
1 
 

Evaluation of immune cell-specific 

functional response following single 

or combinatorial treatment with DNA 

damaging and immunotherapy 

agents using patient-derived 

immunocompetent cultures of High 

Grade Serous Ovarian Cancer 
 

A Thesis submitted to  

Indian Institute of Science Education and Research Pune in partial 

fulfilment of the requirements for the BS-MS Dual Degree Programme  

by  

Abhilash V A 

20191189 

 

 

Indian Institute of Science Education and Research Pune  

Dr. Homi Bhabha Road,  

Pashan, Pune 411008, INDIA.  

 

Date: April, 2024 



2 
 

Under the guidance of 

Supervisor: Dr Anniina Färkkilä, MD PhD, 

Faculty of Medicine 

University of Helsinki 

TAC: Dr Satyajit Rath 

Emeritus Professor 

Department of Biology 

IISER Pune 

From June 2023 to Mar 2024 

INDIAN INSTITUTE OF SCIENCE EDUCATION AND RESEARCH 

PUNE 

 

 

  



3 
 

Certificate 
This is to certify that this dissertation entitled “Evaluation of immune cell-specific 

functional response following single or combinatorial treatment with DNA 

damaging and immunotherapy agents using patient-derived immunocompetent 

cultures of High Grade Serous Ovarian Cancer ” towards the partial fulfilment of 

the BS-MS dual degree programme at the Indian Institute of Science Education and 

Research, Pune represents study/work carried out by   Abhilash V A Institute of 

Science Education and Research under the supervision of Dr Anniina Färkkilä, MD 

PhD  Assistant Professor, Faculty of Medicine, University of Helsinki during the 

academic year 2023-2024.  

 

 

 

         

Dr Anniina Färkkilä, MD PhD   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

This thesis is dedicated to my younger self, my family, my friends, and most of all, to 

the person who sat with me through it all. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

Declaration 
 

I hereby declare that the matter embodied in the report entitled “Evaluation of 
immune cell-specific functional response following single or combinatorial 
treatment with DNA damaging and immunotherapy agents using patient-derived 
immunocompetent cultures of High Grade Serous Ovarian Cancer ” are the 
results of the work carried out by me at Faculty of medicine, University of Helsinki 
under the supervision of Dr Anniina Färkkilä, MD PhD and the same has not been 
submitted elsewhere for any other degree 
 
 

 
 

         Abhilash V A 
 

Date: 27.03.2024 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

Table of Contents 

 
Certificate .................................................................................................................................. 3 

Declaration ................................................................................................................................ 5 

List of Tables ............................................................................................................................ 8 

List of Figures .......................................................................................................................... 9 

Acknowledgments ................................................................................................................. 12 

Introduction ............................................................................................................................ 14 

High Grade Serous Ovarian cancer: Overview ................................................................ 14 

Current treatment methods in HGSOC ............................................................................ 15 

Importance of DNA damage repair pathways in treatment ............................................... 16 

Immune microenvironment in HGSOC............................................................................. 17 

Immunotherapy in Cancer Research and combining it with DNA damaging drugs ........... 18 

Immunocompetent cultures as a model system and preliminary results ........................... 20 

Project Idea ............................................................................................................................. 23 

Objectives ............................................................................................................................... 23 

Materials .................................................................................................................................. 24 

Buffers, reconstitutions and preparations ......................................................................... 29 

Methods .................................................................................................................................. 32 

Sample collection, preparation, and storage .................................................................... 32 

Organoid Culture (48 and 384 well plates) ....................................................................... 33 

Media preparation ...................................................................................................................... 33 

Organoid culture preparation and administration of drugs ................................................... 33 

Organoid dissociation ................................................................................................................ 33 

Flow Cytometry ............................................................................................................... 34 

Antibody staining ........................................................................................................................ 34 

Single colour compensations.................................................................................................... 35 

Immunofluorescence (384 well plates)............................................................................. 35 

Live/dye Staining ........................................................................................................................ 35 

Antibody cocktail preparation ................................................................................................... 35 

Antibody Staining and imaging ................................................................................................. 35 

Data Analysis ................................................................................................................... 36 

FlowJO ......................................................................................................................................... 36 

CYTO ........................................................................................................................................... 36 

Cell Profiler .................................................................................................................................. 38 



7 
 

Results .................................................................................................................................... 39 

Tumour tissue samples from 4 out of 14 patients were suitable for culturing in omentum 

gel ................................................................................................................................... 39 

Immunocompetent cultures were established successfully from 3 patient-derived tumours

 ........................................................................................................................................ 41 

The immune cell population in the tumour tissue was recapitulated in the patient-derived 

immunocompetent cultures .............................................................................................. 42 

Combination therapy of PARPi and anti PD1 antibody showed increased effector T cell 

proportion in the sample S321 ......................................................................................... 43 

CD8+ T cell functional activity was increased upon anti-PD1-antibody monotherapy and 

anti-PD1 antibody – PARPi combination therapy in sample S321 .................................... 44 

Decreased effector T cell proportions were observed with increased concentration of ATRi 

in samples S321 and S263 .............................................................................................. 47 

Decreased functional activity of CD8+ T cells exhibited a decline with increased 

concentration of ATRi ...................................................................................................... 47 

Highest effector T cell proportion in was seen in 0.2 μM ATXi concentration .................... 50 

Enhanced expression of GrzB was detected within CD8+ T cells in sample S321 following 

exposure to 0.2 μM of ATXi .............................................................................................. 50 

Elevated proportions of CD8+ T cells were observed in samples S333 and S263 following 

administration of ATRi – ATXi combinations at higher concentrations .............................. 53 

Functional activity of CD8+ T cells and CD11c+ cells was attenuated in combination 

therapies ......................................................................................................................... 53 

Pronounced anti-tumour efficacy while maintaining minimal immune cell toxicity in the 

combinatorial treatment of 100 μM (ATRi) + 0.2 μM (ATXi) .............................................. 56 

Discussion ......................................................................................................................................... 59 

References ......................................................................................................................................... 62 

 

 

 

  



8 
 

List of Tables 
 
Table 1: Reagents needed for base organoid media ................................................................... 24 
Table 2: Interleukins needed for the complete organoid media .................................................. 24 
Table 3: Omentum culture constituents .......................................................................................... 25 
Table 4: Drugs used in the experiments ......................................................................................... 25 
Table 5: List of fluorochrome-tagged antibodies for surface antigens ....................................... 26 
Table 6: List of fluorochrome-tagged antibodies for intracellular antigens ................................ 26 
Table 7: IF antibodies, their standardized concentrations ........................................................... 27 
Table 8: List of medias used in the experiments ........................................................................... 27 
Table 9: Other solutions used in the experiments ......................................................................... 28 
Table 10: Miscellaneous items used in the experiments ............................................................. 28 
Table 11: All the drug dilutions and combinations used for experiments. ................................. 31 
Table 12: Samples collected and processed with Sample ID, site of origin, cells per ml, total 

number of cells ................................................................................................................................... 40 
 

 

  



9 
 

List of Figures 
 

 
Figure 1: Current treatment plan for HGSOC patients (Nero et al., 2021b). ...................... 15 
Figure 2: Mutations commonly seen in HGSOC patients. Most of these mutations are 

present in DNA damage response, repair, and cell cycle (Morand et al., 2021). .............. 16 
Figure 3:Immunophenotypes in HGSOC (Nero et al., 2021b). ............................................... 18 
Figure 4:Monotherapies and combination therapies of different classes of drugs on 

HGSOC iPDCs.The dot plot shows the action of different concentration of monotherapies of 

Olaparib (PARPi), Pembrolizumab (anti PD-1 antibody), Berzosertib (ATRi), Ziritaxestat 

(ATXi), AMG PERK 44 (PERKi), GSK3859856 (STING agonist) and Adavosertib (WEE1i), 

and their different combinations. Each dot is a particular treatment in a particular sample. 

The log2FC shows the difference in the number of CK7+ (tumour) cells between control and 

each of the treatments. (unpublished data).................................................................................... 22 
Figure 5: Tissue samples before the commencement of processing. ............................... 33 
Figure 6: Settings used in CYTO to run each of the sample ................................................ 37 
Figure 7:Example showing Z scores of each immune cell marker per cluster ............... 38 
Figure 8:Immunocompetent cultures derived from Omental sample. Microscopy images 

of immunocompetent cultures on day 0 – A) 4X B) 10X C) 20X D) 40X and day 6 – E) 4X F) 

10X G) 20X H) 40X ............................................................................................................................ 42 
Figure 9:Immune cell proportion in the tumour tissue (day 0) and patient-derived 

immunocompetent cultures (day 3) from samples S321, S333 and S263.  Each bar plot - 

S321, S333 and S263 shows the immune cell proportion obtained from flow cytometry on 

the day of tissue processing and the end of omentum gel culturing (post 72 hours). 

Proportions were obtained by clustering EpCam negative (non-tumour) cells using FlowSOM 

and annotated them using CYTO. ................................................................................................... 43 
Figure 10:Immune cell proportion in the patient-derived immunocompetent cultures 

after treatment with 10 μg/ mL of pembrolizumab (anti PD1 antibody) or 20 μM 

Olaparib (PARPi) and their combination in samples S321, S333, S263. Each bar plot – 

S321, S333 and S263 shows the immune cell proportion obtained from flow cytometry on 

the day of tissue processing and the end of treatments (post 72 hours) with 10 μg/ mL of 

pembrolizumab (anti PD1 antibody) or 20 μM Olaparib (PARPi) and their combination. 

Proportions were obtained by clustering EpCam negative (non-tumour) cells using FlowSOM 

and annotated them using CYTO. ................................................................................................... 45 
Figure 11: Immune cell Functional Activity of iPDCs of samples S321, S333 and S263 

upon treatment with monotherapies of PARPi, Anti PD1 antibody and their 

combination. Treatment conditions performed were PARPi monotherapy – 20 μM of 

Olaparib (Ola), anti-PD1-antibody monotherapy – 10 μg/ mL of Pembrolizumab (Pembro) 

and their combination (Ola + Pembro). Functional activity of the immune cells were 

assessed by checking the levels of GrzB, IFNγ and Ki-67 for CD8+ T cells and IFNγ, Ki-67 

and HLA-DR for CD11c+ cells. Each heatmap shows the log2 fold change of the immune 

cell functional markers for each cell type per treatment per sample. ......................................... 46 
Figure 12:Immune cell proportion in the patient-derived immunocompetent cultures 

after treatment with 0.02 μM, 0.1 μM and 1 μM of Berzosertib/ VE-822 (ATRi). Each bar 

plot – S321, S333 and S263 shows the immune cell proportion obtained from flow cytometry 

on the day of tissue processing and the end of treatments (post 72 hours) with 0.02 μM, 0.1 

μM and 1 μM of Berzosertib/ VE-822 (ATRi). Proportions were obtained by clustering 

EpCam negative (non-tumour) cells using FlowSOM and annotated them using CYTO. ...... 48 



10 
 

Figure 13: Immune cell Functional Activity of iPDCs of samples S321, S333 and S263 

on administering them with monotherapies of ATRi. Treatment conditions performed 

were ATRi monotherapy – 0.02 μM, 0.1 μM and 1 μM of Berzosertib/VE-822 (ATRi). 

