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Abstract  

Platinum-based chemotherapy is the standard of care for high-grade serous ovarian carcinoma 

(HGSC). High initial response rates are often followed by relapse and gradual development of 

resistance. The molecular mechanisms responsible for the development of platinum resistance are 

not completely understood yet and Next Generation Sequencing techniques failed to identify 

contributing point mutations.  One promising hypothesis is that metabolic alterations connected to 

pathways controlling cell death are involved. To identify metabolic adaptations linked to platinum 

resistance, relevant models of HGSC are required. In the present study we established and 

characterized models of HGSC to develop tools for future use in the identification of metabolic 

alterations responsible for platinum resistance in HGSC.  

We characterized the platinum response of A2780 and A2780 cis, 2 HGSC cell lines, to validate them 

as an in vitro model for future metabolomics experiments. Additionally, we treated patient-derived 

tumor xenografts (PDTX) models of 3 different tumours with carboplatin to confirm their validity as 

an in vivo model. A biopsy procedure was tested as a sample collection method. From 1 PDTX model, 

we established and characterized primary PDTX-derived cell (PDC) cell cultures.  

The characterization of the cell lines’ response to carboplatin revealed the optimal experimental 

conditions for future metabolomics experiments. The PDTX models’ response to treatment mirrored 

the one observed for the respective patients. The biopsy procedure did not alter tumor growth. 

Primary PDC cultures were established and shown to mirror the PDTX model’s response to 

carboplatin.  

The characterization of the HGSC cell lines provides an in vitro model that can be used to perform 

metabolomics experiments, including labeled tracer analysis. The results of these experiments will 

subsequently be validated in the patient-derived in vitro and in vivo models established and 

characterized in the present study. 
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Samenvatting 

Platinum gebaseerde chemotherapie is de standaardtherapie voor hooggradig, sereus 

ovariumcarcinoom (HGSC). Hoge initiële responsratio’s worden vaak gevolgd door herval en graduele 

ontwikkeling van resistentie. De moleculaire mechanismen die verantwoordelijk zijn voor het 

ontstaan van platinum resistentie zijn nog niet volledig ontrafeld en Next Generation Sequencing 

technieken konden geen bijdragende puntmutaties identificeren. Een veelbelovende hypothese is dat 

metabole veranderingen die gelinkt zijn aan celdood-controlerende pathways een rol spelen. Om 

metabole veranderingen die gelinkt zijn aan platinum resistentie te kunnen identificeren, zijn 

relevante modellen van HGSC nodig. In deze studie ontwikkelden en karakteriseerden we HGSC 

modellen voor toekomstig gebruik in het identificeren van metabole veranderingen die 

verantwoordelijk zijn voor platinum resistentie in HGSC.  

We karakteriseerden de platinum respons van A2780 en A2780 cis, 2 HGSC cellijnen, om ze te 

valideren als een in vitro model voor toekomstige metabolomics experimenten. Daarnaast 

behandelden we patient-derived tumor xenograft (PDTX) modellen van 3 verschillende tumoren met 

carboplatinum om hun bruikbaarheid als een in vivo model na te gaan. Een biopsieprocedure werd 

getest als staalcollectiemethode. Van 1 van de PDTX modellen werden primaire PDTX-derived 

celculturen (PDC) opgezet en gekarakteriseerd.  

De karakterisatie van de HGSC cellijnen toonde de optimale experimentele condities voor 

toekomstige metabolomics experimenten. De behandelingsrespons van de PDTX modellen was 

gelijkaardig aan die van de overeenkomstige patiënten. De biopsieprocedure had geen invloed op 

tumorgroei. Primaire PDC culturen werden opgezet. Hun carboplatinumrespons was gelijkaardig aan 

die van de PDTX modellen waarvan ze afkomstig zijn.  

De karakterisatie van de HGSC cellijnen zorgt voor een in vitro model dat gebruikt kan worden voor 

metabolomics experimenten, waaronder labeled tracer analyse. The resultaten van deze 

experimenten zullen daarna worden gevalideerd in de patient-derived in vitro en in vivo modellen 

die werden opgezet en gekarakteriseerd in de huidige studie.  
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1. Introduction 

1.1. Ovarian cancer: general overview and epidemiology 

Ovarian cancer annually affects over 200,000 newly-diagnosed women worldwide. In 2012, over 

150,000 individuals were estimated to have died from this malignancy (1, 2). This makes ovarian 

cancer the fourth most lethal cancer in females and the leading cause of gynaecological cancer-

associated death in the developed world (3, 4).  

 

Historically, ovarian cancer was thought to be a single disease. However, the term ‘ovarian cancer’ 

is today used to refer to a heterogeneous set of diseases (5) that can be subdivided in epithelial 

(90% of all cases (6)) and non-epithelial variants, both with their own subtypes. For the epithelial 

cancers, these subtypes are: high-grade serous carcinoma (HGSC), low-grade serous carcinoma 

(LGSC), endometrioid ovarian carcinoma (EOC) and clear cell carcinoma (CCC). Non-epithelial 

ovarian cancer consists of sex-cord stromal, germ cell and steroid cell tumors (7-10).  

1.2. High-grade serous ovarian carcinoma 

The most common subtype, HGSC, comprises over 70% of all newly diagnosed cases of ovarian 

cancer (10) and accounts for most of its mortality (11, 12). High-grade carcinomas have a worse 

prognosis than low-grade tumors (13).  

An important cause of HGSC’s lethality is the late stage at which the disease is usually diagnosed. 

When patients present to the clinician, their cancer is often already spread in the abdomen and to 

distant organs (3, 4). This translates into a 5-year survival of only 40% (7). In contrast to other solid 

tumor types like breast cancer, the prognosis for ovarian cancer patients has not improved in the 

last 15-20 years (14-16). 

1.2.1. Molecular characterization of high-grade serous ovarian carcinoma 

HGSCs are characterized by p53 mutations in almost all cases (12, 17). BRCA1 and BRCA2 mutations 

are more common in HGSC than in other subtypes (12). Other significantly mutated genes are 

CDK12, CSMD3, FAT3, GABRA6, NF1 and RB1 (12). The Cancer Genome Atlas Research Network 

(CGARN) has divided HGSC further into differentiated, immunoreactive, mesenchymal and 

proliferative subtypes (12).  

1.3. Treatment of high-grade serous ovarian carcinoma 

Standard of care treatment for advanced high-grade serous ovarian carcinomas is surgery and 

platinum-based chemotherapy, alone or in combination with taxane(s). Most often, a combination of 

carboplatin and paclitaxel is used (4, 18).   

Despite the high response rates observed after first-line treatment (19), about 30% of all patients 

with HGSC relapse within 6 months (5) and 70% of all patients with ovarian cancer within 3 years 

(6). The different treatment strategies will be discussed separately in the following paragraphs. 

1.3.1. Surgery 

As first-line treatment, surgery is performed for a variety of reasons: (1) First of all, surgery allows 

histological diagnosis (4, 20). (2) Secondly, surgery allows staging of the tumor (4, 20). (3) Finally, 
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resection of tumor tissue (‘debulking surgery’) has been linked to improved survival in newly 

diagnosed, chemo-naive patients (4, 18, 21).  

1.3.2. Platinum-based chemotherapy 

Platinum-based chemotherapy has been used for ovarian cancer over the last 4 decades and is still 

standard of care treatment today (4). Originally, cisplatin (cis-diamminedichloridoplatinum(II), 

CDDP) was used (22). In 1992 carboplatin (cis-diammine(1,1-

cyclobutanedicarboxylato)platinum(II)), a less toxic analogue of cisplatin, was introduced (23, 24).

