasive form 
of the disease accounts for 20% of bladder cancer cases (5). 
Although major work has been focused on tackling the 
problem of bladder cancer, our understanding of the molecular 
and cellular mechanisms that underlie cancer carcinogenesis 
and progression remains poor.

Patients with low-grade, non-invasive bladder cancer are 
managed with simple resection and fulguration of the tumor 
and selective intravesical chemotherapy (6,7). Patients with 
high-grade non-invasive or muscle invasive cancer are treated 
with more aggressive therapies, such as immunotherapy for 
non-muscle invasive lesions and radical cystectomy, chemo-
therapy and occasionally radiation therapy for muscle invasive 
disease (7,8). The standard of care, while effective, is asso-
ciated with a considerable side-effect profile, and >30% of 
patients fail to respond to treatment or suffer recurrent disease 
within 5 years (9). Therefore, patients with bladder cancer 
need to be monitored for cancer recurrence or progression. It is 
also important to predict the prognosis of the patients to enable 
more active treatment in order to prolong their lives.

Interleukin (IL)-6-like cytokines are characterized by 
a common signal chain (gp130) in the receptor complex. 
This family is comprised of polypeptides with a molecular 
weight of 20 kDa, and includes IL-6, IL-11, IL-31, ciliary 
neurotrophic factor (CNTF), leukemia inhibitory factor (LIF), 
oncostatin-M (OSM), cardiotropin-1 (CT-1), cardiotropin-like 
cytokine (CLC) and neuropoietic hormone (NPN). Among 
these IL-6‑like cytokines, IL-11 was first cloned from the 
primate stromal cell line PU-34 and is expressed by a variety of 
tissues, such as gut, brain, spinal cord neurons and testes, and 
hence may have a physiological role in these organs (10,11). 
IL-11 has been mapped in humans to chromosome 19 at the 
q13.3-q13.4 locus (12). The genes spans 7 kb and consists of 5 
exons and 4 introns (13). Numerous studies have suggested that 
IL-11 has roles in human gastric, prostate and bone cancer, 
and endometrial carcinoma (14). The uterine washing level of 
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IL-11 has been found to be elevated and to play a complex 
role in the progression of endometrial carcinoma. IL-11 was 
also demonstrated to be upregulated and associated with 
clinicopathological features in gastric cancer (15). However, 
no studies have investigated the expression of IL-11 in bladder 
cancer and the correlation of IL-11 level and clinicopatho-
logical features.

In this study, the levels of IL-11 were shown to be down-
regulated in bladder cancer cell lines and TCC compared 
with primary human bladder cell culture and NATs. We also 
showed reduced urinary levels of IL-11 in subjects with TCC 
compared with healthy subjects. Furthermore, we revealed that 
the levels of IL-11 were associated with tumor grade and stage. 
These results suggest that reduced levels of IL-11 may play an 
important role in the carcinogenesis and progression of TCC. 
They also indicate that IL-11 may be a promising predictor for 
the prognosis of TCC.

Materials and methods

Patients and clinical specimens. Tissue specimens used in 
this study were collected at the Yancheng City No. 1 People's 
Hospital. Tissues were obtained after patients provided written 
informed consent under a general tissue collection protocol 
approved by the faculty/institutional research committee. 
Urine samples were obtained from individuals with no 
previous history of urothelial carcinoma, gross hematuria, 
active urinary tract infection or urolithiasis and individuals 
with newly diagnosed TCC. Tissues were snap-frozen in liquid 
nitrogen. The urine samples were stored at -80˚C.

