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Study Management Group 
 
Chief Investigator: Professor Vik Khullar 
 
MD student and principal investigator: Dr Bernadette Lemmon 
 
Co-investigators and supervisors: Dr Edward Mullins, Professor Maria Kyrgiou 
 
 
 
Study Management: Dr Bernadette Lemmon 

 
 

 
For general queries, supply of study documentation, and collection of data, please 
contact: 
 
Study Coordinator: Dr Bernadette Lemmon 
Address: St Mary’s urogynaecology department, Praed street, London, W2 1NY 
 
Tel: 07961949624      E-mail:  blemmon@nhs.net 
        
 
 

Clinical Queries 
 

Clinical queries should be directed to Dr Bernadette Lemmon who will answer 
directly or escalate queries to the appropriate person 
 
 

Sponsor 
 
Imperial College Healthcare NHS Trust is the main research Sponsor for this study.  
For further information regarding the sponsorship conditions, please contact the 
Head of Regulatory Compliance at: 

   
Research Governance and Integrity Team 
Imperial College London and Imperial College Healthcare NHS Trust 
Room 215, Level 2, Medical School Building 
Norfolk Place 
London, W2 1PG 
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Funder 
 
British Society of Urogynaecology 
 
 
 
 
This protocol describes the CytoLUTs study and provides information about procedures for entering 
participants.  Every care was taken in its drafting, but corrections or amendments may be necessary. 
These will be circulated to investigators in the study.  Problems relating to this study should be referred, 
in the first instance, to the Chief Investigator.  
 
This study will adhere to the principles outlined in the UK Policy Frame Work for Health and Social Care 
Research. It will be conducted in compliance with the protocol, the Data Protection Act and other 
regulatory requirements as appropriate.  
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GLOSSARY OF ABBREVIATIONS 

LUTS Lower urinary tract symptoms 
BPS Bladder pain syndrome 
OAB Overactive bladder 
UTI Urinary tract infection 
rUTI Recurrent urinary tract infection 
KHQ King’s Health Questionnaire 
ICIQ-fluts International consultation on incontinence questionnaire- 

female lower urinary tract symptoms 
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STUDY SUMMARY 
 

TITLE Cytokines in the bladder: an investigation of inflammatory cytokine expression 
in the urine and bladder tissue of women with chronic lower urinary tract 
symptoms 

DESIGN Laboratory and Questionnaire based observational cohort study 

AIMS To understand inflammatory cytokine expression in the urine and bladder 
tissue of women with different chronic urinary symptoms 

OUTCOME MEASURES 1) Measurement of cytokine levels the urine and bladder tissue of women 
with lower urinary tract symptoms compared to healthy controls 

2) Measurement of cytokine levels between women with different chronic 
lower urinary tract symptoms: bladder pain syndrome, overactive 
bladder syndrome, recurrent urinary tract infections 

3) Comparison of cytokine levels in paired urine and bladder tissue 
samples 

POPULATION Study group: 60, control group: 12 

ELIGIBILITY Women equal or over the age of 18 years old, with lower urinary tract 
symptoms lasting for over three months who are already undergoing 
cystoscopy and bladder biopsy procedures as part of their routine NHS care. 

DURATION 24 months 
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1. INTRODUCTION  
 

1.1. BACKGROUND 
 
Lower urinary tract symptoms (LUTS), including urinary incontinence (UI), urgency, 
nocturia and bladder pain are common problems affecting approximately half of the 
female population. Despite the widespread prevalence of LUTS the underlying 
aetiology is poorly defined. OAB as a symptom complex is likely the result of multiple 
underlying pathological processes [1]. It is widely acknowledged that an inflammatory 
process has a central role in BPS [2] but studies of bladder biopsies taken from 
patients with OAB have also found signs of inflammation [3] [4]. We will examine the 
presence of various inflammatory mediators in bladder biopsies and urine samples 
taken from women with OAB and BPS for comparison with normal controls. As there 
is often overlap and difficulty in diagnosis of women with recurrent urinary tract 
infections, we will also be studying women with recurrent urine infections. We will be 
aiming to look for groups of cytokines that exist together that main point toward 
inflammatory pathways that are triggered in patients with bladder pain and overactive 
bladder syndrome- but also look at the inflammatory pathways triggered in those with 
recurrent infection to see if these three groups show any distinct differences in the 
inflammatory pathways mediated. 
 
