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ABSTRACT 

Background: Mucinous ovarian cancer (MOC) is a rare epithelial ovarian cancer subtype with 

poor prognosis and limited treatment options. Current therapy is derived from high-grade 

serous ovarian cancer protocols and includes cytoreductive surgery and platinum-based 

chemotherapy, which show poor efficacy in MOC.  

Objectives: The need for suitable preclinical models and effective targeted therapies is still 

ongoing. Therefore, this thesis aimed to establish a patient-derived cell culture model for drug 

testing, which was implemented testing the MEK1/2 inhibitor trametinib in MOC. Trametinib 

was hypothesized to cause antiproliferative effects in cell lines expressing MEK1/2. 

Methods: Patient-derived cell lines and corresponding organoids were established to check 

for resemblance of tumour heterogeneity and architecture in the parent tumours. Trametinib 

was tested in live-cell imaging, viability, and cytotoxicity assays and compared to the standard 

chemotherapeutic carboplatin, as well as evaluated for proliferation, apoptosis and target 

inhibition via IHC staining. 

Results: Organoids displayed morphological and immunohistochemical similarity to original 

tumour tissues, confirming their suitability for drug testing. Trametinib treatment at 10 µM 

effectively reduced proliferation without inducing pronounced apoptosis, as shown by 

decreased Ki-67 and unchanged cleaved caspase-3 expression. Loss of the downstream 

marker c-fos confirmed MAPK pathway inhibition. Drug response varied among cell lines 

depending on MEK1/2 expression and KRAS mutation status. 

Conclusion: The findings demonstrate that patient-derived organoids faithfully model MOC 

and enable functional drug testing. Trametinib exhibited antiproliferative effects in KRAS-

mutated, MEK1/2-positive cell lines, suggesting MEK inhibition as a promising targeted 

approach for MOC. 
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Zusammenfassung 

Hintergrund:  Muzinöses Ovarialkarzinom (MOC) ist eine seltene Unterform des epithelialen 

Ovarialkarzinoms mit schlechter Prognose und limitierten Behandlungsmöglichkeiten. Die 

aktuelle Behandlungsstrategie ist basierend auf high-grade serösem Ovarialkarzinom und 

beinhaltet zytoreduktive Operationen und Platin-basierte Chemotherapie, welche in MOC 

schlechte Wirksamkeit zeigen.  

Ziele: Es besteht eine Notwendigkeit passende präklinische Modelle und effektive, 

personalisierte Therapien zu entwickeln. Deshalb ist es das Ziel dieser Arbeit ein Model mit 

Zellkulturen von Patientengewebe zu etablieren, in welchem der MEK1/2 Inhibitor Trametinib 

in MOC getestet werden kann. Die Hypothesis lautet, dass Trametinib antiproliferative Effekte 

in Zelllinien mit MEK1/2 Expression zeigen soll. 

Methoden: Zelllinien von Patienten und dazugehörige Organoide wurden etabliert, um die 

Ähnlichkeit zur Tumor Heterogenität und Architektur zu den ursprünglichen Tumoren zu 

zeigen. Trametinib wurde durch live-cell imaging, Viabilität- und Zytotoxizitätsassays getestet 

und mit dem Standardchemotherapeutikum Carboplatin verglichen. Weiters wurden 

Proliferation, Apoptose und Zielinhibierung mittels IHC-Färbung getestet. 

Ergebnisse: Die Organoide zeigten morphologische und immunhistochemische Ähnlichkeit zu 

den originalen Tumorgeweben und bewiesen damit ihre Eignung für Medikamententests. 

Trametinib in einer Konzentration von 10 µM zeigte effektive Reduktion der Proliferation ohne 

Induktion von Apoptose, sichtbar bei der verminderten Ki67 Expression und der 

unveränderten cleaved caspase 3 Expression. Der Verlust des downstream Markers c-fos 

bestätigte die Inhibierung des MAPK-Signalwegs. Die Wirkungsintensität variierte zwischen 

den Zelllinien abhängig von ihrer MEK1/2 Expression und ihrem KRAS-Mutationsstatus. 

Schlussfolgerung: Die Ergebnisse zeigten, dass von Patienten etablierte Organoid erfolgreich 

MOC replizieren und damit Medikamtententests ermöglichen. Trametinib zeigte 

antiproliferative Effekte in KRAS-mutierte, MEK1/2-positive Zelllinien, wodurch eine MEK-

Inhibierung eine Möglichkeit zur Behandlung von MOC darstellt. 
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1. Objectives 

Mucinous ovarian cancer (MOC) is a rare subtype of ovarian cancer, and consequently, 

research on MOC remains limited. Due to its histological similarity to gastrointestinal tumours 

and derivation from high-grade serous ovarian cancer (HGSOC), MOC presents unique 

therapeutic challenges. Unlike HGSOC, there is currently no standard treatment regimen for 

MOC, and conventional platinum-based chemotherapy has shown limited effectiveness. 

Interestingly, MOC frequently exhibits high expression levels of MEK1/2 and KRAS mutations, 

suggesting that MEK inhibition could represent a promising personalized treatment strategy. 

This thesis aims to investigate the therapeutic potential of the MEK inhibitor Trametinib in 

mucinous ovarian cancer. Therefore, patient-derived cell lines are established and subjected 

to genetic analysis and clinical follow-up review. These cell lines will be further developed into 

three-dimensional organoid models that preserve the architecture and biomarker expression 

of the original tumour tissue. Drug testing will be performed using Trametinib, employing a 

combination of live-cell imaging, cell viability and cytotoxicity assays, and 

immunohistochemical staining in organoids to assess protein expression changes. This multi-

level analysis enables a comprehensive evaluation of Trametinib’s efficacy in MOC. Another 

key objective of this thesis is the establishment and characterization of organoid models 

derived from MOC patient samples. The organoids serve as a more physiologically relevant 

model system for drug testing and biomarker discovery, bridging the gap between traditional 

2D cultures and in vivo tumours, and potentially facilitating the development of more 

effective, personalized therapies for MOC. 
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2. Introduction 

2.1. Mucinous ovarian cancer (MOC) 

MOC is one of the rare subtypes of ovarian cancer accounting for only 3% of all epithelial 

ovarian cancer (1). Patients typically undergo surgery for a suspicious pelvic mas before being 

diagnosed (2). MOC often presents as a large, unilateral, multicystic ovarian mass without 

prior peritoneal involvement. It evolves from benign mucinous cystadenomas to borderline 

mucinous tumours in a stepwise fashion until it develops into an invasive mucinous carcinoma 

(3). It is typically less likely to spread to the lymph nodes or upper abdomen compared to other 

ovarian cancer types (4). 

Optimal debulking surgery to increase survival is the cornerstone of disease management (5). 

Adjuvant systemic therapy is recommended by the National Comprehensive Cancer Network 

guidelines in form of carboplatin-paclitaxel treatment, capecitabine-oxaliplatin treatment and 

leucovorin-5-FU-oxaliplatin treatment (2). The European Society of Medical Oncology 

recommend carboplatin-paclitaxel as the standard treatment, even though non-high-grade 

serous ovarian cancer have lower chemosensitivity. MOC is not mentioned specifically in the 

guideline (6). The lower chemosensitivity is shown as only 20 – 60 % of MOC patients respond 

to platinum-based chemotherapeutics (7). The resistance to standard platinum-based 

chemotherapeutics in advanced stages of MOC correlates with rapid disease progression and 

median survival of 12-14 months. Moreover, MOC shows low recurrence rates in early-stage 

disease, while advanced-stage leads to a dismal prognosis (8).  

