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to LUTS

Peibin Cen', Ming Chen?, Xin Qiu®, Wenbin Guo®, Hongyu Lan', Xingyu Zhou', Ming Lei', Guohua Zeng' and
Qingfeng Yu"”

Abstract

Background In male patients, benign prostate hyperplasia (BPH) and overactive bladder (OAB) secondary to BPH are
the primary causes of Lower Urinary Tract Symptoms (LUTS). Recent clinical studies have reported an increased risk
of LUTS, particularly severe LUTS conditions, in male asthmatic patients. However, the potential link and mechanism
remain unclear. In this study, we investigated the structural and molecular characteristics of the prostate, and the
structural and functional characteristics of the bladder in an asthma rat model.

Methods An asthma model was induced in rats through the intraperitoneal injection of ovalbumin. Prostate and
bladder tissue structure was examined with Hematoxylin and Eosin (H&E) and Masson'’s trichrome (MT) staining,
respectively. Prostatic smooth muscle contraction-related and synthesis-related protein levels were assessed using
western blotting. Detrusor contractions were examined in an organ bath.

Results Prostate epithelial thickness was significantly increased in asthmatic rats, accompanied by changes in
molecular markers, including increased expression of desmin and tropomyosin and decreased expression of
vimentin in the prostate tissue. The bladder wall structure and bladder weight were similar in both the asthma
and control groups. Acetylcholine induced concentration-dependent bladder smooth muscle contractions, which
were significantly enhanced in strips from asthmatic rats, however, acetyl-3-methylcholine and carbachol induced
concentration-dependent bladder smooth muscle contractions were similar in both groups.

Conclusions Our findings suggest a potential association between asthma and LUTS, with asthma possibly
contributing to organ-specific changes, including prostate enlargement and increased smooth muscle contraction
in the prostate and bladder. These results provide evidence for a biological connection between asthma and LUTS,
laying a promising foundation for exploring new therapeutic strategies to manage LUTS in patients with asthma.
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Background

Lower urinary tract symptoms (LUTS) encompass a
spectrum of bothersome clinical manifestations related
to the lower urinary system, ranging from storage to
voiding dysfunctions [1]. The prevalence of LUTS
increases with age, therefore, it is common in geriatric
males [2]. It has been widely accepted that benign pros-
tate hyperplasia (BPH) and overactive bladder (OAB) are
the most common causes of LUTS. The pathophysiology
of BPH consists of two main components: a static com-
ponent, stemming from prostate enlargement that physi-
cally compresses the urethra, and a dynamic component,
involving increased smooth muscle tone in the pros-
tate and bladder. These changes result in urinary tract
obstruction, reduced bladder emptying efficiency [3].
However, increasing evidence indicates that other risk
factors, such as cigarette smoking, alcohol consumption,
insufficient physical activity, elevated body mass index
(BMI), metabolic syndrome, depression, diabetes, neuro-
logical diseases, and heart diseases, may also contribute
to LUTS [4-6].

A survey of 100,000 patients indicated that asthma
was significantly associated with bothersome OAB in
men, but not in woman [7]. Another recent clinical study
reported that asthma patients not only have more severe
LUTS (storage and voiding symptoms), but also account
for higher proportions of both moderate LUTS (Inter-
national Prostate Symptom Score [IPSS] score 8-19)
and severe LUTS (IPSS score 20-35) than those patients
without asthma [8]. Although the urinary and respiratory
systems may seem anatomically distant, recent studies
have explored commonalities in their pathophysiological
processes, including inflammation, neural regulation, and
smooth muscle dysfunction [9, 10]. In fact, some phar-
macological therapeutic targets have been demonstrated
to be effective both in lower urinary tract and airway.
Previous studies have identified key proteins, such as
LIMK and RhoA/ROCK2, that play crucial roles in both
systems [11-15].

