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Involvement of TLL1A and DR3 in induction of ischaemia and
inflammation in urinary bladder dysfunction in the elderly
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Abstract. Benign prostatic hyperplasia often causes intra-
vesical obstruction in elderly men; however, the processes
of aging and bladder outlet obstruction independently evoke
alterations in the structure and function of the bladder. These
changes lead to lower urinary tract symptoms; however, it is
difficult to separate the effects of prostatic obstruction on the
bladder from those of aging. Nevertheless, few studies have
focused on elucidating the pathophysiological mechanisms in
the aged bladder. Bladder dysfunction due to detrusor insta-
bitliy (caused by old age) is considered to be associated with
chronic ischaemia and inflammation. The aim of this study
was to explore the role of tumour necrosis factor (TNF)-like
ligand 1A (TL1A) and death-domain receptor (DR)3 in the
ischaemic and inflammatory process of aged bladder dysfunc-
tion. Sixteen bladder tissue samples collected from patients
with urothelial tumours of the bladder were divided into two
groups according to age: group 1 (controls, n=8) and group 2
(aged group, n=8). Urodynamic examinations were preformed
before radical cystectomy. The full-thickness bladder tissues
were obtained at least 5 cm away from the margin of the
tumours. The mRNA expression levels of TL1A, DR3,
von Willebrand factor (vWF), interleukin (IL)-6 and nerve
growth factor (NGF) in the two groups were determined using
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real-time reverse transcription-PCR and the protein expression
levels of TL1A, DR3 and p65 were determined by western blot
analysis. The TL1A and DR3 mRNA and protein expression
levels of the aged bladders were upregulated compared to the
control group (p<0.05). Compared to the control, the mRNA
expression levels of VWF in the aged bladder tissues were mark-
edly lower (p<0.01); however, the mRNA expression levels
of IL-6 were significantly higher in the aged bladder tissues
(p<0.01) compared to the control. No significant difference in
NGF mRNA expression between the two groups was detected
(p>0.05). In conclusion, the aged bladder was associated with
ischaemic and inflammatory alterations in comparison to the
control group. TL1A and DR3 may play an important role in
the pathophysiological process of the aged bladder.

Introduction

A variety of changes in bladder function have been described
during aging in humans and other species. Symptoms in the
lower urinary tract are more prevalent among the elderly.
Clinical urodynamic studies have demonstrated that aging
is related to reduced bladder capacity, increased uninhibited
contractions, decreased urinary flow rate, diminished urethral
pressure profile (particularly in women) and increased post-
void residual urine volume (1). In particular, the aging bladder
may be described as manifesting detrusor overactivity,
impaired contractility or a combination of both.

Several factors have been thought to play a role in the
voiding dysfunction in the elderly, including detrusor fibrosis
and consequent impairment of contractility (2), deposition and
cross-linking of collagen and elastin, and the loss of acetyl-
cholinesterase-positive nerves. The deposition of collagen and
fibrosis are recognized phenomena in the aging bladders of
both men and women (3). The cause of fibrosis in the aging
bladder is unknown. In an animal model, pelvic ischaemia has
been shown to induce marked bladder wall fibrosis and loss of
compliance (4). Similarly, pelvic ischaemia has been shown to
cause detrusor instability in the absence of outflow obstruc-
tion (5). Despite these known age-related alterations in detrusor
function, the mechanisms of ischaemia and inflammation have
not been extensively studied in the human bladder, although
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an overproduction of prostanoids and leukotrienes has been
indicated in ischaemic bladder tissue (6).

