
High-grade serous carcinoma and related tumors: 
molecular analysis of potential targets 

Thesis for the Philosophiae Doctor (PhD) degree 

University of Oslo, 2020 

Marta Brunetti 

Department of Pathology 
The Norwegian Radium Hospital 

Oslo University Hospital 

 Section for Cancer Cytogenetics 
Institute for Cancer Genetics and Informatics 

The Norwegian Radium Hospital 
Oslo University Hospital 

 Institute of Clinical Medicine 
Faculty of Medicine 

University of Oslo 

Radium Hospital Foundation 

 South-Eastern Norway 
Regional Health Authority 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Marta Brunetti, 2020 

 

 

Series of dissertations submitted to the  

Faculty of Medicine, University of Oslo 

 

 

ISBN 978-82-8377-757-4 

 
All rights reserved. No part of this publication may be  

reproduced or transmitted, in any form or by any means, without permission.   

 

 

 

 

 

 

 

 

Cover: Hanne Baadsgaard Utigard. 

Print production: Reprosentralen, University of Oslo. 

 



3 
 

 
 

 

 

 

 

 

 

 

[...] Quid sit futurum cras, fuge quaerere, et quem  

Fors dierum cumque dabi lucro adpone 

 

 

 

[...] Leave off asking what tomorrow will bring, and 

whatever days fortune will give, count them as profit 

 

 

(Ode I, 9, 13-15) 

Quintum Horace Flaccus 
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Cover illustration 
 

Quintus Horatius Flaccus was a Latin poet born in the Roman colonial town of 

Venusia (now Venosa), Italy (65 BC), he went for his education in Athens.  

Greek education was a significant period in his life: 

“Rome was where I had the luck to grow up, to learn My Homer, how Achilles’ 

anger hurt the Greeks. Athens, best of cities, gave me art and skills, encouraged 

me to know the crooked from the straight, to search for truth in the sacred wood 

of the academy”. 

Like Horace, during my PhD project, I was immersed in another culture, another 

country, another language. One of the greatest things about that was not only 

learning facts but learning ways to be.  

Scientia Potentia Est. 

 

 

(Image from Fedor Andreevich Bronnikera) 
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Introduction 
 
Ovarian cancer 
 
Epidemiology 
 
Ovarian cancer is the seventh most common cancer in women around the world. 

Globally, in 2018, 295,414 new cases were estimated (3.4% of total female cancer 

incidence) and 184,799 deaths occurred (4.4% of the overall female cancer mortality). 

These data made ovarian cancer the eighth most common cause of cancer death in 

women and the second most common cause of gynecologic cancer death (Figure 1) 

(1, 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Distribution of cases and deaths for the most common female 
cancers in 2018. Figure adapted by permission from Wiley (1). 

 

 
 

Ovarian cancer is rarely diagnosed in women under the age of 30 years. Disease 

incidence increases with age, reaching its peak at the age of 60 years (2). 



20 
 

The 5-year survival rate of ovarian cancer has moderately improved during the past 30 

years, but it is still only 47% (3, 4). The main factor affecting survival is the disease 

stage at diagnosis. The survival rate in patients with International Federation of 

Gynecology and Obstetrics (FIGO) stage I is higher than 90%. In contrast, patients 

with advanced-stage disease (FIGO stage III-IV) have 5-year survival rates of less than 

30% (5). Early-stage disease is often curable, whereas >75% of patients diagnosed at 

an advanced stage will die of their disease (3). The survival rate across different 

countries is hard to assess, though results may be helpful to improve cancer survival 

at the national level. 

From a comparative analysis of six countries (New Zealand, United Kingdom, Canada, 

Denmark, Australia and Norway), the highest 5-year survival rate was observed in 

Norway, followed by Australia and Denmark. The survival rate ranged from 36% to 

46% across countries for those cases whose diagnoses were made in the period 2010–

2014 (https://gco.iarc.fr) (Figure 2). The reasons for variations in survival rates are 

complex and still not deeply understood (6, 7).  

 

 

 

 

 

 

 

 

 

Figure 2. 5-year net survival in ovarian cancer across selected countries (2014). 
Figure adapted from http://gco.iarc.fr/survival/survmark, accessed 16/01/2020 

 
 



21 
 

Histopathologic classification 
 
The majority of ovarian cancers (90%) are of epithelial origin, i.e., ovarian carcinomas 

(OC). These constitute a heterogeneous group of tumors based on histopathology, 

immunohistochemistry and molecular genetics, and are classified into five major 

subtypes: high-grade serous carcinoma (HGSC; 70%), endometrioid carcinoma (EC; 

10%), clear cell carcinoma (CCC; 10%), mucinous carcinoma (MC; 3%) and low-

grade serous carcinoma (LGSC; <5%) (8-10). A closely related and rarer subtype of 

OC is carcinosarcoma (CS) of Müllerian origin, which is an aggressive and biphasic 

tumor containing an epithelial as well as a sarcomatous component. It accounts for 

only 2% of ovarian cancers (11, 12).  

The histological subtypes mentioned above differ in their cellular origin and 

pathogenesis and can be reproducibly diagnosed by light microscopy (Figure 3) (8). 

Microscopically, HGSC shows a papillary and solid mass of cells with slit-like spaces. 

Tumor cells are typical of intermediate size and have high-grade nuclear atypia, with 

scattered more giant pleomorphic cells. Numerous mitoses, some atypical, are usually 

evident (Figure 3A). EC presents confluent proliferation of round, oval, or tubular 

glands with numerous small spaces, often with cribriform architecture (Figure 3B). 

CCC displays tubulocystic, papillary and solid patterns admixed in varying degrees 

(Figure 3C). MC is composed of multiple cysts and glands filled with mucus-like 

material (Figure 3D). LGSC is characterized by a variety of architectural patterns, 

most often in the form of delicate papillary groups with small uniform nuclei and low 

mitotic count (Figure 3E). The epithelial and mesenchymal components in CS are 

usually randomly admixed with one another. The carcinomatous component is most 

often a HGSC and the mesenchymal part is most often composed of atypical spindle 

cells (Figure 3F) (8). 
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               Figure 3. The histological subtypes of ovarian carcinoma 

 

 

OC is staged using the FIGO system. In 2014, the Gynecologic Oncology Committee 

of FIGO revised the staging to incorporate ovarian, fallopian tube, and peritoneal 

cancer in the same system (Table 1). The primary site (i.e., ovary, fallopian tube, or 

peritoneum) is designated, if possible (13, 14). 
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Table 1. Clinical staging of cancer of the ovary, fallopian tube and peritoneum a. 

 

 

 

 

 

 

 

 

 

 

 

 

Table adapted with permission from Elsevier (9) 
 

 

Etiology and origin 
 

OC has long been considered a heterogeneous disease that is primarily classified 

according to cell type into serous, endometroid, clear, and mucinous. 

Questions/dilemmas regarding the origin and pathogenesis of the different histotypes 

have perplexed investigators for decades (15). Recent evidence indicates that the 

majority of OC do not arise from the ovary but from tissues that are generally not 

present in the ovary (16).   

HGSC is the most common histologic subtype of OC and by far the deadliest (17). 

The etiology, mechanism of malignant transformation and origin remain controversial 

issues in OC (18, 19). In the past, this subtype was thought to develop from the ovarian 

surface epithelium (OSE), which is related to the mesothelium of the peritoneum. 
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However, it is now widely recognized that the majority of HGSC arise from the 

fimbriae end of the fallopian tube, frequently from a precursor lesion referred to as 

serous tubal intraepithelial carcinoma (STIC) (20-23) (Figure 4).  

 

 

 

Figure 4. HGSC origin. HGSC arises from ovary, fallopian tube, or peritoneum. 
Figure is licensed under the Creative Commons Attribution License (Version 4.0) (21) 
 

 

 

In general, it is thought that LGSC develops sequentially from ovarian epithelial 

inclusions, benign cystadenomas and serous borderline tumors (24). Furthermore, the 

precursor lesions of other OC histotypes have been identified, but it is still unknown 

how these lesions develop into carcinomas. CCC and EC can arise from endometriosis, 

endometrial tissue outside the uterine cavity, which frequently involves multiple sites 

in the pelvis (25, 26). The origin of mucinous tumors is still not well understood. 

Primary MC is rare and the accurate diagnosis remains challenging (16, 27).  

Although several mechanisms and theories have been proposed to explain the 

development of CS, e.g., monoclonal versus polyclonal origin, the precise evolution 

of this tumor remains uncertain (28-30). However, the investigated cases suggest that 

ovarian CS develops through an epithelial-mesenchymal transition (EMT), a process 
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in which epithelial cells undergo loss of polarity, enhance migratory capacity, 

invasiveness and resistance to apoptosis, producing mesenchymal phenotype (11, 31-

34).  

 
 

 
Malignant ascites and effusions 

 

OC and CS have a particular way of metastasizing within the serosal cavities, i.e., the 

peritoneal and pleural spaces are filled by an accumulation of fluid; these are termed 

malignant peritoneal (ascites) and pleural effusion (35). Malignant effusions are a 

frequent clinical finding in advanced-stage carcinomas and CS, i.e., stage III-IV 

according to the FIGO system. Ascites is found in 75% of patients with advanced-

stage disease (36), whereas pleural effusions occur in 33–55% of patients with stage 

IV disease and are the most common site for distant metastasis. Metastatic cancer cells 

in the serosal cavities can cause a lymphatic obstruction and increased vascular 

permeability, as well as angiogenesis, fibrin accumulation and changes in the 

peritoneal stroma (37). 

The presence and morphology of cancer cells within the serosal cavities are highly 

variable. Cells may form glandular or papillary structures or may be dissociated. Size 

varies, with cells ranging from medium-sized to giant, often multinucleated, 

particularly after chemotherapy (Figure 5A, 5B).  Cancer cells in effusions represent 

a chemoresistant population, often rendering the disease untreatable and rapidly fatal 

(37).  
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Figure 5. Metastatic carcinoma cells at serosal cavities. A. Diff-Quik stain; B. H&E 
stain. Figures included with permission from Springer (37)  

 
 
 
Diagnosis and treatment modalities 
 

Early diagnosis of OC is crucial in increasing patient survival (38, 39). At present, 

different biomarkers aid in narrowing the differential diagnosis during pathological 

evaluation. Given the complexity and heterogeneity of OC, it is unlikely that a single 

biomarker will be able to detect all subtypes and stages of the disease with high 

specificity and sensitivity (38, 40).  

The most frequently used biomarker in OC diagnosis and disease monitoring is the 

Cancer Antigen 125 (CA 125), first described in the early 1980s (41). Elevated CA 

125 levels are present in about 80% of advanced-stage OC patients and only 50% of 

early-stage OC patients. The sensitivity of CA 125 is about 50%-60%, and its 

specificity is about 90%. It is overexpressed in OC and may contribute to metastasis 

(42, 43).  

Other biomarkers have been developed and tested as a supplement to CA 125 to 

improve sensitivity and specificity for OC, among these the Human Epididymis 

protein 4 (HE4), a glycoprotein secreted by the Müllerian epithelia of the female 

reproductive tract, which has 94% specificity (44, 45). 

 

From the radiology perspective, imaging has an essential role in the detection and 

diagnosis of suspected ovarian cancer, improving the sensitivity of CA 125 and HE4 

(46). The risk of malignancy index (RMI) is a validated tool in OC screening (47). The 
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calculation of malignancy is based on the RMI cut-off level of 200 (48): RMI >200 is 

highly specific for malignancy, whereas RMI <200 indicates a low risk of malignancy. 

Although the sensitivity and specificity are rather high (93% and 96%, respectively), 

the simultaneous assessment of both CA 125 and HE4 to RMI seems to be necessary 

(47). 

 

Primary debulking or cytoreductive surgery in OC is not only used for diagnosis and 

staging but also as a therapeutic intervention to achieve total macroscopic resection of 

all disseminated tumor masses within the peritoneal cavity (3). After a successful 

cytoreductive surgery, all patients usually undergo combination platinum (as 

carboplatin) plus taxane (as paclitaxel) chemotherapy (42). An alternative strategy for 

those patients who unlikely will achieve a successful cytoreduction is neoadjuvant 

chemotherapy (NATC), which is administered before surgery. Intraperitoneal (IP) 

administration of platinum compounds and taxane has been investigated for a possible 

role as standard care for advanced OC. However, its function is still undecided at 

present due to concerns regarding toxicity and complications associated with IP drug 

administration (37, 42). Most women with OC who are initially diagnosed with the 

widespread disease develop resistance to treatment, either primarily or secondarily, 

after retreatment, leading to death (Figure 6) (49, 50).  
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Figure 6. The typical clinical course of HGSC patient. The patient is characterized 
by an initial favorable response to platinum-therapy, followed by the cycle of relapse 
and then the development of resistance. Figure included with permission from 
Springer Nature (50). 
 

 

 

Unlike solid tumors, carcinoma cells in ascites and effusions are not amenable to 

surgical eradication. Therefore, the development of chemotherapy resistance along 

tumor progression is one of the main reasons for treatment failure in OC.  

Research is in progress for understanding the mechanisms of drug resistance. 

Significant progress has also been made in improving cancer care increasing the life 

expectancy of patients with OC. The research is performed along different axes, such 

as understanding the molecular drivers of tumorigenesis, identifying the immune 

landscape, and mapping the molecular alterations at the DNA, RNA, and protein level 

further in order to understand the aberrant pathways (51, 52).  

Drugs targeting DNA repair mechanisms, which maintain genome integrity and allow 

cells to complete replication without errors, such as poly (ADP-ribose) polymerase 

(PARP) inhibitors, and drugs targeting angiogenesis, such as anti-vascular endothelial 

growth factor (VEGF) antibodies, have been approved and are in use for advanced OC 

(51, 53).  
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PARP inhibitors are mostly used for the treatment of tumors characterized by breast 

cancer genes 1 and 2 (BRCA1/2) mutations and are among the most promising targeted 

agents for OC (54, 55). Olaparib is one of the most well-studied PARP inhibitors and 

the first one introduced as maintenance therapy in patients with ovarian cancer. In 

patients with BRCA mutations, the use of olaparib has resulted in significant 

improvement in progression-free survival (PFS); also, for patients with recurrent, 

platinum-sensitive ovarian cancer, substantial benefit has been demonstrated, 

evidenced as extension of PFS (56, 57). Despite the encouraging response, the 

emergence of resistance is frequently seen (3, 58).  

The role of VEGF is well established and it is the most proangiogenic factor necessary 

for tumor cell survival, growth and metastasis. Anti-VEGF therapies hold great 

promise; however, their efficacy has been modest, likely owing to redundant and 

complementary angiogenic pathways. Bevacizumab, a humanized monoclonal 

antibody targeting VEGF-A, is the most widely studied agent in ovarian cancer. 

Studies have demonstrated its effectiveness in the management of OC in combination 

with platinum and taxane-based chemotherapy, with an improvement of PFS, although 

the benefit is relatively modest (52, 59, 60).  

The role of immune checkpoint inhibitors is less well established and there is not yet 

any approval for immune therapies. Evidence suggests that OC cells can escape from 

the immune system, creating an immunosuppressive network. Since preliminary 

results of immunotherapy showed low response rates in HGSC, the benefit of 

checkpoint inhibition is currently under investigation (61, 62).  

Targeted therapy in OC is promising, but more effective strategies are required. Efforts 

are needed to identify and optimize appropriate combinations and sequence targeted 

strategies for effective treatments and improve the outcome of the patients. Many 

targeted therapies are currently under evaluation and OC remains a therapeutic 

challenge (52, 53).  
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Molecular features – Cancer biology 
 
Genetic abnormalities in ovarian carcinoma and carcinosarcoma 
 

The last two decades have seen dramatic advances in our understanding of the complex 

biology of cancer development and progression. Hanahan and Weinberg proposed the 

hallmarks of cancer as a multistep development of neoplasia, emphasizing the most 

promising areas of investigation (63). One of the most relevant hallmarks in OC 

research that plays a crucial role in cancer initiation and progression is the so-called 

genomic instability and mutation (Figure 7).  

 

 

 

 
Figure 7. The ten hallmarks of cancer, proposed by Hanahan and Weinberg. Figure 

adapted with permission from Elsevier (63). 

 

 

It is well known that the genetics of OC is complex, with a wide variety of genomic 

alterations, presenting hurdles in classification, diagnosis, and treatment (64). The 
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identification of germline mutations of BRCA1/2 is associated with an increased 

incidence of OC (65). BRCA1 and BRCA2 are responsible for the repair of DNA 

damage that maintains genomic stability and promotes cell survival and replication 

(66). Approximately 15% to 20% of women with OC have a hereditary predisposition 

to the disease, showing mutations in BRCA1 and/or BRCA2 (67, 68).  

Mutations in tumor protein 53 (TP53) are a characteristic feature of HGSC (>95%). 

TP53 encodes a transcription factor that activates genes involved in DNA repair, cell 

cycle and apoptosis (3, 67, 69). In HGSC few additional genes are recurrently mutated 

at a lower frequency than TP53: BRCA1 (12.5%) and BRCA2 (11.5%) with a 

combination of germline and somatic mutations, focal deletion or mutation of 

phosphatase and tensin homolog (PTEN; 7%) Neurofibromatosis type 1 (NF1; 4%), 

and Retinoblastoma 1 (RB1; 2%) (67, 70). 

Chromosomal instability (CIN) is one aspect of genomic instability (71). It is a 

widespread accumulation of numerical and/or structural alterations in cancer cells. In 

many instances, these aberrations lead to imbalances, i.e., gains and/or losses of DNA 

in the cancer genome. Amplification of the chromosomal band 19q12 is one of the 

most common copy number aberration (CNA) in OC, leading to overexpression of the 

Cyclin E1 (CCNE1). (Figure 8) (67, 72, 73).  

Another aspect of genomic instability is called microsatellite instability (MSI), 

characterized by defective mismatch repair genes, leading to an increased frequency 

of frameshift mutations (74). Genomic analysis shows that approximately 50% of 

HGSC tumors show homologous recombination (HR) deficiency, mainly arising from 

germline, somatic and epigenetic mutations in BRCA1 and BRCA2, and less often from 

mutations in other components of the HR pathways (50, 73, 75). 
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Figure 8. Common molecular abnormalities in HGSC. A. The main histological 
subtypes of OC. B. Frequent molecular abnormalities in HGSC. TP53 mutation is an 
almost “universal” finding in the sense that it is found together with many other 
mutations. Figure included with permission from Elsevier (73). 
 

 

In contrast to HGSC, the remaining OC histotypes show a lower incidence of genomic 

instability, with considerably fewer CNA and mutations in TP53.  

LGSC is molecularly quite distinct from HGSC. It is characterized by mutations in B-

Raf proto-oncogene, serine/threonine kinase (BRAF; 38%) and Kirsten rat sarcoma 

viral oncogene homolog (KRAS; 19%) (3, 76, 77). CCC and EC have similar molecular 

aberrations: mutations related to AT-rich interaction domain 1A (ARID1A), PIK3 

catalytic subunit α (PIK3CA) and loss of PTEN (78-80). KRAS mutations are the most 

common genetic alteration in MC, found in 50% of the cases (3, 81). 

In uterine CS, Cherniack et al. found similar mutations to endometroid and serous 

carcinoma performing genomic, epigenomic, transcriptomic and proteomic 

characterizations. They suggested a carcinoma origin (82). Microsatellite instability in 

gynecologic CS accounts of 5-21% of the cases. Alterations in TP53, KRAS and the 

PIK3CA pathways are often identified, as well as a frequent dysregulation of 

chromatin remodeling genes with the most highly mutated genes being ARID1A and 

ARID1B (32, 33, 83).  

At last, it is important to mention that despite the limited information on chromatin 

modification in the development of OC (84), mutations in genes involved in chromatin 
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remodeling have also been found in CS. Alteration of the chromatin structure may 

induce carcinogenesis, since regulation of chromatin structure is of paramount 

importance for a variety of fundamental nuclear processes, including gene expression, 

DNA repair, replication and recombination.  