Functional activity of the immune cells was assessed by checking the levels of GrzB, IFNγ 

and Ki-67 for CD8+ T cells and IFNγ, Ki-67 and HLA-DR for CD11c+ cells. Each heatmap 

shows the log2 fold change of the immune cell functional markers for each cell type per 

treatment per sample. ........................................................................................................................ 49 
Figure 14: Immune cell proportion in the patient-derived immunocompetent cultures 

after treatment with 0.13 μM, 0.2 μM and 0.7 μM of Ziritaxestat/ GLPG1690 (ATXi). Each 

bar plot – S321, S333 and S263, shows the immune cell proportion obtained from flow 

cytometry on the day of tissue processing and the end of treatments (post 72 hours) with 

0.13 μM, 0.2 μM and 0.7 μM of Ziritaxestat/ GLPG1690 (ATXi). Proportions were obtained 

by clustering EpCam negative (non-tumour) cells using FlowSOM and annotated them using 

CYTO. .................................................................................................................................................. 51 
Figure 15:  Immune cell Functional Activity of iPDCs of samples S321, S333 and S263 

on administering them with monotherapies of ATXi. Treatment conditions performed 

were ATXi monotherapy – 0.13 μM, 0.2 μM and 0.7 μM of Ziritaxestat/ GLPG1690 (ATXi). 

(just the latter two for S263). Functional activity of the immune cells was assessed by 

checking the levels of GrzB, IFNγ and Ki-67 for CD8+ T cells and IFNγ, Ki-67 and HLA-DR 

for CD11c+ cells. Each heatmap shows the log2 fold change of the immune cell functional 

markers for each cell type per treatment per sample. .................................................................. 52 
Figure 16: Immune cell proportion in the patient-derived immunocompetent cultures 

after treatment with combinations of Berzosertib/ VE-822 (ATRi) and Ziritaxestat/ 

GLPG1690 (ATXi). Each bar plot – S321, S333 and S263, shows the immune cell 

proportion obtained from flow cytometry on the day of tissue processing and the end of 

treatments (post 72 hours) with Combo 1 – ATRi 0.02 μM + ATXi 0.13 μM, Combo 2 – ATRi 

0.1 μM + ATXi 0.2 μM, Combo 3 – ATRi 1 + ATXi 0.7, Combo 4 – ATRi 0.02 μM + ATXi 0.2 

μM. Proportions were obtained by clustering EpCam negative (non-tumour) cells using 

FlowSOM and annotated them using CYTO. ................................................................................ 54 
Figure 17: Immune cell Functional Activity of iPDCs of samples S321, S333 and S263 

on administering them with ATRi-ATXi combination therapies. Treatment conditions (all 

concentrations are in μM) performed were combinations of Berzosertib/ VE-822 (ATRi) 

and Ziritaxestat/ GLPG1690 (ATXi). Functional activity of the immune cells was assessed 

by checking the levels of GrzB, IFNγ and Ki-67 for CD8+ T cells and IFNγ, Ki-67 and HLA-

DR for CD11c+ cells. Each heatmap shows the log2 fold change of the immune cell 

functional markers for each cell type per treatment per sample. ................................................ 55 
Figure 18: Boxplots showing proportion of CK7+ live cells normalised to control from 

iPDCs from S321, S333, S263. Treatment conditions (all concentrations are in μM) 

performed were monotherapy of Berzosertib/ VE-822 (ATRi) and Ziritaxestat/ 

GLPG1690 (ATXi) and their combinations. Tumour cell death was calculated using [CK7+ 

DCM+ cells/ all cells] from the intensities obtained from IF images. Each field in a well was 

taken as a single image and proportions for each of these images were calculated. *P<0.05, 

***P<0.001. .......................................................................................................................................... 57 
Figure 19: : Boxplots showing proportion of CD45+ live cells normalised to control 

from iPDCs from S321, S333, S263. Treatment conditions (all concentrations are in μM) 

performed were monotherapy of Berzosertib/ VE-822 (ATRi) and Ziritaxestat/ 

GLPG1690 (ATXi) and their combinations. Immune cell death was calculated using 

[CD45+ DCM+ cells/ all cells] from the intensities obtained from IF images. Each field in a 

well was taken as a single image and proportions for each of these images were calculated. 

***P<0.001. .......................................................................................................................................... 58 

 



11 
 

 

Abstract 

 

High Grade Serous Ovarian Cancer (HGSOC) is one of the most lethal gynaecological 

malignancies with a 5-year survival rate of less than 42%. Current treatment regimens 

against the disease include debulking surgeries, Neo Adjuvant Chemotherapy, and 

Poly (ADP-ribose) polymerase inhibitors. Immunotherapies have shown very little 

promise with regards to this disease. Here as part of a prospective clinical trial 

(OncosysOVA - NCT06117384), we use patient derived immunocompetent cultures 

(iPDCs) to test the efficacy and immune cell (CD8+ T cell, CD4+ T cell and CD11c+ T 

cell) functional activation using the markers : GrzB, IFNγ, Ki-67, HLA-DR upon 

treatment with a DNA damaging drug - Berzosertib/ VE-822 (ATRi) and novel 

immunotherapy drug - Ziritaxestat/ GLPG1690 (ATXi) drugs and their combination. 

Already established drugs such as Olaparib (PARPi) and Pembrolizumab (Anti-PD1-

antibody) were used to validate the results obtained from the ATRi and ATXi 

treatments. The results showed that increased concentrations of both ATRi and ATXi 

are harmful for the immune cells and decreased the functional activity of these cells. 

A combination of ATRi 0.1 μM + ATXi 0.2 μM increased tumour cell death without 

having a pronounced immune cell death, while ATXi 0.2 treatment showed the highest 

immune cell activation. Most results were patient specific which adds more evidence 

to the usage of iPDCs for studying immune cell activity in the tumour infiltrated immune 

cells and as a pre-clinical tool to determine the treatment regimen and dosage for each 

patient. 
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Introduction 
 

High Grade Serous Ovarian cancer: Overview 

Of all the diseases plaguing humankind, cancer has always been a fatality that has 

made patients, doctors, and researchers equally helpless. Even though recent 

advancements in medicine have increased the survival rates of patients in the past 

decades, it is slowly growing into a global epidemic (Ugai et al., 2022). In 2020, 19.3 

million patients were diagnosed with cancer compared to 17 million in 2018, with the 

total number of deaths increasing from 9.5 million to 10 million (Sung et al., 2021). 

Ovarian cancer is the 8th most common cancer and the 7th leading cause of cancer 

death worldwide in women, with a mortality rate of 57.9% (Jemal et al., 1999). The 

substantially higher mortality of the disease is closely associated with the absence of 

proper screening techniques, delayed onset of symptoms, and, most importantly, 

unresponsiveness to treatments (Nero et al., 2021a). Of this, High Grade Serous 

Ovarian Cancer (HGSOC) contributes to disproportionate fatalities, accounting for 

about two-thirds of the total Ovarian cancer death (Momenimovahed et al., 2019).  

Recent findings suggest that the Fallopian tube is the origin of most HGSOC tumour 

mass (Perets et al., 2013). Since most patients (about 85%) are diagnosed with the 

disease quite late, the tumours are mostly in the later stages (III – IV) ( SEER Ovarian 

Cancer., 2018). 96% of all HGSOC patients have TP53 mutations, while 22% of them 

have BRCA1/ 2 mutations(“Integrated Genomic Analyses of Ovarian Carcinoma,” 

2011). Unlike most cancers, HGSOC does not metastasize through blood or lymph. 

Instead, they spread to adjacent organs in the peritoneal cavity through direct 

extension and/ or detachment of cancer cells from the primary tumour site(Lengyel, 

2010). Accumulation of ascites fluid in the peritoneal cavity, which is an accompanying 

hallmark of HGSOC, aids in this spread (Meza-Perez & Randall, 2017). Thus, the most 

common metastases we observe are in the peritoneal cavity – Omentum (fatty tissue 

that supports and covers organs in the lower abdomen), Ovaries, adnexa, and lymph 

nodes, and even spleen in some cases(Lisio et al., 2019).  
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Current treatment methods in HGSOC 

Currently, the first line treatment for HGSOC involves primary debulking surgery (PDS) 

and platinum-based chemotherapy (Figure 1)  (Nero et al., 2021b). However, size of 

the residual tumour mass after this cytoreductive surgery has shown to negatively 

correlate with patient prognosis (Polterauer et al., 2012). Given the challenges 

associated with achieving optimal tumour removal through PDS alone, neoadjuvant 

chemotherapy (NACT) followed by interval debulking surgery (IDS) has emerged as 

an alternative approach (Onda et al., 2008). The standard chemotherapeutic regimen 

for advanced HGSOC currently consists of a combination of carboplatin and paclitaxel. 

However, approximately 15% of patients develop resistance to this treatment regimen 

(Katsumata et al., 2013). Additionally, depending on the Homologous recombination 

deficient status of the patient, they are also prescribed with Poly (ADP-ribose) 

polymerase inhibitors (PARPi)(Rose et al., 2020).  

Figure 1: Current treatment plan for HGSOC patients (Nero et al., 2021b). 

Despite significant advancements in therapeutics, the survival rate for high-grade 

serous ovarian cancer (HGSOC) has remained stagnant at around 45%-50% for 

several decades (Surveillance Research Program, 2021). This is mainly because of 

the high degree of heterogeneity found in the Tumour Microenvironment (TME), not 
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only across tumours but also within them. This attributes the malignancy to different 

immune evasion and resistance mechanisms, resulting in treatments succeeding in 

just a subset of the patient population (Vázquez-García et al., 2022) While 

approximately 80% of HGSOC patients initially respond to platinum-based 

chemotherapy, a significant portion—about 75%—eventually experience relapse (P.-

E. Colombo et al., 2014). Moreover, the median progression-free survival in HGSOC 

patients is only 18 months, with a high likelihood of recurrence (Stewart et al., 2019).  

Importance of DNA damage repair pathways in treatment 

Recent research developments have identified a considerable amount of genomic 

heterogeneity, instability and mutations causing Homologous Recombination 

Deficiency (HRD), among others (Figure 2) (Cojocaru et al., 2018). These mutations 

are major loss of function or epigenetic inactivation of the proteins BRCA1/2, which 

are integral in HR-mediated repair (P. E. Colombo et al., 2014). These tumour 

subtypes have been shown to have impaired response to DNA damage and increased 

sensitivity to drugs that target alternate DNA repair pathways/mechanisms, such as 

PARPi. One possible reason might be the synthetic lethality induced as result of 2 

different DDR pathways getting perturbed/ inhibited (de Bono et al., 2020). Similarly, 

deficiency in the Mismatch Repair (MMR) pathway/ mechanism is associated with 

heightened sensitivity to PD-L1 (Programmed Death – Ligand 1) inhibitors (Morand et 

al., 2021).  

Figure 2: Mutations commonly seen in HGSOC patients. Most of these mutations 
are present in DNA damage response, repair, and cell cycle (Morand et al., 2021). 

Short term Organoids have been used previously for functional profiling of DNA repair 

mechanisms and detecting vulnerabilities. They showed that, irrespective of DNA 

repair gene mutational status, a defect in homologous recombination (HR) increased 



17 
 

PARPi sensitivity and a defect in replication fork stability and protection was 

associated with ATR (Ataxia telangiectasia and Rad3 related) inhibitor sensitivity (Hill 

et al., 2018).   