The vascular endothelial cell growth inhibitor (VEGI) is
a multifunctional gene that belongs to the tumour necrosis
factor (TNF) superfamily (TNFSF15) and is predominantly
expressed in endothelial cells (7). One of three identified
VEGI isoforms, VEGI-251 [also known as TNF-like ligand 1A
(TL1A)], is the only known ligand for death-domain receptor
(DR)3, which is primarily expressed in activated lymphocytes
and, to a minor extent, in natural killer cells, macrophages
and endothelial cells (8). The interaction of TL1A and DR3
activates a signaling cascade that results in the activation of
nuclear factor-kB (NF-xB) and the initiation of transcription
(7). It has been documented that TL1A inhibits endothelial
cell proliferation, angiogenesis and tumour growth (9). In a
previous study, we showed that VEGI regulates the tumour-
related vasculature in urothelial tumours of the bladder (10).
Both TL1A and DR3 are upregulated in tubular epithelial cells
in renal ischaemic injury (11), and they are also involved in
several inflammatory diseases, such as Crohn's disease (12),
inflammatory bowel disease (13) and rheumatoid arthritis (14).
An involvement of TL1A and DR3 in atherosclerosis has also
been mentioned (8). TL1A is thus associated with the isch-
aemic and inflammatory changes in these diseases.

Collectively, these studies imply that TL1A plays a critical
role in several inflammatory diseases. However, the role of
TL1A in aged bladder dysfunction remains unknown. In the
present study, we investigated the TL1A and DR3 expression
levels in the aged bladder and explored the possible role of
NF-«kB in ischaemia and inflammation of the aging bladder.

Patients and methods

Patients. Sixteen bladder tissue samples were obtained from
patients with urothelial tumours of the urinary bladder and
divided into two groups according to age. The average age of
the aged group was 75+6 years, while that of the control was
43+7 years. None of the patients were found to have bladder
outlet obstruction (BOO), as shown by urodynamic assess-
ment. Urodynamic descriptions conformed to the standards of
the International Continence Society (ICS) (15). The bladder
tissues were obtained at least 5 cm away from the margin of
the tumour tissue and stored at -80°C immediately. The study
was approved by the Ethics Committee of the Capital Medical
University, and all patients provided informed consent.

Real-time reverse transcription-PCR. For real-time reverse
transcription-PCR (RT-PCR) of TL1A, DR3, von Willebrand
factor (VWF), nerve growth factor (NGF) and interleukin
(IL)-6, total RNA was extracted from the bladder samples
using RNeasy® spin columns (Qiagen, Minneapolis, MN,
USA) according to the manufacturer's recommendations.
DNase digestion was performed for 60 min to eliminate the
contamination of genomic DNA. Fist-strand cDNA was
synthesized using the SuperScript® first-strand synthesis
system (Invitrogen, Carlsbad, CA, USA). Real-time RT-PCR
was performed with power SYBR®-Green PCR Master Mix
(ABI, USA) in a 25-ul tube with a total reaction volume of
25 pl containing 1 pl cDNA, 2 ul gene-specific upstream and
downstream primers. The amplification and analysis of cDNA
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Table I. Primer sets for quantitative RT-PCR.

Primer Sequence (5'-3")
TLI1A
Forward CAAACAAGCCAGACTCCATCACT
Reverse GAGAACATGGCTCCGAGGTAGAT
DR3
Forward AAGGCGAAGAAGCACGAACGAATG
Reverse ACTCCGGCCGAGAAGTTGAGAAAT
vWF
Forward ATGAGTATGAGTGTGCCTGC
Reverse GTAGATGGTGCTTCGGTGG
NGF
Forward ACAGACATCAAGGGCAAGG
Reverse TGAGTTCCAGTGCTTTGAGTC
IL-6
Forward CCACTCACCTCTTCAGAACG
Reverse CATCTTTGGAAGGTTCAGGTTG
GAPDH
Forward TGGGTGTGAACCATGAGAAG
Reverse GAGTCCTTCCACGATACCAAAG

TL1A, tumour necrosis factor-like ligand 1A; DR3, death-domain
receptor 3; VWF, von Willebrand factor; NGF, nerve growth factor;
IL-6, interleukin-6.

fragments were managed with a 7300 real-time PCR system
(ABI). The mixture was initially heated to 95°C for 10 min to
activate hot-start iTaq DNA polymerase and then exposed to
40 cycles of denaturation at 95°C for 20 sec and annealing at
60°C for 1 min. The amplification of the housekeeping gene,
GAPDH, mRNA was used as to normalize the results. The
mRNA levels were measured as cycle threshold levels and
normalized to the individual GAPDH control cycle threshold
values. Sense and antisense primers are shown in Table I.