 
 

miRNA expression 
 

MicroRNA (miRNA) are a class of non-coding single-stranded small-molecule RNAs, 

of approximately 19–22 nucleotides in length, encoded by endogenous genes. The 

discovery of distinct regulatory miRNA underlined their importance in the regulation 

of tumor invasion, metastasis and EMT process (85, 86). Their abnormal expression 

has been related to the invasion and metastasis of OC (87-89). As a way of example, 

Agostini and colleagues reported an inverse correlation between dysregulation of let-

7a and miR-30c and high expression level of the High-mobility gene A2 (HMGA2) in 

OC (90).  

HMGA2, encoding a protein that belongs to the non-histone DNA binding factor, acts 

as an essential regulator of cell growth, differentiation and apoptosis; the gene is highly 

expressed in various types of cancers, including OC (91). In HGSC and CS, let-7a and 

miR-30c are downregulated when HMGA2 is overexpressed (72, 92). Research 

regarding miRNA regulatory mechanisms and target genes is still in its infancy, and 

their relationship with tumors and specific tissues, especially the ovaries, is 

incompletely understood (93, 94). 

 
 

 

DNA methylation  
 

DNA methylation induces a repressive and tightly knit chromatin structure, which can 

reduce the expression of genes involved in different mechanisms, from DNA repair to 

apoptosis, from differentiation to drug resistance, angiogenesis, and metastasis (95). 

Efforts to analyze DNA methylation in ovarian cancer started by targeting genes 
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commonly mutated in other types of cancer, such as genes involved in DNA repair, 

cell cycle and growth regulation (96). 

Several tumor suppressor genes have been shown to be methylated and represent 

potential biomarkers for precision therapy (97). 

Methylation of BRCA1 promoter has gained a lot of attention lately since BRCA1 

promoter methylation has been found in 15–30% of OC (97-99). Others genes well-

characterized include human mutL homolog 1 (hMLH1), O-6-Methylguanine-DNA 

Methyl Transferase (MGMT), Homeobox A9 (HOXA9), Ras association domain 

family 1 isoform A (RASSF1A), Opioid-binding protein/cell adhesion molecule 

(OPCML) and collagen and calcium-binding EGF domains 1 (CCBE1) (100, 101). 

Methylation of the MGMT gene promoter is particularly exciting and shared in many 

types of cancer, especially in brain tumors (102-104). In OC, there is discordance 

regarding the frequency of MGMT promoter methylation. MGMT promoter 

methylation may play a crucial role in ovarian carcinogenesis (105). DNA methylation 

in OC is still a relatively new area and therefore carries much hope for possible 

diagnostic, prognostic and choice of treatment purposes (84, 100). 

 

 

Molecular biology of OC effusions 
 

Only a few studies have focused on the molecular alterations and genetic mechanisms 

behind carcinoma cells in effusions (106). The insufficiency of the data limits the 

understanding of cancer progression in these specimens. The processes of invasion and 

metastasis involve extensive changes in the expression of adhesion or other surface 

molecules, including cadherins, integrins, immunoglobulin superfamily members, 

proteoglycans, and mucins, proteases, angiogenic, anti-apoptotic molecules as well as 

in intracellular signaling networks and transcription factors regulating the expression 

of these molecules (107). Many reports documented the heterogeneity of gene 

expression patterns with significant molecular variations in the biology of the effusions 

(107, 108). 
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Material and Methods 

Patient material 

The patient material studied in papers I-V was obtained from the Department of 

Pathology, Norwegian Radium Hospital and the Department of Gynecology, Ullevål 

University Hospital, between 1998 and 2015. The tumor biobank contains malignant 

effusions from a cohort of 500 OC, which has been registered and approved by the 

Regional Committee for Medical Research Ethics South-East in Norway (REK #S-

04300). Prof. Davidson received a dispensation from obtaining the consent for all OC 

patients diagnosed in the years 1998-2006 and all non-OC specimens diagnosed in the 

years 1998-2008. The reason for that was the fact that most patients were dead at the 

time of application. Patients diagnosed with OC from 2007 onwards signed informed 

consent, which allowed for molecular analyses of the specimens included in this PhD 

thesis. 

 

Paper I included 281 patients with OC, paper II included 26 patients with CS, paper 

III included 33 OC specimens, 48 effusions from patients with other malignancies of 

which 23 were from breast carcinoma, six from lung, five from the uterine corpus and 

four cervical carcinomas, as well as ten malignant mesotheliomas, and 12 ovarian 

tumors from HGSC patients. Paper IV included 103 OC effusions and paper V 

included 400 effusions from HGSC. An overview of the material studied is given in 

Table 2.  
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Table 2. Overview of the material investigated in the different subprojects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Methods 
 

The patient material included in this thesis was investigated using different 

methodological approaches, including gene expression, mutation analysis, 

methylation analysis, whole-genome investigations and protein expression. 

 

 

Expression analysis 

The Reverse Transcription Real-Time quantitative Polymerase Chain Reaction (RT-

qPCR) is considered the gold standard for the quantification of gene expression 

because of its specificity, accuracy, high sensitivity, and extensive use in investigating 

candidate genes (109, 110). RT-qPCR uses fluorescence exclusively as a detection 

system for quantifying the amount of PCR product molecules (amplicons) generated. 
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It includes DNA binding dyes and fluorescently labeled sequence-primers or probes. 

The reliable sequence-specific, fluorescently-labeled oligonucleotide probe called 

TaqMan was used in the first two projects of this thesis (Paper I and II).  

The probe sequence is labeled at the 5' end with a fluorescent reporter dye and with a 

quencher at the 3' end. During the annealing step, the probe specifically hybridizes to 

the template and the fluorophore's fluorescence is suppressed by the quencher. During 

the extension step, the 5'→3' exonuclease activity of Taq DNA polymerase degrades 

the probe hybridized to the template. Such step prevents quenching and allows 

fluorescence emission. The amount of amplified product can be monitored by 

measuring the fluorescence intensity. The specificity of the TaqMan probe ensures that 

the fluorescent signal generated during qPCR is derived only from the amplification 

of the target sequence (Figure 9). 

The quality of RT-qPCR execution is influenced by biological and technical variability 

related to RNA integrity, cDNA quality, and PCR efficiency. The simplicity of the 

technology and its popularity are likely the cause of the lack of reproducibility of the 

results in molecular research. In essence, experimental results can vary, even when 

performed by the same individual at the same time (111). In any gene expression study, 

the accuracy of the results and the stability of the expression obtained depend on the 

strategies of normalization of RT-qPCR data using stably expressed genes, known as 

references (112, 113).  
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Figure 9. The principles of real-time polymerase chain reaction (PCR) using 
TaqMan probe.  Figure publicly available at Wikipedia commons. 

 
 

 

Nucleic acid sequencing 

The nucleic acid sequencing, which investigates the order of nucleotides in DNA 

and/or RNA, is an imperative/mandatory method for cancer research (114).  

Over the years, innovations in sequencing protocols and/or methodology, as well as 

automation, increased the technological capabilities of sequencing while decreasing 

the cost, allowing the reading of long sequences of hundreds of DNA base pairs (bp) 

massively parallelized to produce a billion bases of data in one run (114, 115). 

Sanger sequencing is a targeted sequencing technique; it is accurate, reliable 

and fast. It uses oligonucleotide primers to seek out specific DNA regions. In the 

studies behind paper II and IV, the cycle sequencing, a modification of Sanger 

Sequencing, was performed, increasing the sensitivity of the DNA sequencing process 
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and permitting the use of minimal amounts of DNA starting material. DNA sequencing 

products were automatically separated using capillary electrophoresis (Figure 10). 

Shortly before reaching the positive electrode, the fluorescently labeled DNA 

fragments, now separated by size, move through the path of a laser beam. The laser 

beam causes the dyes on the fragments to fluoresce. The fluorescence is detected by 

an optical detection device and depicted in the chromatogram as a series of peaks in 

fluorescence intensity.  

 

 

 

 

  
 
Figure 10. Cycle sequencing. Figure adapted from Wikipedia commons. 

 
 

 

Other DNA sequencing methods that enable rapid and accurate quantification of 

sequence variation are pyrosequencing (PSQ), a sequence-based detection technology, 

and methylation-specific quantitative polymerase chain reaction (MSP-qPCR). In 

paper II and III, both methods detected methylation levels of individual cytosine (C) 

followed by guanine (CpG) sites in a PCR product. Methylation on CpG residue can 

be determined by treating genomic DNA with sodium bisulfite that specifically 
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converts unmethylated C to uracil, while methylated C is protected from bisulfite 

conversion (116). Following PCR, the C is retained while uracil is converted to 

thymine (T). The amounts of C and T at individual sites are converted into the 

quantities of pyrophosphates released using the primer extension method, and their 

values are accurately quantified bioluminometrically using the Pyrosequencer system 

(QIAGEN, Germany) (117) (Figure 11).  

PSQ is a semi-quantitative technique that quantifies in real-time each added nucleotide 

during sequencing to give the percentage of methylation at each CpG present in the 

sequence measured (118). The average rate of methylation for all CpGs measured in a 

PSQ assay is used to score samples as unmethylated or methylated. It has potential 

advantages of accuracy, flexibility and parallel processing; it is not subject to 

individual interpretation of results once the cut-off value has been defined and can be 

easily automated. 

 

 

 

Figure 11. Determination of percent methylation in PSQ. Figure adapted with 
permission from Springer Nature (116). 

 

MSP-qPCR is a well-known and not automatized method that is difficult to 

standardize; the obtained results may, therefore, be influenced by inter tumor 

heterogeneity and/or a subjective interpretation (119). Following the PCR 

amplification of bisulfite modified DNA, the sequence differences can be 
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distinguished by the melting curves of the amplified products (Figure 12). The 

temperature range over which melting occurs and the shape of the curve is a function 

of the length, sequence and GC content of the product. Products derived from DNA 

template containing methylated cytosines will have a higher GC content with a higher 

melting temperature and touch down temperature than otherwise equivalent products 

from DNA with unmethylated C. Similarly, products from unmethylated DNA will 

have a cooler melting temperature and lower take-off temperature than otherwise 

equally methylated DNA (120).  

 

 

 

Figure 12. Example of melting curve analysis plot between unmethylated reference 
(0%) and methylated (100%). Figure licensed under the Creative Commons 
Attribution License (Version 4.0) (120)  

 

 

 

 

array Comparative Genomic Hybridization (aCGH) 

Genomic imbalances, also referred to as copy number variations (CNV), have played 

and are still playing an essential role in human evolution, genetic diversity, disease 
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susceptibility and tumorigenesis (121). Several assays have been developed for the 

detection of CNV in the human genomes, including comparative genomic 

hybridization (CGH), both chromosome- and array-based (aCGH). CGH was 

developed to reduce the gap between classical cytogenetic and molecular techniques, 

thereby aiding in understanding the imbalances in cancer genomes. aCGH can detect 

imbalances at gene-level, sometimes at exon-level, therefore the resolution is higher 

compare to classical cytogenetics. Tumor and control DNA are differentially labeled 

with specific fluorochromes and co-hybridized onto an array containing the DNA 

targets. The chip is then scanned into image files that are subsequentially analyzed by 

the appropriate software (Figure 13). The technique shows a number of limitations as 

it is unable to detect balanced chromosomal rearrangements, identify intratumor 

heterogeneity and it is sensitive to sample purity, e.g., if there is a high presence of 

normal/stroma cells the profile can be imprecise (122). 

 

 

 
           Figure 13. Principle of chromosome- and array-CGH. 
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Protein expression 

Immunohistochemistry (IHC) allows for the visualization of protein expression in situ, 

combining information about protein expression and subcellular location of the target 

protein. Although it is a relatively simple technique, the usefulness and contribution 

of IHC to solving problems in pathology is directly proportionate to the experience of 

the hands that perform the reactions and also the eyes that interpret the results (Figure 

14) (123, 124).  

 

 

 

 

 
 

Figure 14. IHC schematic process. Immunostaining of a given protein in a fixed cell 
tissue 
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Western blot (WB) is a standard method for the immunodetection of proteins. It 

identifies proteins based on separation by size using gel electrophoresis, with transfer 

from the gel to a membrane where they can be explicitly visualized (125). It has 

advantages compared to IHC, with higher sensitivity and specificity, but can still 

produce a false-positive result when the immunoreactive protein band does not 

correspond to the size of the studied target (Figure 15) (126). 

 

 

 

 

 
Figure 15. WB schematic process. Separation of proteins by molecular weight using 
an antibody against the protein of interest. 
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Aims of the study   
 

There is an urgent need for a better understanding of disease progression and 

pathogenesis of OC metastasis in patients with advanced-stage disease. The majority 

of patients with advanced-stage OC have malignant effusions, originating from 

carcinomas and CS. OC cells in effusions are believed to represent a chemoresistant 

population rendering the disease fatal and untreatable (37). The emergence of drug-

resistant disease is a significant problem in the clinical management of a patient with 

OC (127).  

The general purpose of the research behind this thesis is to explore at the molecular 

level the genome of OC, CS and effusions to improve classification and diagnosis and 

opening up for the possibility of finding specific medical treatments for neoplastic 

cells that counteract exactly those molecular rearrangements. 

A limited number of studies have focused on the genomic alterations and pathogenetic 

mechanisms behind the formation of effusions. Additional genomic investigations 

may provide fundamental knowledge of the pathogenesis of these tumors, identifying 

potential molecular markers for specific drugs that can be used for screening as well 

as prognostic purposes for improving treatment options for patients and preventing 

chemoresistance. 

 

 

The present PhD project had five lines of investigation: 

 

 Paper I. Since the function of the proteases DPP8 and DPP9 seem to have a role 

in cancer and recently DPP9 was identified as a fusion gene in HGSC, we aimed 

to investigate the association between the expression of DPP8 and DPP9 and their 

clinical relevance in OC tumors and HGSC effusions. 

 

 Paper II. We wanted to increase the knowledge about the mutational landscape 

and the expression status of genes and miRNAs on CS arising in the uterus and 

ovaries since their genetic basis is largely unexplored. Furthermore, we wanted to 

see, if possible, similarities were present in tumors arising in the ovaries compared 

to those occurring in the uterus. 
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 Paper III. The promoter O6-methylguanine-DNA methyltransferase (MGMT) and 

its clinical relevance have been the subject of extensive research in cancer. In OC, 

the frequency of MGMT promoter methylation is discordant between different 

studies. None has analyzed before malignant effusions. With this as a background, 

we aimed to explore the frequency and potential clinical relevance of promoter 

methylation status of MGMT in malignant effusions from a different origin. 

 

 Paper IV. We wished to expand the molecular genetic profile of OC effusions 

since only a few studies have focused on the molecular alterations and genetic 

mechanisms behind effusions formation. We aimed to answer the following 

questions: Which genes are mutated? What is their frequency? Is there any 

correlation between these genes and the clinico-pathological aspects of these 

patients? 

 
 

 Paper V. We aimed to study the association between expression and clinical role 

of the mitosis regulators A-thalassemia/mental retardation syndrome X-linked 

(ATRX) and death-domain-associated protein (DAXX) in metastatic HGSC. 
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Results in brief 
 

Paper I. 

Expression and clinical role of the dipeptidyl peptidases DPP8 and DPP9 in 

ovarian carcinoma. 

 

The expression status and clinical relevance of the dipeptidyl peptidases DPP8 and 

DPP9 at mRNA and protein level was analyzed in OC. mRNA expression of DPP8 

and DPP9 was analyzed in 232 carcinomas, showing overexpression of DPP9 5’ in 

HGSC and CS compared to other OC histotypes (p=0.021). DPP9 5’ was investigated 

in 92 HGSC effusions and was found to be overexpressed compared to the ovarian 

tumors and solid metastases (p<0.001). DPP9 3’ and DPP8 were similarly 

overexpressed in effusions; however, solid metastases had higher levels than the 

ovarian tumors (p<0.001). In solid specimens and effusions from HGSC, the DPP8 

and DPP9 protein were predominantly localized to carcinoma cells.  

Despite the fact that their overexpression in metastatic disease compared to the ovarian 

tumors and in HGSC compared to less aggressive OC histotypes, high levels of DPP8 

protein expression were associated with better (complete) chemo response at diagnosis 

(p=0.005) and higher DPP9 3’ levels were significantly related to longer overall 

survival (p=0.049). An independent series of 49 HGSC effusion was investigated, the 

new independent cohort confirmed the results obtained in the main series. 

 

Paper II. 

Molecular characterization of CS arising in the uterus and ovaries. 

 

In this study, we performed a molecular analysis of 16 uterine CS (UCS) and ten 

ovarian CS (OCS). All tumors were analyzed for the presence of a mutation in the 

IDH1, IDH2, TERT, CTNNB1, BRAF, H3F3A, KRAS, HRAS, NRAS, PIK3CA, and 

TP53 gene. Furthermore, the methylation status of the promoter of the O6-

methylguanine-DNA methyltransferase gene (MGMT) was investigated. UCS showed 

a mutated sequence only for KRAS, PIK3CA, and TP53 in 6%, 31%, and 75% of the 
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cases studied. Thirty percent of OCS carried TP53 mutations. The expression of 

aberrant TP53 was confirmed by IHC, finding a correlation between TP53 mutational 

status and p53 expression pattern. The analysis showed equal expression of the protein 

in both components (carcinomatous and sarcomatous). No MGMT promoter 

methylation was detected in the present series. 

To obtain more insight into the role of chromatin regulatory genes and their pathways 

in both UCS and OCS, we analyzed the association between miRNAs and their target 

genes. We found an inverse correlation between overexpression of HMGA2/1, 

LIN28A, and MTA1 genes and downregulation of miRNAs such as let-7a, Let-7d, 

miR26a, miR16, miR214, and miR30c. HMGA2 was expressed at higher levels in both 

UCS and OCS; it was found expressed in its truncated form in two UCS cases, in one 

showing the junction between exon 3 and the intronic region, and in the other one 

showing an in-frame fusion with Homo sapiens Helicase (DNA) B (HELB) gene. 

 

Paper III. 

MGMT promoter methylation is a rare epigenetic change in malignant effusions. 

 

We analyzed the frequency and potential clinical relevance of MGMT promoter 

methylation in 33 OC effusions and in 48 effusions from patients with other 

malignancies performing PSQ analysis. MGMT methylation was found as a rare 

epigenetic change in malignant effusions of different origins. Only one out of 33 OC 

effusions showed high methylation frequency, with values of 41-45% at the four CpG 

sites. In an analysis of 48 non-ovarian effusions, only one effusion from breast 

carcinoma had low-level methylation (6-8% at the four CpG sites). A series of 12 

surgical specimens from the ovary from patients with HGSC was independently 

studied to confirm the accuracy of the PSQ method, giving comparable results. 
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Paper IV. 

Mutation analysis and genomic imbalances of cells found in effusion fluids from 

patients with ovarian cancer. 

 

In the present study, we performed a mutation analysis of 103 OC effusions. All 

effusions were analyzed for TP53, PIK3CA, KRAS, HRAS, NRAS, and BRAF mutation 

status. 

TP53 was found mutated in 44% of all cases, including 49% of HGSC, 20% of LGSC, 

16% of CS and the single case of EC analyzed. Two novel sites for TP53 mutation 

were identified in HGSC: deletion of the CCTGT sequence was found in position 

c.826_830 and a substitution GC>TT in position 475_476.  

PIK3CA mutations, c.1634A>C and c.3155C>T, were found in 4% of the HGSC 

effusions examined. 

Mutations in KRAS, c.34G>T and c.183A>C were identified in 2% of the cases, in an 

HGSC and an LGSC effusion, respectively.  

HRAS was found mutated in only two HGSC showing a c.173C>T; 37.5% of the cases 

showed the presence of the 81T>C polymorphism in the coding region of HRAS.  

None of the effusions analyzed showed NRAS and BRAF mutations. 

Investigations on genomic imbalances by mean of aCGH were performed on 20 

effusions from HGSC. More specifically, we compared the genome of ten patients 

showing TP53 mutations and ten with wild-type TP53. The two selected subgroups of 

effusions were both very complex and showed similarities in the imbalanced regions. 

The average number of copy alterations (ANCA) index calculated was 83.2 for the 

subgroup with TP53 mutation and 66.3 for the subgroup with TP53 wild-type.  

 

Paper V. Death-domain-associated protein (DAXX) expression is associated with 

poor survival in metastatic high-grade serous carcinoma. 