Recently, our lab had developed a method to characterize patients based on their 

allelic imbalances conferring them with increases susceptibility to HR targeted 

therapies. This method – ovaHRDscar, which scores the patient/ tumour based on 

allelic imbalances such as BRCA1 /2 mutations has also been adopted by the clinics 

for better and personalized treatment plans (Perez-Villatoro et al., 2022).  

Immune microenvironment in HGSOC 

Tumour immune microenvironment (TIME) composed of infiltrated immune cells, 

cytokines and chemokines acts as a crucial factor in the processes of cancer 

development, progression, and metastasis (Baci et al., 2020). Clinical effects of 

therapeutics are heavily dependent on these complex dynamics (Lei et al., 2020). 

The immunophenotype of tumour microenvironment in HGSOC can be broadly 

classified into 3 different subtypes (Figure 3); immune cell inflamed (hot tumours) – 

which has immune cell infiltrates in tumour tissue and the surrounding stroma, immune 

excluded – where the immune cells are restricted to stroma and Immune desert (cold 

tumours) – which contain non inflamed immune cells (Chen & Mellman, 2017). 

High-Grade Serous Ovarian Cancer (HGSOC) stands out among ovarian cancer 

subtypes for its significant infiltration of CD8+ T cells (Zhang et al., 2003). Moreover, 

the presence of CD8+ intraepithelial tumour-infiltrating lymphocytes (TILs) emerges 

as a positive prognostic indicator across HGSOC cases, irrespective of factors such 

as the extent of surgical cytoreduction, chemotherapy regimen, or the presence of 

germline BRCA1 mutation (Goode et al., 2017). 

Dendritic cells (DCs) capture, process and present non-host antigens to other immune 

cells (Théry & Amigorena, 2001). Antigen presented by DCs can be both exogenous (MHC 

class II molecules present antigens to CD4+ T cells) and/ or endogenous (MHC class 

I molecules present antigens to CD8+ T cells) (Dudek et al., 2013). The cytokine/ 

chemokine network is, in particular, involved in cancer related inflammation, 

angiogenesis, and immune cell infiltration (Kulbe et al., 2012). Interactions with antigen 

presenting cells (APCs) and T cells are one of the 3 requirements (presence of a 

cognate antigen and pro inflammatory signals being the other 2) for the appropriate 
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functional activation of exhausted CD8+ T cells (Mempel et al., 2004). These 

interactions are concordant with enhanced memory, effector function, survival, and 

proliferation in T cells (Duraiswamy et al., 2021) .  

Figure 3:Immunophenotypes in HGSOC (Nero et al., 2021b). 

 

Immunotherapy in Cancer Research and combining it with DNA damaging 

drugs 

HGSOC patients are seen to be generally unresponsive to immunotherapies, 

especially towards anti PD1 antibody. This might be because of the low baseline 

expression of CD28 in a large portion of these tumours (Duraiswamy et al., 2021). 

Success of most immunotherapy regimens hinge upon pre-existing intratumoural 

immune cell inflammation. Thus, restoration of this inflammation is a crucial step in 

immunotherapy against cold or immune excluded tumours(Kandalaft et al., 2022) . 

Presence and functional activation of DCs are essential for sustained anti-cancer 

responses (Duraiswamy et al., 2021). Different classes of drugs use different pathways 

for facilitating this. 
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PD-1/ PD-L1 (Programmed death/ programmed death ligand 1) axis is an important 

negative regulator for immune cell activity and is essential in the context of immune 

tolerance, autoimmunity, and immune cell exhaustion (Francisco et al., 2010). PD-L1 

is majorly expressed in hematopoietic cells such as macrophages, T cells, B cells, 

dendritic cells, and mast cells. They are also expressed in some of the non-

hematopoietic cells with their primary function being immune homeostasis (Sun et al., 

2018). However, several tumour types, including HGSOC mimic this negative 

regulatory mechanism, expressing PD-L1 and essentially thwarting an immune 

response against them (Li et al., 2018). The binding of anti-PD1-antibodies to PD-1 in 

the T cells prevents this interaction, aiding in proper immune response. Inhibition of 

Autotaxin (ATX) is another mechanism which can be used to activate antigen 

presenting cells, mainly DCs. This happens due to the inhibition of Lysophosphatidic 

acid (LPA), which acts as a negative regulator of the functional activation and signaling 

in DCs and other innate immune cells (Emo et al., 2012). Majority of the LPA in our 

system is produced by the conversion of phospholipase A1 (PLA1) and phospholipase 

A2 (PLA2) family members converts phospholipids to lysophospholipids which is then 

converted to LPA by ATX(Aoki, 2004). Thus, ATX inhibits LPA production and removes 

the negative regulatory effects of the latter on DCs and other innate immune cells. DC: 

T cell co cultures were also seen to significantly increase the T cell proliferation and 

activation(Emo et al., 2012). 

The rationale behind using DNA damaging drugs in combination with immunotherapy 

agents is that combination of low dose radiotherapy (DNA – damage inducing) with 

the latter was observed to induce inflammation and reduced metastatic solid tumour 

mass (Herrera et al., 2022). Furthermore, several pre-clinical work has now shown 

that other than the direct cytotoxic effects of these drugs, they alter the inflammatory 

response in the TME, promote immunogenic cell death and/ or stimulate neoantigen 

production which activates anti tumour activity in immune cells (Brown et al., 2018). 

PARPi has shown great synergistic effects with multiple immunotherapy regimens 

including anti-PD-1 antibodies(Konstantinopoulos et al., 2019)  (Vikas et al., 2020).  

Inhibition of PARP, a mainstream anti-cancer approach, has been demonstrated to 

selectively eliminate tumor cells while sparing normal ones (Sachdev et al., 2019). 

Members of the PARP family, such as PARP1 and PARP2, serve as DNA damage 

sensors and signal transducers. Inhibiting PARP disrupts the repair of single-strand 
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breaks (SSBs) (Schreiber et al., 1995). This effect is particularly pronounced in 

patients with HR deficiency, as the escalation of single-strand breaks to double-strand 

breaks (DSBs) remains unresolved (Saleh-Gohari et al., 2005). Though, only 40% of 

HRD patients have shown sensitivity to PARPi therapy (Audeh et al., 2010). Ovarian 

cancer patients who responded well against the combination of PARP inhibitor and an 

anti – PDL1 agent, had an exhausted TIL phenotype before the commencement of the 

treatment (Färkkilä et al., 2020). Another method is by inhibiting ATR, which is a DDR 

kinase. In most cancer cells, the G1 checkpoint is lost and there is an increased 

reliance in S and G2/ M checkpoints (Massagué, 2004). ATR is a pivotal in the S and 

G2/ M checkpoint signaling in the presence of ssDNA (Saldivar et al., 2017). As TP53 

mutations (disruption of G1 checkpoint) are present in almost all HGSOC cancer 

tissue, it could render them more sensitive to ATR inhibition (Kwok et al., 2016).  

The efficacy of combinations of DNA damaging drugs and immunotherapy drugs 

needs to be tested in their ability to kill tumour cells without adversely affecting the 

immune cells (and other host cells). There are no models which can recapitulate the 

patient specific tumour immune microenvironment.  

 

Immunocompetent cultures as a model system and preliminary results 

To recapitulate patient specific immune response, the lab has been focused on 

establishing a patient-derived immunocompetent model to test this in addition to 

studying the functional activation of the immune cells (CD8+ T cells, CD4+ T cells and 

CD11c+ cells).  

The lab had previously found that growing HGSOC patient derived tumour cells in a 

patient-derived omentum gel matrix significantly improved the growth of HGSOC 

immunocompetent patient-derived cultures (iPDCs) compared to the conventional 

basement matrix. These iPDCs could maintain the tumour-derived lymphocytes and 

myeloid cells to a greater degree, while providing the tumour cells to grow in native-

like environment. The iPDCs also showed inter-tumoral heterogeneity and tumour-

specific drug responses (Ashwini S Nagaraj et al., 2024) in concordance with recent 

research findings (Nero et al., 2021b).  

This model was used to test the efficacies of PARPi, ATRi and WEE1i (Wee1-like 

protein kinase inhibitor), which are DNA damage-inducing drugs; anti-PD-1 antibody, 
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which is an established immunotherapeutic drug; STING (Stimulator of interferon 

genes) agonist, ATXi and PERKi (Protein Kinase R (PKR)-like endoplasmic reticulum 

kinase), which are novel immunotherapeutic drugs.  

Different concentrations of their monotherapies and combination therapies were tested 

in the iPDC model. The results showed promising results in monotherapy and 

combination therapies involving ATRi (Figure 4), especially the combination of ATRi 

and ATXi causing cancer cell death (Ashwini S Nagaraj et al., 2024). As this 

experimental set-up focused mainly on the effect of drugs on cancer cell death, we set 

out to investigate the effect of ATRi as a single agent or in combination with ATXi on 

the functional status of the T cells and dendritic cells. Using multi-parameter flow 

cytometry, we evaluate T cell activation using the markers IFNγ, granzyme B (GrzB), 

and Ki67, and for the dendritic cells, IFNγ, HLA-Dr and Ki67. 
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Figure 4:Monotherapies and combination therapies of different classes of drugs 

on HGSOC iPDCs.The dot plot shows the action of different concentration of 

monotherapies of Olaparib (PARPi), Pembrolizumab (anti PD-1 antibody), Berzosertib 

(ATRi), Ziritaxestat (ATXi), AMG PERK 44 (PERKi), GSK3859856 (STING agonist) 

and Adavosertib (WEE1i), and their different combinations. Each dot is a particular 

treatment in a particular sample. The log2FC shows the difference in the number of 

CK7+ (tumour) cells between control and each of the treatments. (unpublished data) 
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Project Idea 

Due to the inherent heterogeneity of HGSOC tumours or any tumour in general, the 

use of combination drugs could possibly reduce the tumour mass to a greater extent 

when compared to monotherapies. Also, the majority of the pre-clinical drug treatment 

studies are primarily focused on cancer cell death, and the effect of single or 

combination therapies on immune cell abundance and functional states is poorly 

studied.  

This thesis investigates the effects of single agent ATRi or ATXi and their combination 

treatment on T cells and DC functional states using GrzB, Ki-67, IFNγ and HLA-DR 

markers, as well as the cytotoxic effect of these treatments on cancer cells. Already 

established anti-cancer drugs such as Olaparib (PARPi) and Pembrolizumab (anti PD-

1 antibody) were used for validation. 