  

In relapsed patients, additional platinum-based chemotherapeutic treatment can be decided, based 

on the tumor’s sensitivity, since time between the last dose of received chemotherapy and clinically 

evident relapse (platinum-free interval, PFI) has been correlated with response to additional 

chemotherapeutic treatment(6, 10). It may not be worth exposing specific patients to toxic 

chemotherapy, when this is not likely to inhibit progression of their disease (25).   

Cisplatin and carboplatin have identical methods of actions (Figure 1) (26). These chemotherapeutics 

exert their effects (cell cycle arrest and/or cell death) by a number of different mechanisms, which 

are not completely understood yet (26, 27). (1) First of all, they bind to DNA, mainly on N7 sites on 

DNA purines, forming intrastrand DNA-DNA adducts and inducing apoptosis (26). This mechanism is 

the most important mechanism of the platinum-based compounds’ cytotoxicity. (2) Secondly, they 

promote oxidative stress by lowering the cytosolic concentration of reducing equivalents, which 

favors oxidative stress and has a cytotoxic effect (26).  

The toxicity of platinum-based chemotherapeutics is mediated by the activation of ATM- and RAD3-

related protein (ATR), leading to the activation of checkpoint kinase 1 (CHEK1). Eventually, this leads 

to the phosphorylation of p53, inducing cell cycle arrest, or cell death by mitochondrial outer 

membrane permeabilization (MOMP) (26).  

 

 

Figure 1: Methods of action of cisplatin and carboplatin. Adapted from Galluzzi et al. (2014) (26). ER: endoplasmic reticulum, 

MOMP: mitochondrial outer membrane permeabilization 
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1.3.3. Taxanes 

In 1996, it was discovered that adding paclitaxel to the platinum-containing regimen improves 

survival in patients with advanced disease (28). Thus, taxanes are presently combined with platinum-

containing compounds to manage chemo-naive ovarian cancers (4). These compounds are 

cytoskeletal drugs that target tubulin to prevent microtubule breakdown. In this way they are able 

to block mitosis and eventually trigger apoptosis (29).  

1.4. Resistance against platinum-based chemotherapy 

Based on the time between the last treatment and progression of disease, the so-called platinum-

free interval (PFI), tumors can be divided into different classes (10). When the PFI is longer than 6 

months, the disease is considered platinum sensitive and it is usually re-treated with platinum. When 

the disease progresses within 6 months after treatment completion, it is ‘platinum resistant’. When 

the cancer progresses during treatment, it is deemed ‘platinum refractory’ (10). In both case, a new 

platinum line is considered less likely to be effective and not used, leaving the patients with limited 

treatment options.   

The mechanisms by which platinum-resistance develops, or is initially present, are not completely 

understood. However, there are at least 4 different proposed classes of mechanisms used by cancer 

cells to avoid platinum-mediated toxic effects (Figure 2)(26).  

 

 

Figure 2: Resistance mechanisms to cisplatin and carboplatin. Galluzzi et al. (2014)(26)  

 

(1) Pre-target mechanisms include the reduction of the active (aquated) compound in the cytoplasm 

(26). This can be caused by a downregulation or inactivation of transporters that move the compound 

out of the cytoplasm, like copper transporter 1 (CTR1) (30). Another way is the upregulation of 

transporters like the ATPase, Cu2+ transporting, β polypeptide, (ATP7B) (30). Higher levels of 

enzymes that chelate platinum can also contribute to platinum resistance (31). (2) On-target 
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mechanisms are alterations at the DNA-level, which is the primary target of platinum-based 

chemotherapeutics (26). The 3 main DNA repair pathways have been proposed to be involved: 

nucleotide excision repair (NER), mismatch repair (MMR) and homologous recombination (HR)(26, 

32, 33). (3) Post-target mechanisms consist of alterations that impair the detection of platinum-

induced damage or the execution of cell death (26). Examples include genetic and epigenetic 

alterations in the P53 pathway (26). (4) Off-target mechanisms consist of activation of alternative 

survival signals which are not a direct consequence of the platinum-based chemotherapeutics, for 

example autophagy (34) and the heat shock response (35).  

1.5. Molecular basis of platinum resistance 

Platinum resistance has been studied for over 4 decades, without much success in improving the 

management of resistant diseases (26). Recently, the introduction of high-throughput technologies 

like Next Generation Sequencing (NGS) provided important insights (12). However, it is still 

extremely challenging to accurately predict platinum responsiveness (10).   

In 2014, a link was suggested between metabolic rearrangements and pathways involved in cell 

death programming (14). This link consists of several components (figure 3).  

 

 

Figure 3: Metabolic control of cell death. Adapted from Green et al. (2014) (14) PDH: pyruvate dehydrogenase 

 

Shifts in metabolite concentrations act as signals (e.g. O2, succinate) (1) that are detected by specific 

sensors (e.g. PDHs) (2). These sensors pass these signals through transducers (e.g. p53) (3) which 

will cause effectors (e.g. specific enzymes) (4), as part of the cell death machinery, to stimulate cell 

survival or apoptosis (14). In this view, an interesting hypothesis is that specific cellular metabolic 

alterations might be linked to platinum resistance in HGSCs. 

In vitro experiments have already shown that platinum administration to cell lines can alter gene 

expression of essential metabolic pathway components. Metabolic alterations are linked to 

chemotherapeutic resistance in breast cancer (36). Poisson et al. (37) have identified metabolic 
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alterations in platinum-resistant cell lines that may play a role in the development of their resistance. 

These alterations were found in major pathways that appeared to be interconnected: the methionine-

cysteine metabolism (part of the one-carbon metabolism) and associated glutathione synthesis 

pathways contained the most significantly altered metabolites. Other researchers (38) found that 

expression of an important platinum-drug metabolising enzyme, glutathione S-transferase P1 

(GSTP1), is linked to drug sensitivity in ovarian cancer cell lines.  

There is less data from in vivo experiments on the role of metabolism in development of drug 

resistance in cancer. Recently, Pommier et al (39) suggested a correlation between a specific 

metabolic gene expression signature and resistance to VEGF inhibition in patients with metastatic 

colorectal cancer.    

To investigate potential molecular causes of therapeutic failure, researchers can use a variety of 

models, which will be discussed in the following paragraph.  

1.6. Models to investigate therapy resistance 

Cancer research, including research into chemotherapeutic resistance, is carried out in different 

models. (40). In vitro models are used to obtain new information about the molecular mechanisms 

involved in cancer and identify new therapeutics (41). The results obtained with these models need 

to be subsequently validated in pre-clinical in vivo models. 

1.6.1. In vitro models 

(1) Immortalized cell lines are used for a variety of experiments, including pre-clinical drug 

screenings (42). A fundamental drawback of these cell lines is their lack of resemblance to the human 

tumor cells populating the cancer mass in vivo (42). Growing in culture induces genetic and metabolic 

alterations, which enable them to grow in this condition. When these cells are injected into mice, the 

resulting tumor xenograft tissue does not always resemble a human tumor (40). (2) Secondly, cells 

derived from patients can be also used (43). In this approach, cells are isolated from human tissue 

material and grown in 3D in vitro conditions. They are cultured with an ECM substitute like Matrigel 

and a variety of growth factors (43). These so-called organoids are a near-physiological model 

system that approaches in vivo conditions much better than regular cell lines (43). 