 

We analyzed the expression and clinical role of ATRX and DAXX in 400 HGSC 

effusions by IHC and WB. IHC showed ATRX expression in 386/400 (96%) of the 
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cases and DAXX in 348/400 (87%) HGSC effusions. WB showed DAXX expression in 

70/81 (86%) HGSC effusions. DAXX expression by IHC was higher in pleural 

compared to peritoneal effusions (p=0.006) and in post-chemotherapy compared to 

pre-chemotherapy effusions (p=0.004). 

ATRX expression was unrelated to clinicopathologic parameters and survival. Instead, 

DAXX expression was significantly associated with poor overall survival (OS) in 

univariate (p=0.014) and Cox multivariate (p=0.011) survival analysis.  
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General discussion 

 
Methodological considerations 
 

Study design 

 
The work presented in this thesis is based on solid biopsies from OC and CS patients, 

as well as specimens from OC effusions and malignant effusions from other cancers. 

The samples were collected in our biobank in the period between 1998 and 2015 

(Table 2).  

Appropriate sample selection is a fundamental criterion to obtained meaningful 

scientific results. The wish of each researcher, as well as ours, is to be able to use the 

same series of tumors for many consecutive studies. Unfortunately, we could not use 

precisely the same series of samples for all the subprojects described here despite the 

availability of cytological material, since not all patients with advanced OC develop 

malignant effusions. Furthermore, the amount of material is limited and therefore 

subjected to an end. In paper 2, six tumor tissues ran out while we were performing 

the experiments. Unfortunately, we did not have the possibility to make methylation 

and mutation analysis of these cases. Only expression analysis was performed. It is 

important to note that the availability of material is a fundamental factor in research, 

allowing us to conduct all investigations that are planned or even have the possibility 

to come back and test for more in a different moment. 

Small series of a specific tumor type, like the cohorts used in the presented studies, 

can give informative results/information, especially if the series is homogenous and 

the clinico-pathological data are available to drag conclusion. Each series, 

independently from its size, can have the potential to identify changes. We would wish 

to have larger patient cohorts for an extensive significant molecular and clinical 

investigation of these tumor types and also a better interpretation of the negative 

results. However, whenever it was possible, we included an independent cohort to 

validate the findings obtained. 
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RT-qPCR for studying gene and miRNA expression 
 

For quantitative studies, RT-qPCR was used to investigate gene expression by 

measuring the level of mRNA. We have carefully followed the instructions of the 

manufactures and optimized all conditions to obtain reliable results, e.g., we have 

designed the TaqMan probe for each cDNA target analyzed. However, significant 

variability and reproducibility pitfalls can arise and lead to false conclusions. RT-

qPCR is a method based on a simple protocol and it is generally easy to perform and 

generate data. One should still be aware that there are serious implications for 

reliability, relevance and reproducibility of data, as experiments are vulnerable to 

variability (111).  

In the present PhD project, the most suitable tissue reference used was the whole ovary 

and uterus from healthy donors (commercially and internally available). They were a 

good compromise studying different subtypes of OC, ovarian and uterine CS.  

To test the stability of gene expression, the comparison between normal and tumor 

samples from the same patient can be crucial for an accurate RT-qPCR expression 

profile. Unfortunately, this is still a challenge in RT-qPCR. It is not always easy to get 

the normal tissue from the same patient as an internal control. 

To avoid ramifications of variability, reference genes are internal reaction controls 

based on the normalization of the expression pattern that has different sequences than 

the target. They should show minimal variability in their expression between tissues 

and physiological states of the organism. Our approach was mainly based on using 

stably expressed genes known as housekeeping genes to estimate relative gene 

expression values with a constant expression level. Ribosomal protein L4 (RPL4) was 

used as a reference gene in OC effusions (paper I) as it is stably expressed in ovarian 

cells (128). The housekeeping genes Ubiquitin C (UBC), TATA-Box Binding Protein 

(TBP) and U6B Small Nuclear RNA (RNU6B), stably expressed in gynecologic 

tumors, were used as references in the expression level of selected genes and miRNAs 

in gynecologic CS (paper II) (90). The choice of RT-qPCR, compared to other assays 

for gene expression analysis, was based on our aim to limit the study to a few known 

target genes and miRNAs. Despite the ability of RT-qPCR to ensure the integrity and 

reproducibility of published data, other technologies, such as high-throughput 

sequencing technology, specifically RNA sequencing, have the ability to achieve high 
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sensitivity and precision and detect at same time expression of the whole transcriptome 

in the cancer cells, i.e., the number of genes tested is higher. The limited experimental 

budget allowed us to go in the RT-qPCR direction, considering the more manageable 

costs. Additionally, the amount of starting material in RT-qPCR can be meager. RT-

qPCR is faster than other methods allowing to run 35 reactions per sample in a short 

time. 

 

 
DNA sequencing analysis 

 

We aimed to identify the presence and the frequency of somatic mutations in selected 

genes highlighted from other studies available in the literature and the Catalogue Of 

Somatic Mutations In Cancer (COSMIC) database. Since knowledge about the 

mutation status for those genes was not available for effusions and very limited for CS, 

we wanted to provide comprehensive genomic and transcriptomic information of 

gynecologic CS and OC effusions (paper II and IV). The use of COSMIC database can 

be tricky and each user may take into account some limitations as the mutations for 

each codon are based on reported data from different studies and therefore, may 

contain errors.  

The detection of mutations by Sanger sequencing can be subjective and also depends 

on the experience of the person scoring the data. In our studies, the validation of each 

mutation was done using the genome aggregation database (gnomAD). We have 

gathered information on all mutations detected in these studies, distinguishing cancer-

associated mutations from common polymorphisms, which is fundamental to 

understand the mechanisms behind carcinogenesis and/or cancer progression without 

misinterpreting normal results.  

Most of our gynecologic CS were heterogeneous tumors showing a different amount 

of cells from the two components, sarcomatous and carcinomatous; furthermore, in 

some instances as the presence of normal tissue was also identified in the near 

proximity of the specimen analyzed. This mixture may have influenced the results 

obtained, for example, by scoring a false negative in cases with an excess of normal 

cells. Low quality of DNA, in some cases, resulted in the presence of background on 

the DNA sequence chromatogram with unequal peaks and shapes. One such example 

was investigated in paper II where the chromatogram was scored as not informative, 
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even though we could see a truncation/rearrangement of the HMGA2 in this CS by 

another assay. We decided not to speculate on it and therefore scored it as not 

informative. 

The frequency of TP53 mutations in the HGSC effusion cells was lower (~50%) than 

previously reported (~90%) (69, 129, 130). Sanger sequencing has low sensitivity: it 

cannot detect mutations present in less than 15%-20% of abnormal cells (131). The 

molecular characterization is sensitive to sample purity, e.g., if there is a high 

percentage of normal/stroma cells, as mentioned above, we can incur in false-negative 

profile (no mutation is detected). One benefit of Sanger sequencing is its ability to 

evaluate a relatively long gene sequence for all possible mutations, so with only a 

single experiment, one can get an overview of different sites. 

 

DNA methylation analysis is based on the treatment of DNA with bisulfite, followed 

by DNA amplification with target-specific primers. In this thesis, we used two 

different methods for the detection of DNA methylation, MS-qPCR and PSQ. Both 

methods were used to detect MGMT promoter methylation status. The MS-qPCR was 

performed on gynecologic CS (paper II), whereas PSQ was used for the analysis of 

malignant effusions (paper III). Although both methods are highly reliable, PSQ, for 

its accuracy, has been considered the method of choice in MGMT gene promoter 

methylation (104). It is not subjected to individual interpretation of results once the 

cut-off has been defined, giving a quantitative methylation percentage for each CpG 

analyzed (102). It provides the frequency of methylated alleles of each CpG site 

analyzed, classifying tumors as methylated or unmethylated. Instead, MS-qPCR may 

be influenced by tumor heterogeneity and/or a subjective interpretation (119), and its 

reproducibility depends on DNA quality. As mentioned above, MS-qPCR was 

performed on surgical specimens and PSQ analysis was performed on cytological 

samples. The promoter of MGMT methylation was found unmethylated in all 

gynecologic CS. Clinical specimens frequently contain a mixture of cancer and normal 

cells. The presence of a large amount of the latter cells whose promoter is 

unmethylated can contribute to an inaccurate methylation profile. The most critical 

consideration in interpretation and reporting of CpG methylation is the percentage of 

tumor cells, as this may skew results.  
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Biological consideration 
 

Why is it important to study metastatic ovarian cancer?  
 

Ovarian cancer is the deadliest cancer of all the gynecologic tumors. OC comprises a 

group of heterogeneous histological subtypes that vary in etiology, molecular biology 

and clinical features (9). The majority of women are diagnosed at advanced-stage and 

much research is focusing on improving early detection and prevention of these 

tumors. The survival rate substantially decreases after ovarian cancer has metastasized.  

Given the limited treatment efficacy and the recurrence of cancer cells, there is a need 

to increase our understanding of advanced-stage OC biology. Most research efforts are 

directed towards a deeper understanding of the molecular characterization of ovarian 

cancer metastasis, which is crucial to overcoming this life-threatening disease and the 

improvement of personalized therapy. 

Deep molecular characterization into the genome, epigenomes and transcriptome of 

these tumors will hopefully be able to improve the molecular landscape of metastatic 

ovarian cancer. The specific targeted therapies based on molecular aberrations could 

potentially prolong the survival rate and decrease the toxicity of the treatments for 

these patients. 

 
Deregulation of DPP9 and DPP8 in OC specimens 
 
The serine proteases DPP8 and DPP9 are ubiquitously expressed in the tumor as well 

as in normal tissues; however, their expression level varies depending on tumor origin, 

histology, and the presence of metastasis (132). DPP members are involved in 

biological processes that can contribute to disease pathogenesis, proliferation and 

regulation of apoptosis (133). Previously, DPP9 was found rearranged with Protein 

Phosphatase 6 Regulatory Subunit 3 (PPP6R3) and Perilipin 3 (PLIN3) in HGSC. In 

all tumors, the fusions with DPP9 are associated with diminished expression of the 

3’end of DPP9 (134), resulting in loss of the active sites of DPP9 protein, which is 

thought to be crucial in the mechanism of tumorigenesis and tumor progression. The 

precise role/activity of these molecules in tumor cells is unclear. Since the available 

data are limited, one should wait for similar data coming from a larger series to draw 
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a conclusion. In our study (paper I), we demonstrated that DPP8 and DPP9 were highly 

expressed in metastatic and clinically aggressive OC; furthermore, their expression 

was associated with better chemo response and longer OS. A better understanding of 

the biological function of DPP8 and DPP9 could help reveal their possible role in 

cancer. Furthermore, we have analyzed only two members of this protein family; 

analyzing other members of these serine proteases family, e.g., PPIV, DDP6, DPP10 

may contribute to a better understanding of their function in cancer cells. 

 

Somatic mutations in gynecologic CS and OC effusions 
 
A complete landscape of somatic mutations that contribute to tumorigenesis is crucial 

for understanding the molecular pathogenesis of cancer and for developing 

personalized treatments. Somatic mutation profiles in advanced and aggressive 

ovarian cancer are very heterogeneous: tumors of the same histotype can accumulate 

many different mutations during progression, each mutation influencing one or more 

specific pathways. The final results influence tumor behavior, aggressiveness, 

sensitivity to anticancer drugs, as well as survival (129). 

Alteration of TP53 has been investigated in different human cancers because of its role 

as a tumor suppressor (135, 136). In agreement with its designation as guardian of the 

genome (137), mutations in TP53 are associated with genomic instability. TP53 is the 

most frequently mutated gene in over 50% of tumors (138). In OC, TP53 mutation is 

one of the most frequent genetic alterations (139).  

In this thesis (paper II and IV), more than 50% of gynecologic CS and serous OC 

effusions showed TP53 mutations. Importantly, mutations in KRAS, PIK3CA and 

HRAS were also found in our specimens, in addition to TP53, potentially implicating 

PI3K/AKT/mTOR and RAS signaling pathways in the development of OC and 

gynecologic CS.  

It is known that TP53 mutations occur during CS tumorigenesis (33, 140). In our study, 

the presence of TP53 mutations correlated with abnormal expression of p53 protein in 

both components, suggesting that there is genetically similarity between them. We 

tried a few times to separate the two components, the epithelial and mesenchymal one, 

in five CS samples using laser microdissection to see if mutations in the genes 

mentioned above were present in both tumor components. Unfortunately, in our 
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tumors, these parts were so intermingled that it was not possible to separate them and 

run parallel tests.  

In all OC effusions fluids analyzed, two new TP53 mutation sites were detected. Their 

impact emphasizes the importance of mutation analysis of TP53 and awaits further 

study. Furthermore, the aCGH profile of tumors with TP53 mutated and TP53 wild-

type showed considerable heterogeneity with highly imbalanced genomes. 

Molecular analyses have facilitated a more unified approach to the classification of 

different histological subtypes. Although the complex and heterogeneous advanced 

and metastatic ovarian disease, it is critically important that the candidate drivers of 

individual tumors are linked with the discovery of new single-agent and combination 

targeted regimens in the setting of clinical trials.  

 
Dysregulation of chromatin remodeling gene involved in EMT  
 

EMT provides a molecular basis to explain the biphasic morphology of gynecologic 

CS, which also can be involved in OC progression to effusion. During such 

progression, tumor cells gain more aggressive behavior. 

The dysregulation of chromatin remodeling genes, such as HMGA2 and HMGA1, the 

pseudogenes HMGA1P6 and HMGA1P7, LIN28A, FHIT, MTA1, ATRX and DAXX, 

can influence the EMT process (141, 142). Overexpression of HMGA1 and HMGA2 

is involved in the pathogenesis of many different tumors, both benign and malignant, 

as well as of mesenchymal and epithelial origin (142-145). The main causes of their 

overexpression are dysregulation of non-coding RNA and chromosomal aberrations 

(143, 144, 146, 147). We demonstrated that in all gynecologic CS analyzed, high 

expression of chromatin remodeling genes was associated with miRNAs 

downregulation. Only two cases showed HMGA2 deregulation caused by its 

truncation/fusion. Our data have documented for the first time that dysregulation of 

chromatin remodeling genes can have a role in ovarian and uterine CS pathogenesis 

(paper II). Previously, in uterine CS, the transcriptome sequencing identified a strong 

EMT gene signature that was attributable to epigenetic alterations at miRNA 

promoters (82).  In our study, the inverse correlation between the mentioned genes and 

miRNAs dysregulation is associated with aggressive biological behavior; using a more 
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extensive patient cohort, these miRNAs may be promising markers for gynecologic 

CS treatment.  

The cooperation of ATRX and DAXX has also emerged as a key player in the 

regulation of chromatin structure, acting as a sentinel of genome integrity by 

maintaining heterochromatin at repetitive sequences (148, 149).  

We found frequent expression of ATRX and DAXX in HGSC effusions. A significant 

association between DAXX expression, disease progression and poor survival was 

observed, whereas ATRX expression did not appear to be informative of clinical 

outcome (paper V). The clinical role of DAXX and its expression has been investigated 

in different cancer types (149, 150), including ovarian cancer (151). However, it was 

the first time that the expression and clinical role of DAXX were assessed in a cohort 

of uniform histology, i.e., HGSC, as well as in metastatic disease. It would have been 

extremely informative to identify the cause behind ATRX and DAXX expression: is 

there a mutation? Is it present in a specific position? Does this putative mutation 

influence the protein structure? 

A clear understanding of the mechanism driving EMT and cancer metastasis and the 

oncogenic function of chromatin remodeling genes can have a profound impact on the 

arrest of the cancer progression and can be important for chemotherapy response and 

therapeutic strategies. 

 

Epigenetic changes: MGMT promoter methylation 
 

MGMT is a tumor suppressor gene playing a key role in DNA repair as well as in 

treatment response. Epigenetic change, such as methylation of the MGMT promoter, 

is a well-known diagnostic and prognostic marker in brain tumors (103, 152). It has 

been reported in a wide spectrum of malignancies and can be a predictive biomarker 

for stratification of treatment strategies (103, 153-155).   

Previous to work included in this thesis, the complete methylation of MGMT was 

observed in the different histological types of OC, including EC (60%) and MC (33%). 

In contrast, a low frequency of promoter methylation was present in serous carcinoma 

(3%) (100). 

In our study (paper III), MGMT methylation was absent in all but one of OC effusions. 

The only patient with HGSC had high-frequency methylation. We also additionally 
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tested the presence of MGMT methylation in other malignant effusions from breast, 

lung, uterine corpus, and cervix carcinomas as well as malignant mesotheliomas. All 

of which showed a low frequency of methylation. Such result may suggest that 

aberrant MGMT promoter methylation is not playing the central role in metastatic OC.   
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Conclusions and future perspectives 
 

The survival rate of advanced OC is generally poor, although it has improved over 

time. Despite improved OC treatment and the many promising advances which have 

been made in cancer research, there are still obvious gaps in our knowledge and 

understanding of OC at advanced-stage disease (3). The gaps highlight the degree of 

OC heterogeneity; there is an incomplete knowledge of the biology of these cancers 

and variability in the development and definition of genes alteration likely to impact 

therapeutic strategies. At the same time, it is a fact that chemoresistance, causing 

treatment failure, is associated with high mortality (156).  

 

The main goal of this project was to improve the molecular characterization of 

advanced-stage OC and overcome the high degree of heterogeneity in this disease with 

a possible case-specific profile.  

We quantified the expression of the peptidyl proteases DPP8 and DPP9, the chromatin 

remodeling genes and proteins, as HMGA1/2 and DAXX, and miRNAs targeting the 

chromatin remodeling genes. DPP8 and DPP9 were frequently expressed in aggressive 

OC, particularly in HGSC. Despite their overexpression in metastatic disease and in 

aggressive OC histotypes, these molecules appear to be associated with better chemo 

response and longer OS. 

In CS of the female genital tract and HGSC effusions, the EMT process seems to be a 

feature (32, 157). miRNAs responsible for highly HMGA expression were 

downregulated in CS and HGSC effusions and DAXX was for the first time 

documented as a novel prognostic marker associated with disease progression. 

The molecular characterization of genes, proteins and miRNAs is known to be useful 

in generating diagnostic and prognostic markers and in better understanding their 

clinical utility and significance (158). 

In most of our cases, there was a correlation with clinical parameters. Validation of 

our findings in other data sets, as well as functional studies of the gene function at the 

protein level, might give better indications for using these molecules as future 

biomarkers. 
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The detection of somatic mutations and aberrant methylation profile is essential for 

the identification of specific genetic changes and can be very useful in daily clinical 

work.  

TP53 was identified as the most frequently mutated gene in OC effusions and 

gynecologic CS. The result is concordant with previous studies (69, 159). It highlights 

the importance of TP53 alteration in OC at advanced-stage. However, as earlier and 

ongoing pre-clinical studies have shown p53 to be undruggable, several questions still 

need to be addressed regarding its relevance in anticancer therapy (160, 161). 

 

The alterations in DNA methylation could represent a mechanism in cancer 

progression and provide biomarkers that may be used clinically. In our specimens, the 

methylation of the promoter MGMT did not appear to be present, so indirectly, one 

could say that it has no role in the metastatic transformation of malignant effusions.  

 

The collection of clinical, pathological as well as molecular data can be useful to 

identify possible prognostic markers, as well as to permit a reclassification of tumors 

in a smaller group and at last, all these data may have an influence on the choice of 

post-surgical adjuvant treatment for women with aggressive and metastatic cancers. 

There are still many unresolved questions regarding OC and CS, and tumor 

heterogeneity still represents a significant challenge. Our results may bridge some of 

the gaps between molecular biology and clinical approaches. Such an approach is key 

to more specific therapies, along with the principle of personalized medicine. Ideally, 

each patient should be treated individually and the identification of the active 

pathogenetic mechanism in each tumor is a prerequisite for eventually arriving at 

tailor-made treatments. 

A possible next step would be to expand the molecular knowledge of advanced OC in 

term of the use of next-generation sequencing (NGS), integrating exome and RNA 

sequencing of the same tumor, matching primary tumors and metastases to shed more 

light on development and progression of OC at advanced-stage, performing functional 

studies on genes of interest and better examining the associations with clinical data 

which may eventually guide therapy. As deep sequencing technologies are now rapidly 

becoming available at a reduced cost, a detailed molecular characterization of all RNA 
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and DNA alterations in each tumor is becoming feasible. These methods allow the 

study of large genomic regions at once.  