Objectives 
 

1. To validate the action of drugs in patient derived immunocompetent cultures  

• To observe the change in immune cell proportion upon treatment with 

Olaparib and Pembrolizumab and their combination in the iPDOs 

• To check the immune cell (CD8+ T cell, CD4+ T cell and CD11c+ cell) 

functional activation (GrzB, Ki-67, IFNγ and HLA-DR) upon treatment 

with Olaparib and Pembrolizumab and their combination in the iPDOs 

2. To check the effects of Berzosertib + Ziritaxestat and their combination in 

patient derived immunocompetent cultures 

• To observe the change in immune cell proportion upon treatment with 

different concentrations of Berzosertib and Ziritaxestat and their 

combination in the iPDOs 

• To check the immune cell (CD8+ T cell, CD4+ T cell and CD11c+ cell) 

functional activation (GrzB, Ki-67, IFNγ and HLA-DR) upon treatment 

with different concentrations of Berzosertib and Ziritaxestat and their 

combination in the iPDOs 

• To check the tumor and immune cell death upon treatment with different 

concentrations of Berzosertib and Ziritaxestat and their combination in 

the iPDOs 
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Materials  
 

Name Stock 
Concentration 

Working 
Concentration 

Company/ 
Catalogue  

Advanced  
DMEM/F12 

  Thermo Scientific/ 
#12634-010 

Primocin 50 mg/ml 100 μg/ml Invivogen / #ANTPM1 

NEAA 100x 1x Gibco/ #11140035 

Sodium Pyruvate 100x 1x Gibco/ #11360-039 

L-Glutamine 100x 1x Gibco Life Technologies/  
#35050-061 

HEPES 100x 1x Sigma Merk/ #H0887-100ML 

N-Acetyl-Cysteine 100 mM 1 mM Sigma/ #A9165-100G 

Nicotinamide 100 mM 5 mM Sigma/ #N0636-500G 

Supplement B-27 50 x 1X ThermoFischer/ #17504044 

FGF-10 100 μg/mL 10 ng/mL Peprotech/ #100-26 

basic FGF (FGF4) 100 μg/mL 10 ng/mL Peprotech/ #AF-100-18B 

A-83-01 10 mM 0.5 μM Sigma/ #SML0788-5MG 

β-estradiol 10 mM 10 nM Sigma/ #E2758-1G   

Neuregulin-1 /  
Heregulin 

6.6 uM /  
50 ug/ mL 

5 nM Peprotech/ #100-03 

EGF 100 μg/mL 5 ng/mL Peprotech/ #AF-100-15 

Hydrocortisone 1 mg/mL 500 ng/mL Sigma/ #H0888 

Y-27632 /  
ROCK inhibitor 

5 mM 5 μM AbMole Biosciences/ 
 #M1817 

Table 1: Reagents needed for base organoid media 

 

Name Stock 
Concentration 

Working 
Concentration 

Company/ 
Catalogue  

IL2 66 X E6 IU/Ml  
or 1mg/mL 

500 IU/mL Peprotech/ #200-02 

IL15 10 μg/ml 10 ng/ml Peprotech/ #200-15 

IL7 10 μg/ml 10 ng/ml Peprotech/ #200-07 

Table 2: Interleukins needed for the complete organoid media 



25 
 

Name Stock 
Concentration 

Working  
Concentration 

Company/ 
Catalogue 

Ome-gel 17.7 mg/ml 2.5 mg/ml  

Aprotinin 10 mg/ml  33.3 μg/ml Sigma-Aldrich/ 
#A6279 

Thrombin 100 U 0.3 U Sigma-Aldrich/ 
#T6884 

Fibrinogen 25 μg/ml 0.5 μg/ml Sigma-Aldrich/ 
#341578 

Table 3: Omentum culture constituents 

Name Class of 
Drugs 

Stock 
Concentration 

Company/ 
Catalogue 

Pembrolizumab PARP 
inhibitor 

5mg/ml Selleckchem/ 
A2005 

Ziritaxestat (GLPG1690) ATX 
inhibitor 

1mM MedChemExpress/ 
HY-101772 

Berzosertib (VE-822) ATR 
inhibitor 

10mM Selleckchem/ 
S7102 

Olaparib Anti-
PD1-

Antibody 

10mM Selleckchem/ 
S1060 

Table 4: Drugs used in the experiments 

Fluorochrome Antigen Clone Company/ 

Catalogue 

Host Dilution 

FITC CD56 MEM-

188 

Immunotools/ 

#21270563 

 

Mouse 1:50 

PE CD14 18D11 Immunotools/ 

#21620144 

Mouse 1:50 

PE-CF594 CD4 ROA-T4 BD 

BiosciencesTM/ 

#562281 

Mouse 1:50 

PerCP-CY5.5 HLA-DR G46-6 BD 

PharmingenTM/ 

#552764 

Mouse 1:25 

APC/Fire 75 CD326/ 

EpCam 

9C4 Biolegend/ 

#324233 

Mouse 1:50 

BV421 CD45 HI30 BD 

BiosceincesTM/ 

#563879 

Mouse 1:200 

BV510 DCM  Invitrogen™/ 

#L34965 

Mouse 1:200 
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BV510 (for 

compensation) 

CD16 3G8 BD Biosciences/ 
#563829 

Mouse  

BV605 CD8 SK1 BD 

BiosceincesTM/ 

#564116 

Mouse 1:50 

BV711 CD11c B-ly6 BD HorizonTM/ 

#563130 

Mouse 1:50 

BV786 CD3 SK7 BD HorizonTM/ 

563800 

Mouse 1:50 

Table 5: List of fluorochrome-tagged antibodies for surface antigens 

 

 

 

 

 

 

 

 

Table 6: List of fluorochrome-tagged antibodies for intracellular antigens 

  

Fluorochrome Antigen Clone Company/ 
Catalogue 

Host Dilution 

PE-CY7 Ki-67 B56 BD Pharmingen™/ 
561283 

Mouse 1:50 

APC GrzB GB11 Invitrogen/ 
GRB05 

Mouse 1:50 

APC/Fire 750 IFNy B27 BD Pharmingen™/ 
557995 

Mouse 1:50 
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Channel Name Company/ 
Catalogue 

Dilution 

555 Anti-CK7 Abcam/ 

#EPR17078 

1:250 

647 Anti-CD45 BioLegend/ 

#304018 

1:150 

350 Hoechst ThermoFisher/ 

#H3570 

1:8000 

488 Live-or-Dye 

Fixable 

viability dye 

Biotium/ 

#32004A 

 

Table 7: IF antibodies, their standardized concentrations 

 

 

 

 

Table 8: List of medias used in the experiments 

 

Name Company/ 
Catalogue 

CS&T Research Beads BD Biosciences/ 
#655051 

Fixable Live-or-Dye™ BD biosceinces/ 
#552843 

RQ1-RNAse free DNase Promega/ 
#M610A 

RBC lysis buffer Sigma Aldrich/ 
# 11814389001 

Stem cell banker Amsbio/ 
#11890F 

BD™ CompBeads Anti-Mouse Ig,  
κ/Negative Control Compensation Particles Set 

BD Biosciences/ 
#552843 

BSA  

EDTA  

FBS  

Dispase Sigma-Aldrich/ 
#D4693 

Name  Company/ 
Catalogue 

Advanced DMEM/F12 ThermoFisher/ 
#12634010 

DMEM/F12 with L-Glutamine  Thermo Fisher/ 
#1320033 
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Glutamax Thermo Fisher/ 
# 35050061 

1X DPBS Thermo Fisher/ 
#14190094 

Table 9: Other solutions used in the experiments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10: Miscellaneous items used in the experiments 

 

  

Name Company/ 
Catalogue 

70μm cell strainer Thermo Fisher/ 
#22363548 

15ml Falcon tubes Greiner Bio-One/ 
#3913477 

50 ml falcon tubes  Greiner Bio-One/ 
#525-0384 

5ml pipettes Greiner Bio-One/ 
#6121013 

10ml pipettes Greiner Bio-One/ 
#6121015 

25ml pipettes Greiner Bio-One/ 
#6121017 

10 cm dish Greiner Bio-One/ 
#391-3236 

2ml Cryotubes Greiner Bio-One/ 
#4790086 

Cell Freezing box Biocision/ 
#BCS-136 

Cell Counting Slides Logos Biosystems/ 
#L12001 

Stainless steel  
microscopy scissors 

Thermo Fisher/ 
#10065090/4070 

Sterile disposable 
scalpels 

Thermo Fisher/ 
#11798343/0501 

Stainless steel forceps Thermo Fisher/ 
#10169920/1002 
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Buffers, reconstitutions and preparations 

Base tissue dissociation media preparation 

5 ml of 100X Glutamax, 5 ml of 1M HEPES and 5 ml of Pen Strep was added to 500 

ml of DMEM/F12. The base tissue dissociation media is prepared beforehand and is 

stored in 4oC. 

Dispase preparation 

50U/ml stock of dispase was prepared by dissolving the powder in a buffer containing 

5mM CaAc and 10mM NaAc (pH 7.5) using a filter tip of 0.22 µM. Aliquots were stored 

in 4oC until use. 

Dissociation final solution preparation 

Final dissociation solution was prepared by mixing the base tissue dissociation media 

with prepared dispase solution and RQ1-RNAse free DNase in the volume ratio 97:2:1. 

Recombinant Human Neuregulin β reconstitution 

50 ug/ ml stock is prepared by dissolving 100 µg in 2 ml of sterile filtered (0.22 µm) 

0.1% (w/v) BSA in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until 

use. 

rhEGF reconstitution 

1 mg of powdered rhEGF was dissolved in 10 ml of 0.1% (w/v) sterile filtered (0.22 

µm) BSA in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until use. 

rh FGF-10 reconstitution 

25 ug of powdered rh FGF-10 was dissolved in 250 µl of 0.1% (w/v) sterile filtered 

(0.22 µm) BSA in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until 

use. 

Rh FGF- Basic reconstitution 

50 µg of powdered rh FGF- basic was dissolved in 500 µl of 0.1% (w/v) sterile filtered 

(0.22 µm) BSA in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until 

use. 

Interleukin-2 reconstitution 

1mg of IL-2 powder was dissolved in 1 ml of 0.1% (w/v) sterile filtered (0.22 µm) BSA 

in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until use. 

Interleukin-7 reconstitution 

10 µg of IL-2 powder was dissolved in 1 ml of 0.1% (w/v) sterile filtered (0.22 µm) BSA 

in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until use. 

Interleukin-15 reconstitution 

10 µg of IL-2 powder was dissolved in 1 ml of 0.1% (w/v) sterile filtered (0.22 µm) BSA 

in DPBS (without Ca2+ and Mg2+). Aliquots were stored in -80oC until use. 
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N-Acetyl-L-cysteine reconstitution 

1.6 g of N-Acetyl-L-Cysteine powder was dissolved in 100ml of milli-Q. It was sterile 

filtered (0.22 µm) and stored in 4oC until use. 

Thrombin from Human Plasma reconstitution 

100 units of Thrombin was diluted in 1 ml of 0.1% (w/v) sterile filtered (0.22 µm) BSA 

in sterile PBS. Aliquots were stored in -80oC until use. 

Fibrinogen preparation 

Powdered fibrinogen was warmed to 37 o C. 10 ml of warm sterile Milli-Q was added 

to it. As the fibrinogen solution gets viscous while pipetting, it was warmed in the water 

bath multiple times. After dissolving, 10 ml of warm sterile milli-Q is again added to the 

solution. 

Aprotinin reconstitution 

25 mg of Aprotinin powder was dissolved in 2.5 ml of milli-Q. Aliquots were stored in -

20oC until use. 

Drug Dilutions 

The drugs were diluted (Table X) on the day they were added to the cultures. 