1.6.2. In vivo models 

(1) Genetically engineered mouse models (GEMM) are an important in vivo model in cancer research. 

They are generated by genetic techniques by introducing oncogenes and/or knocking out tumor 

suppressor genes. These models can be used to investigate tumorigenesis and the interaction 

between cancer cells and the tumor microenvironment (44). (2) Alternatively, fragments of a 

patient’s tumor can be implanted into immune-deficient mice to generate patient-derived tumor 

xenograft (PDTX) models.  

These PDTX models are established by transplanting tumor freshly-isolated surgical specimens into 

immune-compromised mice. Tumor cells in the transplanted tissue proliferate and propagate the 

original tumor. This tumor can subsequently be explanted and re-transplanted into a new generation 

of mice. It has been shown that, after multiple transplants, the PDTX tumor still resembles the donor 

tumor at the histologic, genetic and transcriptomic level. These models can also be pharmacologically 

validated by treating them with a specific treatment (e.g. the standard of care used in the clinic) and 

looking whether the model recapitulates the treatment response observed in the original patient 
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(40). For many different tumor types, PDTX models have a high predictive value in terms of response 

to therapy (40, 45).  

PDTX models also have several limitations (40). (1) First, they lack a functional immune system. 

Nude mice, a type of immune-compromised mice often used to establish PDTX models, do not 

possess T-cells. This means that an important component of the tumor microenvironment cannot be 

studied in these models (46). (2) Secondly, some tumors have a relatively low take rate. It has been 

suggested that more aggressive tumors have a higher take rate (46). (3) Thirdly, human stroma is 

largely replaced by murine stroma after several passages (40). This poses problems for research into 

tumor microenvironment components, including blood vessels and immune cells. (4) Finally, 

technical challenges such as the selection of the optimal transplantation site, should be considered. 

Different possibilities are an implantation in the interscapular fat pad below the skin (subcutaneous 

implantation) or in the organ where the tumor derived from (orthotopic implantation). It has been 

shown that, for different tumors, these different sites can yield different success rates (40, 46).

  

PDTX models have been established for a number of cancer types, including: colorectal, pancreatic, 

lung and ovarian cancer (40).  

1.7. Objectives 

High-throughput metabolomics and transcriptomics techniques allow for the identification of 

metabolites concentration in tissue samples. The power of these technologies can be fully exploited 

when there are combined with relevant pre-clinical models. The goal of the current project was to 

establish and characterize HGSC models that can be used to investigate metabolic alterations linked 

to platinum resistance using metabolomics (gas chromatography – mass spectrometry, GC-MS) and 

transcriptomics (RNAseq) techniques.  

 

Objectives:  

1. Characterize the platinum response of 2 HGSC cell lines and determine optimal conditions for 

future metabolomics experiments.  

2. Validate the platinum response of 3 different PDTX models.  

3. Establish and characterize primary PDTX-derived cell (PDC) cultures from the PDTX-models.

  

Characterize the platinum response of 2 HGSC cell lines and determine optimal conditions for future 

metabolomics experiments  

The response to carboplatin of 2 HGSC cell lines, A2780 (platinum-sensitive) and A2780 cis 

(platinum-resistant) was characterized. Subsequently, the optimal experimental conditions for a 

labeled tracer experiment using these cell lines were determined.  

 

Validate the platinum response of 3 PDTX models and test a biopsy procedure 

3 previously established PDTX models were treated with carboplatin to assess whether their response 

mirrored that of the original patient. These models were OVC005, OVC020 and OVC034, respectively 

established from a platinum-resistant, sensitive and lymph node relapse tumor. OVC020 and OVC034 

originated from the same patient. Additionally, a biopsy procedure was tested to collect tumor 

samples before, during and after treatment for future metabolomic analysis.  
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Establish and characterize primary PDC cultures from PDTX-models  

From 1 PDTX model, primary cell cultures were established and their response to carboplatin was 

characterized.   

 

In conclusion, the characterization of the HGSC cell lines provides an in vitro model that can easily 

be used to perform metabolomics experiments. The results of these experiments can subsequently 

be validated in the patient-derived in vitro and in vivo models established and characterized in the 

present study. 
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2. Materials & methods 

2.1. Cell lines and culture 

A2780 and A2780 cis (Sigma – Aldrich) cell lines. Were grown in Roswell Park Memorial Institute 

(RPMI) medium supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml 

streptomycin, 2 µM L-glutamine. (4°C). All cell lines were kept in a CO2 incubator (Sanyo) at 37°C 

and 5% CO2. When cells became too confluent, a subculture was performed. This was done by 

aspirating the medium and washing with PBS. The cells were then detached by adding 0.25% trypsin 

(0.05% for primary cells) and incubating for 5 minutes at 37°C and 5% CO2. The trypsin was 

inactivated by adding RPMI medium supplemented with FBS. The cell solution was then transferred 

to a falcon tube and centrifuged (Eppendorf centrifuge 5810 R) for 5 minutes at 1200 rpm. The 

supernatant was removed and the cells were resuspended in RPMI medium supplemented as before. 

This solution was then divided over different flasks and put into culture. Twice a week, the medium 

in each flask was replaced.  

Fibroblasts were removed from primary cultures by differential trypsinization when threatening 

epithelial cell growth. This was done using the subculture protocol using 0.05% trypsin. Cells were 

visualized using a Leica DFC 295 microscope.  

2.2. Mice 

Female, nude NMRI mice (BomTac:NMRI-Foxn1nu) (Taconic) were used. Animals were kept in 

individually ventilated cages in a semi-specific pathogen free facility, with ad libitum access to food 

and water.  

Procedures involving animals were performed in accordance with the guidelines of the Catholic 

University of Leuven (KU Leuven) Animal Care and Use Ethical Committee  

((P147/2012 and P038/2015).  

2.3. Tumor implantation 

The tumor implantation was performed in a laminar flow located in a semi-SPF facility. Animals were 

sedated with an intraperitoneal injection of a 70 mg/kg ketamine- medetomidine solution. The animal 

was transferred to another laminar flow and placed on a heating pad (37°C). Afterwards, the surgical 

area was disinfected with 7.5% Braunol and 70% ethanol. An incision was made in the skin above 

the interscapular fat pad. The interscapular fat pad was exposed and punctured. A tumor fragment 

(3x3 – 5x5 mm) was placed into the hole. The fat pad was placed back in its original position and 

the wound was closed with a Michel suture clip. 100 µl of a 0.3 mg/ml buprenorphine solution was 

subcutaneously injected into each flank, to provide analgesic support. A subcutaneous 10 µl/10 g 

injection of a 5 mg/ml Atipamezole solution, to reverse the anesthesia, was given and animals were 

kept on the heating pad until fully regaining consciousness.  