 

2.1.1. Histopathology and Genetics of MOC 
 

Generally speaking, MOC shows more shared characteristics with gastrointestinal 

malignancies than with HGSOC, such as its molecular profile and clinical behaviour (9). Two 

subtypes of mucinous tumour can be found: the expansile and infiltrative subtype (10). The 

expansile subtype typically shows confluent glandular growth patterns, with minimal to no 

healthy ovarian stroma, while the infiltrative subtype produces malignant glands causing 

destructive stromal invasion (10, 11). Further, the expansile MOC has lower tumour spreading 

potential and risk of relapse. In contrast, the infiltrative MOC shows more aggressive 



10 
 

behaviour by forming more advanced, nonlocalized tumours and earlier tumour spreading 

(12, 13).  

MOC seems to be driven by molecular alterations in the mitogen-activated protein kinase 

(MAPK) pathway (14). MOC is further characterized by common alterations, such as the 

Kirsten Rat Sarcoma Viral Oncogene Homolog (KRAS) mutation (40 – 65%), Human Epidermal 

Growth Factor Receptor 2 (HER2) amplification and tumour protein p53 (TP53) mutation (15-

17). Even though TP53 mutations co-occur frequently with KRAS mutations in MOC, 

impairment of homologous recombination pathway (i.e. BRCA mutations) rarely happens (5). 

Moreover, 90% of MOC tumours are immunogenically “cold”, meaning immunotherapy will 

likely not elicit a response (14-18).  

2.1.2. Protein expression in MOC cells 

Most mucinous ovarian cancer can be characterized by certain immunohistochemical 

markers, such as EpCAM, MUC1, CK7, CK20, CA 19-9, CA 125, HER2, MEK1/2 and CyclinE1. 

EpCAM is a transmembrane glycoprotein and carcinoma-associated antigen, primarily 

expressed in epithelial tissues and various carcinomas, including gastrointestinal and ovarian 

cancers (19). In normal tissues, EpCAM is predominantly located in the intercellular spaces of 

epithelial cells, particularly in areas requiring tight cell-cell contact (20). Functionally, EpCAM 

plays a role in maintaining epithelial integrity by mediating homophilic cell-cell adhesion. It 

also contributes to proliferation and differentiation and is upregulated during inflammatory 

and regenerative processes (19, 20). In cancer, EpCAM shows intense, uniform overexpression 

on the cell membrane (21, 22). This overexpression can facilitate epithelial-mesenchymal 

transition (EMT) by decreasing E-cadherin expression, thereby promoting metastasis (23, 24). 

MUC1 is a high-molecular-weight transmembrane glycoprotein and oncoprotein, commonly 

overexpressed in adenocarcinomas, including epithelial ovarian cancers (25). In normal 

tissues, MUC1 is expressed on the apical surface of glandular epithelial cells in the respiratory, 

gastrointestinal, and reproductive tracts (26). The protein functions in lubrication and 

protection of epithelial surfaces. In cancer, it also engages in intracellular signalling, affecting 

growth and proliferation via interactions with β-catenin and ErbB2 (27, 28). In epithelial 

ovarian cancer, MUC1 is overexpressed in over 90% of cases, including platinum-resistant 

tumours (29). This overexpression contributes to tumour progression, promotes metastasis 
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(30), and can mask cancer cells from immune surveillance (31). Knockout studies in transgenic 

mouse models show that loss of MUC1 delays tumour onset (32). 

CK7 is a type II cytokeratin used as a diagnostic marker in pathology. It is widely expressed in 

glandular and transitional epithelia. In healthy tissues, CK7 is found in the cervical and 

endometrial glands, fallopian tubes, and epithelial cells of the placenta, but is absent in normal 

ovarian surface epithelium (33). In tumours, CK7 expression becomes non-specific and is seen 

in 59 out of 85 epithelial tumour types (33). In mucinous ovarian carcinomas (MOC), 92% of 

tumours are CK7-positive, indicating strong diagnostic relevance (33). 

CK20 is another intermediate filament protein used in cancer diagnostics, with more restricted 

expression in normal tissues. It is typically expressed in the gastrointestinal tract and 

urothelium (33). In cancer, CK20 is upregulated in several tumour types, including mucinous 

ovarian, pancreatic, and urothelial carcinomas. Co-expression patterns of CK7 and CK20 are 

diagnostically valuable: colorectal adenocarcinomas are often CK20+/CK7− (34), while 63% of 

mucinous ovarian carcinomas express both CK20 and CK7 (35). In contrast, non-mucinous 

ovarian cancers typically show a CK20−/CK7+ profile (33). 

CA 19-9 is a tumour-associated glycoprotein antigen used as a serum biomarker, especially in 

mucinous tumours. In cancer, serum CA 19-9 is often elevated in mucinous tumours of the 

pancreas, ovaries, biliary tract, and gastrointestinal system (36). The marker’s level correlates 

with tumour size (37)(Kyung et al., 2009). In mucinous ovarian carcinomas, Cho et. al. found 

that 45.5% of malignant cases showed elevated CA 19-9 levels (38). 

CA 125 is a high-molecular-weight glycoprotein and one of the most commonly used 

biomarkers for ovarian cancer. In normal tissues, CA 125 is produced by mesothelial cells of 

the peritoneum, pleura, and pericardium (39). Clinically, CA 125 is used to monitor disease 

progression in epithelial ovarian cancer (40). However, its diagnostic utility in mucinous 

ovarian tumours is limited: CA 125 levels often remain normal in these patients. Cho et. al. 

reported CA 125 elevation in only 27.3% of malignant mucinous ovarian tumours (38). Other 

studies have similarly shown limited elevation in primary MOC (41-43). 
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2.1.3. Protein expression of potential therapeutic targets 

MEK1/2 are dual-specificity kinases that function as part of the MAPK/ERK signalling pathway. 

In normal tissues, MEK1/2 are expressed ubiquitously in proliferating cells (26). Their primary 

function is to phosphorylate ERK1/2, regulating cell growth, proliferation, differentiation, and 

survival (44). In cancer, MEK1/2 can become hyperactivated, often through upstream 

mutations (e.g., KRAS, BRAF), leading to enhanced proliferation and resistance to apoptosis. 

This makes MEK1/2 an attractive therapeutic target, particularly in tumours like MOC where 

MAPK signalling is frequently deregulated (44). 

HER2 is a member of the EGFR family and a receptor tyrosine kinase involved in cell growth 

and survival. In normal tissues, HER2 is expressed at low levels in various epithelial cells (26). 

In mucinous ovarian carcinoma, HER2 overexpression is seen in a subset of cases—Han et. al. 

reported HER2 positivity in 26% of MOC tumours (45). However, clinical responses to HER2-

targeted therapies, such as trastuzumab, have shown variable outcomes (46, 47). 

Cyclin E1 is a regulatory protein involved in controlling the cell cycle. In normal tissues, Cyclin 

E1 is expressed during the late G1 phase to promote entry into the S phase (26). Functionally, 

Cyclin E1 forms a complex with CDK2 to drive G1/S phase transition and ensure proper DNA 

replication (48). In cancer, Cyclin E1 is frequently overexpressed due to cell cycle deregulation. 

This overexpression contributes to uncontrolled proliferation and may also be associated with 

chemoresistance (48). 

 

2.1.4. Protein expression of drug testing related markers 

Ki67 is a marker for cellular proliferation. It is expressed in the nucleus of cells that are actively 

dividing. This makes it a valuable tool for assessing cell proliferation in both physiological and 

pathological conditions (49). In healthy tissues, Ki67 is typically found in proliferative 

compartments such as the basal layers of stratified epithelia, including the skin and 

gastrointestinal tract (49). In cancer, elevated Ki67 levels are generally associated with a 

poorer prognosis, reflecting the tumour’s high proliferative capacity (50). 
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Caspase 3 is a marker for apoptosis and the main mechanism for cell elimination of damaged 

cells (51). It acts as the executioner in the apoptotic pathway and needs to be activated via 

cleavage (52). The active enzyme degrade cellular proteins and causes DNA fragmentation 

(53). Its dysfunction leads to various diseases, most importantly cancer (54). This makes 

cleaved caspase 3 an interesting marker to observe apoptosis. 

c-Fos acts as a transcription factor, downstream of MEK1/2 in the MAPK pathway and 

influences transcription. A study by Mahner et. al. found that higher c-fos expression is 

associated with longer recurrence-free periods and increased overall survival (55). Another 

study by Wang et. al. found that MEK inhibitors in turn downregulate c-fos and improve CAR-

T treatments by preventing cell exhaustion (56).  