Asthma is a chronic respiratory disease character-
ized by reversible airway obstruction, chronic airway
inflammation, hyperresponsiveness and bronchial recon-
struction [16]. Corticosteroids or biologics targeting
inflammation, cytokines, or their receptors can alleviate
asthma symptoms, but these approaches do not address
the underlying contribution of airway smooth muscle
(ASM) to hyperresponsiveness and particularly remodel-
ing. The primary treatment approach to target abnormal
contractility mechanisms in ASM and/or ASM’s role in
remodeling is to relax the airways smooth muscle con-
traction [16]. B-receptor agonists are widely used for the
treatment of asthma by relaxing the airway smooth mus-
cle [16], however, they may also affect contraction in uri-
nary smooth muscle [17, 18]. Although previous studies
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have drawn a possible conclusion that asthma might be a
risk factor for LUTS, the direct link between asthma and
LUTS remains undetermined because LUTS observed
in asthma patients could be caused by the side-effects of
B-receptor agonists or other alternative treatment. There-
fore, in the present study, we evaluated functions of pros-
tate and bladder in asthmatic rats to explore the possible
mechanism of asthma- associated LUTS.

Materials and methods

Animal and asthma model

Twelve eight-week-old male Sprague-Dawley rats (weigh-
ing 250-280 g) were obtained from the Guangdong
Medical Laboratory Animal Center, China. The rats were
randomly and evenly divided into control and asthma
groups. The establishment of asthma model was per-
formed according to previous reports [19, 20]. Briefly, the
asthma group was induced with allergy by intraperitoneal
injection of a mixture containing 10 mg of ovalbumin
(OVA, Sigma Aldrich, St. Louis, MO, USA) and 10% alu-
minum hydroxide on days 1 and 8. From the 15th day, the
rats in the asthma group received nebulized inhalation of
1% OVA aerosol for 30 min every other day, lasting for a
total of 7 days. Rats in the control group received saline
by intraperitoneal injection and nebulized inhalation.
Throughout the experiment, all rats were allowed to eat
regular food ad libitum and were kept under a light/dark
cycle at 25 °C. The following Asthma Attack Scale was
used to score the asthmatic rats’ behavior which include
symptoms of coughing, shortness of breath, abdominal
muscle twitching, and cyanosis of the lips and mouth
within 6 hours [21]. The Asthma Attack Scale: 0 points
for normal breathing; 1 point for trembling or nodding;
2 points for coughing, obvious shortness of breath, irri-
tability, and cyanosis; 3 points for rhythmic retracted
wheezing or abdominal twitching; 6 points for extreme
respiratory distress with prostration or fall. Following the
assessment of asthmatic rat behavior, the rats were anes-
thetized with an intraperitoneal injection of 3% pento-
barbital sodium (30 mg/kg). Prostate, bladder, lung, and
airway tissues were then collected for subsequent experi-
ments. All procedures were performed in accordance
with the Regulations of the Ministry of Health of the
People’s Republic of China on Animal Management and
approved by the Animal Health Professional Commit-
tee of the First Affiliated Hospital of Guangzhou Medical
University.

Tissue processing and histological evaluation

Prostates and bladders from both groups of rats were col-
lected and weighed. The prostate, bladder, lung, and air-
way tissues were fixed overnight in 4% paraformaldehyde,
and embedded in paraffin blocks. For histopathologic
evaluation, prostate tissues from ventral lobes, lung, and
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airway tissues were stained with Hematoxylin and Eosin
(H&E), while bladder tissues were stained with Masson’s
trichrome (MT). Quantitative digital image analysis was
performed with Image] software. Histological sections
were scored by an evaluator blinded to group assign-
ment. The remaining prostate tissue was used to extract
proteins for Western blot analysis, and the remaining
bladder tissue was used for Tension measurements.

Tension measurements

Detrusor strips (6 mm x 3 mm x 3 mm) were isolated
from the bladders of asthmatic and normal control rats,
and contractions were assessed using the previously
described method [12]. Cumulative concentration-
response curves of acetylcholine, carbachol, and acetyl-[3-
methylcholine (Sigma-Aldrich, St. Louis, MO, USA) were
generated to evaluate detrusor contraction. For the cal-
culation of agonist-induced contractions, percentage of
KCl-induced contractions were used to express the ten-
sions, as this corrects for different smooth muscle con-
tent in each strip.