2.4. Animal treatment 

Mice were randomly assigned to receive treatment or placebo when their tumor volume reached 

about 425 mm³. After inclusion, the animals were treated once a week, for 3 weeks with a 26,936 

µM carboplatin solution (treatment group) or a 0.9% saline solution (placebo group). Tumor 

dimensions were measured in vivo twice a week using a caliper. The tumor volume was calculated 

according to the following formula: length x (width) ² x π / 6.  
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2.5. Biopsy procedure 

Animals were sedated by an intra-peritoneal injection of a 75 mg/kg ketamine, 100 mg/kg 

medetomidine solution and kept on a heating pad (38°C). 100 µl of a 0.3 mg/ml buprenorphine 

solution was subcutaneously injected into the flank, to provide analgesic support. The surgical area 

was disinfected with Braunol and 70% ethanol. Subsequently, an incision was made in the skin above 

the tumor. Tumor membrane was accessed through this incision and cut. A 2.5 mm punch biopsy 

needle was inserted into the tumor and slowly rotated. The resulting biopsy was squeezed with a 

liquid nitrogen pre-cooled tissue squeezer and snap-frozen. The wound was closed with clips and the 

same 100 µl buprenorphine solution was injected into the opposite flank. The animals were given a 

subcutaneous 10 µl/10 g injection of a 5 mg/ml Atipamezole solution, to reverse the anesthesia, and 

were placed back in their cage when they fully regained consciousness. 

2.6. Sacrifice and sample collection 

The animals were sedated by an intra-peritoneal injection of a 125 mg/kg ketamine, 166 mg/kg 

medetomidine solution. After in vivo measurement, the tumor was resected, measured ex vivo and 

weighed. The tumor was fragmented. Subsequently, blood was collected with a cardiac puncture. 

Afterwards, the animals were sacrificed by cervical dislocation. During dissection lung lobes, apparent 

lymph nodes and macroscopic metastasis were collected.  

2.7. Sample processing 

Tumor fragments were either squeezed by using a liquid nitrogen pre-cooled tissue squeezer and 

snap-frozen in liquid nitrogen (for metabolites analysis), or placed RNA-later (for RNA analysis), 

distributed over cryotubes and snap-frozen (for protein analysis) or placed in a 4% M/V formaldehyde 

solution (for histological analysis).  

Collected blood was immediately mixed with heparin and afterwards centrifuged for 8 minutes at 

5,000 rpm (Eppendorf centrifuge 5418). The supernatant (serum) was transferred to a new cryotube. 

A single lung lobe was snap-frozen. The remaining lung lobes and the collected lymph nodes were 

placed in the formaldehyde solution.  

All frozen samples, the RNA-later container and serum were stored at -80°C. After 24 hours, the 

samples placed in formol were washed with PBS and stored in 70% ethanol at room temperature.  

2.8. Cell line carboplatin treatment 

For A2780 and A2780 cis cell lines, 35.000 cells were seeded in different wells and exposed to RPMI 

medium + 10% with or without 6µM of carboplatin, 1 day after attachment.  Live and dead cells were 

counted daily by using an hemocytometer after trypan blue staining to assess total number of cells 

and dead cell fraction at each time point.  

To determine the 50% growth inhibition concentration, 25,000 cells were seeded in different wells 

for each cell line. After attachment, the cells were exposed to differential carboplatin concentrations. 

Live and dead cells were counted at 3 days after carboplatin treatment. 

2.9. Primary cell isolation and carboplatin treatment 

Primary cells were isolated from tumors grown in PDTX models using an in-house optimized protocol. 

Specifically, the tumor was washed in 1X PBS plus Pen/Strep and minced with a scalpel. 20 ml of a 

dissociation mix consisting of: 4% 10X human Collagenase/Hyaluronidase, 10% BSA fraction V, 26% 
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33.5:1 DMEMF12/HEPES solution, 5 µg/µl insulin and 40% 1000X gentamycin was added to the 

minced tumor. Subsequently, the sample was placed at 37°C in rotation for 60 minutes and then 

centrifuged at 425g for 5 minutes at 4°C. DMEMF12 was added and the sample was centrifuged as 

before. The supernatant was discarded and the pellet resuspended in pre-warmed trypsin/EDTA. Cold 

HF medium consisting of Hank’s balanced salt solution (HBBS) supplemented with 2% FBS and 2% 

HEPES was added and the sample was centrifuged as described before. The supernatant was 

removed and a solution of pre-warmed 5 mg/mL Dispase and 1 mg/mL DNAse I was added. Cold HF 

medium was added and the sample was centrifuged as before. The supernatant was removed and 

the pellet resuspended in a 1:4 mix of cold HF-medium:ammonium chloride. The sample was 

centrifuged as before and the supernatant removed. For adherent cultures, the pellet was washed in 

Ovarian Carcinoma Modified Ince (OCMI) medium consisting of a 1:1 mixture of HAM’sF12:M199 

media, supplemented with 10 ng/ml EGF, 20 µg/mL insulin, 500 ng/ml hydrocortisone, 25 ng/ml 

cholera toxin and 2% FBS and centrifuged as before. After discarding the pellet, the pellet was 

resuspended in OCMI-medium and the solution was plated. For 3D/spheroid cultures, the pellet was 

washed in serum-free OCMI medium and centrifuged as before. The pellet was resuspended in 

serum-free OCMI medium and the solution was plated and placed into culture.  

Primary cells were characterized using a modified version of the protocol used to characterize the 

A2780 and A2780 cis cell lines: 45,000 cells were seeded in each well to determine growth total cell 

number, doubling times and dead cell fraction. Cells were counted each other day, for 8 days. For 

the GI50 determination; 50,000 cells were initially seeded in each well.  

 

2.10. Histology 

Samples stored in 70% ethanol were subsequently embedded in paraffin. Paraffin blocks were stored 

in -20°C until they were cut into 4µM slides using a Microm HM340E microtome (Thermo scientific). 

Slides were dried at 37°C.  

For H&E staining, slides were placed in a stove for 60 minutes at 55°C. Afterwards, they were placed 

in different liquid baths in the following order: Toluol (2x 5 minutes), Ethanol (2x 5 minutes), 

Hematoxylin solution (4 minutes) 1% HCl in 100% ethanol (briefly), LiCO3 (briefly), Eosine (3 

minutes). Subsequently, the slides were dehydrated in 100% alcohol and Xylene. Finally, the slides 

were mounted and dried overnight. Pictures were taken using an Axioskop microscope (Carl Zeiss 

AG, Germany).  

2.11. Immunocytochemistry 

 

2.11.1. Human vimentin and pan-cytokeratin 

Cells were seeded on a sterile glass coverslip and washed with DPBS when 30% confluency was 

reached. Subsequently, the cell were fixed with 4% M/V formaldehyde for 10 minutes at room 

temperature. The cells were incubated for 1 hour at room temperature with 1X DPBS + 1% BSA + 

0.3% Triton + 5% Donkey Serum (Sigma D9663-10ML).  Afterwards, they were incubated with an 

anti-vimentin primary antibody (CST D21H3 Rabbit mAb) (dilution: 1:100) in 1X DPBS + 1% BSA + 

0.3% Triton, overnight at 4°C. Coverslips were rinsed 3 times with 1X DPBS for 5 minutes each. 

They were subsequently incubated with Donkey anti-rabbit Alexa Fluor 594 (red) (Molecular Probes 
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A21207) (Dilution 1:600) in 1X DPBS + 1% BSA + 0.3% Triton for 45 minutes at room temperature 

in the dark and rinsed as before. The coverslips were incubated with pan-Cytokeratin antibody (Dako 

Mouse mAb M0821) (dilution 1:100) in 1X DPBS + 1% BSA + 0.3% Triton for 30 minutes at room 

temperature and rinsed as before, followed by an incubation with Donkey anti-mouse Alexa Fluor 

488 (green) (Molecular Probes A21202) (Dilution 1:600) in 1X DPBS + 1% BSA + 0.3% Triton for 

45 minutes at room temperature in the dark. After rinsing as before, the coverslips were incubated 

with Prolong Gold antifade reagent + DAPI (Molecular Probes P36935) subsequently stored at 4°C in 

the dark. 