 

2.2. Current treatment standard 

Typically, patients undergo optimal debulking surgery, in which the tumor mass will be 

removed as much as possible (5). Due to the low incidence of MOC and the lack of effective 

chemotherapeutics, patients receive the same medication as serous ovarian cancer patients. 

The first-line adjuvant treatment commonly contains Carboplatin and Paclitaxel (9), to which 

MOC often shows a poor or absent response (4, 57). A retrospective study by Pectasides et. 

al. found that only 39% of MOC patients show a positive response to platinum-based 

chemotherapy compared to 70% in serous ovarian cancer (58). Due to the histological 

similarities between MOC and mucinous tumours in the gastrointestinal tract, MOC patients 

could benefit from gastrointestinal chemotherapy regimens, which includes 5-fluorouracil and 

oxaliplatin (59, 60).  

2.2.1. Carboplatin 

Carboplatin is a chemotherapeutical agent used in the treatment of advanced ovarian cancer 

and as part of palliative care for patients with the disease. Its structure is similar to that of 

cisplatin. Functionally, Carboplatin acts as an antineoplastic agent. It inhibits cancer cell 

proliferation by attaching alkyl groups to nucleotides, leading to the formation of 

monoadducts. These, in turn, cause DNA fragmentation—a form of DNA damage that leads to 

increased mutations, eventually triggering apoptosis due to cellular malfunction. Clinically, 

Carboplatin is administered intravenously in advanced ovarian cancer settings. 
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It is associated with fewer gastrointestinal and renal side effects than cisplatin, notably less 

nephrotoxicity and vomiting (61). In MOC, the response rates to standard platinum-based 

treatments are notably poor. In a retrospective series, only ~35 % of MOC patients had a 

partial response to first-line carboplatin-paclitaxel combination treatment (4, 57, 58, 62).  

2.2.2. Paclitaxel 

Paclitaxel is a chemotherapeutical agent classified as a tetracyclic diterpenoid, originally 

isolated from the Pacific yew tree Taxus brevifolia. As an antineoplastic drug, Paclitaxel works 

by stabilizing microtubules, thereby preventing their disassembly. This stabilization causes the 

microtubules to cluster into bundles, disrupting the dynamic reorganization of the 

microtubule network that is necessary for mitosis. Consequently, cell division is halted, and 

cellular proliferation is inhibited. Paclitaxel is used in the treatment of epithelial ovarian 

cancer, Kaposi’s sarcoma, breast cancer, non-small cell lung cancer, peritoneal cancer, and 

fallopian tube cancer. Reported side effects include developmental and reproductive toxicity, 

which occurs regardless of biological sex (63). Paclitaxel shows a poor response in MOC, as 

mentioned above (4, 57, 58, 62).  

2.2.3. Bevacizumab 

Bevacizumab is a monoclonal antibody that functions as a chemotherapeutical agent through 

the inhibition of vascular endothelial growth factor (VEGF). 

VEGF plays a critical role in cell survival and proliferation. Bevacizumab works by binding to 

the VEGF receptor, restoring a more normalized vasculature in the tumour environment. This 

not only inhibits metastasis but also improves the delivery of co-administered 

chemotherapeutic agents. It is used in several types of cancer, including epithelial ovarian 

cancer, colorectal cancer (CRC), fallopian tube cancer, breast cancer, renal cancer, non-

squamous non-small cell lung cancer, and glioblastoma. In advanced epithelial ovarian cancer, 

it is commonly used in combination with Carboplatin and Paclitaxel. The drug is administered 

intravenously or intramuscularly, as it would be degraded in the stomach if taken orally (64). 

The report from Tarumi et. al. showed favourable outcomes in the patient and Winer et. al. 

showed prolonged response in their patient (65, 66). However, no larger studies outside of 

case reports have been published yet.  
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2.2.4. Doxorubicin Hydrochloride 

Doxorubicin Hydrochloride, commercially known as caelyx, is an antineoplastic agent used 

primarily in cases of advanced ovarian cancer, particularly when first-line platinum-based 

chemotherapy has failed. Mechanistically, the drug inhibits topoisomerase II, an enzyme 

essential for relaxing the supercoiled DNA ahead of the replication fork during DNA synthesis. 

Inhibiting this enzyme results in DNA fragmentation, which leads to increased mutations and 

eventual apoptosis of the affected cells due to loss of genomic integrity (67). Pignata et. al., 

as well as Pisano et. al. found no response to doxorubicin in MOC in their studies (62, 68).  

2.3. MAPK pathway  

The MAPK pathway is a key pathway, which regulates cell proliferation, cell differentiation 

and cell death. It is activated by extracellular mitogens, like the epidermal growth factor (EGF). 

EGF binds to its receptor tyrosine kinase (EGFR) and induces autophosphorylation, see figure 

1. This recruits the adaptor protein GRB2 and SOS, which leads to a subsequent GDP-GTP 

exchange on RAS (69). KRAS mutations constantly keep RAS in a GTP-bound and active state. 

The activated KRAS recruits RAF kinases, such as BRAF. BRAF in turn phosphorylates MEK1/2. 

The activated MEK1/2 phosphorylates ERK1/2 for activation. ERK translocates into the nucleus 

to activate transcription factors like ELK1 and c-MYC via phosphorylation. The activated 

transcription factors regulate genes that causes proliferation, differentiation and apoptosis 

(70, 71). 
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Figure 1: MAPK pathway, created with BioRender.com. 

2.4. Targeting the MAPK pathway via MEK inhibition 

Because the MAPK pathway is commonly activated in mucinous ovarian cancer (MOC), 

especially due to frequent KRAS mutations, targeting this pathway is an attractive therapeutic 

strategy. A number of preclinical studies have shown synergy between inhibition of MEK 

(Mitogen-Activated Protein Kinase Kinase) and PI3K in MOC cell lines harbouring KRAS 

mutations (72). MEK inhibitors are a class of targeted therapy agents that selectively inhibit 

MEK1 and MEK2, which are key kinases in the RAS-RAF-MEK-ERK signalling cascade. These 

inhibitors bind to a pocket adjacent to the ATP-binding site and stabilize MEK in an inactive 

conformation. This prevents MEK from phosphorylating ERK, thus interrupting downstream 

signalling (73). Trametinib is a MEK1/2 inhibitor and antineoplastic agent (74). Before 

Trametinib, other MEK inhibitors were limited by toxicity concerns in non-malignant cells, 

which also depend heavily on MAPK pathway signalling (75). Trametinib overcomes part of 

the narrow therapeutic index of MEK inhibition because of its prolonged half-life and small 

peak-to-trough ratio (76). In vitro and preclinical studies demonstrate efficacy of Trametinib: 

for example, the SelleckChem data in the HT-29 colorectal cancer cell line shows good efficacy 
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(76, 77). In experiments by Solit et al., BRAF-mutated cell lines showed a more marked 

response to Trametinib; RAS-mutated cell lines responded only partially (78). Predictive 

biomarkers for sensitivity to Trametinib include mutations in RAF, RAS, PIK3CA/PTEN, and 

DUSP6 (44, 45). Mechanistically, Trametinib reduces cell proliferation, induces cell cycle arrest 

in G1 phase, and can lead to senescence (45). Although preclinical ovarian cancer cell line 

studies have shown efficacy of Trametinib, none of them used mucinous ovarian cancer (MOC) 

cell lines (79). Regarding pharmacokinetics and toxicity: Trametinib is orally bioavailable (74). 