We hope that our results will stimulate the curiosity of other groups, possibly with cell 

biological expertise, who can further analyze our findings at a mechanistic/functional 

level to have an even larger image of the effect of the detected genetic aberrations. 
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Abstract
Dipeptidyl peptidase 9 (DPP9) was recently identified as fusion gene in ovarian high-grade serous carcinoma (HGSC). The aim of
this study was to analyze the expression and clinical relevance of DPP8 and DPP9 in ovarian carcinoma, with focus on HGSC.
mRNA expression by qRT-PCR of DPP8 and DPP9 was analyzed in 232 carcinomas, including 114 effusions and 118 surgical
specimens (89 ovarian, 29 solid metastases). DPP8 and DPP9 protein expression was analyzed in 92 effusions. DPP8 and DPP9
mRNAwas overexpressed in effusions compared to solid lesions in analysis of all histotypes (p < 0.001 both), as well as in analysis
limited to HGSC (p < 0.001 for DPP9, p = 0.002 for DPP8). DPP9mRNAwas additionally overexpressed in HGSC compared to
other histotypes (p = 0.021). DPP8 and DPP9 protein was expressed in carcinoma cells in 31/92 (37%) and 81/92 (88%) effusions,
respectively. DPP8 protein expression in HGSC effusions was significantly related to better (complete) chemoresponse at diagnosis
(p = 0.005). DPP8 and DPP9 mRNA and protein expression was unrelated to survival in analysis of the entire effusion cohort.
However, higher DPP9 mRNA levels were significantly related to longer overall survival in pre-chemotherapy effusions (p =
0.049). In conclusion, DPP8 and DPP9 mRNA is frequently expressed in ovarian carcinoma, whereas DPP9 is more frequently
expressed at the protein level. DPP8 and DPP9 may be related to less aggressive disease in advanced-stage HGSC.

Keywords Ovarian carcinoma . Dipeptidyl peptidases . Disease progression . Survival . Immunohistochemistry . Quantitative
PCR

Introduction

Ovarian cancer, consisting predominantly of ovarian carcino-
ma (OC), is the seventh most commonly diagnosed cancer
among women in the world [1]. In 2018, it is estimated that
22,240 new cases will be diagnosed and 14,070 deaths will
occur among women in the USA [2]. In Norway, there are 450

new cases each year and ovarian cancer is the fourth most
common killer among cancers in women (https://www.
kreftregisteret.no/Generelt/Publikasjoner/Cancer-in-Norway/
cancer-in-norway-2016/). The most common histological type
of OC is high-grade serous carcinoma (HGSC), an aggressive
tumor that remains the leading cause of cancer-related deaths
among all gynecological cancers and commonly metastasizes
within the serosal cavities in the form of solid metastases and
malignant effusions [3]. HGSC accounts for 70–80% of ovar-
ian cancer deaths, and although overall survival (OS) has im-
proved in recent years, it is still below 50% at 5 years [4].

The emergence of drug-resistant disease is a major problem
in the clinical management of OC at advanced stage, and OC
cells in effusions constitute a chemoresistant population [5]. In
the context of the still unsatisfactory treatment outcomes, un-
derstanding the molecular and genetic mechanisms of HGSC
cells in effusions is an important challenge.

Dipeptidyl peptidase-8 and -9 (DPP8, DPP9) are serine pro-
teases that are members of the DPPIV family, together with the
prototype member PPIV (a.k.a. CD26), fibroblast activation
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protein (FAP, a.k.a. Seprase), and the non-enzymes DPP6 and
DPP10. Enzyme members of the DPPIV family cleave
dipeptides from the N-terminus of substrates, with prefer-
ence to proline in the penultimate position. Unlike DPPIV
and FAP, which are cell surface and intracellular proteins,
DPP8 and DPP9 are intracellular proteins. Both the latter
have splice variants. DPP8 and DPP9 have been postulat-
ed to have a role in the regulation of apoptosis, prolifer-
ation, and interaction with the extracellular matrix
(ECM) and the immune response. Disease states in which
these enzymes appear to have a role include inflammatory
conditions, liver disease, and cancer. Their substrates in-
clude multiple proteins, many of which have been impli-
cated in these diseases, e.g., the chemokine CXCL10, col-
lagen 7, and the metastasis promoter S100A10 [6–8].

DPP9-PPP6R3 fusion transcript was recently reported in a
serous OC showing a matching 11;19 translocation, and an
additional tumor had a DPP9-PLIN3 rearrangement [9]. A
third fusion was reported with PAX2 [10]. This prompted us
to investigate the expression and clinical relevance of DPP8
and DPP9 in OC. In the present study, we analyzed the mRNA
and protein expression of these proteases, with focus on
HGSC effusions.

Material and methods

Patients and specimens

OC specimens (n = 232) and clinical data were obtained from
patients treated at the Department of Gynecologic Oncology,
Norwegian Radium Hospital and the Department of
Gynecology, Ullevål University Hospital during the period
of 1998 to 2006. As the fallopian tubes have not been ade-
quately assessed in this cohort, tumors in the ovary are spec-
ified as such without reference to primary site. All tumors
were reviewed by a surgical pathologist with experience in
gynecologic pathology and cytopathology (BD) and diag-
nosed based on the combination of morphology and immuno-
histochemistry (IHC) according to the WHO 2014 guidelines
[4]. The material studied using quantitative real-time reverse-
transcription polymerase chain reaction (qRT-PCR) is listed in
Table 1. The 114 effusions analyzed for DPP8 and DPP9
mRNA expression consisted of 88 peritoneal and 26 pleural
specimens from 114 patients. Clinicopathologic data for 107
patients with HGSC effusions are presented in Table 2. A
validation series of 49 HGSC effusions tapped between
2002 and 2015 was independently studied for clinical rele-
vance. Clinicopathologic data for these patients are detailed
in Table 3. An overview of the studied material is shown in
Fig. 1a.

Effusions were centrifuged immediately after tapping, and
cell pellets were frozen at − 70 °C in equal amounts of RPMI

1640 medium (GIBCO-Invitrogen, Carlsbad, CA) containing
50% fetal calf serum (PAA Laboratories GmbH, Pasching,
Austria) and 20% dimethylsulfoxide (Merck KGaA,
Darmstadt, Germany). Cell blocks were prepared using the
Thrombin clot method. Sections from surgical specimens
were frozen at − 70 °C without any treatment. Frozen sections
from all solid tumors were reviewed by one of the authors
(BD), and only specimens with tumor cell population > 50%
and minimal or no necrosis were included in this study.

Table 1 Specimens studied (n = 232)

Histology Anatomic site Total

Effusion Ovary Solid metastasis

HGSC 107 68 25 200

LGSC 7 5 0 12

CCC 0 5 0 5

EC 0 6 4 10

Mixed type 0 2 0 2

CS 0 3 0 3

Total 114 89 29 232

HGSC, high-grade serous carcinoma; LGSC, low-grade serous carcino-
ma; CCC, clear cell carcinoma; EC, endometrioid carcinoma; CS,
carcinosarcoma

Table 2 Clinicopathologic parameters of the original HGSC effusion
cohort (107 patients)

Parameter Distribution

Age (mean) 35–85 years (61)

FIGO stage

III 60

IV 47

Residual diseasea

≤1 cm 24

>1 cm 38

NA 5

CA 125 at diagnosis (range; median) 11–24,290 (1156)b

Chemoresponse after primary treatment

CR 54

PR 23

SD 8

PD 11

NAc 11

NA, not available; CR, complete response; PR, partial response; SD, sta-
ble disease; PD, progressive disease
a For 67 patients who received surgery as upfront treatment
b Available for 72 patients
c Not available (missing data or disease response after chemotherapy
could not be evaluated because of normalized CA 125 after primary
surgery or missing CA 125 information and no residual tumor)

Virchows Arch



Informed consent was obtained according to national and
institutional guidelines. Study approval was given by the
Regional Committee for Medical Research Ethics in Norway.

RNA extraction and cDNA synthesis

Total RNA was extracted using RNeasy kit (Qiagen, Hilden,
Germany) and QIAcube (Qiagen). RNA concentration and qual-
ity was measured by the QIAexpert system (Qiagen) and 2100
Bioanalyzer (Agilent, Santa Clara, CA) according to the manu-
facturer’s instructions. Onemicrogram of total RNAwas reverse-
transcribed in a 20 μL reaction volume using iScript Advanced
cDNA synthesis Kit for RT-PCR according to themanufacturer’s
instructions (Bio-Rad Laboratories, Hercules, CA).

qRT-PCR

DPP8 and DPP9 expression was assessed using the CFX96
Touch Real-Time PCR detection system (Bio-Rad
Laboratories). Reactions were carried out in quadruplicate
using TaqMan Assays and the TaqMan Universal Master
Mix II with UNG (Applied Biosystems, Foster City, CA) fol-
lowing the manufacturer’s protocol. The primers used were for
exons 12 and 13 forDPP8 (Hs_00214745_m1); exons 8 and 9
(Hs_00373593_g1) and exons 19 and 20 (Hs01042066_m1)

for DPP9 (Applied Biosystems). The DPP9 exon 8 and 9
assay detected the 5′ end of the molecule, whereas the exon
19 and 20 assay was directed against the 3′ end. RPL4
(Hs_01939407_gH) was used as a reference gene as it has been
reported to be stably expressed in ovarian cells [11]. Human
universal reference total RNA (Clontech, Mountain View, CA)
was used as internal reaction control. The commercial total
RNA from the ovary (Human Ovary Total RNA, Clontech)
was used as reference for relative expression normalization.
Expression data were analyzed using Bio-Rad CFX manager
3.1 (Bio-Rad). The normalized expression was calculated
using the 2−ΔΔCt (Livak) method [12].

Immunohistochemistry (IHC)

Formalin-fixed, paraffin-embedded sections from 92/107
HGSC effusions analyzed using qRT-PCR were analyzed for
DPP8 and DPP9 protein expression using the Dako EnVision
Flex + System (K8012; Dako, Glostrup, Denmark). The DPP8
antibody was a mouse monoclonal antibody purchased from
Novus Biologicals (cat no. NBP2-01830, clone OTI1D2;
Littleton, CO), applied at a 1:200 dilution. The DPP9 antibody
was a rabbit polyclonal antibody purchased from Novus
Biologicals (cat no. NB100-59025), applied at a 1:100 dilution.

Following deparaffinization, sections were treated with
EnVision™ Flex + mouse linker (15 min) and EnVision™
Flex/HRP enzyme (30 min) and stained for 10 min with 3′3-
diaminobenzidine tetrahydrochloride (DAB), counterstainedwith
hematoxylin, and dehydrated and mounted in Richard-Allan
Scientific Cyto seal XYL (Thermo Fisher Scientific, Waltham,
MA). Positive and negative controls consisted of normal testis.

IHC scoring Cytoplasmic staining was considered positive.
Staining extent was scored by an experienced cytopathologist
(BD), with a subset of the effusion specimens additionally
scored by another author (MB), using a 0–4 scale as follows:
0 = no staining, 1 = 1–5%, 2 = 6–25%, 3 = 26–75%, and 4 =
76–100% of tumor cells.

Statistical analysis

Statistical analysis was performed applying the SPSS-PC pack-
age (Version 25). Probability of < 0.05 was considered statisti-
cally significant. The association between DPP8 and DPP9
mRNA and protein expression and tumor type was performed
using the Mann-Whitney U test (2-tier analyses) or the Kruskal
Wallis H test (3-tier analyses). The same tests were applied to
analysis of the association between DPP expression in HGSC
effusions and clinicopathologic parameters. For this analysis,
clinicopathologic parameters were grouped as follows: age, ≤
60 vs. > 60 years; effusion site, peritoneal vs. pleural; FIGO
stage, III vs. IV; chemotherapy status, pre- vs. post-
chemotherapy specimens; residual disease (RD), 0 cm vs. ≤

Table 3 Clinicopathologic parameters of the HGSC effusion validation
cohort (49 patients)

Parameter Distribution

Age (mean) 48–81 years (65)

FIGO stage

II 1

III 30

IV 18

Residual diseasea

≤1 cm 19

>1 cm 8

NA 10

CA 125 at diagnosis (range; median) 128–28,000 (1156)b

Chemoresponse after primary treatment

CR 22

PR 19

SD 3

PD 0

NAc 5

NA, not available; CR, complete response; PR, partial response; SD, sta-
ble disease; PD, progressive disease
a For 37 patients who received surgery as upfront treatment
b Available for 43 patients
c Not available (missing data or disease response after chemotherapy
could not be evaluated because of normalized CA 125 after primary
surgery or missing CA 125 information and no residual tumor)
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1 cm vs. > 1 cm, or 0 cm vs. any residual macroscopic disease;
response to chemotherapy, complete response vs. partial
response/stable disease/progressive disease. The association with
CA 125 levels at diagnosis was analyzed using a two-sided T
test. The Mann-Whitney U test was applied to analyses of the
association between DPP expression and expression of AKT.

Progression-free survival (PFS) and OS were calculated
from the date of the last chemotherapy treatment/diagnosis
to the date of recurrence/death or last follow-up, respectively.
Univariate survival analyses of PFS and OS were executed
using the Kaplan-Meier method and log-rank test. Platinum
resistance was defined as PFS≤ 6 months according to guide-
lines published by the Gynecologic Oncology Group (GOG)
and progressive disease or recurrence was evaluated by the
Response Evaluation Criteria In Solid Tumors (RECIST)
criteria. For survival analyses, staining was grouped as high
vs. low (extent, 0–2 vs. 3–4; combined score, low vs. high).

Results

DPP8 and DPP9 are differentially expressed
as function of histological type and anatomic site

Comparative analysis of DPP8 and DPP9 mRNA levels in
OC of different histology, analyzed in the entire material

(n = 232), showed overexpression of DPP9 5′ in HGSC
and carcinosarcoma compared to other histotypes (p =
0.021), with comparable expression of DPP9 3′ and
DPP8 (Fig. 1b). Comparative analysis of expression in
effusion specimens, the ovarian tumors and solid metasta-
ses analyzing all tumors, showed overexpression of DPP9
5′ in effusions compared to the 2 other anatomic sites
(p < 0.001; Fig. 1c). DPP9 3′ and DPP8 were similarly
overexpressed in effusions, but solid metastases had higher
levels than the ovarian tumors (p < 0.001 for both; Fig. 1d,
e, respectively). Limiting the analysis to HGSC alone, re-
sults were comparable (p < 0.001 for DPP9 5′ and DPP9
3′; p = 0.002 for DPP8).

Two cases showed higher expression ofDPP9 5′compared
to DPP9 3′, suggesting the presence of possible fusion genes.
PCR analysis was performed with specific primer combina-
tions for the already known fusion genes, but none of these
transcripts was identified.

Based on these results, we chose to focus on analysis
of DPP8 and DPP9 protein expression in HGSC effusions.
DPP8 and DPP9 expression was predominantly localized
to carcinoma cells, but expression in reactive mesothelial
cells and leukocytes was found in some specimens, par-
ticularly of DPP9. In tumor cells, DPP8 was expressed in
31/92 (37%) HGSC effusions, with staining score = 1 in
14 effusions, score = 2 in 6, score = 3 in 3, and score = 4

Studied material

Original series

mRNA: 232 carcinomas 

114 effusions (107 HGSC)

89 ovarian tumors (68 HGSC)

29 peritoneal/omental metastases (25 HGSC)

Protein: 92 HGSC effusions

Validation series

mRNA: 49 HGSC effusions

Protein: 49 HGSC effusions

a

p<0.001

HGSC       LGSC        CCC           EC          Mixed           CS 

Histology

p<0.001

Effusion                       Ovary                  Solid metastasis 

p<0.001

Effusion                       Ovary                  Solid metastasis 

p<0.001

Effusion                       Ovary                  Solid metastasis 

b

d

c

e
site

Fig. 1 DPP8 and DPP9 mRNA
expression in different ovarian
carcinoma (OC) histotypes and at
different anatomic sites. a
Overview of the tumors studied. b
DPP9 5′mRNA is overexpressed
in high-grade serous carcinoma
and carcinosarcoma compared to
other OC histotypes. HGSC,
high-grade serous carcinoma,
LGSC, low-grade serous
carcinoma, CCC, clear cell
carcinoma, EC, endometrioid
carcinoma, CS, carcinosarcoma. c
DPP9 5′mRNA is overexpressed
in effusion specimens compared
to the ovarian tumors and solid
metastases. d DPP9 3′ mRNA is
overexpressed in effusion
specimens compared to the
ovarian tumors, with intermediate
levels in solid metastases. eDPP8
mRNA is overexpressed in
effusion specimens compared to
the ovarian tumors, with interme-
diate levels in solid metastases
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in 8 specimens. DPP9 was expressed in 81/92 (88%)
HGSC effusions, with staining score = 1 in 10 effusions,
score = 2 in 10, score = 3 in 21, and score = 4 in 40 spec-
imens (Fig. 2). Inter-observer agreement was good (>
80%).

In order to assess the cellular distribution of DPP proteins
in solid specimens, we stained a small series of solid HGSC
localized to the ovary (n = 17) and peritoneum/omentum (n =
11). As in effusions, DPP8 and DPP9 were predominantly
expressed in carcinoma cells, with host cell expression in
some specimens (Fig. 3). Expression in carcinoma cells was
as follows:

& DPP8 ovary (n = 17): score = 0: 2; score = 1: 1; score = 2:
1; score = 3: 2; score = 4: 11 specimens.

& DPP9 ovary (n = 17): score = 0: 0; score = 1: 4; score = 2:
7; score = 3: 5; score = 4: 1 specimens.

& DPP8 omentum/peritoneum (n = 11): score = 0: 2; score =
1: 2; score = 2: 0; score = 3: 4; score = 4: 3 specimens.

& DPP9 omentum/peritoneum (n = 11): score = 0: 0; score =
1: 3; score = 2: 3; score = 3: 2; score = 4: 3 specimens.

In the validation series of 49 HGSC effusions, DPP8
was expressed in carcinoma cells in 22/49 (45%) speci-
mens, with a staining score = 1 in 10 effusions, score = 2
in 4, score = 3 in 6, and score = 4 in 2 specimens. DPP9
was expressed in 48/49 (98%) effusions, with staining
score = 1 in 9 effusions, score = 2 in 5, score = 3 in 13,
and score = 4 in 21 specimens.

Fig. 2 DPP8 and DPP9 protein expression in HGSC effusions. Cytoplasmic expression of DPP8 (a, b) and DPP9 (c, d) in tumor cells
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DPP8 and DPP9 are associated with chemotherapy
response and survival

Original series DPP9 5′ mRNA levels were higher in HGSC
effusions from older (> 60 years) patients (p = 0.039). DPP8
protein expression was higher in specimens from patients who
had complete response to first-line chemotherapy compared to
patients with unfavorable response (p = 0.005). No associa-
tions were observed with other clinicopathologic parameters,
including effusion site, FIGO stage, RD volume, and intrinsic
chemoresistance (p > 0.05).

The follow-up period for the 107 patients with HGSC ef-
fusions studied for mRNA expression ranged from 1 to
179 months (mean = 37 months, median = 26 months). PFS
ranged from 0 to 148 months (mean = 10 months, median =

6 months). At the last follow-up, 101 patients were dead of
disease, 3 were alive with disease, and 2 were with no evi-
dence of disease. One patient was lost to follow-up.

In univariate survival analysis of all cases, DPP8 and DPP9
mRNA and protein expression was unrelated to survival
(p > 0.05; data not shown). However, in analysis limited to
patients with pre-chemotherapy effusions tapped at diagnosis,
higher DPP9 3′ levels were significantly related to longer OS
(p = 0.049; Fig. 4). Multivariate analysis was not performed
since all the clinical variables were unrelated to OS (p > 0.05;
data not shown).