2.12. Statistics 

Statistics and data visualizations were performed with GraphPad Prism 5 (GraphPad Software Inc., 

California). 
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3. Results 

This study aimed to establish and characterize in vitro and in vivo models of HGSC for future use in 

metabolomics experiments. First of all, the carboplatin response of 2 HGSC cell lines was 

characterized to serve as an in vitro model of platinum resistance. Afterwards, the optimal 

experimental conditions for a future experiment performed using heavy-isotope labeled nutrients, to 

track glucose and glutamine fate in both sensitive and resistant cells, were determined. 

Subsequently, the carboplatin response of 3 PDTX models was characterized and compared to the 

one observed for the respective original patients. From 1 of these PDTX models, primary PDC cultures 

were established as a matched in vitro model. The carboplatin response of this in vitro model was 

also characterized.  

3.1. Carboplatin response of 2 HGSC cell lines 

A2780 and A2780 cis are HGSC cell lines, respectively platinum-sensitive and resistant. A2780 is the 

parental cell line from which A2780 cis was established by chronically exposing the cells to increasing 

cisplatin concentrations (47).  

We plan to use carboplatin instead of cisplatin for the future treatment experiments, both in vitro 

and in vivo. For this reason, we characterized their response to carboplatin, by assessing the growth 

rate of both cell lines in the presence of different carboplatin concentration. Subsequently, the 

concentration of carboplatin needed to inhibit cellular growth by 50% (50% growth inhibitory 

concentration, GI50) was determined for both cell lines. Finally, the optimal experimental conditions 

(number of cells seeded and time point of metabolites extraction) were determined. 

3.1.1. Dose escalation experiment 

To have an idea at which carboplatin concentration A2780 cells growth is inhibited and the one of 

A2780 cis is not, a dose escalation experiment was performed.  The same amount of cells for each 

cell line was seeded in different wells and subsequently exposed to 0, 0.5, 1, 2, 5 and 10 µM of 

carboplatin. Pictures were taken daily for 7 days (table 1). At day 4, the growth of A2780 cells 

appeared to be inhibited both at 5 and 10 µM carboplatin concentration. On the other hand, the 

A2780 cis cells were able to proliferate at these concentrations. Because 5 µM might be too low to 

completely inhibit the growth of A2780 cells in a reasonable time for the set up of the metabolomics 

experiment and 10 µM might be too high, a concentration of 6 µM was selected. 
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Table 1: Representative pictures of A2780 and A2780 cis cells in control and treatment conditions at selected time points 

  0 µM (control) 5 µM 10 µM 

Day 0 A2780 

   

 A2780 cis 

   

Day 2 A2780 

   

 A2780 cis 

   

Day 4 A2780 

   

 A2780 cis 

   

 

3.1.2. Cell growth analysis 

Based on the results of the dose escalation experiment, cell growth of A2780 and A2780 cis cell lines 

was determined in the presence of 6 µM carboplatin (figure 4).  The number of live cells and 
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percentage of dead cells was assessed daily for 4 days by cell counting and using the trypan blue 

exclusion assay. The experiment was repeated 3 times.  

 

Figure 4: (A) Growth curve for A2780 and A2780 cis cells under carboplatin treatment. Each error bar represents the standard 

error calculated for 3 independent experiments. (B) Fraction of dead cells for A2780 and A2780 cis in each condition at each time 

point. Each error bar represents the standard error calculated for 3 independent experiments.  

 

At a concentration of 6 µM of carboplatin, the growth of the sensitive A2780 cell line was inhibited, 

while A2780 cis cells continued to proliferate. This was also indicated by a difference in the doubling 

time calculated for the cells under carboplatin treatment (A2780: 46.848 hours, A2780 cis: 28.704 

hours). After 4 days of exposure, carboplatin significantly induced cell death in the A2780 cell line (p 

= 0.0468), compared to the untreated condition.  

The A2780 cells in control conditions displayed an exponential growth (R² = 0.9656, exponential 

curve fit), that was lost when they were treated with 6µM of carboplatin. The A2780 cis cells showed 

an exponential growth in the presence of 6µM of carboplatin (R² = 0.9735). From day 2 onwards, 

there is a significant larger amount of live cells present in the A2780 control condition as compared 

to the treatment condition (p = 0.0301 at day 2. From day 3 onwards, there is a significant difference 

(p = 0.0270 at day 3) between both cell lines treated with carboplatin. 

3.1.3. Determination of 50% growth inhibition concentration (GI50) 

The 50% growth inhibitory concentration of carboplatin (GI50) was determined for both A2780 and 

A2780 cis cell lines (figure 5). The cells were exposed to different carboplatin concentrations and 

growth inhibition was assessed 3 days after exposure by counting the live cells at each concentration. 

The experiment was repeated 3 times. When cell growth in the absence of carboplatin is taken as 

100%, the concentration at which cell growth is reduced to 50% gives the GI50.  

 



16 
 

 

 

Figure 5: GI50 curve for carboplatin in A2780 (A) and A2780 cis (B) cell lines. Each error bar represents the standard error for 3 

independent experiments.  

 

The sensitive A2780 and the resistant A2780 cis cells had a GI50 of 2.49 µM carboplatin (95% CI: 

2.263 µM – 2.740 µM) and 17.62 µM carboplatin (95% CI: 16.43 µM – 18.90 µM), respectively. This 

means that the resistant cell line’s growth is inhibited by 50% at a concentration 7 times higher than 

the one needed to inhibit the growth of the sensitive cell line.  

3.1.4. Cell growth under selected experimental conditions 

Metabolites will be extracted from the A2780 and A2780 cis cell lines for further analysis in 

metabolomics experiments. To determine the optimal time point for metabolites extraction, A2780 

and A2780 cis cells’ growth and death were measured under the specific culture conditions that will 

be used in these future experiments (figure 6). More specifically, on day 2 the corresponding medium 

on all plates was replaced to mimic addition of medium containing the labeled compounds.  

 

Figure 6: (A) Growth curve for A2780 and A2780 cis cells under carboplatin treatment. Each error bar represents the standard 

error calculated for 3 independent experiments. (B) Fraction of dead cells for A2780 and A2780 cis in each condition at each time 

point. Each error bar represents the standard error calculated for 3 independent experiments.  

 

At a concentration of 6 µM of carboplatin, the growth of the sensitive A2780 cell line was inhibited, 

while the A2780 cis cell line continued to proliferate. In the absence of carboplatin, the sensitive 

A2780 cell line showed a higher growth rate than the resistant A2780 cis cell line grown without 

carboplatin, as expected. The absence of dead cells at day 3 was probably caused by the medium 

change at day 2. At 7 days, the carboplatin caused a significantly higher cell death in the A2780 cell 

line, compared to its control condition (p = 0.0166).  
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The A2780 cells in the control condition displayed an exponential growth until day 4 (R² = 0.9983, 

exponential curve fit).  The A2780 cis cells in control and treatment conditions grew exponentially 

until day 6 (R² = 0.9788 and 0.9907 respectively). After day 6, all cell lines except A2780 in the 

treatment condition displayed an absolute decrease in live cell count due to exhaustion of the 

medium.  

From day 1 onwards, there was a significantly larger number of live cells in the A2780 control 

condition as compared to the treatment condition (p = 0.0283 at day 1). From day 4 onwards, there 

was also a significant difference between the A2780 cis in both conditions (p = 0.0027 at day 4). 