Western blot analysis

Proteins in prostate tissues were extracted according to
a previously described method [22]. Primary antibodies
for western blot analyses included rabbit anti-vimentin
(ab92547), rabbit anti-desmin (ab32362), rabbit anti-
GAPDH (ab128915) (Abcam, Cambridge, UK), mouse
anti-tropomyosin (sc-74480) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and rabbit anti-B-actin (GB11001)
(Servicebio, Wuhan, China). Detection was contin-
ued using secondary antibodies IRDye 800CW goat
anti-mouse (or rabbit) IgG.Bands were detected using
the Odyssey Clx Imaging Systems and quantified with
respect to GAPDH using Image] software.

Statistical analysis

Data are presented as meanzstandard error of mean
(SEM) with the indicated number (n) of independent
experiments. Multivariate analysis of variance was
used for comparison of whole concentration/frequence
response curves, and two-way ANOVA was used for
comparison of contractions at single concentrations. The
remaining data were analyzed using Student’s t test to
assess statistical differences and the analyses were per-
formed with SPSS version 23.0 (IBM SPSS Statistics, IBM
Corp., Armonk, NY, USA). In all tests, P values<0.05
were considered statistically significant.

Results

Evaluation of the asthmatic rat model

Asthmatic rats exhibited symptoms of shortness of
breath, coughing and wheezing, which resulted in behav-
ior score significantly increased by 1.833+0.25(p <0.001)
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(Fig. 1A). H&E staining of lung and tracheal tissues from
asthmatic rats revealed remarkable increases in inflam-
matory cell infiltration in the peribronchial and perivas-
cular zones in the lung (Fig. 1B), and increased goblet
cells in the trachea (Fig. 1C) compared to normal control
rats.

Evaluation of prostate and bladder in asthmatic rats

As shown in Fig. 2A, the difference in body weight
between control group and asthma group was not sig-
nificant. Following behavioral observation, both prostates
and bladders were excised and weighed. The calibrated
weight of both the prostate and bladder was calculated
as permillages of body weight and identified as pros-
tate index (PI) and bladder index (BI), respectively. The
PI of asthmatic rats showed an increase of 0.724+0.14
(mg/g) compared to control, however, the difference
was not statistically significant (P=0.09) (Fig. 2B). H&E
staining in prostate tissues indicated that the epithelial
thickness in asthmatic rats was significantly increased
by 15.941+0.003 (um) compared to control (P<0.01)
(Fig. 2D). The BI of asthmatic rats showed a decrease
of 0.056+0.01(mg/g) compared to control (P=0.29)
(Fig. 2C), and MT staining in bladder smooth muscle
revealed a similar bladder structure in both groups
(Fig. 2E).

Contraction-related proteins in the prostate are elevated in
asthmatic rats

To assess the contraction of prostate smooth muscle
in asthmatic rats, expression levels of smooth muscle
contraction-related proteins, desmin, o-b-tropomyosin
(TPM), and synthesis-related protein vimentin were
detected by western blot analysis. The desmin content in
the prostate tissue from asthmatic rats was significantly
increased by 0.287+0.07 (p<0.001), and the TPM con-
tent was significantly increased by 0.305+0.01 (p<0.05)
when compared with the control group, respectively. In
contrast, the content of vimentin protein in asthmatic
rats was significantly reduced by 0.360+0.11 (p<0.01)
when compared with controls (Fig. 3).

Detrusor contraction is enhanced in asthmatic rats
Acetylcholine (0.1-1000 pmol/mL) induced concen-
tration-dependent bladder smooth muscle contrac-
tions, which were significantly enhanced in strips from
asthmatic rats compared with the control group. The
enhancement was significant after multivariate analysis
at 100, 300 and 1000 pmol/mL acetylcholine (Fig. 4A).
However, acetyl-p-methylcholine (0.1-1000 pmol/mL)
and carbachol (0.1-1000 pmol/mL) induced concen-
tration-dependent bladder smooth muscle contractions
were similar in both groups (Fig. 4B and C).
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Fig. 1 Evaluation of lung and tracheal in asthmatic rats. Behavioral score of rats (A). Lung and tracheal tissues (B, C) were subjected to hematoxylin and
eosin (H&E) staining to observe infiltration of eosinophils, monocytes, and lymphocytes. Arrows point to goblet cells in Figure C (scale bar 20 um). Data
are mean + SEM from a series of tissues (n=6) from the asthma group and control group. ***P<0.001 for control vs. asthma

