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Interstitial cystitis/bladder pain syndrome (IC/BPS) presents itself as a 

perplexing chronic inflammatory disorder of the bladder, characterized by 

bladder pain, nocturia, urgency, sterile urine, and frequent urination(1,2).

Pituitary adenylate cyclase-activating polypeptide (PACAP), a neuropeptide, is 

involved in regulating lower urinary tract (LUT) functions(3–5).

The hypothesis of this study is that Pituitary Adenylate Cyclase-Activating 

Polypeptide (PACAP) and its receptor PAC1 play a crucial role in the 

pathophysiology of Interstitial Cystitis/Bladder Pain Syndrome (IC/BPS), a 

chronic and painful bladder disorder.  By investigating the PACAP/PAC1 

pathway in both human bladder tissue and a rat model of cystitis, the study 

aims to:

• Understand the involvement of PACAP/PAC1 in bladder inflammation and 

dysfunction.

• Determine whether modulating this pathway with the PACAP6-38 

antagonist can alleviate symptoms of bladder inflammation and 

dysfunction.

• Identify potential therapeutic targets for the treatment of IC/BPS through 

PACAP/PAC1 pathway inhibition.

PACAP Expression in IC/BPS:

Transcriptomic analysis showed significant upregulation of PACAP in IC/BPS 

patients, highlighting it as a key biomarker and potential therapeutic target. 

(Figure 1F–G) Immunohistochemistry confirmed elevated PACAP levels in 

bladder tissues. (Figure 2A) 

Bladder Function and Pain in Rats:

Urination Patterns: PACAP6-38 treatment increased urine spot frequency in 

CYP-PAC rats, restoring bladder function without affecting urine volume.

Urodynamics: PACAP6-38 improved bladder capacity and compliance in 

treated rats .(Figure 2B,C)

Inflammatory Markers:

PACAP6-38 reduced elevated cytokines (IL-6, IL-8, TNF-α, VEGF) and NGF 

levels in cystitis rats, correlating with improved bladder function and pain 

reduction .(Figure 2D-K)

Pain Reduction: PACAP6-38 reduced pain sensitivity in CYP-treated rats, as 

shown by the von Frey test. (Figure 2M,N)

Histopathology:

PACAP6-38 reduced bladder edema and improved tissue structure in cystitis 

rats, supporting its anti-inflammatory effects. (Figure 1 L)

Transcriptomic Pathway Analysis:

GO, KEGG revealed immune dysregulation as a major factor in IC/BPS, with 

downregulation of energy metabolism pathways, indicating metabolic 

changes in IC/BPS patients. (Figure 1C,D)

Study Design:

This study used both clinical and experimental approaches. Bladder tissue 

samples from IC/BPS patients were analyzed for gene expression, and a rat 

model of chronic cystitis was induced using cyclophosphamide. (Figure 1A)

Materials and Methods:

Human Samples: Bladder biopsies were collected from IC/BPS patients, and 

RNA sequencing was performed to analyze inflammation-related gene 

expression. Controls were from adjacent normal tissue.

Animal Model: Female rats were injected with CYP (25 mg/kg) every third 

day to induce cystitis. PACAP6-38 was administered intravesically (300 nM) 

or intrathecally (50 nM). Rats were divided into six groups for comparison.

Bladder Function Assessment:

Von Frey Test: Measured bladder sensitivity using von Frey filaments.

Urination Patterns: Urine spots were analyzed using UV light and ImageJ.

Filling Cystometry: Urodynamic testing assessed maximum bladder 

capacity (MBC) and bladder compliance (BC).

Immunohistochemistry: Inflammatory markers (IL-6, IL-8, TNF-α, VEGF, 

NGF) and PACAP expression were analyzed in bladder tissues.

Transcriptomic Analysis: DESeq2 was used to identify differentially 

expressed genes (DEGs), with GO and KEGGanalyses highlighting pathways 

related to inflammation and sensory function.
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This study highlights the critical role of the PACAP/PAC1 pathway in mediating 

bladder inflammation and dysfunction in IC/BPS. The following key findings 

support the therapeutic potential of targeting this pathway:

• PACAP expression is significantly upregulated in both human IC/BPS 

patients and rat models of cystitis.

• Treatment with PACAP6-38, a PAC1 receptor antagonist, effectively 

reduces bladder inflammation, improves bladder function, and alleviates 

chronic visceral pain in cystitis models.

These findings open new avenues for developing targeted treatments aimed 

at modulating neuroinflammatory and immune responses in IC/BPS, with 

PACAP/PAC1 as a promising therapeutic target.
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