From day 3 onwards, there was a significant difference between both cell lines in treatment conditions 

(p = 0.0149 at day 3).  

3.2. Carboplatin response of 3 PDTX models 

Three different PDTX models were previously established to serve as an in vivo model of platinum 

resistance in HGSC. Information about the models and donor patients is shown in table 2.  

For the treatment experiments, 25 mice were transplanted for each model. When a tumor reached 

a volume of 425-450 mm³, the animal was included in the treatment experiment and randomized to 

receive either carboplatin (50mg/Kg, intraperitoneally injected) or placebo (saline, intraperitoneally 

injected), once a week for 3 weeks. Tumor’s response to carboplatin was monitored by measuring 

tumor volume changes and it was subsequently compared to the carboplatin response of the original 

patient tumor. It was also assessed whether a biopsy procedure could be used to collect samples 

without altering tumor volume changes. This procedure will be useful to collect samples at different 

time points, in order to be able to study tumors’ dynamic adaptation to the treatment(s). Using these 

samples, metabolic alterations during the treatment can be investigated, without the need to sacrifice 

animals during treatment. Finally, the structure of each PDTX tumor was compared to that of the 

original patient tumor using H&E staining. 
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Table 2: Information about the donor patients  

Model name Tumor type Treatment history  PFI classification Localization 

OVC005 High-grade 

serous papillary 

carcinoma 

 

 

Complete 

remission after 6 

rounds of 

Carboplatin/Taxol 

 

Platinum-resistant 

relapse 5 months 

after last 

carboplatin 

treatment 

Resistant Ovary 

OVC020 High-grade 

serous papillary 

ovarian 

adenocarcinoma  

 

 

Complete 

remission after 6 

rounds of 

Carboplatin/Taxol 

& 18 months of 

weekly 

angiogenesis 

inhibitor 

 

Platinum-sensitive 

lymph node 

relapse after 51 

weeks 

Sensitive Ovary 

OVC034 Lymph node 

metastasis of 

high-grade 

serous papillary 

ovarian 

adenocarcinoma  

 Sensitive Lymph node 
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3.2.1. Platinum-resistant model (OVC005) 

Of the 25 transplanted mice, 13 mice were included in the non-biopsied cohort and 11 in the biopsied 

cohort. 1 mouse was not included because it failed to respond to anesthesia during the second biopsy 

procedure. This made it impossible to include it in the biopsy cohort, since a second biopsy was not 

performed. Due to the successful first biopsy, it was not possible to include the animal in the control 

group. The results of the tumor measurements of the non-biopsied and the biopsied cohort are shown 

in figure 7.  

 

 

Figure 7: Tumor volume progression during treatment for the mice in the (A) non-biopsied and (B) biopsied cohorts of OVC005. 

Each error bar represents the standard error for the respective number of data points. Animals were treated at day 0, 7 and 14.  

Biopsies were performed at day 0 and 10.  

 

In both cohorts, carboplatin treatment caused marked tumor regression. In 11 of the 13 (84.62%) 

carboplatin-treated mice, there was no palpable tumor mass present after 3 weeks of treatment 

(minimal residual disease, MRD). This response is comparable to that of the original patient, who 

had a complete remission after the treatment.   

The biopsy procedure did not cause a significant difference between the vehicle and treatment groups 

in both cohorts (p = 0.4999 and 0.3386 respectively).  

 

At the moment this thesis is being presented, in 3 of the mice with MRD there was a tumor relapse. 

The others are still being monitored. These mice were treated with carboplatin according to the 

original schedule when the tumor again reached 425 – 450 mm³. The tumor measurements for these 

3 mice during the whole experiment are individually shown in figure 8 (time of new treatment start 

is indicated by arrows).  
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Figure 8: Tumor measurements during the whole experiment for the individual RMD mice in OVC005. Arrows indicate time point 

of inclusion for the relapsed tumor.  

 

The relapses in the MRD mice occurred between 11 and 14 weeks after the last carboplatin treatment. 

A similar relapse was seen in the original patient, who relapsed after carboplatin/taxol administration 

within 5 months from the last treatment. In contrast to the original treatment cohort, the relapsed 

MRD mice showed different responses to carboplatin. Before the completion of the treatment of one 

relapsed tumor, the animal had to be sacrificed due to severe weight loss. Dissection did not reveal 

any macroscopic metastases. This means that it is uncertain whether this animal got sick from the 

cancer or an alternative cause, like an infection. In 2 cases, the tumor kept growing for 1 week, 

before it started regressing. In the other case, the tumor responded immediately and regressed. 

None of the 3 tumors regressed completely before sacrifice 1 week after the last treatment. These 

different responses probably reflect the heterogeneity of the original tumor.   

 

After sacrifice, tumor sections from placebo-treated mice were stained with hematoxylin & eosin and 

compared with stained sections from the original patient tumor (figure 9). This way, it was possible 

to assess whether the PDTX tumor still morphologically resembled the donor tumor.  

 

  

Figure 9: Representative H&E staining of (A) OVC005 tumor and (B) donor patient tumor. Scales show 100 and 50 µM respectively. 

 

Both sections showed a poorly differentiated high-grade serous ovarian carcinoma. In the donor 

tumor, there were large tumors cells present with nuclei of variable size and papillary structures were 

identifiable. In the OVC005 tumor, there was less stroma present as compared to the donor tumor, 
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but papillary structures were also visible. The nuclei were variable in size. The overall architectural 

morphology of both tumors could be considered comparable.  

3.2.2. Platinum-sensitive model (OVC020) 

For the OVC020 treatment experiment, the same experimental described for OVC005 was adopted. 

All 25 transplanted mice were included, 12 in the non-biopsied cohort and 13 in the biopsied cohort. 

Tumor volume changes for this experiment are shown in figure 10.  

 

Figure 10: Tumor volume progression during treatment for the mice in (A) non-biopsied and (B) biopsied cohort of OVC020. Each 

error bar represents the standard error for the respective number of data points. Animals were treated at day 0, 7 and 14. The 

biopsied cohort was biopsied at day 0 and 10.  

 

In both cohorts, carboplatin treatment caused a decrease of the average tumor volume. The original 

patient tumor also regressed when treated with carboplatin, with a documented PFI of > 12 months. 

Of the 13 mice treated with carboplatin, 1 (7.69%) regressed completely to MRD.  

The biopsy procedure did not lead to a significant difference between placebo and treatments groups 

in both cohorts (p = 0.7380 and 0.9720 respectively).  

 

The MRD mouse relapsed 17.5 weeks after the last carboplatin treatment. This is comparable to the 

original patient, who also relapsed, leading to metastasis in the lymph nodes. The mouse was re-

included when the tumour reached 425 – 450 mm³ and was treated with carboplatin according to 

the original schedule. The tumor measurements for this individual mouse during the whole 

experiment are shown in figure 11.  

 

 

Figure 11: Tumor measurements during the whole experiment for the individual RMD mice in OVC020. Arrow indicates time point 
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of inclusion of the relapsed tumor.  

 

It is apparent that the tumor volume decreased also during the second round of treatment, which 

mirrors the carboplatin-sensitivity of the original tumor.  

 

After sacrifice, tumor sections were stained with hematoxylin & eosin and compared with stained 

slides from the original patient tumor (figure 12).  