Discussion and conclusions

In the present study, we established an asthma rat model
to explore potential structural and molecular changes
in the prostate and bladder associated with LUTS. Our
findings revealed significant epithelial thickening in
the prostates of asthmatic rats, suggesting hyperplasia,
accompanied by molecular changes indicative of a shift
toward a more contractile smooth muscle phenotype.
For the bladder, although its overall weight and structure
remained similar between groups, detrusor contractions
induced by acetylcholine were significantly enhanced in
asthmatic rats, pointing to increased sensitivity rather
than structural remodeling. These results indicate that
asthma may contribute to LUTS by inducing both struc-
tural alterations in the prostate and functional changes in
bladder smooth muscle.

In male patients, LUTS could be caused by disorders in
the prostate or bladder, or both [23]. BPH is one of the
most common etiologies for male LUTS, as the enlarged
prostate and the increased prostate smooth muscle tone

may impair bladder emptying and cause LUTS [24].
OAB, caused by spontaneous and exaggerated contrac-
tions in bladder smooth muscle, is the most bothersome
symptoms in LUTS [25]. In men with BPH, the bladder
is usually an innocent organ of BPH, therefore, LUTS
could be caused by both BPH and secondary OAB [26].
A clinical study on a Korean population indicated a sig-
nificantly higher prevalence of BPH in asthmatic patients
(17.1%) than in individuals without asthma (8.7%) [27].
The underlying pathophysiologic mechanisms of the
association between BPH and asthma have not yet been
determined. However, previous studies have reported sig-
nificant elevated levels of several cytokines such as IL-2,
IL-4, and IL-17 both in BPH specimen [28, 29] and bron-
choalveolar lavage fluid of symptomatic asthma patients
[30, 31]. These findings may indicate a possible immune-
mediated inflammatory mechanism linking BPH and
asthma. Another study on a Taiwan population indicated
that the risk of BPH, and the need of receiving trans-
urethral resection of the prostate (TURP) in the asthma
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Fig. 2 Evaluation of prostate and bladder in asthmatic rats. The bodies, prostates and bladders from the experimental rats were weighed and calculated
Pland BI (A, B, C). Subsequently, prostate tissues (D) were subjected to hematoxylin and eosin (H&E) staining to observe the structure of the tissue and
detrusor tissues (E) were subjected to Masson trichrome staining to visualize the bladder smooth muscle (stained red) and collagenous fiber (stained
blue). Data are mean +SEM from a series of tissues (n=6) from the asthma group and control group. The data in Figures A, B, C, and E were included in
the statistical analysis, with all P > 0.05. In Figure D, **P<0.01 for control vs. asthma
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Fig. 3 Expressions of contraction-related proteins and synthesis-related proteins in prostate tissue of asthmatic rats. Expressions of Vimentin, Desmin
and TPM were measured by Western blot analysis. Values for each sample were calculated as fold of the content of GAPDH or 3-actin and normalized to
the mean of the corresponding control group. Data are mean +SEM from a series of tissues (n=6) from the asthma group and control group. *P < 0.05
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Fig. 4 Evaluation of bladder detrusor contraction in asthmatic rats. The contraction of detrusor strips in asthmatic and normal rats was compared under
the induction of agonist and KCl. To eliminate heterogeneities due to individual variations or different smooth muscle content in each strip, tensions
were expressed as percentage of contraction (%) induced by high molar KCI. The contraction of the detrusor muscle was compared between the asthma
group and the control group induced by a gradient of concentrations of three agonists (acetylcholine (A), carbachol (B) and acetyl-3-methylcholine (C)).
KCl-induced contractions of detrusor strips in an organ bath were first assessed, followed by gradient concentration agonist-induced contraction of the
detrusor muscle. Data are mean +SEM from a series of tissues from rats (n=6) for the asthma group and control group. *P<0.05 for control vs. asthma