Bladder pain syndrome (BPS) describes a collection of chronic urinary symptoms 
characterised by suprapubic pain or pressure, often accompanied by urinary 
frequency, urgency, and/or nocturia, in the absence of infection or other obvious 
pathology [5]. These symptoms preferentially affect women with an estimated 
prevalence in the US of 3-8 million women and 1-4 million men [6]. Due to its chronic 
and sometimes debilitating nature, BPS has a huge psychological and social impact 
on an affected individual as well as carrying a large economic burden. One study has 
shown that loss of productivity and cost of therapy for those with BPS reaches 500 
million dollars annually in the US [7]. BPS is poorly understood with both the aetiology 
and pathophysiology being unknown. Symptoms overlap with other disorders, such as 
overactive bladder (OAB) and endometriosis, making a consensus on how to 
diagnosis and manage patients challenging.  A survey of urogynaecologists in the UK 
has shown a large variation in how clinicians diagnose and treat women with BPS [8].  
BPS, PBS (painful bladder syndrome), interstitial cystitis (IC), and IC/BPS are all terms 
used in the literature, highlighting some of the controversial changes in terminology 
over the years. To understand better we must look at the historical timeline of BPS or 
IC/BPS. An inflammatory condition of the bladder “tic douloureux” was first described 
by Dr Philip Physick and Dr Joseph Parish. The concept together with cystoscopic 
features was further developed and called interstitial cystitis (IC) in 1887 by Skene and 
more work was published in 1914 by Hunner, after whom “Hunner’s lesions” are 
named [9]. In 1987 the National Institute of Diabetes and Kidney Diseases (NIDDK) 
published criteria to standardise the diagnosis of IC for research. This definition 
required glomerulations (petechial haemorrhages) and/or Hunner’s lesions on 
cystoscopy for diagnosis. With only an estimated 5-7% of patients with BPS displaying 
these features on cystoscopy, a large group with chronic bladder pain were left without 
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diagnosis [10]. To address this, the International Continence Society (ICS) proposed 
a change in terminology from IC to BPS in 2002. The ICS categorised BPS patients 
as those experiencing bladder pain on filling with or without additional urinary 
symptoms, reserving the term IC only for those with typical cystoscopic features 
(Hunner’s Lesions) [11]. There remains no agreement on nomenclature which has led 
to the development of IC/BPS as an umbrella term which describes a symptom 
complex that may encompass several distinct pathologies. 
The aetiology of BPS remains unknown, however there are multiple proposed theories 
including: bladder epithelial dysfunction [12], mast cell activation [13], persistent 
infection, and pelvic floor hypertonicity [14]. It is likely that some or all of these play a 
part in the resultant presentation. One proposed pathway is that a primary insult 
causing uroepithelial dysfunction, leads to a dysregulated inflammatory response in 
susceptible individuals, and a “vicious cycle” of further epithelial damage and 
inflammation. Inflammatory mediators may go on to promote afferent nerve 
hyperexcitability leading to initially an acute and then a chronic pain response [15]. It 
may be that variation in the “dysregulated inflammatory” response leads to the 
heterogeneity seen in BPS. Individuals with BPS may have a variety of activated 
immune mediated pathways that leads to their symptoms, and greater understanding 
may allow us to subcategorise BPS patients and individualise treatment.  
 
The development of a biomarker for BPS may be the key to understanding more about 
its pathophysiology, as well as aiding diagnosis, and discovering new drug targets for 
its management. As inflammation is widely understood to hold a central role in BPS, 
the evaluation of cytokines has gained interest.  
 
