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Summary 
Treatment options for patients with high grade serous ovarian cancer (HGSOC) and 

Endometrial cancer (EC), particularly those with treatment-resistance and distal 

metastases, are extremely limited, resulting in very poor outcomes. Therefore, novel 

therapeutics are urgently needed for these malignancies. Unfortunately, many promising 

drug candidates in preclinical trials often fail at later evaluation stages. This is in part due 

to poor drug screens in models without the native tumour composition and TME crosstalk 

that greatly influences resistance mechanisms and drug response. It is critical that 

models which better replicate the native environment are used during drug discovery 

pipelines.  In this thesis, we introduce organotypic tumour slice culture (OTSC) models 

as an innovative drug screening platform; this model is established from ultra-thinly 

slicing xenografted animal material or patient biopsy within a few hours of resection. 

These slices maintain viability up to 7 days in culture as well as the structural complexity 

and cellular heterogeneity of the native tumour, making it an ideal preclinical drug 

screening model.  

Another objective of this thesis is to explore neuromodulating pathways as an anti-

cancer strategy. Recently, there has been an increasing amount of evidence reporting 

dopamine receptor targeting as a new anti-tumour strategy; studies have repurposed 

dopamine 1 receptor (DRD1) agonists and DRD2 antagonists and indicated that they 

have antiproliferative and immune-activating effects in in vitro and in vivo cancer models. 

However, further investigations are required to validate the efficacy of this strategy in 

gynaecological models of HGSOC and low-grade EC. Moreover, there is an absence of 

studies evaluating neuromodulation in ex vivo 3D organotypic gynaecological OTSC 

models which incorporate the 3D tumour architecture and the tumour microenvironment 

(TME) with its heterogenic cell populations (epithelial, endothelial and leukocyte cells) – 

all of which play a vital role in the efficacy of anti-cancer drugs. Thus, we conducted a 

drug screen of DRD1 agonists and DRD2 antagonists in cell lines of HGSOC and EC, 

identifying one very promising DRD2 antagonist, Domperidone, with repurposing 

potential. We then carried out a comprehensive exploration of the anti-cancer and 
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immunomodulatory effects of Domperidone in 3D OTSC models of HGSOC and EC, as 

well as patient-derived models of ovarian cancer biopsy.  
Lastly, this thesis aimed to explore the incorporation of DRD2 antagonist Domperidone 

in a nano-formulation. In the last decade, nanomedicines – small molecules (1-300nm) 

manipulated to have a variety of shapes, sizes, and physicochemical properties – have 

become increasingly popular in anti-cancer formulations, with many receiving clinical 

approval for the treatment of cancer. One attractive quality of nanoparticles is that they 

can coat and protect a drug, altering its pharmacokinetic profile and preventing its early 

degradation prior to reaching the tumour site. Likewise, nanomaterials can be conjugated 

to cancer-specific agents to form a tumour targeting strategy, while their small size 

facilitates their tumour uptake for efficacious targeting. Domperidone is a candidate for 

a nano-formulation due to its low aqueous solubility, low oral bioavailability and reported 

off-target accumulation and cardiotoxicity. However, to date, there have been no studies 

investigating a DRD2 blocking nanotherapeutic approach towards gynaecological 

tumours and their microenvironment. Thus, the use of DRD2-modulating nanoparticles 

may provide new avenues for the treatment of most prevalent ovarian and endometrial 

cancers.  
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Resum 
Les opcions de tractament per a pacients amb càncer d'ovari serós d'alt grau (HGSOC) i 

càncer d'endometri (EC), especialment aquells amb resistència al tractament i 

metàstasis distals, són extremadament limitades, fet que comporta uns resultats clínics 

molt deficients. Per tant, es necessiten urgentment noves teràpies per a aquestes 

malalties. Malauradament, molts candidats a fàrmacs prometedors en assajos 

preclínics solen fracassar en etapes posteriors d'avaluació. Això es deu, en part, a 

cribratges de fàrmacs deficients en models que no tenen la composició tumoral nativa 

ni la interacció amb el microambient tumoral (TME), factors que influeixen enormement 

en els mecanismes de resistència i la resposta al fàrmac. És crític que s'utilitzin models 

que repliquin millor l'entorn natiu durant els processos de descobriment de fàrmacs. 

En aquesta tesi, introduïm els models de cultiu de talls tumorals organotípics (OTSC) 

com una plataforma innovadora de cribratge de fàrmacs; aquest model s'estableix a 

partir de talls ultrafins de material animal xenoinjertat o biòpsies de pacients a les 

poques hores de la resecció. Aquests talls mantenen la viabilitat fins a 7 dies en cultiu, 

així com la complexitat estructural i l'heterogeneïtat cel·lular del tumor natiu, cosa que 

els converteix en un model ideal de cribratge preclínic. 

Un altre objectiu d'aquesta tesi és explorar les vies neuromoduladores com a estratègia 

anticancerígena. Recentment, ha augmentat l'evidència que assenyala el receptor de 

dopamina com una nova diana antitumoral; diversos estudis han reposicionat agonistes 

del receptor de dopamina 1 (DRD1) i antagonistes del DRD2, indicant que tenen efectes 

antiproliferatius i d'activació immunitària en models de càncer in vitro e in vivo. 

Tanmateix, calen més investigacions per validar l'eficàcia d'aquesta estratègia en 

models ginecològics d'HGSOC i EC de baix grau. 

A més, hi ha una absència d'estudis que avaluïn la neuromodulació en models 

ginecològics ex vivo 3D de tipus OTSC, els quals incorporen l'arquitectura tumoral 

tridimensional i el TME amb les seves poblacions cel·lulars heterogènies (cèl·lules 

epitelials, endotelials i leucòcits), tots ells amb un paper vital en l'eficàcia dels fàrmacs 

anticancerígens. Així doncs, vam realitzar un cribratge de fàrmacs d'agonistes de DRD1 i 

antagonistes de DRD2 en línies cel·lulars d'HGSOC i EC, identificant un antagonista de 
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DRD2 molt prometedor, la Domperidona, amb potencial de reposicionament. 

Posteriorment, vam dur a terme una exploració exhaustiva dels efectes anticancerígens 

i immunomoduladors de la Domperidona en models 3D OTSC de HGSOC i EC, així com 

en models derivats de biòpsies de pacients amb càncer d'ovari. 

Finalment, aquesta tesi pretén explorar la incorporació de l'antagonista de DRD2 

Domperidona en una nanoformulació. En l'última dècada, les nanomedicines —

molècules petites (1-300 nm) manipulades per tenir una gran varietat de formes, mides i 

propietats fisicoquímiques— han esdevingut cada cop més populars en formulacions 

anticancerígenes, i moltes han rebut aprovació clínica per al tractament del càncer. Una 

qualitat atractiva de les nanopartícules és que poden recobrir i protegir un fàrmac, 

alterant el seu perfil farmacocinètic i evitant la seva degradació prematura abans 

d'arribar al lloc del tumor. Així mateix, els nanomaterials es poden conjugar amb agents 

específics del càncer per formar una estratègia de focalització tumoral, mentre que la 

seva petita mida facilita l'absorció tumoral per a una diana eficaç. 

La Domperidona és una candidata per a una nanoformulació a causa de la seva baixa 

solubilitat aquosa, baixa biodisponibilitat oral i l'acumulació no desitjada (off-target) i 

cardiotoxicitat documentades. No obstant això, fins a la data, no hi ha hagut estudis que 

investiguin un enfocament nanoterapèutic de bloqueig de DRD2 cap als tumors 

ginecològics i el seu microambient. Per tant, l'ús de nanopartícules moduladores de 

DRD2 pot oferir noves vies per al tractament dels càncers d'ovari i d'endometri més 

prevalents. 
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1.1.1 Gynaecological Cancers: An Overview 

Gynaecological cancers are a broad group of female reproductive malignancies 

pertaining to the cervix uteri, corpus uteri (endometrium), ovary, vulva, vagina, and very 

rarely, the fallopian tube (Figure 1) (Zhu et al. 2024). The combined incidences of 

gynaecological cancers totalled ~1.4 million cases in 2020, making it the 2nd leading 

cause of cancer in women (Table 1) (WHO 2020; https://gco.iarc.fr/today). Globally, the 

incidence of gynaecological cancers has been rising with ageing populations and 

associated with genetic, dietary and environmental factors (Zhu et al. 2024). Due to the 

implementation of cervical screening and human papillomavirus (HPV) vaccination 

programmes, cervical cancer has reached stable incidence rates in many high-income 

countries, however ovarian and endometrial cancers remain on the rise, including in 

Western Europe and USA (Funston et al. 2018; Davies-Oliveira et al. 2021; Gilham and 

Peto 2025). Ovarian and endometrial cancers often have worse outcomes than cervical 

cancer due to symptoms appearing at later stages, when it is more aggressive, metastatic 

and harder to treat. Additionally, there are currently no screening or vaccination 

programmes for these malignancies (Funston et al. 2018). 

 

Table 1. Gynaecological Cancer Incidence, Mortality and 5-year prevalence rates 

and rankings in women in the year 2020.  

Cancer Incidences 
(Ranking) 

Mortalities 
(Ranking) 

5-year 
prevalence 
(Ranking) 

Cervix Uteri 
 

604,127 (4th) 341,831 (4th) 1,495,211 (4th) 

Corpus Uteri/ 
Endometrium 

417,367 (6th) 97,370 (13th) 1,415,213 (5th) 

Ovary 
 

313,959 (8th) 207,252 (8th) 823,315 (7th) 

Vulva 
 

45,240 (21st) 17,427 (22nd) 135,892 (20th) 

Vagina 
 

17,908 (27th) 7,995(27th) 44,613 (27th) 

Total 
 

1,398,601 (2nd) 671,875 (2nd) 3,914,244 (2nd) 

https://gco.iarc.fr/today/
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Figure 1. Female reproductive system and the development of ovarian and 

endometrial cancers. Made in Biorender. 

 

1.1.2 Ovarian Cancer   

Ovarian cancer is the 8th most prevalent malignancy in women and considered one of the 

most lethal gynaecological cancers (Figure 2) (Cancer Today, 2022; Tavares et al., 2024). 

Ovarian cancer can arise from transformation events occurring in the sex-cord stromal, 

germ, or epithelial cells, however most cases (90-95%) occur in epithelial cells, termed 

epithelial ovarian cancer (EOC) (Table 2) (Wei et al., 2025; Tavares et al., 2024). The risk 

of developing ovarian cancer increases with old age, with 75% of EOC cases occurring in 

women over 55 years old, as well as being linked to obesity, smoking, long-term use of 

hormone replacement therapies, and inherited genetic mutations in the homologous 

repair genes BRCA1/2. Whereas decreased risk has been associated with childbirth, oral 

contraceptives, and breast feeding (Funston et al. 2018). Symptoms are often absent 

until advanced stages, and include pelvic pain, bloating, urinary urgency, development 

of an abdominal mass, gain or loss of appetite and/or weight, and unexplained bowel 

habits. Despite extensive research into biomarkers that could be used as an ovarian 
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cancer screening test, such as CA125, current evidence does not show that population-

based screening improves clinical outcomes, and therefore it is not currently 

recommended (Charkhchi et al., 2020).  

 

 

Figure 2. Prevalence of Ovarian Cancer in 2022. Estimated number of prevalent cases 

(1-year), as a proportion (World) per 100 000. From Cancer Today, GLOBOCAN (2022).  

There are five main histological subtypes of EOCs categorised by their architecture and 

morphology: mucinous, clear-cell, endometrioid and serous (Table 2). The latter is 

further classified into high grade serous ovarian carcinoma (HGSOC) and low-grade 

serous carcinoma (LGSOC) based on the degree of cytological alterations (Kurman and 

Shih, 2016; Suster and Virant-Klun, 2019). As shown in Table 2, the most prevalent 

subtype of ovarian cancer is HGSOC accounting for 70% of all cases, and which nearly 

all cases (96%) are characterised by gene mutations in the tumour suppressor gene TP53, 

with ~13% also carrying alterations in BRCA1/2 genes (Bell et al., 2011; Suster and Virant-

Klun, 2019).  

HGSOC is considered one of the most devastating subtypes due to its association with 

an advanced-stage diagnosis, aggressive and metastatic phenotype, treatment-

resistance, and poor 5-year survival rate of 30% (Satora et al., 2024). Treatment plans for 

ovarian cancer typically follow a generic strategy of primary surgical debulking surgery 
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and secondary platinum-based chemotherapy. Whilst this therapeutic protocol may 

initially display efficacy in patients to the point of remission, approximately 75% of cases 

will ultimately recur within the first two years – many in the initial 6 months – by means of 

inherent or developed drug resistance (Cabarca et al., 2024).  

 

Table 2. Epithelial ovarian cancer subtypes including their percentage of 

occurrence, origin and associated genetic mutations 

Epithelial Ovarian 
Cancer  

% All 
EOC 

Origin Associated 
Genetic 
Mutations 

Reference 

High-Grade Serous 
Ovarian Carcinoma 
(HGSOC)  
 

70% Fallopian 
tube, ovary or 
peritoneum 

TP53 (96%) and 
BRCA1/2 (13-
20%), PIK3CA 
(18%) 

Bell et al., 
2011; Barnes 
et al., 2021 

Endometrioid Ovarian 
Cancer (EnoC) 
 
 

10% Endometrium CTNNB1 (43%,) 
PI3KA (43%), 
ARID1A (36%), 
PTEN (29%)  

Hollis et al. 
2020; Barnes 
et al., 2021 

Ovarian Clear Cell 
Carcinoma (OCCC) 
 
 

10% Endometrium PIK3CA (50%), 
ARID1A (45%), 
TP53 (20%),  
KRAS (10%) 

Barnes et al., 
2021 

Low-Grade Serous 
Ovarian Carcinoma 
(LGSOC) 
 
 

<5% Fallopian tube KRAS (20-
35%), BRAF (10-
40%), and NRAS 
(10-24%), ERBB2 
(5%) 

Cheasley et 
al., 2020; 
Barnes et al., 
2021 

Mucinous Carcinoma 
 

3% Germ cells, 
transitional 
cells, 
endometrium 

KRAS (54%), 
PIK3CA (8%),  
and BRAF (2%)  

Panyavaranant 
et al., 2019 

 

1.1.3 Further Classification of HGSOC 

It is well known that cancer, even that of the same subtype, is extremely heterogenous – 

and HGSOC is no exception. Numerous groups have applied multi-omic approaches in 

HGSOC patient samples to identify and characterise the multitude of cell populations 

and their molecular signatures within this disease subset, consequently allowing the 

further classification of HGSOC (Davidson et al., 2023). One pioneering example of this 
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is by The Cancer Genome Atlas research network who through the exploration of HGSOC 

using next generation sequencing (NGS) and microarray analyses classified four distinct 

transcriptional signatures into the following subtypes: mesenchymal, proliferative 

immunoreactive, and differentiated HGSOC (Bell et al., 2011). These defined subtypes 

have been useful in further predicting prognoses (Table 3). For example, mesenchymal 

HGSOC is characterised by high levels of stromal (FAP), angiogenic (ANGPTL1, ANGPTL2) 

and mesenchymal stem cell markers and is associated with poorer prognoses (Khashaba 

et al., 2022). Similarly, proliferative HGSOC has also been linked to poor patient 

outcomes and is defined by a decrease in ovarian tumour markers (MUC1 and MUC16) 

and an increase in proliferative markers. In contrast immunoreactive subtypes have 

increased immune activation such as high expression of T-cell chemokine ligands 

(CXCL10 and CXCL11) and their target receptor (CXCR3), and are deemed more 

treatment responsive. Whereas differentiated subtypes are associated with high 

expression of MUC11 and MUC16 and are associated with more moderate outcomes 

(Bell et al., 2011; Davidson et al., 2023). Due to the molecular heterogeneity of HGSOC 

and its association with clinical outcome, it is vital that all these subtypes are carefully 

represented in the laboratory during drug development.     

 

Table 3. HGSOC subtypes, their prognoses and molecular characteristics. 

HGSOC Subtypes Prognosis Characteristics 
Immunoreactive Good CXCL10, CXCL10, CXCR3 
Differentiated Moderate ↑MUC1, MUC16, SLPI 
Mesenchymal Poor ↑ HOX, FAP, ANGPTL1 

Proliferative Poor ↓MUC1 and MUC16,  
↑ MCM2 and PCNA 
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1.1.4 Endometrial Cancer 

The endometrium is a specialised mucosal layer that lines the uterine cavity. Structurally, 

it is composed of two distinct regions: 1) the stratum functionalis, which is hormone-

sensitive and undergoes cyclic proliferation and subsequent shedding during the 

menstrual cycle, and 2) the underlying stratum basalis, a permanent stromal layer which 

is responsible for the regeneration of the functionalis post-menstruation (Yamaguchi et 

al., 2021). This dynamic tissue is the site of uterine malignancies, broadly classified 

based on their cellular origin. Endometrial carcinoma (EC) arises from the glandular 

epithelial cells and accounts for approximately 90 % of all uterine cancers, while uterine 

sarcoma arises from the underlying mesenchymal connective and muscle tissue, and 

accounts for the rare, yet highly aggressive remaining cases (Tai et al., 2023).  Like with 

ovarian cancer, risk factors include older age (~75% are >55 years old), genetic conditions 

e.g., Lynch syndrome, hormonal abnormalities such as late menopause, and obesity, 

with >50% of patients being clinically overweight (Onstad et al., 2016; Funston et al., 

2018). There are also no cancer screening programmes for EC. One key sign of EC is 

unexplained long-term (>12 months) postmenopausal bleeding, occurring in up to 90% 

of cases. Patients can also present with abnormal vaginal discharge, abdominal pain, 

increased blood glucose levels, anaemia and blood in the urine (Funston et al., 2018). 

Figure 3. Prevalence of Corpus Uteri Cancer in 2022. Estimated number of prevalent 

cases (1-year), as a proportion (World) per 100 000. Data from Cancer Today, 

GLOBOCAN (2022). 
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EC is highly prevalent, ranking as the 6th most common cancer in women worldwide and 

resulted in 417,367 new diagnoses in 2020 (Figure 3) (Cancer Today, 2022). EC is further 

subclassified into distinct histological types: endometrioid, uterine serous carcinoma, 

and clear cell carcinoma (Table 4) (Hinshaw et al., 2013). According to Bokhman 

classification (1993), endometrioid EC is a Type I, oestrogen-dependent subtype 

characterised by genetic perturbations in key signalling pathways, most notably PTEN, 

PIK3CA, and KRAS (Bokhman, 1983; Weigelt et al. 2013; Li et al. 2025). It is also the most 

prevalent EC subtype, comprising ~80% of all EC cases. While highly prevalent, 

endometroid EC has a reasonably favourable prognosis when diagnosed early and 

treated with surgery and adjuvant chemotherapy, with an overall five-year survival of 

around 88% (Åkesson et al. 2023). However, 25% of patients are diagnosed in advanced 

stages, where the survival rate drastically drops to 18% for those with distal metastasis 

(Volinsky-Fremond et al. 2024; Tillmanns et al., 2024; Brasseur et al., 2016). 

 

Table 4. Corpus Uteri Cancer subtypes including their percentage of occurrence, 

classification and associated genetic mutations 

 

Uterine   
Corpus 
Cancer  

Subtypes % All 
Corpus 
Uteri 
Cancers 

Bokhman 
Classification 

Associated 
Genetic Mutations 

Endometrial 
Carcinoma 
(90%) 

Endometrioid 80%  Commonly Type 
I 

(oestrogen-
dependent) 

PTEN, PIK3CA, 
KRAS 

Uterine Papillary 
Serous 
Carcinoma 

10%  
 
 
 
 

Type II  
(Poor prognosis, 

oestrogen-
independent 

 
 
 
 
 
 
P53, HER2,  
P16 

Clear Cell 
Endometrial 
Carcinoma 

5% 

Uterine 
Sarcoma 
(10%) 

Leiomyosarcoma 
 
 

1% (70% of 
uterine 
sarcomas) 

Endometrial 
Stromal Sarcoma 

n/a (<1%) 

Undifferentiated 
Uterine Sarcoma 

n/a (<1%) 
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1.1.5 Further Classification of Endometrial Cancer 

Like with HGOSC, endometrial cancer was further classified into four distinct molecular 

subtypes based on TCGA research (Stelloo et al. 2016; Piulats et al. 2017). This research 

was used as the basis for the development of the new clinically applicable classification 

system: Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) and 

Leiden/TransPORTEC classification (Walsh et al. 2023). ProMisE methodology began 

being implemented for the therapeutic management of EC in 2021 following a published 

consensus by the European Societies of Gynaecological Oncology, Radiotherapy, and 

Pathology (Andrade et al. 2024).  

The four molecular subtypes are POLE ultramutated (POLEmut), mismatch repair 

deficient (MMRd), p53 abnormal (p53abn), and no specific molecular profile (NSMP) 

(Table 5). In one study, MMRd, p53abn and NSMP had very similar prevalences, ranging 

from 27.2-28.9% in the study population, whereas POLEmut was slightly less frequent 

occurring in 15.8% (Andrade et al. 2024; Secord et al. 2025). 

POLEmut tumours are characterised by mutations in the exonuclease domain of the 

POLE gene, responsible for encoding the DNA polymerase epsilon catalytic subunit, and 

consequently results in highly mutated tumours with numerous C→A nucleotide 

transversions due to poor DNA synthesis. However, these tumours have the most 

favourable prognosis of the four molecular subtypes, with almost no recurrence and 

extremely low disease-specific mortality rates (<1%) (Murali et al. 2014; Walsh et al. 

2023). The MMRd subtype is characterised by high microsatellite instability (MSI-H) and 

hypermutated phenotype due to defective DNA mismatch repair. Approximately 10% of 

MMRd EC cases overlap with a Lynch syndrome diagnosis due to germline MMR gene 

mutations, whereas the remaining 90% are from somatic defects, primarily from 

hypermethylation of the MLH1 promoter. Prognosis of these tumours is moderate and 

dependent on stage and degree of cytological alterations (Crosbie et al. 2022). In 

contrast, p53abn tumours are denoted by TP53 mutations, extensive gene copy-number 

alterations and low mutation rates. This group corresponds to the TCGA "copy-number 

high" or "serous-like" category and includes most serous carcinomas and some high-

grade endometrioid carcinomas (Table 5). These tumours have the worst prognosis 

among the molecular subtypes (Murali et al. 2014; Walsh et al. 2023).  
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Lastly, NSMP comprises tumours devoid of POLE mutations and with wildtype MMR and 

p53. This subtype consists primarily of microsatellite-stable, low-grade endometrioid 

carcinomas. The NSMP category is further stratified by oestrogen receptor (ER) status, 

with ER-positive tumours having intermediate prognosis and ER-negative tumours having 

poorer outcomes similar to p53abn tumours (Walsh et al. 2023; Secord et al. 2025).  

 

Table 5. Endometrial cancer subtypes (ProMisE Classification, 2021) 

Endometrial Cancer Subtypes Prognosis Characteristics 
POLE Ultramutated  
(POLEmut) 

Good POLE mutations, numerous C→A 
nucleotide transversions 

Mismatch Repair Deficient 
(MMRd) 

Moderate High microsatellite instability, 
MLH1 promoter hypermethylation 

p53 Abnormal  
(p53abn) 

Poor TP53 mutations, serous-like 
carcinomas  

No Specific Molecular Profile 
(NSMP) 

Moderate – 
Poor 

ER-positive or ER-negative, 
wildtype: POLE, MMR and p53 

 

1.1.6 Standard-of-Care and Targeted Therapy  

Both in ovarian and endometrial carcinomas the standard-of-care is typically 

cytoreductive surgery with neoadjuvant chemotherapy using paclitaxel and carboplatin, 

administered intravenously on a 21-day cycle for 3 and 1 hours, respectively. In high-risk 

cases, radiotherapy is given in combination or sequentially (Azevedo et al. 2018). The last 

decade has also seen the emergence of targeted therapeutics, designed to manipulate 

cancer-specific deficiencies or hyperactivities. For example, in ovarian cancer, the FDA 

has approved the use of PARP inhibitors, monoclonal antibodies against angiogenic 

factors (Bevacizumab), and recently the folate receptor-targeting antibody drug 

conjugate ELAHERE (Mirvetuximab soravtansine-gynx) (Cortez et al., 2017; Satora et al., 

2024). However, despite therapeutic advancements, only 13 distinct FDA-approved drug 

entities exist for ovarian cancer and more than 70% of patients will experience disease 

recurrence following treatment (Table 6) (Zhou et al., 2016; Cortez et al., 2017; Radu et 

al., 2023; Wojtyła et al., 2023; Tavares et al., 2024). In EC, the targeted landscape is also 

rapidly evolving, with recent FDA-approved options comprising checkpoint inhibitors 

(e.g., Dostarlimab-gxly, Durvalumab, Pembrolizumab), kinase inhibitors (Lenvatinib 
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mesylate), and hormone therapies (Megestrol Acetate) (Table 7) (Francoeur et al. 2025). 

Yet treatment recurrence occurs in 20% of patients, often presenting with treatment 

resistant, metastatic and incurable lesions, supporting the need for new therapeutic 

options.  

 

1.1.7 Drug Discovery and Drug Repurposing 

While there is a severely unmet need for new clinically approved therapeutics which are 

able to overcome drug resistance and extend survival rates, the research community are 

battling high drug development costs, timeframes, and attrition rates, with approximately 

95% of new anti-cancer agents failing at clinical phase I trials (Prasad et al., 2017; He and 

Deng 2022). Therefore, recent efforts have been trying to optimise the drug discovery 

process by using advanced 3D laboratory models which can more realistically replicate 

the pathophysiology of tumours and more accurately predict clinical outcomes.  

Moreover, drug repurposing has become a very attractive solution to overcome high drug 

discovery costs and lengthy timelines. Drug repurposing in oncology represents a 

strategy to identify anticancer activity in existing medications with established safety 

profiles, offering a faster and more cost-effective alternative to traditional drug 

development (Dhanush and Ganesh 2025). This approach leverages drugs already 

approved for other indications, reducing development timelines from 10-17 years to 

potentially much shorter periods and lowering costs significantly (Mohi-ud-din et al. 

2023). Since the pharmacological profiles, side effects, and toxicity levels of these drugs 

are already well understood, the risk of unexpected adverse effects is lower. Drug 

repurposing can also provide new treatment options for cancers that lack effective 

therapies or have developed resistance to standard treatments (Mohi-ud-din et al. 2023; 

Dhanush and Ganesh 2025). Additionally, it encourages the exploration of novel 

mechanisms of action and may lead to the discovery of combinations that improve 

patient outcomes. Overall, drug repurposing could be a practical and efficient strategy in 

cancer therapy development.  
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Table 6. FDA Approved Medicines for Ovarian Cancer 

Drug Common 
Names 

Mechanism Category Reference Year  

Bevacizumab Alymsys, 
Avastin, 
Zirabev, 
Mvasi 

VEGF-A 
blocker (anti-
angiogenesis) 

Monoclonal 
Antibody 

McClung and 
Wenham, 2016 

2014 

Carboplatin 
 

Paraplatin DNA Damage Platinum-based 
Chemotherapeutic 

Monneret, 2011 1989 

Cisplatin 
 

Platinol DNA Damage Platinum-based 
Chemotherapeutic 

Fernandez-Garza 
et al., 2021 

1978 

Doxorubicin 
Hydrochloride 
 

Adriamycin  Topoisomerase 
II blocker 

Anthracycline 
Chemotherapeutic 

Fernandez-Garza 
et al., 2021 

1995 

Gemcitabine 
Hydrochloride 
 

Gemzar, 
Infugem 

Nucleoside 
Analog 

Antimetabolite 
Chemotherapeutic 

AbuShahin et al. 
2007 

2006  
 

Melphalan 
 

Alkeran DNA and RNA 
Synthesis 
Inhibition 

Alkylating 
Chemotherapeutic 

Fernandez-Garza 
et al., 2021 

2001 

Mirvetuximab 
soravtansine-
gynx 
 

Elahere,  Folate 
receptor-α and 
microtubule 
inhibition 

Monoclonal 
Antibody/ anti-
microtubule 
chemotherapy 

FDA.gov, 2024 2024 

Niraparib  
 

Zejula PARP 
Inhibition 

Small Molecule 
Inhibitor (SMI) 

Fernandez-Garza 
et al., 2021 

2017 

Olaparib 
 

Lynparza PARP 
Inhibition 

SMI Arora et al. 2021 2014 

Paclitaxel 
 

Taxol Microtubule 
Inhibition 

Anti-microtubule 
Chemotherapy 

Khanna et al. 
2015 

1992 

Rucaparib 
(Camsylate) 
 

Rubraca PARP 
Inhibition 

SMI Balasubramaniam 
et al. 2017 

2016 

Thiotepa 
 

Tepadina DNA and RNA 
Synthesis 
Inhibition 

Alkylating 
Chemotherapeutic 

Fernandez-Garza 
et al., 2021 

1959 

Topotecan 
Hydrochloride 

Hycamtin Topoisomerase 
II blocker 

Chemotherapeutic  Fernandez-Garza 
et al., 2021  

1998 

 

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-mirvetuximab-soravtansine-gynx-fra-positive-platinum-resistant-epithelial-ovarian
https://pubmed.ncbi.nlm.nih.gov/26179168/#:~:text=In%201992%2C%20paclitaxel%20was%20approved,tree%2C%20Taxus%20brevifolia%20in%201971.
https://pubmed.ncbi.nlm.nih.gov/26179168/#:~:text=In%201992%2C%20paclitaxel%20was%20approved,tree%2C%20Taxus%20brevifolia%20in%201971.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8297048/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8297048/
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Table 7. FDA Approved Medicines for Endometrial Cancer 

 

  

Drug Common 
Names 

Mechanism Category Year  

Carboplatin Paraplatin DNA Damage Platinum-based 
chemotherapeutic  

- 

Dostarlimab-
gxly 

Jemperli Anti-PD-1 
Inhibitor  

Monoclonal 
Antibody 

2024 

Durvalumab 
 

Imfinzi Anti-PD-1 
Inhibitor 

Monoclonal 
Antibody 

2024 

Lenvatinib 
mesylate 

Lenvima Tyrosine 
kinase 
inhibitor 

Anti-angiogenic 2021 

Megestrol 
Acetate 

Megace Synthetic 
Progesterone 

Hormone Therapy 1971 

Paclitaxel Taxol DNA Damage Taxane 
chemotherapeutic  

- 

Pembrolizumab Keytruda Anti-PD-1 
Inhibitor 

Monoclonal 
Antibody 

2024 

Trastuzumab 
deruxtecan 

Enhertu Anti-HER2 
ADC 

Antibody Drug 
Conjugate 

2024 
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Section 1.2 

The Tumour Microenvironment and 

Therapeutic Resistance   
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Our knowledge of the architecture and pathophysiology of a solid tumour has expanded 

rapidly over the last few decades; it is now well accepted that a tumour is not simply a 

clump of mutated cells growing in an uncontrolled state, but a complex, ‘organ-like’ mass 

composed of a multitude of heterogenous cell networks with an intricate three-

dimensional (3D) architecture and numerous interactions and signalling cues that 

promote tumour growth and therapeutic evasion. This complex ecosystem is typically 

referred to in two parts: the rapidly dividing tumour bulk and the tumour 

microenvironment (TME). The TME refers to the space which surrounds and supports the 

tumour bulk, and is composed of the:  

1) Vasculature providing oxygen and nutrient transport (but leaky enough to interfere 

with drug delivery),  

2) Stroma, rich in cancer associated fibroblasts (CAFs), adipocytes, and 

mesenchymal stem cells (MSCs) which control extracellular matrix (ECM) 

production, density, and stiffness, impacting both immune cell migration and drug 

penetration.  

3) Immunological landscape comprised of dysregulated immune cells involved in 

immune shielding and cancer evasion,  

4) Cancer stem cells (CSC), a subpopulation of cancer cells which possess 

metastatic, self-renewal, treatment-evading, and multilineage differentiation 

properties, and therefore can reinstate tumorigenesis following therapy, 

5) Infiltrated nerve system linked to cellular sensing, inflammation, angiogenesis and 

metastatic processes.  

The interaction between tumour cells and their microenvironment significantly 

influences tumour progression and treatment response in gynaecological malignancies 

(Figure 4). In these cancers, most notably (HGSOC), the TME harnesses resistance to 

chemotherapy, targeted agents, and immunotherapy through adaptive signalling, 

metabolic rewiring, and physical and immunological barriers. These mechanisms enable 

tumour survival despite therapeutic interventions, resulting in recurrence and poor 

clinical outcomes (Zhao et al. 2012; Liu et al. 2021b; Garlisi et al. 2024). In this section, I 

will discuss the different elements of the TME and how they contribute to the generation 

of a pro-tumorigenic niche with therapeutic resistance. 
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Figure 4. The tumour microenvironment in gynaecological cancers. Five key changes 

occur to create a pro-tumorigenic niche: 1) angiogenesis where new blood vessels sprout 

to support tumour growth, 2) abnormal stroma characterised by activated cancer 

associated fibroblasts (CAFs) and a stiff collagen-dense matrix, 3) immunosuppressive 

immune cells such as CD4+ Treg cells and anti-inflammatory M2 macrophages, 4) 

infiltrated nerves that drive cancer cell proliferation, metastases and angiogenesis, and 

5) cancer stem cells with metastatic and self-renewal potential.  Made in Biorender.  

 

1.2.1 Tumour Vasculature  

Angiogenesis is the mechanism by which new blood vessels sprout from the preexisting 

vasculature, expanding oxygen and nutrient delivery and waste removal to new regions of 

the tissue. Without an adequate perfusion system, the tumour’s high metabolic demands 

become the limiting factor in its expansion, preventing the mass from growing beyond 1-
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2 mm3. Hence, a proangiogenic environment and the establishment of a large vascular 

network are crucial for a tumour’s growth and survival. Consequently, this process often 

becomes dysregulated within a solid tumour (Figure 4)  (Matuszewska et al. 2021). 

As the tumour grows, the inner most region starts to become hypoxic, stimulating the 

release of hypoxia-inducible factors (HIFs), such as HIF-1α, and reactive oxygen species 

(ROS) from tumour cells. These mediators trigger the ‘angiogenic switch’ – a functional 

shift characterised by the upregulation of pro-angiogenic factors, including vascular 

endothelial growth factor A (VEGF-A), alongside the suppression of anti-angiogenic 

mediators like angiostatin and thrombospondin. In ovarian cancer, high serum levels of 

VEGF correlate with poorer progression free survival and overall survival (Yu et al., 2013). 

As a counteractive measure to this tumour idiosyncrasy, the VEGF-neutralizing 

monoclonal antibody, Bevacizumab, has been approved for ovarian cancer, improving 

progression free survival (PFS) when administered as a second line therapy (Erciyestepe 

et al., 2025).  

Similarly in endometrial cancer, angiogenesis also plays a critical role in endometrial 

cancer progression with high VEGF expression seen in 56% of endometrial cancers and 

is an independent predictor of shorter disease-specific survival (Kamat et al. 2007). 

However, benefits of Bevacizumab show varied responses with some clinical trials 

demonstrating no significant differences in PFS as a monotherapy and in combination 

with chemotherapy (Simpkins et al. 2015; Lorusso et al. 2019; Rubinstein et al. 2021)  

The vasculature within tumours also has an atypical morphology, characterised by a large 

network of small, disorganised leaky vessels that creates a higher interstitial pressure to 

the tumour core. This pressure gradient opposes immune infiltration and an inward flow 

of drugs, impairing the adequate delivery of pharmaceuticals (Stylianopoulos et al. 

2018). Altogether, these studies highlight the critical role of the vasculature in tumour 

growth, survival, and drug delivery and thus, demonstrate the importance of its inclusion 

in preclinical models during anti-cancer drug discovery.  
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1.2.2 Stroma and Extracellular Matrix 

The stroma is home to a number of non-malignant cell types involved in extracellular 

matrix production and remodelling, including fibroblasts, adipocytes, and mesenchymal 

stem cells. These cells secrete collagen, laminin, fibronectin and a diverse supply of 

biochemical signals which collectively control the structure, density, and stiffness of the 

ECM (Mun et al. 2024). These processes can also become dysregulated in cancer. 

 

(a) CAFs 

CAFs are one of the most prominent cell types of the TME and involved in important pro-

tumorigenic processes such as fibrosis, inflammatory signalling, immune exclusion and 

ECM remodelling (Figure 4) (Zhang et al. 2022a).  

In ovarian cancer, four subtypes of CAFs have been identified: CAF-S1, -S2, -S3, and -S4. 

These subtypes differ in their expression of biomarkers, including fibroblast activation 

protein (FAP), α-smooth muscle actin (α-SMA) and integrin β1 (CD29), and their 

association with cancer subtype and prognosis. For instance, CAF-S1 (FAPhigh CD29med-

high SMAhigh) are associated with mesenchymal HGSOC and poor patient outcomes (Zhang 

et al. 2022a). CAFs have been shown to excessively produce stiff, dense regions of 

collagen that prevent immune cell migration and drug penetration. Moreover, they can 

also overproduce matrix metalloproteinases (MMPs) involved in matrix remodelling 

during tumour cell invasion, as well signalling factors e.g., VEGF, epidermal growth factor 

(EGF) and hepatocyte growth factor (HGF), that initiate tumour proliferation (Davidson et 

al. 2014; Santi et al. 2018; Axemaker et al. 2024). In mesenchymal HGSOC, tumours 

exhibit high levels of stromal components, increased ECM stiffness and are associated 

with metastasis and chemoresistance (Mieulet et al., 2021).  

Similarly, in endometrial cancer, CAFs also secrete higher levels of growth factors and 

cytokines compared to normal fibroblasts, including IL-6, IL-10, VEGF, EGF, and FGF 

(Subramaniam et al. 2013; Wang et al. 2018). These secreted factors activate key 

signalling pathways in cancer cells, particularly the PI3K/Akt and MAPK/Erk pathways, 

which drive angiogenesis, proliferation and survival (Subramaniam et al. 2013). Another 



Chapter 1 Introduction 

22 
 

factor, Stromal Cell-Derived factor (SDF-1/CXCL12) has also been identified as a key 

molecule in endometrial cancer biology through binding and stimulating the CXCR4 

receptor on endometrial cancer cells. Elevated levels of SDF-1α in endometrial cancer 

patients correlate with advanced clinical features, such as deep invasion of the 

myometrium and metastasis to the lymph nodes, ultimately leading to lower survival 

rates. Interestingly, blocking the SDF-1/CSCR4 axis with a CXRC4 antagonist (AMD3100) 

significantly inhibited CAF-mediated tumour progression (Teng et al. 2016). Like in 

HGSOC, elevated ECM stiffness in endometrial cancer correlates with more aggressive 

tumour behaviour and reduced sensitivity to chemotherapy (Sun et al. 2025). Hence, 

CAFs are fundamental to tumour biology and drug sensitivity. 

 

(b) Adipocytes 

Adipocytes also play an interesting role in tumorigenesis through metabolic 

reprogramming. Cancer-associated adipocytes are irregularly-shaped dedifferentiated 

cells filled with small, dispersed lipid droplets that are undergoing dysregulated lipolysis 

within the TME (Attané and Muller 2020; Cho et al. 2023). This excessive lipolysis is 

stimulated by cancer cells and leads to free fatty acid secretions from adipocytes, which 

are subsequently used by cancer cells as a metabolic fuel that drives tumour growth 

(Attané and Muller 2020). These lipolytic adipocytes are frequently found near aggressive 

tumours. In fact, adipocyte rich regions, such as the adipose tissue of the omentum, are 

the preferred regions of gynaecological tumour metastases (Duarte Mendes et al. 2023). 

Moreover, direct adipocyte-tumour cell interactions can trigger metastasis and 

chemoresistance in HGSOC through inducing lipid chaperone (FABP4) expression 

(Mukherjee et al. 2020). Beyond their role in metabolic rewiring and metastasis, 

adipocytes can also directly promote tumour proliferation and survival, for example, 

through releasing pro-tumorigenic adipokines like leptin and reducing the production of 

anti-tumour adiponectin. High leptin and low adiponectin levels are associated with 

obesity and are also independently associated with increased risks of developing ovarian 

and endometrial cancers (Ray et al. 2018; Tsankof and Tziomalos 2022). Hence, inclusion 

of adipose tissue is essential for studying tumour initiation, metastasis and 

chemoresistance. 
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(c) Mesenchymal Stem Cells 

Cancer-associated mesenchymal stem cells (MSCs) are non-malignant stromal 

progenitor cells with multipotent potential that differentiate into the mesodermal 

lineages, such as those of the bone (osteoblasts), cartilage (chondrocytes), fats 

(adipocytes), muscle (myocytes), and ECM-producers (fibroblasts). They also possess 

the ability to generate cell types of other lineages including endothelial cells, neuronal-

like cells and cardiomyocytes (Atiya et al. 2020). While they are considered important 

players in wound healing, they have also been implicated in driving the development of 

tumorigenesis by giving rise to dysregulated cancer-associated adipocytes and 

fibroblasts, and by inducing an epithelial-mesenchymal transition (EMT) within cancer 

cells (Coffman et al. 2018). This EMT shift increases the ‘stemness’ of cancer cells, where 

they acquire a more aggressive, proliferative, and metastatic phenotype (Atiya et al. 

2023).  

In HGSOC, samples with increased MSCs and an EMT phenotype were more 

immunosuppressive, invasive and migratory, and are associated with poorer outcomes 

(Chirshev et al. 2020; Hu et al. 2020; Zhang et al. 2024). In endometrial cancer tissue 

samples, MSCs contribute to 1-5% of the total population and are said to have a dualistic 

role, in which they can be both anti-tumour and immunosuppressive (Wang et al. 2022). 

For instance, endometrium-derived MSCs can supress endometrial cancer cell viability, 

proliferation, and xenograft tumour growth more effectively than adipose-derived or 

umbilical cord-derived MSCs (Xu et al. 2023). The proposed mechanism involves 

secretion of Dickkopf-related protein 1 (DKK1), which inhibits Wnt/β-catenin signalling in 

cancer cells, thereby suppressing cancer cell stemness and proliferation (Xu et al. 2023). 