Cells and culture conditions. The human bladder cancer cell 
lines T24, J82, HT-1376, 253J, RT4, TCC-SUP and primary 
human bladder cell culture were kindly donated by the Jiangsu 
Province Hospital, the First Affiliated Hospital of Nanjing 
Medical University. The cells, but not the primary human 
bladder cell culture, were cultured in RPMI-1640 medium 
supplemented with 10% heat-inactivated fetal bovine serum, 
100 U/ml penicillin and 100 mg/l streptomycin at 37˚C in a 
humidified atmosphere containing 5% CO2. The primary 
human bladder cell culture was cultured in Eagle's minimum 
essential medium (EMEM) supplemented with 10% heat-
inactivated fetal bovine serum, 100 U/ml penicillin, 100 mg/l 
streptomycin, 0.56 µg/ml amphotericin B, 1.0 U/ml insulin 
and 10  mM HEPES at 37˚C in a humidified atmosphere 
containing 5% CO2. Cells were subcultured every 2 days using 
trypsin/EDTA solution (saline containing 0.05% trypsin, 
0.01 M sodium phosphate and 0.53 µM EDTA, pH 7.4).

Enzyme-linked immunosorbent assay (ELISA) for urinary 
IL-11. The quantitative determination of urinary concentra-
tions of IL-11 was performed using ELISA kits (Quantikine; 
R&D Systems, Abingdon, UK). All assays were conducted 
according to the manufacturer's instructions. Calibration 
curves were prepared using purified standards. Curve fitting 
was accomplished by either linear or four-parameter logistic 
regression according to the manufacturer's instructions.

Western blotting. Primary antibodies used in this study, 
including IL-11 and β-actin, were products of Bioworld 

Technology (Louis Park, MN, USA). Total protein of tissue 
specimens and cells were prepared using RIPA lysis buffer. 
The protein concentration in the resulting lysate was deter-
mined using the bicinchoninic acid assay. Equal amounts 
of protein were loaded onto SDS-PAGE and transferred to 
a PVDF membrane. After blocking with 5% skimmed milk 
in TBST, the membranes were incubated overnight with 
appropriately diluted primary antibody at 4˚C. They were then 
washed and incubated with the corresponding horseradish 
peroxidase‑conjugated secondary antibody at a 1:2,000 dilu-
tion in TBST. The blot was developed with ECL solution 
(Pierce Biotechnology, Inc., Rockford, IL, USA) and images 
were obtained using the FluorChem imaging system (Alpha 
Innotech, CA, USA). The intensity of each spot was read and 
analyzed with AlphaEaseFC software.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation (SD) and compared using the Student's t-test in 
Stata 10.0 (College Station, TX, USA). A double-tailed P-value 
<0.05 was considered to indicate a statistically significant 
difference.

Results

Urinary levels of IL-11 in healthy subjects and subjects with 
TCC. First, we examined the expression of IL-11 in 27 healthy 
subjects and 32 subjects with TCC by using ELISA. The 
urinary IL-11 levels in healthy subjects were 9.44±2.09 pg/ml 
urine compared with 4.85±2.60 pg/ml urine in subjects diag-
nosed with TCC (Fig. 1). The statistical analysis revealed that 
the urinary levels in subjects diagnosed with TCC were lower 
compared with healthy subjects (P<0.05).

Expression of IL-11 in TCC, NATs, primary human bladder 
cell culture and bladder cancer cell lines. We also examined 
the expression of IL-11 in primary human bladder cell culture 
and bladder cancer cell lines using western blotting. In the 
present study, we used seven types of bladder cancer cell 

Figure 1. Urinary levels of IL-11 in healthy subjects and subjects with bladder 
cancer. It was revealed that the urinary levels in subjects diagnosed with 
bladder cancer were lower compared with healthy subjects (P<0.05). IL, 
interleukin.
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lines. The results showed that IL-11 levels in bladder cancer 
cell lines were significantly lower compared with primary 
human bladder cell culture. We then compared the expression 

of IL-11 in TCC and NATs. We used 22 paired samples of 
TCC and NATs. According to the results, IL-11 protein levels 
in TCC were significantly downregulated compared with 
NAT samples (Fig. 2). These results demonstrated that IL-11 
was downregulated in human bladder cancer cell lines and 
TCC compared with primary human bladder cell culture and 
matched NATs.