Cytokines are a broad category of small 6-70kDa proteins involved in cell signalling 
[16]. They are known to support autocrine, paracrine, and endocrine functions, as well 
as being vital in immune responses, inflammation, and nociception. There are many 
types of cytokines including chemokines (chemotactic cytokines, cytokines that trigger 
movement of immune cells), interleukins (term derived from ‘cytokines produced by 
white blood cells’ but this is historical as since this terminology it’s been found that 
interleukins are produced by a variety of immune cells), and tumour necrosis factors 
(type II transmembrane proteins that can be released from the cell membrane to 
function as a cytokine), as well as some growth factors (cytokines that stimulate cell 
proliferation), with overlapping terminology [17]. In immune responses a single 
cytokine can be produced by many immune cell types including macrophages, T-cells, 
B-cells, and mast cells, and one immune cell type may release several different 
cytokines. Cytokines act through cell surface receptors as they cannot cross the lipid 
bilayer into the cytoplasm. Expression of cytokines is needed for the infiltration of cells 
of the immune system and cell adhesion that is seen in tissue inflammation [18]. Whilst 
inflammation is a vital process for tissue healing and its initial role is protective, a 
prolonged inflammatory process becomes problematic, inducing tissue damage and 
pain. A single cytokine can have both anti-inflammatory and pro-inflammatory actions, 
be secreted by multiple cell types, and act on receptors of many cell types. Therefore, 
the activity of a cytokine depends on context [19].  
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Many cytokines are known to directly activate nociceptive sensory neurons causing 
pain [20]. The activation of inflammatory pathways also leads to inflammation-induced 
central sensitisation that can be seen in chronic pain syndromes like BPS.  
Many cytokines have been found at higher levels in the serum, urine, and in bladder 
biopsies taken from patients with BPS. Furthermore, detrusor cells cultured from the 
human bladder have been shown to increase production of several cytokines when 
exposed to the inflammatory mediators Il-1β and TNF-α. Understanding which of these 
cytokines are key in the pathophysiology of BPS may result in the discovery of a 
clinically useful biomarker of disease. 
 
In this study we will be collecting urine and bladder tissue samples from participants 
as paired samples taken at the time of cystoscopy and bladder biopsy under a general 
anaesthetic. Urine samples and bladder tissue will immediately be taken to our on-site 
laboratory where the bladder tissue is snap frozen at -800C and stored. Urine is first 
centrifuged at 1800 RPM at 4oC for 10minutes and then 2x 500μl aliquots are pipetted 
into sterile eppendorf tubes for storage at -80oC. All samples are only subjected to a 
single thawing process prior to cytokine analysis using a sandwich ELISA multiplex 
bead assay technique with plates being read by a Luminex machine. 
 
 
Specific Aims: We hypothesise that different inflammatory proteins may drive the 
disease process of bladder inflammation in bladder pain syndrome, overactive bladder 
syndrome, and that there may be a completely different pattern triggered by infection 
in those suffering with recurrent urinary tract infections.  
In previous research there has been an attempt to find a single inflammatory mediator 
as a biomarker of disease and this has failed. We believe that one single biomarker 
will not be found but that the pathway of inflammation is the key to better 
understanding. 
Understanding the inflammatory proteins expressed in these separate clinical 
conditions may lead to better understanding of the underlying causes of bladder 
inflammation leading to possible targets of treatment. 
 
1.2 RATIONALE FOR CURRENT STUDY 
 
There have been multiple research projects and groups who have investigated urine 
expression of inflammatory cytokines in women with bladder pain syndrome in the 
search for a single biomarker of disease. This has failed so far as this is such a 
heterogenous condition with multiple phenotypes. Bladder pain syndrome remains 
poorly understood with the aetiology unknown. In this project we will not only look at 
bladder pain syndrome but women with a variety of chronic lower urinary tract 
symptoms as there are often overlapping symptoms and conditions. By looking at a 
panel of inflammatory cytokines in both urine and bladder tissue we aim to investigate 
whether there are particular inflammatory pathways triggered rather than looking for 
one single biomarker. We hope that by understanding patterns of inflammation better 
we may come to understand further some of the inflammatory processes that may be 
underlying some of these bladder conditions and the symptoms that women 
experiences.  
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The cytokines chosen for investigation have been chosen based on an extensive 
literature review of published articles investigating cytokine expression in women with 
bladder pain syndrome. This literature review has been published with the reference:  
 
Lemmon B, Kyrgiou M, Mullins E, Khullar V. Cytokines in Bladder Pain Syndrome: A 
Review of the Literature. Int Urogynecol J. 2024 Jun;35(6):1119-1129. doi: 
10.1007/s00192-024-05778-4. Epub 2024 May 21. PMID: 38771505. 
 
 
 
 

2. STUDY OBJECTIVES 
 
Primary objective: 

1. Do women with chronic lower urinary tract symptoms have higher levels of 
inflammatory cytokines in their urine and bladder tissue versus controls? 

 
Secondary objectives: 

2. Do women with different lower urinary tract symptoms show a different 
expression of inflammatory cytokine expression in the conditions:  

a. Bladder pain syndrome 
b. Overactive bladder syndrome 

 
3. Do women with acute or recurrent urinary tract infection display a distinct 

inflammatory pattern in their cytokine expression? 
 

4. Is there a difference in measurable cytokine levels in paired urine and bladder 
tissue samples taken from our participants? 
 
