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Efficacy of tricyclic antidepressant is associated with beta2-adrenoceptor 
genotype in patients with interstitial cystitis
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ABSTRACT
We examined the relationship between the Arg16Gly polymorphism of β2-adrenoceptor (ADRB2) 
and the efficacy of tricyclic antidepressant therapy in patients with interstitial cystitis (IC). We 
studied 55 IC patients and 113 controls. The IC patients were treated with imipramine hydrochlo-
ride, and the efficacy of treatment was categorized by patients’ satisfaction (no change, fair, or 
good). Genomic DNA was extracted from the controls and IC patients, and the Arg16Gly poly-
morphism of ADRB2 was analyzed. The Arg16Gly polymorphism showed a significant difference 
in prevalence between IC patients and controls, and Arg/Arg was associated with increase in the 
risk of IC than Arg/Gly or Gly/Gly. Regarding the tricyclic antidepressant therapy, there was a 
significant difference in the prevalence of this polymorphism between IC patients with no change 
or a fair response to treatment and controls, and Arg/Arg was associated with decrease in the re-
sponse rate to tricyclic antidepressant therapy than Arg/Gly or Gly/Gly. Therefore, these results 
suggest that the Arg16Gly polymorphism of ADRB2 is related to down-regulation of ADRB2 ex-
pression in the detrusor muscle, so that the response of IC to tricyclic antidepressant therapy de-
pends on the Arg16Gly polymorphism.

Interstitial cystitis (IC) is a chronic disorder with 
symptoms that include urinary urgency, frequency, 
nocturia, and bladder pain (10, 12). On cystoscopy, 
petechial hemorrhages and/or Hunner’s ulcers are 
found after distension of the bladder (9). Several 
possible causative factors have been proposed, but 
the etiology and pathophysiology of IC are still un-
known. Epidemiological studies have shown that pa-
tients with IC are 100 times more likely to have 
inflammatory bowel disease than healthy persons (1). 
IC is often associated with allergic diseases, and 40 

to 80% of these patients have allergies (16). These 
findings suggest that IC is an immunological disease 
of the bladder.
　Regarding the treatment of IC, a randomized trial 
showed the marked improvement of symptoms after 
4 months of tricyclic antidepressant therapy (17). 
Tricyclic antidepressant blocks the active transport 
system that is involved in the re-uptake of serotonin 
and noradrenaline (4). The detrusor muscle of the 
bladder shows abundant expression of the β2-
adrenoceptor (ADRB2), and polymorphisms of the 
ADRB2 gene have been suggested to show a close 
association with various allergic diseases. For exam-
ple, an arginine-to-glycine substitution at codon 16 
(Arg16Gly) is related to down-regulation of ADRB2 
(6), which is thought to be one of the pathogenic 
factors in asthma (7). Therefore, the effect of tricy-
clic antidepressant on CI may be related to poly-
morphism of the ADRB2 (Arg16Gly) gene and to 
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performed with a BigDye Terminator Cycle Se-
quencing Ready Reaction Kit (Applied Biosystems, 
Japan), and the sequences thus obtained were ana-
lyzed with an ABI PRISMR 310 Genetic analyzer 
(Applied Biosystems, Japan)(15).

Statistical analysis. The relationship between the 
Arg16Gly polymorphism of ADRB2 and IC was as-
sessed by calculating odds ratios (OR). Comparison 
of the distribution of Arg16Gly polymorphism was 
done by the χ2 test. For all analyses, a probability of 
less than 0.05 was defined as indicating statistical 
significance.

RESULTS

The frequencies of the Arg16Gly polymorphism in 
the IC patients and controls are shown in Table 1. 
Statistical analysis of ADRB2 gene showed that 
there was a significant difference (p = 0.018) in the 
prevalence of the Arg16Gly polymorphism between 
IC patients and controls. The ratio of Arg/Arg was 
higher in IC patients than control, and it was associ-
ated with a 3.66-fold increase in the risk of IC than 
those with Arg/Gly or Gly/Gly. Some of the IC pa-
tients complained of a dry mouth while taking imip-
ramine, but there were no severe side effects.
　We classified the IC patients according to their 
subjective response to treatment (no change, fair, or 
good) in order to examine the relationship between 
the Arg16Gly polymorphism and the efficacy of tri-
cyclic antidepressant therapy. As the results, 30 pa-
tients (55%) had no change, 16 patients (29%) had 
fair response, and 9 patients (16%) had good re-
sponse for therapy. Statistical analysis of ADRB2 
gene showed that there was a significant difference 
(p = 0.002) in the prevalence of Arg16Gly polymor-
phism between IC patients with no change or a fair 
response to tricyclic antidepressant therapy and con-
trols (Table 2). However, significant difference 
(p = 0.647) in the prevalence of the Arg16Gly poly-
morphism was not observed between IC patients 
with a good response to tricyclic antidepressant 
therapy and controls. In IC patients, we also com-
pared the prevalence of Arg16Gly polymorphism 
between no change or fair response groups and 
good response group to tricyclic antidepressant ther-
apy. The ratio of Arg/Arg was higher in IC patients 
with no change or fair response to the tricyclic anti-
depressant, and it was a 2.97-fold decrease of the 
response rate to tricyclic antidepressant therapy than 
those with Arg/Gly or Gly/Gly.

down-regulation of ADRB2 expression by the detru-
sor muscle. In the present study, we examined the 
relationship between the response of IC to tricyclic 
antidepressant therapy and polymorphism of the 
ADRB2 (Arg16Gly) gene.