Validation series In this series of 49 patients, DPP9 protein
expression was higher in post-chemotherapy compared to pre-
chemotherapy effusions (p = 0.003). DPP8 mRNA levels

Fig. 3 DPP8 and DPP9 protein expression in surgical specimens from
HGSC patients. a, b HGSC localized to the ovary expressing DPP8 (a)
and DPP9. The majority of host cells are negative. c, d Peritoneal

metastasis with tumor cells diffusely positive for DPP8 (c) and focally
positive for DPP9 (d). Stromal cells are weakly positive for DPP8 and
strongly positive for DPP9
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were higher in HGSC effusions from older (> 60 years) pa-
tients (p = 0.024), whereas DPP9 protein expression was
higher in specimens from younger patients (p = 0.027).
DPP9 3′ mRNA levels were higher in HGSC effusions from
patients diagnosed at FIGO stage III compared to stage IV
disease (p = 0.049). No associations were observed with other
clinicopathologic parameters, including effusion site, RD vol-
ume, response to first-line chemotherapy, and intrinsic
chemoresistance (p > 0.05).

The follow-up period for this patient group ranged from 1 to
169 months (mean = 38 months, median = 31 months). PFS
ranged from 0 to 116 months (mean = 14 months, median =
8 months). At the last follow-up, 36 patients were dead of dis-
ease, 11 were alive with disease, and 2 died of complications.

In univariate survival analysis, DPP8 and DPP9 mRNA
and protein expression was unrelated to survival (p > 0.05;
data not shown). The number of cases was deemed too small
for separate analysis of pre- and post-chemotherapy speci-
mens. Among the clinical variables, larger RD volume was
associated with shorter OS (p = 0.028) and PFS (p = 0.001) for
the 27 patients with upfront surgery who had data regarding
this parameter, with no prognostic role for patient age and
FIGO stage (data not shown).

Discussion

DPP8 and DPP9 are ubiquitously expressed in normal tissues,
cancer specimens and cell lines, including in OC cell lines [7,
13]. However, whether these molecules are tumor-promoting or
-suppressing remains equivocal. DPP9 overexpression induced
apoptosis via the intrinsic pathway and suppressed proliferation
in HepG2 human hepatoma cells. The effect of DPP in these
cells was via epidermal growth factor-specific signaling
through phospoinositide 3-kinase (PI3K)/Akt, with no effect
on ERK1/2 [14]. Conversely, silencing of DPP9 using short
hairpin RNA in non-small cell lung cancer (NSCLC) cells

resulted in suppression of proliferation, migration, and inva-
sion, with upregulation of epithelial markers and downregula-
tion of mesenchymal ones. DPP9 silencing further induced the
expression of the pro-apoptotic proteins p53, BAX, and Apaf-1
in vitro and reduced tumorigenicity in vivo in a mouse model
[15]. Analysis of the biological role of DPPIV, another member
of this enzyme family, in OC cell lines showed that its overex-
pression reduced matrix metalloproteinase-2 (MMP2) and
membrane-type 1 MMP (MT1-MMP) levels and inhibited
ERK signaling, while upregulating tissue inhibitors of MMP
(TIMP1 and TIMP2), E-cadherin, and β-catenin [16].

Our group recently identified involvement of the DPP9
gene in two different fusion transcripts in serous OC, suggest-
ing this gene may have a role in tumorigenesis or progression
of this tumor. The fusions lead to disruption and deregulation
of DPP9 gene expression at the 3′ end, with potential loss of
its tumor suppressor function [9]. In view of this finding, we
wished to analyze DPP9 mRNA expression in OC using spe-
cific primers for the 5′ and 3′ ends. We additionally assessed
the mRNA expression of DPP8, a DPP9 homolog, and the
protein expression of both molecules.

The role of DPP8 and DPP9 in OC progression has not
been studied to date to the best of our knowledge. In the
present study, DPP8 and DPP9 mRNA was overexpressed
in effusion specimens compared to other anatomic sites,
with lowest levels in the ovary, in analysis of all histotypes,
as well as in analysis limited to HGSC. We further obser-
ved overexpression of these genes in HGSC and CS com-
pared to other histotypes. The presence of DPP8 and DPP9
proteins in HGSC effusions and solid specimens was con-
firmed by IHC. The observation that DPP8 and DPP9
mRNA is more highly expressed in the clinically aggressive
OC histotypes compared to less aggressive histotypes, and in
extra-adnexal metastases compared to the adnexal lesions sug-
gests they may be involved in disease progression in this can-
cer. However, in view of the small number of tumors with
non-HGSC histology, this difference must be seen as a

p=0.049

Fig. 4 DPP9 3′ mRNA
expression is associated with
longer survival. Kaplan-Meier
survival curve showing the
association between DPP9 3′
mRNA expression in pre-
chemotherapy effusions (n = 50)
and overall survival (OS).
Patients with effusions with high
(above median) DPP9 3′ mRNA
expression levels (n = 27; red
line) had mean OS of 59 months
compared to 31 months for
patients with effusions having
low DPP9 3′ mRNA levels (n =
23, blue line; p = 0.049)
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preliminary observation requiring validation in larger series of
tumors of histological type other than HGSC.

By IHC, DPP8 and DPP9 protein expression was predom-
inantly seen in carcinoma cells, but was observed in host cells
in some specimens, particularly in the case of the latter. The
possibility that this may have affected the anatomic site-
related differences in the present study cannot be entirely ruled
out. However, as we applied the same inclusion criterion, i.e.,
minimum 50% tumor cell content, to all specimens, this con-
tribution is likely to be balanced.

Two effusion specimens showed expression difference be-
tween the DPP9 5′ and DPP9 3′. However, none of the al-
ready known fusion genes was identified. The two possible
explanations for this finding are either thatDPP9 is rearranged
with a yet unknown partner in these tumors or that the gene is
truncated. Unfortunately, we did not have remaining material
from these cases for further analysis.

The potential effect of DPP8 and DPP9 expression on
chemoresponse and patient survival in OC in general and
HGSC in particular has not been studied to date, and current
data regarding other members of the DPPIV family are con-
tradictory. Transfection of OC cells with DPPIV increased the
sensitivity of OC cells to paclitaxel in vitro and in vivo [17].
Conversely, FAP expression in the stroma of clinical OC spec-
imens was significantly associated with chemoresistance and
shorter time to recurrence, and its silencing in OC cells in vitro
led to reduced proliferation [18].

In the present study, DPP8 protein expression was sig-
nificantly associated with complete chemoresponse at di-
agnosis, whereas higher DPP9 3′ level expression was re-
lated to longer OS in patients with pre-chemotherapy effu-
sions. These data suggest a tumor suppressor role for DPP8
and DPP9 and appear to be in discordance with the above-
discussed observation that these molecules are upregulated
along tumor progression. It should nevertheless be
commented that the finding in survival analysis, at p =
0.049, was of marginal significance. Additionally, the as-
sociation with chemoresponse and survival was not
reproduced in a validation cohort, though its smaller size
may have contributed to this failure.

In conclusion, DPP8 and DPP9 are frequently expressed
in OC, particularly in HGSC. Despite their overexpression
in metastatic disease and in aggressive OC histotypes,
these molecules appear to be associated with better
chemoresponse and longer OS. The reason for this discrep-
ancy is unclear and merits additional research, including
analysis of other tumor series. Validation of the perfor-
mance of the antibodies used, with emphasis on and their
role as predictive or prognosis markers, should similarly be
undertaken in other cohorts. Analysis of other DPPIV fam-
ily members in HGSC effusions may also be of interest, as
would be further research directed at identifying the mo-
lecular partners of these molecules in OC.
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ABSTRACT

Gynaecological carcinosarcomas are rare biphasic tumours which are highly 
aggressive. We performed molecular investigations on a series of such tumours 
arising in the uterus (n = 16) and ovaries (n = 10) to gain more information on 
their mutational landscapes and the expression status of the genes HMGA1/2, FHIT, 
LIN28A, and MTA1, the pseudogenes HMGA1P6 and HMGA1P7, and the miRNAs known 

KRAS, PIK3CA, and TP53 with a frequency of 6%, 
31%, and 75%, respectively, whereas in ovarian carcinosarcomas (OCS), TP53 was 
the only mutated gene found (30%). An inverse correlation was observed between 
overexpression of HMGA1/2, LIN28A, and MTA1 and downregulation of miRNAs such 

HMGA2 

was expressed in its truncated form. Because FHIT was normally expressed while 
miR30c was downregulated, not both downregulated as is the case in several other 

unknown mechanism seems to be a feature of carcinosarcomas.

www.oncotarget.com                                             

INTRODUCTION

Carcinosarcomas (CS) of the female genital tract 
are rare but very aggressive biphasic neoplasms composed 
of a mixture of carcinomatous (malignant epithelial) and 
sarcomatous (malignant mesenchymal) components [1]. CS 
can arise in different organs of the female reproductive tract 
but are mostly seen in the uterus, where they account for 
less than 3% of all uterine malignancies [2, 3], and in the 
ovaries, where they account for 5% of ovarian cancers [4]. 

Uterine carcinosarcomas (UCS) and ovarian 
carcinosarcomas (OCS) are usually diagnosed in 
postmenopausal women at a median age of 65 years, 
frequently are at advanced stage when detected, and carry 
a poor prognosis [3]. 5-year survival rates have been 

reported at 50% at the early stages but only 10% for stage 
IV CS [5, 6]. 

Data on molecular genetic alterations, gene 

OCS are scarce and the few studies reported are based 
on small numbers of tumours [7–9]. Mutations of the 
tumour protein gene (TP53) are assumed to be the 
most frequent alteration, observed in 50% of analysed 
tumours [7, 10, 11]. Other mutations, reported at 
lower frequencies, affect the phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit alpha 
gene (PI3K3CA), the ki-ras2 kirsten rat sarcoma viral 
oncogene homolog (KRAS), the catenin beta 1 gene 
(CTNNB1), and the neuroblastoma RAS viral (V-Ras) 
oncogene homolog (NRAS) gene [7, 8, 12]. 
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Dysregulation of chromatin remodelling genes 
has been shown in CS indicating their importance in CS 
tumourigenesis [7]. In UCS, the genes involved in chromatin 

domain-containing proteins (ARID1A and ARID1B), 
histone methyltransferase mixed-lineage leukaemia protein 
3 (MLL3
(SPOP), and chromatin assembly factor bromodomain 

BAZ1A), all of which 
are mutated at frequencies varying from 18% to 36% [7]. 
Moreover, genes involved in chromosome dynamics were 
also found mutated, including those encoding DNA binding 
proteins, BCL6 corepressor (BCOR) and 
factor (CTCF), histone acetyl transferase E1A binding 

EP300
homeobox 3 (ZFHX3), and the nucleosome remodeling 
chromo domain helicase DNA binding protein 4 (CHD4) 
[12]. Some of these genes, including BCOR and CHD4, 

Because both UCS and OCS may carry mutations in 
the histone genes H2 and H3, mutations that may facilitate 

proposed to lie at the heart of their role in sarcomatous 
transformation [8, 9]. However, since the genetic basis 
of these tumours still remains largely unexplored, we 
performed molecular genetic investigations hoping to gain 
more knowledge about the pathogenesis of this type of 
cancer. 

the isocitrate dehydrogenase 1 and 2 genes (IDH1 and 
IDH2), telomerase reverse transcriptase (TERT) gene, 
the proto oncogenes BRAF, HRAS, KRAS, and NRAS, 
the histone H3F3A, CTNNB1, and PIK3CA, and TP53 in 
a series of CS arising in the uterus and ovaries. We also 
investigated the methylation status of the promoter of O6-
methylguanine-DNA methyltransferase gene (MGMT). 

regulation genes and their pathways, we analysed 

Hook genes (HMGA1 and HMGA2), the pseudogenes 
HMGA1P6 and HMGA1P7, and the fragile histidine 
triad (FHIT), lin-28 homolog A (LIN28A) and metastasis 
associated 1 (MTA1) genes, as well as these genes’ 
possible regulation by miRNAs such as let-7a, let-7d, 
miR26a, miR16, miR214, and miR30c. 

RESULTS

Mutation and methylation analyses

All tumours analysed for IDH1, IDH2, TERT, 
CTNNB1, BRAF, H3F3A, KRAS, HRAS, NRAS, PIK3CA, 
and TP53 mutation status gave informative results. 
Whereas no tumour showed a mutated sequence for IDH1, 
IDH2, TERT, BRAF, H3F3A, HRAS, NRAS or CTNNB, 
a few were found to be mutated in KRAS, PIK3CA, 

and/or TP53. 
KRAS mutation in 

PIK3CA mutations were 

TP53 was found 
mutated in 12 of 16 UCS (cases 1, 2, 3, 4, 5, 6, 8, 9, 10, 
11, 16, and 17; 75% of the uterine CS) and in three of ten 
OCS (cases 18, 19, and 22; 30%). Details about the TP53

 
No MGMT promoter methylation was detected in 

the present series, suggesting that the gene is not involved 
in CS tumourigenesis. 

Expression analyses

An overview of the expression status for the genes 

HMGA1
2A). HMGA1P6 was expressed in seven of 15 UCS and, 

HMGA1P7 was 
not expressed in UCS but was expressed in six of ten 

HMGA2 was expressed at high levels 
FHIT was 

2D). LIN28A was found upregulated in six of 15 UCS 
MTA1 was 

found overexpressed in UCS, whereas no substantial 

miR-30c were found downregulated in both UCS and 
OCS. miR-214 was downregulated in all UCS, whereas 
it was upregulated in three out of ten ovarian tumours but 

U
was used to compare uterine and ovarian carcinosarcomas 

expression between the two tumour types (p > 0.05) was 
seen for any of the genes or miRNAs examined. 

an UCS, exon 3 of HMGA2 was fused with part of the 
third intron, 78 kb downstream from the exon 3/intron 

in-frame fusion between HMGA2 (exon 3) and the Homo 
sapiens helicase (DNA) B (HELB; NM_033647; exon 3) 
located in the same chromosomal region (12q14.3) but 

give informative sequencing results.

DISCUSSION

In the present study, mutations in KRAS, PIK3CA, 
and TP53 were found in 6%, 31%, and 75% of UCS, 
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(COSMIC database https://cancer.sanger.ac.uk/cosmic). 
In OCS, KRAS and PIK3CA were not mutated, whereas 
30% of OCS carried TP53 mutations. 

TP53 have been thoroughly 
investigated in human cancer [13]. It is known that TP53 
mutations occur during CS tumourigenesis, causing the 
gene to lose its tumour suppressive function, indicating 

distribution pattern of TP53 mutations found by us was 

in line with that found in previous studies [7]. Alterations 
in TP53 were previously observed in most UCS and OCS 

TP53 mutations targeted the core of 
the DNA-binding domain, resulting in loss of its regulatory 
function on gene expression and accumulation of non-
functional p53 protein. We validated p53 expression by 

TP53
latter analysis showed equal expression of the protein 
in both components (carcinomatous and sarcomatous) 

Table 1: Mutation status of KRAS, CTNNB1, PIK3CA, and TP53 and TP53 protein expression

Case/lab no Diagnosis KRAS CTNNB1 PIK3CA TP53 TP53
carcinoma

TP53
sarcoma

1/03–113
2/03–221
3/08–1637
4/03–684
5/03–1023
6/08–521
7/05–1309
8/0992–160
9/1002–102
10/1002–186
11/00–701
12/02–819
13/06–539
14/1002–356
15/02–873
16/01–73
17/06–1577
18/08–974
19/009–90
20/01–139
21/008–35
22/0992–0288

UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS*

UCS*

OCS
UCS
UCS
UCS
UCS
OCS
OCS
OCS
OCS
OCS

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

-

-
-
-

-
-
-
-
-
-

-

-
-
-
-

-
-

c.393_395delCAA

aberrant +

aberrant +
aberrant +
aberrant +
aberrant +

aberrant +
aberrant +
aberrant +

aberrant –

aberrant +

aberrant -
aberrant +
aberrant +
aberrant +

aberrant + 

aberrant +
aberrant +
aberrant +
aberrant +
aberrant +
missing

aberrant +
aberrant +
aberrant +

aberrant –

aberrant +

aberrant +
aberrant +
aberrant –
aberrant +

aberrant +
*UCS previously investigated in Micci et al., 2004

Figure 1:  p53 immunostaining in two uterine carcinosarcomas showing the two aberrant patterns, i.e. diffuse strong expression and 
entirely negative expression in panels (A and B), respectively.
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suggesting that there is no leading components for p53 
expression as a “driving force” of tumourigenesis.

HMGA1 and HMGA2 are members of the high-

a variety of biological processes from chromosome 
 are usually 

expressed during embryonic development [15, 16] but 

overexpressed and/or targeted as part of the pathogenesis 

of many different tumours, both benign [18] and 
malignant [19], including mesenchymal [20] and epithelial 

pathogenic processes, but exert their main tumourigenic 
effect activating and sustaining epithelial-mesenchymal 

HMGA1 overexpressed 
in both UCS and OCS. Interestingly, HMGA2 was 
expressed at higher levels than its homologue in UCS as 
well as in OCS. 

Table 2: Overview of the expression status of genes and miRNAs investigated in the CS
Case/lab no Histology HMGA1 HMGA2 FHIT LIN28A HMGA1P6 HMGA1P7 MTA1 Let-7a Let-7d miR26a miR16 miR214 miR30c

1/03–113
2/03–221
3/08–1637
4/03–684
5/03–1023
6/08–521
7/05–1309
8/0992–0160
9/1002–0102
10/1002–186
11/00–701
12/02–819
13/06–539
17/06–1577
18/08–974
19/09–90
20/01–139
21/08–35
22/0992–0288
23/03–568
24/01–104
25/01–1056
26/05–268
27/05–1076
28/02–1150

UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS
UCS*

UCS*

OCS
UCS
OCS
OCS
OCS
OCS
OCS
UCS
UCS*

UCS*

OCS
OCS
OCS

-

-

-

-
-
-
-

-
-

-
-

-
-
-

-
-
-

-
-

-

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A
N/A
N/A

N/A
N/A

-

-

-

-

-
-

-

-
-
-
-

-

*UCS previously investigated in Micci et al., 2004

Table 3: Mean and median of genes and miRNA expression
Gene UCS OCS

Mean Median Mean Median
HMGA1
HMGA1P6
HMGA1P7
HMGA2
FHIT
LIN28A
MTA1

81.3
2.6

1146.2
1.7
1.7
6.4

47.1
0.9

117.7
1.2
1.2
3.3

8.5
39.7
5.1

279.2
0.4
12.3
1.7

7.8
32.4
2.0

310.2
0.4
3.3
1.3

miRNA

let-7a
let-7d
miR-16
miR26a
miR-30c
miR-214

0.06
0.12
0.4
0.4
0.3
0.2

0.04
0.03
0.2

0.21
0.05
0.1

0.5
0.4
0.3
0.09
1.16
3.5

0.6
0.3
0.3

0.07
0.1
0.6
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two genes are not fully understood, but non-coding RNA 
dysregulation and chromosomal alterations are the two 
main causes leading to upregulation of HMGA1 and 
HMGA2 HMGA1-targeting 
miRNAs let-7a [24], miR-26a [21], miR-16 [25], and 
miR-214 [26] were downregulated in CS of both sites in 

the present study, giving the impression that these cancers 

HMGA1 pseudogenes HMGA1P6 and HMGA1P7 were 
found to be implicated in the downregulation of the 
aforementioned miRNAs [27] and the overexpression of 
HMGA1 HMGA1P6 and HMGA1P7 pseudogenes 

Figure 2: Genes and miRNA expression levels in uterine and ovarian carcinosarcomas assessed by Real-Time PCR. 
HMGA1 (A), HMGA1 pseudogenes (B), HMGA2 (C), FHIT (D), LIN28A (E), MTA1 (F) in uterine and ovarian 

CS; let-7a, let-d, miR16, miR-26a, miR-30c, and miR-214 in UCS (G) and in OCS (H).
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conserve seed matches for the HMGA1-targeting miRNAs 
and operate as decoys for these miRNAs, contributing to 
HMGA1 overexpression [28]. In UCS, only HMGA1P6 
was expressed, while both HMGA1P6 and HMGA1P7 

suggest that these pseudogenes may contribute to HMGA1 
deregulation in gynaecological CS. 