It causes increases in serum aminotransferase and alkaline phosphatase. It is degraded by 

deacetylation via carboxylesterase and eliminated in both feces and urine (74). In a broad 

screen of cancer cell lines (in vitro), about 76% of tested lines exhibited either cytotoxic or 

cytostatic responses to Trametinib (80). Schubbert et al. noted that KRAS mutations (in 

cancers of the colon, lung, pancreas, and cervix) confer sensitivity to Trametinib (81). Clinical 

trials have also reported several side effects of Trametinib, including dermatitis acneiform, 

diarrhoea, rashes, and central serous retinopathy (82). 

2.5. Experimental model systems 

There are currently approximately 100 publicly available ovarian cancer cell lines, but only a 

few are MOC cell lines (83). Therefore, the establishment of patient-derived cell lines is 

important, as they show the diversity found in patients (84). Primary-derived primary cancer 

cell lines (PCCL) are established by taking patient tumour tissue and enzymatically, chemically 

or mechanical digesting it before placing it in culture medium to grow, after minimal 

passaging, cell lines can be establish (85).  

Cell line models are in vitro cultures of immortalized cancer cells widely used in cancer 

research (86). These cells are established by isolating tumour tissue, enzymatically dissociating 

it, and propagating the cells under controlled conditions (86). They are extensively used in 

preclinical research for high-throughput drug screening, molecular biology studies, and 

mechanistic investigations (87). Cell lines are cost-effective, easy to handle, and reproducible 

(86). However, they often lack the tumour microenvironment and genomic heterogeneity 

found in primary tumours, which limits translational relevance (86). Additionally, long-term 

passaging may lead to genotypic and phenotypic drift (87). Genomic profiling studies have 

further highlighted these limitations. Domcke et. al. performed a comprehensive comparison 

of 47 commercially available ovarian cancer cell lines. Their analysis revealed that many 
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commonly used ovarian cancer cell lines, such as SK-OV-3, show substantial genomic 

divergence from HGSOC, often lacking key alterations such as TP53 mutations or exhibiting 

mutation patterns characteristic of other subtypes. In contrast, only a small subset of lines—

including KURAMOCHI, OVSAHO, OVCAR-4, COV362, and COV318—closely recapitulated the 

genomic and transcriptomic landscape of HGSOC. These findings underscore the importance 

of molecularly informed model selection and highlight the need to establish and characterize 

ovarian cancer cell lines that faithfully represent the major clinical subtypes (88). 

Patient-derived xenograft (PDX) models are created by implanting fresh human tumour tissue 

into immune-deficient mice. The tissue is typically obtained from surgical resection or biopsy 

and engrafted subcutaneously or orthotopically. These models are used in translational cancer 

research to evaluate drug efficacy, study tumour heterogeneity, and model resistance 

mechanisms. PDX models retain the histological and genetic features of the original patient 

tumour (89). While they better reflect human cancer biology than cell lines, they are time-

consuming, costly, and require immunocompromised hosts, limiting immune-oncology 

studies (90). In ovarian cancer research, Cybulska et. al. established and genomically characterized a 

large collection of HGSOC PDX models, demonstrating that these recapitulate the genetic, histological 

and pharmacological features of patient tumours. The PDXs preserved hallmark HGSOC alterations 

such as near-universal TP53 mutations, frequent BRCA1/2 mutations and characteristic copy number 

variations, closely mirroring the cancer genome atlas data. The xenografts reproduced patient-specific 

responses to platinum-based chemotherapy, accurately reflecting clinical sensitivity or resistance (91). 

Organoids and spheroids are three-dimensional (3D) culture models derived from stem cells 

or primary tumour cells. They are established by embedding cells in a supportive matrix like 

Matrigel and culturing them with specific growth factors to promote self-organization (92). 

Organoids mimic the architecture, heterogeneity, and function of original tissues, while 

spheroids, formed from aggregated cells, offer simpler 3D structures (92, 93). These models 

are increasingly used in personalized medicine, drug screening, and studying tumour biology 

in vitro (92). Although they offer higher physiological relevance than 2D models, limitations 

include complex setup, lack of vasculature, and challenges in modelling immune components 

(92, 93). In ovarian cancer research, Graham et. al. established a reliable and reproducible 

protocol for generating patient-derived organoids (PDOs) from HGSOC tissue, ascites and 

pleural fluid. These organoids preserved the histological, cytological and genetic features of 

their parental tumours. They can maintain long-term viability even through serial passaging 



19 
 

and cryopreservation. Further, they retained key aspects of tumour heterogeneity, providing 

a physiologically relevant in vitro model for studying ovarian cancer, its drug sensitivity and 

resistance mechanisms. Despite the gradual loss of immune cells with continued culture, the 

study demonstrated that HGSOC PDOs represent a robust platform for translational research 

and personalized therapeutic testing (94). The study by Nanki et. al. demonstrated that 

organoids can be grown from single cells into organoids with the help of Matrigel and still 

recapitulate a gene and protein expression similar to the original tumour tissue, as the 

organoids did not acquire major novel chromosomal aberrations (95). 
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3. Methods 

3.1. Clinical materials 

The cell lines TG024, TG050 and 8867 were established from tumour tissue of patients with 

mucinous ovarian cancer (MOC), while the cell line TG089 was established from the ascites of 

a MOC patient. Tumour tissues or ascites were obtained from the Department of Obstetrics 

and Gynecology and their histopathological characteristics were assessed by two independent 

pathologists from the Department of Pathology, Medical University of Vienna. The clinical 

specimens were transferred to the laboratory for further processing. The cell line HT-29 was 

provided by Priv.-Doz. Mag. pharm. Martin Schepelmann, PhD. All procedures were approved 

by the local ethic committee (EK Nr. 366/2003 and 260/2003) and informed consents have 

been obtained from all patients.  

3.2. Establishment of cell lines and organoids 

To establish cell lines from tumour tissue, it was scraped with a cell scraper into PBS. The cell 

suspension was then filtered through a 40 µm nylon cell strainer (Falcon, Corning® 

Incorporated, Corning, NY, USA). The cell strainer was inverted and washed with PBS to collect 

the cell clusters, followed by a final wash with medium – DMEM/F-12 (1:1) (1X) + GlutaMax-I 

(Gibco, Life Technologies Limited, Paisley, UK) supplemented with 10% Fetal Bovine Serum 

(FBS), 100 Units/ml Penicillin and 100 µg/ml Streptomycin (Gibco, Life Technologies Limited). 

The cells were seeded into 25 cm² Nunc EasyFlask (Nunc A/S, Thermo Fisher Scientific, 

Roskilde, Denmark). Cell cultures were maintained at standard conditions – 37 °C in 5% CO2 

atmosphere. Ascites samples were filtered directly through a 40 µl cell strainer and processed 

identically as for tumour tissues. Non-tumour cells from the initial cultures were depleted 

through repeated selective 2-minute trypsinization using 0.05% Trypsin-EDTA (1X) (Gibco, Life 

Technologies Limited).  