In contrast, other endometrium-derived MSCs can create an immunospressive TME 

through upregulation of the programmed cell death-1 (PD-1/PD-L1) axis, consequently 

reducing the cytotoxicity of immunotherapies (Wang et al. 2022).  
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1.2.3 Tumour Immunological Landscape 

The stroma is also the region in which tumour infiltrating immune cells can be found. 

Ovarian cancer is typically considered a ‘cold’ tumour characterised by a significant lack 

of effector T lymphocytes or by the presence of these cells in an immunosuppressed or 

‘exhausted’ state (Garlisi et al. 2024). Other key indicators of low tumour immune 

response include an increase in intrinsic immune response blockades e.g., PD-1/PD-L1 

engagement, impaired antigen presentation to T cells, and an enrichment of 

immunosuppressive immune cells, such as tumour associated macrophages (TAM), T 

regulator cells (Treg) and myeloid-derived suppressor cells (MDSC) (Figure 5) (Garlisi et 

al. 2024; Wang et al. 2024). The immunological landscape also varies drastically 

depending on the subtype, for example all molecular subtypes of HGSOC (except 

immunoreactive HGSOC) lack high levels of immune activation (Khashaba et al. 2022) . 

Consequently, many attempts to utilise the immune system as anti-cancer strategy in 

HGSOC have performed poorly in clinical trials, such as CAR-T therapy and anti-PD-L1 

monoclonal antibody blockades (Yang et al. 2022) 

Similarly, in endometrial cancer the four molecular subtypes also have distinct 

immunological profiles. For instance, POLE-mutated and MMRd tumours are 

characterised by high immune infiltration and immune activation, with a particularly high 

abundance of CD8+ tumour-infiltrating lymphocytes (Dai et al. 2022; Wang et al. 2023b). 

These tumours respond exceptionally well to immune checkpoint inhibitors (Zhao et al. 

2025). In contrast, p53-aberrant tumours typically exhibit an immunosuppressed 

phenotype with the highest densities of PD-L1+ macrophages and PD-1+ T cells, 

suggesting immune exhaustion despite some immune infiltration (Dai et al. 2022; 

Ariyanayagam and Baksh 2024). Whereas the no specific molecular profile (NSMP) 

subtype displays an ‘immune-cold’ phenotype with low overall immune cell infiltration 

(Dai et al. 2022)  

The balance between both anti-tumour and pro-tumour immune cells within the TME of 

HGSOC and EC strongly influences prognosis and therapy response (Figure 5). Hence, 

strategies which enhance both immune infiltration and activation are needed (Liu et al. 

2021b; Dai et al. 2022; Khashaba et al. 2022). This highlights the importance of immune 

inclusion in drug discovery models, both for efficacy and mechanistic studies of novel 
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therapies. The next subsections will give an overview of the role of lymphoid and myeloid 

cells in HGSOC and EC tumour progression.  

 

Figure 5. Immune activation and suppression in tumours. Tumour killing immune 

populations are characterized by abundant immune infiltration with increased CD8+ T 

cell and NK cell populations, M1 macrophages, N1 neutrophils and dendritic cells, 

making them more responsive to immunotherapies. Immune suppression in tumours 

exhibit scarce immune infiltration, primarily composed of regulatory T cells (Tregs), and 

low CD8+ T cell, natural killer (NK) cell and dendritic cell presence, often evading 

immunotherapies. Made with Biorender.  

 

1.2.4 Tumour Infiltrating Lymphocytes (TILs) 

TILs refer to immune cells derived from lymphoid progenitors such as CD4+ (helper) and 

CD8+ (cytotoxic) T cells, Natural Killer (NK) cells and B cells (Zhang et al. 2023; MacFawn 

et al. 2024). The infiltration and formation of functional and heterogenic immune 

hotspots of T and B cells, termed tertiary lymphoid structures (TLS), have been identified 

as clinical indicators of immunotherapeutic response and improved survival. However, 

their presence varies within the different morphological and molecular gynaecological 
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cancer subtypes and are closely associated with prognosis and therapeutic efficacy 

(Zhang et al. 2023). TLS are absent in HGSOC in approximately 85% of patients, and their 

absence has been linked to pro-tumorigenic stroma and ca-MSCs associations 

(MacFawn et al. 2024).  Similarly, TLS are found in 19% of EC cases and are more 

abundant in POLEmut and MMRd subtypes (Horeweg et al. 2022a). However, the 

mechanism behind TLS suppression remains mostly unelucidated.  

 

(a) CD4+ T cells 

CD4+ T cells orchestrate the immune response upon recognition of antigens displayed 

by major histocompatibility complex II (MHC II) molecules on antigen presenting cells 

(APCs), i.e., dendritic cells, macrophages and B cells. Following recognition, CD4+ cells 

release cytokines such as IFN-γ and IL-2 that triggers the maturation of APCs and the 

activation and clonal expansion of CD8+ T cells (Kruse et al. 2023). However, the CD4+ 

lineage also includes a specialised immunosuppressive subset termed Regulatory T cells 

(Tregs), characterised by the expression of the transcription factor FOXP3 (Lalfer et al. 

2019). 

In HGSOC and endometrial cancers, CD4+/FOXP3+ cells are associated with an 

immunosuppressive pro-tumour phenotype and poor survival outcomes (Kolben et al. 

2022; Mikulak et al. 2025). One study showed Tregs were virtually absent in healthy donor 

endometrium but positively associated with higher grades of endometrial cancer. 

Moreover, co-culture models of endometrial cancer and Treg cells increased cancer cell 

invasion, migration and survival (Kolben et al. 2022).  Tregs are also particularly abundant 

in stage I HGSOC tumour lesions and positively correlate to worse prognosis (Mikulak et 

al. 2025). However, one study found that the precise location of Treg cells within the 

HGSOC TME alter their tumorigenic effect, for instance Treg cells in close proximity to 

metabolically inactive tumour cells correlated to worse survival outcomes, whereas 

Tregs that localised with highly metabolic and/or proliferating tumour cells resulted in 

more favourable prognoses (Berrell et al. 2025). This underpins the necessity for models 

which maintain the native TME cell-cell interactions and crosstalk when exploring tumour 

biology and drug efficacy.  
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(b) CD8+ T cells and NK Cells 

In contrast, CD8⁺ T cells and NK cells act as the primary anti-tumour effectors by 

inducing apoptosis in malignant cells. High densities of CD8⁺ TILs generally predict more 

favourable clinical outcomes and improved overall survival in both HGSOC and EC. 

However, in HGSOC and EC, CD8+ T cells are often scarce or in a dysfunctional 

exhausted state, characterised by the expression of PD-1⁺ and TIM-3⁺ (Degos et al. 2019; 

Connor et al. 2024). These exhausted T cells have a distinctive phenotype characterised 

by low expression of cytokines, reduced cytotoxicity, and low clonal expansion, resulting 

in limited responses to chemotherapy and immunotherapy (Yang et al. 2022; Connor et 

al. 2024). Moreover, in endometrial cancer samples, tumour-resident NK cells also 

display an inhibited phenotype (Tigit+ and TIM-3+) and secrete less pro-inflammatory 

cytokines (IFN-γ, TNF-α and GrzB) than adjacent NK cells, suggesting the TME may be 

dampening the activity of these cells (Degos et al. 2019). Recently, bi-specific and tri-

specific engager antibodies have been developed to activate exhausted T cells and NK 

cells within the gynaecological TME. These antibody modalities bind to specific cell 

surface proteins to unify effector cells and cancer cells and elicit dual-stimulation 

(O’Brien et al. 2025). For example, one tri-specific killer engager (TriKE) contained 

modalities towards CD16 on NK cells to drive activation, an IL-15 molecule to drive NK 

priming, expansion and survival, and HER2 on ovarian cancer cells, ensuring activated 

effectors came into close proximity with the malignant cells (Vallera et al. 2021). 

However, advanced ex vivo models that incorporate the TME, including heterogenic 

immune effector cells, are required to fully ascertain drug efficacy and mechanistic 

effects.  

 

(c) B Cells 

B cells are APCs responsible for antigen presentation to cytotoxic effectors to elicit an 

immune response. They are also capable of targeting malignant cells directly through 

their differentiation into plasma cells that secrete antibodies against tumour associated 

antigens (TAA), and memory B cells which maintain a long-lived memory response 

against the TAAs, rapidly reactivating upon re-exposure (Vledder et al. 2024; Yang et al. 
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2024). TIL B cells, particularly when organised within mature TLS, have been identified as 

an independent positive prognostic factor in gynaecological cancers (Horeweg et al. 

2022; Kasikova et al. 2024). In HGSOC, B cell-infiltrated TLS were less common in primary 

tumours but more prevalent in HGSOC metastases. Moreover, B cell depletion was linked 

to immune checkpoint insensitive T cells (Kasikova et al. 2024). Similarly, in EC, patients 

with B-cell-rich TLS, especially those containing mature germinal centres, showed better 

CD8+ T cell function and progression-free survival compared to those without these 

structures (Horeweg et al. 2022). However, there are still major gaps in our understanding 

of why the majority of gynaecological cancer patients do not form mature TLS within their 

lesions.  

 

1.2.5 Myeloid Compartment 

(a) Tumour-associated Macrophages (TAMs) 

TAMs are one of the most predominant immune cell types within the TME. They are 

described to have two different phenotypes: M1 (anti-tumour) and M2 (pro-tumour) 

(Figure 5). Within both HGSOC and EC, there is a clear polarisation of TAMs towards the 

immunosuppressed M2 state, characterised by increased M2 receptor expression 

(CD163, CD204, and CD206) and upregulated co-regulatory receptors: TIGIT, CD226, 

TIM-3, and LAG-3 (Brauneck et al. 2023). M2-TAMs are also shown to release the 

angiogenic driver VEGF and immunosuppressive cytokines, IL-10 and TGF-β, involved in 

inhibiting CD8+T cell and NK cell activity (Wang et al. 2025b). In contrast, M1 

macrophages secrete pro-inflammatory cytokines e.g., TNF-α, IL-12, IL-1β and promote 

antigen presentation to effector cells. The increased presence of M1 macrophages is 

significantly associated to long-term survival in HGSOC (Berry et al. 2021). Moreover, M1 

macrophages were significantly more prevalent in samples of cured low-grade 

endometrioid carcinomas compared to those from recurrent patients, which presented 

almost no M1 macrophages and a small number of TAMs with an M2 phenotype 

(Nagamine et al. 2025). Hence, strategies that trigger M2 to M1 repolarisation are being 

explored as an immunotherapy strategy (Zhu et al. 2025). 
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(b) Myeloid-Derived Suppressor Cells 

MDSCs are a heterogenic population of immature mature myeloid cells with 

immunosuppressive abilities that prevent the recruitment, priming and expansion of T 

cells. They are divided into three subsets: mononuclear-, polymorphonuclear- and early-

stage- myeloid-derived suppressor cells (M-MDSC, PMN-MDSC, eMDSC). In ovarian 

cancer patients, M-MDSC produces arginase and ROS which supress T cell proliferation. 

Moreover, their presence was significantly higher in the peripheral blood and ascites of 

ovarian cancer patients, compared with healthy individuals which have almost a 

complete absence of this cell type (Okła 2023). M-MDSC abundance also inversely 

correlated with OC relapse-free survival (Wu et al. 2017). In endometrioid carcinomas, 

MDSCs also display strong immunosuppressive activity, inhibiting CD8+ T cell activity 

and stimulating angiogenesis in vitro and in vivo (Mabuchi and Sasano 2021; Jones et al. 

2023). Thus, their representation in drug discovery models is important when evaluating 

new therapies, especially those related to T cell activation or T-cell mediated cytotoxicity, 

such as CAR-T therapy.  

 

(c) Dendritic Cells 

Dendritic cells are antigen-presenting phagocytes derived from haematopoietic stem 

cells that play a key role in initiating and regulating the immune response in the TME (Lee 

et al. 2023). They do this by engulfing and presenting tumour-associated antigens on their 

cell surface via MHC I and II receptors to T cells (Vander Lugt et al. 2013; Gutiérrez-

Martínez et al. 2015). There are two conventional DC subtypes: type 1 (cDC1) and type 2 

(cDC2). cDC1 are the main cytotoxic CD8 T cell activators, whereas cDC2 produce IL-10 

and TGF-β to stimulate T cell differentiation into the CD4 T helper cell subset (Mastelic-

Gavillet et al. 2020; Mastelic-Gavillet et al. 2023). However, within the ovarian cancer 

TME, DCs are often scarce or in a phenotypically impaired state with an 

immunosuppressant function (Figure 5). In response to chemotherapy, ovarian cancer 

patients have lower frequencies of the cDC1 subtype compared to both pre-treatment 

levels and to healthy controls. Moreover, low cDC1 levels post treatment corresponds to 

poorer patient outcomes, suggesting this deficiency could be linked to chemoresistance 
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(Mastelic-Gavillet et al. 2023). In contrast, in endometrial cancer, dendritic cells are more 

abundant, with certain subsets (S100+, HLA-DR+) being associated with lower clinical 

stage and lymph node metastases (Zhao et al. 2012). Therefore, DC vaccination has been 

suggested as a potential strategy for DC activation alongside other therapeutic regimens 

(Lee et al. 2023). 

 

(d) Tumour Associated Neutrophils (TANs) 

Neutrophils are the most abundant leukocyte in the blood and are the first responders 

during infections and inflammation. Classically, mature neutrophils are considered a 

non-proliferative, short-lived (<1 day) and terminally-differentiated subset, however 

recent evidence suggests they are capable of survival up to 5.4 days with a greater level 

of plasticity and heterogeneity than once thought (Pillay et al. 2010; Hedrick and 

Malanchi 2021).    

Neutrophils also play a part in tumour progression; Like with TAMs, TANs are classified 

into two populations: N1 (anti-tumour) and N2 (pro-tumour), whereby their phenotype is 

defined by molecular signals within the TME (Figure 5) (Cheng et al. 2025). In the presence 

of IFN-γ, N1 TANs are stimulated to secrete TNF-related apoptosis-inducing ligand 

(TRAIL) that induces apoptosis in cancer cells through the Death Receptors (DRs) (Cheng 

et al. 2025). However, it has been shown that both HGSOC and endometrial cancer 

patients have an N1/N2 polarisation, leading to an increase in N2 TAN-cancer cell 

interactions that promote metastases (Chen et al. 2024). In HGSOC, neutrophils 

demonstrated an immunosuppressant function on T cells, but not in non-tumour sites, 

suggesting the TME likely plays a role in TAN function (Emmanuelli et al. 2024). 

Interestingly, deletion of the stress sensor (IRE1α) in TANs led to increased survival in the 

HGSOC in vivo models (Emmanuelli et al. 2024). In endometrial carcinomas, patients 

with lower ratios of neutrophils to lymphocytes also had significantly increased overall 

survival compared to patients with higher neutrophil-to-lymphocyte ratios (92.8 vs. 72.3 

months) (Kirsch-Mangu et al. 2025).  

Uncontrolled immune defence strategies, such as the extracellular release of 

decondensed DNA and granule enzymes termed Neutrophil Extracellular Traps (NETs) 
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are gathering more attention as a potential mechanism of chemoresistance in 

gynaecological cancers, particularly ovarian cancer (Chen et al. 2024). While NETs are 

typically released to entrap and kill microorganisms, within the TME they have been 

suggested to colocalise and inactivate chemotherapeutics (Tamura et al. 2022). 

Moreover, recent studies found multiple biomarkers of NETs were significantly higher in 

HGSOC patient plasma compared to healthy controls, and that NETs were also present 

in the TME (Kim et al. 2022; Tomás-Pérez et al. 2023).  

 

1.2.6 Cancer Stem Cells 

Cancer stem cells are a subpopulation of malignant cells with self-renewal and multi-

differential potential, capable of reinstating tumorigenesis following therapy. They 

typically have a distinct phenotype of ‘stem-like’ markers such as CD133 (PROM1), CD24 

(P-selectin), CD44 (hyaluronan receptor), ALDH1A1 (aldehyde dehydrogenase), CXCR4 

(C-X-C motif chemokine receptor 4) and EPCAM (epithelial cell adhesion molecule), 

related to EMT behaviours, survival and metastasis (Cioffi et al. 2015; Iżycka et al. 2023). 

Moreover, CSC genetic signatures are characterised by increased expression of 

transcription factors NANOG, SOX2/9 and OCT4 related to a pluripotent state (Cioffi et 

al. 2015).  

The clinical significance of these markers, however, appears to be highly context-

dependent. In ovarian cancer, a subpopulation of CXCR4⁺/CD133⁺ cells have been 

identified as a driver of cisplatin resistance in both in vivo murine models and primary 

patient biopsies. Moreover, CD133+ cells were present in approximately 50% ovarian 

cancer samples and correlate with worse PFS and OS (Ruscito et al. 2017). In contrast, 

endometrial carcinomas demonstrate higher frequency of CD133+ cells (61%) and was 

associated with reduced vascular invasion and increased overall survival (Mancebo et al. 

2017). This highlights the distinct nature of CSCs within different TME of gynaecological 

cancers and the need to further characterise CSC markers for outcome prediction. 
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1.2.7 Tumour Infiltrating Nerves 

The peripheral nervous system is a vital neuronal network involved in environmental 

sensing, motor control and autonomic regulation of involuntary physiologic processes, 

including heart rate, blood pressure, and digestion (Wang et al. 2025). In addition, the 

autonomic nervous system (ANS) has also been shown to play a role in menstruation, 

particularly in ovarian blood flow, pain, and hormone cycles (Berga and Naftolin 2015; Yu 

et al. 2024). The ovaries and uterus are highly innervated by a dense network of 

autonomic and sensory nerve fibres closely associated with the vasculature. Autonomic 

nerve dysfunction has been linked to conditions such as polycystic ovarian syndrome 

(PCOS) and endometriosis, characterised by high levels of pain, hormonal imbalances, 

blood flow abnormalities and inflammation (Tong et al. 2020; Wei et al. 2020; Yu et al. 

2024). 

Increasing evidence indicates that the nervous system can also be a key orchestrator in 

tumorigenesis, angiogenesis, metastases and immune evasion. Tumour cells can 

migrate along neural pathways during metastatic spread, while nerve–tumour crosstalk, 

mediated by neurotrophic factors (e.g. NGF, BDNF) and neurotransmitters, promotes 

both nerve infiltration into the TME and enhanced tumour growth and invasion. In 

addition, neurotransmitters such as norepinephrine have been shown to attract 

immunosuppressive TAMs, MDSCs and Tregs that inhibit T cell and NK cell defences 

(Makale et al. 2017; Bayraktar et al. 2024; Yu et al. 2025).  

Recent advances in intra-tumoral nerve-tracing have clarified this relationship in 

HGSOC, revealing a distinct shift in tumour innervation during malignancy, whereby 

predominantly sympathetic innervation in healthy ovarian tissue is replaced by the 

selective recruitment of sensory axons within the tumour microenvironment (Barr et al. 

2021). Similarly, in endometrial cancer, cancer cells exploit the organ's intrinsic 

neuroplasticity, using neurotransmitters like norepinephrine and acetylcholine to 

promote epithelial proliferation and migration (Español et al. 2022). The relationship 

between endometrial cancer and the nervous system is further underscored by rare but 

aggressive endometrial metastases into the central nervous system (Ross et al. 2025). 

However, there are still significant gaps in our knowledge of how the nervous system is 

used by tumours to metastasise and evade therapeutic strategies.  
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Section 1.3  

Preclinical Models for Drug Discovery in 

Gynaecological Cancer and Their 

Limitations 
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As discussed in the previous section, each element of the TME plays an important role in 

tumour progression and therapeutic resistance and, as such, its recapitulation within 

preclinical cancer drug discovery models is unequivocably important. However, many 

preclinical models fail to mimic the 3D and heterogenic complexity of the TME in the 

laboratory, resulting in inadequate drug screens and the selection of unsuitable agents 

for preclinical evaluations or clinical trials. This is a major contributing factor to the large 

number of costly pharmaceutical failures and long development timeframes. However, 

efforts to improve preclinical cancer models over the last three decades has seen an 

evolution of novel modelling techniques that carry unique advantages in drug discovery 

(Figure 6). The next section explores the current landscape and limitations of preclinical 

models for gynaecological cancer research.  

Figure 6. Preclinical models of cancer. Models range from 2D monocultures or co-

cultures grown in cell culture plates as monolayers, in vitro 3D models (spheroids, 

organoids, bioprinted models), ex vivo explants and organotypic tumour slice cultures, in 

vivo mouse models and in silico models. Made in Biorender. 
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1.3.1 In vitro: Cell Culture  

Since the 1990s, in vitro cancer cell lines have been a popular choice of drug screening 

model as they are affordable, high throughput, easily accessible and relatively simple to 

set up (Mirabelli et al., 2019). Consequently, a large number of pharmaceutical agents 

and concentrations can be screened at one time. Moreover, by utilising common 

commercial gynaecological cancer cell lines such as OVCAR8 and OVCAR3 (HGSOC) or 

ISHIKAWA and AN3CA (EC), research groups worldwide can replicate and build upon 

previous findings (Korch et al. 2012; Burkhard et al. 2025). This continuity is important for 

accelerating our understanding of cancer biology and the creation of novel therapeutic 

strategies (Figure 6).  

However, one of the drawbacks to using commercial cell lines is that they are genomically 

unstable, exhibiting divergent events during long-term culturing – a phenomenon known 

as genetic drift (Quevedo et al. 2020). This results in the formation of subclone 

populations that are genomically and characteristically different to the original cell line 

e.g., changes to their morphology, proliferative behaviour and drug responses (Maru and 

Hippo, 2019; Quevedo et al. 2020). Moreover, it was found that many cancer cell lines do 

not genomically represent their corresponding primary tumour types. This issue is 

particularly acute in epithelial ovarian cancer, where numerous cell lines are poorly 

defined by disease origin and often exhibit molecular profiles that are inconsistent with 

their assigned labels (McCabe et al. 2023). This undermines their utility as subtype-

specific disease models and limits the translational relevance of preclinical findings. 

While an effort has been made to utilise primary cultures of patient cancer cells, this 

method can be time-consuming, technically challenging and prone to culture 

establishment failures (Miserocchi et al. 2017). Importantly, simplistic monolayer 

cultures fail to reproduce the structural and cellular complexity of a native tumour and 

its TME, often being devoid of immune/stromal compartments and a 3D structure, 

resulting in inaccurate drug sensitivity data (Miserocchi et al. 2017).  
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1.3.2 3D models: Spheroids, Organoids, Tumour-on-chip, and Bioprinted Models 

To overcome the limitations of 2D culture, a range of advanced 3D models has been 

developed, differing largely in their ability to mimic the physiological and structural 

features of the tumour and its TME, including spheroids, organoids, bioprinted models 

and tumour-on-chip (Figure 6).  

 

(a) Spheroids 

Spheroids are relatively simple 3D aggregates of cancer cells that form spontaneously 

when grown in media in low-attachment culture plates. They have been likened to the 

morphology of multicellular spheroidal clusters formed within the abnormal abdominal 

fluid of ovarian cancer patients, termed ascites (Al Habyan et al. 2018). While they are a 

cost-effective, high-throughput platform for studying the effect of drugs within a 3D 

cellular cluster, it is difficult to generate reproducible structures and sizes (Gunay et al. 

2020). Moreover, while they play a role in understanding ascite-related biology, they are 

structurally and mechanistically very different to solid gynaecological carcinomas, being 

completely devoid of the TME (Al Habyan et al. 2018; Capellero et al. 2022).  

 

(b)  Organoids 

Organoids are self-organising spheroid-like models formed by induced pluripotent stem 

cells or multipotent tumour cells upon the addition of growth factors, ECM components 

and/or scaffolds (Clark et al. 2022). They therefore contain heterogenous and genetically 

diverse tumour cell types, including some populations of the TME. They can also be 

derived from patient-derived tumours, maintained in culture for a relatively long time (1-

2 months) and retain culture expandability, allowing for organoid lines to be bio-banked 

and reestablished for long-term assessment (Clark et al. 2022; Zhang et al. 2025). One 

study generated 56 ovarian cancer organoid lines from 32 patients that represented all 

histological subtypes of ovarian cancer. They showed interpatient heterogenic chemo-

responses with some lines displaying chemoresistance and thus can serve as a 

predictive model prior to treatment selection (Kopper et al. 2019). However, organoids 
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rarely contain the full range of immune, vascular or ECM elements, and therefore limited 

in their ability to predict fibrotic, angiogenic or immunogenic responses (Zhang et al. 

2025). Moreover, culture establishment can be slow and challenging, with some patient-

derived cells being unable to be established in culture (Kopper et al. 2019).  

 

(c) Bioprinted Tumour Models 

Bioprinted tumour models are a relatively new concept that utilises computer-aided 

design printers to precisely place cancer, stromal, and extracellular matrix components 

(termed ‘bioinks’) in defined geometries (Tan et al. 2021; Mazzaglia et al. 2023). They offer 

advantages over organoids, such as quicker generation time, increased reproducibility, 

and increased establishment rates (Baka et al. 2023; Li et al. 2025c). Currently, bioprinted 

models for gynaecological research is a rapidly developing field, with numerous groups 

investigating the addition of stroma, vasculature and innervation into female 

reproductive bioprinted tissues (Yi et al. 2025). However, in bioprinted gynaecological 

cancer models, research has mostly centred around ECM incorporation. One study 

showed quick and reproducible generation of ovarian tumour-CAF coculture bioprinted 

models capable of de novo synthesis of ECM components, outperforming bioprinted 

tumour monocultures in terms of viability (Baka et al. 2023). Moreover, Shan et al. (2024) 

showed that increasing the stiffness of the ECM of bioprinted ovarian cancer models 

reduced their sensitivity to chemotherapy (Shan et al. 2024). However, there is an 

absence of studies which have bioprinted a gynaecological cancer model with a fully 

representative TME or demonstrated their efficacy in drug discovery or predictive 

screening (Yi et al. 2025). 

 

(d) Tumour-on-Chip 

Tumour-on-chip is a novel strategy in which cell lines, organoids, bioprinted structures or 

ex vivo tissue slices are cultured within a microfluidic chip system (Lim et al. 2025). This 

microfluidic chip incorporates microchannels that permit the replenishment of media, 

mimicking perfusion, shear stress, and biochemical gradients, and thus valuable for 
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studying drug penetration and delivery (Lim et al. 2025). These factors are particularly 

important in ovarian cancer, in which the fluidic stress of ascites can promote ovarian 

cancer metastases in the abdominal and peritoneal cavities. Moreover, it was shown that 

a dynamic environment could better predict in vivo chemo-responses than a static model 

(Marrella et al. 2021). However, tumour-on-chip are low throughput and technically 

demanding, often requiring both knowledge of advanced culture techniques (organoid, 

bioprinting, OTSC) and the development or accessibility to complex microfluidic 

equipment.  

 

1.3.3 In vivo Animal Models 

In vivo animal models in oncology encompass several major categories including 

genetically engineered (GEMM), syngeneic, chemically-induced and xenografted 

models, the latter comprising cell-line derived (CDX) and patient-derived (PDX) 

xenografts (Figure 6). They are widely used in vivo systems that are crucial for studying 

drug efficacy and toxicity in a more complex living organism prior to clinical translation 

(Day et al. 2015).  

(a) GEMM, Syngeneic, and Chemically-induced Models 

GEMM strains are generated by targeted genetic manipulation, inducing gene knockouts 

or mutations in genes that typically drive tumorigenesis like Trp53 mutations, Brca1/2 

loss, and Pten deletion in HGSOC models, or Pten loss and Pik3ca gain-of-function 

mutations in endometrial cancer models (Joshi and Ellenson 2017; Zhai et al. 2017). 

While GEMMs offer a clinically relevant model for the study of early tumorigenic drivers 

and tumour biology, as well as drug efficacy in models harnessing similar genetic 

mutations, they are logistically complex and time-consuming due to requiring extensive 

breeding and with a long latency in tumour development of over a year in some cases 

(Table 8) (Zakarya et al. 2020). Complementing GEMMs are syngeneic models, which 

involve transplanting mouse-derived tumour cells into immunocompetent hosts of the 

same genetic background (Ahmed et al. 2024). In contrast, chemically-induced models 

utilise carcinogens to trigger de novo tumour formation, primarily serving the study of 

environmental carcinogenesis and preventative strategies (Kemp, 2015). All three mouse 



Chapter 1 Introduction 

39 
 

models share one advantage which is that the host immune system remains intact, 

therefore they are uniquely suited for studying immunotherapy and T-cell dynamics 

(Table 8) (Day et al. 2015). 

 

(b) Xenografted Models (CDX and PDX) 

Compared with GEMM, gynaecological xenografted models offer a more efficient and 

technically accessible platform for oncology research.  These models are established via 

heterotopic (subcutaneous) by orthotopic (intrauterine/ovarian) implantation of either 

immortalised commercial cell lines (cell line-derived xenografts; CDX) or patient-derived 

cells (patient-derived xenografts; PDX), with a typical latency period of 4-8 weeks (Table 

8) (Liu et al. 2017; Yildiz et al. 2024).  

While CDX models offer high reproducibility, PDX models maintain the genomic and 

phenotypic landscape of the original malignancy, providing a superior representation of 

intratumoral heterogeneity. Moreover, PDX enable the formation of tumours unique to 

individual patients, facilitating the development of personalised treatment strategies 

based on specific tumour responses (Abdolahi et al. 2022). Despite these advantages, 

PDX models are characterised by higher rates of engraftment failure compared to CDX.   

The translational relevance of xenograft models is also heavily dictated by the site of 

engraftment. For instance, heterotopic subcutaneously injected models form tumours in 

an entirely different biological location, and consequently, the tumours receive different 

hormonal and biochemical cues found in the female reproductive tract (Yildiz et al. 2024). 

This discrepancy results in altered biological behaviour and ultimately poor predictive 

value during preclinical efficacy studies, with many promising pharmacological agents 

failing following their translation to clinical trials  (Seyhan, 2019).  In contrast, orthotopic 

xenografts better recapitulate the primary tumour niche, offering enhanced predictability 

of therapeutic response (Wen et al. 2024).   

Xenografted tumours offer more advanced tumour architecture and cellular 

heterogeneity than other laboratory models such as 2D monolayers or 3D organoids by 

offering a highly organised environment of immune populations, blood vessels and 3D 
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structures (Figure 6) (Liu et al. 2017). However, to avoid host rejection increase the 

likelihood of successful engraftment, implantation is conducted in immunodeficient 

mice lacking mature T and B cells, ultimately misrepresenting immune-tumour biology 

(De Haven Brandon et al. 2020).  

Moreover, in general animal models are very low throughput. Therefore, more throughput, 

high fidelity models which adequately recapitulate the patient’s heterogenic tumoral-

stromal landscape ex vivo are urgently needed. The ideal model should be rapidly 

generated and maintain the tumour’s native architecture and cell-cell interactions, to 

fully ascertain drug sensitivity and resistance mechanisms, and consequently advance 

predictive drug studies. 

Table 8. Comparison of in vivo animal models used for tumour biology and drug 
discovery studies 

Model Type Host Immune 
System 

Tumour Origin Applicability Disadvantage 

GEMM Intact Mouse 
(Genetic) 

Tumour 
initiation and 
genetic drivers 

Complex 
breeding; long 
latency periods; 
expensive  

Syngeneic Intact Mouse Immunotherapy 
and T-cell 
response 

Limited to mouse 
biology; lacks the 
genomic 
complexity of 
human tumours 

Chemical Intact Mouse 
(Induced) 

Carcinogenesis 
and prevention 
studies. 

Highly variable 
and unpredictable 
tumour onset, 
location and 
mutational profile 

CDX (Cell-
Line) 

Immunodeficient Human  
(Cell Lines) 

High-
throughput, 
initial drug 
screening 

Minimal 
heterogeneity; 
poor clinical 
predictability; lack 
of immune context 

PDX 
(Patient) 

Immunodeficient Human  
(Tumour 
Tissue) 

Personalised 
medicine, 
heterogeneity 

High engraftment 
failure rates; lacks 
functional 
adaptive 
immunity. 
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Section 1.4 

3D Ex vivo Organotypic Tumour Slice 

Culture (OTSC) and Their Application in 

Gynaecological Cancer  
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Organotypic tumour slice culture (OTSC) has emerged as a 3D ex vivo platform that 

bridges the gap between oversimplified 2D cultures and resource-intensive in vivo 

models. The technique relies on the mechanical sectioning of live immobilised tissue 

into thin (200–300 µm) uniform slices using a high-precision vibratome, which can be 

rapidly established from patient or xenograft-derived material in just a few hours. On 

average, the slices can be cultured for up to 7 days and allow for in-depth exploration of 

drug responses using a range of downstream assays, including metabolic, cytotoxic 

transcriptomic and phenotypic evaluations (Figure 7) (Dewyse et al. 2021; Edwards et al. 

2026). 

 

Figure 7. Schematic representation of the OTSC pipeline. 1) Tissue Collection and 

Processing: Live tumour tissue (patient biopsy or xenograft) is immobilised in agarose 

and sectioned using a high-precision vibratome to generate uniform slices. 2) Ex vivo 

Cultivation: Slices are maintained in specialised environments (e.g., air-liquid interface 

inserts or microfluidic devices) designed to preserve the native 3D architecture and 

oxygen gradients. 3) Therapeutic Intervention: Cultures are subjected to various 

treatments, including chemotherapy, targeted agents, or immunotherapies, and drug 

response is monitored via metabolic viability assays, proteomic profiling, and 

transcriptomics to evaluate cytotoxicity and TME-mediated resistance mechanisms. 

(From Edwards et al., 2026). 
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1.4.1 OTSC and the TME 

The primary advantage of OTSC over 2D cultures, organoids or bioprinted models is the 

preservation of the native cellular heterogeneity, cell-cell contacts and histology of the 

original tumour and TME(Weitz et al. 2021). Studies have demonstrated OTSCs maintain 

the native stroma, including ECM, vasculature and immunological landscape (Sivakumar 

et al. 2019; Durante et al. 2025). For instance, a study by Sivakumar et al., (2019) 

demonstrated the preservation of CD3, CD4, CD8, NK and B-cell lymphocyte lineages in 

patient-derived OTSC, similar to the original tumour bulk (Sivakumar et al. 2019). In 

addition, the slices maintain an oxygen gradient and a more complex 3D architecture, 

providing a more physiological relevant environment for drug absorption and drug 

delivery studies compared to 2D monocultures (Dewyse et al. 2021; Huang et al. 2023). 

The inclusion of TME elements show significant disparities in drug efficacies between 

models during preclinical screens. For example, treatment with the anti-angiogenic 

agent vandetanib significantly reduced the viability of OTSCs but not tumour organoids –  

a difference attributed to variations in endothelial cell incorporation between the two 

models (Sivakumar et al. 2019). Interestingly, this system can also be used to explore the 

relationship between the ECM and immune cell activity in gynaecological cancer. For 

instance, one study used time-lapse confocal imaging in ovarian cancer slices and found 

T cell abundance and motility were lower in stiff, high collagen-dense regions, compared 

with more porous areas. Moreover, T cells rarely colocalised with tumour islets. Thus, 

OTSC offers further insights into how the TME can impact immune cell function and 

spatial distribution (Bougherara et al. 2015).  

Slicing of patient-derived tumour resections also holds huge advantages, including 

maintaining patient tumour and TME heterogeneity and the underlying drug resistance 

mechanisms. Consequently, OTSC offers a platform for predictive drug response 

evaluations of individual patients that could be utilised for personalised medicine in the 

clinic. Moreover, patient biopsy overcomes the limitations of in vivo PDX models including 

host rejection, slow growth rates, and lymphocyte deficiencies, whilst minimising the use 

of animals (Huang et al. 2023; Edwards et al. 2026).  
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1.4.2 OTSC Technical Considerations 

The success of OTSC in preclinical evaluations depends heavily on optimised protocols 

for slice preparation and culture maintenance (Edwards et al. 2026). Firstly, slice 

thickness must be carefully considered, typically falling within the range of 100-400µm. 

Thinner slices permit better oxygen diffusion, increasing their viability and longevity in 

culture, and facilitates downstream confocal microscopy imaging – which has an optimal 

laser resonance in tissue sections <250μm. In contrast, thicker sections are easier to 

slice and offers a larger snapshot of the tumour environment (Weitz et al. 2022). 

To facilitate slicing, tumour explants must be cleaned of blood, fats and mucinous 

material which can stick to the vibratome blade and prevent adequate slicing. Prior to 

slicing, tumour resections can be biopsy punched into cores of set diameters (3-8mm) 

(Weitz et al. 2022; Huang et al. 2023). This ensures slice uniformity, increasing the 

reproducibility of downstream analyses. To improve immobilisation during slicing, the 

tumour biopsy can be embedded in agarose (typically 2-6%) and fixed to the slicing disc 

with cyanoacrylate glue. The agarose concentration is important, as it provides the 

necessary mechanical stability to match the tissue's intrinsic density. Moreover, slicing 

parameters must also be optimised for the tumour density. Typically, softer tumours 

require higher percentages of agarose, higher blade frequencies and amplitudes, 

alongside slower cutting speeds, compared with denser tumours.  

Following sectioning, slices are maintained in diverse culture environments, including 

culture plates (static or rotating), inserts, or microfluidic “tumour-on-a-chip” devices to 

offer a more realistic physiological environment (Figure 7). Moreover, media can be 

optimised to the tumour subtype by adding growth factors, such as EGF and FGF, similar 

to their physiological environment(Weitz et al. 2022; Kayser et al. 2023; Edwards et al. 

2026). 

OTSCs are suited to are a wide range of downstream assays designed to capture a holistic 

view of drug responses. While metabolic assays (e.g., Resazurin or ATP bioluminescence) 

offer a high-level view of cytotoxicity, proteomic tools like flow cytometry, Western blot 

and IHC provide detailed data on cellular and molecular composition based on protein 

biomarkers. In addition, transcriptomic profiling (including single-cell, bulk and spatial 
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analysis) enables researchers to map the molecular landscape of the tissue, providing 

the mechanistic insights necessary to understand drug sensitivity and resistance 

mechanisms, facilitating drug discovery and predictive drug response profiling (Figure 7) 

(Weitz et al. 2021; Huang et al. 2023).  

Despite the strengths of OTSC, this model remains a medium-throughput system limited 

to a yield of 15-30 slices per 1cm3 of tissue. Slices are also non-expandable in culture 

with a viability limited to 7 days, giving operators a very short timeframe to assess drug 

response. It is also technically challenging, requiring specialised equipment, tumour-

specific optimised protocols, and access to xenograft or patient biopsy (Huang et al. 

2023; Kayser et al. 2023).  

Figure 8. The application of Organotypic Tumour Slice Culture (OTSC) in ovarian 

cancer. OTSC has been used to explore the effects of chemotherapy, targeted 

therapeutics (DNA repair, apoptosis and metabolism), immunotherapy and virotherapy 

in xenograft and patient derived ex vivo slices which retain native cell-cell interactions 

and drug resistance mechanisms of the tumour microenvironment. From Edwards et al. 

(2026). 
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1.4.3 OTSC in Gynaecological Cancer Drug Evaluations 

While OTSC has been explored frequently for numerous cancers including, breast, colon, 

pancreatic and melanoma, slices derived from ovarian cancer patient or xenografted 

models have only been utilised in ~16 studies over the last two decades (Table 9) and are 

virtually absent in endometrial cancer research. However, the available studies have 

tested chemotherapy, targeted therapeutics, and immunotherapies offering insights into 

OTSC’s applicability in gynaecological cancer drug discovery and personalised medicine 

(Figure 8) (Edwards et al., 2026). 

 

(a) Chemotherapy 

OTSCs have been used to evaluate responses to standard chemotherapies, such as 

carboplatin and paclitaxel. Studies consistently report substantial interpatient 

heterogeneity in drug sensitivity, with some patients showing minimal to no treatment 

response (Frederick et al. 2009; Brückner et al. 2021). Beyond interpatient variability 

studies, OTSCs have also been used to understand TME-mediated chemotherapeutic 

resistance mechanisms in ovarian cancer. When cisplatin was administered to ovarian 

cancer OTSC, immune fractions, including CD8+ and CD4+ lymphocyte levels, were 

unaffected. Instead, chemotherapy exposure induced varied PD-L1 expression in both 

immune cells and the stroma, depending on the patient (Dong et al. 2023). Similarly, 

Laforêts et al (2023) observed that while chemotherapy did not affect immune cell 

populations, it significantly altered T cell motility (Laforêts et al. 2023). These findings 

suggest that chemoresistance in ovarian cancer arises not only from intrinsic cellular 

mechanisms but also from immune suppression and physical stromal barriers, 

highlighting the necessity of ex vivo patient-derived models that maintain the original 

immune and ECM components.  

 

(b) Targeted Therapy 

Targeted therapies aim to exploit specific molecular vulnerabilities in tumours; however, 

their efficacy is strongly modulated by tumour heterogeneity and microenvironmental 

interactions. OTSC has been utilised to investigate DNA repair and apoptosis targeted 

strategies in ovarian cancer, demonstrating unique insights into the efficacy of novel 



Chapter 1 Introduction 

47 
 

therapeutics that may overcome drug resistance mechanisms or challenge the standard 

of care (Figure 8). For example, resistance to PARP inhibitors (PARPi) can arise from an 

upregulation of transcriptional regulators, like FOXM1, or the Wnt signalling pathway. 

Novel combination approaches that target these resistance mechanisms showed higher 

efficacies than PARPi-monotherapy in the ovarian cancer OTSC platforms, offering novel 

proof-of-concept counteractive strategies in a clinically relevant model(Yamamoto et al. 

2019; Brückner et al. 2021). Additionally, two apoptosis targeted therapies – the BH3-

mimetic (ABT-737) that inhibits the activity of the antiapoptotic protein Bcl-xL and the DR-

5 selective TRAIL variant (D269H/E195R) – showed greater cytotoxicity than the standard-

of-care(Meijer et al. 2013; Lheureux et al. 2015). Thus, OTSC can offer insights into novel 

therapies that may outperform the standard of care.  