 

 
 

3. STUDY DESIGN 
 
In this study women already undergoing cystoscopy and bladder biopsy procedures 
under a general anaesthetic will be invited for participation. Participants will be asked 
to fill out validated symptoms questionnaires about their symptoms and then urine 
and an extra bladder biopsy will be taken for cytokine analysis. 
 

3.1. STUDY OUTCOME MEASURES 
Primary study outcomes: 

1) Do women with chronic lower urinary tract symptoms have high inflammatory 
cytokine expression in urine and bladder tissue versus healthy controls? 

 
Secondary study outcomes: 
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2) Do women with different chronic lower urinary tract symptoms display different 
expression of inflammatory cytokines in urine and bladder tissue? 

3) Do women with current or recurrent infection have a distinct inflammatory 
pattern expressed? Does this help differentiate between women with 
overlapping urinary symptoms? 

4) Is there a difference in cytokine expression in paired urine and bladder tissue 
samples?  

 

4. PARTICIPANT ENTRY 
 

4.1. PRE-REGISTRATION EVALUATIONS  
THERE IS NO PRE-REGISTRATION EVALUATION REQUIRED AS EXTRA FOR PARTICIPATION IN THIS 

STUDY 
4.2. INCLUSION CRITERIA  

- Women over or equal to 18 years old 
- With a 3month history or more of troublesome lower urinary tract symptoms  
- Who are already being investigated with a cystoscopy and bladder biopsy 

procedure as part of their routine NHS care 
- Who understand the English language enough to be able to fill out three 

validated questionnaires about their urinary tract symptoms 
- Who have the capacity to consent themselves for research 
- Who are willing to sign a consent form for research participation  

 
4.3. EXCLUSION CRITERIA 

- Women under the age of 18 years old 
- Women who are unable to consent for research themselves 
- Women who do not understand English enough to fill out the validated 

questionnaires in English  
- Women with a past history of urological malignancy 
- Women with current urological malignancy 
- Women who have had a previous procedure for stress urinary incontinence 

involving mesh such as a tension-free vaginal tape 
 

4.4. WITHDRAWAL CRITERIA  
As participation involves only one day the only criteria for withdrawal is if a 
participant wishes to withdraw from the study. 
 
 

5. ADVERSE EVENTS  
 

5.1. DEFINITIONS  
Adverse Event (AE): any untoward medical occurrence in a patient or clinical study subject.   
 
Serious Adverse Event (SAE): any untoward medical occurrence or effect that: 

 Results in death 
 Is life-threatening – refers to an event in which the subject was at risk of death 

at the time of the event; it does not refer to an event which hypothetically might 
have caused death if it were more severe 
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 Requires hospitalisation, or prolongation of existing inpatients’ 

hospitalisation 
 Results in persistent or significant disability or incapacity 
 Is a congenital anomaly or birth defect 

 
Medical judgement should be exercised in deciding whether an AE is serious in other 
situations.  Important AEs that are not immediately life-threatening or do not result in death or 
hospitalisation but may jeopardise the subject or may require intervention to prevent one of 
the other outcomes listed in the definition above, should also be considered serious. 
 

5.2. REPORTING PROCEDURES  
All adverse events will be reported.  Depending on the nature of the event the reporting 
procedures below should be followed.  Any questions concerning adverse event reporting 
should be directed to the Chief Investigator in the first instance.   
 
5.3.1 Non serious AEs 
All such events, whether expected or not, should be recorded- it should be specified if only 
some non-serious AEs will be recorded, any reporting should be consistent with the purpose 
of the trial end points.  
 
5.3.2 Serious AEs 
An SAE form should be completed and emailed to the Chief Investigator within 24 hours.  
However, relapse and death as a result of other health conditions, and hospitalisations for 
elective treatment of a pre-existing condition do not need reporting as SAEs. 
 
All SAEs should be reported internally to ICHTB as per SOP-DOC-030 and to the Research 
and Ethics Council of England and Wales where in the opinion of the Chief Investigator, the 
event was: 

 ‘related’, ie resulted from the administration of any of the research procedures; 
and 

 ‘unexpected’, ie an event that is not listed in the protocol as an expected 
occurrence 

 
Reports of related and unexpected SAEs should be submitted within 15 days of the Chief 
Investigator becoming aware of the event, using the NRES SAE form for non-IMP studies.  
The Chief Investigator must also notify the Sponsor of all related and unexpected SAEs. 
 