For organoid establishment from cell lines, 5 x 105 cells were suspended in medium. The cell 

suspension was mixed in a 1:3 ratio with Matrigel (Corning Matrigel Matrix, Corning® 

Incorparted) on ice. The mixture was plated centrally in the well of a 24-well plate (Nunc A/S, 

Thermo Fisher Scientific). After incubation at 37 °C for 1 min for partial gelation, plated were 

inverted and further incubated for another 15 min. Afterwards organoids were maintained in 

the medium as described above. 
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3.3. Mutation detection of the TP53, KRAS, and BRCA1/2 genes  

Mutations in TP53, KRAS, and BRCA1/2 were reassessed or confirmed from tissue of recurrent 

disease at the time of cell line establishment using the Ion AmpliSeq™ Cancer Hotspot Panel 

v2 (Thermo Fisher Scientific, Cat. No. 4475346). BRCA mutational status was assessed as part 

of clinical routine. Starting in 2020, tumour tissue was routinely subjected to homologous 

recombination deficiency (HRD) testing, using the Myriad myChoiceR CDx PLUS assay (Myriad 

Genetic Laboratories, Salt Lake City, UT, USA).  

3.4. Live-imaging for growth rate estimation and the 

determination of effective drug concentrations 

The IncuCyte SX3 live-cell analysis system (Satorius AG, Göttingen, Germany) was used to 

estimate the growth rate of each cell line. Cells were seeded in 96-well Clear Flat Bottom 

plates (Corning® Incorporated) at an initial density of 20 % and maintained at standard 

conditions for varying periods. Images were captured at 10X every six hours over the 

incubation period, with five images captured per well. The average confluence percentage 

was plotted against the time in hours and the doubling time was estimated from the growth 

curve.  

For drug testing, cells were seeded with an initial density of ~20 % per well in 200 µl medium 

and incubated at standard conditions overnight. Medium, 150µM Carboplatin (Accord 

Healthcare B.V., Utrecht, Netherlands), 1:200 DMSO (Merck KGaA, Sigma-Aldrich, Darmstadt, 

Germany) and 1:1000 DMSO were included in the test of each cell lines. Carboplatin, the 

standard treatment, was used as a reference. DMSO (the vehicle for Trametinib) was used as 

a control to exclude any solvent-specific effects. The cells were treated with 0.4 µM, 2 µM, 10 

µM and 50 µM Trametinib (Selleck Chemicals LLC, Houston, TX, USA). The stock solution was 

dissolved in DMSO (Merck KGaA, Sigma-Aldrich), while the different concentrations were 

achieved by dilution in medium. Imaging conditions remained the same as above and phase 

confluence percentage was plotted against time. 
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3.5. Formalin-fixation paraffin embedding (FFPE) of organoid 

samples 

Organoids were fixed in 4% paraformaldehyde in PBS for one hour and washed twice with PBS. 

Then, they were overlaid with 70% ethanol overnight at 4 °C. The organoids were incubated 

with 70 % ethanol containing 1 % alcian-blue solution at room temperature for 30 min. 

Specimens underwent sequential dehydration steps: two times 96 % ethanol for 10 min, two 

times 100 % ethanol for 15 min and two times xylene for 20 min. Samples were incubated in 

liquid paraffin for 30 min, followed by replacement with fresh paraffin. After solidifying of 

paraffin on a cooling plate for approximately 60 min, they were deposited at room 

temperature.  

3.5.1. Sectioning of the FFPE blocks 
FFPE tumour tissues from the operation were obtained from the Department of Pathology. 

FFPE blocks were sectioned at 4.5 µm thickness using a microtome (HM 355 S, Thermo Fisher 

Scientific). Sections were mounted on Superforst™Plus Adhesion Microscope Slides (Epredia, 

Breda, Netherlands), air-dried for 48 hours at room temperature and stored at -20 °C. 

3.6. Immunohistochemistry staining 

To perform immunohistochemistry, the slides were first incubated at 58 °C for 15 min and 

subsequently deparaffinised in Xylene twice for 5 min. For rehydration, sections were passed 

through descending concentrations of ethanol (100%, 96%, 80%, 70%), incubating for 3 min in 

each solution. The slides were washed in distilled water for 5 min and permeabilized with 0.5 

% Triton in PBS for 15 min. The sections were washed twice in PBS for 3 min and once in 

distilled water for 2 min. For antigen retrieval (see table 1), the slides were incubated in citrate 

(pH 6.0) or Tris-EDTA (pH 9.0) buffer and microwaved at 850 watts, followed by 11 min at 160 

watts. After microwaving, the slides were allowed to cool to room temperature. The sections 

were washed with distilled water for 5 min and a hydrophobic barrier was created. The tissue 

sections treated with 3 % hydrogen peroxide in methanol for 10 min. Non-specific binding was 

blocked using the ZytoChemPlus(HRP)Polymer Kit blocking solution (Zytomed Systems, Berlin, 

Germany) for 10 min. Another washing step was performed in PBS-Tween, twice for 3 min 

each. The primary antibodies were diluted in antibody diluent (Dako, Agilent, Glostrup, 

Denmark) according to table 1. The sections were incubated with the primary antibody 

overnight at 4 °C.  
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Table 1: Detailed information on the antibodies used for immunohistochemistry. 

Antibody Dilution Company Catalog number Antigen retrieval 

EpCAM 1:500 Abcam ab32392 Citrate buffer 

CA 19-9 1:300 Abcam ab3982 Citrate buffer 

CA 125 1:200 Leica Biosystems NCL-L-CA 125 Citrate buffer 

CK7 1:500 ThermoFisher Scientific MA5-11986 Citrate buffer 

CK20 1:100 ThermoFisher Scientific MA5-13263 Citrate buffer 

MUC1 1:750 NeoMarkers MS-153PO Citrate buffer 

HER2 1:500 Dako A0485 Citrate buffer 

MEK1/2 1:500 Abcam ab178876 Tris-EDTA buffer 

Cyclin E1 1:1000 Abcam ab71535 Citrate buffer 

Cleaved CASP3 1:400 Cell Signaling 9661S Citrate buffer 

Ki-67 1:100 Dako M7240 Citrate buffer  

c-fos 1:500 Abcam ab302667 Citrate buffer 

The slides were then washed twice in PBS-Tween for 5 min and incubated with the secondary 

antibody solution (Reagent 2 from the ZytoChemPlus (HRP) Polymer Kit) for 20 min. The 

washing step was repeated followed by incubation with the chromogen solution (Reagent 3 

from the ZytoChemPlus (HRP) Polymer Kit) for 30 min. For visualization, a substrate solution 

consisting of 1 mL substrate buffer mixed with 1 drop of DAB chromogen was applied (150 μL 

per slide) and developed for 2–15 min, with the development time adjusted based on color 

intensity. The reaction was stopped with distilled water. The slides were counterstained in 

hematoxylin (Merck KGaA, Sigma-Aldrich) for 2 seconds and then washed with running tap 

water for 20 min. The slides were mounted with Kaisers Glycerolgelatine (Merck KGaA, Sigma-

Adrich).  
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3.7. Cell viability and cytotoxicity assessment 

To determine the relative number of living and dead cells, viability and cytotoxicity assays 

were performed using the CellTiter-Fluor™ Cell Viability Assay (G6082, Promega Corporation, 

Madison, WI, USA) and CellTox™ Green Cytotoxicity Assay (G873B, Promega Corporation). 

Experiments were conducted in 384-well black-walled clear-bottom plates (Corning 

Incorporated, Kennebunk, ME, USA), with each well containing a total volume of 40 μL 

comprising equal parts cell suspension (20 μL) and 2X treatment solution (20 μL). All assays 

were performed in clear/white DMEM/F-12 medium (21041-025, Gibco, Life Technologies 

Limited). Cells were maintained under standard conditions during the experiment. Cell line 

specific parameters were established as follows: TG024, TG050 and 8867 cell lines were 

seeded at 2000 cells per well. Measurements were performed every 48 hours for TG024 and 

8867, while TG050 was measured every 72 hours. TG089 and HT-29 were seeded at 1000 cells 

per well and assessed every 24 hours due to higher proliferation rates. 