Compound Stock 
Concentration 

Working 
Concentration 

7X 
concentration 

Volume 
of drug 

per 
600 µL 

Volume 
of the 
media 
(in µL) 

Samples 
treated 

DMSO 
(Control) 

100% 0.2% 
 

1.4% 16.8 
µL 

583.2 S321, 
S333, 
S263 

Berzosertib/VE-
822 (ATRi)  

0.1 mM 20 nM 140 nM 0.84 
µL 

599.16 S321, 
S333, 
S263 

Berzosertib  See above 100 nM 700 nM 4.2 µL 595.8 S321, 
S333, 
S263 

Berzosertib  See above 1 µM 7 µM 42 µL 558 S321, 
S333, 
S263 

Ziritaxestat/ 
GLPG1690 
(ATXi 

0.1 mM 0.13 µM 0.65 µM 3.9 µL 596.1 S321, 
S333 

Ziritaxestat  See above 0.2 µM 1.4 µM 8.4 µL 591.6 S321, 
S333, 
S263 

Ziritaxestat  See above 0.7 µM 4.9 µM 29.4 
µL 

570.6 S321, 
S333, 
S263 
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Berzosertib + 
Ziritaxestat - 

See above 20 nM + 0.13 
µM 

140 nM + 
0.65 µM 

0.84 µL 
+ 3.9 
µL 

595.3 S321 

Berzosertib + 
Ziritaxestat   

See above 20 nM + 0.2 
µM 

140 nM + 1.4 
µM 

0.84 µL 
+ 8.4 
µL 

590.8 S333, 
S263 

Berzosertib + 
Ziritaxestat 

See above 100 nM + 0.2 
µM 

700nM +1.4 
µM 

4.2 µL 
+ 8.4 
µL 

587.4 S321, 
S333, 
S263 

Berzosertib + 
Ziritaxestat 

See above 1 µM + 0.2 
µM 

7 µM + 1.4 
µM 

42 µL 
+ 8.4 
µL 

546.6 S321, 
S333 

Olaparib 
(PARPi) 

10mM 20 µM 140 µM 8.4 µL 591.6 S321, 
S333, 
S263 

Pembrolizumab 
(anti-PD1-
antibody) 

5mg/ml 10 µg/ml 70 µg/ml 8.4 µL 591.6 S321, 
S333, 
S263 

Olaparib + 
Pembrolizumab   

See above 20 µM + 10 
µg/ ml 

140 µM + 70 
µg/ ml 

7 µL + 
7 µL 

583.2 S321, 
S333, 
S263 

Table 11: All the drug dilutions and combinations used for experiments. 

 

FACS buffer preparation (50 ml) 

1ml of FBS was added to 48.8 ml of 1X PBS in sterile conditions. 200 ml of 0.5M EDTA 

was sterile filtered (0.22 µm) to this mixture.  

1X Permeabilisation buffer preparation 

5ml of 10X permeabilisation buffer was added to 45 ml of milli-Q to make 1X 

permeabilisation buffer. It was stored in 4oC until use. 

Blocking buffer Preparation (Immunofluorescence) 

0.45g of Bovine Serum Albumin was added to 15 ml of 1X DPBS. The container was 

placed in a magnetic stirrer for 10-30 minutes. Post dissolving, 45 µL of Triton X-100 

was added and the container was left in the magnetic stirrer for 15 more minutes. 
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Methods 
 

Sample collection, preparation, and storage 

 

HGSOC tissue samples were collected with the approval of the ethical board of the 

Women’s Hospital Helsinki University Hospital. Depending on the size, the samples 

were kept in a 10cm or 15cm plate for primary processing. Soft tissues, membranes, 

and large blood vessels were removed (Figure 5). Six small pieces from the tissue 

(preferably adjacent) were cut, two each for DNA, RNA, and protein isolation. The 

remaining tumour tissue is brought back to the lab for cell culture. The tumour pieces 

were then minced using a scalpel and /or scissors. The minced tissue is then 

transferred to a 50ml falcon tube containing 9700μL DMEM/F12 with HEPES + 

Penstrep and glutamax + 200 μL of 50 U/ml of dispase (50U/ml) stock + 100 μL RNAse 

free DNAse1. The sealed falcon is incubated at 37°C in a rotating incubator for 30 

minutes. Contents of the 50 ml falcon were strained into another 50 ml falcon using a 

70 μL cell strainer. The strainer was pre-wet before (1ml) and after (5ml) straining with 

DMEM/F12. The sample was centrifuged for 10 minutes at 1000 rpm at 4°C. The 

supernatant was removed into 2% Virkon. The pellet was resuspended in 2mL-4mL 

RBC lysis buffer (depending on the size) and incubated for 5 minutes at room 

temperature. 10ml – 20ml of DMEM/F12 (10 ml of DMEM/F12 for 2 ml of lysis buffer) 

was added to the sample. The sample was centrifuged for 10 minutes at 1000 rpm at 

4°C. The pellet was resuspended in 1ml-5ml of cold DMEM/F12 (depending on the 

pellet size). Viability of the sample was checked using 1:1 mixture of the cell 

suspension and Trypan blue in the LUNA cell counting chamber (20 μL on each side). 

The remaining cells (after the required amount is taken for culture set up) were 

suspended in 2ml-5ml (depending on cell count) of stem cell banker. 1ml was aliquoted 

to each cryotube for storage at -80oC.  
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Figure 5: Tissue samples before the commencement of processing. 

 

Organoid Culture (48 and 384 well plates) 

Media preparation 

Organoid media is prepared in a 2-step process. The base medium containing growth 

factors and supplements was prepared beforehand (Table 1). On the day of culturing, 

additional supplements supporting immune cell growth were added to the base 

medium (Table 2). (The composition of the media has been removed from the report 

submitted to the institute). 

Organoid culture preparation and administration of drugs 

Dissociated cells are resuspended in the appropriate amount of the prepared media. 

Omentum gel (prepared from tumour-free omentum of up to 5 patients), Aprotinin, 

Thrombin and Fibrinogen (Table 3) are added to the dissociated cells and plated as 

droplets for flow cytometry (48 well plate) or viability (96 well plate) analyses. The 

droplets are allowed to solidify for 60 minutes at 37oC cell culture incubator, followed 

by addition of 300 μL of the culture medium (48-well plate) and 150 μL for 96 well plate. 

7X concentrated drugs are prepared (Table 11) and 50ul /25 ul per 48 well or 96 well 

are added and the plates were transferred back to 37°C incubator for 3 days. 

Organoid dissociation 

At the end of the drug treatment (3 days post-treatment), supernatant from each 

condition was collected in an Eppendorf. The remaining media was aspirated without 

disturbing the organoid culture. Dissociation media with 1U/ml dispase in DMEM-F12 

dissociation media (same as the one used in patient tissue dissociation) was prepared. 
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300 μL of the solution was added per well and incubated at 37°C for 30 minutes. The 

matrix was detached and transferred to a 15 ml falcon. Falcons were centrifuged for 6 

minutes at 400 rcf at 4°C. Supernatant was discarded, and 900 μL of FACS staining 

buffer was added per condition. Contents of the falcon were then transferred into the 

corresponding Eppendorf. 

 

Flow Cytometry  

Flow cytometry was done on the day of culturing (d0) and again on a subsequent day 

(d3/d4/d5) to see the effect of the drugs on the immune and tumour cell population. 

 

Antibody staining 

The surface antibody mix is prepared in 40.5 μL of brilliant stain buffer per sample. 

Antibodies (Table 5) are sequentially added to the Brilliant stain buffer (for a total 

volume of 50 μL) (The Dead cell marker (DCM) is added last as it is not an antibody 

and is found detrimental to the antibodies).  

1 x 106 cells are aliquoted in an Eppendorf with 900 μL FACS staining buffer and is 

centrifuged for 6 minutes at 400 rcf at 4°C. Supernatant is discarded and cell pellet is 

resuspended in 48 μL of the antibody mix per sample and kept for incubation for 30 

minutes at 4°C in dark. 900 μL FACS staining buffer was added to each sample and 

centrifuged it for 6 minutes at 400 rcf at 4°C. Supernatant was discarded and 200 μL 

of IC fixation buffer was added and incubated for 40 minutes at 4°C in dark. 1 ml of 1X 

permeabilisation buffer (in PBS) was added and incubated for 5 minutes at 4°C in dark. 

Supernatant was discarded post-centrifuge. The cell were washed with 1X 

permeabilisation buffer and centrifuged for 6 minutes at 400 rcf at 4°C. Supernatant 

was discarded and 900 μL of FACS buffer was added and kept for incubation at 4°C 

in dark for O/N. Intracellular antibody mix is prepared in 47 μL of brilliant stain buffer. 

Antibodies (Table 6) are sequentially added to the Brilliant stain buffer (for a total 

volume of 50 μL).  

Post O/N incubation, the pellet is resuspended in the 48 μL prepared antibody mix and 

incubated for 30 minutes at 4°C in dark. Post-incubation it is washed with 1 ml of 1X 

permeabilisation buffer and centrifuged for 6 minutes at 400 rcf at 4°C. Supernatant 

was discarded and the pellet was resuspended in 250 µL FACS staining buffer. Sample 
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was shifted to a 5 ml falcon with a cell strainer cap (#352235). Samples must be kept 

in a cold and dark environment until running the flow. 

Single colour compensations 

1 drop of BD CompBeads Anti-Mouse Ig (#51-90-9001229) was added for every tube 

in a 5 ml polystyrene round-bottom falcon tube (#352052). 1 drop of BD CompBeads 

Negative Control (#51-90-9001291) and BD CompBeads Anti-Mouse Ig each was 

added for the negative control. 1 µL of single fluorochrome-conjugated antibodies was 

added to the corresponding 5 ml falcon and incubate for 30 minutes at 4°C in the dark. 

Since DCM used was not an antibody, CD16 – BV510 conjugate was used for 

calculating the compensation of the channel. 250 µL of FACS staining buffer was 

added to each tube before running the samples. PMT voltages were changed as 

required using the compensation. 

 

Immunofluorescence (384 well plates) 

Live/dye Staining 

Media (along with drugs/ drug combinations) from the 384 wells were removed and 

washed with 70 µL of 1X PBS. 20 µL Fixable Live-or-dyeTM stain diluted 1:1000 in 1X 

PBS was added to each of the well. The plates were incubated for 30 minutes at RT 

in dark. The cells were then fixed using 50 µL 4% paraformaldehyde for 40 minutes in 

dark. Cells were washed with 70 µL of 1X PBS 3 times. Post washing, 200 µL of 1X 

PBS was left per well, the plate was sealed using parafilm and covered with tin foil. 

(This plate can be stored in 4OC for a few days.) 

Antibody cocktail preparation 

The antibodies were prepared just before staining. They were diluted in the prepared 

blocking buffer in specific dilutions (Table 7). 

Antibody Staining and imaging 

Media was removed from the 4% paraformaldehyde fixed plates. 30 µL of blocking 

buffer was added to each well and was incubated in RT at dark for 60 minutes. Post 

incubation, the blocking buffer was removed from each wells and 15 µL of prepared 

antibody cocktail was added to each well. The plates were incubated at 4°C O/N. Post 

incubation, each well was washed 70 µL of 1X PBS 4 times. The imaging was done 

on OperaPhenix scanner. 
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Data Analysis 

FlowJO 

Flow Cytometry results were first analysed using FlowJO software. The 

compensations were changed to minimise leaking. From each of the samples, cells 

were selected (Forward Scatter Area V/S Side Scatter Area) from the total events. 

From this, single cells (Forward Scatter Area V/S Forward Scatter Height), Live cells 

(DCM V/S Side Scatter Area) and EpCam negative (EpCam V/S Side Scatter Area) 

were subsequently selected. Mean intensities of EpCam negative (non-tumour) cells 

for each marker were then exported as CSVs. 