 

(c) Immunotherapy 

Due to OTSC’s retention of a complex immunological landscape and signalling 

interactome, this slice platform is a relevant model for exploring immunotherapies, for 

example CAR-T therapy. When ovarian cancer OTSC slices were treated with FOLR1 CAR-

T therapy, increases of CD8+ T cells and cytotoxicity in the tumour areas of OTSC slices 

were observed alongside elevations of pro-inflammatory cytokines Granzyme B, IFN-γ, 

and IL-2, compared with both untreated slices and slices treated with non-engineered T 

cells (Durante et al. 2025). Thus, OTSC can offer further insights into the underlying 

mechanisms of functional immunotherapeutic strategies. OTSC can also demonstrate 

how patient variability can alter CAR-T responses. For instance, cytotoxicity of OTSCs 

treated with HER2-mediated CAR-T therapy correlated with patient-specific HER2 

expression levels. Moreover, the authors discovered that neo-adjuvant chemotherapy 

treated patients displayed less antigen expression and lower CAR-T response in OTSC 

slice experiments, compared to treatment naïve samples (Deshet-Unger et al. 2022). This 

highlights how the OTSC system can capture patient-derived variations at intrinsic 

(molecular) and extrinsic (therapeutic) levels and how this alters immunotherapeutic 

drug responses.  Thus, OTSC could be an important ex vivo tool in biomarker-directed 

precision medicine pipelines.
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Abbreviations: ovarian carcinoma (OC), conditionally replicative adenovirus (CRAd), death receptor 5 (DR5), Quantitative reverse transcription polymerase chain reaction (RT-qPCR), haematoxylin 
& eosin (H&E), immunohistochemistry (IHC), immunofluorescence (IF). 

Table 9. Therapeutics, slice and culture parameters, and downstream assays utilised in ovarian OTSC. From Edwards et al. (2026). 

Year Author Therapeutic 
Strategy 

Treatment Specimens Diameter 
(mm) 

Width 
(µm) 

Tissue Slicer Culture method Plate, media 
(per well) 

OTSC Assays 

2004 Kirby et al., Virotherapy COX2 CRAd Hey xenografts, human 
primary OC 

8.0 250 Krumdieck Free-floating (60 
RPM) 

6-well plates, 
2mL 

RT-qPCR 

2007 Rocconi et 
al., 

Virotherapy CXCR4 CRAd Human primary EOC 8.0 250 Krumdieck Free-floating 12-well 
plates 

RT-qPCR 

2007 Estes et 
al., 
  

Apoptosis Anti-DR5 Antibody (TRA-
8) 

19 Human primary/ 
secondary OC 

5.0 300 Krumdieck Bottom of the 
plate 

24-well 
plate, 1.5 mL 

Western blotting, 
ATP assay 

2007 Tsuruta et 
al., 

Virotherapy CRAd Human primary OC 8.0 250 Krumdieck n/a n/a Luciferase assay 

2009 Frederick 
et al., 

Apoptosis, 
Chemotherapy 

TRA-8, carboplatin 
/paclitaxel 

26 Human secondary 
OC 

5.0 300 Krumdieck Bottom of the 
plate 

24-well 
plate, 1.5 mL 

ATP assay, IHC 

2013 Meijer et 
al., 

Apoptosis, 
Chemotherapy 

rhTRAIL, DR5-TRAIL, 
Nutlin-3, cisplatin  

5 Human primary OC 5.0 200-300 Krumdieck Free-floating 6-well plate H&E, IHC 

2015 Lheureux 
et al., 

Apoptosis, 
Chemotherapy 

ABT-73, carboplatin 25 HGSOC metastases n/a 400 Vibratome Bottom of the 
plate 

n/a H&E, IHC 

2015 Bougherar
a et al., 

None none 15 Human primary 
EOC 

n/a 350 Vibratome Air-liquid 35mm 
dishes, 1mL 

Time-lapse IF 

2019 Ramzan et 
al., 

Metabolic 
Targeting 

AdipoRon Human primary OC n/a 300 Krumdieck Bottom of the 
plate 

n/a H&E, IHC, 

2019 Yamamoto 
et al., 

DNA Repair, Wnt 
Inhibition 

Olaparib and Pyrvinium 
Pamoate 

1 Human primary 
HGSOC 

n/a n/a Krumdieck Bottom of the 
plate 

n/a Luciferase assay, 
H&E, IHC 

2020 Riad et al., Theranostic 
Radiation 

radioiodinated PARPi Human HGSOC n/a 300 Vibratome Bottom of the 
plate 

n/a H&E, IHC, 

2021 Dorrigiv et 
al., 

none none TOV112D and TOV21G 
xenografts 

3.0 350 McIlwain 
Chopper 

Microfluidic 
device/ bottom of 
the plate 

96-well plate H&E, IF 

2021 Brückner 
et al., 

DNA Repair, 
Chemotherapy 

Carboplatin, Olaparib, 
Thiostrepton 

14 Human primary OC 3.0 350 McIlwain 
Chopper 

Air-liquid 6-well plate qPCR, H&E, IF 

2022 Deshet-
Unger et 
al., 

CAR-T 
Immunotherapy 

ErbB2CAR T cells 29 Human primary 
HGSOC 

n/a 250 Vibratome Free-floating (70 
RPM) 

24-well 
plates, 0.5 
mL 

IFNγ ELISA, 
cytometry, H&E, 
IHC 

2023 Dong et 
al., 

Chemotherapy Cisplatin Human primary OC N/A 250-280 Vibratome Air-liquid n/a H&E, IHC, qPCR 

2023 Laforêts et 
al., 

Chemotherapy Carboplatin/ Paclitaxel 
in vivo 

HGS2/60577 
xenografts, 17 primary 
HGSOC 

n/a 350 Vibratome Air-liquid 6-well plate Time-lapse IF, 
IHC, cytometry 
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Section 1.5 

Dopaminergic Signalling Pathways: 

Cancer Progression and 

Immunomodulation  
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Dopamine (DA) is the most predominant catecholamine neurotransmitter in the brain 

(Vallone et al. 2000). While DA is thought to predominately mediate processes including 

locomotion, cognition, mood, memory and hormone regulation in the brain, its functions 

in the peripheral nervous system, such as cardiac and renal vasodilation, are continually 

being elucidated (Urs et al. 2016; Han et al. 2019). Dysregulation of the dopaminergic 

system has been implicated in neurological disorders such as, Parkinson’s disease, 

schizophrenia and bipolar disorder. However, recent evidence also implicates dopamine 

signalling in tumour biology (Urs et al. 2016; Tung et al. 2022). The next section will 

explore the dopaminergic signalling cascades, their role in gynaecological cancer 

progression, and the effect of dopaminergic modulators on tumour viability, 

angiogenesis and immunomodulation. 

 

1.5.1 Dopamine Receptor Signalling  

DA signals through five G protein-coupled dopamine receptors (GPCRs), categorised into 

two subfamilies: D1-like (DRD1 and DRD5) and D2-like receptors (DRD2, DRD3 and 

DRD4) (Undieh 2010). The receptors differ in their homology, ligand affinity and 

abundance. For example, D1-like receptors (DRD1 and DRD5) exhibit high levels of amino 

acid sequence conservation, particularly in their transmembrane domain where they 

display 79% homology between members (Grandy et al. 1991). Whereas functional 

divergence between DRD1 and DRD5 primarily arises from differences in tissue 

expression patterns and ligand affinity; DRD1 is more abundantly expressed than DRD5, 

whereas DRD5 binds to dopamine with 10-times greater affinity than DRD1 (Grandy et al. 

1991; Rosas-Cruz et al. 2021). Similarly, D2-like receptors, DRD3 and DRD4 are also less 

abundantly expressed but bind dopamine 10-times greater than DRD2 and have 75% and 

53% transmembrane receptor homology to DRD2, respectively (Rondou et al. 2010; 

Rosas-Cruz et al. 2021). As a result, pharmacological agents targeting DRD1 frequently 

exhibit cross-reactivity with DRD5, and those targeting DRD2 can also engage with DRD3 

and DRD4. Signalling through the different subfamilies alters downstream mechanisms, 

including adenylyl cyclase activation or inhibition (Vallone et al. 2000). These signalling 

events regulate neuronal excitability, as well as key cellular processes including cell 

proliferation, survival, migration, and motility. 
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1.5.2 D1-like Signalling  

D1-like receptors are bound to a heterotrimeric G protein primarily consisting of 

stimulatory G alpha (Gαs), Gβ and Gγ subunits (Figure 9). Upon dopamine engagement, 

the receptor undergoes a conformational change enabling it to act as a guanine 

nucleotide exchange factor (GEF), exchanging GDP for GTP in the Gα subunit (Teng et al. 

2022). This results in its activation and dissociation from the Gβγ complex. Activated Gαs 

directly stimulates adenylyl cyclase, leading to an increase in intracellular cyclic 

adenosine monophosphate (cAMP) levels. Elevated cAMP activates protein kinase A 

(PKA), which subsequently phosphorylates a wide range of downstream substrates, 

including ion channels, transcription factors, and cytoskeletal proteins (Jones-Tabah et 

al. 2022). One key target of PKA is the cAMP response element-binding protein (CREB), 

whose phosphorylation facilitates transcriptional activation of genes involved in cell 

survival, metabolism, and differentiation (Figure 9) (Rivera-Maya et al. 2024). Moreover, 

the liberated Gβγ dimer can also bind and activate PI3K to increase the production of 

PIP3, that in turn activates Akt and its downstream effector mTORC1, driving proliferation 

and increased metabolism (Nürnberg and Beer-Hammer 2019; Wijayaratna et al. 2023).  

Figure 9. DRD1 signalling in cancer. DRD1 couples with various G-proteins (Gs, Gq, Gβγ 

to initiate downstream cascades including cAMP/PKA, PI3K/AKT, Wnt/β-catenin, 

MAPK/ERK thereby sustaining nuclear signalling and gene expression. From Sobczuk et 

al. (2020). 
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1.5.3 D2-Like signalling:  

In its inactive state, D2-like receptors are bound to the inhibitory G protein complex (Gi/o) 

which differs to D1-like receptors by containing an inhibitory G alpha subunit (Gαi) (Tung 

et al. 2022). Dopamine-receptor engagement leads to GEF activity, causing the 

dissociation of Gαi-GTP from the Gβγ dimer and the subsequent binding and inhibition of 

adenylyl cyclase (Figure 10). This prevents the conversion of ATP to cAMP and the 

activation of protein kinase A. This subsequently inhibits the phosphorylation of PKA’s 

downstream effectors, such as Raf-1, leading to its activation and increased MEK/ERK 

signalling. Similarly, the dissociated Gαi and Gβγ dimer can also independently stimulate 

Raf/MEK/ERK kinase effectors, causing the activation of cell proliferation and survival 

pathways (Dhillon et al. 2002; Chocarro-Calvo et al. 2012; Zhang et al. 2022b). 

 

1.5.4 β-arrestin-dependent signalling (alternative pathway) 

Interestingly, D2-like receptors also form a strong interaction with the scaffold protein β-

arrestin-2 triggering an alternative pathway independent of G protein activity, termed β-

arrestin-dependent signalling, that has been implicated in cancer (Urs et al. 2016). β-

arrestin-2 binds to the phosphorylated sites on the D2R intracellular loops causing these 

scaffold proteins to undergo a conformational change, revealing binding sites for kinases 

(Figure 10) (Han et al. 2019).  For instance, β-arrestin-2 can scaffold the key effectors of 

the MAPK pathway including, Raf (MAPKKK), MEK1/2 (MAPKK) and ERK1/2 (MAPK), 

holding these kinases together and leading to increased activation and signal 

transduction (Figure 10) (Urs et al. 2016; Han et al. 2019).  

Phosphorylated ERK (p-ERK) leads to the phosphorylation and ubiquitination of pro-

apoptotic proteins BIM and BAD leading to increased cell survival, as well as p-ERK 

translocation into the nucleus and the activation of genes such as c-myc, involved in 

increased cell growth, metabolism and proliferation (Ma et al. 2021). β-arrestin 2 can also 

scaffold PI3K/AKT/mTOR (regulates autophagy), Toll-like receptors 4 (TLR4)/NF-κB 

(inflammation) and Wnt signalling proteins (Han et al. 2019). Hence, uncontrolled 

signalling through the β-arrestin-dependent pathway can lead to aberrant tumorigenic 

processes.  
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β-arrestin also plays a key role in DRD2 receptor internalisation and receptor recycling by 

binding directly with clathrin and adaptin protein 2, forming a complex necessary for 

GPCR translocation (Tung et al. 2022). Hence, this alternative pathway can both enhance 

DRD2 downstream signal transduction and negatively regulate D2R signalling through 

receptor endocytosis (Tung et al. 2022). Excess D2R receptor trafficking and 

downregulation may also lead to increased dopamine-D1R receptor engagement and 

increased activation of MAPK signalling. 

 

1.5.5 Dopaminergic Dysregulation in Gynaecological Cancer Progression 

While dopamine and its receptors are expressed predominantly in the brain, they are also 

present in a wide range of non-neuronal cell types, including immune, endothelial and 

cancer cells (Moreno-Smith et al. 2013; Grant et al. 2022; Wu et al. 2025). Moreover, 

because dopaminergic signalling is known to drive pro-tumorigenic pathways that are 

often dysregulated in cancer, such as Ras/PI3K/AKT and Raf/MEK/ERK, dopaminergic 

involvement as an upstream driver of cancer has been further investigated 

(Weissenrieder et al. 2019).   

Exploration of dopamine receptor expression and gynaecological cancer severity have 

indicated that dopaminergic dysregulation could be involved. Firstly, increased DRD2 

expression is significantly associated with poorer endometrial cancer grades, stages and 

aggressive histology subtypes (e.g., serous), as well as associated with worse 

progression free survival and overall survival rates (Pierce et al. 2021; Español et al. 

2023). Moreover, 38 dopamine-related mRNA transcriptomes were changed between 

endometrial cancer samples and controls; interestingly, decreased expression of DRD5 

and COMT (the enzyme responsible for dopamine, norepinephrine, and epinephrine 

metabolism) with an increase in DRD2 levels were found in all endometrial cancer 

samples regardless of stage, compared to controls. These findings were supported by the 

same patterns in protein expression in patient sera (Czerwiński et al. 2021). Dopamine 

receptor involvement in ovarian cancer appears to be more heterogenous; a number of 

studies have found DRD2 expression in ovarian cancer cell lines, while another study 

reported only 50% of ovarian cancers had high DRD1 and/or high DRD2 expression (Yong 
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et al. 2017; Peters et al. 2019). Moreover, a high level of the DRD2 scaffold protein, β-

arrestin-2, is a survival prognostic factor in ovarian cancer (Czogalla et al. 2020). 

However, the relationship between dopamine receptor expression and ovarian cancer 

stage, grade, subtype and survival rates remains unclear.   

 

 

 

 

Figure 10. DRD2 signalling in cancer. Under active conditions (stimulated by 

dopamine), DRD2 utilises β-arrestin and G protein pathways to activate ERK and Akt, 

effectively silencing the tumour suppressor Foxo3a. Conversely, inhibition of DRD2 (e.g., 

via ONC201) halts these cascades. It has been suggested that ONC201 inhibition drives 

ATF4/CHOP/DR5 stress-induced apoptotic pathway and TRAIL-mediated cell death. 

From Oncoceutics (https://www.rdworldonline.com/the-role-of-drd2-in-cancer). 
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1.5.6 DRD1 Agonism and DRD2 Antagonism in Gynaecological Cancer and the TME 

Early evidence linking dopaminergic modulation to anti-cancer effects came from 

epidemiological studies; one meta-analysis investigating lung cancer risk in 348,780 

Parkinson’s disease (PD) patients found they had a 47% reduction in risk of developing 

the malignancy (Xie et al. 2016). Further interrogation into this finding identified that only 

patients diagnosed with PD and schizophrenia – and thus prescribed dopaminergic 

modulators such as the dopamine mimetic L-DOPA and antipsychotics – were 

associated with this decreased risk (Tung et al. 2022). These discoveries led to the 

hypothesis that dopaminergic modulators could harness anti-cancer benefits and thus, 

numerous investigations on the effects of anti-psychotics on cancer progression have 

been conducted. 

Administration of dopamine and synthetic modulators have demonstrated anti-cancer 

properties, including TME-mediated changes such as anti-angiogenesis and anti-fibrosis 

(Basu et al. 2001; Haak et al. 2019; Alam et al. 2025). Basu et al. (2001) reported that 

dopamine, a DRD2 agonists (bromocriptine and quinpirole) downregulated angiogenesis 

in ovarian cancer in vivo models, reducing endothelial cell proliferation and migration 

(Basu et al. 2001). Similar findings were reported by Moreno-smith et al. (2013) who found 

DA-DR1 increased pericyte coverage on tumour vasculature and DA-DR2 signalling 

exhibited significantly reduced microvessel density, resulting in inhibited ovarian tumour 

growth in vivo (Moreno-Smith et al. 2013). DRD1 agonists also inhibited YAP/TAZ 

signalling in mesenchymal cells reversing fibrosis and reducing ECM stiffness – this could 

yield benefits in cancer stroma in which ECM stiffness has been linked to poor drug 

penetration and immune cell migration in the TME (Haak et al. 2019).  

Similar results were found with DRD2 blockades; Thioridazine induced apoptosis and 

autophagy in ovarian cancer cell lines and inhibited the growth of xenografted mouse 

models (Yong et al. 2017). Moreover, the first-in-class imipridones, ONC201 and 

ONC206, are also selective antagonists of D2-like receptors that have also shown anti-

cancer effects in numerous cancer types, including colon cancer, glioblastoma models, 

and recently gynaecological cancers (Ishida et al. 2018). ONC201 is known to inactivate 

AKT/ERK signalling and induce TRAIL and death receptor 5 gene expression (Wagner et al. 

2017). When this drug was tested in ovarian cancer cell lines both AKT/mTOR/S6 and 
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MAPK pathways were inhibited, alongside a reduction in cell proliferation and induced 

apoptosis and G1 phase cell cycle arrest. Moreover, in transgenic models, ONC201 

reduced tumour weight and reduced serum VEGF production, suggesting a role in anti-

angiogenic pathways (Fan et al. 2022).  When ONC201 and ONC206 were tested in 

uterine serous endometrial cancer cell lines, both drugs reduced viability in a 

concentration-dependent manner with concomitant disruption of p38MAPK/ERK 

signalling pathways (Figure 10) (Hu et al. 2020a). Moreover, ONC206 also significantly 

reduced tumour burden and proliferative ki-67 expression in xenografted endometrial 

cancer mouse models (Hu et al. 2020a).  

 

1.5.7 Dopaminergic Immunomodulation  

There has been an increasing amount of evidence reporting dopamine receptor targeting 

as a novel immunotherapeutic strategy, with studies indicating numerous immune 

subtypes express DRD1-5 on their cell surface and that DRD1 agonists and DRD2 

antagonists have immune-activating effects in in vitro and in vivo cancer models (Zhang 

et al. 2017) (Moreno-Smith et al. 2013; Yong et al. 2017; Zhang et al. 2017). 

(a) Lymphocytes 

T effector lymphocytes are essential for anti-tumour immune responses. However, T 

cells, particularly CD8+ T cells, can become exhausted and non-functional in the TME, 

even in the presence of antigen. Signalling of dopamine through DRD5 in CD8+ T 

lymphocytes restored T cell cytotoxicity functionality and promoted their differentiation 

into tissue-resident memory T cells (CD103+) – a phenotype associated with longer 

survival and disease regression in colorectal cancer (Chen et al. 2022). These effects 

were completely blocked by administering D1-like receptor antagonist SCH23390 and by 

siRNA DRD5 knockdown in CD8+ T cells, but not by DRD2 antagonism or DRD1 silencing, 

suggesting dopamine-DRD5 stimulation is a critical mediator of this immune process 

(Chen et al. 2022). Similarly, DRD5 is also highly expressed in B cells and dopamine-

DRD5 signalling reprogrammes them to become potent activators of CD8 T cells, 

associated with enhanced JAK/STAT signalling and an upregulation of genes involved in B 

cell motility, antigen presentation, and activation (Wu et al. 2025). Similarly, D1-like 
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receptor (DRD1/DRD5) activation with agonist SKF38393 also increases NK cytotoxicity, 

with effects associated with increased cAMP-PKA-CREB signalling, upregulation of IFN-γ 

and anti-tumour effects against lymphomas, whereas D2-like activation with agonist 

quinpirole suppresses NK function (Zhao et al. 2013). Together these studies indicate that 

DRD1 agonism and/or DRD2 antagonism could have anti-tumour effects via lymphocyte 

immunomodulation. 

(b) Myeloid Cells  

DRD1 agonism and DRD2 antagonism could also be beneficial in stimulating anti-tumour 

behaviours in myeloid cells. For example, recent studies show DRD3 antagonism in DCs 

boosts antigen cross-presentation to CD8+ T cells, a mechanism associated with anti-

tumour activity (Figueroa et al. 2017). In lung and melanoma tumours, dopamine 

signalling via D1-like receptors (DRD1/DRD5) suppresses the inhibitory function of 

monocytic MDSCs in vivo resulting in T cell proliferation and activation, and these effects 

were blocked by D1-like antagonists and induced by agonists (Wu et al. 2015).  

In contrast, in neutrophils, the DA-DRD5 axis appears to inhibit several neutrophil 

functions, including migration, activation-induced morphological changes, and reactive 

oxygen species production. Dopamine’s inhibition of neutrophil migration is lost in DRD5 

knockout mice, indicating that contradictory to other myeloid cells subtypes, DR1-like 

antagonism could be efficacious in immune activation.  

Dopamine receptors are also highly expressed in macrophages and dopaminergic 

modulation in this cell type has shown interesting results.  M2 macrophage polarisation 

is considered a pro-tumorigenic phenotype associated with immunosuppression, 

cancer progression and angiogenesis. Interestingly, dopamine signalling has also been 

associated with this process. When dopamine signals through DRD2, pro-inflammatory 

cytokines (TNF-α, IL-1β, IL-6) were reduced in M1-polarized macrophages in pancreatitis, 

and DRD2 antagonists block this suppressive effect, enhancing M1 features. Moreover, 

in a myeloid-specific DRD2 knockout mouse model, there was an increase in the pro-

inflammatory M1 phenotype, again showing DRD2 blocking favours M1 phenotypes (Han 

et al. 2020). Similarly, D1-like receptor activation by the D1-agonist Fenoldopam and DA-

DRD5 signalling promoted a proinflammatory macrophage response (Bone et al. 2017; 
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Nolan et al. 2018). Given that gynaecological cancers are associated with a pro-tumour 

M2 phenotype, both DR2 blockades and DR1 activators in macrophages could be 

beneficial for M1 polarisation and immune activation. However, contradictory to this, DA-

DRD2 signalling (agonism) has been implicated in M2 to M1 polarisation in glioblastoma, 

and DA-DRD5 signalling in M1/M2 polarisation via CREB activation/NF-κB inhibition in 

colitis (Qin et al. 2015; Liu et al. 2021a). Discrepancies could be due to utilising isolated 

immune cell populations in vitro rather than advanced TME co-culture models, therefore, 

more research needs to be conducted in advanced immune-tumour models to truly 

understand the impact of dopaminergic signalling in the TME. 

 

Table 10. DR1-like and DR2-like receptor expression in immune cells. Adapted from 

Zhang et al. (2017). 

Immune cells Dopamine Receptors 

Effector T cells DRD1low, DRD2, DRD3, DRD4, DRD5 

Regulatory T cells DRD1, DRD3, DRD5 

B cells DRD1, DRD2, DRD3, DRD4, DRD5 

NK cells DRD1, DRD2, DRD3, DRD4, DRD5 

Monocytes DRD2, DRD3 

Macrophages DRD1, DRD2, DRD3, DRD4, DRD5 

Dendritic cells DRD1, DRD2, DRD3, DRD4, DRD5 

Neutrophils DRD1, DRD2, DRD3, DRD4, DRD5 
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Section 1.6  

Nanotherapeutic Strategies in 

Gynaecological Cancer 
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1.6.1 Nanoparticles  

In the last decade, nanomedicines – small molecules (1-300nm) manipulated to have a 

variety of shapes, sizes, and physicochemical properties – have become increasingly 

popular in anti-cancer formulations, with many receiving clinical approval for the 

treatment of cancer (Tong et al. 2024; Zhang and Tian 2024). One attractive quality of 

nanoparticles is that they coat and encapsulate drugs, consequently improving their 

water-solubility, lipophilicity, renal clearance and pharmacokinetics (Peralta-Cuevas et 

al. 2026). Similarly, they can be engineered to both target cells and release their cargo 

under certain physiological conditions, for example through the utilisation of thermal 

sensitive linkers or pH-opening carriers  (Amin et al. 2020; Tapponi et al. 2025). Moreover, 

their small size also facilitates tumour uptake through enhanced permeation from leaky 

tumour vasculature via the enhanced permeability and retention (EPR) effect (Gralewska 

et al. 2024). Numerous materials have been explored for drug encapsulation, including 

lipids, polymers, metals, and silica, each bringing unique advantages for drug delivery 

(Figure 11) (Gralewska et al. 2024). Another interesting aspect of nanomedicines is that 

the nanoparticle shell can be conjugated with cancer-targeting moieties to enhance the 

delivery of the encapsulated cargo (Zhao et al., 2022). This enables enhanced on-target 

drug delivery and reduces off-target effects.  

 

 

Figure 11. Types of nanomedicines. Nanoparticles are categorised based on their 

carrier material and include Organic (polymeric, lipids), Inorganic (metals, silica, 

carbon), and Bio-derived (protein, viral, bacterial). From Zheng et al. (2024). 
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Nano-formulation strategies hold huge potential for drug repurposing in oncology, in 

which many existing medications may exhibit anti-cancer potential but are limited in their 

efficacy due to poor solubility, rapid metabolic clearance, low tumour penetration or off-

target toxicity. Hence, their nanoencapsulation could prove effective in overcoming 

biological and pharmacological barriers (Elmahboub et al. 2025). Moreover, 

nanomaterials offer a vector in which to co-deliver multiple drugs. As our knowledge 

expands of the mechanisms of oncologic drug resistance, either through intrinsic or TME-

mediated signalling compensations, multidrug targeting is becoming an increasingly 

popular field. While simultaneous co-delivery of free drugs has spatiotemporal 

challenges, these could be rectified with their co-encapsulation within a drug delivery 

system (Ahmadi-Nouraldinvand et al. 2024; Shao et al. 2025). It is important to note, 

targeting multiple cell types or signalling pathways may inadvertently affect normal 

cellular homoeostasis, increasing the risk of off-target effects (Li et al. 2024). This again 

highlights the need for advanced ex vivo drug discovery models which incorporate all the 

drug resistance mechanisms of the original tumour and TME and allow for in depth 

exploration of nano-biodistribution and toxicology studies in order to fully ascertain the 

efficacy and risks of novel nanomedicines.  

 

1.6.2 Nanomedicines for Gynaecological Cancers  

Lipid-based systems represent the most clinically advanced nanomedicine approach in 

gynaecology, with pegylated liposomal doxorubicin (Caelyx®) already approved for 

ovarian cancer treatment. Caelyx demonstrated enhanced efficacy over free 

doxorubicin, exhibiting prolonged circulation, slower drug release profiles, reduced 

cardiotoxicity and enhanced tumour penetration through the EPR effect (Gabizon et al. 

2025). However, repeated dosing of PEGylated nanoparticles (like Caelyx) can trigger the 

production of anti-PEG IgM antibodies, leading to much faster clearance rates on the 

second or third dose (Fu et al. 2025). 
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Table 11. Clinical trials for nanomedicines for ovarian and endometrial cancers. 

Trial Identifier Agent  Cancer Type Phase Status Nanoformulation 

NCT05123482 AZD8205 

Ovarian & 

Endometrial I/II Recruiting 

ADC Nano-conjugate: 

B7-H4 targeted 

topoisomerase inhibitor. 

NCT06915025 IMNN-001 Ovarian III Recruiting 

DNA Plasmid Lipid 

Nanoparticle: IL-12 gene 

delivery  

NCT05325229 

Nab-

Docetaxel Ovarian II Active 

Albumin-bound 

Nanoparticle of 

Docetaxel  

NCT05257408 

Nab-

Paclitaxel Ovarian III Active 

Albumin-bound 

Nanoparticle of 

Paclitaxel  

NCT07166094/ 

NCT06619236 Rina-S 

Ovarian & 

Endometrial  III Active 

ADC Nanoconjugate: 

FRα-targeted 

topoisomerase inhibitor 

NCT07224464 

Sarah 

(SaNP) Solid Tumors I Recruiting 

Magnetic Nanoparticle: 

Iron-oxide core for 

hyperthermic 

destruction. 

NCT03348631 

Tazemeto-

stat 

Ovarian & 

Endometrial II Active 

Nanoparticle delivery 

(EPZ): Targeted EZH2 

inhibitor delivery. 

NCT04163094 W_ova1 Ovarian I Terminated 

Liposomal mRNA 

Vaccine: Encapsulated 

mRNA to induce 

immune response. 

NCT05377996 XMT-1660 

Ovarian & 

Endometrial I/II Recruiting 

Dolasynthen Scaffold: 

High-load B7-H4 targeted 

nano-scaffold. 
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The clinically approved albumin-bound paclitaxel nanoparticle Abraxane has also been 

used off-label for ovarian and endometrial cancers demonstrating improved adverse 

reactions in patients who were previously experiencing paclitaxel-induced 

hypersensitivity (Fader and Rose 2009). As seen in Table 11, several nanoformulations 

have entered clinical trials for gynaecological cancers, however, most remain in 

preclinical development (Zhang and Tian 2024). This is due to major barriers, such as 

complex manufacturing and scalability, heterogenous EPR effect across in vivo models 

and patients, accelerated blood clearance upon repeated dosing, limited in vivo stability 

or toxicity, and regulatory challenges (Tong et al. 2024).  

 

1.6.3 Polymeric Nanoparticles 

Polymeric nanoparticles, such as the FDA-approved poly(lactic-glycolic) acid (PLGA), are 

another frequently used material in nanomedicine due to their high biocompatibility, low 

immunogenicity, and predictable degradation into natural byproducts (carbon dioxide 

and water), reducing the risk of adverse reactions during nanomaterial metabolism 

(Figure 12). This material is also very effective in encapsulating hydrophobic drugs, such 

as paclitaxel.  

Both different molecular weight chains of PLGA and ratios of lactic and glycolic acids can 

be modified to alter the polymer’s pharmacokinetics and mechanical properties. For 

example, shorter PLGA chains are quicker to hydrolyse resulting in quicker degradation 

rates and rapid drug release. Similarly, higher ratios of glycolic acid, such as the 50:50 

ratio, demonstrate one of the fastest drug release profiles (2-6 weeks). This is because 

glycolide content increases the hydrophilicity of the material, consequently enhancing 

its water uptake and hydrolysis (Jumadi et al. 2025). However, due to the carboxyl groups 

(COO-) of the copolymer, PLGA typically has a negative charge which can reduce cellular 

uptake at the negatively charged cell membrane (Figure 12) (Danhier et al. 2012). 

Moreover, the outer surface of PLGA displays levels of hydrophobicity, resulting in 

nanoparticle aggregation and opsonisation – a process caused by the binding of plasma 

proteins to the PLGA surface in the form of a protein corona. This can lead to decreased 

drug uptake and increased immune clearance (El-Hammadi and Arias 2022).  
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To reduce surface charge, hydrophobicity, and opsonisation, the PLGA can functionalised 

with Polyethylene Glycol (PEG). PEG creates a hydrophilic layer around the PLGA 

nanoparticles, increasing its surface charge (~neutral) and reducing aggregation and 

protein absorption (Figure 12). This in turn increases circulation time, reduces proteolytic 

degradation and slows immune clearance (El-Hammadi and Arias 2022; Spinelli et al. 

2025). However, the triggering of anti-PEG antibodies may reduce immune compatibility 

(Fu et al. 2025). 

 

Figure 12. Structure of poly(lactic-co-glycolic acid) (PLGA) nanoparticles. PLGA 

nanoparticles are formed from polymeric chains of lactic acid and glycolic acid units. 

Ratios of these units can be altered to change degradation rates. PLGA nanoparticles can 

be functionalised with Polyethene glycol (PEG) or azide to improve the surface charge 

and pharmacodynamics. From: Lunanano. 

 

Another strategy to improve delivery of PLGA nanoparticles is through the conjugation of 

cancer-specific ligands. In ovarian cancer, numerous receptors are overexpressed at the 

cell surface, including HER2, CD44 and FR-α (Li et al. 2025b). These can be targeted by 

the functionalisation of receptor-specific antibodies (e.g., Herceptin for HER2), or the 

receptor’s native ligand such as hyaluronic acid for CD44 or folic acid for FR-α  (Wang et 

al., 2023). For example, CD44-targeting PLGA nanoparticles co-delivering paclitaxel and 

FAK siRNA have shown significant tumour growth inhibition in chemoresistant ovarian 

cancer models, including patient-derived xenografts (Byeon et al. 2018). However, to 

date, no PLGA nanoparticles have been approved for the treatment of ovarian or 

endometrial cancer.  
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Section 1.7  

Aims and Hypotheses 

In gynaecological cancers, the dopamine D2 receptor (DRD2) is frequently 

overexpressed, correlating with aggressive phenotypes and poor patient outcomes. 

Moreover, dopaminergic modulating agents such as D1-like agonists and D2-like 

antagonists demonstrate anti-cancer, anti-angiogenic and immune-stimulating effects 

in in vitro and in vivo models. However, exploring this pathway as a therapeutic target 

requires moving beyond models that fail to capture the cellular "crosstalk" of the native 

environment and/or patient-specific drug resistance mechanisms. 

This PhD project seeks to bridge the translational gap in gynaecological oncology by 

integrating 3D tumour microenvironment (TME) modelling with targeted drug 

repurposing. By utilising Organotypic Tumour Slice Culture (OTSC), this research 

evaluates the potential of DRD2 blockade to not only induce cytotoxicity in malignant 

cells but also to activate the immune system in the immunosuppressed TME. Finally, to 

address the pharmacological hurdles of systemic delivery, this work explores nano-

engineering solutions to optimise the therapeutic index of our lead candidate, 

Domperidone. 
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1.7.1 Aims  

1) To develop, characterise and validate a high-precision OTSC platform for 

gynaecological cancer. 

2) To profile the dopaminergic interactome and screen lead modulators in 2D 

models. 

3) To characterise the mechanism of the lead candidate Domperidone 

4) To validate the anti-tumour and immunomodulatory efficacy of Domperidone in a 

3D environment. 

5) To engineer a nanoparticle delivery system to enhance the therapeutic window of 

Domperidone. 

 

1.7.2 Hypotheses 

1) The OTSC model will preserve the native architecture and cellular heterogeneity 

of High-Grade Serous Ovarian Cancer (HGSOC) and Endometrial Cancer (EC), 

maintain tissue viability up to 7 days in culture, and demonstrate more accurate 

chemotherapeutic responses than 2D monolayers. 

2) Gynaecological malignancies will exhibit a distinct reliance on D2-like receptor 

signalling; consequently, targeted antagonism will significantly impair cancer cell 

viability and migratory capacity. 

3) Domperidone-DRD2 interactions at the extracellular cell surface will 

downregulate key tumorigenic DRD2 survival pathways. 

4)  DRD2 blockade via Domperidone will elicit anti-cancer and immunomodulatory 

activity in 3D OTSC gynaecological slices and demonstrate efficacy in patient-

derived biopsy slices. 

5) Encapsulating Domperidone within a PLGA-PEG polymeric carrier will overcome 

its inherent solubility and bioavailability limitations and facilitate cellular uptake 

and cytotoxicity in 2D monolayer and 3D OTSC models of gynaecological cancers.   
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As established in Section 1.3, traditional 2D monolayer cultures often fail to predict 

clinical outcomes due to their inability to recapitulate the 3D architecture and 

heterogeneous complexity of the tumour microenvironment. While advanced 3D 

platforms like organoids and bioprinted models offer improvements, they often rely on 

the artificial reassembly of components. In contrast, Organotypic Tumour Slice Culture 

(OTSC) preserves the native cellular spatiality, extracellular matrix cues, and signalling 

interactome of the original tissue ex vivo, offering a more physiologically relevant 

environment for drug discovery.  

Despite the clear translational advantages of OTSC, its application in gynaecological 

oncology remains disproportionately low compared to other malignancies. To bridge this 

gap, this chapter details the development and characterisation of a high-precision OTSC 

protocol tailored for High-Grade Serous Ovarian Cancer (HGSOC) and low-grade 

Endometrial Cancer (EC). 

Chapter Aims 

The primary objective of this chapter was to establish a reproducible ex vivo pipeline 

using two distinct models: the OVCAR8 cell line (representing HGSOC) and the ISHIKAWA 

cell line (representing low-grade EC). Specifically, this chapter aims to: 

• Optimise Slicing and Maintenance: Refine vibratome parameters and culture 

conditions to maintain tissue integrity over an 8-day period. 

• Characterise Viability and Population Stability: Evaluate cellular proliferation, 

death, and population composition using real-time functional assays, 

immunohistochemistry (IHC) and flow cytometry. 

• Validate Chemotherapeutic Sensitivity: Assess the model’s utility as a drug-

screening platform by evaluating the response to 'standard-of-care' agents, 

Carboplatin and Paclitaxel, through viability assays and biomarker expression 

analysis. 

By establishing these validated OTSC protocols, this work provides a high-fidelity 

platform for exploring novel therapeutic strategies that target both the tumour bulk and 

the surrounding microenvironment.  
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2.1 Methods 

2.1.1 Cell Culture  

The OVCAR8 cell line (NCI-60, RRID: CVCL_1629), representing HGSOC was obtained 

from the National Cancer Institute (NCI), and ISHIKAWA (CVCL_2529) representing low-

grade endometrial cancer was from the American Type Culture Collection (ATCC) (Table 

12). OVCAR8 cells were cultured in RPMI-1640 media (RPMI, GIBCO) and ISHIKAWA cells 

in Dulbecco’s Modified Eagle Medium high glucose (DMEM, GIBCO), both supplemented 

with 10% foetal bovine serum (FBS, GIBCO), 2mM glutamine, 100 μg/mL Penicillin-

streptomycin, and 1 μg/mL Amphotericin B (Life Technologies). Cells were cultured as 

per ATCC and NCI guidelines and kept at 37°C in a humidified environment of 5% CO2.  

 

Table 12. HGSOC and EC cancer cell line characteristics. 

. 
 

2.1.2 Xenograft Implantation  

For implantation, the cells were washed in PBS, trypsinised (0.05% trypsin-EDTA, GIBCO) 

and collected at 300×g. Approximately, 2 x 107 cells were subcutaneously inoculated into 

2 flanks of anesthetised female athymic nude mice (Envigo, Inotiv). Alternatively, 

previously dissected and frozen explants (~1mm3) were implanted into the two flanks 

using the trocar system. Tumours were grown and excised once they reached a diameter 

of 7-10 mm (volume: ~500 mm3) and immediately washed and transported in cold media. 

 

    
  

Gene Expression  
(Transcripts per million) 

 
Mutational Profile 

(mt = mutated, wt = wildtype) 

Cell Line Cancer Age Derivation ER  HER2 HER3 EGFR FRα KRAS TP53 PTEN CTNNB1 PIK3R1 

OVCAR8 
 

HGSOC 
 

64 
Primary 
tumour 

- 
(0.019) 

 
+ 

(28.2) 
++ 

(38.3) 
++ 

(27.4) 
+ 

(11.0) 
mt mt wt mt wt 

ISHIKAWA 
Low-
grade 

EC 
39 

Primary 
tumour 

 
+ 

(16.4) 
 

 

 
++ 

(66.5) 
 

++ 
(40.7) 

+ 
(11.6) 

 
++ 

(58.2) 
 

wt mt mt wt mt 
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2.1.3 Optimisation of Organotypic Tumour Slice Culture 

The tumours were trimmed of any external mucinous material, fats and blood which can 

lead to interference with the vibratome blade during slicing. To develop the slicing 

protocol, the relevant parameters were taken into account: percentage of agarose, buffer 

composition, temperature of sample prior to cutting, as well as slicing speed, blade 

amplitude and blade frequency (Table 13). All parameters were adjusted according to the 

consistency and density of the tumour (see table).  

Table 13. Vibratome slicing parameters for OVCAR8 and ISHIKAWA tumours. 

Cell line Agarose formula Slice 
thickness 

Blade 
angle 

Speed Freq. Amp. Media 

OVCAR8 6% in 
PBS/1%Pen-

Step 

300uM 5° 4.5  
(0.15 mm/s) 

60 Hz 1.0 mm RPMI 10% FBS  

ISHIKAWA 6%/9% in 
PBS/1%Pen-

Step 

300uM 
 

5° 1.0-3.5 
(0.025- 0.15 

mm/s) 

80 Hz 1.0 mm DMEM-High 10% 
FBS 

 

For standardisation, the tumours were cut into cores with a 6 mm biopsy punch and 

placed in an embedding mould designed by our laboratory (Figure 13). Cores were 

covered with preheated (37°C) agarose (Sigma) in PBS/1% Pen-Strep within in a laminar 

flow cabinet.  

Initially, tumour cores were embedded in standard 24-well plates; however, this 

approach presented significant technical hurdles. The primary issue was gravitational 

settling, where tissue cores would sink to the bottom of the well. This positioned the 

tumour too close to the cutting base, where the blade is programmed to stop cutting ~0.3 

cm from the bottom, resulting in loss of viable tissue. Furthermore, softer tumours (e.g., 

ISHIKAWA) lacked the inherent density to resist the mechanical force of the vibratome 

blade, resulting in irregular slices. To overcome this, we implemented a dual-density 

embedding strategy using 6% agarose as the initial layer, and a high-percentage (9%) 

agarose as a support behind the tissue to provide mechanical resistance. 

Execution of this strategy required a 90° rotation of the solidified block to align the tissue 

with the high-density support furthest away relative to the blade. Standard 24-well plates 

produce blocks with rounded edges that cannot be precisely rotated or securely 
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immobilized on a flat slicing disc. To resolve these geometric constraints, we developed 

a cubic embedding device. This design allowed for exact 90° orientation and ensured that 

the tissue cores—positioned centrally on their sides during the first stage of embedding—

retained a protective agarose buffer from the mounting disc after rotation, effectively 

eliminating tissue wastage (See Figure 13). 

Figure 13. Diagram demonstrating the dual-density agarose embedding strategy 
within the custom-designed cube-shaped mould. (A) The tumour core is placed 
longitudinally in the embedding device covered with 6% agarose/PBS, ensuring gaps of 
~0.5 cm are left either side of the core. Then, 9% agarose/PBS is added to function as a 
resistance support for softer tissues. (B) The solidified agarose block is turned 90 degrees 
and glued to the immobilisation disc with cyanoacrylate glue, facing the higher 
percentage agarose to the side furthest from the blade.  