group were 1.40 and 1.30 folds higher than non-asthma
group, respectively [32]. However, a direct link between
asthma and the risk of BPH and TURP is still undeter-
mined, as inhaled anticholinergic drugs could cause
acute urinary retention and therefore increase the risk
of BPH and the need for surgery [33, 34]. In our present
study, we observed that the PI of asthmatic rats showed
a trend toward an increase (0.724 + 0.14 mg/g) compared
with rats in the control group; however, this difference
was not statistically significant (P=0.09). Despite the
lack of significant weight change, H&E staining revealed
a notable thickening of the prostate epithelium in the
asthma group. These findings suggest that while asthma
may not significantly alter prostate weight, it could
induce structural changes in the prostate, potentially
indicative of early proliferative alterations. Further inves-
tigation with larger sample sizes is needed to clarify the
extent and clinical implications of these changes within
the context of prostatic pathology. Additionally, western

blot analysis revealed that the expression of smooth mus-
cle contraction-related proteins desmin and TPM were
significantly increased, while synthesis-related protein
vimentin was significantly decreased, which indicated
that smooth muscle cells in the prostate of asthmatic rats
may undergo a phenotypic shift towards a more contrac-
tile phenotype, leading to enhanced contraction ability
[35]. Chronic inflammation and hypoxia, both hallmarks
of asthma, may drive the observed phenotypic shift in the
prostate towards a more contractile state. Elevated levels
of Th2 cytokines, such as IL-4 and IL-13, can promote the
expression of contraction-related proteins and suppress
synthetic markers through calcium signaling pathways
and receptor upregulation [36]. Hypoxia exacerbates this
process by activating the RhoA-ROCK signaling path-
way, which increases myosin light chain (MLC) phos-
phorylation and inhibits myosin phosphatase, leading to
sustained and amplified contraction in smooth muscle
cells [37]. These combined factors may contribute to the
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enhanced contractile phenotype observed in the prostate
of asthmatic rats. While our findings suggest a potential
link between asthma-induced systemic changes, such
as chronic inflammation and hypoxia, and alterations in
prostate smooth muscle contraction and proliferation,
this remains a hypothesis that requires further validation.
Further studies are needed to confirm these mechanisms
and their role in prostate pathophysiology.

We observed that the muscarinic agonist acetylcho-
line induced concentration-dependent bladder smooth
muscle contractions, which were significantly enhanced
in strips from asthmatic rats. This may indicate a role of
asthma in the storage symptoms of LUTS, as enhanced
contraction in detrusor might cause frequency, urgency
and OAB [12]. However, we observed that other mus-
carinic agonists, carbachol and acetyl-B-methylcholine
induced concentration- dependent bladder smooth mus-
cle contractions, which were not significantly enhanced
in stripes from asthmatic rats. Muscarinic receptors
(M1-M5) are widely distributed in the human body and
mediate various physiological functions [38]. Acetylcho-
line is the predominant endogenous neurotransmitter
that activates all muscarinic receptor subtypes, while syn-
thetic agonists like carbachol or acetyl-B-methylcholine
have varying affinities for these receptors. Studies suggest
that acetylcholine exhibits a higher efficacy for activating
certain muscarinic receptor subtypes (e.g., M2 and M3)
compared to synthetic agonists, which may explain its
stronger contractile response in the bladder [39, 40]. In
asthma, elevated parasympathetic activity increases ace-
tylcholine release, leading to exaggerated smooth muscle
responses [41]. We hypothesize that this enhanced ace-
tylcholine signaling may extend beyond the airways,
affecting the bladder by upregulating or sensitizing spe-
cific muscarinic receptor subtypes. Unlike acetylcholine,
carbachol and acetyl-B-methylcholine may not fully rep-
licate this enhanced signaling due to differences in recep-
tor subtype activation or downstream signaling pathways
[42]. Further studies are needed to investigate muscarinic
receptor subtype expression and function in the bladder
of asthmatic models to confirm these mechanisms.