HMGA2 
are still partly obscure, but interaction between miRNAs 
and the HMGA2
to be crucial [29]. It has been shown that the HMGA2 

by different families of miRNAs [29], and it is thought 
that miRNA-dependent repression is the main mechanism 
controlling HMGA2 expression [30–32]. We observed 
upregulation of HMGA2 with miRNA downregulation in 
both UCS and OCS, providing another piece of evidence 
that the interaction between the two is important also in 
gynaecological CS. Another indication pointing in the 

forms of HMGA2, due to rearrangements of chromosomal 
band 12q15 (the band where the gene is located), that are 
consistently seen in different benign mesenchymal tumours 
but also in some malignant neoplasms such as ovarian 

involve exon 3 and cause deletion of downstream regions 
leading to a truncated transcript that can evade miRNA-

form of HMGA2 in only two of 15 UCS and one of ten 
OCS, we hypothesize that mechanism(s) other than 
HMGA2-rearrangements may be active in these tumours. 

HMGA2-targeting miRNAs let-7a, let-7d, miR-
30c, and miR-26a were found highly downregulated in 
all UCS examined. Only let-7a, let-7d, and miR-26a were 
downregulated in OCS, whereas miR-30c was normally 
expressed. 

Allegedly, LIN28A causes downregulation of the 
let-7 family of miRNAs, inhibiting the maturation of both 

both UCS and OCS, suggesting possible involvement in 
the downregulation of let-7 miRNAs in CS generally. 

Expression of FHIT and miR-30c has been shown 
to be inversely correlated with HMGA2 expression in lung 
cancer [31] and squamous cell carcinoma of the vulva 
[38]. FHIT and miR-30c downregulation causes HMGA2 

any similar correlation between FHIT and miR-30c in 
the CS analysed, as FHIT was normally expressed while 
miR30c was highly downregulated in UCS, whereas FHIT
was downregulated while miR30c was normally expressed 
in OCS. We therefore suggest that other/additional 
mechanisms and/or genes are involved in the pathway 
leading to overexpression of HMGA2 in this tumour type. 

MTA1 has emerged as one of several highly 
deregulated oncogenes in human cancer, possibly because 

complex and regulates expression of a wide range of 
genes involved in carcinogenesis such as HIF
ER MTA1 is regulated by miR-30c and miRNA 
downregulation is associated with MTA1 upregulation 
in endometrial [42] and ovarian [43] cancer. In UCS, we 
found the same inverse correlation reported by others 
[42, 43] where MTA1 is overexpressed and miR-30c 
downregulated, whereas the expression levels of miR-30c 
and MTA1 in our series of OCS were generally normal.

In conclusion, our analyses showed that miRNAs 
responsible for HMGA expression are downregulated in 

more pronounced in UCS compared to OCS (the mean was 

Figure 3:  Chromatogram and sequence of HMGA2 truncated transcript found in an uterine carcinosarcoma (case 4) showing the junction 
between exon 3 and the intronic region (A). Chromatogram of HMGA2 truncated transcript found in a uterine carcinosarcomas (case 25) 
showing a fusion between HMGA2 and HELB (B).
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levels of HMGA1 and HMGA2 in UCS compared to OCS. 

in the above-mentioned genes are present in both tumour 
components, i.e., the sarcomatous and carcinomatous 
areas, or only in one of them. Unfortunately, in our 
tumours these parts were so intermingled that it was not 
possible to separate them and run parallel tests.

MATERIALS AND METHODS

Tumour material

uterine carcinosarcomas were previously karyotyped and 

chromosomal aberrations and genomic imbalances [44]. 

searches, we refer to all tumours arising in the uterine 
adnexa as ovarian throughout the manuscript; this should 

from cells of the ovary and not from the fallopian tube. 
All samples had a minimum of 50% of tumor cell content, 

by the Regional Committee for Medical and Health 
Research Ethics, South-East Norway (REK Sør-Øst; http://
helseforskning.etikkom.no). 

DNA and RNA extraction and cDNA synthesis

DNA extraction was performed using the Maxwell 

the manufacturer’s recommendations. RNA extraction 
was performed using the miRNeasy kit (Qiagen, Hilden, 

was measured with QIAxel (Qiagen). One microgram of 
extracted RNA was reverse-transcribed in a 20 μL reaction 
volume using the iScript Advanced cDNA Synthesis kit 
according to the manufacturer’s instructions (Bio-Rad 
Laboratories, Oslo, Norway).

Mutational and methylation analyses

Mutational analyses of IDH1, IDH2, TERT, 
CTNNB1, BRAF, H3F3A, and TP53 were performed 
according to previously described protocols [45, 46]. 

HRAS, KRAS, NRAS, and PIK3CA are listed 

HRAS and 
NRAS included an initial step at 95° C for 10 min followed 
by 35 cycles at 96° C for 3 sec, 58° C for 15 sec, 30 sec 

cycling for KRAS was set to 94° C for 30 sec followed by 
35 cycles of 7 sec at 98° C, 30 sec at 54° C, 1 min at 77° 

for PIK3CA was set to 95° C for 10 min followed by 35 
cycles of 3 sec at 96° C, 15 sec at 62° C, 30 sec at 68° 

bin/hgBlat) programs were used for computer analysis of 
sequence data.

MGMT promoter 
was performed as reported earlier [45].

Real-Time polymerase chain reaction (Real-
Time PCR)

Expression level of the selected genes and miRNAs 

the manufacturer’s protocol. Human Universe Reference 

Santa Clara, CA, USA) and one sample of normal uterus 
tissue were used as reference for relative expression 

(housekeeping genes) were used as references as these were 
previously evaluated as stable in gynaecological tumours 

calculated using the 2  (Livak) method [48].
One μg of extracted total RNA was reverse-

transcribed in a 20 μL reaction volume using iScript 
Advanced cDNA Synthesis Kit according to the 
manufacturer’s instructions (Bio-Rad Laboratories, Oslo, 

(Applied Biosystems) for the following genes: HMGA1
(Hs_00852949_g1), HMGA2
(Hs_00179987_m1), LIN28A
HMGA1P6 HMGA1P7 (Hs04232395_

UBC (Hs01871556_m1) and TBP (Hs00427620_
m1) genes were used as references.

Biosystems) following the manufacturer’s protocol. 
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RNU6B gene 

validated as stable in different gynaecological tumours  
[38, 49].

Reverse transcriptase-polymerase chain reaction 
(RT-PCR)

used to amplify the region between exons 1 and 3, whereas 

cycling program was previously reported [35].

 

reverse-transcribed in a 20 μL reaction volume using 

fusion between HMGA2 (exon 3) and HELB (exon 

program was: 30 sec at 94° C followed by 35 cycles of 
7 sec at 98° C and 1 min at 55° C, 1 min at 72° C, and a 

Immunohistochemistry

analysed for p53 protein expression in 19 tumours from 
which material was available using the Dako EnVision™ 

unmasking was carried out in a high pH solution. Sections 
were incubated with a 0.3% hydrogen peroxide (H2O2) 
solution for 5 min to block endogenous tissue peroxidase 
activity. Sections were then incubated with a mouse 
monoclonal p53 primary antibody (clone DO-1, catalogue 
#sc-126, Santa Cruz Biotechnology, Santa Cruz CA, USA) 

10 min with 3`3 diaminobenzidine tetrahydrochloride 
(DAB), counterstained with haematoxylin, dehydrated, 

control consisted of colon carcinoma.

Table 4: Primers used for molecular investigations

Primer name Sequence Position Gene Accession 
number

Mutational analyses
5973–5993 HRAS
6466–6485
6516–6535
6871–6889

10439–10459

HRAS
HRAS
HRAS
KRAS

10707–10727
28457–28475
28710–28731

5681–5700

KRAS
KRAS
KRAS
NRAS

5876–5886
7841–7871
8150–8171

74619–74642
74868–74891
90528–90551
90922–90945

NRAS
NRAS
NRAS

Expression analyses

HELBR1

HELBR4

846–868
1021–1044
1112–1136
883–900

66306281–66306304*

977–1000
693–715

HELB  

HELB

NM_003483.4
NM_003483.4
NM_003483.4
NM_003483.4
NM_033647.4
NM_003483.4 
NM_033647.4

*
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The serosal cavities are a frequent site of metastasis in cancer, with 
adenocarcinomas of the breast, lung, female genital system and gas-
trointestinal tract constituting the most common sites of origin. This 
anatomic site is additionally the primary localisation of malignant 
mesothelioma (MM).1 Tumour cells in effusions possess cancer stem 
cell characteristics and are chemoresistant, rendering disease at this 
site refractory to therapy and fatal.1,2 Better understanding of the 
molecular characteristics of cells in malignant effusions is therefore 
critical for improving treatment options for patients with advanced 
disease.

Aberrant promoter methylation of tumour suppressor genes is 
commonly observed in cancer, and is mediated through the addition 

of a methyl group to the carbon- 5 atom of cytosine in a cytosine- 
guanine (CpG) dinucleotide.3-5 O6- Methylguanine- DNA methyl-
transferase, encoded by the gene MGMT, located on 10q26, is a DNA 
repair enzyme that protects cells against the effect of alkylating 
agents by eliminating the alkylation of the O6 position of guanine in 
the DNA.6,7 MGMT methylation has been reported in a wide spec-
trum of malignancies, including glioblastoma,8 melanoma,9 haemato-
logical cancers10 and carcinomas, including those of ovarian, breast, 
gastrointestinal and lung origin.11

The frequency of MGMT promoter methylation in ovarian car-
cinoma (OC) has ranged in different series from 0% to 39% using 
methylation- specific polymerase chain reaction assay, variation that 
probably owes much to the marked differences in the tumours stud-
ied with respect to histotype.12–20 However, none of these studies 
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The aim of this study was to analyse the promoter methylation status of 
the gene O6- methylguanine- DNA methyltransferase (MGMT) in malignant effusions, 
with focus on serous carcinoma.

Fresh- frozen cell pellets from 81 effusions (42 peritoneal, 38 pleural, one 
pericardial), consisting of 71 carcinomas of different origin (33 ovarian, 23 breast, six 
lung, five uterine corpus and four cervical carcinomas) and 10 malignant mesothelio-
mas, were analysed for MGMT methylation using pyrosequencing analysis.

MGMT methylation at all four cytosine- guanine dinucleotide sites examined 
was detected in only 2/81 (2%) specimens, consisting of a high-grade serous carci-
noma with high frequency of methylation, and a breast carcinoma with low methyla-
tion frequency.

The findings in the present study suggest that MGMT methylation is a 
rare epigenetic change in malignant effusions of different origin.

DNA methylation, epigenetic, high-grade serous carcinoma, malignant effusions, MGMT gene 
promoter, pyrosequencing
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has analysed serous effusions from OC patients. In a previous study, 
one of the authors (B.D.) reported on significant association between 
higher MGMT mRNA levels in serous carcinoma effusions, measured 
by TaqMan low density array, and good (complete) response to che-
motherapy.21 A validation study analyzing a large OC effusion series 
further identified association between higher MGMT mRNA levels 
and lower residual disease volume.22

The aim of the present study was to analyse the frequency and 
potential clinical relevance of MGMT promoter methylation by py-
rosequencing (PSQ), an accurate and highly reliable method, in OC 
effusions, with focus on serous carcinoma. In view of the results of 
our initial series, analysis was subsequently expanded to include ma-
lignant effusions with metastases from different origin, as well as 
MM effusions.

|

|

OC effusions consisted of 33 specimens (28 peritoneal, five pleu-
ral) from 33 patients aged 34- 83 years (mean = 61 years) who 
were diagnosed with advanced- stage disease (22 tumours at 
FIGO stage III, 11 tumours at stage IV) at the Norwegian Radium 
Hospital in 2000- 2015. Nineteen effusions were tapped prior 
to chemotherapy and 11 were post- chemotherapy specimens. 
Chemotherapy status was unknown for 1 specimen. Tumours 
were diagnosed as high- grade serous carcinoma (HGSC; n = 20), 
low grade serous carcinoma (LGSC; n = 10), clear cell carcinoma 
(CCC; n = 2) or endometrioid carcinoma (n = 1) based on mor-
phology and immunohistochemistry performed on the surgical 
specimen and the effusion. Specimens were reviewed by a surgi-
cal pathologist with long experience in cytopathology and gynae-
cological pathology (B.D.).

A total of 48 effusions from patients with other malignancies, 
tapped in the period of 1998- 2008, were additionally analysed. 
These consisted of 23 breast, six lung, five uterine corpus and four 
cervical carcinomas, as well as 10 MM. Breast carcinomas consisted 
of 19 infiltrating carcinomas, not otherwise specified (previously in-
filtrating duct carcinoma) and four lobular carcinomas. MM was of 
the epithelioid or biphasic type. Lung tumours were all adenocar-
cinomas. Uterine corpus primaries consisted of two carcinosarco-
mas, both with metastases of the epithelial component, 2 CCC and 
one tumour not available for morphological reassessment. Cervical 
carcinoma specimens consisted of three adenocarcinomas and one 
squamous cell carcinoma.

All specimens included a minimum of 50% tumour cell content 
and had visible pellets after centrifugation.

Twelve HGSC surgical specimens were studied for comparative 
purposes. Tumours were from intra- abdominal sites (ovary, perito-
neum or omentum). Frozen sections from all tumours were reviewed 
by one of the authors (B.D.) to ensure tumour cell content of at least 
50% and presence of minimal or no necrosis.

Informed consent was obtained according to national and in-
stitutional guidelines. Study approval was given by the Regional 
Committee for Medical Research Ethics in Norway (REK # S- 04300).

|

Genomic DNA extraction was performed using the Maxwell 16 
extractor (Promega) and Maxwell 16 Cell DNA Purification kit 
(Promega) according to the manufacturer's recommendations. The 
concentration was measured with QIAxel (Qiagen).

Unmethylated cytosine residues were converted to uracil by 
bisulfite treatment of 500 ng DNA using the EpiTect Bisulfite Kit 
(Qiagen) and the QiaCube automated purification system (Qiagen) 
according to the manufacturer's recommendations.

|

PSQ analysis was performed using the Therascreen MGMT Pyro Kit 
and the PyroMark Q24 system (both from Qiagen) as previously re-
ported.23 Briefly, bisulfite- converted genomic DNA was amplified 
by polymerase chain reaction, the amplicons were immobilised on 
streptavidin beads, and single- stranded DNA was prepared, se-
quenced, and finally analysed on the PyroMark Q24 system. Detailed 
information about the procedure can be found in the following link: 
https ://www.qiagen.com/no/resou rces/resou rcede tail?id=29031 
fd2-6d22-4152-b544-28866 5bc5a bc&lang=en.

Based on the manufacturer's information, the limit of blank val-
ues represents methylation frequencies obtained from healthy blood 
donor samples with a probability of 95%: 1.5, 1.8, 3.2 and 3.4 for 
CpG sites 1, 2, 3 and 4, respectively (mean for CpG sites 1- 4 = 2.5). In 
the present study, the cut- off for accepting methylation as positive 
was 5% and 10% for low and high frequency methylation, respec-
tively, for all four CpG sites.

|

Our initial analysis focused on the 33 OC effusions. The methyla-
tion frequencies of the four analysed CpG sites in exon 1 of MGMT 
were acquired in all specimens. Only one of 33 effusions showed 
high methylation frequency, with values of 41%- 45% at the four CpG 
sites. This specimen was a peritoneal effusion from an 83- year- old 
woman diagnosed with FIGO stage IV HGSC. This patient did not 
have any progression- free period and died disease 5 months from 
diagnosis.

In view of these predominantly negative results, we decided to 
analyse MGMT methylation in other malignant tumours involving 
the serosal cavities. In analysis of 48 effusions, only one additional 
specimen was positive, with values of 6%- 8% at the four CpG sites, 
ie, low- level methylation. This case was a pleural effusion from a 
57- year- old woman with a grade 3 infiltrating breast carcinoma, not 



|  BRUNETTI ET AL.

otherwise specified, diagnosed at stage T1N1M0. The patient had a 
disease- free period of 13 months, but then developed metastases in 
the skin and pleural cavity and died 23 months after diagnosis.

Comparative analysis of MGMT methylation status in 12 HGSC 
surgical specimens showed one tumour with high frequency meth-
ylation (15.5%), three tumours with low frequency of methylation 
(5.75%- 6.75%) and eight negative cases.

|

MGMT expression and its clinical relevance has been the subject of 
extensive research in cancer. In OC, previous research has focused 
on analysis of MGMT activity,24,25 protein expression,26,27 mRNA 
expression21,22,28-31 and methylation.12–20 Our ability to compare 
our data with other studies in which MGMT methylation has been 
investigated is limited due to several reasons. First, none of the 
studies published to date has analysed effusion specimens from OC 
patients. Second, the majority of studies had a high percentage of 
non- serous OC, ie, CCC, endometrioid carcinoma or mucinous car-
cinoma, tumours that differ considerably from HGSC or LGSC at the 
molecular level. Finally, histology in many of the previous studies 
has not been subjected to review applying our current classification 
of this cancer or the ancillary techniques available to date. Within 
these limitations, our data do not concur with the series of An and 
Chaudry,14,15 in which the majority of tumours had serous histology, 
and where 33% and 23% of tumours were methylated, respectively, 
and are more in agreement with the study by Teodoridis et al,18 
which focused on advanced- stage disease, in which none of the 
stage III tumours and only 1/26 stage IV tumours had MGMT meth-
ylation. As the effusions in the present study were all from patients 
with advanced- stage disease, this may suggest that MGMT methyla-
tion is not a central molecular event in OC that have progressed to 
metastatic disease. While methylation frequency was slightly higher 
in surgical specimens from patients with HGSC, only one of 12 tu-
mours had high frequency methylation.

The absence of MGMT methylation in the majority of OC effu-
sions prompted us to perform this test on other cancers involving 
the serosal cavities, with the aim of assessing whether this may be a 
general phenomenon at this anatomic site. In analysis of a relatively 
large series of breast carcinoma effusions, we again found methyla-
tion limited to a single case. As in OC, MGMT methylation has been 
reported in breast carcinoma,32 but no previous data are available 
regarding this finding in effusions.

We additionally analysed smaller series of MM and metastatic 
carcinomas of lung, uterine corpus and cervical origin, none of which 
harboured MGMT methylation. Kristensen et al reported on MGMT 
methylation in 13 of 95 solid pleural MM specimens. However, all 
but three cases had methylation levels of <5%, a finding reported as 
negative in our study.33 Our findings are in agreement with the study 
of Fujii and co- workers, who analysed 140 pleural effusions for 
methylation profiles and found MGMT methylation in 0/39 (0%) MM 
and 1/46 (2.2%) lung carcinomas.34 Similarly, MGMT methylation 

was limited to 3/47 (6.4%) lung carcinoma effusions in the series of 
Katayama et al.35 In the series of Botana- Rial et al, MGMT methyla-
tion was more common, with 12/30 (40%) of lung carcinoma effu-
sions interpreted as positive. However, the cut- off for interpreting 
cases as positive was not specified.36 As in OC and breast carci-
noma, no data are available, to the best of our knowledge, regarding 
malignant effusions from patients with uterine corpus or cervical 
carcinoma.

Previous research had demonstrated the superiority of PSQ over 
other assays in MGMT gene promoter methylation analysis, making 
it the method of choice in routine assessment of clinical glioblastoma 
specimens.37,38 Our data applying this method suggest that MGMT 
gene promoter methylation is rare in malignant effusions. On the 
basis of our results and previously published data, this test does not 
appear to have a role in the clinical assessment of malignant serous 
effusions.

None.

Ben Davidson  https://orcid.org/0000-0003-3332-8427 
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Abstract 

Ovarian carcinomas and carcinosarcomas often cause malignant effusions, 

accumulation within serous cavities of fluid containing cancer cells. Few studies have focused 

on the molecular alterations and genetic mechanisms behind effusion formation. 

In the present study, we investigated the mutation status of TP53, PIK3CA, KRAS, 

HRAS, NRAS, and BRAF in effusion fluids from 103 patients with ovarian cancer. In addition, 

array Comparative Genomic Hybridization (aCGH) analysis was performed on 20 effusions 

from patients with high-grade serous carcinoma (10 cases positive for TP53 mutation and 10 

with TP53 wild-type). TP53 mutations, two of which were novel: c.826_830delCCTGT and 

c.475_476GC>TT, were identified in 44% of the cases. Mutations in KRAS, HRAS, and 

PIK3CA were seen in two, two, and four cases, respectively. None of the effusions analysed 

showed NRAS or BRAF mutations. The aCGH analysis revealed highly imbalanced genomes 

similar to those described in primary ovarian carcinomas. No specific profile was found to 

distinguish tumors with TP53 mutations from those without.  