 

For OVCAR8 tumours, 6% agarose/PBS was used for embedding. For the softer 

ISHIKAWA tumours, the two-stage agarose process was employed using 6% and 9%, 

ensuring the lower percentage had partially solidified before adding the higher 

percentage. The specimen was left in the mould to stabilise at room temperature for ~5 

min, then at 4°C for ~15 min, and finally kept on ice until use. The specimen was then 

immobilised to the disc with cyanoacrylate glue (Figure 14). Once fixed, the embedded 

specimen was placed in the slicing chamber with ice-cold PBS/1% Pen-strep and the 

core cut into identical circular slices. 

After optimising the procedure, all tumours were cut at a slice size of 300 µm, blade angle 

of 5°, and amplitude of 1.0 mm with a Leica 1100s vibratome (Leica Biosystems). The 

slicing speeds and frequencies were adjusted according to the consistency and density 

of the tumour: for OVCAR8, the tumours sliced well at speeds of 3.5-4.5 (0.15 - 0.2 mm/s) 



Chapter 2 Development of OTSC Models 

72 
 

with a frequency of ~65 Hz, whereas the softer ISHIKAWA tumours required slightly 

slower speeds of 2.0-3.5 (0.075 - 0.15 mm/s) and higher frequencies (~80 Hz).    

 

2.1.4 OTSC Cell Culture 

Tumour slices were cultured in 24-well culture plates for up to 8 days in the same media 

used for their cell line constituents (1 mL media/well) and were kept in a humidified 

atmosphere of 37°C/5% CO2. The slices were cultured using the ‘free floating’ method in 

which plates were constantly agitated using a plate shaker (Biosan, CPS-20) set to 70 

RPM within the incubator. Media was changed every 1-2 days (Figure 14). 

 

 

Figure 14. The Organotypic Tumour Slice Culture (OTSC) Workflow. (A) Uniform tissue 
cores are generated from the bulk tumour specimen using a biopsy punch. (B) Cores are 
immobilised within agarose blocks. (C) The embedded core is secured to the specimen 
disc using cyanoacrylate glue. (D) A high-precision vibratome is utilised to generate 
uniform, ultra-thin slices. (E) Slices are collected and randomised. (F) Individual slices 
are transferred to a multi-well plate and drug responses assayed. 
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2.1.5 Haematoxylin & Eosin (H&E)/ Immunohistochemistry  

In order to assess OTSC slice viability during an 8-day culture period, slices were placed 

in cassettes and submerged in formaldehyde (3.7%) at fixed time points (Day 0, 1, 2, 4, 

and 8) in duplicate. Then, histological architecture, proliferation and cell death were 

assessed using H&E and appropriate biomarkers (ki-67, cleaved-caspase-3) as follows: 

(a) Fixation and Dehydration: Prior to paraformaldehyde fixation, the slices were placed 

in HistoGel (Thermo Scientific) to stabilise them in a flat formation during paraffinization, 

ensuring efficient downstream sectioning by the microtome and then kept in a labelled 

cassette. Following a minimum of 24h in 3.7% formaldehyde, the Histogel blocks were 

rinsed with distilled water and slowly dehydrated – a step necessary for the substitution 

of aqueous solutions for hydrophobic paraffin – by immersing the samples in increasing 

concentrations of ethanol (70, 80, 95 and 100%). To remove the alcohol, the samples 

were then incubated in xylene three times for 10 minutes. 

(b) Paraffinization and sectioning: After dehydration, the sample is solidified in paraffin 

wax. The paraffin is first liquified by heating it to 60ºC, whereby it can infiltrate the sample. 

The sample is then left to cool to 20ºC and solidify. The sample is now stabilized, allowing 

thin slices of ~3-5 µm to be cut from the embedded tissue for immunohistochemistry 

assays. The sections were then mounted onto glass microscopy slides. 

(c) Dewaxing and Rehydration: In order to be stained by H&E or immunohistochemical 

antibodies, the paraffin must be removed from the samples and rehydrated. Therefore, 

slides were left for 1h at 60ºC, incubated twice in xylene, and gradually rehydrated using 

decreasing ethanol concentrations (100, 96, 80 and 50%). 

(d) Hematoxylin & Eosin staining: The mounted and rehydrated samples were then 

washed for 5 min with distilled water and stained for 10 min with Mayer-hematoxylin 

solution. The samples were then washed for 15 min 2-3 times until the structures start to 

become recognizable, and then counterstained with 0.2% eosin for 1-2 min and washed 

to remove excess eosin. Samples where then dehydrated again in ethanol, rinsed in 

xylene and covered with mounting media and a coverslip (Toluene-Free Mounting 

Medium, Dako). 
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(e) Immunohistochemistry staining: To assess cytotoxic changes based on specific 

molecular biomarkers, freshly prepared microsections were stained with selectively 

targeting antibodies specific for cleaved-caspase-3 (c-Caspase-3; apoptosis) and ki67 

(proliferation) biomarkers.  

Tissue sections were mounted on positively charged slides (FLEX IHC Microscope Slides, 

Dako) to ensure optimal sample adhesion during processing. Sections were incubated at 

60°C for 1 hour, followed by rehydration according to the protocol described in Section 

2.5.3. Heat-induced epitope retrieval was performed using the PT Link system (Dako).  

The retrieval cycle consisted of an initial incubation for 10 minutes at 95°C and then 45 

minutes at 65°C in Tris/EDTA buffer (pH 9, Dako). Automated immunostaining was 

subsequently conducted using the Autostainer Link 48 (Dako) and the EnVision Flex High 

pH kit (Dako). The programmed sequence included 5-minute incubation with Peroxidase-

Blocking Reagent. Followed by 30-minute incubation with the specific primary antibody 

(see Table 14), 20-minute incubation with EnVision/HRP, Incubation with DAB+ 

Chromogen and Substrate Buffer, and counterstaining for 5-minute incubation with 

hematoxylin. Washes with rinse buffer for 1 minute were interspersed between steps.  

Table 14.  Antibodies used for IHC. 

Antibody Dilution Source Reference 

Cleaved Caspase-3  1:300  BD Biosciences 560901 

Ki67  1:200  Abcam 16667  

 

2.1.6 Digital Quantification and Macro Scripting 

Microscope slides were scanned and files analysed using the programme 3Dhistech 

Pannoramic Pathology System (3DHISTECH Kft., Budapest, Hungary). Quantitative 

analysis of Ki67 and cleaved Caspase-3 staining was performed using ImageJ software. 

For each tumour slice sample, ten representative fields were captured at 400x 

magnification. To ensure reproducibility and minimise observer bias, a semi-supervised 

macro script was employed for automated quantification. This script facilitated the 

identification of positive immunostained areas, with final values expressed as the 

percentage of positive area relative to the total tumour area (Figure 15). 
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Figure 15. Image J script for semi-automatised quantification of IHC staining. Each 

DAB image is separated by colour deconvolution, the appropriate threshold is set and the 

staining area is quantified.  
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2.1.7 IHC of Slices Treated with Chemotherapy  

For IHC, the slices used for AlamarBlue Chemotherapy assessments were subsequently 

fixed in paraformaldehyde stained for proliferation (Ki67) and apoptosis biomarkers (IHC) 

and analysed as described in Section 2.1.5. 

2.1.8 Viability Assessment (AlamarBlue) 

In order to assess viability of the same slice in real-time during an 8-day culture period, 

the functional metabolic dye, AlamarBlue (Invitrogen) was utilised. AB is a non-toxic 

resazurin viability dye which quantitatively detects oxidation during cellular respiration. 

When in the presence of metabolically active cells, the dye is reduced from a blue to a 

pink fluorescently coloured solution. The more metabolically active cells present, the 

greater the fluorescence measured. Therefore, fluorescence can be measured over the 

course of culture or before and after therapeutic administration in the same slice, to 

quantitatively measure changes in slice health.  

Firstly, Alamarblue (AB) was prepared at a 1:10 dilution in the appropriate media. Then, 

1mL was added to the slices and incubated for 4h whilst rotating at 70 RPM under 

standard culture conditions. The media was then collected and 100 µl of each sample 

and background control (AB with no slice) were pipetted in triplicate in a 96-well plate. 

The fluorescence was immediately measured at 560/590 nm (excitation/emission) using 

the Infinite M200 Pro plate reader (Tecan). For 8-day viability assessments, this was 

conducted at the same time each day on Day 0, 1, 2, 3, 4, and 8. Relative viability was 

calculated using the following formula: 

 

(𝐴) 𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑  =  𝑀𝑒𝑎𝑛 𝑅𝐹𝑈𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙  − 𝑀𝑒𝑎𝑛 𝑅𝐹𝑈𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑                                       (1) 

(𝐵) 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑎𝑦 𝑋 (%)  =  
𝑀𝑒𝑎𝑛 𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐷𝑎𝑦 𝑋 

𝑀𝑒𝑎𝑛 𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐷𝑎𝑦 0
  ×  100                                                               (2) 

Where 𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 represents the experimental fluorescence units after subtracting the 

mean background signal (media/AlamarBlue alone) measured at the corresponding time 

point. 
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2.1.9 Cytotoxicity Monitoring (LDH Cytotoxicity Assay) 

To quantify cell death in the same slice during an 8-day culture period, the CyQUANT LDH 

assay (ThermoFisher) was used according to Manufacturer’s instructions and following a 

similar protocol to Mckenna et al. (2021).  

The media was collected every 24 hours e.g., Day 1, 2, 3, 4 and on Day 8 and kept in the 

fridge for no longer than 48h prior to testing, as samples kept for longer periods of time or 

frozen at -20°C resulted in signal loss. At the end time point, the slices were treated with 

1% Triton X-100 (in media) for 2 hours and the supernatant collected again, in order to 

fully lyse any remaining cells in the slice and measure the remaining LDH.  

For the assay, 50 µL of sample was pipetted into a 96 well plate, followed by 50 µL 

reaction mixture and incubated in the dark for 10 minutes. Then, 50 µL of stop solution is 

added and the plate read at 560/590nm. A media only control sample (no slice) was used 

to calculate background LDH that is sometimes found in media supplemented with 10% 

FBS. The fluorescence of the media-only sample is then subtracted from the 

experimental samples:  

𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑  =  𝑀𝑒𝑎𝑛 𝑅𝐹𝑈𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙   − 𝑀𝑒𝑎𝑛 𝑅𝐹𝑈𝑚𝑒𝑑𝑖𝑎                                                       (3)  

 

Using the sum of the fluorescent readings from each day and end time point with 1% 

Triton X-100, the total LDH in each slice could be calculated: 

 𝐿𝐷𝐻𝑆𝑢𝑚  =   ∑ 𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑
𝑛
1                                                                                                                       (4) 

   Where 𝑛 = number of days.  

 

Daily cell death was then expressed as a percentage of total LDH release: 

𝐿𝐷𝐻 𝑅𝑒𝑙𝑒𝑎𝑠𝑒 𝐷𝑎𝑦 𝑋 (%)  =  
𝑅𝐹𝑈𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐷𝑎𝑦 𝑋 

𝐿𝐷𝐻𝑆𝑢𝑚
  ×  100                                                                          (5) 
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Then, relative cytotoxicity was calculated using the following formula: 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑎𝑦𝑋  (%)  =  
𝐿𝐷𝐻 𝑅𝑒𝑙𝑒𝑎𝑠𝑒 𝐷𝑎𝑦 𝑋 

𝐿𝐷𝐻 𝑅𝑒𝑙𝑒𝑎𝑠𝑒 𝐷𝑎𝑦 0
  ×  100                                                                               (6)              

                                                  

2.1.10 Cell Population Composition Analysis 

To analyse population composition within the tumour and OTSC slices, the tissue was 

disaggregated and analysed by flow cytometry using fluorescent antibodies specific for 

population biomarkers. All reagents and equipment are from Miltenyi Biotec (Spain) 

unless otherwise stated. 

2.1.11 Tumour Dissociation: Enzymes H, R, and A (Miltenyi Biotec Tumour Dissociation 

Kit) were reconstituted according to the manufacturer’s instructions. Briefly, Enzyme H 

was dissolved in 3 mL of RPMI 1640 or DMEM, Enzyme R in 2.7 mL of the same medium, 

and Enzyme A in 1 mL of the supplied Buffer A. All solutions were aliquoted to avoid 

freeze–thaw cycles and stored at –20 °C until use. Tumour tissue was excised, trimmed 

of necrotic regions, and cut into 2–4 mm fragments before weighing. Tissue fragments 

were transferred into gentleMACS™ C Tubes containing enzyme mix prepared in RPMI 

1640 or DMEM at ratios adjusted to tumour mass (e.g., for (0.05–1.0 g: 2.2 mL medium, 

100 µL Enzyme H, 50 µL Enzyme R, 12.5 µL Enzyme A).  

Dissociation was performed using the gentleMACS™ Octo Dissociator, selecting the 

programme according to tumour type (for ovarian and endometrial tumours 

37C_h_TDK_1 for soft tumours was selected). After dissociation, samples were filtered 

through a 70 µm MACS SmartStrainer, washed twice with 5 mL medium and then 10mL 

media, and centrifuged at 300 × g for 7 min at room temperature. Erythrocyte lysis and 

DNase treatment (200 U/mL, 5 min) were performed when necessary. To enhance 

accuracy of downstream analyses, dead cells were removed with magnetic beads. Cell 

suspensions were processed with the Dead Cell Removal Kit (Miltenyi Biotec #130-090-

101) following the manufacturer’s protocol using the autoMACS Pro Separator. The 

resulting viable cell fraction was centrifuged, resuspended in PBS (100–200 µL), and used 

for downstream analyses.  
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2.1.12 Flow Cytometry (Tumour): The cell suspensions were incubated for 20 min in the 

dark using the antibodies and concentrations specified in Table 15. Cell suspensions 

were then washed twice in PBS and resuspended in 500 µL PBS. Cell viability was 

determined using propidium iodide (PI) exclusion. A 1:100 PI stock solution was prepared 

in ddH₂O, and cells resuspended in PBS or PEB buffer were stained at a final dilution of 

1:10,000. Samples were incubated in the dark at room temperature for 5 min, and 50 µL 

was analysed with a MACSQuant® Analyzer 10 flow cytometer.  

Table 15. Antibodies used for flow cytometry of cell populations. 

Population Marker Dilution Clone Fluorochrome Reference 

Epithelial cells EpCAM 1:50 HEA-125 PE-Vio 770 130-113-265 

Pan-leukocyte CD45 1:50 REA737 VioBlue® 130-110-802 

Endothelial Cells CD31 1:50 REA784 Vio-bright 515 130-111-544 

2.1.13 Tumour Dissociation of OTSC Slices: OTSC slices are more fragile and easier to 

disaggregate than the original tumour bulk, therefore require a gentler protocol. Thus, to 

improve viability of cells during OTSC slice disaggregation, a gentler enzyme mix was 

used. Briefly, 3–4 slices per tumour were washed in PBS and enzymatically dissociated 

using TL Liberase (0.2 mg/mL; Roche) and DNase I (10 µg/mL; Roche) in serum-free 

DMEM using a gentleMACS Dissociator (programme 37C_h_TDK_1, 1 h at 37 °C).  Cell 

suspensions were filtered through 40 µm strainers, washed with complete medium 

containing 10% FBS, and centrifuged at 300 g for 5 min at 4 °C. Pellets were resuspended 

in PBS with 2% FBS, and to calculate viable cells, a sample was quantified by Trypan Blue 

exclusion (Gibco).  

2.1.14 Flow Cytometry (OTSC): For flow cytometry, cells were stained with a fixable 

viability dye (Miltenyi Viobility™ 405/520) for 15 min in the dark at 4°C, washed twice with 

1mL PBS/2% FBS, centrifuged at 300 g, 5 min at 4 °C followed by Fc receptor blocking 

(anti-CD16/CD32; BD biosciences #553142) for 15 min at 4°C. Without washing, the cell 

suspensions were then stained with antibody cocktails in Table 15 to identify epithelial, 

endothelial, and immune cells (EpCAM+, CD31+, CD45+). Staining was performed for 20 

min at 4 °C in the dark, with single-colour compensation controls prepared in parallel. 

After staining, cells were washed, fixed in 4% paraformaldehyde for 20 min at room 
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temperature, resuspended in PBS/2% FBS, and stored at 4 °C in the dark until acquisition 

(within 1–2 days) on MACSQuant® Analyzer 10.  

2.1.15 Validation with Chemotherapy 

For drug assessments using the ‘standard of care’, 5 µM Taxol and 300 µM Carboplatin 

(Tocris Biosciences) were diluted in media and added to each well and left to incubate for 

48 hrs rotating at 70 RPM under standard culture conditions. These concentrations were 

chosen as they correspond to previously used preclinical and clinical dosages. For 

example, for paclitaxel, 175 mg/m2 at 3-hour infusion cycles (Cmax = 5.1 µM) is used to 

treat ovarian cancer patients (Stage et al, 2021). In the case of the carboplatin, a clinical 

concentration with an AUC of 5 (Cmax = 149.2 µM) has been reported, and in literature 

previous studies have tested concentrations as high as 300µM in the laboratory (Brodeur 

et al. 2021; Burkhard et al. 2025). 

 

2.1.16 AlamarBlue and LDH Assays in Cell Lines with Chemotherapy 

To assess 2D monolayer cell line drug responses, OVCAR8 and ISHIKAWA cell lines were 

seed at a density of 1x105 cells/mL in 0.5mL of appropriate media in 24-well plates. Cells 

were grown for 24h to reach a ~60-70% confluency, media removed and replaced with 

plain media (Control) or media containing 5 µM Taxol and 300 µM Carboplatin. Cells were 

incubated for 48h in standard culture conditions. On Day 3, AB dye (1:10) was added for 

2h and fluorescence read in a 96-well plate. Difference in viability was quantified relative 

to Control wells. Whereas for LDH assessments, in a separate plate, media was collected 

prior to drug administration (Day 1) and 24h (Day 2) and 48h (Day 3) after drug 

administration. Cells were then treated with Triton X-100 (1%) for 2h and media collected, 

representing remaining intracellular LDH. LDH Release was quantified using the 

CyQUANT LDH assay as described in Section 2.1.9 and calculated relative to Day 1. The 

difference between Treated and Control LDH release at the end of the experiment was 

then calculated. 

 

 



Chapter 2 Development of OTSC Models 

81 
 

2.1.17 AlamarBlue and LDH Assays in Slices with Chemotherapy 

To quantify the baseline viability of the slices prior to vehicle/chemotherapy 

administration, the slices were measured with 1:10 AlamarBlue dye on Day 0 and Day 1, 

as described above. Slices were then treated with 1mL 5 µM Taxol/300 µM Carboplatin or 

vehicle-only control in duplicate for 48h, rotating at 70 RPM and in standard culture 

conditions. AlamarBlue (1:10) was then incubated for 4h again on Day 3 and change in 

viability was quantified relative to Day 0 (Equations 1-2). 

To calculate the difference between the treated and the vehicle-only control after 48h 

incubation (Day 3), the percentage change between conditions was calculated using the 

Day 3 AlamarBlue measurements normalised to Day 0 of the treated slices relative to the 

matched control slices:  

 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑇𝑟𝑒𝑎𝑡𝑒𝑑 𝑎𝑛𝑑 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑆𝑙𝑖𝑐𝑒𝑠 (%)                                                        (7)

=  
𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑎𝑦 3 

𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑎𝑦 3
  ×  100 

For changes in cell death, media from 2 slices per condition were collected after 24h in 

culture prior to drug administration (Day 1), and every 24h after drug/vehicle 

administration (e.g., Day 2 and 3) and quantified using the CyQUANT LDH assay as 

described in Section 2.1.9 (Equations 4-7). 

2.1.18 Statistical Analysis  

To assess the effect of culture or chemotherapy treatment over time on viability and 

cytotoxicity, Linear Mixed-Effects Models (LMM) were performed in R (v.4.1.2) using the 

lme4, car, and emmeans packages, with treatment group as a fixed effect and Slice ID 

included as a random effect to account for the paired nature between control and treated 

slices. Normality of model residuals was assessed using the Shapiro-Wilk test and Q-Q 

plots. If residuals were not normally distributed, log10 and square root transformations 

were applied. In cases where data could not be normally distributed with 

transformations (e.g., the LDH data), Generalized Linear Mixed Model (GLMM) with a 

Gamma distribution and log-link function were used. For data normalised to a control 

baseline (set to 100%), One-Sample t-tests were performed to compare the treatment 
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group means against the theoretical value of 100. Normality of the data distributions was 

confirmed using the Shapiro-Wilk test. For non-normal normalised data (LDH), a One-

Sample Wilcoxon Signed Rank test was employed to determine if the median 

significantly deviated from the theoretical value of 100. For the comparison of culture 

models (2D monolayers vs. 3D slices), unpaired Welch’s t-tests were used to account for 

unequal variances between the two distinct culture conditions.  

To evaluate the overall differences between whole tumours and cultured slices across 

multiple cell populations, an LMM was constructed as before, with treatment group and 

cell marker as fixed effects and Slice ID as a random effect. To analyse differences of 

individual markers between xenografted models (OVCAR8 vs. ISHIKAWA), unpaired 

Welch’s t-tests were performed due to unequal variances and varying sample sizes. All 

statistical analyses were performed using R, and a p-value of < 0.05 was considered 

statistically significant. 
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2.2 Results 

2.2.1 OVCAR8 and ISHIKAWA Slices Retain Metabolic Viability up to Day 4 in Culture  

In order to assess the viability of the OTSC slices, the metabolic activity and LDH release 

from the same slice was measured periodically up to Day 8. For viability, AlamarBlue dye 

was incubated with the same slice for 4h on Day 0, 1, 2, 3, 4 and 8, and the media 

collected and measured by fluorescence. For LDH, a sample of the media from Day 1, 2, 

3, 4, 6, and 8 of the same slice was collected and quantitatively measured using a 

commercial kit. To support real-time metabolic assay measurements, a fresh slice was 

fixed on Day 0, 1, 2, 4, and 8 and analysed for proliferation (ki67) and apoptotic cell death 

(cleaved-caspase-3) by IHC and change in area of staining during culture was quantified.  

For OVCAR8 slices, real-time metabolic assays showed the OTSC slices were stable 

between Day 1 and Day 4, with AlamarBlue viability measurements ranging from 92.3-

101.5% compared to Day 1 (baseline = 100%). However, there was a significant loss of 

viability by Day 8 of 33.4% (p <0.0001) (Figure 16A). Similarly, immunohistochemistry of 

fixed slices using Ki67 staining showed proliferation steadily reducing from baseline 

(100%) to 81.7% by Day 1 (p = 0.0162), 71.3% Day 2 (p = 0.0023), 63.7% Day 4 (p = 0.0003), 

and 35.6% by Day 8 (p < 0.0001). However, only Day 8 was significantly different from Day 

1 (p<0.0001), indicating reasonable stability between Day 1 and 4 (Figure 16C).  

As seen in Figure 16B, cell death assessments also indicated slice health, with LDH 

release steadily decreasing between Day 1 and 3 (80.3-75.2%) reaching a significant 

reduction of LDH release of 57.2% by Day 4 (p = 0.0171) and 34.6% Day 6 (p=0.0004), 

however by Day 8 there was a significant increase in LDH release from the slice with an 

average of to 146% compared to baseline (p = 0.0094). Moreover, apoptotic cell death 

measured by cleaved-Caspase-3 staining also remained highly stable. Although staining 

appeared to gradually increase after Day 1 (98%) with values of 102% (Day 2) and 116% 

(Day 4) before falling again to 93.4% by Day 8, these differences were not statistically 

significant (Figure 16D-E).  
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Figure 16. A) Viability and B) cytotoxicity measured by changes in AlamarBlue 

metabolism (n=8) and lactate dehydrogenase (LDH) production (n=5) in ovarian 

(OVCAR8) OTSC slices, respectively, relative to Day 1. C) Cell proliferation and D) 

Apoptotic cell death measured by changes in ki67 and cleaved-caspase-3 IHC staining, 

respectively, relative to Day 0 (n=3) with E) Representative microscopy images below. 

Graphs plotted using mean ±SEM. Linear mixed modelling was used to detect statistical 

significance, ns = not significant, *p<0.05, **p<0.01, ***p<0.0001. Scale bar = 50 µm.  
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For ISHIKAWA slices, real-time metabolic assays showed the OTSC slices were less 

stable than OVCAR8 OTSC slices and after day 1 had significantly decreasing viability 

compared to Day 0 (100%), with values of 76.1% (Day 2; p = 0.008), 67.2% (Day 3; p = 

0.0003), 59.1% (Day 4; p<0.0001), and 37.5% by Day 8 (p<0001) (Figure 17A). However, 

compared to Day 1, only Day 4 (p = 0.0045) and Day 8 (p<0.0001) were significantly 

different to Day 1, indicating stability between Day 1 and Day 3. In contrast, IHC 

proliferation Ki67 staining remained relatively stable between Day 0 and Day 4 (100% to 

72.5%), however proliferation levels were significantly reduced by Day 8 with a value of 

41.1% (p=0.0066) (Figure 17C).  

While cell death initially displayed a reduction, with the lowest level of LDH release being 

recorded on Day 2 (63.3%), LDH release then began to rise to 104% on Day 3 and then to 

126.9% by Day 4 (Figure 17B). After this height, LDH release reduced slightly on Days 6 

and 8 (118.6 and 106%). However, LDH release measurements were not statistically 

different from Day 0, with the only statistical significance being achieved between the 

lowest value on Day 2 and the highest value on Day 4 (p = 0.0114) (Figure 17). Cleaved-

caspase-3 staining followed a similar patten with a reduction on Day 1 and 2 (65.2%- 

79.8%) and a large increase on Day 4 (182.2%). By Day 8, very minimal staining was 

observed (20.9%), however there were also large patches of tissue with no cells present. 

While variability between days was observed, no statistically significant differences were 

recorded (Figure 17D-E).   
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Figure 17. A) Viability and B) cytotoxicity in endometrial (ISHIKAWA) OTSC slices 

measured by changes in AlamarBlue metabolism (n=9) and lactate dehydrogenase (LDH) 

production (n=8), respectively, relative to Day 0 or Day 1. C) Cell proliferation and D) 

Apoptotic cell death measured by changes in ki67 and cleaved-capase-3 IHC staining, 

respectively, relative to Day 0 (n=4) with E) Representative microscopy images below. 

Graphs plotted using mean ±SEM. Linear mixed modelling was used to detect statistical 

significance, ns = not significant, *p<0.05, **p<0.01, ***p<0.0001. Scale bar = 50 µm. 
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2.2.2 OTSC Platform Successfully Recapitulates Native TME Heterogeneity 

To confirm the presence of heterogenic cell populations and assess their abundance in 

whole xenograft tumours, tumours were explanted and immediately disaggregated by 

mechanical and enzymatic digestion. Flow cytometry was then employed to assess the 

presence of cancer epithelial cells (EpCAM+), immune cells (CD45+) and endothelial 

cells (CD31+).   

Both OVCAR8 and ISHIKAWA whole disaggregated tumours had similar levels of CD45+ 

immune cells with values of 18.2% and 15.5% (t(4.3)=-0.686, p=0.528), respectively 

(Figure 18A). While ISHIKAWA tumours had more EpCAM+ epithelial cells (81.2%) than 

OVCAR8 (70.9%), this 10.3% difference did not reach statistical significance (t(9)=1.447, 

p=0.182). In contrast, OVCAR8 tumours had significantly more CD31+ endothelial cells 

than ISHIKAWA tumours with values of 0.7% and 0.3%, respectively (t(12.8)=-2.537, 

p=0.025), alongside a greater portion of uncategorised cells (12.9% vs. 2.1%) (Figure 

18A). 

For OTSC slices, we wanted to assess the populations within the tissue following slicing 

and culture, therefore slices were cultured for 48h in media prior to disaggregation. When 

comparing the cultured slices and the original tumour mass, ISHIKAWA slices had 

relatively similar proportion of EpCAM+ cells to the tumour mass, with a value of 81.3% 

(t(16.9)=0.021 p=0.984) (Figure 18B). While slices experienced on average a ~50% 

decrease in CD45+ cells (8.4% vs. 16.4%), this difference was not statistically significant 

(t(17)=-0.250, p=0.806). However, ISHIKAWA slices had a significant 7-fold increase in 

endothelial cells compared to the whole disaggregated tumours (t(16.9)=4.303, 

p=0.0005). Similarly, OVCAR8 cultured slices had a minimal non-significant loss of 

CD45+ cells (t(32.4)=0.093, p=0.927), however EPCAM+ cells were reduced by 

approximately 50% (t(32.4)=-2.920, p = 0.0063). Moreover, endothelial CD31+ cells also 

decreased by ~50%, however this did not reach statistical significance (t(32.4)=-1.046, 

p=0.303) (Figure 18B).  
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Figure 18. Cell Populations in (A) whole disaggregated tumours and (B) disaggregated 

tumour slices derived from OVCAR8 or ISHIKAWA xenografted tumour. Presented as 

percentages relative to total alive cells using biomarkers of epithelial cells (anti-EpCAM; 

orange), immune cells (anti-CD45; blue), endothelial cells (anti-CD31; red) and 

uncategorised cells (grey). Plotted as mean % (ovarian n=3-8, endometrial n=3-4).   

 

2.2.3 OVCAR8 Slices Exhibit Cytotoxicity to Chemotherapy 

To validate our ovarian cancer OTSC model, we needed to test the approved standard-of-

care (5µM Taxol/300µM Carboplatin) in both the original OVCAR8 cell lines (2D) and in the 

cell line-derived xenografted OTSC slices (3D). The OVCAR8 OTSC slices were cultured 

for 24h prior to drug administration to allow the slice to recover from slicing. Then 5µM 

Taxol/300µM Carboplatin was incubated for 48h, and changes in viability and cell death 

using the real-time and fixed assays were evaluated. AlamarBlue dye was used on Day 0 

and 1 to record the slice health at baseline, and then 48h later on Day 3 to measure 

viability after therapy. Media was also collected from separate slices on Day 1 (baseline) 

and after drug administration on Day 3 to assess real-time changes in cell damage via 

LDH release. To complement these functional assays, the AlamarBlue slices were either 

fixed and tested via IHC for cytotoxicity (Figure 19A-G). 

A B 
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Results show that OVCAR8 control slices maintained good slice health throughout 

culture with an initial increase of 22% in viability between Day 0 and 1, and they 

maintained this level until Day 3 (120.2%) (Figure 19A). The chemotherapy-treated slices 

also had a slight increase in viability on Day 1, however following drug administration, 

slice health significantly declined to 37.6%. Comparing the treated and control slices, 

metabolic activity at Day 1 revealed no significant difference between groups prior to 

treatment (p = 0.273), whereas following 48h incubation with chemotherapy, treated 

slices were significantly less viable (p = 0.017) (Figure 19A-B). However, analysis of the 

proliferation marker Ki67 revealed high variation between the three samples (Figure 19C). 

While one sample achieved a 46% reduction in proliferative staining, the other two 

samples ranged from ~5-10% reduction, achieving an average viability of 83.5% for the 

treated condition compared to the control (100%). This 17% loss of viability was not 

significantly different in one sample T-test analysis (p = 0.225). However, it should be 

noted that sample size was very small (n = 3). Interestingly, the 2D cell line grown in a 

monolayer format was significantly more sensitive to chemotherapy than the 3D slices (p 

= 0.02). The 2D OVCAR8 cells displayed 3.8% viability compared to the control wells 

(100%), whereas the 3D slices had a viability of 38.6% compared to the control slices 

(100%) (Figure 19F).  

 

Cytotoxicity assays also showed differences in LDH release in the control and treated 

slices (19.9% vs. 26.3%) however this increase did not reach significance (p = 0.250) 

(Figure 19D). In contrast, analysis of cleaved Caspase-3 staining revealed marked 326-

fold increase in the cell death marker, reaching the statistical significance threshold in 

one sample T-test analysis (p = 0.0143) (Figure 19E). While the 2D cell line showed higher 

cytotoxicity to chemotherapy, with an LDH release of 222.5% compared to 3D slices 

(137.7%), this increase did not reach statistical significance (p = 0.169) (Figure 19G).  
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Figure 19. (A) Metabolic activity of OVCAR8 slices over a 3-day culture period. Taxol/carboplatin 
(5µM/300µM) or vehicle were administered for 48h after 24h in culture (dotted line). (B) Metabolic 
activity on Day 3 normalised to control (n = 5). (C) Proliferation (Ki67) IHC staining intensity 
relative to control (n = 3). (D) Cell death (LDH release) on Day 3 relative to control (%), n = 5.  (E) 
Apoptosis (cleaved-Caspase 3; cCasp3) IHC staining relative to control (n = 4). (F-G) Comparison 
of 2D (cultured cells) versus 3D (tumour slices) systems treated with chemotherapy normalised 
to control: (F) Cell viability (AlamarBlue; n = 5).  (G) Cytotoxicity (LDH release) (n = 3–5). All data 
presented as mean ± SEM, performed in duplicate. Tested with Linear Mixed-Effects Model (A), 
One-Sample t-test (B-E), and Welch’s t-test (F-G), *p < 0.05, ns = not significant.   
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2.2.4 ISHIKAWA Slices Exhibit Resistance to Standard Chemotherapy 

Like with OVCAR8 OTSC slices, ISHIKAWA slices were cultured and 5µM Taxol/300µM 

Carboplatin administered for 48h. Changes in viability and cell death were assessed 

using AlamarBlue dye on Day 0, 1 and 3, and LDH release measured from separate slices 

on Day 1 (baseline) and after drug administration on Day 2 and Day 3, complemented by 

IHC (Figure 20A-H). 

Results show that ISHIKAWA OTSC control and treated slices exhibited a decline in slice 

health of ~20% between Day 0 and 1, and they maintained this level until Day 3 with 

control reaching 76.3% viability and the treated slices with a slightly higher mean value 

of 84.5%, compared to their own individual baselines (100%) (Figure 20A). Between 

groups, statistical analysis revealed that mean metabolic activity was not significantly 

different at either Day 1 (LMM, p = 0.721) or Day 3 (p = 0.391) (Figure 20A). Similarly, data 

normalised to control slices revealed the 113% viability of the treated slices did not reach 

statistical significance (One-sample T-test, p=0.176) (Figure 20B). Quantitative analysis 

of Ki67 staining (proliferation) revealed that chemotherapy treatment reduced the 

proliferative staining to 87.0% of the control baseline (100%) (Figure 20C). However, 

analysis indicated that this reduction was not statistically significant (p = 0.686). 

Interestingly, the ISHIKAWA cell line grown in a 2D monolayer format was significantly 

more sensitive to chemotherapy than 3D slices, yielding a viability of only 15% (Welch’s 

Test, p <0.0001) (Figure 20G).  

In contrast, cytotoxicity assays showed lower LDH release in the control and treated 

slices (97% and 70.7%) after 24h drug administration (Day 2), which were not significantly 

different between groups (p=0.361). However, by Day 3 both control and treated slices 

had an increase in LDH release, with the treated slices maintaining a significantly higher 

cytotoxicity signal of 211% compared to the control mean of 151.1% (GLMM, p=0.0023). 

This result was confirmed by the control-normalised data, exhibiting an average 84.9% 

increase in cytotoxicity in the treated slices (One-sample Wilcoxon, p= 0.06) ((Figure 20D-

E). While this result was just shy of significance (p >0.05), it should be noted that due to 

the small sample size (n=5) and the nature of the non-parametric Wilcoxon test, the 

smallest p-value possible of this sample size is 0.06. Furthermore, analysis of cleaved-

Caspase 3 (apoptosis) revealed a massive and highly significant induction of cell death, 



Chapter 2 Development of OTSC Models 

92 
 

with chemotherapy-treated slices exhibiting a dramatic increase in apoptotic marker 

expression, reaching 836.4% relative to the control baseline (100%) (Figure 20F). 

Statistical analysis confirmed this increase was highly significant (p = 0.007). Similarly, 

2D cell lines also had a slightly greater level of cytotoxicity than 3D slices (151.1% vs. 

134.4%) but this failed to reach statistical significance (Welch’s Test, p = 0.125) (Figure 

20H).  
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Figure 20. (A) Metabolic activity (AlamarBlue) of ISHIKAWA slices over a 3-day culture period (n = 
3). Taxol/carboplatin (5µM/300µM) or vehicle were administered for 48h after 24h in culture 
(dotted line). (B) Metabolic activity on Day 3 normalised to control (n = 7). (C) Proliferation (Ki67) 
IHC staining intensity relative to control (n = 4). (D) Cell death (LDH release) in culture (n = 5).  (E) 
Cytotoxicity (LDH release) on Day 3 normalised to control (n = 5). (F) Apoptosis (cleaved-Caspase 
3; cCasp3) IHC staining relative to control (n = 4).  (G–H) Comparison of 2D (cells) and  3D (tumour 
slices) treated with chemotherapy: (G) Cell viability (AlamarBlue, n = 6–7). (H) LDH release (n = 
3–4). All data presented as mean ± SEM, performed in duplicate. Tested with Linear Mixed-Effects 
Model (A), One-Sample t-test (B-C, F), generalised linear mixed modelling (D), Wilcoxon Signed 
Rank (E), and Welch’s t-test (G-H), *p < 0.05, **p < 0.01, ***p < 0.0001, ns = not significant.  
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Cancer Cell Lines and the Screening of 
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In gynaecological oncology, aberrant DR expression in tumour biopsies has been linked 

to poorer disease prognosis, particularly in endometrial cancer. DR1 and DR2-like 

receptors are also expressed in a wide range of cell types, including cancer cells, immune 

and vasculature cells, suggesting that the dopaminergic system may be involved in 

tumour biology. Moreover, preclinical evidence reports dopamine receptor targeting as a 

novel anti-tumour strategy, with studies indicating that DRD1 agonists and DRD2 

antagonists have antiproliferative and immune-activating effects in in vitro and in vivo 

cancer models (Section 1.5). The repurposing of clinically approved dopaminergic 

modulators offers a strategically advantageous route for drug discovery, bypassing 

extensive timelines and costs associated with de novo drug development. However, 

further investigations are required to understand the extent of the dopaminergic 

interactome within the tumour and TME of gynaecological cancers and to evaluate the 

efficacy of dopamine modulating drugs as an anti-cancer strategy. 

Chapter Aims 

This chapter aims to explore the dopaminergic landscape within gynaecological cancers 

and identify potent candidates for further ex vivo validation. The objectives are to: 

• Profile DR Expression: Characterise the mRNA and expression patterns of D1-

like and D2-like receptors in a panel of ovarian and endometrial cancer cell lines 

and xenografted tumour models. 

• Conduct High-Throughput Drug Screening: Perform a targeted screen of DRD1 

agonists and DRD2 antagonists to identify lead compounds that demonstrate 

significant anti-tumour efficacy. 

• Investigate the mechanism of DRD2 blocking: Explore the effects of DRD2 

blocking (Domperidone) on cell signalling pathways Raf/MEK/ERK and AKT/GSK3 

and cancer cell motility, and in the presence of endocytosis inhibitors.  

The findings from this chapter will establish the molecular foundation required to 

advance the most promising candidates into the OTSC system for more in depth TME 

investigations and patient-specific validation.  
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3.1 Methods 

3.1.1 Cell Culture 

The OVCAR8 cell line (CVCL_1629) and ISHIKAWA (CVCL_2529) cell lines were cultured 

as described earlier. The other gynaecological cancer cell lines: TOV112D (ATCC: CRL-

11731) and HEC-1-A (ATCC: HTB-112) were grown in RPMI 4.5 g/mL glucose and SKOV3 

(ATCC: HTB-77) and AN3CA (ATCC: HTB-111) cells were grown in DMEM 1 g/mL 

glucose/F12 (1:1). All media were supplemented with 10% foetal bovine serum (FBS, 

GIBCO), 2mM glutamine, 100 μg/mL Penicillin-streptomycin, and 1 μg/mL Amphotericin 

B (Life Technologies). Cells were cultured as per ATCC guidelines and kept at 37°C in a 

humidified environment of 5% CO2.  

3.1.2 Reverse Transcription qPCR  

To confirm the expression of dopaminergic receptors in gynaecological cancer cell lines, 

reverse transcription quantitative polymerase chain reaction (RT-qPCR) assays were 

performed using TaqMan Gene Expression Assays. These assays consist of sequence-

specific forward and reverse primers and a fluorogenic probe designed to detect target 

cDNA of dopaminergic receptors: DRD1 (Hs00265248_s1), DRD2 (Hs00241436_m1), 

DRD3 (Hs00364455_m1), DRD4 (Hs00609526_m1) and DRD5 (Hs00361234_s1).  

Cell lines were grown in T-75 flasks to approximately 80% confluency, washed in PBS, 

trypsinised, and total RNA was extracted using the RNeasy Mini Kit (QIAGEN) according 

to the manufacturer’s instructions. RNA concentration and purity were assessed using a 

NanoDrop spectrophotometer (Thermo Scientific). For reverse transcription, 1 µg of total 

RNA was converted to complementary DNA (cDNA) using the High-Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems). cDNA samples were either used 

immediately for qPCR analysis or stored at −20 °C until use. 

For qPCR, the SensiFAST™ Probe Hi-ROX Kit (Bioline) was used with the 7900HT Fast Real 

Time PCR System (Applied Biosystems). During amplification, the gene-specific primers 

bind to the target cDNA sequence, and it is exponentially amplified by DNA polymerase 

with fluorescence measured in real time. Cycle threshold (Ct) is the number of 
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amplification cycles needed for the fluorescence to reach the threshold. Lower Ct values 

indicate higher initial target abundance, as samples containing greater amounts of target 

cDNA reach the fluorescence detection threshold in fewer amplification cycles during 

exponential PCR amplification. Gene expression was then normalised to the expression 

of the housekeeping gene GAPDH (Hs02786624_g1) and values calculated using the 2-ΔCt 

method. 