Although detrusor contraction in asthmatic rats was
enhanced compared to normal control rats, the BI was
similar in both groups. MT staining in bladder tissues
revealed that the ratio of smooth muscle to collagen
fibers was similar in both groups. These results may indi-
cate that the enhanced contraction in detrusor might be
caused by increased sensitivity to acetylcholine, rather
than by bladder remodeling. However, the possibility of
asthma affecting bladder remodeling could not be fully
excluded, as the duration of rat model establishment is
relatively short, therefore, a longer observation duration
would be helpful for a comprehensive evaluation. Addi-
tionally, unlike humans, rats lack a prostatic capsule, so
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prostate enlargement and subsequent BOO, which are
common in human BPH, are unlikely to contribute to the
enhanced detrusor contraction in our model. This fur-
ther supports the idea that the observed changes in blad-
der function are more likely related to asthma-induced
alterations in muscarinic receptor sensitivity or other
mechanisms.

In conclusion, our findings suggest a potential asso-
ciation between asthma and LUTS, with asthma pos-
sibly contributing to organ-specific changes, including
prostate enlargement and increased smooth muscle con-
tractions in both the prostate and bladder. These results
provide evidence for a biological link between asthma
and LUTS, highlighting the potential impact of asthma-
associated systemic and local changes on LUTS. Fur-
thermore, this study offers a promising foundation for
exploring new therapeutic strategies to manage LUTS in
patients with asthma.
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IPSS International prostate symptom score
ASM Airway smooth muscle

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512894-024-01686-3.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

QY was involved in the conception and design of the study. PC, MC, and XQ
conducted the experiments. HL and XZ performed the data analysis and
interpretation. PC and QY contributed to drafting the manuscript. WG, ML and
GZ critically revised the manuscript for important intellectual content. PC and
QY are the guarantors of the article, fully responsible for the research work and
conduct, have access to the data, and supervise the decision to publish. All
authors read and approved the final manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
(No. 81900689), the Natural Science Foundation of Guangdong Province

(No. 2021A1515010984), and the Guangzhou Planned Project of Science and
Technology (Nos. 2024A03J1148, 202201020477).

Data availability
Data is provided within the manuscript.

Declarations

Ethics approval and consent to participate

All animal experiments were carried out in accordance with national standards
and protocols approved by the Animal Ethical and Welfare Committee (AEWC)
of Guangzhou Miles Biosciences Co. Ltd (No. IACUC-MIS20230043).


https://doi.org/10.1186/s12894-024-01686-3
https://doi.org/10.1186/s12894-024-01686-3

Cen et al. BMC Urology (2025) 25:7

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Urology and Guangdong Key Laboratory of Urology, The

First Affiliated Hospital of Guangzhou Medical University,

Guangzhou 510230, China

’Department of Urology, Southern University of Science and Technology

Hospital, Shenzhen 518055, China

*Department of Urology, The First Affiliated Hospital of Ningbo University,
Ningbo, Zhejiang 315010, China

“Department of Urology, The Third Affiliated Hospital of Southern Medical
University, Guangzhou 510630, China

Received: 18 July 2024 / Accepted: 24 December 2024
Published online: 15 January 2025

References

1. Gratzke C et al. EAU guidelines on the Assessment of non-neurogenic male
lower urinary tract symptoms including Benign Prostatic obstruction. Eur
Urol. 2015;67(6):1099-109.

2. Huang J, et al. Global burden and temporal trends of lower urinary tract
symptoms: a systematic review and meta-analysis. Prostate Cancer Prostatic
Dis. 2023;26(2):421-8.

3. HeW, etal Changes in the expression and functional activities of Myosin Il
isoforms in human hyperplastic prostate. Clin Sci. 2021;135(1):167-83.

4. Wang X, et al. Ghrelin aggravates prostate enlargement in rats with
Testosterone-Induced Benign Prostatic Hyperplasia, Stromal Cell Proliferation,
and smooth muscle contraction in human prostate tissues. Oxid Med Cell
Longev. 2019,2019:p4748312.