CYTO 

The exported CSVs were then uploaded to CYTO (Casado et al., 2021). Data 

normalisation was done using the Z score. EpCam negative (non-tumour) cell were 

then clustered using FlowSOM clustering method into 25 different clusters using the 

immune cell type markers (CD45, CD3, CD8, CD4, CD14, CD11c, CD56) and the 

remaining markers (GrzB, IFNγ, Ki-67 and HLA-DR) were kept for visualisation (Figure 

6). These clusters were then annotated manually into biologically relevant immune cell 

type (CD8+ T cells, CD4+ T cells, Other T cell types, Monocytes, Dendritic cells, 

Monocyte – derived dendritic cells, etc) by checking the expression levels of the 

different cell type markers (Figure 7).  
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Proportion bar plots were drawn using this annotated clusters per treatment per 

sample to identify the different immune cell types per treatment per sample. The 

expression levels of IFNγ, Ki-67 and HLA-DR were used to assess the functional 

activity of the CD11c+ cells, and the expression levels of  GrzB, IFNγ and Ki-67 were 

used to assess the functional activity of the CD8+ T cells and CD4+ T cells. Heatmaps 

showing log2 fold change of each functional marker per immune cell type per 

treatment was then plotted. 

Figure 6: Settings used in CYTO to run each of the sample 
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Figure 7:Example showing Z scores of each immune cell marker per cluster 

 

Cell Profiler 

After the Immunofluorescence images were flattened, they were segmented into 

different cell types using a Cell profiler pipeline. The flattened images were first split 

into large (tumour) cells and small (immune) cells based on their nuclei/cell size. A 

threshold value of 2500 was used to differentiate the two cell types from each other 

for all 3 samples.  

The segmented images had intensity values for CK7 (tumour cells) and CD45 

(immune cells) expression. These intensity values were manually analysed to find an 

optimal threshold which can segregate tumour cells and immune cells from each other. 

Intensity values from DCM were used to differentiate between the dead and alive cells 

within the tumour cell and immune cell cohort. Heatmaps were plotted using these 

threshold values to calculate the log2 fold change in tumour and immune cell death 

between control and each of the treatments. 
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Results 

Tumour tissue samples from 4 out of 14 patients were suitable for culturing in 

omentum gel 

The samples processed in this thesis were derived from Omentum (n=8), Adnexa 

(n=4), Ovaries (n=1) and spleen (n=1). The blood clots, cauterised tissue, and the 

associated tissues were removed from these samples and stored in Hanks' Balanced 

Salt Solution (HBSS) until processing. Post-dispase digestion and RBC lysis, the cell 

count (Table 12) was calculated to decide on further experiments.  

The size of omental samples was generally larger than samples from other regions. 

They also had distinct solid tumour portions, which could be easily understood during 

the mincing of the sample. More cartilage-like tissues, which had little semblance to 

the tumour tissue, were observed in both ovarian and adnexa samples. Ovarian 

samples also had capsule-like structures, which made mincing the tissue harder. 

Subsequent experiments were done on samples that were clearly diagnosed as 

HGSOC, had sufficient cells, and formed clumps. The samples taken for further 

experiments – S321, S333, S263 were diagnosed as stage IVB High Grade Serous 

Carcinoma and were both BRCA wild type. Sample S321 had an HRD score greater 

than 50, indicating a Homologous Recombination Deficient genotype, while sample 

S333 had an HRD score less than 50, indicating a Homologous Recombination 

Proficient genotype. (The HRD score of S263 is yet not available.) 

Sample ID Site 

Averag

e cells 

per ml 

(in 106) 

Total 

cell 

numbe

r (in 

106) 

Viabilit

y 

(in %) 

Included 

for 

experiment

s 

Reason for 

not being 

part of the 

study 

S314_pOme Omentu

m 

4.96 9.92 31.8 No Diagnosis 

not clear 

S315_pOme Omentu

m 

1.14 1.14 27.7 No Insufficient 

number of 

cells 
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S321_pOme Omentu

m 

11.5 57.5 76.5 Yes Used for 

study 

S330_pOva

R 

Right 

Ovary 

2.85 5.70 58 No Insufficient 

number of 

cells 

S316_pOme Omentu

m 

9.32 9.32 60.4 

 

No Insufficient 

number of 

cells 

S337_pOme Omentu

m 

1.8 1.8 50.25 No Insufficient 

number of 

cells 

S333_pOme Omentu

m 

10.2 51 76.5 Yes Used for 

study 

S331_pAdnL Left 

Adnexa 

5.3 5.3 70.1 No Endometrioi

d carcinoma 

S357_pAdn

R 

Right 

Adnexa 

3.5 17.5 88.5 No Clumps 

were not 

formed 

S334_pOme Omentu

m 

0.9 0.9 57 No Insufficient 

number of 

cells 

S366_rSpl Spleen 1.1 5.5 32 No Insufficient 

number of 

cells 

S371_pAdnL Left 

Adnexa 

1.2 3.6 86 No Insufficient 

number of 

cells 

S376_pAdnL Left 

Adnexa 

1.46 1.46 27.6 No Insufficient 

number of 

cells 

S263_pOme Omentu

m 

7 35 62.2 Yes Used for 

Study 

Table 12: Samples collected and processed with Sample ID, site of origin, cells per 
ml, total number of cells 
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Immunocompetent cultures were established successfully from 3 patient-

derived tumours 

The samples diagnosed as High Grade Serous Ovarian Cancer and with a sufficient 

number of cells (>10 million) were then used for immunocompetent culturing. The 

complete organoid media was made on day 0 (start of the culture). 4000 μL of 

omentum gel mix was prepared for 48 well plates - 78 wells (13 treatment conditions 

* 6 replicates) and 384 well plates – 54 (13 conditions * 4 replicates). 45 μL and 6 μL 

of omentum gel cultures were added as droplets to the wells, for 48 well and 384 well 

plates respectively, and were let to solidify for 60 minutes in the incubator at 37oC. 

Post incubation, we added 300 μl and 25 μl of media in each well, respectively, for 48 

well and 384 well plates. The cells were allowed to settle in the 37oC incubator until 

next day, where the drugs were added. The cells were cultured for 72 hours post-drug 

treatment and harvested for flow cytometry.   

Cultures were made with 4 different samples – 1 adnexa and 3 omental. Successful 

cultures were only established from the omental samples. Omentum samples were 

observed to have more clumps than the samples obtained from other areas and were 

thus deemed better for the drug treatment experiment. The clumps in the Omentum 

samples grew in size during the period of experiments, too (especially the control 

wells) (Figure 8). The adnexa sample processed during the span of the project mostly 

had single cells and minimal clumps. It was thus deemed unsuitable for the drug 

treatment experiments. 
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Figure 8:Immunocompetent cultures derived from Omental sample. Microscopy 
images of immunocompetent cultures on day 0 – A) 4X B) 10X C) 20X D) 40X and 
day 6 – E) 4X F) 10X G) 20X H) 40X 

 

The immune cell population in the tumour tissue was recapitulated in the 

patient-derived immunocompetent cultures 

The samples S321_pOme, S333_pOme and S263_pOmewere used for further 

experiments as they had a clear HGSOC diagnosis, showed sufficient cells, and 

formed clumps. They were cultured in Omgel in 48 (for flow cytometry) and 384 well 

plates (for immunofluorescence (IF)). Flow cytometry analysis of these samples was 

done on the tumour-dissociated cells (day 0) to determine the immune cell composition 

of the tumour tissue. The cultures in the 48 well plates were dissociated 3 days post-

treatment (day 4), followed by flow cytometry. EpCam negative cells (non-tumour cells) 

were exported from FlowJO and further analysed using CYTO. In CYTO, EpCam 

negative cells were clustered into 25 clusters using FlowSOM depending on the cell 

markers (CD45, CD3, CD56, CD11c, CD14, CD8, CD4). Based on the Z-score, these 

clusters were manually annotated into different cell types (Dendritic cells, Helper T 

cells, Macrophages, Cytotoxic T cells and undefined). The cell proportion per 

treatment was obtained from annotated clusters. 

The immune cell composition of each sample was unique. It was a mixture of Dendritic 

cells (CD11c+), Monocytes (CD14+), Helper T cells (CD4+), Cytotoxic T cells (CD8+) 

and NK cells (CD56+). The immune cell composition in all 3 samples were 

recapitulated in the day 3 cultures (Figure 9). All the immune cells in the tissue sample 

were seen in the cultures, though with altered proportions. The proportion of myeloid 

cells (Dendritic cells and monocytes) increased in all 3 cultures. Lymphoid cell 

proportion in the samples S321 and S263 were reduced substantially compared to the 

d0 control. In the sample S333, the CD8+ T cell proportion showed negligible change, 

while the CD4+ T cell proportion markedly decreased. 
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Figure 9:Immune cell proportion in the tumour tissue (day 0) and patient-derived 
immunocompetent cultures (day 3) from samples S321, S333 and S263.  Each 
bar plot - S321, S333 and S263 shows the immune cell proportion obtained from flow 
cytometry on the day of tissue processing and the end of omentum gel culturing (post 
72 hours). Proportions were obtained by clustering EpCam negative (non-tumour) 
cells using FlowSOM and annotated them using CYTO. 

Combination therapy of PARPi and anti PD1 antibody showed increased effector 

T cell proportion in the sample S321 

The immunocompetent samples were treated with 10 μg/ mL of pembrolizumab (anti 

PD1 antibody) or 20 μM Olaparib (PARPi) and their combination. There were 6 

replicates for each of the conditions, including control. The specific values used for the 

experiment were decided as per previous experiments from the lab (Figure X - 

introduction). The drug treatments were done on day 1. The cells were harvested on 

day 3 of the drug treatment (post 72 hours), after which flow cytometry analysis was 

done. The cell proportions were obtained from clustering EpCam negative cells (non-

tumour cells) using FlowSOM as described before. 

In sample S321, increased effector T cell (Cytotoxic T cells and Helper T cells) 

proportions were seen in the combination of Olaparib and pembrolizumab compared 

to the control and monotherapy of these drugs (Figure 10). Monotherapy with Olaparib 

did not show a difference in the immune cell proportion compared to the control (Figure 

10). Monotherapy with Pembrolizumab showed a slight increase in the effector T cell 
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proportion but not as much as in the combination (Figure 10). Sample S333 showed 

almost no difference between the immune cell proportion between the different 

treatment methods and control (Figure 10). A slight increase in the CD8+ T cells and 

CD56+ cells was seen in the monotherapy with Pembrolizumab 10 μg/ mL. in S263 

(Figure 10). 

CD8+ T cell functional activity was increased upon anti-PD1-antibody 

monotherapy and anti-PD1 antibody – PARPi combination therapy in sample 

S321 

EpCam negative cells from treatments with 20 μM of Olaparib (PARPi) and 10 μg/ mL 

of Pembrolizumab (anti-PD1-antibody) and their combinations were clustered using 

FlowSOM, which were annotated to different cell types using CYTO. From this, the 

mean intensity of each marker per cluster was derived. This value was used to 

calculate the log2 fold change in the functional marker per cell type between each of 

the treatments (– monotherapies of Olaparib (PARPi) and Pembrolizumab (anti-PD1-

antibody) and their combination therapy) against the control.  