Correlation between IL-11 level and clinicopathological 
features in patients with TCC. The expression of IL-11 is 
associated with clinicopathological features in gastric and 
endometrial cancer (16,17). Therefore, we examined whether 
the level of IL-11 was associated with the tumor grade and 
stage. According to the results, superficial bladder cancer (Tis, 
Ta and T1) had a high level of IL-11 compared with invasive 
bladder cancer (T2, T3 and T4); low-grade bladder cancer also 
had a high level of IL-11 compared with high‑grade bladder 
cancer. The statistical analysis showed that there was a signifi-
cant association between the IL-11 expression level and the 
tumor grade and stage (Fig. 3).

Figure 2. (A) Relative IL-11 protein levels in primary human bladder cell 
culture and bladder cancer cell lines. The intensity signals in pixels for IL-11 
were divided by the respective intensity of β-actin. The relative IL-11 protein 
levels were significantly lower in bladder cancer cell lines compared with 
the primary human bladder cell culture. (B) Relative IL-11 protein levels in 
paired bladder cancer tissues and the adjacent non-cancerous bladder tissues 
(NATs). The intensity signals in pixels for IL-11 were divided by the respec-
tive intensity of β-actin. The average relative IL-11 levels of TCC were lower 
compared with the NATs. TCC, transitional cell carcinoma; IL, interleukin.

Figure 3. Correlation between IL-11 level and clinicopathological features in 
patients with bladder cancer. The relative IL-11 levels of patients with TCC 
have significant correlation with (A) tumor grade and (B) tumor stage. TCC, 
transitional cell carcinoma; IL, interleukin.
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Discussion

In this study, we presented definitive evidence that IL-11 was 
downregulated in human bladder cancer cell lines, TCC and 
urine samples. Our data also showed that there was a signifi-
cant association between the IL-11 expression level and the 
tumor grade and stage. To the best of our knowledge, this is 
the first study demonstrating alterations in expression of IL-11 
in human bladder cancer cell lines, TCC and urine samples.

IL-11 is a secreted pleiotropic cytokine first identified in 
an immortalized primate bone marrow stromal cell line (18). 
To date, IL-11 has been characterized most extensively as a 
cytokine with thrombopoietic activity. It was also shown to 
have a number of additional biological activities, including 
stimulation of erythropoeisis (19), activation of megakaryo-
cytes (20), modulation of neuronal phenotypes (21), regulation 
of macrophage precursors  (22), promotion of stem cell 
development (23) and improved colonization of transplanted 
murine bone marrow cells (24). In addition, IL-11 is capable of 
stimulating B cell IgG production (25), and osteoblast-derived 
IL-11 activates bone-resorbing osteoclasts with an associated 
decrease in de novo bone formation (26).

In several clinical and experimental studies, IL-11 
exhibited anti-inflammatory activity (27,28). IL-11 mediates 
anti-inflammatory activities during chemotherapy-induced 
oral mucositis  (29), acute intestinal ischemia  (30) and in 
Clostridium difficile toxin A-associated intestinal toxicity (31). 
Directing IL-11 overexpression to the bronchial mucosa or 
airway epithelium in transgenic mice minimized hyperoxic 
lung injury and induced focal tissue fibrosis during the ensuing 
wound-healing response (32,33). These studies clearly show 
that IL-11 is capable of modulating the severity of inflamma-
tion-associated disease, however, the underlying mechanisms 
remain incompletely understood. In previous studies, IL-11 
was demonstrated to act as an anti-inflammatory cytokine 
through directly reducing the number of macrophages and 
effectors at the site of inflammation. It has also been shown 
that IL-11 dampens the release of nitric oxide, TNF-α, IL-1β, 
and the immunomodulatory cytokines IL-12, IL-10, TGF-β 
and IL-6 (34).