Western blot analysis. Bladder tissues were grinded and lysed in
RIPA buffer containing a cocktail of protease inhibitors (9). The
lysate was cleared of cellular debris and the protein concentration
was determined with the Bio-Rad DC protein assay (Bio-Rad,
Hercules, CA, USA). Samples (40 pg) were then loaded onto a
10% SDS-PAGE gels. Gel-fractionated proteins were transferred
to a nitrocellulose membrane. After blocking with 8% skimmed
milk powder in TBST solution, the membranes were blotted
with primary antibodies, including TL1A (1:100, LS-B2406;
LifeSpan), DR3 (1:500, ab8412; Abcam), and then incubated
overnight at 4°C. The transfers were then rinsed with TBST and
incubated with horseradish peroxidase-conjugated anti-rabbit
or anti-mouse secondary antibody for 1 h at room temperature.
Immunoblots were visualized on X-ray film (Kodak) with
ECL Western Blotting Substrate (Pierce). Developed films
were scanned and analyzed with Quantity One 4.62 software.
The relative expression levels of TL1A and DR3 proteins were
normalized to those of B-actin (1:2,000; Sigma).

We determined the activation of NF-kB by examining the
p65 protein expression in the nucleus, and the nucleoproteins
were extracted with the Nucleoprotein Protein Extraction kit
(BestBio, China). The concentration of primary antibodies
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Table II. Urodynamic parameters of the two groups (n=16).

Aged
group Controls
Urodynamic parameters (n=8) (n=8) P-value
Free-flow uroflowmetry
Qmax (ml/sec) 15.7+£2.4* 20.5+5.1 0.031
Flow time (sec) 19.6+6 4" 13.8+34 0.044
Voided volume (ml) 326.0+£73.5 392.0+61.1 0.068
Residual urine (ml) 29.2+11* 5.7+6.7 0.000
Pressure-flow study
Qmax (ml/sec) 9.8+2.5 11.8+2.6 0.146
Pdet Qmax (cmH,0) 26.5+5.2* 33.0+4.1 0.016

All data are expressed as the means + SD. The mean difference was
significant at the 0.05 level. “Significant difference compared to the
control group.

was 1:1,000 (sc-109; Santa Cruz), and the p65 protein level
was normalized to that of histone H3 (1:1,000, #9715; Cell
Signaling). The remain procedures were identical to those
mentioned above.

Statistical analysis. Data are expressed as the means + SD and
analyzed with the SPSS11.5 software package for Microsoft
Windows. Differences between the groups were evaluated by
an independent-samples t-test. P<0.05 denoted a statistically
significant difference.

Results

Urodynamic studies. Among the pre-operative urodynamic
parameters, the maximum flow rate was decreased, flow time
was prolonged, detrusor pressure at maximum flow rate was
diminished and residual urine was increased in the aged group
compared to the controls (P<0.05) (Table II).

mRNA expression of TLIA and DR3 in bladder tissues. The
mRNA expression levels of TL1IA and DR3 were examined
in 16 human bladder tissues using real-time RT-PCR. As
shown in Fig. 1A, the aged bladder tissues displayed increased
expression levels of TL1A and DR3, compared to the control
group (P<0.05 and P<0.01, respectively).

mRNA expression of VWF, IL-6 and NGF in bladder tissues.
As shown in Fig. 1B, there was a significant downregulation
of vVWF in the aged bladders compared to the control group
(P<0.01). The IL-6 mRNA expression levels of the aged group
were significantly higher than those of the control group
(P<0.01). Although the expression levels of NGF mRNA in the
aged group were lower than those of the controls, no signifi-
cance was detected between the two groups.