 

For sample S321, the treatment with anti-PD1-antibody and the combination of PARPi 

and anti-PD1-antibody increased the GrzB expression in CD8+ T cells (Figure 11). 

Monotherapy treatment with the PARPi decreased the GrzB expression. The 

expression levels of IFNγ and Ki67 in CD8+ T cells revealed negligible variations 

during the monotherapies of PARPi and anti-PD1-antibody and their combination 

therapy. HLA-DR, IFNγ and Ki-67 expression levels in Dendritic cells also showed no 

substantial changes between these 3 treatment conditions and compared to control 

(Figure 11). In sample S333, a decrease in the HLA-DR expression was observed in 

macrophages for PARPi monotherapy compared to the control. HLA-DR expression 

further plummeted in the combination therapy of PARPi and anti-PD1-antibody. The 

sample S333 showed negligible changes in the functional activity between 

monotherapies of PARPi and anti-PD1-antibody, their combination therapy compared 

to control, in the other Immune cells. This is expected as sample S333 was 

unresponsive towards monotherapy of PARPi and anti-PD1-antibody and their 

combination (Figure 11). In sample S263, GrzB expression levels were slightly 

elevated in anti-Pd-1 antibody treatment (Figure 11). A decrease in GrzB expression 

was observed in CD8+ T cells in both PARPi treatment and combination treatment. 
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HLA-DR expression in CD11c+ cells were also observed to be decreased, especially 

in the treatment with anti-PD-antibody and the combination treatment. 

 

Figure 10:Immune cell proportion in the patient-derived immunocompetent 
cultures after treatment with 10 μg/ mL of pembrolizumab (anti PD1 antibody) or 
20 μM Olaparib (PARPi) and their combination in samples S321, S333, S263. 
Each bar plot – S321, S333 and S263 shows the immune cell proportion obtained from 
flow cytometry on the day of tissue processing and the end of treatments (post 72 
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hours) with 10 μg/ mL of pembrolizumab (anti PD1 antibody) or 20 μM Olaparib 
(PARPi) and their combination. Proportions were obtained by clustering EpCam 
negative (non-tumour) cells using FlowSOM and annotated them using CYTO. 

Figure 11: Immune cell Functional Activity of iPDCs of samples S321, S333 and 
S263 upon treatment with monotherapies of PARPi, Anti PD1 antibody and their 
combination. Treatment conditions performed were PARPi monotherapy – 20 μM of 
Olaparib (Ola), anti-PD1-antibody monotherapy – 10 μg/ mL of Pembrolizumab 
(Pembro) and their combination (Ola + Pembro). Functional activity of the immune 
cells were assessed by checking the levels of GrzB, IFNγ and Ki-67 for CD8+ T cells 
and IFNγ, Ki-67 and HLA-DR for CD11c+ cells. Each heatmap shows the log2 fold 
change of the immune cell functional markers for each cell type per treatment per 
sample. 
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Decreased effector T cell proportions were observed with increased 

concentration of ATRi in samples S321 and S263 

The immunocompetent cultures were treated with 0.02 μM, 0.1 μM and 1 μM of 

Berzosertib/ VE-822 (ATRi) and they were harvested on day 3 for flow cytometry. A 

decreased effector T cell (Cytotoxic T cells and Helper T cells) proportion was 

observed with an increasing concentration of ATRi in sample S321 (Figure 12). An 

increased proportion of effector T cells compared to the control was observed in the 

lowest concentration (0.02 μM) of ATRi tested. Increasing the concentration to 0.1 μM 

decreased the effector T cell proportion (Figure 12). Sample S263 showed almost no 

difference in the immune cell proportion between the monotherapies of different 

concentrations of ATRi and control. The proportion of CD8+ T cells were also 

increased in ATRi concentrations of 0.02 μM. This proportion was further increased at 

a concentration of 0.1 μM (Figure 12). The proportions of CD8+ T cell was reduced 

significantly when the concentrations of ATRi was increased to 1 μM (Figure 12). There 

were negligible differences in the proportion of different immune cell types in ATRi 

treatment of different concentrations and control (Figure 12). 

Decreased functional activity of CD8+ T cells exhibited a decline with increased 

concentration of ATRi 

The immunocompetent cultures were treated with 0.02 μM, 0.1 μM and 1 μM of 

Berzosertib/ VE-822 (ATRi). The functional activity of all immune cells in sample S321 

was observed to reduce when the concentrations of ATRi were increased (Figure 13). 

This is especially seen in the CD8+ T cells, where there is a substantial decrease in 

the expression levels of GrzB. Sample S333 showed no significant change in immune 

cell functional activity when the concentration of ATRi was increased (Figure 13). 

Similar to sample S321, sample S263 also showed a trend of decreasing GrzB 

expression with increasing concentrations of ATRi (Figure 13). Also, a decreased HLA-

DR expression was observed in all concentrations of ATRi treatments in sample S263. 
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Figure 12:Immune cell proportion in the patient-derived immunocompetent 
cultures after treatment with 0.02 μM, 0.1 μM and 1 μM of Berzosertib/ VE-822 
(ATRi). Each bar plot – S321, S333 and S263 shows the immune cell proportion 
obtained from flow cytometry on the day of tissue processing and the end of treatments 
(post 72 hours) with 0.02 μM, 0.1 μM and 1 μM of Berzosertib/ VE-822 (ATRi). 
Proportions were obtained by clustering EpCam negative (non-tumour) cells using 
FlowSOM and annotated them using CYTO. 
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Figure 13: Immune cell Functional Activity of iPDCs of samples S321, S333 and 
S263 on administering them with monotherapies of ATRi. Treatment conditions 
performed were ATRi monotherapy – 0.02 μM, 0.1 μM and 1 μM of Berzosertib/VE-
822 (ATRi). Functional activity of the immune cells was assessed by checking the 
levels of GrzB, IFNγ and Ki-67 for CD8+ T cells and IFNγ, Ki-67 and HLA-DR for 
CD11c+ cells. Each heatmap shows the log2 fold change of the immune cell functional 
markers for each cell type per treatment per sample. 
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Highest effector T cell proportion in was seen in 0.2 μM ATXi concentration 

The immunocompetent cultures were treated with 0.13 μM, 0.2 μM and 0.7 μM of 

Ziritaxestat/ GLPG1690 (ATXi). In the sample S321, monotherapy of ATXi 0.13 μM 

showed almost negligible differences in effector T cell proportion compared to the 

control (Figure 14). On increasing this concentration to 0.2 μM, we see a substantial 

increase in the proportion of effector T cells. Further increasing the concentration to 

0.7 μM led to a steep decrease in both the cell types of effector T cells. Sample S333 

showed a slight decline in the effector T cell proportions for ATXi 0.7 μM treatment. 

There were negligible differences between the immune cell proportions of the control 

and other ATXi treatments (Figure 14). Sample S263 showed similar effector T cell 

proportions to the control on treating with 0.2 μM ATXi (Figure 14). The CD8+ T cell 

proportion in particular was substantially decreased when the concentration was 

increased to 0.7 μM in sample S263. 

Enhanced expression of GrzB was detected within CD8+ T cells in sample S321 

following exposure to 0.2 μM of ATXi 

The immunocompetent cultures were treated with 0.13 μM, 0.2 μM and 0.7 μM of 

Ziritaxestat/ GLPG1690 (ATXi). In sample S321, treatment with ATXi 0.13 μM resulted 

in low immune cell activity. When the concentration of ATXi was increased to 0.2 μM, 

there was an increase in the GrzB in CD8+ T cells, indicating enhanced functional 

activity (Figure 15). Increasing the concentration of ATXi further to 0.7 μM instead 

caused a decrease in the GrzB expression. There was no substantial difference in the 

functional activity of CD11c+ cells between different monotherapies of ATXi with 

control. Sample S333 showed no significant change in immune cell functional activity 

when the concentration of ATXi was increased (Figure 15). In sample S263, GrzB 

expression in CD8+ T cells and HLA-DR expression in CD11c+ cells were markedly 

reduced in both 0.2 μM and 0.7 μM of ATXi monotherapy (Figure 15). 
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Figure 14: Immune cell proportion in the patient-derived immunocompetent 
cultures after treatment with 0.13 μM, 0.2 μM and 0.7 μM of Ziritaxestat/ 
GLPG1690 (ATXi). Each bar plot – S321, S333 and S263, shows the immune cell 
proportion obtained from flow cytometry on the day of tissue processing and the end 
of treatments (post 72 hours) with 0.13 μM, 0.2 μM and 0.7 μM of Ziritaxestat/ 
GLPG1690 (ATXi). Proportions were obtained by clustering EpCam negative (non-
tumour) cells using FlowSOM and annotated them using CYTO. 
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Figure 15:  Immune cell Functional Activity of iPDCs of samples S321, S333 and 
S263 on administering them with monotherapies of ATXi. Treatment conditions 
performed were ATXi monotherapy – 0.13 μM, 0.2 μM and 0.7 μM of Ziritaxestat/ 
GLPG1690 (ATXi). (just the latter two for S263). Functional activity of the immune cells 
was assessed by checking the levels of GrzB, IFNγ and Ki-67 for CD8+ T cells and 
IFNγ, Ki-67 and HLA-DR for CD11c+ cells. Each heatmap shows the log2 fold change 
of the immune cell functional markers for each cell type per treatment per sample. 
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Elevated proportions of CD8+ T cells were observed in samples S333 and S263 

following administration of ATRi – ATXi combinations at higher concentrations 

The immunocompetent cultures were treated with combinations of Berzosertib/ VE-

822 (ATRi) and Ziritaxestat/ GLPG1690 (ATXi) - 0.02 μM (ATRi) + 0.2 μM (ATXi) (in 

S333 and S263), 0.02 μM (ATRi) + 0.13 μM (ATXi) (in S321), 0.1 μM (ATRi) + 0.2 μM 

(ATXi) (in S321, S333 and S263) and 1 μM (ATRi) + 0.2 μM (ATXi) (in S321 and S333). 

In sample S321, all the combinations - 0.02 μM (ATRi) + 0.13 μM (ATXi), 0.1 μM (ATRi) 

+ 0.2 μM (ATXi) and 1 μM (ATRi) + 0.2 μM (ATXi), showed decreased effector T cell 

proportion, even in the treatment which had the combination of the lowest 

concentration of the 2 drugs (Figure 16). Sample S333 showed a slightly higher CD8+ 

T cell proportion on treatment with the highest concentration of the 2 drugs - 1 μM 

(ATRi) + 0.2 μM (ATXi) (Figure 16). Sample S263 showed a slightly higher proportion 

of CD8+ T cells in the combination of 0.1 μM (ATRi) + 0.2 μM (ATXi) (Figure 16). There 

were negligible differences between the immune cell proportions of the control and 

other combination treatments. 

Functional activity of CD8+ T cells and CD11c+ cells was attenuated in 

combination therapies 

The immunocompetent cultures were treated with combinations of Berzosertib/ VE-

822 (ATRi) and Ziritaxestat/ GLPG1690 (ATXi) - 0.02 μM (ATRi) + 0.2 μM (ATXi) (in 

S333 and S263), 0.02 μM (ATRi) + 0.13 μM (ATXi) (in S321), 0.1 μM (ATRi) + 0.2 μM 

(ATXi) (in S321, S333 and S263) and 1 μM (ATRi) + 0.2 μM (ATXi) (in S321 and S333). 