Local investigators should report any SAEs as required by their Local Research Ethics 
Committee, Sponsor and/or Research & Development Office. 
 
 

Contact details for reporting SAEs 
RGIT@imperial.ac.uk 

CI email (and contact details below) 
 

Please send SAE forms to: blemmon@nhs.net 

 

mailto:jrco@imperial.ac.uk
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6. ASSESSMENT AND FOLLOW-UP  
 
Women participating will all already be undergoing a cystoscopy and bladder biopsy 
procedure as part of their routine NHS care. Participation in this project does not 
alter any aspect of their NHS care. This means that their follow-up will be as planned 
by their direct NHS care team. This usually involves either a virtual or in-person clinic 
appointment to discuss the findings and results of their procedure. There is no 
scheduled or required follow-up of participants for this research project. 
 
End of the study will be defined by successful recruitment of 60 study participants 
and 12 controls, with analysis of cytokine expression in samples obtained, analysis 
of data and write-up of an MD(res) thesis. 
 
 

7. STATISTICS AND DATA ANALYSIS 
 
 
Data and all appropriate documentation will be stored for a minimum of 5 years after 
the completion of the study, including the follow-up period.   
 
 

8. REGULATORY ISSUES  
 

8.1. ETHICS APPROVAL  
The Study Coordination Centre has obtained approval from the Imperial College 
Healthcare Tissue and Biobank (ICHTB). The ethics under which the ICHTB operates 
is approved and is regularly reviewed by the Research Ethics Committee (REC) in 
Wales (Wales REC3) and Health Research Authority (HRA).  
The study will be conducted in accordance with the recommendations for physicians 
involved in research on human subjects adopted by the 18th World Medical Assembly, 
Helsinki 1964 and later revisions. 
 

8.2. CONSENT   
Consent to enter the study must be sought from each participant only after a full 
explanation has been given, an information leaflet offered and time allowed for 
consideration.  Signed participant consent will be obtained, entered onto each 
participants electronic hospital health record, and a hard copy offered to the particiants 
to keep, and stored by the research team for audit purposes.  The right of the 
participant to refuse to participate without giving reasons will be respected.  After the 
participant has entered the study the clinician remains free to give alternative 
treatment to that specified in the protocol at any stage if he/she feels it is in the 
participant’s best interest, but the reasons for doing so should be recorded.  In these 
cases the participants remain within the study for the purposes of follow-up and data 
analysis.  All participants are free to withdraw at any time from the protocol treatment 
without giving reasons and without prejudicing further treatment. 
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8.3. CONFIDENTIALITY  
 
The Chief Investigator will preserve the confidentiality of participants taking part in the 
study and is registered under the Data Protection Act. 
 
Data will be pseudonymised with a unique research study code when entered onto the 
research database. There will not be any transference of data to third parties.  
 

8.4. INDEMNITY 
Imperial College Healthcare NHS Trust holds standard NHS Hospital Indemnity and 
insurance cover with NHS Resolution for NHS Trusts in England, which apply to this 
study. 
 

8.5. SPONSOR  
Imperial College Healthcare NHS Trust will act as the main Sponsor for this study.  
Delegated responsibilities will be assigned to the NHS trusts taking part in this study.   
 

8.6. FUNDING  
The British Society of Urogynaecology (BSUG) are funding this study. There are no per 
participants payments and no payments to investigators 
 

8.7. AUDITS   
The study may be subject to audit by Imperial College London/ Imperial College 
Healthcare NHS Trust under their remit as sponsor and other regulatory bodies to 
ensure adherence to GCP and the UK Policy Frame Work for Health and Social Care 
Research.  
 
 

9. STUDY MANAGEMENT  
 
The day-to-day management of the study will be co-ordinated through Dr Bernadette 
Lemmon.   
 
 
 

10. PUBLICATION POLICY  
 
This study has been submitted to the ISRCTN (International Standard Randomised 
Controlled Trial Number) registry. As part of this registration, results of this study will 
be published on this registry. Results will also be published in a peer reviewed 
journal following completion. Results will also be published internally with the ICHTB 
as part of the ICHTB ethical code. 
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APPENDIX: 
 
Appendix 1: Patient information sheets- about the study 
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Appendix 2: Patient information sheet- Imperial College Healthcare Tissue and 
Biobank information sheet- TB-DOC-PI1 v8 20/07/2022 
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Appendix 3: Consent forms for research  
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Appendix 4: Consent forms for research: 
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