 

3.1.3 ELISA 

To confirm the protein expression of DRD2 receptor in the cell lines, the protein was 

extracted and quantified using Enzyme-Linked Immunosorbent Assays (ELISA). ELISA is 

a sensitive and quantitative immunological technique used to detect and measure 

specific proteins in biological samples. The method is based on highly specific antigen–

antibody interactions, in which the target protein (DRD2) is selectively recognised by 

antibodies immobilised on the well plate surface. Detection is achieved by adding an 

HRP-conjugated antibody that binds to the immobilised target protein and catalyses a 

blue-producing reaction upon addition of its substrate (tetramethylbenzidine; TMB). The 

reaction is then stopped using an acidic stop solution changing the colour from blue to 

yellow, and the intensity of the resulting colour is proportional to the concentration of the 

target protein and is quantified using a standard calibration curve. 

For extraction, the cell lines were grown to approximately 80% confluency in T-75 flasks. 

The cells were then washed with PBS, trypsinised, and centrifuged at 300×g for 5 min. The 

supernatant was then removed and the pellet washed twice with PBS, centrifuged at 

300×g for 5 min, and resuspended in 1mL PBS. The pellet then went through three cycles 

of rapid freeze-thawing in order to lyse the cell membranes. This gentle method of cell 

lysis was chosen in order to keep the protein in its native structure.  After the final freeze-

thaw, the sample was centrifuged at 13000×g for 5 min and the supernatant containing 

the protein was aliquoted into a clean Eppendorph tube and stored at -80°C until use.   

The concentration of DRD2 protein was determined using a commercial ELISA kit 

(MyBiosource, Cat. No. MBS3800517), according to the manufacturer’s instructions. 

Absorbance was measured at 450 nm using a microplate reader (TECAN), and DRD2 
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concentrations were calculated from the standard calibration curve prepared at 0, 75, 

150, 300, 600, 1200 and 2400 pg/mL. The samples were then normalised by their total 

protein concentration as quantified by Bradford assay.  

3.1.4 Bradford Assay 

Protein concentration was determined using a colorimetric Bradford assay based on the 

absorbance shift of Coomassie Brilliant Blue G-250 (Bio-Rad). Under acidic conditions, 

the dye exists predominantly in a reddish-brown form and undergoes a shift to a blue form 

upon binding to proteins, primarily through interactions with basic and aromatic amino 

acid residues. The magnitude of the brown-to-blue colour change is proportional to the 

protein concentration present in the sample. To calculate protein concentration in test 

samples, known concentrations of BSA are assayed as calibrators at 0, 0.1, 0.2, 0.4, 0.6, 

0.8 and 1 mg/mL BSA. The Bradford dye was made using 10 mL dye concentrate and 40 

mL dH2O and filtered using laboratory filter paper. Then, 5 µL sample (neat and at a 1:10 

dilution) and BSA standards were pipetted onto a 96-well plate, 250 µL Bradford reagent 

were added per well and the plate gently tapped to mix. The plate was incubated at room 

temperature for 10 minutes, protected from light. Absorbance was then read at 595nm 

using a plate reader and the protein concentrations of test samples were calculated by 

interpolation from the BSA standard curve.  

3.1.5 Protein Extraction for Western Blot 

Cells were grown in 6-well plates (300,000 cells/well) until approximately 80% 

confluency. For later experiments with DRD2 antagonists, cells were grown with or 

without Domperidone for 24 and 48h.  Cells were washed with PBS, lysed with RIPA buffer 

supplemented with activated sodium orthovanadate and a protease inhibitor (Sigma-

Aldrich), and collected with a cell scraper. The collected cells were kept in an 

Eppendorph on ice for 15 min to ensure cell rupture. The cell extracts were then 

centrifuged 10 min at 13,000 RPM at 4ºC. The supernatants were transferred to a fresh 

Eppendorph and stored in a -80ºC freezer until use.  
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3.1.6 SDS-PAGE and Western blotting  

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) is a technique 

in which proteins are separated according to their molecular weight. First, the 

concentrations of the lysates were calculated using the Bradford assay described above. 

Then, the lysate samples were diluted to 20 µg in dH2O and 3x sample buffer containing 

SDS and samples were heated at 100ºC for 5 min to denature them. Acrylamide gels (12% 

or 15%) were loaded onto the gel and subjected to an electrophoretic current of 100mV 

for 90 min at RT (BIO-RAD ; Mini-PROTEAN®).  

 The SDS-PAGE gel was then transferred to PVDF membranes by a wet transfer at 100mV 

for 70 min 4ºC (ThermoScientific). Membranes were blocked for non-specific binding 

using Tris-buffered saline (TBS) supplemented with 0.2% Tween and 5% of BSA. Primary 

antibodies were incubated overnight rotating at 4ºC at the appropriate concentration 

(see Table 16). The following day, membranes were washed in TBS and incubated with 

secondary antibodies, rotating for 1h at RT. The BIORAD Clarity Western Blot ECL 

substrate mix (peroxide and luminol enhancer) was then incubated for 1-5 min and 

imaged every second for around 30 seconds but sometimes up to 1 minute using 

ChemiDoc™ XRS+ with Image Lab™ software (BIO-RAD). Images were then analysed 

within the programme by quantifying the intensity of the band sizes. For semiquantitative 

measurements, the housekeeping gene GAPDH was stained on the same membranes, 

and the intensity of the target bands were used to quantify the protein levels relative to 

GAPDH band intensity. 
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Table 16. Antibodies used for Western Blot. 

Antibody Dilution Commercial Source Reference 

DRD1 1:1000 Biotechne MAB8276 

DRD2 1:1000 Santa Cruz  sc-5303  

DRD5 1:1000 MyBiosource  Mb176794 

β-Arrestin-2   1:1000 Cell Signalling 3857 

AKT 1:1000 Cell Signalling 9272 

Phospho-AKT 1:1000 Cell Signalling 9271 

p44/42 MAPK (Erk1/2)  1:1000 Cell Signalling 9102 

Phospho-p44/42 MAPK (Erk1/2)  1:1000 Cell Signalling 4376 

MEK 1/2 1:1000 Cell Signalling 9122 

Phospho-MEK 1/2 (Ser217/221) 1:1000 Cell Signalling 9121 

GSK3 beta 1:1000 Cell Signalling 9315 

Phospho-GSK3 beta (Ser9) 1:1000 Cell Signalling 9323 

GAPDH 1:500 Abcam EPR16891  

Goat Anti-Rabbit 1:10000 ThermoFisher  31460  

Goat Anti-Mouse 1:10000 ThermoFisher  31430  

 

3.1.7 Flow Cytometry for DRD1 and DRD2 Protein Expression  

(a) Cell lines  

To analyse DRD1 and DRD2 protein expression in ISHIKAWA and OVCAR8 cell lines, flow 

cytometry was employed. First, the cell lines were grown to approximately 80% 

confluency, washed, and trypsinised. The cells were then centrifuged at 300xg for 5 

minutes and the pellet washed twice in 1mL 0.5% BSA/PBS with centrifugation at 300xg 

for 5 min. The pellet was then resuspended to ~106/100 µL in 0.5% BSA/PBS and 100 µL 

of cell suspension was added to each test tube. The cells were then incubated with 

antibodies specific for DRD1 or DRD2. To ensure that antibody binding was target-

specific, an isotype control tube was prepared using non-targeting antibodies of the 

same Ig family and conjugated fluorophore (see Table 17). Antibodies were incubated in 

the dark for 20 min at 4°C with constant agitation, followed by centrifugation. Then, the 

supernatant with excess antibody was removed, and the pellets washed and centrifuged 
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twice more in 1mL 0.5% BSA/PBS at 300xg for 5 min. Finally, each sample was 

resuspended with 500µL 0.5%BSA/PBS and incubated for 5 min with propidium iodide at 

a 1:10,000 final dilution to separate dead and alive cells. The samples were passed 

through a flow cytometer (Miltenyi) with lasers appropriately compensated for the 

fluorophores.  

Table 17. Antibodies used for flow cytometry for DRD1 and DRD2  

Antibody Dilution Commercial Source Reference  

D1DR (PE) 1:50 Biolegend 366403 

D2DR (AF-647) 1:50 AB online ABIN6980343 

DRD1 Isotype control: PE-IgG2b, k 1:50 Biolegend 401207 

DRD2 Isotype control: IgG-AF-647 1:50 AB online ABIN1880987 

 

(b) Whole Tumours 

To analyse DRD1 and DRD2 protein expression in ISHIKAWA and OVCAR8 xenografted 

whole tumours, the tumours were excised and disaggregated using the Miltenyi Tumour 

Dissociation Kit according to the manufacturer’s instructions and as described in 

Chapter 2 (2.1.10). The resulting pellet was then resuspended to ~106/100 µL in 0.5% 

BSA/PBS and 100 µL of cell suspension was added to each test tube. The cells were then 

incubated with antibodies specific for DRD1 and DRD2 or their isotype control (see  Table 

17). Antibodies were incubated in the dark for 20 min at 4°C with constant agitation, 

centrifuged, the supernatant with excess antibody removed, and pellets washed and 

centrifuged twice more in 1mL 0.5% BSA/PBS at 300xg for 5 min. Finally, each sample 

was resuspended with 500µL 0.5%BSA/PBS and incubated for 5 min with propidium 

iodide at a 1/10,000 final dilution to separate dead and alive cells. The samples were 

passed through a flow cytometer (Miltenyi) with lasers appropriately compensated for the 

fluorophores.  
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3.1.8 High-Throughput Screening of Dopaminergic Receptor Modulators 

To conduct a dopaminergic modulator drug screen, three DRD1/5 selective agonists 

(SKF83822, SKF82958, Fenoldopam), two DRD2 selective antagonists (Domperidone, L-

741,626) and dopamine (native ligand; pan-DR agonist) were chosen (see Table 18). 

ISHIKAWA and OVCAR8 cells were grown in 96-well plates in 100 µL media (104 

cells/well). All drugs were diluted and tested at 0, 1, 10, 25, 50, 75, 100, 200 µM for 48h in 

the ISHIKAWA and OVCAR8 cell lines. To assess the cytotoxicity of the reagents, 

AlamarBlue assays were conducted by adding 10µL of AlamarBlue for 2h.  The 

fluorescence (AlamarBlue) was read at 560/590 nm using the Infinite M200 Pro plate 

reader (TECAN). To calculate cell viability inhibition, the difference in readout between 

drug and control conditions were calculated and the IC50 values were calculated from 

Dose-Response Inhibition curves in GraphPad.  

 

Table 18. Concentration and mechanism of the DRD1 and DRD2 modulating drugs. 

Drug Name Mechanism Stock 
Concentration 

Manufacturer Reference 

SKF83822 DRD1/DRD5 
Agonist 

20mM in DMSO Tocris 2075 

SKF82958 DRD1/DRD5 
Agonist 

20mM in DMSO Tocris 5719 

Fenoldopam DRD1/DRD5 
Agonist 

10mM in dH2O Sigma SCL0198 

Dopamine DRD1-5 Agonist 10mM in dH2O Sigma H8502 

L-741,626 DRD2 Antagonist 20mM in DMSO Tocris 1003 

Domperidone DRD2 Antagonist 20mM in DMSO Cayman 
Chemical 

18875 
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3.1.9 Mechanism of Domperidone: Endocytic Inhibitors  

To determine if the efficacy of Domperidone is mediated through extracellular 

interactions rather than endocytic trafficking and the interaction with intracellular 

targets, internalisation pathways can be pharmacologically blocked during Domperidone 

administration. There are five primary endocytic pathways: clathrin-mediated 

endocytosis, caveolae-mediated endocytosis, macropinocytosis, phagocytosis and 

clathrin/caveolae-independent mechanisms. By selectively inhibiting these routes, it is 

possible to observe whether Domperidone-induced cell death is attenuated when the 

drug is restricted to the extracellular space. 

First, OVCAR8 and ISHIKAWA cells were seeded at a density of 1 x 105 cell/mL (0.5 

mL/well) in 24-well plates using the appropriate culture medium supplemented with 1% 

FBS, to ensure all cells were at the same point of their cell cycle. Following overnight 

incubation, the media was replaced with 10% FBS media containing specific endocytosis 

inhibitors at concentrations between 5-130 µM (Table 19). These predetermined 

concentrations were chosen as they represented IC50 values found in literature and were 

tested to ensure they maintained cell viability after 48 h incubation (Tang et al. 2017). 

Following a 2 h pre-incubation with the inhibitors, Domperidone was added to the 

treatment groups to achieve a final concentration of 70 µM, and the cells were incubated 

for 48 h. To establish a baseline for cellular response, experimental controls included 

wells containing inhibitor-only, media-only, and Domperidone-only treatments. Cells 

were incubated for 48 hours, after which cell viability was assessed by replacing the 

media with a 1X AlamarBlue solution for 2 hours. Fluorescence was measured at 560/590 

nm using a plate reader. All conditions were conducted in duplicate and the experiment 

repeated in triplicate for each cell line. 
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Table 19. Concentration and pathway inhibition of the endocytosis inhibitor drugs 

Inhibitor Pathway Concentration in 
literature 

Concentration 
selected 

Chlorpromazine  Clathrin-mediated 
endocytosis 

3.5-35 µg/mL 5 µg/mL 

Nystatin 
 

Caveolae-mediated 
endocytosis 

 
1.35-135 µM 

 
50 µM 

 
Colchicine 

 
Pinocytosis 0.625-62.6 µM 300nM 

Amiloride  
 

Macro-pinocytosis 2.5-250 µM 65 µM 

Dynasore  
 

Clathrin-mediated 
endocytosis 

 
15-80 µM 

 
20 µM 

 

 

3.1.10 Wound-Healing Migration Assay  

To evaluate the functional impact of Domperidone on cellular motility, a wound-healing 

(scratch) assay was employed. The principle of this assay is to create a gap between two 

compartments of cells and assess the change in area of the gap in response to the 

pharmaceutical agent over time.  

The assay was performed using 2-well culture inserts (81176, IBIDI), placed in 24-well 

plates. First, cells were seeded at a density of 5x104 cells per insert compartment in 

appropriate media supplemented with 10% FBS (Gibco) and incubated in standard 

culture conditions for 24h until 100% confluence was reached in both compartments. To 

inhibit cell proliferation, cells were pretreated with actinomycin D (A9415, Sigma-Aldrich) 

at a final concentration of 5 µg/mL for 2h. To prevent detached cells from settling within 

the wound healing area (gap between insert), culture media was carefully aspirated, and 

each compartment was washed with 50µL of 1X PBS. The culture insert was 

subsequently removed using sterilized tweezers to generate a defined cell-free gap. After 

removal of the insert, 300µL of the corresponding media supplemented with 1% FBS was 

added to each well. Cells were then treated with Domperidone at two different 

concentrations (10µM and 20µM). Duplicate wells were prepared for each experimental 

condition. Immediately after treatment addition, images were acquired using a light 
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microscope to document the baseline wound area (0h), which served as the control for 

subsequent quantification. Plates were then returned to the incubator, and wound 

closure was monitored over a total period of 48h by acquiring images at 0, 3, 6, 9, 12, 24, 

31 and 48h after insert removal. The wound area was quantified using ImageJ Software 

with the Wound Healing Size Tool plugin. The central wound region was selected from 

each image, and the percentage of wound closure was calculated. Results are presented 

as mean values from three independent experiments. 

 

3.1.11 Statistical Analysis 

For the inhibitor assays, the effect of individual inhibitors on cell viability was first 

assessed using one-sample t-tests against a theoretical baseline of 100%, with p-values 

adjusted for multiple comparisons using the Bonferroni correction. To analyse the impact 

of inhibitor treatments within the Domperidone-treated groups, linear mixed-effects 

models (LMM) were employed. In these models, the inhibitor treatment was treated as a 

fixed effect, while the Experiment ID was included as a random effect to account for inter-

replicate and inter-plate variability. Significant effects within the LMM were further 

explored using Dunnett’s post-hoc tests to compare each inhibitor treatment back to the 

Domperidone-only reference group. For all tests, a p-value < 0.05 was considered 

statistically significant. Statistical analyses were performed using R (version 4.1.2) with 

the lme4, car, and lmerTest packages. 

To analyse western blot protein expression data, the dataset was partitioned by individual 

protein targets, and linear models were fitted to evaluate the effect of the experimental 

group on normalised expression levels. A Type II Analysis of Variance (ANOVA) was used 

to determine the significance of the main effects, followed by post-hoc comparisons of 

each experimental group against the designated control using estimated marginal means 

with Dunnett-style adjustments. Prior to testing, data were inspected for normality using 

Shapiro-Wilk tests and homogeneity of variance of the model’s residuals. For differences 

in receptor expression levels between the cell line OTSC models, unpaired T-tests were 

employed.   
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3.2 Results 
3.2.1 DRD2 is the Predominant Dopamine Receptor Across HGSOC and EC Models 

To characterise dopamine receptor expression across gynaecological cancer models, 

mRNA expression of DRD1-5 was quantified by RT-qPCR in six cell lines representing 

ovarian (OVCAR8, SKOV3, TOV112D) and endometrial (AN3CA, HEC1a, ISHIKAWA) 

cancer subtypes. Both OVCAR8 and ISHIKAWA cell lines exhibited relatively low DRD1 

expression compared to the other gynaecological cancer cell lines (Figure 21A). Between 

these two cell lines, OVCAR8 presented a 3.29-fold increase in DRD1 expression 

compared to ISHIKAWA cells. Conversely, out of all the gynaecological cell lines tested 

in this study, OVCAR8 and ISHIKAWA also had relatively the highest expression of DRD2, 

exhibiting a huge 8.2-fold and 10.4-fold increase in expression, respectively, compared 

to the lowest expressing line TOV112D. Between the two primary models, OVCAR8 DRD2 

expression was approximately 22% lower than ISHIKAWA  (Figure 21B). Interestingly, 

OVCAR8 had more DRD1 expression than DRD2 (6.77 x 10-5 vs. 1.86 x 10-5), whereas 

ISHIKAWA had almost an even expression of DRD1 and DRD2 (2.06 x 10-5 vs. 2.37 x 10-5). 

To confirm findings, DRD1 and DRD2 protein expression was assessed by Western blot, 

flow cytometry and ELISA in OVCAR8 and ISHIKAWA cell lines ISHIKAWA (Figure 21D, F-

H). In contrast to transcriptomic results, flow cytometry analysis demonstrated that 

OVCAR8 cultures had approximately a 32% increase (5.41% vs. 4.08) in DRD2+ cells 

compared to ISHIKAWA cultures (Figure 21G). Whereas, as seen in the flow cytometry 

plots, in both cell lines there were no DRD1+ cells detected (Figure 21H). This trend was 

supported in western blot images, where the 51 kDa band corresponding to DRD2 

showed a greater intensity in OVCAR8 samples compared with ISHIKAWA, further 

indicating higher expression levels (Figure 21D). Consistent with mRNA and flow 

cytometry results, DRD1 bands were comparably faint between cultures, indicating low 

expression. Interestingly, the DRD2 ELISA provided an inverse result, quantitively 

demonstrating that ISHIKAWA had 69% higher levels of DRD2 relative to OVCAR8 (Figure 

21F). While these discrepancies may have originated from differences in methodology 

e.g., total cellular levels vs. surface expression, the data collectively confirms DRD2 is 

the dominant receptor in both models with minimal DRD1 protein expression.  
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3.2.2 DRD1 Expression Prevalence Increases in the OVCAR8 OTSC Model  

To compare DRD1 and DRD2 protein expression levels in the OVCAR8 and ISHIKAWA 

xenografted whole tumours or tumour slice models, tumours were resected, sliced (if 

applicable), disassociated and analysed with RT-qPCR, flow cytometry or Western Blot. 

In contrast to cell line results, OVCAR8 whole tumours demonstrated an extremely high 

expression level of DRD1 with a mean value of 1.97x10-3 (AU relative to GAPDH) 

compared with the original OVCAR8 cell line (6.77x10-5), representing a massive 29-fold 

increase (Figure 21C). Paradoxically, in ISHIKAWA slices DRD1 mRNA levels were 

undetectable, consistent with transcriptomic, Western blot and flow cytometry analyses 

in the original cell line (Figure 21). However, DRD2 levels appeared somewhat 

comparable between OVCAR8 tumour slices (5.6x10-6) and the original cell line (1.86 x10-

5), with a modest 3-fold decrease. Moreover, between OVCAR8 and ISHIKAWA tumour 

slices DRD2 levels were also comparable (5.8x10-6 vs. 5.21x10-6) (Figure 21C). 

Interestingly, both mRNA and Western blot analysis presented a similar observation, with 

a greater DRD1 intensity compared to DRD2 in the OVCAR8 tumour slices (Figure 21C, E).  

Consistent with the earlier observations, flow cytometry analysis also revealed distinct 

receptor expression levels between xenografts. Similar to RT-qPCR results, OVCAR8 

xenografted tumours demonstrated higher DRD1 levels than ISHIKAWA, marked by the 

small presence of 0.2% DRD1-positive cells, whereas this population was absent in 

ISHIKAWA tumours (Figure 21 I-J). However, ISHIKAWA tumours were found to have ~50% 

more DRD2+ cells than OVCAR8 (2.7% vs.1.8%), contradicting mRNA analysis. From the 

DRD2+ population identified in OVCAR8 and ISHIKAWA tumours, these cells were 

characterised by population-specific markers, such as epithelial cells (EpCAM+), 

immune cells (CD45+) and endothelial cells (CD31+). Interestingly, the majority of 

OVCAR8 DRD2+ cells belonged to the immune cell fraction (43.5%), followed by 

epithelial cells (29.6%), and a small percentage of endothelial cells (0.5%). There was 

also a high number (26.4%) of OVCAR8 DRD2+ that belonged to an uncategorised tumour 

population (EpCAM-/CD45-/CD31-). In contrast, DRD2+ cells within ISHIKAWA tumours 

consisted predominately of epithelial cells (88.9%) with only a minor fraction belonging 

to immune (CD45+, 2.6%) and endothelial (CD31+, 0.51%) cells (Figure 21J).    
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Figure 21. (A) DRD1 or (B) DRD2 mRNA quantification in gynaecological cancer cell lines or (C) 
OVCAR8 and ISHIKAWA tumour slices (DRD1; pink and DRD2; green). (D) Western blots of DRD1 
and DRD2 in protein extracts of OVCAR8 and ISHIKAWA cell lines or (E) OVCAR8 tumour slices 
(n=2). (F) DRD2 protein expression in OVCAR8 and ISHIKAWA cell lines measured by ELISA, n= 2-
4 or (G) Flow cytometry. (H) Representative flow cytometry plots of Fig. G and gating strategy for 
DRD1+ and DRD2+ cells. (I) Flow cytometry quantification of DRD1+ (pink) and DRD2+ (green) 
cells in OVCAR8 and ISHIKAWA tumours (*p<0.05 using an unpaired T-test). (J) Categorisation of 
the DRD2+ population from Fig. I (dotted box) into their corresponding populations (epithelial, 
immune, endothelial or uncategorised. Graphs plotted using mean ±SEM.  
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3.2.3 DRD2 Blockades Identified as a Promising Anti-Tumour Strategy 

To evaluate the functional significance of DRD1 and DRD2 expression, a pharmacological 

screen was conducted using three DRD1/5 selective agonists (SKF83822, SKF82958, 

Fenoldopam), two DR2-like selective antagonists (Domperidone, L-741,626) and the 

pan-DR agonist dopamine were tested in the OVCAR8 (Figure 22) and ISHIKAWA (Figure 

23) cell lines. 

Treatment with dopamine and the selective agonist Fenoldopam failed to reduce cell 

viability at any tested concentration (up to 200 µM). In contrast, both DRD1/5 agonists 

SKF83822 and SKF82958 reduced cell viability in the cell lines, with comparable IC50 

values of 100.0 and 95.4 µM in OVCAR8 (Figure 22), and 110.9 and 107.7 µM in ISHIKAWA 

(Figure 23) respectively (Table 20). 

In contrast, the DR2-like antagonists exhibited significantly higher potency. Domperidone 

and L-741,626 displayed effective inhibition in the cell lines at lower concentrations than 

the DRD1 agonists. In OVCAR8 cells, Domperidone reached 50% viability at a calculated 

IC50 values of 72 µM, whereas L-741,626 reached this point at a lower concentration of 

59.7 µM (Figure 22). Concentrations were almost identical for ISHIKAWA cells, with 

marginally lower IC50 values of 71.1 µM and 55.9 µM, respectively (Figure 23). 

Despite the relative potency of L-741,626, its clinical utility is limited as it is not currently 

FDA or EMA-approved for patient use. Furthermore, this agent displayed a remarkably 

steep dose-response curve; for example, in OVCAR8 cells, viability dropped dramatically 

from 115.8% at 50 µM to just 5.1% at 75 µM. This narrow therapeutic window suggests an 

‘on-off’ cytotoxic threshold rather than a gradual dose-dependent inhibition, which is 

concerning when calculating appropriate dosages for in vivo models or patients. 

Consequently, Domperidone was selected as a promising agent for further testing within 

our 2D and 3D models.  
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Figure 22. IC50 of Dopaminergic Drugs in OVCAR8 cell line. The inhibitory effects of (A) 
SKF83822, (B) L-741,626, (C) SKF82958, (D) Domperidone, (E) Fenoldopam and (F) 
Dopamine after 48h incubation of drug at concentrations 0-200µM in OVCAR8 cells 
seeded at 1x10⁵ cells/well in 96-well plates measured by AlamarBlue.  
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Figure 23. IC50 of Dopaminergic Drugs in ISHIKAWA cell line. The inhibitory effects of (A) 
SKF83822, (B) L-741,626, (C) SKF82958, (D) Domperidone, (E) Fenoldopam and (F) 
Dopamine after 48h incubation of drug at concentrations 0-200µM in ISHIKAWA cells 
seeded at 1x10⁵ cells/well in 96-well plates measured by AlamarBlue.   
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Table 20. Summary of the IC50 at 48h of Dopaminergic Drugs in OVCAR8 and ISHIKAWA 

cell lines,  their mechanism and their FDA and EMA approval status.  

Drug Name Mechanism FDA/ EMA 
Approved 

IC50 (µM) 

OVCAR8  

IC50 (µM) 

ISHIKAWA 

SKF83822 DRD1/DRD5 
Agonist 

No 99.96 110.90 

SKF82958 DRD1/DRD5 
Agonist 

No 95.40 107.70 

Fenoldopam DRD1/DRD5 
Agonist 

FDA Approved >200 >200 

Dopamine DRD1-5  
Agonist 

n/a >200 >200 

L-741,626 DRD2-4 
Antagonist 

No 59.65 55.87 

Domperidone DRD2-4 
Antagonist 

EMA Approved 71.98 71.14 

 

3.2.4 Domperidone Efficacy not Affected by Endocytosis Blockades 

To ascertain whether Domperidone is externally driving cellular cytotoxicity, or if it is 

being endocytosed and trafficked to an internal target, we tested Domperidone at 70 µM 

alongside a range of endocytic inhibitors (20 µM Dynasore, 8 µM Chlorpromazine, 50 µM 

Nystatin, 65 µM Amiloride, or 300nM Colchicine).  

OVCAR8 cells treated with inhibitors Dynasore, Chlorpromazine, Nystatin, and Amiloride 

had comparable viability values of 72-96% compared to the media-only control wells set 

to a baseline of 100% (p>0.05). Whereas Colchicine was the only inhibitor to significantly 

reduce cellular signal (adjusted p-value = 0.0143) (Figure 24A). This indicated that 

Colchicine is cytotoxic to the cells, even at this relatively low concentration. When 

OVCAR8 cells were treated with Domperidone alone, cell viability reached a mean of 

6.9%. This condition was used to compare wells treated with both inhibitor and 
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Domperidone at 70µM to ascertain whether the addition of the inhibitor prevented 

Domperidone-induced cell death. However, cells cotreated with both Domperidone and 

inhibitors displayed comparable viabilities to the Domperidone-only group ranging 

between 5.6-7.6% (p>0.05), except for the Domperidone/Nystatin group which had a 

slight but non-significant increase in viability to a value of 9.7% (p=0.622) compared to 

the Domperidone-only control (6.9%) (Figure 24A). When normalising 

Domperidone/inhibitor cotreated cells to the inhibitor-only wells, linear mixed-effects 

modelling showed that most of the inhibitors did not prevent Domperidone-induced 

death (p>0.05) with differences ranging from -0.204 to +3.4, except 

colchicine/Domperidone co-treated cells which had approximately 3.3-fold higher 

viability than Domperidone-only treated cells (p=0.0089) (Figure 24C).  

Similar to OVCAR8 cell experiments, ISHIKAWA cells treated with inhibitors Dynasore, 

Chlorpromazine, Nystatin, and Amiloride also displayed comparable viabilities to media-

only control with values of 81.0-111.4% (p>0.05), whereas again colchicine at 300nM 

caused a significant decrease in viability with a mean of 22.4% (adjusted p-value = 

0.0145) (Figure 24B). When ISHIKWA cells were treated with Domperidone alone, cell 

viability reached a mean of 29.0% and all inhibitor/Domperidone conditions achieved a 

comparable or lower viability (8.9-20.0%). Of note, Dynasore/Domperidone treated cells 

experienced a significant 3.2-fold loss compared with Domperidone alone (p=0.0014). 

Similarly, Amiloride/Domperidone treated cells had an almost 6-fold loss of viability 

compared with Domperidone alone, however this result was just shy of the statistical 

threshold (p=0.0532) (Figure 24B). When normalising Domperidone/inhibitor cotreated 

cells to the inhibitor-only wells, linear mixed-effects modelling showed that all the 

inhibitors did not prevent Domperidone-induced death (p>0.05) with many of the mean 

viabilities being from 5.11 to 12.65 units lower than Domperidone-only condition (Figure 

24D). However, like with OVCAR8 cells, ISHIKAWA cells co-treated with colchicine and 

Domperidone had approximately 2-fold higher viability than Domperidone-only treated 

cells (p=0.0320). 
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Figure 24. Endocytic inhibition on Domperidone-induced cytotoxicity in OVCAR8 and 
ISHIKAWA cells. (A) Viability of OVCAR8 and (B) ISHIKAWA cells pre-treated with endocytic 
inhibitors (20 µM Dynasore, 8 µM Chlorpromazine, 50 µM Nystatin, 65 µM Amiloride, or 300 nM 
Colchicine) with or without 70 µM Domperidone relative to media-only control (100%). 
Significance was determined via one-sample t-tests against a theoretical mean of 100% with 
Bonferroni correction for multiple comparisons (n=4-5, *p<0.05). (C) Viability of OVCAR8 cells 
and (D) ISHIKAWA cells co-treated with inhibitor and 70 µM Domperidone relative to respective 
inhibitor-only controls. Significance determined using a Linear Mixed Model and Dunnett’s post-
hoc test for comparisons against the Domperidone-only control (n=4-5, *p<0.05).  

C D 

A B 



Chapter 3 Characterising the Dopaminergic Interactome 

116 
 

3.2.5 Targeted DRD2 Inhibition Significantly Impairs Endometrial Cancer Motility 

An in vitro wound-healing assay was performed in OVCAR8 and ISHIKAWA cell lines to 

evaluate effects on wound healing after Domperidone treatment. Four treatment 

conditions were established: untreated control (media-only), actinomycin D alone 

(proliferation inhibitor), and actinomycin D combined with either Domperidone at 10µM 

or 20µM. Cells were grown in dual-compartment inserts separated by a gap which 

functions as the wound healing space. The change in wound area in response to the 

different treatments was calculated using semi-automated image quantification and 

presented as a percentage relative to the starting area (Figure 25).  

In OVCAR8 cells, all groups showed progressive wound closure over time, with 

comparable closure areas at both early and late time points. In the untreated control, the 

wound area declined from 100% at 0h to 75.8%% at 12h, 40.1% at 24h, and 9.6% at 48h, 

implying approximately 90% of closure after the 48h monitoring period (Figure 25A). 

Treatment with actinomycin D alone produced a similar profile with only minor non-

significant increases in wound area at each time point after 3h, with a 48h wound closure 

area of 14.3%. Adding Domperidone had minimal impact on migration. Although both 

treatment groups displayed some decline in wound closure, none of these differences 

reached statistical significance thresholds in comparison to the Actinomycin Control 

(p>0.05). For instance, at 6h the 10µM and 20µM Domperidone group maintained an area 

of 95.4% and 96.1%, respectively, compared to the Actinomycin group’s value of 91.5%. 

Similarly, at 12h values were also marginally higher with an area of 85% and 86.7% 

compared to the Actinomycin Control (77.9%).  Whereas at 48h closure responses varied 

with the 10µM group maintaining less area of 7.3% and 20µM with a greater wound area 

of 18.7% compared to the Actinomycin control of 14.3% (Figure 25A).  Moreover, 

qualitatively, wound images showed similar closures of the gap in all groups at each time 

point, with no obvious change in cell migration pattern due to Domperidone effect (Figure 

25B).  
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Figure 25. Effect of Domperidone on wound healing in OVCAR8 cell line. (A) 
Quantitative analysis of wound healing in OVCAR8 cells treated with media only 
(Control), Actinomycin D (ActD; proliferation inhibitor) alone or in combination with 10µM 
or 20µM Domperidone. Wound area is expressed as a percentage relative to the initial 
wound area at T=0. Data points represent the mean ± SEM of three independent 
experiments. Statistical analysis was performed using linear mixed modelling with post-
hoc comparisons against Actinomycin Control Group; ns = not significant. (B) 
Representative phase-contrast micrographs showing the progression of wound closure 
at 0, 6, 12, 24, and 48 hours post-insert removal for each treatment condition.  
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In contrast, ISHIKAWA cells demonstrated distinct changes in cell migration upon 

treatment with Domperidone (Figure 26). In the untreated control group, the remaining 

wound fell from 100% % at 0h to only 1.1% at 48h, indicating the wound had almost 

completely closed. Actinomycin D Control alone demonstrated minor non-significant 

changes compared to the media-only Control, with the final area at 48h estimated to be 

approximately 8.8% of the starting area. In contrast, ISHIKAWA cells treated with 10 µM 

Domperidone/actinomycin D exhibited significantly less closure at 24h (p<0.0001), 31h 

(p<0.0001), and 48h (p<0.0001) with wound areas estimated at 65.8%, 58.3% and 42.7%, 

compared with the Actinomycin-only Control values of 46.2%, 34.7%, and 8.8%. 

Similarly, ISHIKAWA cells treated with 20 µM Domperidone and actinomycin D also 

exhibited significantly less closure at 24h (p<0.0007), 31h (p<0.0001), and 48h (p<0.0001) 

with wound area ranging between 62.5% at 24h to 48.7% at 48h. However, there were no 

significant differences between the two Domperidone treatment groups (p>0.05) (Figure 

26A). 

Comparing the two cell lines, OVCAR8 cells achieved nearly complete wound closure 

under all conditions by 48h, including with addition of Domperidone. Whereas in 

ISHIKAWA cells only the control wounds were almost completely closed, while 

Domperidone-treated groups were still partially open, as seen in Figure 26B. Statistical 

testing revealed that ISHIKAWA wounds were significantly bigger than OVCAR8 wound 

areas with Domperidone treatment at 24h for 20 µM (p = 0.0319), and at both treatment 

concentrations at 31h (10 µM: p = 0.002, 20 µM p = 0.0004) and 48h (10 µM: p <0.0001, 

20 µM: p <0.0001), demonstrating Domperidone was more effective at inhibiting 

migration in the endometrial cancer cell line compared to the ovarian cancer cell line.  
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Figure 26. Effect of Domperidone on wound healing in ISHIKAWA cell line. (A) 
Quantitative analysis of wound healing in ISHIKAWA cells treated with media only 
(Control), Actinomycin D (proliferation inhibitor) alone or in combination with 10µM or 
20µM Domperidone. Wound area is expressed as a percentage relative to the initial 
wound area at T=0. Represented as mean ± SEM of three independent experiments. 
Statistical analysis was performed using linear mixed modelling with post-hoc 
comparisons against Actinomycin Control Group; ** p <0.01, p<0.0001. (B) 
Representative phase-contrast micrographs showing the progression of wound closure 
at 0, 6, 12, 24, and 48 hours post-insert removal for each treatment condition. 
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3.2.6 OVCAR8 and ISHIKAWA Cells Exhibit Opposing Signalling Responses to DRD2 

Antagonism. 

To assess the downstream mechanisms of DRD2 blocking within the ovarian (OVCAR8) 

and endometrial (ISHIKAWA) cancer cells, the cell lines were treated with Domperidone 

at 35 µM Domperidone for 24h. This incubation time and concentration was selected in 

order to maintain partial cell viability, as higher parameters led to insufficient protein 

levels for quantification. Changes in protein expression of dopaminergic receptors and 

intracellular molecules involved in MEK/ERK (MAPK) and AKT/GSK-3 signalling pathways 

were immunoblotted and quantified (Figure 27).  

Analysis of Western blots revealed distinct cell line-dependent shifts in dopaminergic 

receptor levels and their downstream effector signalling molecules. OVCAR8 cells 

experienced decreases in both DRD1 (-36.7%) and DRD2 (-22.0%) protein levels and 

approximately a 19% rise in DRD5 following 24h treatment with 35 µM Domperidone, 

compared to the media-only control (Figure 27A). In contrast, ISHIKAWA cells 

demonstrated an opposing response with a 20% increase in DRD2 and a 23% decrease 

in DRD5, alongside a smaller DRD1 (-23.6%) protein downregulation (Figure 27B). Protein 

levels of the DRD2 scaffold protein β-arrestin-2 were also distinctly altered; while 

OVCAR8 cells demonstrated an 8.7% rise in expression, ISHIKAWA cells had a 34.2% 

decrease upon treatment (Figure 27).  

When exploring effector molecules involved in the Raf/MEK/ERK (MAPK) pathway, some 

signs of downregulation in this signalling cascade was observed. OVCAR8 cells treated 

with 35 µM Domperidone demonstrated marked decreases in both total MEK levels (-

29.3%) and phosphorylated-MEK levels (-63.9%) compared to the Control condition 

(Figure 27A). This was similar for ISHIKAWA cells which also had a downregulation of MEK 

(-31.1%) and p-MEK (-20.2%) (Figure 27B). However, in OVCAR8 cells, while total ERK 

levels decreased by -18.7%, p-ERK in its activated phosphorylated form increased 

marginally by 7.6% in the 35µM Domperidone group. In contrast, ISHIKAWA cells had an 

opposing response to OVCAR8 cells when looking at ERK and p-ERK levels, with values 

of +20.8% and -58.7%, respectively.  
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Signalling molecules within the PI3K/AKT/GSK-3 signalling pathway exhibited some signs 

of downregulation in OVCAR8 cells but not in ISHIKAWA. In OVCAR8 cells treated with 

Domperidone total AKT increased by 38.4%, whereas p-AKT in its active phosphorylated 

state diminished by 8.6%, compared to the control. Moreover, total GSK-3β and 

phosphorylated (Ser9) GSK-3β in its inhibited state were increased (+51.5% and +82.3, 

respectively) (Figure 27A). Again, ISHIKAWA cells exhibited a completely contradictory 

response, with a rise in p-AKT (+9.2%), and reductions in total AKT (-28.3%), total GSK-3β 

(20.3%) and inactive p-GSK-3β (-5.6%) (Figure 27B). This indicates both cell lines respond 

in distinct and opposing manners to DRD2 antagonism therapy. 
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Figure 27. Effects of DRD2 antagonism (Domperidone) on protein expression in 
gynaecological cancer cell lines. The Western blot quantification of (A) ovarian cancer 
cell line (OVCAR8) and (B) endometrial cancer cell line (ISHIKAWA) treated with 
Domperidone (35 µM) for 24h. Protein expression of DRD1, DRD2, DRD5, β-arrestin-2 and 
signalling molecules in the MEK/ERK (MAPK) and AKT/ GSK-3 signalling pathways were 
quantified by band intensity relative to GAPDH (AU) (n=1). 

D
R
D
1

D
R
D
2

D
R
D
5

-
A
rr
es

tin
M

E
K

p-M
EK

E
R
K

p-E
R
K

A
K
T

p-A
K
T

G
S
K
-3

p-G
SK

-3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

OVCAR8 Cells

P
ro

te
in

 E
x
p

re
s
s
io

n

re
la

ti
v
e
 t

o
 G

A
P

D
H

 (
A

U
)

35 MCTRL

D
R
D
1

D
R
D
2

D
R
D
5

-
A
rr
es

tin
M

E
K

p-M
EK

E
R
K

p-E
R
K

A
K
T

p-A
K
T

G
S
K
-3

p-G
SK

-3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

ISHIKAWA Cells

P
ro

te
in

 E
x
p

re
s
s
io

n

re
la

ti
v
e
 t

o
 G

A
P

D
H

 (
A

U
)

A 

B 



 

123 
 

 
 
Chapter 4 
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Blocking DRD2 could be an advantageous anti-cancer strategy for gynaecological 

cancers.  Recent publications have evidenced that DRD2 blockers have cytotoxic effects 

in in vitro and in vivo models of ovarian and endometrial cancer. Moreover, DRD2 

antagonism could be beneficial in stimulating anti-tumour behaviours in immune cells. 

Given that gynaecological cancers are considered immunologically “cold” with depleted 

or immunosuppressed T cells and macrophages, blocking DR2-like receptors could be 

an efficacious strategy in the gynaecological TME.  

Chapter 3 identified high expression of DRD2 in both ovarian and endometrial cancer 

models and highlighted the potent anti-cancer activity of the repurposed DRD2 blocker, 

Domperidone. As Domperidone is EMA-approved for the treatment of nausea, it could be 

a promising agent for drug repurposing, potentially avoiding lengthy, costly and risky drug 

approval pipelines. However, the translational gap between 2D cell culture and clinical 

application remains a primary cause of pharmaceutical failure. To bridge this gap, this 

chapter moves beyond simplistic monolayers to evaluate the efficacy of Domperidone 

within the complex, multi-component environment of the OTSC gynaecological model. 

Chapter Aims 

The primary objective of this chapter is to validate the therapeutic potential of 

Domperidone in a physiologically relevant environment. The specific aims are to: 

• Determine 3D Efficacy: Assess the cytotoxic impact of Domperidone across 

established HGSOC and low-grade endometrial cancer OTSC models. 

• Characterise TME Modulation: Investigate the spatiotemporal changes in 

cellular composition and signalling within the slice environment following 

treatment. 

• Validate in Patient Tissue: Conduct a translational pilot study applying the OTSC 

pipeline to primary patient-derived ovarian cancer biopsies to evaluate individual 

treatment responses. 