In sample S321, the combination with the lowest concentration of both drugs - 0.02 

μM (ATRi) + 0.13 μM (ATXi) showed a negligible increase in the functional activity of 

both CD8+ T cells and Dendritic cells. In the combination of 0.1 μM (ATRi) + 0.2 μM 

(ATXi), we see functional states resembling that of 0.1 μM ATRi treatment (Figure 17). 

Sample S333 showed no significant change in immune cell functional activity between 

the combination treatments and control. Sample S263 showed increased GrzB 

expression in the combination - 0.02 μM (ATRi) + 0.2 μM (Figure 17). This decreased 

when the concentration of ATRi in the combination was increased - 0.1 μM (ATRi) + 

0.2 μM. Decreased HLA-DR expression was also observed in both the combination 

treatments in sample S263 (Figure 17). 
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Figure 16: Immune cell proportion in the patient-derived immunocompetent 
cultures after treatment with combinations of Berzosertib/ VE-822 (ATRi) and 
Ziritaxestat/ GLPG1690 (ATXi). Each bar plot – S321, S333 and S263, shows the 
immune cell proportion obtained from flow cytometry on the day of tissue processing 
and the end of treatments (post 72 hours) with Combo 1 – ATRi 0.02 μM + ATXi 0.13 
μM, Combo 2 – ATRi 0.1 μM + ATXi 0.2 μM, Combo 3 – ATRi 1 + ATXi 0.7, Combo 4 
– ATRi 0.02 μM + ATXi 0.2 μM. Proportions were obtained by clustering EpCam 
negative (non-tumour) cells using FlowSOM and annotated them using CYTO. 
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Figure 17: Immune cell Functional Activity of iPDCs of samples S321, S333 and 
S263 on administering them with ATRi-ATXi combination therapies. Treatment 
conditions (all concentrations are in μM) performed were combinations of 
Berzosertib/ VE-822 (ATRi) and Ziritaxestat/ GLPG1690 (ATXi). Functional activity 
of the immune cells was assessed by checking the levels of GrzB, IFNγ and Ki-67 for 
CD8+ T cells and IFNγ, Ki-67 and HLA-DR for CD11c+ cells. Each heatmap shows 
the log2 fold change of the immune cell functional markers for each cell type per 
treatment per sample. 
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Pronounced anti-tumour efficacy while maintaining minimal immune cell 

toxicity in the combinatorial treatment of 100 μM (ATRi) + 0.2 μM (ATXi)  

iPDCs developed from sample S321, S333, S263 and were plated in 384 well plates 

were stained with Fixable Live-or-dyeTM stain. The cells were then fixed with 4% 

paraformaldehyde. Each of the wells were stained with Hoechst, anti CK7 antibody, 

anti CD45 antibody, DCM. The Imaging was done in OperaPhenix Scanner. The 

images were exported, flattened and then ran on a customised cell profiler pipeline. 

Cell segments were split into tumour cells and immune cells based on their nuclei/ cell 

size using a threshold value of 2500. Intensity values from DCM were used to calculate 

tumour and immune cell death proportions. CK7+ DCM+ double positive fraction of 

CK7+ cells were taken as tumour cell death while CD45+ DCM+ double positive 

fraction of CD45+ cells were taken as immune cell death. 

In sample S321, increased tumour killing was observed in the highest concentration 

of ATRi (1 μM) and in the combination of 0.1 μM (ATRi) + 0.2 μM (ATXi) (Figure 18). 

However, immune cell death observed in this combination was less than in 1 μM ATRi 

(Figure 19). Sample S333, had the highest tumour killing capacity upon treatment with 

ATRi 1 μM (Figure 18). We observe no significant change in the immune cell proportion 

in sample S333 (Figure 19). Sample S263 showed significant tumour cell death in the 

highest concentration of ATXi (0.7 μM) and in the combination of 0.1 μM (ATRi) + 0.2 

μM (ATXi) (Figure 18). We observe no significant change in the immune cell proportion 

in sample S263 (Figure 19).  
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Figure 18: Boxplots showing proportion of CK7+ live cells normalised to control 
from iPDCs from S321, S333, S263. Treatment conditions (all concentrations are in 
μM) performed were monotherapy of Berzosertib/ VE-822 (ATRi) and Ziritaxestat/ 
GLPG1690 (ATXi) and their combinations. Tumour cell death was calculated using 
[CK7+ DCM+ cells/ all cells] from the intensities obtained from IF images. Each field 
in a well was taken as a single image and proportions for each of these images were 
calculated. *P<0.05, ***P<0.001. 
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Figure 19: : Boxplots showing proportion of CD45+ live cells normalised to 
control from iPDCs from S321, S333, S263. Treatment conditions (all concentrations 
are in μM) performed were monotherapy of Berzosertib/ VE-822 (ATRi) and 
Ziritaxestat/ GLPG1690 (ATXi) and their combinations. Immune cell death was 
calculated using [CD45+ DCM+ cells/ all cells] from the intensities obtained from IF 
images. Each field in a well was taken as a single image and proportions for each of 
these images were calculated. ***P<0.001. 
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Discussion 

Single-agent immunotherapies have shown very little promise in HGSOC patients. 

This prompts us to find an effective combination of drugs to be used and an ex vivo 

model which can recapitulate these results in the patients. Patient-derived 

immunocompetent cultures developed in the lab can give us more insights into the 

immune cells present in the tumour microenvironment, which can then be used to 

assess the efficacy of the drugs and drug combinations. We wanted to test the 

combination of Berzosertib/VE-822 (ATRi), which is a DNA-damaging drug and 

Ziritaxestat/GLPG1690 (ATXi), which is known to inhibit the LPA axis. Recent studies 

have also shown that LPA can act as an ovarian cancer activating factor and can have 

potent tumorigenic effects. It is also observed that LPA has a role in hypoxia-stimulated 

tumorigenic processes (Choi et al., 2010). These drugs are still in trials and have not 

yet been used in clinics. In theory, the ATRi acts by inhibiting the downstream function 

of ATR-mediated DNA damage response and repair pathway, while ATXi disrupts the 

enzymatic production of LPA, which is known to regulate immunological responses by 

modulating the functional activities of T cells and dendritic cells (Choi et al., 2010), 

(Bradbury et al., 2022). Already established DNA-damaging drug Olaparib (PARPi) 

and immunotherapy drug Pembrolizumab (anti-PD-1 antibody) were used to compare 

the treatment effect of ATRi and ATXi, whose effects on immune cell activities are not 

well characterized. Recent research findings have observed that LPA suppresses T-

cell activity (Kremer et al., 2022). This may mean that ATXi can activate the CD8+ T 

cells. As mentioned before, the prognosis of an HGSOC patient depends greatly on 

whether it is immune barren, immune inactivated/unpenetrated or immune abundant, 

with the patients having immune abundant tumours showing the most response 

towards treatment. If an optimal combination that can mimic a similar immune 

constitution in the former two clinical subtypes can be titrated, it can substantially 

increase their prognosis. 

Previous results from the lab showed that the dispase digestion was the most ideal for 

the dissociation of the tumour tissue. The dissociation using dispase was milder when 

compared to other tissue dissociation agents such as Collagenase and Hyaluronidase 

but is better for immune cell extractions and viability. One thing to note here is that the 

dispase digestion has limited efficacy in extracting larger immune cells such as 

fibroblasts and cancer associated fibroblasts (CAFs). This means that several 

components essential for pro tumour and anti tumour activity are not present in these 

cultures.  

Omental samples showed better growth in the patient derived immunocompetent 

culture setup (iPDCs). Cell clumps in the cultures showed a higher increase in size in 

treatment free control compared to samples from other sources. Omental metastases 

are found to be common and more aggressive. This extensive growth may also be due 

to the constituents of the omgel culture setup being made from tumour free omentum 

and the cells cultured in an environment closer to their origin.  

All the immune cells in the day 0 is recapitulated in the cultures, albeit in a different 

proportion. We see a increase in the myeloid cell proportion in the cultures when 
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compared to day 0. This is extremely pronounced in sample S263, where the 

proportion of CD11c+ cells are of a minority, but it increased substantially in the day 3 

control and even in different treatments. This might mean that the culture setup is more 

accommodating towards myeloid cell population. Presence of CD4+ T cells have been 

seen to increase the robustness and survival of CD8+ T cells in the cultures, which is 

expected from previous studies(Tay et al., 2021). Already clinically approved drugs 

such as Olaparib (PARPi), Pembrolizumab (anti PD1 antibody) and their combination 

was used in our panel to validate the extent of results in the other drugs which are 

novel. The fold change values in the functional activity of the samples between novel 

treatments and the control might appear to be very small, but if this is comparable in 

magnitude to the already established drugs, the small magnitude might be because of 

the dampening affect brought about by the system rather than the ineffectiveness of 

the drug. The ranges of this fold change also vary highly between different samples. 

Immunofluorescence was used to calculate Tumour death in the cultures. This is 

because they cannot be assessed using flow data as most tumour cells are present 

as spheroids/ organoids in the cultures. During flow analysis, we usually only consider 

single cells due to the presence of debris and to prevent the overlap of multiple types 

of cells and thus expression signals. Thus, both tumour cell death and immune cell 

death proportion was calculated using DCM intensity. Increased concentration of ATRi 

increased both tumour and immune cell death in the cultures. Interestingly, increased 

concentration of ATXi also increased the death and exhaustion of immune cells, which 

is antagonistic to its function. This might be because the increased concentration of 

the drug is affecting other metabolic processes of the immune cell. 

HGSOC is a subtype which has a high inter tumour heterogeneity. It has been 

observed that the different regions of the same sample have genetically and 

epigenetically different, with a highly varying transcriptome (literature and from the 

lab). This also means that the results we obtain from patient derived cultures will be 

having patient specific variations in them. This can be very easily understood by 

checking the difference in immune cell proportions between all the samples. All the 

immune cell types were recapitulated in iPDC control w.r.t the day 0 sample, but we 

do not see the same immune cell types across all the patient samples. This becomes 

even more pronounced when different treatments are administered to the culture. The 

functional activity of the immune cells and the tumour killing efficacy of each of the 

treatment methods also showed a large degree of variation across samples. The 

project in the beginning had an idea of using cultures from 50 different patients to 

provide more generalized observation and better statistics. Due to the lack of samples 

in flow and due to the poor quality of the tumour tissue, the number of samples used 

in this project was limited to 3. In future, we hope to include more samples to observe 

and provide more generalized and less patient specific results.  

This project helps concrete the use of patient derived immunocompetent cultures as 

a model system to study the efficacy of various DNA damaging and immunotherapy 

drugs and their combination. As the cells for the culture are freshly derived from the 

patient tumour tissue and cultured in a physiologically relevant omentum gel matrix, it 

can better recapitulate the environment the tumour cells and immune cells of the native 

tumour. Recently announced FDA 2.0 states the removal of the requirement of animal 
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models as part of drug screening and development. Also, in the case of 

immunotherapy, it is difficult to have commendable translation between murine models 

and clinics due to the difference in immune cell/ modulator composition (Mestas & 

Hughes, 2004). This further increases the possibility of using patient derived 

immunocompetent cultures for assessing drugs and drug combinations, especially in 

cancers such as HGSOC which show minimal response to immunotherapies. 
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