Protein expression of TL1A and DR3 is upregulated in the aged
bladder tissues. The relative expression levels of TLIA and
DR3 proteins were normalized to those of B-actin. As shown
in Fig. 2A, the aged group exhibited increased expression
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Figure 1. mRNA expression of TL1A, DR3, vWF, IL-6 and NGF. The mRNA
expression was examined using real-time RT-PCR. (A) mRNA expression
of TLIA and DR3 was increased in aged bladder tissue. (B) There was a
decrease in the expression of VWF in aged bladders as compared to the
controls. However, the mRNA expression of IL-6 was increased in aged
bladder tissue compared to control. There was no difference in the mRNA
expression of NGF between the aged group and the control. "P<0.05. TL1A,
tumour necrosis factor-like ligand 1A; DR3, death-domain receptor 3; VWF,
von Willebrand factor; NGF, nerve growth factor; IL-6, interleukin-6.

levels of both TL1A and DR3 compared to the control group
(P<0.05) (Fig. 2B).

NF-xB is activated in aged bladder tissues. The activation of
NF-kB requires the dissociation of its p65 and p50 subunits,
from an inhibitory subunit known as the inhibitor of kB
(IkBay), which is accomplished by the phosphorylation, ubiqui-
tination and subsequent degradation of IxBa.. The p65 subunit
of NF-kB is then translocated into the nucleus where it binds
to specific DNA target sites. It was found that the p65 protein
expression levels in the nucleoprotein of the aged bladder
tissues were significantly upregulated compared those of the
control group (P<0.01) (Fig. 2C).

Discussion

Although lower urinary tract symptoms (LUTS) are common
in the elderly, few studies have focused on elucidating the
pathophysiological mechanisms underlying symptoms in
aged bladder. Even when studies are conducted, it is diffi-
cult to differentiate between purely age-related changes and
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Figure 2. (A) The protein expression of TL1A was increased in the aged group
compared to the control. (B) There was a significantly increased DR3 protein
expression in the aged group compared to the control. (C) We determined
the activation of nuclear factor-kB (NF-kB) by examining the p65 protein
expression in the nucleus. The p65 protein expression levels in the nucleo-
protein of aged bladder tissue were significantly upregulated compared to the
control. (D) Relative protein expression levels normalized to those of 3-actin
and histone H3. "P<0.05. TL1A, tumour necrosis factor-like ligand 1A; DR3,
death-domain receptor 3.

dysfunction due to disease, such as BOO caused by benign
prostatic hyperplasia. Clinically, it is difficult to obtain aging
bladder tissue. In the present study, we selected the aged and
non-aged patients suffering from urothelial tumours of the
bladder. None of the patients were found to have BOO, as
shown by urodynamic assessment. In order to avoid the impact
of the tumour, the full-thickness bladder tissues were obtianed
at least 5 cm away from the margin of the tumour tissues. In
the present study, we analyzed the possible role of TL1A and
DR3 and other factors in the ischaemic and inflammatory
process of aged bladder dysfunction.
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It has previously been reported that chronic bladder isch-
aemia may play an important role in voiding dysfunction of the
aging bladder (16). vVWF is a vascular endothelial cell marker,
frequently used in the evaluation of microvessel density
(MVD) (17). Jahroudi and Lynch revealed an endothelial cell-
specific regulation of VWF mRNA expression in vitro (18). Our
study showed a decrease of vascular endothelial cell-related
gene (VWF) in the aged bladder. This indicates that the aged
bladder is likely associated with the reduction in MVD and
hence ischaemia, compared to the controls. This is in agree-
ment with previously published data (3). However, the reasons
leading to ischaemia are multifold, including arterial disease
and hypercholesterolemia. Our study displayed an upregulation
of both TLIA and DR3 in aged bladder tissues at the mRNA
and protein levels. TL1A has been shown to be an endog-
enous inhibitor of angiogenesis produced mainly by vascular
endothelial cells, and exerts a specific inhibitory activity on
the proliferation of endothelial cells (19). TL1A enforces the
growth arrest of endothelial cells in the GO and early Gl
phases of the cell cycle, but induces apoptosis in proliferating
endothelial cells. Chew et al reported that the overexpression
of TL1A induces apoptosis in endothelial cells, resulting in a
reduction in MVD (20). TL1A has been found to be signifi-
cantly upregulated in chronically ischaemic myocardial tissue
(21). TL1A mRNA has otherwise been shown to be upregulated
in human circulating endothelial progenitor cells from old vs.
young human volunteers (22).