 

  

Figure 12: Representative H&E staining of (A) OVC020 tumor and (B) donor patient tumor. Scales show 100 and 50 µM 

respectively. 

 

Both sections showed a poorly differentiated high-grade serous ovarian carcinoma. In the donor 

tumor, papillary structures were visible. The cell nuclei were enlarged. In the PDTX tumor, the same 

papillary structures and large nuclei were visible. The structure of both tumors was considered overall 

similar.  

3.2.3. Relapse model (OVC034) 

For the final treatment experiment, OVC034 was used. This model was established using a lymph 

node relapse tumor from the same patient as OVC020. For this experiment, out of the 25 originally 

implanted, 10 mice were included in the non-biopsied cohort and 11 in the biopsied cohort. Four 

animals never developed a tumor. Tumor volume changes for this experiment are shown in figure 

13.  

 

 

Figure 13: Tumor volume progression during treatment for the mice in (A) non-biopsied and(B) biopsied cohorts of OVC034. Each 

error bar represents the standard error for the respective number of data points. Animals were treated at day 0, 7 and 14. The 

biopsied cohort was biopsied at day 0 and 10.  



23 
 

 

In both the biopsied and non-biopsied cohorts, the average tumor volume of the treatment group 

decreased over time.  Out of the 11 mice treated with carboplatin, 4 (36.37%) had no palpable tumor 

after treatment. It was not possible to compare the response of the PDTX and patient tumor, since 

the patient had the lymph node metastasis removed and only after she received the additional 

platinum treatment.  

In contrast to OVC005 and OVC020, there was no strong increase in the average tumor volume in 

either of the placebo groups, indicating that this specific relapse was a slow-growing tumor. There 

was a significant difference between placebo and treatment groups in both cohorts.  

In this experiment, the biopsy procedure significantly changed the tumor growth in placebo and 

treatment conditions between both cohorts (p = 0.0128 and 0.0473 respectively).  

 

None of the 4 MRD mice relapsed with a visible tumor till the moment this thesis was submitted. 

However, 1 mouse was sacrificed due to severe weight loss and showed multiple macroscopic 

metastases along the gastro-intestinal tract. 

3.3. Primary PDC culture establishment and carboplatin response 

From the resistant PDTX model (OVC005), primary cells were isolated to test their validity as a 

patient-derived in vitro model. After optimization of the culture protocol, their carboplatin response 

was characterized using the same procedure adopted for the cell lines’ response. 

3.3.1. Optimization of culture protocol 

To select the optimal culture protocol for the primary OVC005 cells, 2 strategies were evaluated. In 

strategy 1, cells were first cultivated in non-adherent spheres in serum-free OCMI medium. This 

medium was optimized from a protocol used in a study by Ince et al. (48), which showed that ovarian 

cancer cells grow better in OCMI medium than in standard cell culture media. Cells transferred from 

these conditions to adherent cultures in the presence of serum at 1, 2 and 4 weeks, generally failed 

to attach and grow. After 6 weeks, it was determined that 75% of cells in the serum-free condition 

were dead.  

In strategy 2, epithelial cells were originally plated in the presence of serum. They attached and 

started to grow in RPMI + 2% FBS. When the serum concentration was raised to 5% after 2 weeks, 

epithelial cell growth continued, but regular differential trypsinizations rounds were performed to 

remove fibroblasts and prevent their overgrowth, since in serum they normally proliferate faster than 

tumor epithelial cells. After 4 weeks, the serum concentration was raised to 10%. After 3 more weeks 

of partial trypsinizations, the cell cultures still consisted mostly of 2 cell types (table 3). 
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Table 3: Representative bright-field (BF) and immunofluorescence (IF) images of different cell types present in the OVC005 

culture. For the fluorescent microscopy, cells were stained for DAPI (blue), cytokeratin (green) and vimentin (red). 

 Epithelial cell Mesenchymal cell 

BF 

  

IF 

  

 

Strategy 2 resulted in a mixed population mainly consisting of clustered epithelial cells rarely 

interspersed with large, mononuclear cells with multiple projections. Fluorescent staining confirmed 

the clustered cells to be epithelial cells because they were cytokeratin-positive. The large cells were 

deemed to be mesenchymal due to their positivity for vimentin.   

3.3.2. Determination of growth rate 

Tumor epithelial cells formed the large majority of the cells in OVC005 cell culture. To characterize 

the response of these cells to carboplatin, a growth curve was established by exposing the cells to 6 

µM of carboplatin and following cell growth during a time period of 8 days (figure 14).  

 

Figure 14: (A) Representative growth curve for OVC005 primary cells in control and carboplatin-exposed conditions. Each error 

bar represents standard error for 4 replicates within 1 experiment.  (B) Fraction of dead cells for OVC005 in each condition at 
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each time point. Each error bar represents the standard error for 4 replicates.  

 

Carboplatin treatment caused a decrease in the number of live OVC005 cells, over time. This 

resembled the carboplatin response of the tumor from which the cell culture was derived. From day 

2 onwards, carboplatin significantly started to kill the OVC005 cells. 

3.3.3. Determination of 50% growth inhibition concentration (GI50) 

The 50% growth inhibitory carboplatin concentration (GI50) was determined for the primary OVC005 

cells (figure 15). Cells were exposed to different carboplatin concentrations and growth inhibition 

was assessed 4 days after exposure to carboplatin.  

 

Figure 15: GI50 curve for carboplatin in OVC005 primary cell cultures. Each error bar represents the standard error for 3 data 

points. 

 

The OVC005 primary cells had a GI50 of 1.535 µM carboplatin (95% CI: 1.045 µM – 2.256 µM). 
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4. Discussion 

Currently, there are no effective treatment for patients with platinum-resistant HGSC. To investigate 

the impact of metabolic alteration on the resistant phenotype, preclinically-relevant models for 

platinum resistance in HGSC are needed. For translational research in oncology it is essential to have 

an easy-to-use in vitro model for initial experiments and patient-derived in vitro and in vivo models 

to validate the results of these experiments. In this study, the focus was on the establishment and 

characterization of such models.  

4.1. Carboplatin response of HGSC cell lines 

The dose escalation experiment showed that, after 4 days, the growth of A2780 cells seemed to be 

inhibited both at 5 µM and 10 µM carboplatin. At these concentrations, the A2780 cis cells were still 

able to proliferate. Because of concerns that the A2780 cells would not be completely inhibited at 5 

µM and that they would die completely at 10 µM after a longer time period, an in-between 

concentration of 6 µM carboplatin was selected for future experiments. While this was an arbitrary 

selection, this concentration fulfilled the main objectives: inhibiting the growth of the sensitive cell 

line and allowing the resistant cell line to continue proliferating. This will be important for future 

metabolomics experiments since the platinum concentration should be high enough to activate the 

resistance mechanism in the resistant cell lines. However, it should not be high enough to kill all the 

sensitive cells, but it should substantially inhibit their growth, since we are interested in determining 

the differential route of nutrient utilization in both sensitive and resistant cells, with and without 

carboplatin administration.  

The calculated GI50 for carboplatin was 7 times higher for A2780 cis then for A2780 cells. This higher 

platinum-resistance of A2780 cis has been seen in previous studies using cisplatin(49, 50). This is 

expected, since the methods of action of carboplatin and cisplatin are identical (26). This means that 

cells that are resistant to cisplatin will be probably resistant to carboplatin as well (cross-resistance). 

However, it is known that a 5 to 10-fold concentration of carboplatin (23, 51) needs to be 

administered in patients, to have the same effect as cisplatin (52, 53).  