5. LeeD, et al. Effect of systemic atherosclerosis on overactive bladder symp-
toms in men with benign prostatic hyperplasia. Low Urin Tract Symptoms.
2022;14(1):35-40.

6. Matsukawa Y, et al. What are factors contributing to improvement of overac-
tive bladder symptoms after Alpha-1 blocker treatment in patients with both
storage and voiding symptoms? Urol Int. 2019;103(4):439-43.

7. CoyneKS, et al. The impact of overactive bladder on mental health, work
productivity and health-related quality of life in the UK and Sweden: results
from EpiLUTS. BJU Int. 2011;108(9):1459-71.

8. Han CH, Kim SJ, Chung JH. The Association between male asthma and
lower urinary tract symptoms evaluated by the international prostate
symptom score: a Population-based study. Int Arch Allergy Immunol.
2018;177(4):334-41.

9. LiB, etal Regulation of smooth muscle contraction by monomeric non-
RhoA GTPases. Br J Pharmacol. 2020;177(17):3865-77.

10. Dahan D, et al. Induction of angiotensin-converting enzyme after miR-
143/145 deletion is critical for impaired smooth muscle contractility. Am J
Physiol Cell Physiol. 2014;307(12):C1093-101.

11, LiN, etal. Inhibition of airway smooth muscle contraction and proliferation
by LIM kinase inhibitor, LIMKi3. Adv Med Sci. 2023;68(2):186-94.

12. YuQ, et al. Inhibition of LIM kinase reduces contraction and proliferation in
bladder smooth muscle. Acta Pharm Sin B. 2021;11(7):1914-30.

13. YuQ, et al. Inhibition of human prostate smooth muscle contrac-
tion by the LIM kinase inhibitors, SR7826 and LIMKi3. Br J Pharmacol.
2018;175(11):2077-96.

4. LiN, etal. Inhibition of angiotensin Il-induced contraction of human airway
smooth muscle cells by angiotensin-(1-7) via downregulation of the RhoA/
ROCK2 signaling pathway. Int J Mol Med. 2012;30(4):811-8.

15.  Strittmatter F, et al. Thromboxane A2 induces contraction of human prostate
smooth muscle by rho kinase- and calmodulin-dependent mechanisms. Eur
J Pharmacol. 2011;650(2-3):650-5.

16.  Cardet JC, et al. Loss of bronchoprotection with ICS plus LABA treatment,
B-receptor dynamics, and the effect of alendronate. J Allergy Clin Immunol.
2019;144(2):416-e4257.

17. Arjmand Shabestari A, et al. The effect of adding Montelukast to oxybutynin
on daily urination in children with pollakiuria: a randomized clinical trial. Int
Urol Nephrol. 2023;55(9):2139-44.

Page 8 of 8

8. Hall SA, et al. Associations of commonly used medications with urinary

incontinence in a community based sample. J Urol. 2012;188(1):183-9.

19.  Kianmeher M, GhoraniV, Boskabady MH. Animal model of Asthma, various
methods and measured parameters: a methodological review. Iran J Allergy
Asthma Immunol. 2016;15(6):445-65.

20.  Wright D, et al. Models to study airway smooth muscle contraction in vivo,
ex vivo and in vitro: implications in understanding asthma. Pulm Pharmacol
Ther. 2013;26(1):24-36.

21. LiQ et al. Profiling of chemical constituents of Matricarla chamomilla L. by
UHPLC-Q-Orbitrap-HRMS and in vivo evaluation its anti-asthmatic activity.
Heliyon. 2023,9(5):e15470.

22. YuQ etal. ANAV2729-sensitive mechanism promotes adrenergic smooth
muscle contraction and growth of stromal cells in the human prostate. J Biol
Chem. 2019,294(32):12231-49.

23.  de Groat WC, Yoshimura N. Pharmacology of the lower urinary tract. Annu
Rev Pharmacol Toxicol. 2001;41:691-721.