In the present study, we show that IL-6 mRNA expression is
upregulated in the aged bladder. IL-6 is one of the central players
in the regulation of inflammation and immune reactions. The
interaction between the members of the TNF superfamily and
their receptors (e.g., TNF-a) elicit diverse biological responses,
which are known to be involved in post-ischaemic inflamma-
tion (23). Previous studies have shown that inflammatory cell
infiltration is possibly involved in the aged bladder (24). The
cause of the inflammatory reaction is unknown; however, the
failure to detect a causative microorganism suggests that it may
be an autoimmune response. In addition, a number of studies
have suggested that ligand-receptor interactions of TL1A and
DR3 are involved in the development of diverse T cell-mediated
autoimmune diseases (7). Early reports from in vitro functional
studies have indicated that TL1A enhances T cell proliferative
responses and augments Thl cytokine production, such as
interferon-y and IL-6. Upregulated TL1A results in intestinal
fibrosis in the mouse inflammatory bowel disease model. It is
known that the binding of TL1A and DR3 activates the NF-xB
pathway (25). Therefore, we hypothesized that the interaction
between TL1A and DR3 is involved in the process of bladder
inflammation.

The activation of NF-«xB is one of the events triggered by
various members of the TNF family. This activation requires
the dissociation of its cytoplasmic heterodimer, composed of
the p50 and p65 subunits, and the p65 subunit translocates into
the nucleus to bind to specific sites on DNA. In our study, we
demonstrate an overexpression of the p65 protein in the aged
bladder tissue. As the increased activation of NF-kB leads to
the enhanced expression of these pro-inflammatory mediators,
the NF-«kB activation may be a central event in the develop-
ment of multiple organ dysfunction associated with infection,
blood loss and ischaemia-reperfusion injury.
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The ischaemia-induced detrusor overactivity involves
bladder innervation, muscarinic receptors and the epithelium,
and increases prostaglandin and leukotriene production.
Human detrusor biopsies reveal axonal degeneration, muscle
loss and fibrosis in detrusor underactivity. Bladder neural
reactions to ischaemia may involve multiple mechanisms.
Neurodegeneration has been documented in human neuro-
genic bladder dysfunction (26). NGF is a secretory protein
which plays a critical role in the development of the periph-
eral nervous system. NGF has been shown to act positively
on axonal regeneration and outgrowth, and partially reverse
neuropathy (27). The function of NGF to protect nerve fibers
against ischaemia/reperfusion brain injury has been docu-
mented (28). Our RT-PCR data showed that the NGF mRNA
expression in the aged bladder tissues was lower than that in
the control, although this difference did not reach statistical
significance. It has been reported that the urinary levels of
NGF are significantly increased in patients with an overactive
bladder (29). However, there has also been a report showing
that NGF is not significantly associated with detrusor over-
activity (30). We argue that the difference of NGF expression
levels in aged patients may be related to detrustor overactivity
or underactivity.

Finally, although the present study shows that TL1A expres-
sion is upregulated in the aged bladder and involved in the
process of aged bladder dysfunction, we were unable to deter-
mine the cell and tissue location of TL1A expression (mucosal
or detrusor cells). In future studies, we will explore the spatial
distribution of both TL1A and DR3 in aging bladder tissues
and further explore, at cellular and organ levels, the mode of
action of TLIA in this condition.

In conclusion, the expression levels of TL1A and DR3
are upregulated in aged bladders, together with an increased
expression of IL-6 and a decreased expression of VYWF mRNA.
This suggests that the ischaemia and inflammation of aged
bladder tissues result in bladder dysfunction, in which TL1A
and DR3 play an important role.
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