The findings from this chapter will provide a comprehensive characterisation of DRD2 

blockade at both the cellular and molecular level, in physiologically relevant 3D OTSC 

gynaecological models and primary patient biopsy slices. 
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4.1 Methods 

4.1.1 2D Monoculture Viability and Cytotoxicity Assays  

For 2D monolayer cell line viability studies, cell lines were cultured in 24-well plates at 

1x105 cells/well in 0.5 mL of appropriate media, grown for 24h (~70% confluency) and 

treated with Domperidone (70 µM) or vehicle-only for 48h in standard cell culture 

conditions. Viability and cytotoxicity were measured using the AlamarBlue viability dye 

and CyQuant LDH kit as described before in Chapter 3.  

4.1.2 OTSC and Real-Time and Fixed Time-Point Viability Assessments 

ISHIKAWA and OVCAR8 whole tumours were implanted, resected, sliced and cultured 

according to our developed methodology in Chapter 3. After 24h of slice recovery, the 

media was replaced with fresh media containing 0, 35, 70, or 200 µM Domperidone and 

incubated for 48h. Real-time (AlamarBlue and LDH) and fixed time point (IHC) assays 

were employed, as before, to assess viability and cytotoxicity after treatment using Ki67 

and cleaved-caspase-3 staining (see Chapter 3).  

4.1.3 Quantification of OTSC Slice Gene Expression using TLDA 

Gene expression of OVCAR8 and ISHIKAWA xenografts OTSC tumour samples untreated 

or treated with 35 and 70µM Domperidone was performed by RT-qPCR using TaqMan 

probes specific for target genes. Probes and primers were selected for genes of interest, 

such as those related to catecholaminergic receptors, cancer cells, CSCs, immune and 

endothelial cell marker, and TaqMan Low Density Arrays (TLDA) cards (ThermoFisher) 

were manufactured. Each TLDA consists of 8 loading ports, allowing for simultaneous 

analysis of 24 genes in 8 samples (in duplicate) in a 384-well plate. In each well, 50µL of 

qPCR master-mix (SensiFAST™ ProbeHi-ROX kit; Bioline) and 50µL of cDNA (~1020 ng of 

total RNA) were added and reactions conducted in the 7900HT Fast Real Time PCR 

System (Applied Biosystems). Cycle thresholds (Ct) were measured and values 

calculated using the 2-ΔCt method, normalised to the expression of the housekeeping 

gene GAPDH. 
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4.1.4 LIVE/DEAD Kit Staining and Confocal Microscopy  

For further assessments of slice health following Domperidone incubation, the 

LIVE/DEAD™ Cytotoxicity/Viability kit (Invitrogen; L3224) was utilised to explore real-time 

viability and cytotoxicity markers simultaneously in the same slice. Slices were checked 

for viability on Day 0 and Day 1 using an AlamarBlue assay. Following Day 1 viability 

confirmation, slices were treated with vehicle or Domperidone (70 µM) for 48h. Following 

treatment, slices were transferred to a 96-well plate and washed three times in 100 µL 

PBS while rocking at 70 RPM within an incubator. A fluorescent viability mixture was 

prepared consisting of the kit reagents Ethidium homodimer-1 (2 µM), Calcein-AM (1 µM) 

and Hoechst 33342 (10 µg/mL), diluted in phenol red-free media to minimise background 

autofluorescence during confocal imaging. Ethidium homodimer-1 (Eth-1) serves as a 

high-affinity marker for cell death, as it is excluded by intact plasma membranes and only 

labels the nuclei of cells with compromised integrity. Whereas Calcein-AM functions as 

a marker for live cells, as it is converted to a green-fluorescent product by intracellular 

esterase activity within metabolically active cells with intact membranes. Hoechst 33342 

acts as a cell-permeable counterstain to identify all nuclei within the 3D structure. A 

volume of 50 µL of this mixture is added to the slices for 1 hour. The slices were then 

washed three times in PBS and transferred to an imaging disc containing phenol red-free 

RPMI 1640 medium and imaged immediately on the Leica TCS SPE confocal microscope. 

Images were processed using a custom ImageJ macro (Figure 28). Multichannel confocal 

images were split into individual 8-bit grayscale channels. To remove non-specific 

background noise, a rolling ball background subtraction (radius = 50 pixels) was applied 

to all channels. Fixed global thresholds were determined as: 120-255 pixels for blue 

(nucleus; Hoechst), 60-255 for green (alive cells; calcein-am), and 75-255 for Red (dead 

cells; Eth-1). Pixel area was calculated from the resulting masks. Percent viability was 

calculated as: 

%𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝐴𝑟𝑒𝑎𝐺𝑟𝑒𝑒𝑛

(𝐴𝑟𝑒𝑎𝐺𝑟𝑒𝑒𝑛 + 𝐴𝑟𝑒𝑎𝑅𝑒𝑑)
𝑥 100                                                                               (8) 
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Figure 28. Image J script for semi-automatised quantification of LIVE/DEAD confocal 

microscopy staining. Each image is separated by channels, the background is removed, 

the appropriate threshold is set and the staining area is quantified.  

4.1.5 Flow Cytometry (Population Composition and Immune Subsets) 

To evaluate the effects of Domperidone on specific immune populations within the slice, 

slices were treated with Domperidone (35 and 70 µM) for 24h and 48h and disaggregated 

using our gentler disaggregation method e.g., 0.2 mg/mL TL Liberase and 10 µg/mL 

DNase I for 1h in the Miltenyi GentleMACS dissociator. Slices were blocked with Fc 

receptor blocking (anti-CD16/CD32) and stained for dead cells (Viobility™ Fixable Dye), 

as before (Chapter 2.1.13). The cell suspensions were stained for immune populations 

using 7-colour antibody mix (1:50) specific for CD45 (pan-immune), F4/80 (macrophage 

marker), CD3e (pan T lymphocyte marker), Ly-6G (neutrophil marker), CD19 (B cell 

marker), CD11c (dendritic cell marker), and NK1.1 (NK cell marker) (Table 21). Staining 

was performed for 20 min at 4 °C in the dark, with single-colour compensation controls 

prepared in parallel. After staining, cells were washed, fixed in 4% paraformaldehyde for 

20 min at room temperature, resuspended in PBS/2% FBS, and stored at 4 °C in the dark 

until acquisition (within 1–2 days) with the MACSQuant® Analyzer 16.  
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Table 21. Immunofluorescent Antibodies used for flow cytometry of immune populations 

Population Marker Clone Fluorochrome Commercial 
Source 

Reference 

Viable Cells Viobility™ 
Fixable Dye 

 n/a 405/520  Miltenyi 130-130-404 

Pan-
leukocyte 

CD45 REA737 VioBlue® Miltenyi 130-110-802 

Macrophages F4/80 REA126 FITC Miltenyi 130-117-509 

T cells  CD3e 145-2C11 PE Biolegend 100308 

Neutrophils Ly-6G  REA526 APC Miltenyi 130-120-803 

B cells B220/CD19 REA749 PE-Vio615  Miltenyi 130-112-042 

Dendritic 
Cells 

CD11c REA618  PE-Vio 770 Miltenyi 130-120-297 

NK cells NK1.1 REA1162 PerCP-vio700 Miltenyi 130-120-511 

 

4.1.6 Patient-Derived OTSC of Ovarian Cancer Biopsy 

To assess the efficacy of Domperidone in fresh human patient biopsy, 18 samples (OV5 – 

OV22) were resected and transported to our facilities for slicing and drug testing. Some 

samples were of inadequate quality and could not be successfully sectioned for 

downstream analysis. In total, 7 samples were processed and assessed in our OTSC 

evaluation system using AlamarBlue of CyQUANT LDH assays. One sample (OV7) was 

also evaluated for cell viability using the LIVE/DEAD immunofluorescence kit and 

confocal microscopy, as described in Chapter 2.  
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4.1.7 Survival Analysis of DRD2 Expression 

To evaluate the effects of DRD2 gene expression on ovarian cancer, two primary datasets 

were used from The Cancer Genome Atlas (TCGA) and the Genome-Tissue Expression 

(GTEx) project. Differential expression between ovarian tumour and normal ovarian 

tissues was evaluated in GEPIA2 (http://gepia2.cancer-pku.cn) using the TCGA-OV 

cohort (n=426) and GTEx normal ovary samples (n=88). Boxplots were generated to 

compare median mRNA expression levels of DRD2 between tumour and normal tissues.  

For survival analyses, overall survival (OS) was examined in GEPIA2 and OncoLnc 

(http://www.oncolnc.org/) using TCGA ovarian cancer data. Kaplan–Meier survival curves 

were generated for DRD2 gene. KMplot automatically selected the best cutoff value for 

group separation, and overall survival curves were generated with hazard ratios and log-

rank p-values provided by the platform, the differences considered significant if p<0.05. 

4.1.8 Statistical Analysis 

For 3-Day viability kinetics (Alamar Blue and LDH), IHC, TLDA, flow cytometry, patient 

OTSC and LIVE/DEAD data, statistical analyses were performed using linear mixed 

modelling using the lme4, car, and emmeans, lmerTest packages, with Slice ID as a 

random effect to account for the paired nature between control and treated slices, as 

well the models’ ability to handle uneven sample sizes between conditions. Normality of 

residuals was assessed using Shapiro-Wilk tests and visual inspection of Q-Q plots, 

while homogeneity of variance with residual-versus-fitted plots. For datasets violating 

these assumptions, notably within the transcriptomics and IHC datasets, data were log10 

transformed to stabilize variance and skew. Post-hoc testing was conducted either with 

Dunnett-style comparisons when evaluating treatments against a control reference only, 

or Tukey-adjusted pairwise comparisons for all-group analyses. 

For comparisons of means normalised to the control (100%), one-sample t-tests were 

conducted and compared against a theoretical baseline of 100. Assumptions of the 

model such as normality and homogeneity of variances of the raw data were checked 

with Shapiro-Wilk and Q-Q plots. If assumptions failed non-parametric Wilcoxon signed-

rank tests were employed. Specific dual-group comparisons were performed using 

Welch’s unpaired t-tests or paired t-tests where appropriate e.g., 2D vs. 3D data.  
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4.2 Results 
4.2.1 DRD2 Antagonism Significantly Reduces Viability in OVCAR8 OTSC Slices 

OVCAR8 slices were produced using our validated protocol and treated with 35 or 70 µM 

Domperidone for 48hr and changes in viability and cell death were evaluated as before, 

using the real-time and fixed assays. Results show that prior to treatment, all groups 

maintained excellent slice health on Day 1 and were not significantly different, with mean 

viabilities of 96.4% (control), 98.5% for 35µM treated slices (LMM, p = 0.94) and 98.8% for 

70µM (LMM, p = 0.98). Control slices maintained this high viability reading until Day 3, 

exhibiting a slight increase to a value of 105.5%. In contrast, the Domperidone-treated 

slices showed significant dose-dependent decreases in viability on Day 3, with the 35µM 

treated slices exhibiting a mean viability of 65.6% (LMM, p = 0.0035) and 70µM treated 

slices with 40.28% (LMM, p<0.0001). Moreover, 70µM treated slices were significantly 

less viable than the 35µM treatment (mean difference = 25.3 ± 4.21, p = 0.0023), 

confirming the dose-dependent nature of the response (Figure 29A). 

To assess the difference between matched treated slices and their biological controls, 

raw values were normalised by their internal controls. This data also shows a similar 

pattern; Domperidone at 70 µM significantly reduced viability by 35.6% (p = 0.0037). 

Moreover, Domperidone at 200 µM showed an even bigger impact, with a mean reduction 

in viability of 87.6%, however statistical analysis could not be conducted due to a small 

sample size (n=2). Whereas Domperidone at 35 µM only showed a slight and non-

significant reduction of 12.9% (p = 0.460) (Figure 29B). Similar findings were observed 

when comparing changes in proliferative Ki67 staining on Day 3 following 48h treatment 

with Domperidone, with analysis revealing a potent, significant suppression of 

proliferation in response to the drug (Figure 29C; Figure 30). Interestingly, treatment with 

35 µM Domperidone resulted in a pronounced reduction in Ki67 expression (mean = 24.7 

± 11.1%) compared to control (100.0%), which was statistically significant (t(2) = -14.57, 

p = 0.0047). Similarly, treatment with 70 µM Domperidone induced a significant reduction 

in the proliferation marker (mean = 32.2 ± 24.8%) relative to controls (t(2) = -5.88, p = 

0.028). The two treatment groups were not statistically different from one another in the 

IHC data set.  
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Figure 29. (A) Metabolic activity (AlamarBlue) of OVCAR8 tumour slices over a 3-day culture 
period (n = 15). Domperidone (35 µM or 70 µM) or vehicle was administered for 48h after 24h in 
culture. (B) Metabolic activity of treated slices on Day 3 expressed as a percentage of internal 
matched controls (n = 6–7). (C) Proliferation (Ki67) IHC staining intensity relative to control (n = 
3). (D) Cell death (LDH release) in culture (n = 6). (E) Cytotoxicity (LDH release) on Day 3 
normalised to control (n = 3–4). (F) Apoptosis (cleaved-Caspase 3; cCasp3) IHC staining relative 
to control (n = 3). (G–H) Comparison of Domperidone-induced cytotoxicity in 2D (cells) versus 3D 
(tumour slices): (G) Cell viability (AlamarBlue). (H) LDH release relative to corresponding vehicle 
controls. All data presented as mean ± SEM, performed in duplicate. Tested with Linear Mixed-
Effects Model (A, D), One-Sample t-test (B, C, E, F), Wilcoxon Signed Rank (E), and Welch’s t-test 
(G-H), *p < 0.05, **p < 0.01, ***p < 0.0001, ns = not significant. 
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In contrast, when comparing AlamarBlue viability between 2D cells and 3D slices, the 3D 

culture model exhibited a significantly higher metabolic signal of 64.0% compared to the 

2D condition of 14.3% (Welch’s t-test, p = 0.0026). This represents an approximately 4.5-

fold increase in metabolic activity in the 3D model, confirming that the monolayer 

cultures are more sensitive to 70µM Domperidone than the slices (Figure 29G). 

 

4.2.2 DRD2 Antagonism Increases Apoptosis in OVCAR8 OTSC Slices 

To compare the cytotoxic response of the slices during treatment with Domperidone, 

LDH release was measured on Day 1 (prior to treatment), then again after 24h (Day 2) and 

48h (Day 3) incubation with 35 and 70µM Domperidone. Following 24h with vehicle or 

treatment, both groups displayed a reduction in LDH release, with control releasing 

59.4% less LDH and the treatment group 49.8% less compared to their day 0 baseline, 

however these values were not statistically different (p = 0.386). These results suggest 

that significant cytotoxicity had not yet manifested by 24h of treatment (Figure 29D).  

On Day 3, both groups experienced a rise in LDH release (Figure 29D). While the control 

still displayed less cytotoxicity than Day 1 with a mean value of 82.5%, the treatment 

group was almost 2-fold higher with 152.1% LDH release. Global analysis of the data 

indicated a significant effect of treatment group (chi2(1) = 10.04, p = 0.0015). However, 

post-hoc comparisons (Kenward-Roger method) revealed that this difference 

approached but did not reach statistical significance (p = 0.087).  

Normalised data also revealed a trend toward increased cytotoxicity with increasing drug 

concentration (Figure 29E). Treatment with 35 µM Domperidone resulted in a slight, non-

significant increase in LDH release (Mean = 123.9 ± 26.6%) relative to control (t(2) = 1.56, 

p = 0.260). In contrast, treatment with 70 µM Domperidone elicited a more pronounced 

response but again did not reach statistical significance relative to the control baseline 

(t(3) = 2.91, p = 0.062). The pattern of increasing LDH release levels continued with 200 

µM with a mean LDH release of 297.5% (± 18.6%) compared to the Control, however 

statistical testing could not be conducted due to the small sample size (n=2). 
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When examining apoptotic marker staining (cleaved-caspase-3) in the Day 3 slices, 

treatment with 35 µM Domperidone resulted in a modest increase in signal (Mean = 156.3 

± 71.8%) compared to control, but this difference was not statistically significant (t(2) = 

2.72, p = 0.113). In contrast, treatment with 70 µM Domperidone induced a massive, 3.6-

fold increase in the death marker (Mean = 359.7 ± 237.0%) compared to controls (Figure 

29F; Figure 30). However, this increase did not reach statistical significance relative to 

the control baseline (t(2) = 3.80, p = 0.063). However, a direct comparison between the 

two Domperidone treatment groups (Two-Sample t-test) confirmed that the apoptotic 

signal was significantly higher in the 70 µM treated slices compared to the 35 µM dose 

(t(4) = -2.85, p = 0.047), verifying a dose-dependent toxic effect. Similarly, the 2D 

monolayers exhibited a higher mean LDH release (224.0%) compared to the 3D slices 

(148.0%), however statistical analysis revealed no significant difference in LDH release 

between the two models (df = 2.39, t = 1.37, p = 0.286) (Figure 29H).  

 

 

 

 

 

 

 

 

 

 

 

Figure 30. Microscopy images of OVCAR8 slices treated with or without Domperidone 

(DOM) and stained with Ki67 (proliferation; above) or cleaved-caspase-3 (cCASP3; 

apoptosis; below) specific DAB antibodies. Scale bar = 50 µm. 
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4.2.3 Endometrial OTSC Model Exhibits Potent Resistance to Domperidone  

To investigate the temporal impact of Domperidone at 70µM on ISHIKAWA tissue health, 

AlamarBlue viability was monitored longitudinally at Day 0, 24 hours after culture (Day 1), 

and then again 48 hours (Day 3) post-treatment compared to baseline (Day 0 = 100%). In 

the stabilisation phase (24 hours), no significant difference in viability was observed 

between the groups (chi2(1) = 0.07, p = 0.786). The estimated mean AlamarBlue viability 

for the control group was 76.9% (±7.0% SE), while the 70 µM treatment group exhibited a 

comparable mean of 78.2% (± 6.6% SE). Post-hoc pairwise comparison confirmed that 

the 1.3% difference was not statistically significant (p = 0.807), suggesting that both 

groups had the same baseline health prior to treatment (Figure 31A). 

Following 48 hours of exposure, a highly significant treatment effect was detected (chi2 

(1) = 31.65, p < 0.0001). Mean AlamarBlue viability in the 70 µM group rose to 94.3% 

(±9.1% SE) compared to 65.9% (±9.4% SE) in the control group. Post-hoc analysis 

revealed that the 70 µM treatment significantly increased viability by a mean of 28.4% 

above control levels (p = 0.0108) (Figure 31A).  However, differences did not reach 

significance when analysing control-normalised data, likely due to the reduced power of 

the statistical one-sample t-test (t(4) = 1.94, p = 0.125) (Figure 31B). This metabolic 

increase is also vastly different to the results of 2D testing, where the 2D monolayer had 

significantly lower metabolic signal of a mean of 19.3% (±2.9% SD) compared to the 3D 

condition of 135.7% (±44.1% SD) (df =4.06, t = -6.05, p = 0.0036). This represents a 7-fold 

increase in metabolic activity in the 3D model, confirming that the slices retain 

significantly higher metabolic output than standard monolayer cultures (Figure 31G). 

Analysis of Ki67 staining intensity (n=4) supports a lack of effect of 70 µM Domperidone 

which resulted in a mean proliferative staining of 89.9 ± 26.2% relative to vehicle control 

(100%). This slight reduction was not statistically significant (t(3) = -0.77, p = 0.498), 

indicating that the drug did not effectively suppress cell division (Figure 31C; Figure 32). 

LDH release was also monitored longitudinally after 24 hours (Day 2) and 48 hours (Day 

3) post-treatment compared to baseline (Day 1 = 100%). In the initial phase (Day 2), no 

significant difference in LDH release was observed between the groups (chi2(1) = 0.44, p 

= 0.506). The estimated mean LDH release for the control group was 72.7% (±32.8% SE), 

while the 70 µM treatment group exhibited a mean of 85.8% (± 32.8% SE). Post-hoc 
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pairwise comparison confirmed that the 13.1% difference was not statistically significant 

(p = 0.575), indicating comparable tissue health between groups despite 24 hours of 

treatment (Figure 31D). After 48 hours exposure, the treatment group exhibited a marked 

increase in mean LDH leakage, although the overall effect did not reach statistical 

significance in this cohort (chi2 (1) = 1.21, p = 0.272). Mean LDH release in the 70 µM group 

rose to 213.0% (±75.4% SE) compared to 116.0% (± 75.4% SE) in the control group. Post-

hoc analysis revealed a mean estimate difference of 97.3% between groups (p = 0.3862). 

Similarly, with the normalised data, treatment with 70 µM Domperidone induced a 

substantial increase in cytotoxicity, with mean LDH release rising to 228.8 ± 76.4% 

relative to control (Figure 31E). However, due to the variability inherent in the small 

sample size, this >2-fold increase did not reach statistical significance (t(2) = 2.92, p = 

0.100). Apoptotic signalling was also assessed in a separate cohort (n=4). Unexpectedly, 

treatment with 70 µM Domperidone resulted in a trend towards reduced apoptotic 

signalling compared to the control baseline. The mean signal for the treatment group was 

53.5 ± 38.1%, representing a nearly 50% reduction in the apoptosis marker. However, 

difference did not reach statistical significance (t(3) = -2.44, p = 0.092) (Figure 32). 

To demonstrate differences in drug sensitivity of the 2D and 3D models, the two systems 

were treated with 70µM Domperidone for 48h and LDH release fold-change was 

calculated compared to their internal controls (2D or 3D models treated with vehicle 

only). The normalised metabolic changes of 3D slices (n=5) were compared to 

normalised 2D monolayers (n=3). The 3D slices exhibited a higher mean LDH release of 

228.8% compared to 148.6% in the 2D monolayers, but the difference did not reach 

statistical significance (df = 2.19, t = -1.78, p = 0.207) (Figure 31H).  
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Figure 31. (A) Metabolic activity (AlamarBlue) of ISHIKAWA tumour slices over a 3-day culture 
period. Domperidone (70 µM) or vehicle were administered for 48h after 24h in culture (dotted 
line). (B) Metabolic activity of treated slices on Day 3 normalised to control (n = 5). (C) 
Proliferation (Ki67) IHC staining intensity relative to control (n = 4). (D) Cell death (LDH release) in 
culture (n = 3–4). (E) Cytotoxicity (LDH release) of treated slices on Day 3 relative to control (n = 
3). (F) Apoptosis (cleaved-Caspase 3; cCasp3) IHC staining relative to control (n = 4). (G–H) 
Comparison of Domperidone-induced cytotoxicity in 2D (cells) versus 3D (tumour slices):  (G) 
Cell viability (AlamarBlue; n = 3–5), (H) LDH release relative to corresponding vehicle controls (n 
= 3–5). Data presented as mean ± SEM, in duplicate. Tested with Linear Mixed-Effects Modelling 
(A, D), One-Sample t-test (B, C, E, F), Wilcoxon Signed Rank (E), and Welch’s t-test (G-H), *p < 
0.05, **p < 0.01, ***p < 0.0001, ns = not significant. 
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Figure 32. Microscopy images of ISHIKAWA slices treated with or without Domperidone 

(DOM) and stained with Ki67 (proliferation; above) or cleaved-caspase-3 (cCASP3; 

apoptosis; below) specific DAB antibodies. Scale bar = 50 µm. 

 

4.2.4 Confocal Assessment Confirms Selective Cell Death Following DRD2 Blockade 

Viability of OVCAR8 slices were assessed using Live/Dead confocal microscopy following 

treatment with either 35µM Domperidone, 70 µM Domperidone or chemotherapy (5 µM 

Taxol/ 300 µM Carboplatin) (Figure 33) and ISHIKAWA slices with 70 µM Domperidone 

(Figure 34), compared with media-only control slices. Images were then quantified by 

calculating the area of alive cells as a proportion of the total area of both dead and alive 

cells. 

For OVCAR8 slices, image analysis revealed a clear dose-dependent reduction in cell 

viability.  The control group exhibited high viability after 3 days in culture (media-only) with 

a mean value of 94.8%. In contrast, treatment with 35 µM Domperidone resulted in a 

decrease in the proportion of live cells to 74.6% (±6.74), however, linear mixed effect 

modelling with Tukey post hoc analysis revealed this reduction did not reach statistical 

significance (p = 0.101). In contrast, the 70 µM treatment group showed a strong and 

highly significant reduction in viability to 48.2% (±7.38) compared to the control (p < 
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0.0001). Moreover, the higher concentration also achieved a significantly greater 

reduction in the proportion of alive cells than the lower 35 µM Domperidone condition (p 

= 0.0261). While treatment with 70 µM Domperidone also caused a greater viability loss 

than the chemotherapy-treated group (73.6% ±14.0), this did not reach statistical 

significance (p = 0.365) (Figure 33A-B). However, it should be noted that the 

chemotherapy group consisted of very few samples (n=3) compared to the other groups 

(n=12-15). In contrast, ISHIKAWA slices treated with 70 µM Domperidone did not achieve 

a significant loss in viability. In fact, as seen in Figure 34B-C, very few dead cells were 

observed at all.  Compared to the control slices which had a mean viability of 88.6% at 

the end of the experiment, the treated group had a small non-significant viability loss, 

with a mean value of 78.72% (p = 0.118) (Figure 34A).   
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Figure 33. LIVE/DEAD staining of OVCAR8 tumour slices. (A) Quantification of OVCAR8 slices 
treated with media-only (CTRL), Domperidone (35 or 70µM) or Chemotherapy (5 µM Taxol/ 300 
µM Carboplatin) for 48h. Slices were stained with LIVE/DEAD kit, imaged with confocal 
microscopy (representative images shown in B) and calculated as area of alive cells (calcein-AM; 
green) as a percentage of total alive + dead cells (Ethidium homdimer-1). Data presented as 
mean ± SEM (n=5). Statistical significance determined using a linear mixed-effects model (LMM) 
followed by Tukey’s post-hoc test for pairwise comparisons. *p<0.05, ***p<0.0001, ns = not 
significant. Scale bar = 250 µm. 
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Figure 34. LIVE/DEAD staining of ISHIKAWA tumour slices. (A) Quantification of ISHIKAWA 
slices treated with either media-only (CTRL) or 70µM for 48h. Slices were stained with LIVE/DEAD 
kit, imaged with confocal microscopy (representative images shown in B-C) and calculated as 
area of alive cells (calcein-AM; green) as a percentage of total area of alive + dead cells (Ethidium 
homdimer-1; red). Data presented as mean ± SEM (n=3). Statistical significance determined 
using a linear mixed-effects model (LMM) followed by Tukey’s post-hoc test for pairwise 
comparisons, ns = not significant. Scale bar = 50 µm. 
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4.2.5 DRD2 Inhibition Differentially Modulates Immune Subsets in OTSC Models 

For OVCAR8 xenografted tumour slices, at 24 hours, the tissue composition remained 

stable. Despite an observable decline in EPCAM+ cells with increasing Domperidone 

concentrations, statistical analysis detected no statistically significant differences 

between the Control, 35 µM, and 70 µM groups for the cancer cell fraction. Similarly, no 

differences were detected for immune (CD45+) or vascular (CD31+) fractions (Figure 

35A-B).  

However, after 48 hours of treatment, significant differences in population abundance 

were noted (Figure 35C). Firstly, for CD31+ endothelial cells, there was a significant main 

effect of treatment (chi2 = 10.03, p = 0.007). Post-hoc analysis confirmed that the 70 µM 

treatment significantly increased the frequency of CD31+ cells compared to the Control 

(0.65 vs. 0.41, LMM, p = 0.036). While there was also an increase in CD31+ cells between 

the two treatment concentrations, with 35 µM treated slices containing approximately 

0.58% CD31+ cells and 70 µM treated slices with 0.65%, this difference was not 

statistically different (p= 0.659). Similarly, for CD45+ immune cells there was also a 

significant main effect of treatment (chi2 = 0.78, p = 0.005). However, post-hoc analysis 

confirmed that this was driven by differences between the treatment groups in which the 

lower dosage group (35 µM) had approximately 14.8% CD45+ cells and 70 µM treated 

slices had a significant increase with 18.1% (p = 0.0279). Whereas the Control contained 

on average 16.1% immune cells, and this did not reach statistical significance in 

comparison to both the 70 µM group (p = 0.17) and the 35 µM group (p = 0.454). 

Interestingly, there was no main effect of treatment on the abundance of the epithelial 

cancer cell marker EpCAM (p = 0.345) or on the number of DRD2 positive which, although 

displayed a decrease between the control and higher dosage (1.37% vs. 1.16%), no main 

effect was detected (p = 0.326). 
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Figure 35. Temporal response of cell populations within OVCAR8 xenografted tumour 
slices to Domperidone treatment. (A-D) Cell population percentages within 
disaggregated OVCAR8 tumour slices treated with 35 µM or 70 µM Domperidone for 24 
and 48 hours and measured by flow cytometry. (A) Quantification of cell fractions with 
immunofluorescent antibodies specific for cancer (EpCAM+), immune (CD45+), and 
vascular (CD31+) markers at 24h and (C) 48h. (B) Quantification of CD45+ immune 
subpopulations at 24h and (D) 48h. Statistical significance was determined using Linear 
Mixed Models (LMM) and post-hoc pairwise comparisons. Data are presented as mean 
percentages ±SE (n=3-5). Significance levels: *p < 0.05, ns = not significant.  
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When looking at the individual CD45+ populations (e.g., B cells, Dendritic cells, 

Macrophages, NK cells, Neutrophils and T cells), initially, three patterns were observed 

for both 24h and 48h, in which it appeared that neutrophils were declining, and 

macrophages and NK cells were increasing in abundance with rising Domperidone doses 

compared to the Control. However, further analysis into the 24h Control and 

Domperidone drug conditions revealed no statistically significant main effects for any of 

the immune cell populations (Figure 35B). Moreover, for the 48h treated slices, while a 

significant main effect was observed for macrophages (p = 0.0264), post hoc analysis 

revealed that compared to the Control group (51.6%), mean percentages in 35µM (51.6%, 

p = 0.222) and 70µM (66.6%, p = 0.0697) treatment groups were not significantly different. 

Furthermore, no significant main effect between Control and Treatment groups was 

revealed for mean NK cell percentages (p=0.598), and similarly for Neutrophils, main 

effect was just shy of reaching significance (p = 0.0506) (Figure 35D).  

In contrast, ISHIKAWA xenografted slices treated with Domperidone for 24h or 48h did 

not cause any significant changes in global population composition, with all three major 

populations remaining highly comparable to the control group, even at the highest 

Domperidone concentration (CD45: p= 0.75, EpCAM: p = 0.61, CD31: p = 0.11) (Figure 

36A, C). However, it should be noted that population size in the 48h groups was very small 

(n=3) and one outlier for each group had to be removed for CD45+ cells, in which slices 

from the same biological subject contained almost no CD45+ cells (<1%). However, 

cytometry analysis of immune subsets revealed a stark comparison to OVCAR8 treated 

slices, indicating a distinct temporal and dose-dependent immune response (Figure 

36B). After 24-hour treatment, particularly at 70 µM, a significant increase of innate 

immune cells such as Neutrophils, Macrophages, and NK cells was observed (Table 22). 

Table 22. Immune population changes in ISHIKAWA OTSC slices treated with 

Domperidone 70 µM for 24h. 

 

Cell Type Control Mean 70 μM Mean Difference Adjusted p-value 
Neutrophils 7.28 17.90 +10.63 0.0065 
NK Cells 24.60 45.90 +21.26 0.0064 
Macrophages 47.10 75.00 +28.00 0.0271 
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In contrast, by 48 hours, these effects appear to have resolved or diminished, with no 

statistically significant differences observed between treatment and control groups in 

pairwise comparisons (Figure 36D). However, global significant dose-dependent trends 

were observed with decreasing abundance of B cells (p<0.001) and T cells (0<0.001) as 

the concentration of Domperidone increased. However, pairwise comparisons did not 

reveal any significant difference between specific sub-groups.  Interestingly, it appeared 

that for all groups, abundance of macrophages relative to the total alive population was 

especially high in the range of 96-99.2%, and minor increases were observed in a dose-

dependent manner compared the control (p<0.001), yet group-specific significant 

differences were not observed. 
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Figure 36. Temporal response of cell populations to Domperidone treatment within 
ISHIKAWA xenografted tumour slices. (A-D) Cell population percentages within 
disaggregated OVCAR8 tumour slices treated with 35 µM or 70 µM Domperidone for 24 
and 48 hours and measured by flow cytometry. (A) Quantification of cell fractions with 
immunofluorescent antibodies specific for cancer (EpCAM+), immune (CD45+), and 
endothelial cell (CD31+) markers at 24h and (C) 48h. (B) Quantification of CD45+ immune 
subpopulations at 24h and (D) 48h. Statistical significance was determined using Linear 
Mixed Models (LMM) and post-hoc pairwise comparisons. Data are presented as mean 
percentages ±SE (n=3-5). Significance levels: *p < 0.05, ns = not significant.  
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4.2.6 DRD2 Blockade Upregulates the Transcription of Stemness Genes 

To assess changes in gene expression following 48h treatment with Domperidone 

compared with vehicle-only, the slices were disaggregated and the RNA extracted and 

quantified using RT-qPCR. Given that the tumours were derived from xenografted mouse 

models, the resulting cDNA was analysed with probes specific for both human and 

mouse genes.  

Analysis revealed dose-dependent changes in gene expression upon treatment with 

Domperidone, causing the upregulation of 8 human genes (Figure 37A). Four of these 

genes were upregulated with both high and low concentrations of Domperidone. This 

included CD24 (35 µM: p = <0.0001, 70 µM: p = <0.0001), CD44 (35 µM: p = 0.0025, 70 

µM: p = <0.0001), EPCAM (35 µM: p = 0.0116, 70 µM: p = 0.0006), and PROM1 (35 µM: p = 

0.0137, 70 µM: p = 0.0017) (Table 23). Whereas for the other four genes, only 70 µM 

caused a significant upregulation, for instance ADRA1A (p = 0.0019), DRD1 (p = 0.0031), 

DRD5 (p = 0.0054), and CXCR4 (p<0.0001) compared to vehicle controls (Table 23). It 

should be noted that during statistical analysis, DRD1, DRD5, and CXCR4 underwent a 

log-transformation to address significant heteroscedasticity. While these targets 

retained a degree of non-normality after transformation (Shapiro-Wilk p < 0.05), residual 

plots demonstrated normality. Interestingly, ADRA1A, CXCR4 and DRD1 and DRD5 

expression increased by approximately 10-fold in slices treated with 70 µM Domperidone 

in comparison to the Control group. Whereas CD24, CD44 and EpCAM expression 

increased by roughly two-fold. In contrast, Domperidone treatment did not cause a 

significant change in expression of ACKR3, ADRA1B, ALDH1A1 and DRD2. 

For mouse-specific genes, expression of DRD1 was significantly elevated in the OVCAR8 

70 µM group (0.00806) compared to the Control group (0.00400, p = 0.0171) (Figure 37B). 

Whereas expression in the 35 µM group (0.00729, p = 0.0847) did not differ significantly 

from the Control (Table 24). In contrast, Pecam1 that encodes the endothelial cell marker 

CD31 was significantly downregulated upon treatment with 70 µM (mean = 0.00078) 

compared to the control (mean = 0.00648, p = 0.0022). Similarly, expression of 

Ly6c1;Ly6c2 encoding the macrophage and monocyte specific receptor also significantly 

decreased from 0.00592 in the Control group to 0.00123 (p = 0.0055) in the 70 µM 

Domperidone condition but did not reach statistical significance in the 35 µM group. 
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While expression of Ptprc encoding the pan-leukocyte CD45 protein appeared to 

decrease with increasing Domperidone concentration, statistical analysis did not 

identify any significant changes. Similarly, no significant changes were detected for 

expression of Adre1, Itga2, Itgam and DRD5 (Figure 37B). 

 

Table 23. Summary of statistically significant changes in expression of human-specific 

genes in OVCAR8 slices treated with 35 and 70 µM Domperidone for 48h. 

Gene Control 35 µM p-value 70 µM p-value 

ADRA1A 0.00198 0.00480 0.2187 0.0222 0.0019 

CD24 0.0195 0.0345 <0.0001 0.0487 <0.0001 

CD44 0.0183 0.0283 0.0025 0.0300 <0.0001 

CXCR4 0.00177 0.00435 0.0565 0.0117 <0.0001 

DRD1 0.00197 0.00383 0.3601 0.0205 0.0031 

DRD5 0.00206 0.00408 0.4103 0.0211 0.0054 

EPCAM 0.00333 0.00542 0.0116 0.00583 0.0006 

PROM1 0.00002 0.00007 0.0137 0.00008 0.0017 

 

 

Table 24. Summary of statistically significant changes in expression of mouse-specific 

genes in OVCAR8 slices treated with 35 and 70 µM Domperidone for 48h. 

Gene Control 35 µM p-value 70 µM p-value 

DRD1 0.00400 0.00729 0.0847 0.00806 0.0171 

LY6C1;LY6C2 0.00592 0.00173 0.2819 0.00123 0.0055 

PECAM1 0.00648 0.00217 0.2949 0.00078 0.0022 
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Figure 37. RT-qPCR analysis of human and mouse gene expression profiles in OVCAR8 
tumour slices following 48h Domperidone treatment at 35 or 70 µM. (A) Expression of 
human-specific genes relative to GAPDH. (B) Expression of mouse-specific stromal 
markers relative to GAPDH. Data are presented as log10 mean ± SEM. Statistical analysis 
was performed using Linear Mixed Models (LMM) and post hoc tests. p < 0.05, **p < 0.01, 
***p < 0.0001. 
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For ISHIKAWA, expression of three human genes were significantly altered upon 

treatment with 70 µM Domperidone (Figure 38A). For instance, ADRA1B was upregulated 

by approximately 4-fold with a mean of 0.000757 compared to the Control (0.000191, p = 

0.0183). Similarly, both the expression of CD44 and Kit were upregulated by two-fold 

compared to the Control group (Table 25). For ISHIKAWA mouse genes, many of the 

samples could not be quantified and utilised due to poor experimental duplicates during 

the amplification process and subsequently removed during data clean up. This resulted 

in a very small sample size (n < 6) with some conditions having only one or two data 

points, and consequently statistics could not be conducted, for instance for expression 

levels of DRD1, DRD5 and Adgre1 (Figure 38B). With the genes where statistics could be 

run, some main effects of the model were detected e.g., for Itga2 (p = 0.000440) and 

Pecam1 (p = 3.22 x 10-5), however statistically significant differences between the drug 

and control conditions were not detected, likely due to the small sample size.  

 

Table 25. Summary of statistically significant changes in expression of human-specific 

genes ISHIKAWA slices treated with 35 and 70 µM Domperidone for 48h. 

Gene Control 35 µM p-value 
(35 vs. ctrl) 

70 µM p-value 
(70 vs. ctrl) 

ADRA1B 0.000191 0.000254 0.9729 0.000757 0.0183 

CD44 0.00572 0.01005 0.0818 0.01312 0.0222 

EPCAM 0.0232 0.0263 ns 0.0400 0.0911 (ns) 

KIT 1.07e-04 1.29e-04 0.9504 2.56e-04 0.0403 
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Figure 38.  RT-qPCR analysis of human and mouse gene expression profiles in ISHIKAWA 
tumour slices following 48h Domperidone treatment at 35 or 70 µM. (A) Expression of 
human-specific genes relative to GAPDH. (B) Expression of mouse-specific stromal 
markers relative to GAPDH. Data are presented as log10 mean ± SEM. Statistical analysis 
was performed using Linear Mixed Models and post hoc tests, p < 0.05. 
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4.2.7 Proteomic Analysis Reveals Potent MEK inhibition and DRD1 Compensation  

To assess the downstream mechanisms of DRD2 blocking within OVCAR8 OTSCs, slices 

were treated with Domperidone (35 and 70 µM) or media-only for 48h. Changes in protein 

expression of dopaminergic receptors and intracellular molecules involved in MEK/ERK 

(MAPK) and AKT/GSK-3 signalling pathways were immunoblotted and quantified.  

Analysis of Western blots revealed distinct dose-dependent shifts in dopaminergic 

receptor levels and their downstream effector signalling molecules. OTSC slices treated 

with 35 and 70 µM Domperidone experienced significant increases in DRD1 protein 

expression of 51% (p = 0.0344; ANOVA) and 84% (p=0.0089; ANOVA), compared to the 

control slices (Figure 39A). This could be visualised by increasing band intensities at ~50 

kDa across the conditions in Figure 39B. Interestingly,  dose-dependent, non-significant 

decreases in DRD2 protein levels of 26% (p = 0.225; ANOVA) and 44% (p= 0.0744; ANOVA) 

were also observed, along with decreasing band intensities at ~51 kDa (Figure 39B). 

Notably, β-arrestin-2 levels were also reduced by ~40% at 70 µM, however this also did 

not reach statistical significance (Figure 39A).  

When exploring effector molecules involved in the Raf/MEK/ERK (MAPK) pathway, an 

overall trend toward downregulation was observed, except in the last effector 

phosphorylated ERK (p-ERK). Slices treated with 35 and 70 µM Domperidone 

demonstrated marked decreases in both total MEK levels (-37% and -69.1%, 

respectively) and phosphorylated-MEK levels (-50% and -75%, respectively) compared to 

Control slices. (Figure 39A). However, while ERK levels appeared to also decrease by 

approximately 25% across both concentrations of Domperidone, activated p-ERK 

exhibited varied responses, decreasing by 12% in the 35 µM Domperidone, but increasing 

by 16.5% in the 70 µM Domperidone treatment group. Due to high standard errors and 

small sample size (n=2) these differences often failed to reach statistical significance. 
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Figure 39. Effects of DRD2 antagonism (Domperidone) on protein expression in 
OVCAR8 OTSC slices. (A) Quantification of protein expression changes of DRD1, DRD2, 
DRD5, β-arrestin-2 and signalling molecules in the Raf/MEK/ERK (MAPK) and PI3K/AKT/ 
GSK-3 signalling pathways in OVCAR8 OTSC treated with Domperidone (35 µM and 70 
µM) or media-only for 48h. Proteins were immunoblotted and band intensity was 
quantified relative to GAPDH (AU). Plotted as mean (n=2) ±SEM with ANOVA statistical 
analysis, *p<0.05, *p<0.01. (B)  Representative Western blot images used for 
quantification of Figure A with estimation of molecular weight in kDa (n=2).   
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However, signalling molecules within the PI3K/AKT/GSK-3 signalling pathway exhibited 

activation. Total levels of AKT were reduced in a dose-dependent manner by ~10% and 

~44% in the 35 µM and 70 µM Domperidone treatment groups, respectively (Figure 39A). 