MATERIALS AND METHODS

Subjects. A total of 168 subjects were enrolled in 
this study, including 55 IC patients (8 men and 47 
women) and 113 normal controls (39 men and 74 
women) with no history of allergic or autoimmune 
diseases. The mean (± standard deviation) age of the 
IC patients and controls was 58.1 ± 15.2 years and 
36.5 ± 10.2 years, respectively. IC was diagnosed in 
accordance with the criteria of the National Institute 
of Arthritis, Diabetes, and Digestive and Kidney 
Diseases (5). Patients who met the diagnostic crite-
ria for IC were over 18 years old, had suffered from 
pelvic pain and/or urgency for at least 12 months, 
had no urinary tract infection within the previous 3 
months, voided at least 8 times daily with nocturia, 
and had a bladder capacity of 350 mL or less. Pa-
tients with benign or malignant bladder tumors were 
excluded. In addition to the above criteria, a diagno-
sis of IC was made by a qualified urologist in all of 
the IC patients. All patients had already received 
conservative treatment, including hydrostatic bladder 
distension or oral medications (antiallergy or anti-
cholinergic agents), but satisfactory results had not 
been obtained with these treatments. Imipramine hy-
drochloride (a tricyclic antidepressant) was adminis-
tered to the IC patients at a dose of 75 mg/day. 
After 12 weeks, a qualified urologist comprehen-
sively evaluated the efficacy of tricyclic antidepres-
sant therapy by determining each patient’s 
satisfaction with the treatment and assigning them 
to 1 of 3 categories (no change, fair, or good). All 
subjects gave informed consent to the study and the 
protocol was approved by the University of the 
Ryukyus.

Polymorphism of the ADRB2 (Arg16Gly) gene. 
Analysis of ADRB2 gene polymorphism (Arg16Gly) 
was done according to the method reported previ-
ously (15). Briefly, genomic DNA was extracted 
from whole blood samples collected from each sub-
ject, and the Arg16Gly polymorphism of ADRB2 
was examined by direct DNA sequencing. Genomic 
DNA was used as the template and PCR was per-
formed with following pair of primer: 5’-ccttcttgctg 
gcaccccat (forward) and 5’-ggaagtccaaaactgacca (re-
verse). Then, sequencing of the PCR products was 
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sonable to suspect that IC may be a specific immu-
nological disease or chronic inflammatory condition 
of the bladder, and there seems to be a relationship 
between IC and ADRB2 gene polymorphism 
(Arg16Gly).
　Regarding the treatment of IC, hydrostatic disten-
sion to expand the bladder, dimethyl sulfoxide (11), 
muscarinic antagonists (2), and anti-inflammatory 
agents (prednisone, pentosanpolysulfate, and na-
lmefene) have been used (3, 14, 19). However, it is 
difficult to obtain satisfactory results with these 
treatments, and patients often complain of pain or 
side effects. Tricyclic antidepressant is also used for 
the treatment of IC, and long-term administration of 
such drugs is reported to be a feasible, safe, and ef-
fective management strategy (16, 17, 18). It is 
thought that tricyclic antidepressant may improve IC 
by raising the pain threshold of the bladder, but the 
fundamental mechanism of action is unclear. Tricy-
clic antidepressants also block the active transport 
system responsible for re-uptake of serotonin and 
noradrenaline (4). The bladder detrusor muscle 
shows high ADRB2 expression and some polymor-
phisms of this gene on chromosome 5q31-q33 are 
suggested to be closely associated with allergic dis-
eases. In particular, Arg16Gly polymorphism of 
ADRB2 involving the substitution of an amino acid 
is reported to be related to the down-regulation of 

DISCUSSION

IC is a chronic inflammatory disease that is charac-
terized by pain of the bladder, urinary urgency and 
frequency associated with a small bladder capacity 
(10, 12). On cystoscopy, the mucosa of the bladder 
is thin, and petechial hemorrhages (glomerulations) 
and/or Hunner’s ulcers are found after distension of 
the bladder (9). Several possible causes of IC have 
been proposed, including mast cell activation, neu-
ropathy, urinary toxins, and altered urothelial perme-
ability. However, the etiology and pathophysiology 
of IC are still unknown.
　Clinically, IC patients show many features of 
immunological disease, and these patients are 100 
times more likely to have inflammatory bowel dis-
ease and 30 times more likely to have systemic lu-
pus erythematosus compared with healthy controls 
(1). Some studies have shown that 40 to 80% of IC 
patients have allergies (6). In our previous study, we 
examined the role of some gene polymorphisms 
(α1d-adrenoceptor, β2-adrenoceptor, and β3-
adrenoceptor, interleukin-4, and interleukin-4 recep-
tor) in patients with IC. We found that about 35% 
of patients had allergic diseases or autoimmune con-
ditions, and that Arg16Gly polymorphism of the 
ADRB2 gene showed the most significant relation 
with a predisposition to IC (15). Therefore, it is rea-