The molecular profiling of cells found in effusion fluids from patients with ovarian 

cancer thus showed considerable molecular heterogeneity. TP53 seems to be the most 

frequently mutated gene in these cells and may play a leading role in the metastatic process. 
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Introduction 

Cancers of the ovaries, most of which are carcinomas (OC), are the eighth most common 

malignancy in women and the most lethal one. In the year 2018, 295,414 new cases were 

diagnosed and 184,799 deaths occurred from ovarian cancer worldwide (1). OC can be 

subdivided into various histological subtypes, each showing distinct genomic and epigenomic 

characteristics (2). High-grade serous carcinoma (HGSC) is the most frequent and aggressive 

histotype, comprising 70% of newly diagnosed cases. Less frequent are endometrioid 

carcinoma (EC, 15%), clear cell carcinoma (CCC, 12%), low-grade serous carcinoma (LGSC, 

<10%), and mucinous carcinoma (MC, 3%) (3). Carcinosarcomas (CS) of the female genital 

tract are biphasic tumors containing some areas showing carcinomatous growth, mostly HGSC, 

and others displaying sarcomatous differentiation. CS are rare but aggressive tumors that often 

prove fatal within 1-2 years of diagnosis (4). 

The majority of malignant ovarian effusions stem from carcinomas or CS (5, 6). They 

are an almost universal clinical finding in advanced-stage OC, i.e., stage III-IV according to the 

International Federation of Gynaecology and Obstetrics (FIGO), reflecting widespread intra-

abdominal disease with a large number of metastatic tumor cells. OC cells in effusions probably 

represent a chemoresistant population rendering the disease untreatable and fatal (7, 8).   

Different cytologic biomarkers are used as adjuncts to morphologic examination to 

diagnose cancer cells in effusions (5). Studies focusing on molecules that promote the process 

of invasion and metastasis, as well as influence intracellular signalling pathways and/or act as 

transcription factors, have provided a better understanding of the biological events behind 

formation of malignant effusions (5, 8); however, this knowledge is still far from complete. 

Although a growing number of investigations have defined optimal panels for routine cytologic 

diagnosis of carcinoma cells in effusions, only few studies focused on the molecular alterations 

and genetic mechanisms behind effusions (5, 9, 10). And yet, the identification of genetic 
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mutations and genomic imbalances in tumor cells has become increasingly important in the 

management of different cancer types and also allows us to assess the cells’ proneness to 

develop metastases (11, 12). 

We investigated the mutation status of the tumor suppressor gene TP53, the 

phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA), the 

protooncogenes of the Ras family - ki-ras2 kirsten rat sarcoma viral oncogene homolog 

(KRAS), Harvey rat sarcoma viral oncogene homolog (HRAS), the neuroblastoma RAS viral 

(V-Ras) oncogene homolog (NRAS) - and the v-raf murine sarcoma viral oncogene homolog 

(BRAF) in a series of 103 ovarian effusions. Furthermore, we performed array comparative 

genomic hybridization (aCGH) to characterize the genomic imbalances incurred by the cells 

of 20 effusions from HGSC, of which ten tumors showed TP53 mutations whereas the 

remaining ten had wild-type TP53.  

 

Materials and methods 

Tumor material 

The material consisted of 103 effusions from ovarian cancers, including 84 HGSC, 10 

LGSC, two CCC, one EC, and six CS. All patients were treated at The Norwegian Radium 

Hospital between 2000 and 2015. The diagnoses were reached using a combination of 

cytological, morphological, and immunohistochemistry (IHC) investigations according to 

World Health Organization (WHO) 2014 guidelines (3). The study was approved by the 

Regional Committee for Medical and Health Research Ethics (REK, project number S‐04300; 

http://helseforskning.etikkom.no), the government-appointed committee responsible for 

overseeing medical ethics in the South-East region of Norway. Informed consent, including 
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consent for publication, was obtained according to national and institutional guidelines. An 

overview of the cohort used and the clinical and pathological data are given in Table I. 

 

Molecular analyses 

DNA was extracted using the Maxwell 16 extractor (Promega, Madison, WI, USA) and 

Maxwell 16 Cell DNA Purification kit (Promega) according to the manufacturer’s 

recommendations. The concentration was measured using QIAxel (Qiagen, Hilden, Germany).  

Mutational analysis of TP53, PIK3CA, KRAS, HRAS, and NRAS was performed 

according to previously described protocols, using M13-linked PCR primers designed to flank 

and amplify targeted sequences (13, 14).  The primer combinations BRAF-F1 

(5’TGCTTGCTCTGATAGGAAAATGAGATCT3’) and BRAF-R1 

(5’ATCTCAGGGCCAAAAATTTAATCAGTG 3’) were used to detect the mutation status of 

BRAF.  The thermal cycling for BRAF included an initial step at 95 °C for 10 min followed by 

35 cycles at 96 °C for 3 sec, 58 °C for 15 sec, 30 sec at 68 °C, and a final step at 72 °C for 2 

min. Direct sequencing was performed using a 3500 Genetic Analyzer (Applied Biosystems).  

The genes were selected based on the information reported in the COSMIC database 

(Catalogue of Somatic Mutations in Cancer, at https://cancer.sanger.ac.uk/cosmic) (15). 

According to COSMIC, there is no information on mutations in effusions; however, it contains 

data on the most frequently mutated genes in ovarian carcinoma. Since KRAS was in the top 

list, we decided to investigate also the other member genes of the RAS and RAF families, i.e., 

HRAS, NRAS and BRAF.  

The BLAST (http://blast.ncbi.nlm.nih.gov/blast.cgi) and BLAT 

(http://genome.ucsc.edu/cgi-bin/hgblat) programs were used for computer analysis of sequence 

data. The reference sequences used for TP53 was NM_000546.5.  
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The difference between mutation and polymorphism was evaluated by the Genome 

Aggregation Database (gnomAD; https://gnomad.broadinstitute.org/variant/11-534242-A-G). 

Whole genome investigation by means of aCGH was performed using the CytoSure 

Consortium Cancer + SNP arrays (Oxford Gene Technology, Begbroke, Oxfordshire, UK) 

according the manufacturers’ recommendation. Data were analysed using Agilent Feature 

Extraction Software (version 10.7.3.1) and CytoSure Interpret Software (version 4.9.40, Oxford 

Gene Technology). The genomic imbalances were identified using the Circular Binary 

Segmentation (CBS) algorithm and adding a custom-made aberration filter defining a copy 

number aberration (CNA) as a region with minimum five probes gained/lost (16). Annotations 

are based on human reference sequence GRCh37/hg19. 

Twenty samples were selected for aCGH investigation, ten bearing TP53 mutation in 

their genome and ten wild-type. The average copy number alteration (ANCA) index was 

calculated as the total number of aberrations divided by the samples number between the two 

groups (17). The statistical analysis was performed using the Mann-Whitney U Test. 

 

Results 

All effusions analyzed for TP53, PIK3CA, KRAS, HRAS, NRAS, and BRAF mutation 

status gave informative results. TP53 was found mutated in 41 out of 84 HGSC (49%), in two 

out of 10 LGSC (20%), in the only case of EC examined, and in one out of six CS. A detailed 

overview of the TP53 findings is shown in Table II. Two novel mutation sites were identified 

for TP53: c.826_830delCCTGT in case 7 and c.475-476GC>TT in case 26 (Fig. 1). PIK3CA 

mutations were found in four HGSC of 103, in which a c.1634A>C (cases 2, 56, and 58) and a 

c.3155C>T mutation (case 79) were seen. We identified the c.34G>T and c.183A>C KRAS 

mutations in two of 103 specimens (cases 10, a HGSC, and 85, an LGSC, respectively). The 

HRAS mutation c.173C>T was also detected in two tumors (2%; cases 16 and 23), both of them 
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HGSC. Finally, we identified an HRAS polymorphism, c.81T>C, in 38 effusions (37.5%) of all 

histotypes. None of the tumors showed a mutated sequence for NRAS or BRAF. 

 aCGH analysis for genomic imbalances was performed on 20 effusions from patients 

with HGSC, comparing 10 tumors bearing TP53 mutations (cases 1, 3, 5, 7, 8, 13, 14, 15, 19, 

and 32) and 10 which had a wild-type TP53 sequence (cases 18, 27, 31, 36, 37, 38, 42, 45, 47, 

and 48). Overall, the aCGH analysis revealed highly imbalanced genomes in all tumors 

analysed with many gains and/or losses (Table SI). The most frequent gains were scored at 

8q24.3, 20q13.2, and 20q13.31 (70%) whereas the most frequent losses were scored at 4q25 

and 4q26 (75 %) (Fig. 2). Amplifications mostly involved chromosomal band 19q11 followed 

by the segment 3q22q29. The two subgroups of effusions, i.e., with and without TP53 mutation, 

were both very complex and similar with regard to imbalances. The ANCA index calculated 

for tumors (18) with TP53 mutation was 83.2 but 66.3 for tumors with wild-type TP53 (p=0.14). 

 

Discussion 

 Molecular profiles of different tumor types have helped manage cancer patients with 

regard to diagnosis, prognosis, and lately also choice of treatment (19). A similar molecular 

characterization of effusions from ovarian cancer might highlight the mechanisms behind 

development of metastasis and possibly, further down the road, help decide among different 

personalized therapies (5). Since the number of studies focusing on molecular analysis of 

ovarian cancers at such advanced stage that effusions have already developed, is low, and since 

chemoresistance is one of the main characteristics of these malignancies, we aimed to add to 

the existing knowledge by performing mutation analyses of selected genes as well as 

determining copy number profiles of two groups of patients, those whose tumors did or did not 

have TP53 mutations.  
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The tumor suppressor gene TP53 has been found mutated in many different 

malignancies (20), including those arising in the ovaries, at a frequency of 66% in the most 

aggressive serous carcinomas (21). The rate of TP53 mutation detected in our series was 46% 

for effusions from HGSC and LGSC. The seeming discrepancy between the frequencies 

recorded in the present series and in the literature could be due to methodological limitations, 

see below. In HGSC, we identified two novel sites for TP53 mutation: a deletion of the CCTGT 

sequence was found in position c.826_830 of case 7 (stage III tumor), whereas a substitution 

GC>TT in position 475_476GC was identified in case 26 (stage IV tumor). The c.826_830del 

CCTGT is an out-of-frame change resulting in a frameshift of 26 amino acids (aa) (p. 

A276fs*26) (Fig. 1) after which a stop codon occurs. The predicted protein would consist of 

156 aa. The substitution c.475_476GC>TT results in a change from alanine (A) to 

phenylalanine (F) (p.A159F). The mutation is at present of unknown pathogenicity in ovarian 

cancer. However, other mutations on c.475 have been reported as pathogenic in the COSMIC 

database, e.g., in tumors of the lung and liver (https://cancer.sanger.ac.uk/cosmic). The impact 

of the new mutation sites in relation to different clinical parameters awaits further studies, 

ideally of larger series of patients. The two patients here examined had received upfront surgery 

and standard chemotherapy; case 7 showed a residual disease of 6 cm whereas case 26 had no 

residual disease at primary operation. Furthermore, both cases showed relatively long survival: 

case 7 had 13 months progression-free survival (PFS) and overall survival (OS) of 81 months, 

whereas case 26 had PFS of 27 months and OS of 45 months.  

PIK3CA belongs to the family of genes encoding phosphatidylinositol 3-kinases 

(PI3Ks). It is activated through the PI3K/AKT signalling pathway in 70% of ovarian cancers, 

promoting cellular growth, proliferation, and cell survival (22). Somatic mutations of this gene 

have been detected in different cancer types (23). In ovarian cancer, it occurs in 30% of all 

tumors, but reaches 45% in EC and CCC (24). We found PIK3CA mutated in 4% of the HGSC 
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effusions examined, which is in line with what is reported in the COSMIC database. 

Unfortunately, the number of EC and CCC samples was too low to allow statistical conclusions. 

A number of clinical studies have focused on the PI3K/AKT/mTOR signaling pathway as a 

therapeutic target for patients with ovarian cancer (25, 26); the identification of patients 

carrying PIK3CA mutation may therefore be important for the choice of therapy. Important to 

note in this regard is the fact that also other genes of the PI3K/AKT/mTOR signaling pathway 

should be investigated for their mutation status as they, too, may be involved pathogenetically 

(26). 

KRAS and HRAS are principal members of the RAS family and have frequently been 

implicated in the development of different types of tumors (27). In ovarian carcinomas, the 

incidence of KRAS point mutations was found to be 13% (21). Previous studies have 

demonstrated an association between KRAS mutations and well-differentiated, clinically less 

advanced cancers (28, 29). KRAS mutation was in ovarian serous carcinoma found more 

frequently in LGSC than in HGSC (30-32).  

HRAS mutations are rare in ovarian tumors (33, 34). We found an HRAS mutation in 

only two HGSC: however, our study showed presence of the 81T>C polymorphism in the 

coding region of HRAS in 38 out of 103 tumors (37%) of all histotypes. The Genome 

Aggregation Database, gnomAD, reports that SNP 81T>C is a polymorphism seen in 30% of 

the normal population. Both tumors with HRAS mutation also showed TP53 mutation. In each 

case, one can hypothesize a scenario in which the mutations represent a primary and a secondary 

event either in the same cell or in different cells/clones. 

Information on effusions from CS arising in the female genital tract is limited to data 

generated by immunohistochemical techniques (35). This is the first time that mutation analyses 

have been performed on such metastatic cells. It seems, however, that the genes investigated in 
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the present study are not relevant in cells from effusions since we found only one CS with TP53 

mutation.  

The mutation rates for the analysed genes in the present study differ slightly from those 

reported in the literature, something that may be attributable to the molecular methods applied. 

We used PCR followed by Sanger sequencing. It is known that Sanger sequencing cannot detect 

mutation if the level of abnormal cells is below 15% (36), whereas next generation sequencing 

(NGS) or exome sequencing, used in most published studies (37), is more sensitive, i.e., has a 

higher resolution level. NGS, on the other hand, cannot discriminate between a “real” mutation 

and a polymorphism. Taking into account these two factors, one would indeed expect higher 

mutation rates to be detected by NGS compared to Sanger sequencing, as was observed. 

aCGH data showed highly imbalanced genomes both in tumors with mutated and wild-

type TP53. The genomic regions involved are in agreement with the results of previous studies 

where primary OC were investigated (38). The ANCA index detected in the TP53 mutated 

subgroup was 83.2 whereas it was 66.3 in the subgroup with wild-type TP53. The difference 

between the two groups was not found statistically significant using the Mann-Whitney U Test.  

The origin of ovarian carcinomas has lately been debated but, according to the latest WHO 

classification, the majority of HGSC are thought to originate in the tubes whereupon metastatic 

spreading occurs to the ovaries (39, 40). In the light of this concept, it is not surprising that 

ovarian carcinomas show the same imbalances as do ovarian cancer cells found in effusions, 

since both represent late evolutionary stages in carcinoma development. 
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Figures 

Figure 1. Novel site mutations for TP53 A. Partial sequence chromatogram of case 7 showing 

delCCTGT; B. Open reading frame of case 7; C. Partial sequence chromatogram of case 26 

showing the substitution GC>TT. 
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Figure 2. Profiles of imbalances detected by aCGH. A. Gains and losses detected in effusion 

cells in patients with HGSC whose tumors were either TP53 mutated or wild-type; B. Genomic 

gains and losses in TP53 mutated HGSC effusions; C. Genomic gains and losses in TP53 wild-

type HGSC effusions. 
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Tables 

Table I. Clinicopathologic parameters of the 103 ovarian effusions investigated 

Parameter Distribution 

Histology  HGSC (n=84) 
CS (n=6) 

 
LGSC (n=10) 
CCC (n=2) 
EC (n=1) 

  

Age ≤60 (n=42) 
 >60 (n=61) 
  

FIGO stage I (n=1) 
 II (n=1) 
 III (n=68) 
 IV (n=33) 
  

Residual disease 0 cm (n=23) 
 ≤1 cm (n=32) 
 >1 cm (n=25) 
 NA (n=23) 
  

Chemoresponse after primary treatment  

CR (n=53) 
PR (n=32) 
SD (n=7) 
PD (n=1) 
NA a (n=10) 

 

Abbreviations: HGSC = high-grade serous carcinoma; CS = carcinosarcoma; LGSC = low-

grade serous carcinoma; CCC = clear cell carcinoma; EC = endometrioid carcinoma; NA = not 

available; CR = complete response; PR = partial response; SD = stable disease; PD = 

progressive disease 

a Not available (missing data or disease response after chemotherapy could not be evaluated 

because of normalized CA 125 after primary surgery or missing CA 125 information and no 

residual tumor). 
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Table II. Mutation status of TP53 

Case Histology                          TP53  

1 
2 
3 
4 
5 
6 
7¤ 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26¤ 
27 
28 
29 
 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 

 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 

c.437G>A ; p.W146*; COSM43609 
c.584T>C ; p.I195T; COSM11089 
c.273G>A ; p.W91*COSM44492 

 
c.916C>T ; p.R306*; COSM10663  

 
c.826_830delCCTGT 
c.818G>A ; p.R273H; COSM10660 
c.797G>A ; p.G266E; COSM10867 

 
c.488A>G ; p.Y163C; COSM10808 
c.524G>A ; p.R175H; COSM10648 
c.844C>T ; p.R282W; COSM10704 
c.574C>T ; p.Q192*; COSM10733 
c.527G>T ; p.C176F; COSM10645 
c.469G>T ; p.V157F; COSM10670 
c.527G>A ; p.C176Y ; COSM10687 

 
c.754del ; p. L252fs*93 ; COSM45215 
c.403del ; p.C135fs*35 ; COSM44670 

 
c.394A>T ; p.K132*; COSM44641 
c.832C>G ; p.P278A; COSM10814 
c.814G>A ; p.V272M; COSM10891 
c.394A>G ; p.K132E; COSM10813 
c.475_476GC>TT 

 
c.797G>A ; p.G266E; COSM10867 
c.108G>A ; p.P36P; COSM6474191  
c.737T>A ; p.M246K; COSM44103 
c.742C>T ; p.R248W; COSM10656 

 
c.488A>G ; p.Y163C; COSM10808 
c.836G>A ; p.G279E; COSM43714 

 
c.818G>A ; p.R273H; COSM10660 

 
 
 

c.524G>A ; p.R175H; COSM10648 
 

c.711G>A ; p.M237I; COSM10834 
 

c.166G>T ; p.E56*; COSM12168 
c.524G>A ; p.R175H; COSM10648 
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45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 

HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
HGSC 
LGSC 
LGSC 
LGSC 
LGSC 
LGSC 
LGSC 
LGSC 
LGSC 
LGSC 

 
 
 
 
 
 
 

c.434T>C ; p.L145P; COSM43899 
 
 

c.475G>C ; Pa159P ; COSM43836 
 
 
 
 

c.844C>T ; p.R282W ; COSM10704 
c.646G>A ; p.V216M; COSM10667 
c.832 C>T ; p.P278S; COSM10939 

 
 
 
 
 
 
 
 

c.527G>T ; p.C176F; COSM10645 
 
 
 

c.578A>G ; p.H193R ; COSM10742 
 
 
 
 
 

c.796G>A ; p.G266R; COSM10794 
c.844C>T ; p.R282W ; COSM10704 

 
 

c.750del ; p. I251fs*94 ; COSM44064 
 

c.714T>A ; p.C238* ; COSM45677 
 
 
 
 
 
 



19 
 

94 
95 
96 
97 
98 
99 
100 
101 
102 
103 

LGSC 
CCC 
CCC 
EC 
CS 
CS 
CS 
CS 
CS 
CS 

 
 
 

c.1024C>T ; p.R342*; COSM11073 
c.796G>A ; p.G266R ; COSM10794 

 
 
 
 
 
 

    
¤Novel mutation site 
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Abstract 

The objective of this study was to analyze the expression and clinical role of the mitosis 

regulators athalassemia/mental retardation syndrome X-linked (ATRX) and death-domain-

associated protein (DAXX) in metastatic high-grade serous carcinoma (HGSC). ATRX and 

DAXX protein expression by immunohistochemistry was analyzed in 400 HGSC effusions. 