The initial cell viability upon seeding was measured with the cell counter (Luna II, BioCat 

GmbH, Heidelberg, Germany) and used as the baseline. To measure the viability the cells were 

mixed with 4µl of GF-AFC substrate (1:1000) (G608B, Promega Corporation) on a thermomixer 

(Eppendorf Corporate, Hamburg, Germany) for 30 s at 700 min-1 with and then incubated for 

30 min at 37°C. The fluorescence intensity was measured with the CLARIOstar Plus microplate 

reader (BMG LABTECH GmbH, Ortenberg, Germany) at a wavelength of 380/505 nm to show 

the relative viability in relation to the baseline measurement. Then, the cells were mixed with 

the CellTox Green Dye (G873B, Promega) on a thermomixer (Eppendorf Corporate) for 30s at 

700 min-1 and incubated for 10 min at room temperature and again measured with the 

CLARIOstar Plus microplate reader (BMG LABTECH GmbH) at a wavelength of 485/520 nm.  

 

3.8. Drug testing in organoids 

Carboplatin (150 µM) and Trametinib (10 µM) were applied to organoids after 5 days of initial 

cultivation. Following drug exposure at 24 h and 72 h, organoids were processed to FFPE 

blocks using the method explained under section 1.5. For staining of proliferation, apoptosis 

and drug-related markers see section 1.6. 
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4. Results 

4.1. High prevalent expression of MEK1/2 in MOC 

The following IHC stainings were performed by a previous student (Anita Alberts) and were 

the basis for this project. MEK1/2 positivity was observed in all 24 MOC tumour tissues, 

irrespective of their expansile or infiltrative histopathological type (figure 2). These findings 

led to the hypothesis that inhibition of MEK could be a useful therapeutic strategy in mucinous 

ovarian cancer. 

 

Figure 2: MEK1/2 staining of mucinous ovarian cancer tissue, created with stained samples from Anita Alberts. 
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4.2. Clinical and follow-up information of patients 

Within this study four patient-derived cell lines – TG024, TG050, TG089 and 8867 – were used, 

as well as one commercially available control cell line – HT-29. The clinical treatment and 

disease progression of the four patients has been tracked, see figure 3. Due to data protection 

all names and personal information are anonymous and the patients, as well as the 

corresponding cell lines were coded. Patient 37 was diagnosed with MOC 48 days before 

debulking surgery. Cell line TG024 was established from tumor tissues obtained by surgery. 

The patient was treated with a combination of Carboplatin and Paclitaxel from day 45 to day 

90. Cancer-related death occurred 163 days after debulking surgery.  

 

Patient 39 was diagnosed with MOC 60 days before debulking surgery. TG050 were 

established from tumour materials taken 23 days before the surgery and on the day of surgery. 

The patient was treated with a combination of Carboplatin, Paclitaxel and Avastin from day 

20 to day 131. The patient died of cancer about 4 months after the chemotherapy.  

 

Patient 44 was diagnosed with MOC 28 days before debulking surgery. The patient was treated 

with a combination of Carboplatin and Taxol from day 195 to day 216. Cell line TG089 was 

established from ascites. Patient died 228 days after debulking surgery.  

 

Patient 30 was diagnosed with MOC 7 days before their debulking surgery. A tumour sample 

was taken during debulking surgery to create the cell line 8867. The patient was treated with 

a combination of Carboplatin, Taxol and Avastin from day 22 to day 139. Then, a combinatorial 

treatment with Caelyx and Avastin followed from day 348 until day 447. Cancer-related death 

occurred 1403 days after debulking surgery.  

 

The commercial colorectal cancer cell line HT-29 does not provide the patients history like the 

patient-derived cell lines, but the COSMIC database (96) provides information about relevant 

mutations. 
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Figure 3: Clinical information, treatments and disease progression of the MOC patients. The day of debulking surgery is defined 
as day 0. The days of diagnosis, cell line establishment and death were indicated. CA19-9 and CA125 were assessed to monitor 
the disease progression. Each cycle of the treatments was show with a horizontal line. The corresponding organoids coding 
and their histopathologic types were also indicated. 

 

4.3. Characteristics of the cell lines 

The morphology of MOC cell lines is shown in figure 4. TG024, TG050 and TG089 are infiltrative 

mucinous ovarian tumours, while 8867 is an expansile MOC and HT-29 is a colorectal tumour. 

The cell lines showed different morphology in 2D culture. TG024 and TG050 showed polygonal 

shape, while TG089, 8867 and HT-29 are round. 8867 and HT-29 had an average cell size of 7 

µm. TG024 and TG089 had an average cell size of 9 µm, while TG050 was bigger with an 

average cell size of 20 µm. TG089 and HT-29 doubled approximately every day, while TG024 

and 8867 double every two days. TG050 had a doubling time of 75 hours (table 2). 

 

The cell line TG024 showed mutations in the genes TP53 and KRAS (table 3). TP53 was a 

frameshift mutation at codon 863 that led to a transcription stop, while KRAS was a missense 

mutation, leading to the change of an amino acid glycine to aspartic at codon 35. The cell line 

TG050 showed mutations in the genes TP53 and KRAS. TP53 had a missense mutation, leading 

to the expression of tryptophan instead of arginine at codon 799. KRAS harboured a missense 

mutation, leading to the expression of aspartic acid instead of glycine at codon 35. The cell 
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line TG089 showed mutations in the genes TP53 and STK11. TP53 was a heterozygous 

missense mutation, leading to the expression of aspartic acid instead of glycine at codon 637, 

but also a nonsense mutation at codon 734 leading to a stop in translation. STK11 was a 

nonsense mutation at codon 475, leading to the integration of a stop codon. The cell line 8867 

showed mutations in the gene KRAS. KRAS was a missense mutation, leading to the expression 

of valine instead of glycine at codon 35. HT-29 had a homozygous TP53 missense mutation at 

codon 818, where a histidine is expressed instead of an arginine. 

 

Figure 4: Morphology of the cell lines TG024, TG050, TG089, 8867 and HT-29. Captured by IncuCyte SX3 live-cell analysis 
system. Scale bar: 100 µm. 
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Table 2: Characteristics of MOC and CRC cell lines. 

Cell line 
Histopathologic 

type 
Size Shape Doubling time 

8867 Expansile 7 µm round 2 days 

TG024 Infiltrative 9 µm polygonal 2 days 

TG050 Infiltrative 20 µm polygonal 3 days 

TG089 Infiltrative 9 µm round 1 day 

HT29 Colorectal cancer 7 µm round 1 day 

 

Table 3: Overview of the mutations in the MOC and CRC cell lines.  
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8867 30 T E 0 / 0 0 1 c.35G>T; p.Gly12Val 0 / 

TG024 37 T I 1 c.863del; p.Asn288Ilefs*57 0 0 1 c.35G>A; p.Gly12Asp 0 / 

TG050 39 T I 1 c.799C>T; p.Arg26Trp 0 0 1 c.35G>A; p.Gly12Asp 0 / 

TG089 44 A I 2 
c.637C>T; p.Gyl245Asp 

c.734G>A; p.Arg213* 
0 0 0 / 1 c.475C>T; Gln159* 

HT29 / T CRC 1 c.818G>A; p.Arg273His 0 0 0 / 0 / 

*1: Original material: T: tumour tissue; A: ascites; *2: Type of cancer: I: infiltrative; E: expansile; CRC: colorectal cancer; *3: 

mutations in tumour cells: 0: wild type; 1: homozygous; 2: heterozygous. Information about HT-29 mutations was taken from 

the COSMIC database (96). 
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4.4. Organoids from patient-derived cell lines recapitulate the 

original tumours 

4.4.1. Organoids showed similar expression pattern and 

intensity of tumour related markers 

In figure 5, EpCAM was positively expressed on the membrane of all organoids (TG024, TG050, 

TG089, and 8867) and their corresponding tumour tissues. MUC1 was positively expressed on 

the cell membrane of all organoid cells and their corresponding tumour tissues except that 

the tumour tissues for TG024 and 8867 only showed partial MUC1 expression. All organoids 

recapitulated the EpCAM expression pattern of their parent tumours. A congruent expression 

pattern for MUC1 was also observed between organoids and tumour tissues for TG050 and 

TG089. In contrast, TG024 and 8867 organoids exhibited a divergent MUC1 expression pattern 

compared to their partially expressing tumour tissues. 