Table 1　The frequencies of the Arg16Gly polymorphism in the IC patients and controls

Number of patients with IC (%) Number of Controls (%)
ADRB2 (Arg16Gly)

Arg/Arg 12 (21.8)  8 ( 7.0)
Arg/Gly 34 (61.8) 78 (69.0)
Gly/Gly  9 (16.4) 27 (24.0)

・Significant difference (p = 0.018) in the prevalence of the Arg16Gly polymorphism between IC patients and 
controls.
・Arg/Arg was associated with a 3.66-fold increase in the risk of IC than those with Arg/Gly or Gly/Gly.

Table 2　Relatiohship between efficacy of tricyclic antidepressant therapy and Arg16Gly polymorphism

Number of IC patients (%)
Number of Controls (%)Evaluation of tricyclic antidepressant therapy

no change fair good
ADRB2 (Arg16Gly)

Arg/Arg  7 (23.3) 4 (25.0) 1 (11.1)  8 ( 7.0)
Arg/Gly 19 (63.4) 8 (50.0) 7 (77.8) 78 (69.0)
Gly/Gly  4 (13.3) 4 (25.0) 1 (11.1) 27 (24.0)

・Significant difference (p = 0.002) in the prevalence of Arg16Gly polymorphism between IC patients with no 
change or a fair response to tricyclic antidepressant therapy and controls.
・Arg/Arg was associated with a 2.97-fold decrease of the response rate to tricyclic antidepressant therapy than 
those with Arg/Gly or Gly/Gly.
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ADRB2 (6), and low activity of this receptor may 
be a pathologic factor in asthma (7). Therefore, we 
considered the possibility that IC represents an im-
munological response to the expression of defective 
ADRB2 in detrusor muscle, so that tricyclic antide-
pressants may act by down-regulation of ADRB2 
expression. If the ADRB2 in the bladder provokes 
an immune response by acting as an antigen in pa-
tients with IC, symptoms may be improved by 
down-regulation of ADRB2 expression by tricyclic 
antidepressant therapy. However, Arg16Gly poly-
morphism of ADRB2 is related to its down-regula-
tion (6), so the effect of tricyclic therapy may also 
depend on the ADRB2 genotype. Indeed, the pres-
ent study showed that Arg/Arg was associated with 
an increased risk of IC and also influenced the re-
sponse to tricyclic antidepressant therapy compared 
with Arg/Gly or Gly/Gly. It has also been reported 
that Arg16Gly polymorphism of ADRB2 is associat-
ed with a greater decrease of the diastolic blood 
pressure in response to benazepril treatment (8), 
while the Gly16 allele of the ADBR2 gene confers 
resistance to parasitic infections (13). Cellular im-
munity and humoral immunity usually maintain a 
balance, but infection sometimes induces allergy or 
autoimmune disease by upsetting this balance. 
Therefore, Arg16Gly polymorphism of ADRB2 may 
be related to the occurrence of certain infections and 
allergic diseases in IC patients.
　IC is a complex clinical syndrome that probably 
arises from an interaction between environmental 
and genetic influences, but analysis of ADRB2 gene 
polymorphism may be useful for selecting the most 
effective medical therapy for these patients.
　Our analysis of ADRB2 genotypes showed a 
significant difference in the prevalence of the 
Arg16Gly polymorphism between IC patients and 
controls, and Arg/Arg was associated with a 3.66-fold 
increase in the risk of IC than those with Arg/Gly or 
Gly/Gly. Regarding the relationship between the 
Arg16Gly polymorphism and the efficacy of tricy-
clic antidepressant therapy, a significant difference 
of Arg16Gly polymorphism prevalence was ob-
served between IC patients with no change or a fair 
response to tricyclic treatment and the controls, 
while there was no such difference between IC pa-
tients with a good response to tricyclic treatment 
and the controls. In patients with IC, Arg/Arg was 
associated with a 2.97-fold decrease of the response 
rate to tricyclic antidepressant therapy than those 
with Arg/Gly or Gly/Gly. Therefore, it is suggested 
that Arg16Gly polymorphism of ADRB2 is related 
to the down-regulation of ADRB2 expression by the 

detrusor muscle of the bladder, and that the effect of 
tricyclic antidepressant therapy on IC depends on 
the ADRB2 genotype.
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