The optimal time point for metabolite extraction for labeled tracer experiments was deemed to be 

between day 4 and day 5, after seeding. At this time point, the A2780 cells are still growing 

exponentially. According to the results showed, waiting longer would allow these cells to approach 

the stationary phase, which could have an influence on their metabolism. Between day 4 and 5, the 

carboplatin was able to inhibit the growth of the sensitive cell line, while the resistant ones still 

managed to proliferate. We observed a sufficiently large difference between the number of live cells 

in both cell lines under treatment conditions. Since the A2780 cell line’s proliferation was inhibited 

under carboplatin treatment, a possible concern would be about the detectability of certain 

metabolites in this condition. This could be solved by seeding more wells of this condition and 

combining the material of these wells during the experiment.  

 

In the future, these cell lines will be used to perform metabolomics research. In a first phase, the 

metabolism of labeled glucose and glutamine will be followed in a labeled tracer experiment. Cells 

will be allowed to metabolize the labeled nutrients for 4 to 5 days. The metabolites will then be then 

extracted and identified using GC-MS. The metabolite concentrations between both cell lines will be 

compared to look at significant differences. Metabolites from the TCA cycle and pentose phosphate 
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pathway are of particular interest. These findings will subsequently have to be validated in an in vivo 

model.  

4.2. Carboplatin response of PDTX models 

In all 3 models, carboplatin treatment caused tumor regression while the tumors continued to grow 

under placebo treatment. In OVC005 and OVC020, this response to carboplatin mirrors that of the 

respective patients, which also saw regression after the treatment. For OVC034, this cannot be 

determined since the original lymph node tumor was surgically removed. These results support the 

pharmacological validity of the models tested. This pharmacological validity is essential since an in 

vivo model should represent the human response to a drug as closely as possible.  

There was a wide variety in the percentage of mice that obtained MRD between the models. This 

could be the consequence of heterogeneity in the original tumor. A tumor is composed of different 

cells with a different sensitivity to treatment. When a mouse is transplanted with a piece of tumor 

that contains a larger subpopulation of resistant cells, it may prove to be more resistant to treatment 

than a mouse transplanted with a tumor piece with a larger subpopulation of sensitive cells. 

Additionally, only a relatively small piece of the original patient tumor is transplanted into mice. 

Finally, there may be a selection for a successful engraftment of more aggressive tumor tissues in 

some cases.  

The MRD OVC005 mice that relapsed showed different responses to carboplatin treatment. This could 

be caused by the tumor heterogeneity. A tumor that relapsed because of proliferation of a resistant 

subpopulation will respond differently than one that did so because a small population of sensitive 

cells survived. The biopsy procedure did not cause changes in the course of tumor growth or 

regression in 2 of the 3 models (OVC005 and OVC020). This means that in these cases, it can be 

used as a method to collect tissue samples for future analysis without disturbing the response to 

carboplatin. In 1 model (OVC034), the biopsy procedure significantly changed the course of tumor 

volume change. This could be the consequence of the difference in tumor consistencies. While 

OVC005 and OVC020 were solid tumors, OVC034 regularly showed fluids around the tumor mass. 

During the biopsy procedure, this fluid leaked, altering the eventual tumor volume.  

The structure of the PDTX tumors strongly resembled the one of the original patient tumors. It is 

known that in PDTX models, after several passages, human stroma is replaced by murine stroma. 

However, as already shown by others in different tumor types (54), the results of the H&E stainings 

show that, after several passages, the morphology of the PDTX tumor is still comparable to that of 

the donor tumor. In addition, KI-67 stainings could determine whether the rate of cell proliferation 

is comparable between both tumors, while Cleaved caspase-3 is generally used as an apoptotic 

marker.  

 

In the future, additional OVC PDTX models will be tested in similar treatment experiments. These 

include models established from patients tumors that are platinum-refractory according to the PFI 

classification. Additionally, tissue samples and serum collected during the treatment and sacrifice in 

the current experiments will be analyzed.  
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4.3. Primary PDC culture establishment and carboplatin response 

The established primary OVC005 cell culture consisted of 2 different cell types. Epithelial tumor cells 

formed the large majority of cells and grew in clones. These epithelial cells were interspersed with 

large, mesenchymal cells. The stainings that were carried out, do not allow to determine whether 

these mesenchymal cells were from human or murine origin. To further investigate this, it would be 

interesting to stain the cells with an antibody specifically targeting human cells. Another option would 

be to use high-throughput low coverage sequencing to assess what percentage of the cells is of 

human origin and what percentage is of murine origin. 

Because both epithelial and fibroblasts were originally present in the culture at the moment of the 

isolation procedures, one possibility is that these mesenchymal cells are senescent fibroblasts. It has 

been previously described that overexpression of vimentin can induce a senescent-like morphology 

in human fibroblasts (55). Another hypothesis is that these cells are cancer-associated fibroblasts. 

These cells are present in the tumor microenvironment and play an important role in cancer by 

promoting processes like tumor growth and metastasis (56). These cells have been implied in the 

epithelial-mesenchymal transition (57). This hypothesis is supported by the fact that the 

mesenchymal cells are always surrounded by epithelial cells.  

The carboplatin response of the primary cell culture (OVC005) mirrored the one of the corresponding 

PDTX model. Upon carboplatin treatment, the number of live cells decreases significantly due to 

increases cell death. This supports the validity of this model as a patient-derived in vitro model of 

carboplatin resistance in HGSC.  

 

In the future, PDCs could be isolated from the additional OVC PDTX models present in the lab. Having 

a collection of different patient-derived in vitro models will provide an important platform for 

validation of in vivo experimental results. Metabolomics experiments could identify metabolic 

alterations linked to platinum-resistance by comparing cell cultures of different resistant types. 

Additionally, these cells could be injected into immune-deficient mice to validate their tumorigenic 

capabilities.  
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5. Conclusion 

In the present study, we characterized the carboplatin response of 2 HGSC cell lines to enable their 

use as an easy-to-use in vitro model in future metabolic experiments. Results from these experiments 

will have to be validated in patient-derived models. To this end we characterized the carboplatin 

response of 3 PDTX models. We also established a PDC from 1 PDTX model for future use as a 

patient-derived in vitro model.  

In the near future, the HGSC cell lines will be used in a labeled tracer experiment, to determine 

nutrients fate in carboplatin sensitive and resistant cells. They will be allowed to metabolize labeled 

glucose and glutamine for 4 to 5 days, after which the metabolites will be extracted. The metabolite 

concentrations will be analyzed using GC-MS to identify altered metabolites between sensitive and 

resistant cell lines.  

The samples that were collected from the mice during the treatment experiments will also be 

analyzed for altered metabolites between the different models. Furthermore, additional OVC PDTX 

models will be established and treated.  

Additional PDCs will be established from other OVC PDTX models. Eventually, metabolomics 

experiments will be performed to identify metabolic alterations between cell cultures with different 

resistant phenotypes (sensitive, with acquired resistance and refractory). These models also provide 

a good opportunity to validate in vivo results obtained in a patient-derived in vitro setting. 

 

In conclusion, we successfully characterized the carboplatin response of an in vitro model of HGSC 

platinum resistance. Additionally, we successfully characterized the carboplatin response of a patient-

derived in vitro model and established a patient-derived in vitro model. In the future, these models 

will be used to study a possible link between metabolic alterations and platinum resistance in HGSC.  
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