24. Lerner LB, et al. Management of lower urinary tract symptoms attributed
to Benign Prostatic Hyperplasia: AUA GUIDELINE PART I-Initial work-up and
Medical Management. J Urol. 2021;206(4):806-17.

25. Agarwal A, et al. What is the most bothersome lower urinary tract symptom?
Individual- and population-level perspectives for both men and women. Eur
Urol. 2014;,65(6):1211-7.

26.  Hennenberg M, Michel MC. Adrenoceptors in the lower urinary tract. Handb
Exp Pharmacol; 2023.

7. Wee JH, et al. Analysis of the relationship between asthma and benign
prostatic hyperplasia: a STROBE-compliant study. Med (Baltim).
2021;100(11):e25214.

28. Meng, et al. The inflammation patterns of different inflammatory cells in
histological structures of hyperplasic prostatic tissues. Transl Androl Urol.
2020,9(4):1639-49.

29. Arivazhagan J, et al. Association of elevated interleukin-17 and angio-
poietin-2 with prostate size in benign prostatic hyperplasia. Aging Male.
2017;20(2):115-8.

30. Boonpiyathad S, et al. Interleukin-2 levels in exhaled breath condensates,
asthma severity, and asthma control in nonallergic asthma. Allergy Asthma
Proc. 2013;34(5):e35-41.

31, Silverpil E, Lindén A.IL-17 in human asthma. Expert Rev Respir Med.
2012,6(2):173-86.

32. PengYH, et al. Association between Asthma and risk of benign pros-
tatic hyperplasia: a retrospective population-based study. Aging Male.
2020;23(5):599-606.

33. Loke YK, Singh S. Risk of acute urinary retention associated with inhaled
anticholinergics in patients with chronic obstructive lung disease: systematic
review. Ther Adv Drug Saf. 2013;4(1):19-26.

34.  Afonso AS, et al. Inhaled anticholinergic drugs and risk of acute urinary reten-
tion. BJU Int. 2011,107(8):1265-72.

35. van der Loop FT, et al. Differentiation of smooth muscle cells in human blood
vessels as defined by smoothelin, a novel marker for the contractile pheno-
type. Arterioscler Thromb Vasc Biol. 1997;17(4):665-71.

36. Manson ML, et al. IL-13 and IL-4, but not IL-5 nor IL-17A, induce hyper-
responsiveness in isolated human small airways. J Allergy Clin Immuno.
2020;145(3):808-17.

37. Bailly K, et al. RhoA activation by hypoxia in pulmonary arterial smooth
muscle cells is age and site specific. Circ Res. 2004;94(10):1383-91.

38. Uhlén M, et al. Proteomics. Tissue-based map of the human proteome. Sci-
ence. 2015;347(6220):1260419.

39. Hegde SS, Eglen RM. Muscarinic receptor subtypes modulating smooth
muscle contractility in the urinary bladder. Life Sci. 1999,64(6-7):419-28.

40. Gardner AL, et al. Comparison of the effects of some muscarinic agonists on
smooth muscle function and phosphatidylinositol turnover in the guinea-pig
taenia caeci. Br J Pharmacol. 1988,94(1):199-211.

41. Coulson FR, Fryer AD. Muscarinic acetylcholine receptors and airway diseases.
Pharmacol Ther. 2003;98(1):59-69.

42, Jakubik J, et al. Subtype differences in pre-coupling of muscarinic acetylcho-

line receptors. PLoS One. 2011;6(11):27732.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Asthma-associated prostate enlargement and bladder smooth muscle hypercontractility: unveiling a potential link to LUTS
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Animal and asthma model
	﻿Tissue processing and histological evaluation
	﻿Tension measurements
	﻿Western blot analysis
	﻿Statistical analysis

	﻿Results
	﻿Evaluation of the asthmatic rat model
	﻿Evaluation of prostate and bladder in asthmatic rats
	﻿Contraction-related proteins in the prostate are elevated in asthmatic rats
	﻿Detrusor contraction is enhanced in asthmatic rats

	﻿Discussion and conclusions
	﻿References