Whereas p-AKT in its active phosphorylated state were upregulated with increasing 

Domperidone concentrations to values of 187.3% and 200.3%, compared to the control 

slices (100%). Interestingly, levels of AKT’s downstream target, GSK-3β, were found to be 

increased in both its unphosphorylated active state (associated with the negative 

regulation of β-catenin) by +20-27%, and its inhibited phosphorylated (Ser9) state 

(associated with β-catenin stabilisation) with varied responses of +42% and +16% for 35 

µM and 70 µM treatment groups, respectively. This could be indicating that in response 

to downregulation of DRD2/β-arrestin-2 and its downstream MEK/ERK and AKT signalling 

pathways, DRD1 could be being upregulated as a compensatory mechanism, 

maintaining pro-tumorigenic p-ERK and p-AKT/p-GSK-3 levels.  

 

4.2.8 Patient Biopsy Pilot Study Validates Heterogeneous Responses to 

Domperidone 

When assessing the viability of treated and non-treated ovarian cancer patient biopsy 

slices during a 3-day culture period, a linear mixed model revealed there was no 

significant differences between the two groups on Day 1 prior to treatment (chi2 (1) = 3.11, 

p = 0.078), with post hoc analysis indicating both groups had an equal health baseline 

after 24 hours in culture (t(4) = -1.76, p = 0.1528). After 48h treatment with Domperidone, 

the treated group also did not statistically differ from the Control (t(5) = 1.20, p = 0.2857) 

(Figure 40A). When comparing a larger patient cohort using patient response data on Day 

3 relative to individual metabolic baselines on Day 0, on average the control group had a 

viability of 62.2 % (SE ±11.3) compared with the treatment group with 39.0% (SE ±11.3). 

However, this 1.6-fold decrease in viability also did not reach statistical significance (t(6) 

= -1.60, p = 0.1603).  Similarly, when data were normalised to the control slices (100%), 

Wilcoxon analysis of the median again revealed no statistical difference between the 

treated and control slices (v = 7, p = 0.2719) (Figure 40B). For cell death, LDH release was 

measured in the media of the ovarian cancer patient slices during 3-day culture, before 

and after treatment. Linear mixed modelling revealed that the control and treated slices 
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did not statistically differ 24h (Day 2, t(2) = -0.414, p = 0.7188) or 48h (Day 3, t(2) = -0.470, 

p = 0.6845) after treatment. Similarly, a one-way t-test of the control-normalised data 

also revealed a similar picture (t(2) = 0.439, p = 0.703). However, it should be noted that 

sample size was very small (n = 3) (Figure 40C-D).  

Similarly, while the majority of the HGSOC patient samples (OV7, OV14 and OV22) 

appeared to respond strongly to Domperidone, with an average viability of over two-fold 

less (32.1%) compared to the matched Control group (67.8%), this also did not reach 

statistical significance (t(2) = -1.14, p = 0.372) (Figure 41A-B). However, it should be noted 

that a sample size of three is very small for this type of analysis. Interestingly, one of the 

highly responsive HGSOC samples (OV7) with a treatment-induced viability loss of 91% 

in the AlamarBlue analysis was also analysed using a LIVE/DEAD kit and confocal 

microscopy (Figure 41C). Confocal microscopy images revealed a huge loss of green-

stained alive cells (83%) and a similar increase of red-stained dead cells in the 

Domperidone-treated slices. Similarly, one seemingly ‘non-responsive’ HGSOC sample 

(OV22) in the AlamarBlue metabolic assays (with a 33.1% increase in viability) 

demonstrated a large 170% increase in LDH release following a 48h treatment with 70 µM 

Domperidone, indicating cellular cytotoxicity (Table 26).  
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Figure 40. Effects of DRD2 antagonism (Domperidone) in ovarian cancer patient 
biopsy tumour slices. (A) Metabolic activity of patient tumour slices over a 3-day culture 
period, expressed relative to Day 0 (n = 6) treated with Domperidone (70 µM) for 48h after 
a 24h recovery period in culture (dotted line). Viability was assessed using AlamarBlue 
and statistics by linear mixed modelling (LMM), ns = not significant. (B) Metabolic activity 
of treated slices on Day 3 expressed as a percentage of matched controls (n = 7) analysed 
by One-Sample t-test, ns. (C) Cell death measured by LDH release over a 3-day culture 
period (n = 3), ns (LMM). (D) Cytotoxicity (LDH release) of treated slices on Day 3 
expressed as a percentage of control (n = 3); ns (One-Sample t-test. Data are presented 
as mean ± SEM.  
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Table 26. Summary of ovarian cancer patient samples, their confirmed diagnosis and 

OTSC response to 70 µM Domperidone (Domp) for 48h with AlamarBlue, LDH release or 

confocal microscopy LIVE/DEAD analyses. Comparison of the xenograft OTSC models 

shown below. 

 

Note: Numerical figures in bold denote drug-responsiveness i.e. >20% reduction in cell 
viability or >20% increase in cell death. Responsive = >50% change in at least one metric 
(viability must be reduced); Partial Response = >20% change in at least one metric, not 
meeting Responsive criteria; Non-Responsive = <20% change across all metrics. Cell 
death measured by LDH release except *confocal (reduction in live cell fraction by 
calcein-AM/ethidium homodimer-1 staining). n/a = not measured. 

Sample 
ID Diagnosis 

Response 
to 70µM 
Domp 

Cell 
Viability 
%Change 

Cell 
Death 
%Change 

OV5 
Endometrioid 
Carcinoma 

Non-
Responsive +23.7 -5.5 

OV7 HGSOC Responsive -91.0 
83% 

*confocal 

OV13 
Borderline 
Mucinous 

Non- 
Responsive -8.2 n/a 

OV14 HGSOC Responsive -98.4 n/a 

OV19 Mucinous Responsive -97.7 +32.5 

OV21 Borderline 
Partial 
Response -22.0 n/a 

OV22 HGSOC 
Partial 
Response +33.1 +170 

OVCAR8 
Xenograft HGSOC Model Responsive -36% +63% 

ISHIKAWA 
Xenograft 

Endometrial 
Model (LG) 

Partial 
Response +36% +128% 



Chapter 4 The efficacy of DRD2 Blocker Domperidone 

158 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41. Effects of DRD2 antagonism (Domperidone) in HGSOC patient biopsy 
tumour slices. (A) Paired line graph of metabolic activity of ovarian cancer patient 
tumour slices treated with or without Domperidone (70 µM) for 48h relative to Day 0 
baseline measurements (n=7). Key demonstrates sample ID and confirmed clinical 
diagnosis. (B) Metabolic activity of HGSOC treated slices on Day 3 expressed as a 
percentage Day 0 baseline measurements (n = 3, ns. (C) Quantification and 
representative images of LIVE/DEAD confocal microscopy imaging of HGSOC patient 
(OV7) slices treated with or without Domperidone (70 µM) and stained with calcein-am 
(green; alive cells), ethidium homodimer-1 (red, dead cells) and Hoechst (nucleus, blue), 
represented as mean of 2-3 slices per condition; scale bar = 50 µm. 
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4.2.9 High DRD2 Predicts Opposing Survival Outcomes in Gynaecological Cancer 

To assess the association between DRD2 expression and ovarian cancer, mRNA 

expression in ovarian cancer tissues (n = 426) from two primary datasets (TCGA and GTEx) 

was compared with normal ovarian samples (n = 88). As shown in Figure 42A, DRD2 

expression was significantly upregulated in tumour tissue relative to normal controls. 

While normal samples displayed a relatively narrow distribution of low expression levels, 

tumour samples exhibited substantial heterogeneity. 

To assess the clinical relevance of this finding, Kaplan–Meier survival analysis was 

performed over a 250-month follow-up period. Patients with high DRD2 expression 

showed a significantly improved overall survival compared to those with low expression. 

This was supported by a hazard ratio (HR) of 0.83 (95% CI: 0.72–0.95), indicating an 

approximately 17% reduction in mortality risk in the high-expression group. The 

difference between groups was statistically significant (p = 0.0055). The survival curves 

demonstrated a sustained separation over time, with a larger proportion of the high-

expression group remaining alive at key intervals (e.g., 78 vs. 19 patients at 100 months; 

(Figure 42B). Collectively, these results indicate that although DRD2 is overexpressed in 

ovarian cancer relative to normal tissue, higher expression levels are paradoxically 

associated with improved patient survival, suggesting a potential role for DRD2 as a 

favourable prognostic biomarker. 

Previously, we demonstrated that in endometrial cancer tissues there is also a significant 

association between DRD2 expression and patient outcome (Español et al. 2023). 

However, in contrast to ovarian cancer which demonstrates a positive correlation 

between DRD2 expression and survival, in endometrial cancer the opposite is found. As 

seen in Figure 42C, patients with low DRD2 expression (blue) exhibited significantly 

improved survival probabilities over time compared to those with high expression (red) (p 

= 0.04). The separation between the survival curves became more pronounced with 

increasing months, suggesting a sustained survival advantage in the low expression 

group. Correspondingly, the number-at-risk table showed a greater proportion of patients 

remaining in the low DRD2 group at successive time points (e.g., 50 patients vs. 6 at 50 

months), further supporting the association between elevated DRD2 expression and 

worse overall survival. 
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Figure 42.  DRD2 Expression and Prognosis in Gynaecological Cancer . (A) Differential 
Expression of DRD2 in ovarian cancer tissues (n=426) compared to healthy controls 
(n=88). (B) Kaplan-Meier curves of overall survival for high DRD2 expression (red) and low 
DRD2 expression ovarian cancer cases. Number of patients remaining across 250 
months for both expression cohorts shown below. (C) Data from Español et al. (2023) of 
overall survival Kaplan-Meier curves for high DRD2 (red) and low DRD2 (blue) IHC staining 
intensity in endometrial cancer. P value obtained using the Likelihood ratio test. 
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While the findings in Chapter 4 established the potent anti-cancer and 

immunomodulatory effects of Domperidone within gynaecological OTSC models, its 

clinical translation faces significant pharmacological hurdles. Domperidone is an EMA-

approved anti-emetic with a well-established safety profile at standard doses; however, 

its transition to oncology is limited by exceptionally low oral bioavailability (13–17%), low 

solubility and extensive plasma protein binding. Furthermore, Domperidone is 

associated with severe cardiotoxicity, including QT prolongation and arrhythmias. 

To bridge this gap between ex vivo efficacy and clinical viability, it is necessary to optimise 

the drug’s pharmacokinetic profile. Nanotechnology offers a transformative solution to 

these challenges. By encapsulating hydrophobic agents within polymeric nanoparticles, 

such as PLGA-PEG, we can enhance drug solubility, prevent premature metabolic 

degradation, and minimise systemic off-target effects. Moreover, these nanocarriers 

leverage the enhanced permeability and retention (EPR) effect, facilitating the targeted 

accumulation of the therapeutic payload directly within the tumour site. 

 

Chapter Aims 

The primary objective of this chapter is to engineer and validate a nanoparticle-based 

delivery system for Domperidone. The specific aims are to: 

• Develop and Characterise the Nanocarrier: Establish a protocol for the 

synthesis of Domperidone-encapsulated PLGA-PEG nanoparticles, evaluating 

their size and drug-loading efficiency. 

• Evaluate Cellular Internalisation: Investigate the uptake and cytotoxicity of the 

nanodrug within 2D gynaecological cancer monolayers. 

• Validate 3D Efficacy: Explore the therapeutic performance and biodistribution of 

the nano-encapsulated drug within the validated OTSC platform. 

The findings from this chapter will establish a novel delivery strategy to improve the 

bioavailability and therapeutic window of Domperidone for the treatment of ovarian and 

endometrial cancers.  
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5.1 Methods 
5.1.1 Nanoparticle Synthesis 

Domperidone-loaded nanoparticles were prepared using an amphiphilic block 

copolymer of poly(ethylene glycol)-block-poly(lactic-co-glycolic acid) (PEG–PLGA) via 

the oil-in-water nanoprecipitation method. First, Domperidone was dissolved in dimethyl 

sulfoxide (DMSO) at a concentration of 10 mg/mL. The organic phase was prepared by 

dissolving 25 mg PEG–PLGA (50:50, Sigma, #900948) in 2.4 mL acetone with or without 

0.1mg rhodamine b (using 100µL of a 1mg/mL stock solution) and subsequently adding 

0.1 mL of the Domperidone/DMSO solution (1 mg drug, ≤10% DMSO v/v) or 0.1 mL DMSO 

for control nanoparticles (Table 27). The mixture was vortexed and sonicated until fully 

solubilised. The aqueous phase was prepared with 12.5 mL 2% Polyvinyl Alcohol (Sigma) 

under magnetic stirring (800 rpm). The organic phase was then added dropwise into the 

aqueous phase using a syringe, resulting in the spontaneous self-assembly PLGA-PEG 

nanoparticles containing hydrophobic Domperidone within the hydrophobic core of the 

copolymer. The suspension was stirred overnight at room temperature in a hood to allow 

solvent evaporation (Figure 43). 

 

To remove unencapsulated drug, the suspension was centrifuged at 12,000 ×g for 5 min, 

and the pellet containing the nanoparticles was collected and resuspended in 1mL Milli-

Q water. The suspension was centrifuged and washed twice more to remove any excess 

PVA and/or rhodamine B (Figure 43). The initial supernatant from the first wash containing 

free Domperidone was filtered (0.22 µm; Millipore Millex PES Syringe Filter) and analysed 

by UV–Vis spectrophotometry at 284 nm. A Domperidone calibration curve (15.6–200 

µg/mL in DMSO) was used to quantify the concentration of free drug (Cfree) in the 

supernatant. This value, alongside the volume of the supernatant (Vfree), were used to 

calculate the mass of free (Mfree) Domperidone: 

 

Mass of unencapsulated Domperidone (Mfree): 

𝑀𝑓𝑟𝑒𝑒 = 𝐶𝑓𝑟𝑒𝑒 𝑥 𝑉𝑓𝑟𝑒𝑒                                                                                                                       (9) 
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By subtracting the mass of the free unencapsulated drug calculated above from the 

starting mass of Domperidone (Minitial), the mass of encapsulated Domperidone 

(Mencapsulated) could be deduced: 

Mass of encapsulated Domperidone (Mencapsulated): 

𝑀𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑  = 𝑀𝐼𝑛𝑖𝑡𝑖𝑎𝑙   − 𝑀𝑓𝑟𝑒𝑒                                                                                      (10)                                                                                            

 

Encapsulation efficiency (EE%) could then be calculated by dividing the mass if the 

encapsulated Domperidone by the starting mass used in the experiment:  

Encapsulation Efficiency: 

𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝑀𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 

𝑀𝐼𝑛𝑖𝑡𝑖𝑎𝑙
𝑥 100                                                   (11) 

 

Finally, drug loading (DL%) was then estimated by dividing the mass of the encapsulated 

Domperidone by the total mass of encapsulated Domperidone added to the mass of the 

polymer (PLGA-PEG) used in the reaction: 

Drug Loading: 

𝐷𝑟𝑢𝑔 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 (%)  =  
𝑀𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑

𝑀𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑  + 𝑀𝑝𝑜𝑙𝑦𝑚𝑒𝑟
𝑥 100                                                      (12) 

 

Table 27. Names of the different PEG-PLGA formulations loaded with or without 

Domperidone or Rhodamine B and the masses of reagents used. 

Name PEG-PLGA Domperidone Rhodamine 

Domp-PLGA-PEG 25 mg 1 mg n/a 

Control- PLGA-PEG 25 mg n/a n/a 

Domp-PLGA-PEG -Rhod 25 mg 1mg 0.1 mg 

Control-PLGA-PEG-Rhod 25 mg n/a 0.1 mg 
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To improve the homogeneity of the nanoparticles and remove large-sized or aggregated 

particles, the Domperidone-loaded PEG–PLGA nanoparticles (Domp-PLGA-PEG NPs) 

were filtered using a 0.8 µm MCE membrane syringe filter (Millipore Millex®). 

 

5.1.2 Nanoparticle Characterisation  

The hydrodynamic diameter and polydispersity index (PDI) of the Domp-PLGA-PEG NPs 

were measured by dynamic light scattering (DLS) on the Zetasizer Lab and ZS Xplorer 

analytical software (Malvern Panalytical) (Figure 43). Samples were diluted in deionised 

water to an appropriate concentration and analysed at 25 °C in disposable cuvettes. 

Measurements were performed in triplicate, and data were reported as the mean ± 

standard deviation. 

 

 

 

 

 

 

 

 

 

 

Figure 43. Diagram demonstrating the protocol for the development of Domperidone and 

Rhodamine B-loaded PLGA-PEG nanoparticles (NPs) using the oil-in-water method. The 

NPs were washed by centrifugation, sonicated and characterised by Dynamic Light 

Scattering (DLS). The NPs were then tested in the cell lines grown in 2D monolayers of 3D 

ex vivo OTSC slices of OVCAR8 and ISHIKAWA cells. 

Step 1:                       
Dissolve Domperidone, 

rhodamine B, and 
PLGA-PEG in acetone 
and add dropwise to 

aqueous phase 

Step 2:                      
Remove excess 

drug and 
rhodamine by 

centrifugation. 

Step 3:                  
Sonicate and 

characterise by 
DLS. 

Step 4:                       
Test in 2D 

monolayers and 
3D tumour slices. 
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5.1.3 Quantification of Domperidone in PLGA-PEG NPs by LC-MS/MS  

The concentration of domperidone encapsulated within PLGA-PEG nanoparticles was 

determined by liquid chromatography-tandem mass spectrometry (LC-MS/MS), 

performed by the Applied Metabolomics Research Group (MarMetabolomics Platform, 

Hospital del Mar Research Institute, IMIM, Barcelona). Briefly, nanoparticle samples (20 

µL) were treated with 0.2 M NaOH for 30 min at 37°C with gentle mixing to disrupt the 

polymeric matrix and release the encapsulated drug, followed by centrifugation at 14,500 

rpm for 5 minutes. Final extracts were prepared by mixing 10 µL of the treated 

nanoparticle solution with 10 µL of internal standard (cholic acid-d4, 5 µg/mL) and 80 µL 

of methanol/water (1:1), and 2 µL were injected into the LC-MS/MS system (Acquity I-

Class UPLC coupled to Xevo TQ-S Micro triple quadrupole, Waters). Chromatographic 

separation was performed on an Acquity BEH C18 column (Waters) at 55°C, with a mobile 

phase of water and methanol both containing 1 mM ammonium formate and 0.01% 

formic acid. Data were acquired in positive ionisation mode using multiple reaction 

monitoring (MRM). Quantification was achieved against a calibration curve (15.6–250 

µg/mL) using the ratio of domperidone to internal standard peak areas. MassLynx V4.2 

and TargetLynx XS (Waters) software were used for data acquisition and processing. 

 

5.1.4 2D Cell Line Viability Assays with Domp-PLGA-PEG NPs 

For 2D monolayer cell line viability studies, cell lines were seeded in 96-well plates at a 

density of 1x105 cells/mL in 0.1 mL of appropriate media, grown for 24h (~70% 

confluency) and treated with Domp-PLGA-PEG NPs or vehicle-only for 48h in standard 

cell culture conditions. Domp-PLGA-PEG NPs were used at concentrations of 0, 25, 50 

100, 200, and 500 µM, estimated from mass of encapsulated Domperidone (MEncapsulated) 

described above in Equations 9-10. Control NPs were added at the same dilutions used 

for the Domperidone-loaded NPs. Viability was measured using the 1X AlamarBlue 

viability dye as described before in Chapter 3.  
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5.1.5 OTSC Viability Assays with Domp-PLGA-PEG NPs 

ISHIKAWA and OVCAR8 tumours cells were implanted in mice, resected, sliced and 

cultured according to our developed methodology in Chapter 3. After 24h of slice 

recovery, the media was replaced with fresh media containing either Control NPs or 

filtered Domp-PLGA-PEG NPs at a 1:10 dilution (~8 µM as determined by mass 

spectrometry) and incubated for 48h. Real-time AlamarBlue and LDH assays were 

employed, as before, to assess viability and cytotoxicity after treatment (see Chapter 3). 

Statistical analysis was conducted with LMM. 

 

5.1.6 Study of Domp-PLGA-PEG NPs Internalisation and Biodistribution 

To study the whether the Domp-PLGA-PEG NPs are successfully internalised in the cells 

and to determine at which time point internalisation takes place, the nanoparticles were 

administered to the 2D monolayers and 3D OTSC slices and internalisation visualised by 

confocal microscopy after 1 and 2h. The ISHIKAWA and OVCAR8 cell lines were seeded 

at 2x105 cells/mL in 35mm glass-bottom dishes. To ensure optimal adherence and 

growth, the dishes were pre-treated with poly-D-lysine for 30 min, rinsed twice with 

sterile water and the seeded with cells in 0.5 mL media. The cells were left 24h to reach 

70% confluency in standard culture conditions. For OVCAR8 OTSC slices, the slices 

were prepared as per Chapter 3 and left to recover in appropriate media for 24h, rocking 

at 70 RPM in standard culture conditions. The following day, 50µL rhodamine B-loaded 

Domp-PLGA-PEG were added to the dishes (final dilution 1:10; ~8 µM) and returned to 

the incubator. At the 1h and 2h time-points, the dishes were washed in PBS and 

cells/slices stained for 1 min with the cell membrane stain CellMask™ Deep Green (4 

μg/mL) and nuclear stain Hoechst 33342 (5 μg/mL) diluted in phenol red-free media. 

Dishes consisting of cells treated with media-only were stained with either CellMask™ 

only or free rhodamine at 0.1 mg/mL and used as single stain controls. Then, the media 

was removed and cells washed twice with 1mL PBS and imaged immediately under the 

confocal microscope at 63X magnification (Leica).   
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5.2 Results 
5.2.1 Variable Size and Concentration of Domp-PLGA-PEG NPs 

The Domperidone-loaded PLGA-PEG NPs were prepared using the oil-in-water method 

and the size was measured using Dynamic Light Scattering (DLS). To estimate the 

concentration of Domperidone loaded inside the polymeric nanoparticles, the 

supernatant was collected from pelleting and washing the NPs and absorbance was 

measured using a spectrometer. The concentration of free Domperidone was calculated 

by interpolation of a calibration curve of known Domperidone concentrations, and this 

was then used to calculate the concentration of Domperidone loaded within the NPs. 

Control PLGA-PEG NPs were prepared in the same manner without Domperidone.  

The resulting NPs varied in average size between 498.9-1190 nm and were composed of 

heterogeneously sized populations of particles (Table 28; Figure 44A). These populations 

typically formed two predominant peaks in DLS analysis, with one population consisting 

of smaller particles (143.1 – 769.9 nm) and the other much larger (777.7 – 4431 nm). 

Some batches, for example #3 and #5, had approximately 50% of the smaller population 

and 50% of the larger population. Whereas batch #1 was predominantly (90.4%) 

composed of the larger population with an average size 2109 nm (Table 28). In contrast, 

the calculated concentration determined by absorbance remained consistent ranging 

from 427.1 to 604.5 µg/mL. Later, a more accurate concentration of Domperidone was 

calculated from mass spectrometry and interpolation of a Domperidone standard curve. 

Results show that spectrometry-based calculations overestimated the concentration of 

Domperidone loaded in the nanoparticles by approximately 5-fold, with mass 

spectrometry concentrations ranging from 76.1 to 189.9 µg/mL (Table 28). 

The control nanoparticles had an average size of 280.4 nm and were also composed of 

two populations. The most abundant (89.4%) was the smaller population with an average 

size of 310 nm, whereas the other 10% consisted of much larger particles (4583 nm). 

Spectrometry measurements confirmed the absence of Domperidone within the control 

nanoparticles (Table 28).  
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Table 28. The average size and size percentage peaks of unfiltered Domperidone or 

Control PLGA-PEG NPs. Concentrations calculated from Domperidone standard curves 

using spectrometry (absorbance at 284nm; abs) or mass spectrometry (MS). 

ID Average Size 

(nm) 

PI Peak 1 
nm (% 
area) 

Peak 2 
nm (% 
area) 

Conc. 
(µg/mL) 

Abs 

Conc. 
(µg/mL) 

MS 

1 1190 0.534 250.1 
(8.2%) 

2109 
(90.4%) 

439.4 76.1 

2 653.6 0.985 769.9 
(50.9%) 

4431 

(31.6%) 

449.2 95.8 

3 518.9 0.838 429.1 
(41.1%) 

2721 
(51.6%) 

506.1 170.2 

4 550.4 0.466 143.1 
(23.0%) 

777.7  
(77.0%) 

427.1 130.8 

5 498.9 0.781 197.9 
(51.5%) 

832.2 
(47.1%) 

604.5 189.9 

CTRL 280.4 0.4025 310.5 
(89.4%) 

4583 
(10.6%) 

- <0.2 

5.2.2 Optimised Filtration Protocols Enhance Nanocarrier Homogeneity 

In order to isolate the smaller population of nanoparticles, the NP suspensions were 

filtered using a 0.8 µm filter unit. The resulting batches had a much cleaner size profile, 

with many of the batches displaying a singular peak at ~160-178.6 nm (Table 29). While 

three batches (#11-13) displayed a secondary peak, these consisted of small sized 

particles ranging from 10-80 nm. In contrast, one batch (#10) exhibited either poor 

filtration or clumping following filtration with 11.6% of the suspension containing 

particles over 5000 nm and was subsequently removed from analysis and testing. As 

spectrometry-based calculations utilise free Domperidone in the supernatant to 

estimate the concentration loaded into the NPs, it was not possible to use this method to 

obtain an estimate of the concentration within the remaining nanoparticles following 
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filtration. However, later calculations using mass spectrometry demonstrated that the 

filtered NPs contained on average approximately 4-fold lower amount of Domperidone 

than the unfiltered NPs (34.2 vs 132.6 µg/mL; Figure 44B), with two batches consisting of 

relatively high concentrations of 59.0 and 78.0 µg/mL, one batch with approximately half 

of this concentration (28.0 µg/mL), and two batches with relatively low concentrations (2-

4 µg/mL) (Table 29). This reduction in total Domperidone is to be expected due to earlier 

calculations estimating only ~8-50% of the particles were below the filtration cut off of 

0.8 µm (Table 28). Three batches were measured by DLS but were not quantified by MS. 

Control NPs had no detectable levels of Domperidone (<0.2 µg/mL) and were 

predominantly composed (96.2%) of small ~310 nm sized particles, but also displayed 

some poor filtration or clumping with 3.7% of particles measuring 4897 nm post-

filtration.  
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Figure 44. Size and Concentration of Domp-PLGA-PEG NPs. (A) The size of unfiltered 

and filtered Domperidone-loaded PLGA-PEG nanoparticles (NPs) determined by intensity 

via DLS. Data presented as log10 mean size (nm) ± SEM in peaks 1 and 2 (if present). (B) 

Concentration of unfiltered and filtered NPs determined by mass spectrometry and 

interpolation of a Domperidone standard curve. Presented as mean concentration ± 

SEM. 
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Table 29. The average size and size percentage peaks of 0.8 µm filtered Domperidone or 

Control PLGA-PEG NPs. Concentrations calculated from Domperidone standard curves 

using mass spectrometry. 

ID Date Size 

(nm) 

PI Peak 1 nm 
(% area) 

Peak 2 
nm (% 
area) 

Conc. 
(µg/mL) 

6 13-08-25 
A 

149.2 0.157 178.6 
(100%) 

- 78.0 

7 13-08-25 
B 

135.4 0.216 171.1 
(100%) 

- 28.0 

8 19-8-25 138.7 0.180 169.6 
(100%) 

- 59.0 

9 26-08-25 132.5 0.166 160 
 (100%) 

- 2.0 

10 17-09-25 350.5 0.406 269.3 
(77.3) 

5120 
(11.6%) 

4 

11 01-10-25 525.5 0.515 253 
(49.2%) 

79.48 
(50.8%) 

n/a 

12 05-11-25 46.73 0.933 141.4 
(77.5%) 

11.69 
(18.0%) 

n/a 

13 06-11-25 63.69 0.572 204 
(86.6%) 

10.57 
(13.3%) 

n/a 

CTRL  26-08-25 233.9 0.373 310.9 
(96.2%) 

4897 
(3.74%) 

<0.2 
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5.2.3 Domp-PLGA-PEG NPs Reduce Viability of ISHIKAWA Cell Line 

To test the cytotoxic effect of the Domp-PLGA-PEG NPs, the filtered nanomedicine was 

diluted to 25-500 µM using the concentration calculated from spectrometry absorbance 

readings (prior to filtering) and incubated for 48h with OVCAR8 and ISHIKAWA cell lines 

seeded in a 2D format in 24-well plates.  

For the OVCAR8 cell line, Domperidone-loaded PLGA nanoparticles did not appear to 

cause a significant change in viability (Figure 45A). While the highest concentration of 500 

µM achieved a viability of 87.3% compared to the media-only control, this was not 

significantly different from the control nanoparticles at the same concentration (mean = 

94.45%). Conversely, at 50 µM, viability of the OVCAR8 cells increased to 104.7% and this 

was significantly greater than the Control PLGA-PEG NPs (95.65%, p = 0.015).  

For the ISHIKAWA cell line, a decline in viability was observed with increasing 

concentrations of the Domp-PLGA-PEG NPs, reaching a significant reduction at 200 µM 

concentration compared with the control PLGA-PEG NPs (Wilcoxon Rank Sum Test, p = 

0.028) (Figure 45B). Lower concentrations (25-100 µM) did not exhibit significant 

cytotoxic effects. Similarly, the highest concentration at 500 µM also did not significantly 

differ from the control NPs, nor did it cause further decline in viability compared with the 

Domperidone NPs.  
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Figure 45. Viability of OVCAR8 and ISHIKAWA cell lines treated with Domp-PLGA-PEG 
NPs. Cell metabolism of (A) OVCAR8 and (B) ISHIKAWA cell lines seeded at 1x105 
cells/well in 96 well plates and treated with 25-500 µM Domperidone-loaded PLGA-PEG 
Nanoparticles (NPs) for 48h or control (unloaded) NPs diluted at the same concentration. 
Presented as mean viability relative to the control wells (media-only) ± SEM. Statistical 
analysis conducted by t-test or Wilcoxon rank-sum test between Domperidone-loaded 
NPs and control NPs conditions, *p<0.05.  

 

5.2.4 Negligible Efficacy of Domp-PLGA-PEG NPs in OVCAR8 OTSC 

We then wanted to test the Domp-PLGA-PEG NPs in our OTSC slices and explore the 

effects of viability and cell death within the 3D system heterogenic system. The slices 

were prepared as before, and following a 24h recovery period, the filtered NPs were 

incubated at a 1:10 dilution (~8 µM) for 48h with OVCAR8 and ISHIKAWA 3D slices for 48h.  

OVCAR8 slices did not display any significant changes upon treatment with the 

nanoparticles. In fact, mean viability on Day 3 for treated OVCAR8 slices was 14.8% 

higher than the control NP-treated slices, however this did not reach statistical 

significance in a linear mixed model analysis (p = 0.335), nor did a one-sample T-test of 

the normalised data (p=0.804) (Figure 46A-B). Similarly, LDH release did not significantly 

differ in the Domp-PLGA-PEG NP treated group compared to the Control NP group on Day 

3 (p = 0.199), with Control-normalised data displaying a small insignificant increase of 

4.7% in LDH (p = 0.623) (Figure 46C-D).  
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Figure 46. Effects of Domp-PLGA-PEG NPs in OVCAR8 tumour slices. (A) Metabolic activity of 
OVCAR8 tumour slices treated with control or Domperidone-loaded PLGA-PEG NPs at a 1:10 
dilution (~8 µM) for 48h after a 24h recovery period in culture (dotted line), expressed relative to 
Day 0 (n = 3). Viability was assessed using AlamarBlue and statistics by linear mixed modelling 
(LMM), ns = not significant. (B) Metabolic activity of treated slices on Day 3 expressed as a 
percentage of matched controls (n = 3) analysed by One-Sample t-test, ns. (C) Cell death 
measured by LDH release over a 3-day culture period (n = 3), ns (LMM). (D) Cytotoxicity (LDH 
release) of treated slices on Day 3 expressed as a percentage of control (n = 3); ns (One-Sample 
t-test). Data are presented as mean ± SEM.  
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Figure 47. Effects of Domp-PLGA-PEG NPs in ISHIKAWA tumour slices. (A) Metabolic activity 
of ISHIKAWA tumour slices treated with control or Domperidone-loaded PLGA-PEG NPs at 1:10 
dilution (~8 µM) for 48h after a 24h recovery period in culture (dotted line), expressed relative to 
Day 0 (n = 3). Viability was assessed using AlamarBlue and statistics by linear mixed modelling 
(LMM), ns = not significant. (B) Metabolic activity of treated slices on Day 3 expressed as a 
percentage of matched controls (n = 3) analysed by One-Sample t-test, ns. (C) Cell death 
measured by LDH release over a 3-day culture period (n = 3), ns (LMM). (D) Cytotoxicity (LDH 
release) of treated slices on Day 3 expressed as a percentage of control (n = 3); ns (One-Sample 
t-test). Data are presented as mean ± SEM. *p<0.05. 
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5.2.5 Domp-PLGA-PEG NPs Paradoxically Increase ISHIKAWA Slice Viability 

Similar to OVCAR8 slice results, ISHIKAWA slices also displayed an increase in cell 

viability following 48-treatment with Domp-PLGA-PEG NPs compared with the Control 

NPs. This 12.3% increase reached statistical significance in linear mixed model analysis 

(p = 0.0238), and in the T-test with the Control-normalised data (p = 0.0402). However, 

both control and treated slices experienced large loss of viability (~40-50%) after 3 days 

in culture (Figure 47A-B). Likewise, both conditions experienced comparable increases 

in LDH release from their baseline measurements with values of 350.3% and 381% for 

Domperidone-loaded and Control NPs, respectively, (p = 0.606). This was confirmed by 

the Control-normalised data demonstrating 98.7% viability of the Control NPs (p = 0.941) 

(Figure 47C-D). 

5.2.6 Confocal Tracking Confirms Time-Dependent Intracellular NP Accumulation 

To explore internalisation of rhodamine Domp-PLGA-PEG NPs, ISHIKAWA and OVCAR8 

cell monolayers were treated with NPs and analysed via confocal microscopy. Cell 

membranes were counterstained with CellMask™ (green) and nuclei with Hoechst (blue) 

to track the red-fluorescent NPs over time (Figure 48).   

In 2D OVCAR8 monolayers, confocal imaging revealed distinct time-dependent 

internalisation profiles. As seen in Figure 48, at 1-hour incubation, NPs primarily localised 

at the cell membrane, with split-channel images demonstrating a clear red and green ring 

surrounding the cell nuclei (blue) resulting in a yellow overlap in composite images, that 

indicated a direct association of the NPs with the cell membrane. In contrast, at 2-hour 

incubation, enhanced intracellular accumulation was observed, with nanoparticles 

successfully internalised into the cytoplasm and distributed around the nuclei. This was 

evidenced by composite images showing a diminishing yellow fluorescence at the cell 

membrane, and with images now displaying small red puncta intracellularly within green-

stained cell membranes. At 4h incubation, the intracellular NPs remained, however the 

fluorescence appeared slightly diminished in intensity and pixel size, which could 

indicate either NP degradation or NP extracellular trafficking.  To confirm specificity of the 

red fluorescence, media-only controls stained with CellMask™, showed a total absence 

of red fluorescence (Figure 48). 



Chapter 5 The Development of Domperidone Loaded PLGA Nanoparticles 

178 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48. Internalisation of Domperidone-loaded PLGA-PEG nanoparticles (NPs) in 2D 
OVCAR8 cancer cells after 1h, 2h, or 4h incubation. Confocal microscopy images show 
cell membrane (green; CellMask), nanos (red; rhodamine), and nucleus (blue; Hoechst). 
Scale = 20 µm, panels 2-4 show zoomed segments (white box) with arrows (white) 
indicating various regions containing NPs. 
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Figure 49. Internalisation of Domperidone-loaded PLGA-PEG nanoparticles (NPs) in 2D 
ISHIKAWA cancer cells after 1h, 2h and 4h incubation. Confocal microscopy images 
show cell membrane (green; CellMask), nanos (red; rhodamine), and nucleus (blue; 
Hoechst). Scale = 20 µm, panels 2-4 show zoomed segments (white box) with arrows 
(white) indicating various regions containing NPs  
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In contrast, 2D ISHIKAWA monolayers treated with NPs demonstrated even quicker 

internalisation rates. Unlike OVCAR8 cells, at 1-hour incubation, NPs were already 

primarily localised intracellularly in the cytoplasm and distributed around the nuclei, 

rather than at the cell membrane (Figure 49). Internalisation persisted after 2h, as 

demonstrated by small red intracellular puncta enclosed by a green-stained cell 

membrane in confocal microscopy images (Figure 49). Moreover, unlike OVCAR8 cells, at 

4h-incubation enhanced intracellular accumulation was observed, with fluorescence 

appearing slightly augmented in both intensity and pixel size, which could indicate 

enhanced NP endocytosis and accumulation in intracellular vesicles. To confirm 

specificity of the red fluorescence, media-only controls stained with CellMask™, showed 

a total absence of red fluorescence. 

5.2.7 Confocal Tracking Confirms Multicellular Uptake of NP in 3D Slice Model 

To explore spatial distribution of rhodamine and Domperidone-loaded NPs, OVCAR8 

OTSC slices were treated with for 2h and analysed via confocal microscopy. Initially, 

confocal images were taken with only a nuclear stain to ascertain whether NPs were 

visible within our 3D system. As seen in Figure 50, confocal images showed clear red 

puncta within the 3D system, indicating that our NPs could be successfully visualised. 

Notably, some red fluorescence could be observed near the nuclei, indicating 

colocalisation and possibly internalisation with cells. However, a large portion of red 

fluorescence was in regions of limited nuclei, indicating they were either at the cell 

surface or within the extracellular matrix of the TME (Figure 50). 

To further explore whether the NPs colocalise with either cancer cells or immune cells, 

OVCAR8 slice sections were stained and imaged with the pan-epithelial marker, 

cytokeratin-1 (CK-1; green), or the pan-leukocyte marker CD45 (green). Confocal images 

demonstrate that the NPs colocalise with both cancer and immune cell within the slice. 

In cells stained with the pan-epithelial marker, the red NPs can be seen overlapping with 

the green CK-1 marker as denoted by a yellow fluorescence (white arrow; Figure 50B). As 

cytokeratin is a cytoplasmic marker of epithelial cells, this overlap could indicate 

internalisation and cytoplasmic association. However, they are also observed outside of 

nuclear- or cytokeratin-marked areas (red arrow; Figure 50B), which could indicate 

association with the extracellular matrix or cell membrane. In the slices stained with the 
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pan-leukocyte marker (green), the majority of the red NPs can be seen overlapping with 

blue-stained nuclei (white arrow; Figure 50C), with the red puncta appearing more 

dispersed and with smaller pixel sizes compared to the NPs that colocalise with the 

epithelial cell marker. As CD45 is considered a membrane-bound extracellular marker, 

the absence of an overlapping yellow fluorescence could indicate the NPs are not 

membrane-bound or within the extracellular space, but have been internalised. 

 

 

 

 

 

 

 

 

 

 

Figure 50. Spatial distribution of Domperidone-loaded PLGA-PEG nanoparticles (NPs) in 
3D OVCAR8 OTSC slices after 2h incubation. (A) Confocal microscopy images with nanos 
(red; rhodamine), and nucleus (blue; Hoechst). (B) OVCAR8 slices counterstained with 
the cytoplasmic pan-epithelial marker cytokeratin-1 (CK-1; green) or (C) counterstained 
with the pan-leukocyte marker CD45 (green). Scale = 20 µm, panels 2-4 show zoomed 
segments (white box) with white arrows indicating various cellular regions containing 
NPs, and red arrows indicating NPs in extracellular regions. 
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The main aim of this thesis was to develop high-fidelity ex vivo models of gynaecological 

cancers, characterise their interactomes, and validate the therapeutic potential of 

dopaminergic modulation. This research successfully developed slice models of HGSOC 

and EC and defined their tumour microenvironment and dopaminergic landscapes. 

Importantly, we identified the DRD2 blocker Domperidone as a promising candidate and 

validated its therapeutic potential in gynaecological cancer OTSC models. To address the 

inherent pharmacological profile of our lead candidate (Domperidone) for oncologic drug 

repurposing, this thesis also successfully engineered a novel PLGA-PEG nanoparticle 

delivery system for Domperidone.  
 

6.1 Development of the OTSC Model: Viability  

Generating reproducible OTSC models from HGSOC and EC xenografts required 

extensive optimisation of mechanical parameters. In agreement with others, we found 

that tumour consistency dictates specific blade speeds, amplitudes and frequencies 

(Parker et al. 2017; Weitz et al. 2022). Parker et al. (2017) described a similar issue that 

we faced, in which tumour material resided below the slicing blade cut off. Their solution 

was to hold the pieces vertically with forceps while they set. However, we found this 

proved difficult when embedding multiple tumour cores simultaneously and sometimes 

compromised the setting of the agarose (Parker et al. 2017). A major technical 

contribution of this work was the development of a dual-percentage agarose embedding 

technique. By leveraging a dual density block, we created an agarose support with a 

greater mechanical resistance to oppose the pressure of the blade, and consequently, 

improved slicing of softer tumours. To our knowledge, no other publications report this 

technique.  

Regarding longevity of the slices, while we hypothesised this model would maintain 

viability up to 7 days, we found that slice viability declined at around Day 4 of culture. 

Moreover, slices sometimes exhibited metabolic fluctuations between Day 0 and Day 1, 

suggesting that they were undergoing a recovery phase in the first 24h post-slicing. 

Therefore, we concluded that drug testing should be conducted during the slice’s stable 

phase between Day 1 and 3. This offered a 48h window, suitable for short-term ex vivo 
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drug evaluations. This aligns with Bruckner et al. (2019), who noted that while OTSC 

morphology can be maintained longer (up to 14 days), proliferation rates drop 

significantly after the first few days (Brückner et al. 2021). While OTSC offers utility for 

short term drug efficacy studies, it does not provide a platform to understand long-term 

efficacy or evolution of drug resistance mechanisms. Therefore, it is essential to extend 

longevity of OTSC in culture.  