 

Figure 5: EPCAM and MUC1 expression by IHC in patient-derived organoids and their corresponding tumour tissues. 
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In figure 6, CK7 was positively expressed on the membrane of 3 organoids (TG024, TG050 and 

TG089) and their corresponding tumour tissues. However, TG024 and TG050 expressed CK7 

only partially. CK20 was partially positively expressed on the cell membrane of TG050 and 

8867 organoid cells and their corresponding tumour tissues. All organoids recapitulated the 

CK7 expression pattern of their parent tumours. A congruent expression pattern for CK20 was 

also observed between organoids and tumour tissues for all organoids and their parent 

tumours.  

 

Figure 6: CK7 and CK20 expression by IHC in patient-derived organoids and their corresponding tumour tissues. 

  



32 
 

 

In figure 7, CA 19-9 was positively expressed on the membrane of all organoids and their 

corresponding tumour tissues. However, TG089 and 8867 expressed CA 19-9 only partially. CA 

125 was positively expressed on the cell membrane of TG024, TG050 and TG089 organoid cells 

and their corresponding tumour tissues, except that TG024 and TG050 only showed partial CA 

125 expression. All organoids recapitulated the CA 19-9 expression pattern of their parent 

tumours. A congruent expression pattern for CA 125 was also observed between organoids 

and tumour tissues for all organoids and their parent tumours.  

 

Figure 7: CA 19-9 and CA 125 expression by IHC in patient-derived organoids and their corresponding tumour tissues. 
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4.4.2. Organoids showed similar expression of potential 

therapeutic markers 

In figure 8, MEK1/2 was positively expressed on the membrane of all organoids and their 

corresponding tumour tissues. However, TG024 expressed MEK1/2 only partially. HER2 was 

positively expressed on the cell membrane of all organoid cells and their corresponding 

tumour tissues. Cyclin E1 was positively expressed on the cell membrane of all organoid cells 

and their corresponding tumour tissues. All organoids recapitulated the MEK1/2 expression 

pattern of their parent tumours. A congruent expression pattern for HER2 and Cyclin E1 was 

also observed between organoids and tumour tissues for all organoids and their parent 

tumours.  

 

Figure 8: MEK1/2, HER2 and Cyclin E1 expression by IHC in patient-derived organoids and their corresponding tumour 
tissues. 
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The colorectal cancer cells are sensitive to Trametinib and therefore was used as a drug testing 

control. HT-29 was shown to be sensitive to Trametinib by Yamaguchi et. al. (76). HT-29 was 

IHC stained for the same proteins as the MOC tissues and organoids (figure 9). EpCAM, CK20, 

MEK1/2, HER2 and Cyclin E1 were positively expressed in HT-29. CA 19-9 was partially 

positively expressed in HT-29, while MUC1, CK7 and CA 125 were not expressed in HT-29. 

Opposite to MOC cell lines, HT-29 does not express MUC1, but does express high amounts of 

CK20. HT-29 showed the most similarities to cell line 8867 in protein expression.  

 

Figure 9: Commercial cell line HT-29 staining for all above-mentioned markers: EpCAM, MUC1, CK7, CK20, CA 19-9, CA 125, 
MEK1/2, HER2, and Cyclin E1. 
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Table 4 gives an overview of staining performed to compare the expression patterns of the 

patient-derived tissue and the organoids. Divergence was only found in MUC1 expression in 

TG024 and 8867. All other protein expressions were similar in tumour tissues and organoids. 

In both cases, MUC1 was partially expressed in tumour tissues, while it was expressed strongly 

in all cells in the organoids. All other protein expressions were similar in tumour tissues and 

organoids. 

Table 4: Grading of IHC stainings comparing the patient-derived tissues with the organoids. 

 TG024 TG050 TG089 8867 HT-29 

Tissue Organoid Tissue Organoid Tissue Organoid Tissue Organoid Organoid 

EpCAM + + + + + + + + + 

MUC1 +/- + + + + + +/- + - 

CK7 +/- +/- +/- +/- + + - - - 

CK20 - - +/- +/- - - +/- +/- + 

CA 19-9 + + + + +/- +/- +/- +/- +/- 

CA 125 +/- +/- +/- +/- + + - - - 

MEK1/2 +/- +/- + + + + + + + 

HER2 + + + + + + + + + 

Cyclin 

E1 

+ + + + + + + + + 

+ = positive staining, +/- = partial positive staining, - = negative staining. 
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4.5. Different drug responses across cell lines in live-cell imaging 

The cell lines showed varying sensitivity to both Carboplatin and Trametinib, see figure 10. At 

150 µM, carboplatin showed minimal effect in TG089, moderate effect in TG050 and HT-29 

and a strong effect in TG024 and 8867. Trametinib showed different efficacy in different cell 

lines. At 0.4 µM concentration, Trametinib showed minimal effect in TG024 and TG089, 

moderate effect in 8867 and a strong effect in TG050 and HT-29. Increasing the Trametinib 

concentration to 2 µM, then to 10 µM and 50 µM revealed an increasingly strong effect in 

TG024, TG050 and 8867, while TG089 still showed minimal effect and HT-29 had a strong 

effect regardless of the concentration of Trametinib (figure 10).  

 

Figure 10: Response to Carboplatin and Trametinib treatment. Phase confluency is plotted against time in hours. DMSO was 
used as a control as Trametinib was dissolved in DMSO. 
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4.6. Different responses to cell viability versus cytotoxicity assay 

To further assess the effects of Trametinib cell viability and cytotoxicity assays were. 

performed using fluorescent dyes. As shown in figure 11, Trametinib showed clear better 

antiproliferative effect than carboplatin in the control cell line HT-29 at all concentrations and 

slightly better effect in 8867 with higher concentrations, but not significant difference as 

carboplatin in TG024 and TG050. For TG089, both carboplatin and trametinib showed no 

antiproliferative effect except that Trametinib had an antiproliferative effect at the 

concentration of 50 µM. Regarding the cytotoxicity carboplatin and high doses (50 µM) of 

Trametinib showed effects across all MOC cell lines.  

 

Figure 11: Comparative effects of Trametinib and Carboplatin on cell proliferation and cytotoxicity. Measurements were taken 
based on doubling times of the cell lines. They were performed every 24 hours for TG089 and HT-29, every 48 hours for TG024 
and 8867, and every 72 hours for TG050. Cell viability is displayed in varying shades of purple, while cell toxicity is displayed 
in varying shades of orange. 
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4.7. Validation of drug treatment related markers  

In order to validate the effects of Trametinib and explore its molecular mechanisms, organoids 

were treated with medium, 150µM Carboplatin or 10µM Trametinib after 5 days of seeding 

and processed to FFPE after 24 hours and 72 hours. As shown in figure 12, Trametinib showed 

only limited proliferation inhibition on day 1, but increased inhibitory effect on day 3 in TG050, 

8867 and HT-29 – presented by a higher number of Ki67 positive cells at day 1 than at day 3. 

Carboplatin displayed also limited amount of proliferation inhibition on day 1 but increased 

inhibitory effects in day 3 in all cell lines. However, the effects of Trametinib on proliferation 

were stronger in the cell lines TG050, 8867 and HT-29. 