There is substantial evidence that inflammation plays 
a direct role in bladder cancer carcinogenesis (35). To date, 
epidemiological data on urinary tract infections (UTIs) and 
bladder cancer risk have been conducted in developed coun-
tries where 89% or more of all tumors included in the studies 
were TCC. UTIs have been positively associated with the 
risk of bladder cancer in retrospective observational studies. 
Relative risks in these studies range between 1.4 and 16 for any 
history of urinary infection versus none. Similar associations 
have been observed for males and females (35).

Infection may induce tissue and DNA damage by activa-
tion of inflammatory cells, generating reactive oxygen and 
nitrogen species (36-38). Reactive oxygen and nitrogen species 
can directly produce single- or double-stranded DNA breaks, 
modify ribonucleic acid, lipids and proteins and modulate cell 
growth and tumor promotion by activating signal-transduction 
pathways (37,39). At the site of inflammation, neutrophils, 
monocytes and macrophages generate a variety of reactive 
species, including superoxide anion, hydrogen peroxide and 
nitric oxide (37,39). Inducible nitric oxide synthase protein 

has been detected in transitional cell tumors of the bladder, 
but not in bladders of healthy patients (40). In this study, 
the results showed that IL-11 was downregulated in human 
bladder cancer cell lines, TCC and urine samples. The down-
regulation of IL-11 reduced its anti-inflammatory activity by 
reducing the impact on macrophages, effectors at the site of 
inflammation and nitric oxide. These results suggested that 
downregulation of IL-11 is a probable mechanism of bladder 
cancer carcinogenesis and progression. It may provide us with 
a promising method to prevent bladder cancer recurrence or 
progression.

A number of prognostic indicators of bladder cancer have 
been identified which serve as guides for clinical decision-
making, recurrence or progression. Clinical staging and 
histopathological parameters are currently the most commonly 
used prognostic tools. Of these, the tumor, node and metastasis 
(TNM) staging system is a well-known prognostic tool used 
clinically (41). Various prognostic indices such as p53, p21 and 
Rb have also been devised by combining these factors (42). 
Although these prognostic indicators, to a certain extent, aid in 
the assessment of the severity of the disease, planning manage-
ment and prediction of recurrence and prognosis, they are not 
always a good indicator of behavior in individual bladder 
cancer cases. Advances in molecular biology have provided 
new tools to make clinical decisions and predict prognosis 
in human bladder cancer. In this study, we demonstrated 
downregulation of IL-11 in human bladder cancer cell lines 
and TCC. It was associated with the finding that urinary levels 
in subjects diagnosed with TCC were lower compared with 
healthy subjects. Our results also indicated that invasive, high-
grade bladder cancer had a decreased level of IL-11 expression 
compared with superficial, low-grade bladder cancer. It is 
demonstrated that the level of IL-11 was associated with tumor 
grade and stage in TCC. Thus, TCC that expresses a decreased 
level of IL-11 is more likely to have a poor histological grade 
and a poor predicted prognosis. Similarly, samples showing 
lower levels of IL-11 are more likely to fail to respond to treat-
ment, develop recurrence and to have poor survival. These data 
indicated that IL-11 may be a predictor of prognosis in TCC.

Further study is required to formulate an arbitrary cut-off 
value for IL-11 in order for it to be of clinical significance to 
predict prognosis. Future research in this field may explain 
the downregulation mechanisms and reveal a new predictor in 
human bladder cancer prognosis.

In conclusion, IL-11 is downregulated in human bladder 
cancer cell lines, TCC and urine samples. Its level is associated 
with tumor grade and stage. We propose that reduced levels of 
IL-11 may be a mechanism of bladder cancer carcinogenesis 
and progression. It also may be a predictor of prognosis in 
TCC. Patients with reduced levels of IL-11 should receive more 
active treatment due to the more aggressive biology of TCC. 
Besides its prognostic value, IL-11 may represent a promising 
method for the development of adjuvant therapy for TCC.
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