The lack of a functional vasculature remains a limitation of OTSC.  Our study alongside 

others found that while plate shakers improve oxygen diffusion, the absence of active 

perfusion leads to a necrotic core over time (Naipal et al. 2016). One solution could be to 

utilise microfluidic systems termed tumour-on-chip. This system is formed of 

polydimethylsiloxane (PDMS) vessel-like channels that allow for constant media 

exchange to mimic the native functional vasculature (Lim et al. 2025). Dorrigiv et al. 

(2021) found both the use of microfluidic platforms and micro-dissected explants (<500 

µm diameter) could extend viability to 15 days (Dorrigiv et al. 2021). However, with micro-

dissected explants, the trade-off is a loss of spatial heterogeneity; smaller fragments may 

not capture the full complexity of the TME and require a higher number of replicates to 

achieve accurate drug response data compared to OTSC slices with a 6 mm diameter. 

Nevertheless, future work should investigate the incorporation of smaller fragments in a 

perfusable system to improve ex vivo slice longevity.  

 

6.2 Development of the OTSC Model: TME Heterogeneity  

The components of the TME, including immunosuppressive leukocytes and angiogenic 

vasculature, are critical drivers of pro-tumour biology and therapeutic resistance (Garlisi 

et al. 2024; Wang et al. 2025b). A primary objective of this research was to ensure the 

inclusion of these TME components within our ex vivo slice models. Our findings support 

this aim, demonstrating that the slices successfully retained immune and endothelial 

fractions at abundances comparable to the original tumour bulks. Specifically, the slice 

models contained a diverse repertoire of innate immune cells, including macrophages, 

neutrophils, and NK cells. This is in accordance with Sivakumar et al (2019) who found 

that their CDX OTSC slices also retained these lymphocyte and myeloid populations at 
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similar abundances to the original tumour bulk of breast, melanoma, and colon cancers 

(Sivakumar et al. 2019). However, T and B lymphocyte populations remained notably 

sparse in our models. This deficiency is likely attributable to the use of xenografted 

tumours derived from immunocompromised mice, which inherently lack mature 

lymphocyte populations (De Haven Brandon et al. 2020). While the absence of activated 

lymphocytes is a common feature in immune-cold HGSOC tumours, their total absence 

in these models represents a limitation in experimental fidelity (Degos et al. 2019; 

Kasikova et al. 2024). Moreover, while the EpCAM+ fraction remained stable across the 

endometrial slice model and original tumour bulk, we noted a decline in this population 

in the ovarian OTSC model. This could be due to an increase in other stromal populations, 

such as adipocytes or fibroblasts or downregulation of the receptor during culture and 

should be further investigated using a wider expansion of TME-specific biomarkers to 

confirm cell populations.  

The cellular composition of immunocompromised xenograft tumours is heavily biased 

toward epithelial cancer cells, with studies showing epithelial cancer cells forming 20-

60% of the entire population, whereas CD45+ cells contribute an average of 17-32.7% in 

xenografted ovarian cancer tumours (Kang et al. 2023; Steinkamp et al. 2023). Moreover, 

xenografted tumours primarily recruit innate host cells from the mouse. In a study of 10 

ovarian patient-derived xenograft (PDX) models, macrophages were the dominant 

immune population in 70% of cases, while neutrophils predominated in 20% of samples 

(Bougherara et al. 2017). Conversely, NK cells were remarkably scarce, frequently 

representing less than 1% of the CD45+ population (Bougherara et al. 2017). These 

observations align with our findings, where the EpCAM+ population constituted 35-81% 

and the CD45+ fraction ~15%. Moreover, in accordance with the literature, the CD45+ 

fraction consisted predominantly of neutrophils (55–75%) and macrophages (30–50%) in 

the ovarian OTSC model, and a macrophage-dominant profile (>90%) in the endometrial 

OTSC model. 

However, xenografted OTSC slices may be limited in representing the true immune 

landscape. In primary human ovarian tumours, CD45+ immune cells are highly variable 

but often constitute a dominant portion of the tumour mass, with a median frequency of 

69.1% (ranging from 5% to 98%). According to Bougherara et al. (2017), tumour-infiltrating 
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lymphocytes represent approximately 30.5% of the immune fraction in fresh ovarian 

biopsies, while macrophages account for 16.2%, and neutrophils and B cells generally 

constitute less than 10% of the solid tumour mass (Bougherara et al. 2017).  

One counteractive measure to this limitation in our study was the utilisiation of patient-

derived biopsy slices; these slices give an accurate snapshot of the original tumour 

composition of patients. While patient-derived biopsy slices offer a more 

immunologically representative alternative to CDX models, they introduce significant 

practical constraints. Tissue availability and quality were highly variable; some samples 

were of insufficient quantity or consistency for reliable slicing, occasionally yielding as 

few as four slices — sufficient for only a single metabolic assay at one drug concentration 

in duplicate. Furthermore, some patient slices exhibited rapid viability loss within 24–48 

hours of culture, substantially limiting downstream analysis. These logistical challenges 

are not unique to this study and reflect a broader obstacle in the field of ex vivo oncology 

(Misra et al. 2019). Future work should prioritise establishing minimum tissue volume 

thresholds in surgical collection protocols and explore media optimisation or 

microfluidic perfusion strategies to extend patient slice longevity. 

 

6.3 Efficacy of DRD2 Blocking (Domperidone) in Gynaecological Cancers 

In this study, Domperidone treatment was efficacious in gynaecological cancer 

monolayers and the 3D ovarian cancer OTSC model, but not in the 3D endometrial OTSC 

model. This pattern mirrored findings from chemotherapy treatment, in which 

endometrial slices also failed to demonstrate significant cytotoxicity, suggesting that the 

endometrial model possesses intrinsic or microenvironment-mediated resistance 

mechanisms. In the ovarian OTSC model, multiple lines of evidence support a genuine 

cytotoxic effect. Domperidone treatment produced significant reductions in metabolic 

activity and proliferation, increased apoptotic staining, and confocal imaging confirmed 

a substantial reduction in viable cell populations. While lactate dehydrogenase release 

showed an increasing trend, it did not reach statistical significance, likely reflecting 

limitations in assay sensitivity and high biological variation rather than a true absence of 

cell damage. In contrast, the endometrial OTSC model exhibited minimal cytotoxic 
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response across metabolic, IHC, and confocal assessments despite demonstrating 2D 

efficacy, with proliferation significantly increasing and apoptotic staining showing a non-

significant reduction following Domperidone treatment. 

The divergence between 2D and 3D results highlights the importance of tissue context in 

modulating drug sensitivity, as has been widely reported in organoid-based systems. 

When ovarian cancer cell lines were cultured in 2D monolayers, they were up to 280-fold 

more sensitive to chemotherapy than the same lines grown in a 3D organoid format 

(Brodeur et al. 2021). Similarly, HGSOC organoids containing only cancer cells were more 

sensitive to chemotherapy than tri-component organoids grown with CAFs and 

macrophages, underscoring the role of TME elements in drug resistance (Burkhard et al. 

2025). The reduced sensitivity observed in 3D models likely reflects a combination of 

factors, including limited drug penetration and enhanced cell–cell and cell–matrix (Santo 

et al. 2017). Notably, the greater cytotoxicity observed in 2D OVCAR8 cells compared to 

the ovarian OTSC model may similarly reflect the presence of immune and endothelial 

cells in the 3D model that remain metabolically active and proliferating, thereby diluting 

the apparent drug response. 

In fresh human ovarian cancer patient samples, response to DRD2 blockade was 

heterogeneous. Three patients (two HGSOC and one mucinous) responded extremely 

strongly, and one HGSOC patient responded partially to Domperidone, while borderline 

and endometrioid ovarian cancer patients showed limited to no response. Although the 

sample size was small and overall efficacy demonstrated a trend rather than a 

statistically significant change, these findings suggest that treatment response may be 

subtype-dependent. This is consistent with other groups using gynaecological OTSC 

slices from patients who report patient specific drug responses (Estes et al. 2007; 

Frederick et al. 2009; Lheureux et al. 2015; Brückner et al. 2021).  

Interestingly, analysis of available datasets revealed that DRD2 expression was 

associated with improved prognosis in ovarian cancer, whereas previously we found 

DRD2 expression was associated with worse prognosis in endometrial cancer (Español 

et al. 2023); this pattern that may relate to our experimental findings, in which the 

endometrial model exhibited high DRD2 expression yet resistance to DRD2 antagonism, 

while the ovarian OTSC model showed both high DRD2 expression and strong efficacy to 
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Domperidone. Further patient samples will need to be tested alongside quantification of 

DRD2 expression to fully ascertain which subtype-specific ovarian cancer populations 

would likely benefit from DRD2 blockade, and to evaluate the utility of DRD2 as a 

prognostic marker. 

 

6.4 Signalling Modulation by DRD2 Blocking (Domperidone)  

The efficacy of Domperidone is likely due to dopaminergic-mediated alterations in 

downstream signalling cascades. Signalling of DRD2 through the β-arrestin-2 dependent 

pathway is associated with increased Raf/MEK/ERK signalling (Urs et al. 2016; Han et al. 

2019). Blocking of this receptor is known to cause the downregulation of DRD2/β-

arrestin-2 complex through receptor endocytosis and endosomal trafficking, perturbing 

the phosphorylation of the downstream effectors p-MEK and p-ERK (Tung et al. 2022). 

Multiple studies report both p-MEK and p-ERK are downregulated following Domperidone 

treatment in oesophageal squamous cell carcinoma and colorectal cancer cell lines 

(Sim et al. 2024; Yuan et al. 2024).  Sim et al. (2024) observed a reduction in DRD2 

expression, proposing this event as the mechanism for p-ERK downregulation and 

Domperidone-induced cytotoxicity. However, Yuan et al., (2024) hypothesised a direct 

intracellular inhibitory effect of Domperidone. Their in-silico docking analyses predicted 

that Domperidone could directly bind to three kinases (MEK1, MEK2 and CDK4). The 

authors also confirmed MEK-Domperidone binding through pulldown assays, which 

could be reversed through mutating the kinases. Thus, proposing Domperidone disrupts 

MEK/ERK and CDK4/SMAD3 signalling pathways due to direct inhibition (Yuan et al. 

2024).  

In line with these results, we too found DRD2 downregulation at the protein level in both 

OVCAR8 2D cells and 3D OTSC models. Moreover, β-arrestin-2 was also downregulated 

alongside decreased levels of MEK, p-MEK and ERK. However, paradoxically, 

phosphorylated ERK levels increased. Therefore, it is likely an alternative pathway is 

being activated to induce ERK activation. For instance, through PI3K/AKT mediated MEK-

independent pathways (Aksamitiene et al. 2010). This should be confirmed with mRNA 

quantification or complementary protein-based assays. Interestingly, another DRD2 
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antagonist, ONC201, triggers p53-independent apoptosis by supressing MCL-1 and 

increasing death receptor 5 (DR5) expression. Moreover, its dual-dephosphorylation of 

AKT and ERK pathways were shown to increase the expression of apoptotic effector bim 

and the transcription of the DR5 ligand and TRAIL, consequently triggering apoptosis  

(Ishizawa et al. 2015; Tu et al. 2017; Fang et al. 2018). This could be a possibility in our 

models; both OVCAR8 and ISHIKAWA cells contain mutant p53 and showed significant 

cytotoxicity when treated with our DRD2 blockade. Therefore, future experiments should 

investigate Domperidone’s effects on apoptotic effectors (MCL-1, bim, bad) and TRAIL 

components to fully ascertain the anti-cancer mechanism.  

Like Yuan et al. (2024), we also investigated whether the mechanism of Domperidone was 

extracellular or intracellular through co-administration of Domperidone with endocytosis 

inhibitors. We found that inhibitors specific for macropinocytosis, caveolae-mediated, 

and clathrin-mediated endocytosis did not significantly reduce or prevent Domperidone-

mediated cytotoxicity. While Colchicine, a pinocytosis and phagocytosis inhibitor, did 

exhibit a significant increase in viability in Domperidone-treated cells, the inhibitor alone 

was also significantly cytotoxic; this could explain the result, in which two cytotoxic drugs 

can have antagonistic interactions (Chen et al. 2025). However, we cannot completely 

rule out pinocytosis of Domperidone. Therefore, future experiments should investigate 

Domperidone efficacy with another pinocytosis inhibitor which does not cause 

significant cytotoxicity.  

 

6.5 Compensatory Mechanisms  

(a) OVCAR8 OTSC Model 

While efficacious, the pharmacological potency of Domperidone was reduced in 3D 

ovarian OTSC model compared to the 2D monolayer, potentially indicating an underlying 

compensatory mechanism. This is likely centred around DRD1 upregulation and 

persistent p-ERK, despite downregulation upstream effectors, and the AKT pathway. For 

example, transcriptomic and proteomic quantification revealed downregulation of DRD2 

with a paradoxical increase in DRD1 and DRD5. Moreover, we found that p-AKT levels 

increased and p-GSK3 remained stable, and p-MEK levels decreased while p-ERK levels 
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rose. Together, these findings suggest that in the OVCAR8 OTSC model, the upregulation 

of DR1-like pathways likely triggers the canonical Gαs/cAMP/PKA or PI3K/AKT axis leading 

to the sustained phosphorylation of ERK and AKT/GSK3β.  

Phosphorylation of GSK3β leads to stabilised β-catenin – a fundamental player in the Wnt 

signalling pathway and associated with the upregulation of stem-like genes, such as 

CD24, CD44, PROM1, EPCAM, CXCR4 and CD133  (Kim and Kahn 2014; Han et al. 2019). 

We saw a concentration-dependent upregulation of all these genes in Domperidone-

treated OVCAR8 slices. Therefore, it is likely that the wnt/β-catenin pathway is being 

upregulated as a compensatory mechanism. Critically, the efficacy of this signalling 

compensation is likely amplified by the specific genetic background of the OVCAR8 line. 

The presence of CTNNB1 (β-catenin) missense mutations within the NH2-terminal 

regulatory domain renders the protein resistant to the GSK3β/Axin/APC destruction 

complex (Rask et al. 2003; Krishna et al. 2026). This compensatory mechanism could be 

preserved or potentially enhanced by the 3D microenvironment, creating a Wnt pathway-

bypass that allows the tumour to maintain cancer stem cell gene expression and some 

level of proliferation, despite clearly demonstrating DRD2 blockade-induced apoptosis. 

This was a similar finding to Yamamoto et al. (2019) who found Wnt signalling was a 

bypass route to resist olaparib therapy in ex vivo ovarian cancer slices. Subsequently, 

they found an increased efficacy of PARPi therapy with co-administration of the FDA-

approved Wnt signalling inhibitor, pyrvinium pamoate (Yamamoto et al. 2019). This poses 

the question whether DRD2 antagonism would be synergistically potent when 

administered alongside a β-catenin-targeted agent. 

Interestingly, the GPCR ADRA1A was also upregulated in ovarian OTSC after 

Domperidone treatment, and high expression of this gene has been linked to increased 

adipocyte thermogenesis, metabolism, and worse survival in cancer (Wang et al. 2019; 

Rahbani et al. 2022). Thus, ADRA1A could also be a pro-tumour compensation. 

(b) ISHIKAWA OTSC Model 

The strong pharmacological resistance to Domperidone observed in the 3D endometrial 

models in contrast to the sensitivity of 2D monolayers highlights a potent molecular 

bypass mechanism. In endometrial cell lines, a downregulation of β-Arrestin, AKT, GSK-
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3β, MEK, p-MEK, and p-ERK were observed. Interestingly, GSK3β has been shown to 

regulate actin cytoskeleton dynamics and microtubule formation to drive cell migration 

(Sun et al. 2009; Guo et al. 2019). GSK3β was downregulated in 2D ISHIKAWA cells but 

not in 2D OVCAR8 cells after Domperidone treatment, moreover more EMT-associated 

genes were upregulated in the OVCAR8 model than the endometrial model; these genes 

(e.g., CXCR4, CD133, CD44) are associated with migratory stem cell-like behaviours 

(Cioffi et al. 2015; Zhao et al. 2020). This may explain the differences in migratory 

behaviour during the wound repair assay, in which ISHIKAWA cells treated with 

Domperidone had significantly less wound closure than the control, whereas OVCAR8 

cells remained unchanged.  

Differences between the two cell lines also appeared in signalling mechanisms; while p-

ERK was slightly downregulated and p-AKT slightly upregulated in the ISHIKAWA cells 

treated with Domperidone, the exact opposite occurred in the OVCAR8 cell line model, 

indicating that our endometrial cell line has an intrinsic reliance on the AKT pathway. 

Interestingly, ISHIKAWA has PI3KA gain-of-function and PTEN loss-of-function mutations 

which are key players in the regulation of the PI3KA/AKT pathway, leading to 

phosphorylation of AKT (Vidal-Sabanés et al. 2025). It could be that this mutated 

overactivated pathway is utilised in the 3D endometrial model to resist therapy. However, 

we did not explore protein alterations in the 3D OTSC system, so we cannot further 

speculate on the specific compensatory mechanism. In transcriptomic analysis, we also 

observed an increase in the receptor tyrosine kinase Kit, alongside upregulation of the 

GCPR ADRA1B, known to be upregulated by NE expression causing increased cell growth 

and proliferation through PI3K/AKT pathways (Vandenput et al. 2011). Therefore, it is 

possible that the ISHIKAWA 3D slices are utilising other receptor pathways to resist 

Domperidone, but this would need further exploration.   

6.6 Domperidone and TME Effects 

Interestingly, distinct cellular and molecular changes in the TME occurred between the 

two cancers following Domperidone treatment that could give us an insight into drug 

resistance mechanisms. Firstly, Domperidone treatment induced distinct immune 

responses across tumour types; in ovarian slices, a significant trend of increased 

macrophage markers and decreased neutrophil markers was observed, whereas 
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endometrial slices exhibited increases across multiple immune populations, including 

macrophages, neutrophils, and natural killer cells. Despite these changes, overall CD45-

positive cell levels remained relatively stable, suggesting that Domperidone primarily 

modulates immune cell phenotype rather than overall abundance.  

(a) Macrophages 

Domperidone induced an increase in F4/80+ cells (macrophages), however the 

macrophage-specific Ly6C marker was downregulated at the mRNA level in the 3D 

ovarian cancer model. This could be indicative of a shift in macrophage polarisation, 

potentially towards a more differentiated or repair-associated phenotype. This may be 

linked to compensatory activation of DRD1 signalling, which has been associated with 

anti-inflammatory M2 macrophage polarisation via PKA/CREB pathway (Liu et al. 2021a). 

One study found that DA-DRD2 signalling induces M2-to-M1 polarisation that could be 

blocked by DRD2 antagonism (Qin et al. 2015). Conversely, others show the opposite, 

with DRD2 expression downregulated in M1 macrophages, DRD2 agonistic signalling 

driving pro-tumour M2 phenotypes, and DRD2 antagonism selectively blocking YAP-

dependent fibrogenesis (characteristic of M2 macrophages) (Qing et al. 2022; Fan et al. 

2023). Therefore, DRD2 antagonism and receptor downregulation could play a role in 

anti-tumour M1 polarisation. While observable DRD1 upregulation and DRD2 

downregulation occurred, it is unclear of the specific dopaminergic modulation and 

polarisation that is occurring in macrophages within our 3D OTSC system. Therefore, it 

would be interesting to conduct in vitro experiments studying macrophage viability and 

polarisation following Domperidone treatment. We could then extend this analysis to the 

3D OTSC system to explore the impact of the TME on this process.  

 

(b) Neutrophils  

Interestingly, neutrophil responses were the opposite in the two gynaecological OTSC 

slice models; while ovarian cancer slices demonstrated signs of neutrophil 

downregulation, endometrial cancer slices exhibited increased neutrophil abundance. 

DRD2 antagonism has been associated with increased neutrophil inflammation, 

whereas DRD1 agonism induces neutrophil apoptosis (Sookhai et al. 1999). We know 
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that DRD1 protein and mRNA is increased in the ovarian model but not in endometrial 

cell line and 3D model mRNA. Therefore, one explanation could be neutrophil stimulation 

is being driven by initial DRD2-blocking in endometrial models but downregulated in 

ovarian cancer models by a DRD1 compensation. Interestingly, we also found that in the 

ovarian OTSC model, the DRD2+ cells were mostly immune cells, whereas in endometrial 

OTSC they were mostly epithelial cells. This discrepancy could suggest that the immune 

cells of the ovarian OTSC platform are more responsive to DRD2 antagonism, than the 

endometrial OTSC interactome.  

(c) NK cells 

DRD1 agonists increase NK cell-mediated cytotoxicity of lymphoma cells via the 

cAMP/PKA/CREB pathway, whereas DRD2 stimulation is a potent immunosuppressor of 

NK cells (Zhao et al., 2013). In our study we found that OVCAR8 3D OTSC slices exhibited 

a non-significant upward trend of NK1.1+ cells after 48h with increasing Domperidone 

concentrations. Moreover, endometrial OTSC slices also demonstrated a significant 

dose-dependent increase in NK cells after 24h which stabilised at 48h.  Therefore, it is 

possible that Domperidone is driving NK cell activation, but this requires further 

investigation. Moreover, the dissipation of NK cell stimulation at 48h post-therapy and 

lack of cytotoxicity in the endometrial cancer could be suggesting that there is an 

underlying TME-mediated compensatory mechanism that is driving immunosuppression 

and drug resistance. 

(d) Endothelial Cells 

DRD2 blocking may also be influencing vascular-associated processes in the ovarian 

cancer OTSC model. It has been reported that DRD2 expression is upregulated in tumour 

associated endothelial cells compared to the regular endothelium as a response to 

increased VEGF-A mediated signalling. However, an increase in DRD2 receptor 

expression and agonistic signalling is associated with decreased VEGFR expression and 

reduced endothelial cell proliferation and migration (Basu et al. 2001; Sarkar et al. 2022). 

Conversely, DRD2 antagonists have been implicated in VEGF and VEGFR2 

downregulation in HGSOC and EC, inhibiting cancer adhesion, invasion, and growth 

(Fang et al. 2018; Tucker et al. 2022).  
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Our study found that both gynaecological 3D models contained DRD2+ endothelial cells, 

and that DRD2 blocking by Domperidone significantly increased endothelial cell 

abundance in the ovarian OTSC model. Conversely, the ovarian OTSC model also had 

significant dose-dependent decreases of CD31 mRNA expression. It is possible that 

DRD2 antagonism is causing a downregulation of CD31 gene transcription due to a 

recent upregulation of CD31 translation and protein trafficking at the endothelial cell 

surface. As CD31 is a tight junction protein, protein increases could be related to the 

normalisation of leaky tumour vasculature. However, it could also be a sign of endothelial 

cell proliferation and angiogenic signalling (Tang et al. 2019; Sun et al. 2023). Therefore, 

further investigations are required to study the effect of Domperidone on endothelial 

cells through the incorporation of pericyte markers, such as α-SMA or NG2, which would 

typically increase during vasculature normalisation (Moreno-Smith et al. 2013).  

 

6.7 Domperidone Loaded PLGA-PEG Nanoparticles 

To address the pharmacological challenges of repurposing Domperidone for oncological 

use, specifically its poor solubility, opsonisation and potential off-target effects, this 

study evaluated a novel PLGA-PEG nanoparticle delivery system. While Domperidone-

loaded nanocarriers demonstrated some cytotoxicity in the 2D endometrial cancer 

model, overall, the NPs exhibited lower therapeutic efficacy than the free drug in both 2D 

and 3D models.  

Several factors likely contribute to this reduced potency. Firstly, the effective 

concentration of Domperidone loaded in PLGA-PEG carrier may have been sub-

therapeutic. It has been reported that single material polymers have limited loading 

capacity (Halder et al. 2025). Our filtered NPs achieved an average of 34.2 µg/mL (80µM), 

however the NPs were used at a 1:10 dilution in media and therefore, the effective 

concentration was ~8 µM which is 5 to 9-fold lower than our ex vivo efficacy threshold 

(35-70 µM). Therefore, loading more into the nanoparticles is essential. Alternative 

formulations in the literature, such as mixed polymeric micelles or lipid nano-

formulations, have achieved significantly higher Domperidone loading (300-1000 µg/mL), 

with encapsulation efficiencies of 87.8-90.5% (Thatipamula et al. 2011; Halder et al. 
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2025). Beyond materials, greater encapsulation efficiencies could also be achieved by 

using a greater mass of nanomaterial, employing a ‘hot’ oil-in-water nanoprecipitation 

method, adding surfactant (2% Tween), or using organic solvents with higher drug-

solubility profiles, such as chloroform (Thatipamula et al. 2011; Halder et al. 2025). 

Furthermore, the absence of characterised release kinetics leaves it unclear whether the 

reduced efficacy was also a result of drug retention within the polymer matrix. Future 

iterations of this protocol should focus on optimising the drug-loading efficiency and 

characterise the release kinetics. 

Importantly, our mechanistic findings suggest that Domperidone-mediated cytotoxicity 

and DRD2 downregulation primarily stems from extracellular receptor binding. If the 

nanoparticle formulation exhibits rapid intracellular internalisation prior to drug release, 

it effectively bypasses the necessary membrane-interaction phase. Our 3D OTSC 

tracking showed that while some NPs remained in the interstitial spaces of the stroma, 

the majority were internalised by cancer and immune cells, likely preventing the 

downregulation of the receptor and canonical DRD2-signalling pathway. 

This result necessitates a shift in nanoparticle design towards environmentally-sensitive, 

extracellular release strategies. One such approach is the development of a 

multifunctional pH-responsive delivery system. For instance, Wang et al. (2021) 

demonstrated that by utilising pH-labile covalent linkers, a vascular-targeting prodrug 

(Combretastatin A4) could be selectively released into the acidic tumour 

microenvironment at pH ~6.7 before the remaining carrier was internalised via folate-

mediated targeting (Wang et al. 2021). Implementing a similar spatiotemporal controlled 

release for Domperidone in the TME while the particle is still extracellular could restore 

its therapeutic potency by ensuring maximum interaction with the membrane-bound 

DRD2 receptors. Alternatively, DRD2 could be used as a target using surface-conjugated 

peptides or affibodies. Conjugating a DRD2-targeting peptide to the outside of a 

nanocarrier could encourage DRD2 internalisation and endocytic trafficking of both 

receptor and the nanocarrier. This nanocarrier could therefore encapsulate a synergistic 

therapeutic, for example an antagonist of the Wnt or AKT pathways which we 

hypothesised as the potential bypass mechanisms during DRD2 blockades.  
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Lastly, while efficacy was limited in our models, the 3D OTSC platform proved to be a 

highly valuable tool for assessing the biodistribution and toxicology of nano-formulations 

in a complex tissue architecture. We found that the NPs appeared to demonstrate 

multicellular uptake within the 3D tumour slice, observing internalisation by both 

malignant epithelial cells and infiltrating immune cells. While confocal microscopy 

provided clear evidence of association, precisely defining and quantifying the NP uptake 

remains a challenge. Previous studies, such as Bartucci et al. (2020), utilised tissue 

disaggregation and flow cytometry in ex vivo liver slices to characterise population-

specific uptake and quantify uptake percentages; however, such methods sacrifice the 

critical spatiotemporal context of nanoparticle penetration (Bartucci et al. 2020). 

Nevertheless, integrating flow cytometry with our established confocal analysis could 

offer a powerful, complementary approach for future studies. To our knowledge, this is 

the first study to characterise nanoparticle tracking in ex vivo gynaecological cancer 

slices, and could provide a useful model for drug penetration, biodistribution and 

cytotoxicity studies. 

 

6.8 Limitations and Future Directions 

Through the discussion we have mentioned various limitations and future directions we 

would like to implement, including improving OTSC viability through advanced 

microfluidic systems or smaller tissue explants, characterising the TME further with 

additional biomarkers specific for fibroblasts, M1/M2 macrophages, cytotoxic NK/T cells, 

and pericytes, and utilising additional assays and markers of signalling proteins in the 

PI3K/AKT, MAPK and TRAIL/apoptosis pathways to fully understand the effects of DRD2 

blocking on downstream processes. To refine our nanodelivery strategy, future studies 

could explore the use of pH-sensitive linkers or surface-conjugated peptides specific for 

DRD2 to encourage extracellular DRD2 blocking. Furthermore, given the emergence of 

Wnt-pathway and AKT-mediated resistance identified in our OTSC models, these 

nanoparticles could serve as a versatile multi-targeting platform. Encapsulating a 

synergistic secondary agent, such as a Wnt inhibitor or PI3K/AKT antagonist, alongside a 

DRD2-targeting shell could potentially overcome the compensatory mechanisms 

identified in this thesis. 
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Conclusions 

1. Successful Development of a Novel Ex vivo Tumour Slicing and Culture Model of 

Gynaecological Cancers. We established a reproducible protocol for preparing 

Organotypic Tumour Slice Cultures (OTSC) that preserved the native tumour 

microenvironment (TME), including crucial immune cell populations such as 

macrophages, neutrophils, and NK cells. We introduced methodical innovations by 

embedding samples in varying densities of agarose. This advancement enabled high-

quality slicing and maintained tissue integrity. 

 

2. Establishment of an Optimal 48-Hour Drug Testing Window. We determined OTSC 

remained viable and metabolically stable between Day 1 and Day 3 post-slicing. This 

48-hour window offers a reliable timeframe to conduct short-term, high-fidelity drug 

efficacy screens within an ex vivo environment reflective of in vivo human tumours. 

 

3. Superior Predictive Value of 3D OTSC Over Traditional 2D Cultures. Comparative 

drug response studies with traditional 2D cultures and 3D OTSC revealed that while 

both Domperidone and standard chemotherapeutics were broadly cytotoxic in 2D 

monolayer cultures, their efficacy within OTSC was highly context-dependent.  

 

4. DRD2 Blocking Efficacy in HGSOC model but not EC Model. While therapeutics 

were potent in high grade serous ovarian cancer, they were largely ineffective in 

endometrial cancer. These findings reinforce the superiority of 3D ex vivo models and 

the inclusion of the TME for accurately forecasting clinical drug resistance. 

 

5. Signalling Paradoxes Under DRD2 Blockade. Mechanistic analyses demonstrated 

that although Domperidone successfully inhibited the canonical DRD2/β-arrestin-2 

and MEK/p-MEK pathways, a paradoxical increase in phosphorylated ERK (p-ERK) 

was observed. This suggests that tumours can activate alternative compensatory 

survival signalling routes when challenged with DRD2 antagonists. Moreover, through 

endocytosis inhibition assays, we concluded that Domperidone likely acts through 
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extracellular binding and receptor trafficking rather than intracellular kinase 

inhibition. 

 

6. Identification of Alternative Resistance Pathways and Tumour Plasticity. Ovarian 

tumours upregulated DRD1/5 and stem cell markers alongside CTNNB1 (β-catenin) 

mutations, implicating a DRD1/Wnt/β-catenin-mediated bypass. Whereas 

endometrial tumours exhibited increased expression of KIT (TRK) and ADRA1B, and 

PTEN/PI3K mutations, indicating a distinct molecular route that sustains 

phosphorylated AKT activity. 

 

7. Elucidation of Neuromodulatory Effects on the Tumour Microenvironment. 

Domperidone exerted diverse immune-modulating effects, stimulating NK cells and 

modulating macrophages across tumour types. Notably, DRD2 blocking suppressed 

neutrophils in HGSOC yet promoted them in EC. In ovarian models, the DRD2 

receptors were primarily on immune cells, whereas in endometrial models, they were 

on epithelial cells, this could explain the divergent responses, reflecting distinct 

receptor distributions and complexity of neurotransmitter signalling in the TME.   

 

8. Evidence for Vascular Normalisation Following DRD2 Antagonism. Analysis of 

vascular markers revealed that Domperidone reduced CD31 expression but 

increased overall endothelial cell abundance. While endothelial modulation is 

observed, it remains unclear whether DRD2 blockade contributes to pro- or anti-

tumour angiogenic signalling. 

 

9. Validation of OTSC as a Platform for Nanomedicine Development. Utilising 

engineered Domp-PLGA-PEG nanoparticles demonstrated the applicability of OTSC 

for nanomedicine biodistribution and efficacy studies. Although initial therapeutic 

performance was low, likely due to drug delivery challenges, these ex vivo models 

provide an essential bridge for translational drug development prior to in vivo 

experimentation. 
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Dopamine receptors D1 and D2 show prognostic significance
and potential therapeutic applications for endometrial cancer patients
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Olga Sánchez g,h,j, Elisa Llurba b,g,h,j, Jose Luis Corchero i,1, María Virtudes Céspedes a,h,⁎⁎,1
a Gynecologic and Oncology Peritoneal group, Biomedical Research Institute Sant Pau (IIB Sant Pau), Hospital de la Santa Creu i Sant Pau, 08041 Barcelona, Spain
b Department of Obstetrics and Gynecology, Hospital de la Santa Creu i Sant Pau, Barcelona 08041, Spain
c Department of Obstetrics and Gynecology, Hospital Universitari Son Espases, Palma 07120, Spain
d Department of Pathology, Hospital de la Santa Creu i Sant Pau, Barcelona 08041, Spain
e Department of Obstetrics and Gynecology, University Hospital Mútua Terrassa, Terrassa 08221, Spain
f Department of Pharmacy, Hospital de la Santa Creu i Sant Pau, 08041 Barcelona, Spain
g Women and Perinatal Health Research group. Department of Obstetrics and Gynecology. Biomedical Research Institute Sant Pau (IIB Sant Pau), Hospital de la Santa Creu i Sant Pau, 08041
Barcelona, Spain
h Primary care interventions to prevent maternal and child chronic diseases of Perinatal and developmental origin network (RICORS), Instituto Salud Carlos III, Madrid, Spain
i Institut de Biotecnologia i de Biomedicina and Centro de Investigación Biomédica en Red de Bioingeniería, Biomateriales y Nanomedicina, Instituto de Salud Carlos III, Universitat Autònoma de
Barcelona, Bellaterra, 08193 Barcelona, Spain
j Universitat Autònoma de Barcelona, Barcelona, Spain

H I G H L I G H T S

• ADRβ2 expression was neither associated with clinico-pathological parameters nor prognostic value in the analyzed patients.
• DRD1 expression showed an inverse association with tumor size and stage in our endometrial cancer patient cohort.
• DRD2 expression showed significant positive association with non-endometrioid endometrial cancer, high grade and tumor size.
• High expression of DRD2 is an independent significant prognostic marker for predicting OS and DFS in the patient's cohort.
• DRD1 agonism and DRD2 antagonism combination reduced cellular viability and could have a potential therapeutic benefit.

a b s t r a c ta r t i c l e i n f o
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Objective. Catecholaminergic signaling has been a target for therapy in different type of cancers. In this work,
we characterized the ADRβ2, DRD1 and DRD2 expression in healthy tissue and endometrial tumors to evaluate
their prognostic significance in endometrial cancer (EC), unraveling their possible application as an antitumor
therapy.

Methods. 109 EC patients were included. The expression of the ADRβ2, DRD1 and DRD2 proteins was
evaluated by immunohistochemistry and univariate and multivariate analysis to assess their association with
clinic-pathological and outcome variables. Finally, HEC1A and AN3CA EC cell lineswere exposed to different con-
centrations of selective dopaminergic agents alone or in combination to study their effects on cellular viability.

Results. ADRβ2 protein expression was not associated with clinico-pathological parameters or prognosis.
DRD1 protein expression was reduced in tumors samples but showed a significant inverse association with
tumor size and stage. DRD2 protein expression was significantly associated with non-endometrioid EC, high
grade tumors, tumor size, worse disease-free survival (HR = 3.47 (95%CI:1.35–8.88)) and overall survival
(HR = 2.98 (95%CI:1.40–6.34)). The DRD1 agonist fenoldopam showed a reduction of cellular viability in
HEC1A and AN3CA cells. The exposure to domperidone, a DRD2 antagonist, significantly reduced cell viability
compared to the control. Finally, DRD1 agonism and DRD2 antagonism combination induced a significant
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53/2013 d’1 de febrer), s’informa, 

☒ No procedeix, atès que els animals no són transportats durant el projecte. 

☐ Favorablement. 

☐ Desfavorablement, atès que 

Observacions/Justificació:  
 
10. Avaluada la informació relativa a la utilització d’animals d’espècies amenaçades (art. 
20 del RD 53/2013 d’1 de febrer), s’informa, 

☒ No procedeix  

☐ Favorablement. 

☐ Desfavorablement, atès que  

Observacions/Justificació:  
 
11. Avaluada la informació relativa a la utilització d’animals capturats en la natura (art. 
22 del RD 53/2013 d’1 de febrer), s’informa, 

☒ No procedeix. 

☐ Favorablement. 

☐ Desfavorablement, atès que  

Observacions/Justificació:  
 
12. Avaluada la informació relativa a la reutilització d’animals (utilització d’animals que 
han esta sotmesos prèviament a un altre projecte) (art. 29 del RD 53/2013 d’1 de 
febrer), s’informa, 

☒ No procedeix.  

☐ Favorablement. 

☐ Desfavorablement, atès que  

Observacions/Justificació:  
 
13. Avaluada la finalitat, els beneficis científics i, si s’escau, el valor docent del projecte 
(art. 34.2a del RD 53/2013 d’1 de febrer) s’informa, 

☒ Favorablement. 

☐ Desfavorablement, atès que  

Observacions/Justificació:  
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14. Avaluada la conformitat amb les 3Rs (art.34.2b del RD 53/2013 d’1 de febrer), 
s’informa,  

☒ Favorablement. 

☐ Desfavorablement. 

Observacions/Justificació:  
 
15. Avaluat el grau de severitat indicat a la memòria del projecte (art.34.2c del RD 
53/2013 d’1 de febrer) s’informa, 

☒ Favorablement. 

☐ Desfavorablement, atès  

Observacions/Justificació:  
 
Amb la classificació de: 

☐ Sense recuperació   ☐ Lleu      ☐ Moderat      ☒ Sever  

 
16. Balanç ètic: analitzats els danys i beneficis del projecte (art.34.2d del RD 53/2013 
d’1 de febrer), s’informa, 

☒ Favorablement. 

☐ Desfavorablement. 

Observacions/Justificació:  
 
17. El projecte requereix un resum no tècnic (art. 33.1 del RD 53/2013 d’1 de febrer).  

☒ Sí 

☐ No 

Atès que és de Tipus III 
 
18. Avaluació retrospectiva del projecte (art. 35.1 del RD 53/2013 d’1 de febrer). 
Atès que el projecte, 

☐ Utilitza primats.  

☐ S’utilitzen primats per a finalitats diferents a les previstes a l’art. 21.2.a del RD 

53/2013 d’1 de febrer. 

☒ Ha estat classificat com a sever.   

☐ El projecte implica un dolor greu i perllongat que no pot ser alleujat.  

☐ Altres: Article 33.6 f) del RD 53/2013 

Justificació: 
 
S’informa que el projecte, 

☐ No requereix avaluació retrospectiva.  

☒ Sí, cal realitzar l’avaluació retrospectiva la qual s’ha de presentar al finalitzar el 

projecte o com a màxim als 5 anys de l’autorització d’aquest. 
 
 
19. Altres comentaris: 
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RESULTAT FINAL DE L’INFORME.  
 
Per tant, tenint en compte l’informe de cadascun dels punts anteriors, 
 

☒ S’informa FAVORABLEMENT 

 

☐ S’informa DESFAVORABLEMENT 

Justificació:  
 
 
 
 
 
 
 
 
 
Sílvia Lleonart 
Secretària 
 

 


	EJEMPLAR_TESIS_0 4.pdf
	8. Annexos
	Annex 1. Taula de resposta segons el nivell de risc d’arbovirosis
	Zika virus screening during pregnancy: Results and lessons learned from a screening program and a post-delivery follow-up a...
	1  BACKGROUND
	2  METHODS
	2.1  Study setting
	2.2  Study design
	2.3  Laboratory testing
	2.4  Serology output definitions and follow-up of high-risk pregnant women
	2.5  Ultrasound examination output definitions
	2.6  Newborn children follow-up outputs
	2.7  Data collection and statistical analysis
	2.8  Ethical issues

	3  RESULTS
	3.1  Participant sample description
	3.2  Serological results
	3.3  Ultrasound results and post-delivery follow-up

	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES

	Mpox cases finding: Evaluation of a Primary Care detection program in the Northern Metropolitan area from Barcelona (Spain)
	Introduction
	Material and methods
	Study setting
	Description of the community-based device
	Inclusion criteria of Mpox cases
	Laboratory testing
	Procedures
	Data collection and statistical analysis

	Results
	Discussion
	What is already known on this topic
	What this study adds
	How this study might affect research, practice or policy
	Ethical considerations


	EJEMPLAR_TESIS_1.pdf
	1f784da9b504add2e181d007a6e42b9b370600b17a0d37df3c6b7c314c422ee1.pdf
	Mental health in the short- and long-term adaptation processes of university students during the COVID-19 pandemic: A systematic review and meta-analysis
	1f784da9b504add2e181d007a6e42b9b370600b17a0d37df3c6b7c314c422ee1.pdf
	Predictive factors of the psychological impact of the COVID-19 pandemic on university students: a study in six Ibero-American countries
	_heading=h.1fob9te

	1f784da9b504add2e181d007a6e42b9b370600b17a0d37df3c6b7c314c422ee1.pdf
	7d75edc29e9227249a30c4631e047fcfdf7e0a15d0e9165b71da835ad82e4776.pdf
	_Hlk177118130
	_Hlk151220907
	_Hlk176883813
	_Hlk151125273
	_Hlk176879048

	1f784da9b504add2e181d007a6e42b9b370600b17a0d37df3c6b7c314c422ee1.pdf
	8d772d9085b35ff745c03657d7e3fac0619fd6a1b5dde21e14ed84f87982361a.pdf
	1f784da9b504add2e181d007a6e42b9b370600b17a0d37df3c6b7c314c422ee1.pdf


	Nom autor/a: Maria Charlotte Edwards
	Títol de la tesi: Therapeutic Validation of Dopamine Receptor 2 (DRD2)
Inhibition in Gynaecological Carcinomas Using Advanced 3D
Organotypic Tumour Slice Models