 

 

Figure 12: IHC staining of proliferation marker Ki67 in organoids of TG050, TG089, 8867 and HT-29 after 24 hours and 72 
hours of treatment. 
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As shown in figure 13, Trametinib showed only limited apoptosis on day 1 and more apoptosis 

on day 3 in TG089 and 8867. In TG050 and HT-29 Trametinib caused no apoptosis in contrast 

to the control cells. Carboplatin displayed different levels of apoptosis depending on the cell 

line on day 1 but increased apoptotic effects in day 3 in all cell lines. The effects of carboplatin 

on apoptosis were stronger in all cell lines. 

 
Figure 13: IHC staining of apoptosis marker cleaved caspase 3 in organoids of TG050, TG089, 8867 and HT-29 after 24 hours 
and 72 hours of treatment. 
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As shown in figure 14, Trametinib showed an instantaneous effect on c-fos on day 1 and no c-

fos could be found on day 3 in TG050, 8867 and HT-29. In TG089 Trametinib showed only 

limited effect. Carboplatin showed no effect on c-fos expression all cell lines looked similar to 

the control. The effects of Trametinib on c-fos expression were proven in all cell lines. 

 
Figure 14: IHC staining of downstream marker c-fos in organoids of TG050, TG089, 8867 and HT-29 after 24 hours and 72 
hours of treatment.  
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5. Discussion 

MOC generally does not respond well to standard platinum-based chemotherapy and the 

survival rate of the patients is low once the disease becomes resistant to treatment. Unlike 

HGSOC, which may respond to platinum-based therapies, MOC often shows limited sensitivity, 

and treatment options are very limited after the first-line therapy fails (7, 8). Because of this, 

there is a strong need to explore alternative drug targets and drugs. Ideally, therapeutic 

targets should have several binding sites and the ability to be modulated by the drug (97). 

Drugs that are effective in cancer treatment should selectively target tumour cells, show 

consistent results across different tests and ideally cause decreased proliferation or induce 

apoptosis (98). In the case of targeted therapies, it is important that the drug targets are 

expressed in the tumour cells (99). 

In this project, organoids were established using patient-derived MOC cell lines and the CRC 

cell line HT-29, which served as a positive control. These MOC organoids were then compared 

to the original tumor tissues and tested with trametinib to evaluate treatment effects across 

multiple assays including live imaging, cell viability, and IHC staining. The organoids closely 

resembled the tumors they were derived from, both in structure and protein expression. 

Interestingly, the HT-29 organoids showed an expression pattern of tumour specific 

biomarkers similar to the 8867 MOC line, which has an expansile histopathological sub-type. 

This indicates that CRC cells share certain characteristics with MOC, which was also discussed 

by Kelemen and Köbel in their review (100). The structural and molecular similarity between 

organoids and their original tumours highlights their potential as a model system for drug 

testing and validation (101).  

For each of the tested cell lines, treatment effects were consistent in live-imaging, cell 

viability/ cytotoxicity assays and IHC staining. Reduced growth and viability observed in live 

imaging matched results from cell viability and cytotoxicity assay, and these were further 

supported by IHC staining for proliferation (Ki67) and apoptosis (cleaved caspase 3). This cross-

validation strengthens confidence of the result of this study.  
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HT-29 acted as a positive control and showed strong MEK1/2 expression. It resulted minimal 

growth in the live imaging and cell viability/ cell toxicity assay under trametinib treatment, 

proving the efficacy of trametinib in this cell line. Even though trametinib reduces 

proliferation, it is not completely inhibited due to fast cell growth. There was nearly no cleaved 

caspase 3 expression after trametinib treatment and no expression of c-fos, suggesting that 

trametinib could have successfully blocked the MEK1/2 and thus inhibit the c-fos expression. 

Interestingly, the individual cell lines showed different response treatment. For TG204, 

carboplatin was more effective than the MEK inhibitor trametinib in both live-imaging 

experiments and the cell viability/ cell toxicity assay. Even though TG024 had a KRAS mutation, 

which usually lead to an overactivation of the MAPK pathway, the lower expression of the 

MEK1/2 might be caused by other reasons and thus led to a less effect of the trametinib.  

In comparison, in TG050 carboplatin was more effective in the cell viability/ cell toxicity assay, 

while trametinib was more effective in the live imaging. IHC staining of proliferation (Ki67) and 

apoptosis (cleaved caspase 3) markers revealed similar inhibition of both therapeutics on 

proliferation and more apoptosis by carboplatin. Overall, carboplatin at 150 µM and 

trametinib at 10 µM showed similar efficacy, with higher doses of trametinib, it was more 

effective. TG050 strongly expressed MEK1/2 in the tissue, while also harbouring a KRAS 

mutation, which suggests an overactive MAPK pathway and thereby could explain the 

observed trametinib efficacy.  

TG089 was fast growing and the patient had a progressive disease. The chemotherapeutic 

treatments in the patient already showed therapeutic resistance presented by the increasing 

tumour markers during therapy and this was confirmed by live-imaging test. In both live-

imaging test and 2D fluorescent tests, trametinib showed no inhibition of cell growth and 

carboplatin had little effect as well. TG089 also expressed MEK1/2 in the majority of cells but 

did not harbour a KRAS mutation. Instead, it harboured a STK11 mutation, which activates the 

FOXO pathway and the MAPK pathway normally blocks FOXO(102, 103). TG089 is the only cell 

line in this project that was established after drug treatment in the patient, while the other 

three cell lines (TG024, TG050 and 8867) were established before the respective patients 

underwent chemotherapeutical treatment. Therefore, this cell line might have derived from 

the surviving, resistant cells and thus showed no response. 
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Live imaging for 8867 showed similar efficacy of both drugs, while the cell viability/ cell toxicity 

assay indicated trametinib to be slightly more effective. Staining of proliferation and apoptosis 

markers revealed a decreased proliferation under carboplatin treatment and no proliferation 

in trametinib after 72 hours of treatment, while carboplatin treatment showed more 

apoptosis than trametinib demonstrated by cleaved caspase 3 staining. 8867 had a high 

MEK1/2 expression and KRAS was mutated, potentially arguing for the trametinib efficacy. 

Overall, the cell lines (except for TG089) showed no c-fos expression after trametinib 

treatment, indicating a successful inhibition of MEK1/2. In the cell viability/ cell toxicity assay 

a reduction in growth was observed after trametinib treatment, but only minimal increased in 

dead cells. This was supported by cleaved caspase 3, which was only minimally or not at all 

expression in the organoids after trametinib treatment. This suggested that trametinib might 

acts cytostatic which the state of the art literature also mentioned. Hartmann et.al., George 

et. al. and Kurata et. al. showed the cytostatic effect of trametinib in melanoma cells, 

lymphoblastic leukaemia and thyroid cancer (104-106).  TG050 and 8867 responded best to 

trametinib, likely due to their KRAS mutations and high MEK1/2 expression levels. TG024 was 

less responsive, while TG089 showed no response at all. Our results suggest that cell lines 

harbouring both a KRAS mutation and a high expression of MEK1/2 are responding more 

effectively to trametinib. 

Every cell line had different response to trametinib, as well as to carboplatin. This is likely due 

to the heterogeneity of MOC, regarding their genetic alterations, histopathological subtypes 

and growth rate of the cancer. Targeted or personalized therapies could eventually 

administered based on the genetic alteration and/or target marker expression with the 

ultimate goal to prolong disease free survival of the patients. 

In conclusion, the findings in this study suggest that MEK inhibitor trametinib could be useful 

for treating a subset of MOC patients—particularly those with both high MEK1/2 expression 

and possibly KRAS mutations. Since the drug appears to be cytostatic, it might be more 

effective in combination therapies rather than as a standalone treatment. Further testing, 

especially in patient-derived organoids, is needed to confirm these observations and better 

understand resistance mechanisms. 
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