DAXX expression was additionally studied in 15 cancer cell lines, including 4 ovarian carcinoma 

lines, and in 81 of the 400 HGSC effusions using Western blotting. ATRX and DAXX were 

expressed in HGSC cells in 386/400 (96%) and 348/400 (87%) effusions, respectively. Western 

blotting showed DAXX expression in all 15 cell lines and in 70/81 (86%) HGSC effusions. 

DAXX expression by immunohistochemistry was higher in pleural compared to peritoneal 

effusions (p=0.006) and in post-chemotherapy compared to pre-chemotherapy effusions 

(p=0.004), and its expression was significantly associated with poor overall survival in univariate 

of the entire cohort (p=0.014), as well as analysis limited to chemo-naïve effusions tapped at 

diagnosis (p=0.038). The former association retained its prognostic role in Cox multivariate 

survival analysis (p=0.011). ATRX expression was unrelated to clinicopathologic parameters or 

survival. In conclusion, DAXX is associated with disease progression and could be a prognostic 

marker in metastatic HGSC. Silencing this molecule may have therapeutic relevance in this 

cancer. 

 

Keywords: DAXX; ATRX; immunohistochemistry; Western blotting; high-grade serous 

carcinoma; effusion   
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Introduction 

Ovarian cancer, consisting mainly of ovarian carcinoma (OC), is the 7th most common cancer and 

the 8th most common cause of cancer death in women. In 2018, 239,000 women were diagnosed 

with this disease and 152,000 deaths occurred globally [1]. Overall survival (OS) is currently 

longer than previously, with approximately 45% of patients alive at 5 years, due to improved 

surgery and chemotherapy protocols, as well as targeted therapy. However, this figure is true for 

all histological types combined. In high-grade serous carcinoma (HGSC), the most common and 

aggressive type of OC, diagnosis is often at advanced-stage (FIGO stage III-IV) and death-of-

disease occurs in the majority of patients [1]. HGSC develops most frequently in the fallopian 

tube, and metastasizes widely within the peritoneal cavity, including the formation of malignant 

ascites, as the well as to the pleural space. OC cells in effusions cannot be surgically eradicated, 

are anoikis-resistant and possess cancer stem cell characteristics that facilitate chemoresistance 

[2]. Better understanding of the molecular profile of cancer cells in effusions is therefore an 

important challenge.  

 

Eukaryotic DNA is wrapped around histones and is post-translationally modified to regulate 

transcription. Repetitive elements in the genome, termed tandem repeats, are organized in a 

condensed form termed heterochromatin, present in retrotransposons, pericentric heterochromatin 

and telomeres, in order to avoid aberrant transcription. DNA synthesis during S-phase requires 

deposition of newly synthesized H3.1 and H3.2 canonical histones, which are S-phase-specific. 

In contrast, H3.3 histone is replication-independent and present throughout the cell cycle. 

Deposition of the latter requires chaperones, which may be either the HIRA complex or the 

ATRX/DAXX complex [3,4]. 
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ATRX is a chromatic remodeling protein belonging to the SNF2 sub-group of the SWI/SNF 

family, encoded by a gene on the long arm of the X-chromosome (Xq21.1). It has a crucial role in 

development of organs from all 3 germ cell layers, as evidenced by the fact that mutations in it 

are the sole cause for ATRX (α-Thalassemia, mental retardation, X-linked) syndrome. ATRX 

mutations are also found in different cancers, including glioma, neuroblastoma, pancreatic 

neuroendocrine tumors and childhood osteosarcoma [4,5]. Additionally, reduced ATRX 

expression has been reported in melanomas and sarcomas, the latter including uterine 

leiomyosarcoma [4-7]. Loss of ATRX results in DNA damage, genomic instability and telomeric 

dysfunction [4]. 

DAXX (death domain associated protein) was initially identified as a Fas-binding protein 

inducing apoptosis via JNK (Jun N-terminal kinase), but this role was subsequently questioned 

and the cellular localization of this protein shown to be nuclear, in accord with its observed role 

as transcriptional regulator. As with ATRX, DAXX mutations have been found in glioma and 

pancreatic neuroendocrine tumors [4].  

Loss of ATRX and DAXX is strongly related to alternative lengthening of telomeres (ALT), a 

process characteristic of cancer cells in which telomere length is retained through a non-

telomerase dependent mechanism [8]. 

 

DAXX has been reported to have a tumor-promoting effect in vitro and in vivo in experimental 

models of OC, with increase in proliferation, survival, colony formation and migration [9,10]. It 

was further shown to be hypomethylated in chemoresistant compared to sensitive OC xenografts 

[11]. Analysis of the expression and clinical relevance of DAXX in patient material is to date 

limited to a single study of primary OC of various histotypes in which DAXX mRNA levels were 
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not significantly related to survival [12].  To the best of our knowledge, the clinical role of 

ATRX has not been investigated in this cancer to date.  

The objective of the present study was to assess the expression and clinical relevance of ATRX 

and DAXX in a large cohort of patients with HGSC effusions, the majority diagnosed at FIGO 

stage III-IV.    
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Material and Methods 

Patients and specimens 

HGSC effusions (n=400; 343 peritoneal, 57 pleural) from 400 patients were submitted to the 

Department of Pathology at the Norwegian Radium Hospital during the period of 1998 to 2015. 

Effusions were centrifuged immediately after tapping, and cell pellets were used for preparation 

of cell blocks using the thrombin clot protocol. Cell pellets were additionally frozen at -70°C in 

equal amounts of RPMI 1640 medium (GIBCO-Invitrogen, Carlsbad, CA) containing 50% fetal 

calf serum (PAA Laboratories GmbH, Pasching, Austria) and 20% dimethylsulfoxide (Merck 

KGaA, Darmstadt, Germany). Tumor cell content in all effusions studied by Western blotting 

was >50%, based on assessment of cytology smears and H&E sections from the above cell 

blocks. Clinicopathologic data are detailed in Table 1. Informed consent was obtained according 

to national and institutional guidelines. Study approval was given by the Regional Committee for 

Medical Research Ethics in Norway. 

 

Immunohistochemistry (IHC) 

Formalin-fixed, paraffin-embedded sections from 400 HGSC effusions were analyzed for ATRX 

and DAXX protein expression using the Dako EnVision Flex + System (K8012; Dako, Glostrup, 

Denmark). The ATRX antibody was a mouse monoclonal antibody purchased from Novus 

Biologicals (cat # NBP2-52938, clone CL0537; Littleton, CO). The DAXX antibody was a rabbit 

polyclonal antibody purchased from Sigma-Aldrich (cat # HPA008736; St. Louis, MO; Powered 

by Atlas Antibodies, Stockholm, Sweden). Both antibodies were applied at a 1:500 dilution 

following antigen retrieval in Dako HpH (pH 9.0) solution.  
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Following deparaffinization, sections were treated with EnVisionTM Flex + mouse linker (15 

minutes) and EnVisionTM Flex/HRP enzyme (30 minutes) and stained for 10 minutes with 3’3-

diaminobenzidine tetrahydrochloride (DAB), counterstained with hematoxylin, dehydrated and 

mounted in Richard-Allan Scientific Cyto seal XYL (Thermo Fisher Scientific, Waltham, MA). 

Positive controls consisted of normal testis. In the ATRX negative control, the primary antibody 

was replaced with isotype-specific mouse myeloma protein diluted to the same concentration as 

the primary antibody. The DAXX negative controls were incubated with rabbit serum. 

IHC scoring: Nuclear staining was scored by an experienced cytopathologist (BD), using a 0-4 

scale as follows: 0 = no staining, 1 = 1-5%, 2 = 6-25%, 3 = 26-75%, 4 = 76-100% of tumor cells.  

 

Western blotting (WB) 

Protein lysates from 81 of the 400 HGSC effusions were analyzed for DAXX protein expression 

by WB. Effusions were thawed, washed in phosphate-buffered saline, and lysed in lysis buffer 

(1% NP-40, 10% glycerol, 20mM Tris HCl, pH = 7.5, 137mM NaCl, 100mM NaF, 1mM sodium 

vanadate, 1mM PMSF, 0.02 mg/ml each of aprotinin, leupeptin, and pepstatin, and 10μL/ml each 

of phosphatase inhibitor cocktails I and II, the latter purchased from Sigma-Aldrich). Lysates 

were sonicated, and after centrifugation, the supernatant was collected and protein content was 

evaluated by the Bradford assay (Bio-Rad Laboratories, Hercules CA). 25μg from each sample 

was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 

Proteins were transferred to PVDF immobile membranes (Millipore, Bedford MA). Membranes 

were blocked in 5% nonfat dry milk, freshly made in 20 mmol/L Tris HCl, pH 7.6; 0.136 mol/L 

NaCl; 0.05% polysorbate (Tween) (TBST), and subsequently hybridized with the same DAXX 

antibody used in the IHC analysis, at 1:1000 dilution in 5% Bovine Serum Albumin (Sigma 



8 
 

Aldrich) in 0.1% TBST, overnight at 4°C. Thereafter, the blots were washed 3 times for 

10 minutes in TBST and incubated for 60 minutes at room temperature with 

rabbit horseradish peroxidase-conjugated secondary antibodies (1:5000; Promega, Madison WI) 

diluted in 5% nonfat dry milk in TBST. Immunoreactivity was detected using the Supersignal 

West Dura (Thermo Fisher Scientific) and visualized using Syngene G:box chemi XRQ 

(Syngene, Cambridge, UK). To ensure even loading, filters were hybridized with 

ERK2 polyclonal rabbit antibody (Santa Cruz Biotechnology, Santa Cruz, CA) 1:1000 in 5% 

non-fat dry milk. 

 

Statistical analysis 

Statistical analysis was performed applying the SPSS-PC package (Version 25). Probability of 

<0.05 was considered statistically significant. The Mann-Whitney U test or the Kruskal-Wallis H 

test was applied to analysis of the association between ATRX and DAXX protein expression by 

IHC and clinicopathologic parameters (for 2-tier or 3-tier analyses, respectively). For this 

analysis, clinicopathologic parameters were grouped as follows: age: ≤60 vs. >60 years; effusion 

site: peritoneal vs. pleural; FIGO stage: III vs. IV; chemotherapy status: pre- vs. post-

chemotherapy specimens; residual disease (RD) volume: 0 cm vs. ≤1 cm vs. >1 cm; response to 

chemotherapy: complete response vs. partial response/stable disease/progressive disease. 

Progression-free survival (PFS) and OS were calculated from the date of the last chemotherapy 

treatment/diagnosis to the date of recurrence/death or last follow-up, respectively. Univariate 

survival analyses of PFS and OS were executed using the Kaplan-Meier method and log-rank 

test. Multivariate survival analysis was executed using the Cox Regression Model. Platinum 

resistance was defined as PFS≤6 months according to guidelines published by the Gynecologic 
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Oncology Group (GOG) and progressive disease or recurrence was evaluated by the Response 

Evaluation Criteria In Solid Tumors (RECIST) criteria.  
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Results 

ATRX and DAXX are frequently expressed in HGSC effusions 

ATRX and DAXX were expressed in HGSC cells in 386/400 (96%) and 348/400 (87%) 

effusions, respectively. Staining was predominantly nuclear, though few tumors showed 

additionally cytoplasmic DAXX expression (Figure 1). Nuclear staining extent was as follows: 

ATRX: score=0: 14; score=1: 39; score=2: 39; score=3: 172; score=4: 136 specimens; DAXX: 

score=0: 52; score=1: 120; score =2: 48; score =3: 142; score=4: 38 specimens. 

In view of the results obtained in analysis focusing on clinical end-points (see below), WB 

analyzed exclusively DAXX expression. In agreement with the IHC data, DAXX was expressed 

in 70/81 (86%) HGSC effusions. In the majority of these specimens, DAXX bands were detected 

at 130kDa, as predicted for the full protein, as well as smaller variants, mainly at 70kDa. In few 

of the remaining specimens, only the 70kDa band was detected (Figure 2-A). Both the 130kDa 

and 70kDa DAXX bands were additionally observed in all 15 cell lines analyzed, including 

carcinomas of ovarian (CaOV3, OVCAR3, OVCAR8, SKOV3), cervical (HeLa), vulvar (Cal39), 

breast (MDA-MB231, MCF7), colon (HT-29) and prostate (LnCap) origin, as well as 4 

melanoma (WM9, WM45.1, WM902B, 1205LU) and 1 Ewing sarcoma (CADO-ES) lines 

(Figure 2-B). 

 

DAXX expression in HGSC effusions is related to disease progression and survival 

DAXX expression by IHC was higher in pleural compared to peritoneal effusions (p=0.006) and 

in post-chemotherapy compared to pre-chemotherapy effusions (p=0.004), with a marginally 

higher expression in FIGO stage IV compared to stage III disease (p=0.05), whereas ATRX 

expression was unrelated to clinicopathologic parameters (Tables 2, 3). 
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The follow-up period ranged from 1 to 179 months (mean = 37 months, median = 29 months). 

PFS ranged from 0 to 148 months (mean = 11 months, median = 7 months). At the last follow-up, 

357 patients were dead of disease, 27 were alive with disease and 6 were with no evidence of 

disease. Five patients died of complications or other causes, 3 were lost to follow-up, and 2 had 

no survival data.  

Higher DAXX expression was significantly associated with shorter OS in univariate analysis of 

the entire cohort (p=0.014; Figure 3-A), with no such association for ATRX (p=0.713; Figure 3-

B). Among clinical parameters, older age (p=0.019; Figure 3-C) and FIGO IV stage (p<0.001; 

Figure 3-D) were significantly related to OS. RD volume was not significantly related to OS in 

analysis of patients who received upfront surgery (p=0.201; Figure 3-E), but was a 

prognosticator in analysis of patients who received neoadjuvant chemotherapy (p=0.005; Figure 

3-F). DAXX expression was additionally associated with shorter OS in analysis limited to 

chemo-naïve effusions tapped at diagnosis (p=0.038).  

The parameters entered in Cox multivariate survival analysis of the entire cohort were DAXX 

expression, age and FIGO stage. All 3 parameters retained their independent prognostic value in 

this analysis (DAXX: p=0.011; Age: p=0.034; FIGO stage: p=0.001).  

DAXX expression was not significantly related to PFS (10.5 and 12.4 months for high and low 

expression; p=0.095; data not shown). 
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Discussion 

Loss of ATRX or DAXX though mutation has been reported in cancers which are 

histogenetically remote from OC. Nevertheless, given the central role of these molecules in 

chromatin remodeling, and consequently in proliferation, analysis of the clinical relevance of 

ATRX and DAXX in HGSC was deemed to be of interest. 

Our data suggest that ATRX and DAXX are diffusely expressed in the majority of HGSC in 

effusion specimens. Analysis of DAXX expression by WB further showed 2 principal forms of 

this protein, with band size of 130kDa and 70kDa. The presence of different splice variants of 

DAXX, termed DAXX-β and DAXX-γ, was previously reported by Wethkamp et al. in analysis 

of renal cell carcinoma cell lines by WB, followed by mRNA analysis of a panel of cell lines of 

other cancers [13]. However, this has not been previously reported in HGSC. The functional and 

clinical relevance of the 70kDa isoform awaits further research. Of note, we previously reported 

on the association between the presence of cyclin E fragments and aggressive clinical behavior in 

OC [14].    

 

In the present study, significantly higher DAXX expression was found in pleural compared to 

peritoneal effusions and in post-chemotherapy compared to pre-chemotherapy effusions, findings 

that suggest an association between this protein and disease progression in HGSC. DAXX was 

additionally significantly related to shorter OS, a finding that retained its independent prognostic 

relevance in Cox multivariate analysis.  

DAXX and/or ATRX expression has been associated with both better and worse survival in 

analysis of other cancers [15-17]. No data regarding the clinical relevance of ATRX in OC is 

available to date, whereas data with respect to DAXX are to date limited to a single study by 
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Pontikakis et al., in which analysis of 187 tumors divided into experimental and validation sets 

did not show any association between DAXX mRNA expression and survival. In addition to the 

obvious differences between analysis of mRNA levels and protein expression, and between 

primary tumors and metastatic disease, there are 2 crucial differences between the latter study and 

our study: Tumors in the Pontikakis series were of different histotypes and were not classified 

based on the WHO 2014 guidelines. In the present study, a uniform series of 400 HGSC, 

classified after the WHO 2014 criteria, was studied. OC are a heterogeneous group of tumors [18] 

and expression of biomarkers in the different histotypes has different clinical relevance, a fact 

that underscores the importance of studying each histotype separately. 

 

In conclusion, the present study is the first to document a potential role for DAXX in mediating 

tumor progression and affecting outcome in metastatic HGSC, whereas ATRX expression does 

not appear to be informative in this tumor. The finding of splice variants of DAXX merits further 

research into potential differences in their biological and clinical relevance.   
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Tables 

Table 1: Clinicopathologic parameters of the HGSC effusion cohort (400 patients) 

Parameter Distribution 

Age (mean) 23-88 years (63) 

FIGO stage  

I 3 

II 6 

III 235 

IV 151 

NA 5 

Residual disease  

Primary debulking 

surgery (n=210) 

0 cm 31 

≤1 cm 86 

>1 cm 93 

Interval debulking 

surgery (n=109) 

0 cm 30 

≤1 cm 48 

>1 cm 31 

NA 81 

CA 125 at diagnosis (range; median) 10-62400 (1257) a 

Chemoresponse after primary treatment  

CR 183 

PR 99 
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SD 30 

PD 39 

NA b 49 

 

Abbreviations: NA = not available; CR = complete response; PR = partial response; SD = stable 

disease; PD = progressive disease 

a Available for 314 patients  

b Not available (missing data or disease response after chemotherapy could not be evaluated 

because of normalized CA 125 after primary surgery or missing CA 125 information and no 

residual tumor). 
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Table 2: Association between DAXX expression and clinicopathologic parameters 

Parameter ATRX Staining extent p-value 

0% 1-5% 6-25% 26-75% 76-100% 

Effusion site Peritoneum (n=343) 48 106 44 117 28 0.006 

Pleura (n=57) 4 14 4 25 10 

Previous 

chemotherapy a 

No (n=263) 42 86 27 87 21 0.004 

Yes (n=133) 10 33 21 54 15 

Age ≤60 (n=164) 24 45 14 66 15 0.634 

>60 (n=236) 28 75 34 76 23 

FIGO stage b III (n=235) 38 69 30 80 18 0.05 

IV (n=151) 14 47 15 55 20 

RD volume c 0 cm (n=31) 5 11 4 11 0 0.547 

≤1 cm (n=86) 13 26 10 24 13 

>1 cm (n=93) 12 33 8 33 7 

Chemotherapy 

response d 

Complete (n=184) 33 55 17 63 16 0.08 

Other (n=167) 14 53 21 61 18 

 

a For 396 patients; 4 patients with no data 

b For 386 patients; 14 patients with stage I-II disease or no data  

c For 210 patients who received upfront surgery 

d For 351 patients; 49 patients with no data; Other = partial response, stable disease or progressive 

disease 
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Table 3: Association between ATRX expression and clinicopathologic parameters 

Parameter ATRX Staining extent p-value 

0% 1-5% 6-25% 26-75% 76-100% 

Effusion site Peritoneum (n=343) 11 33 33 152 114 0.873 

Pleura (n=57) 3 6 6 20 22 

Previous 

chemotherapy a 

No (n=263) 11 28 30 108 86 0.172 

Yes (n=133) 3 11 9 63 47 

Age ≤60 (n=164) 6 13 15 73 57 0.522 

>60 (n=236) 8 26 24 99 79 

FIGO stage b III (n=235) 8 20 21 107 79 0.434 

IV (n=151) 6 18 18 58 51 

RD volume c 0 cm (n=31) 0 3 4 14 10 0.553 

≤1 cm (n=86) 5 7 6 39 29 

>1 cm (n=93) 3 12 14 36 28 

Chemotherapy 

response d 

Complete (n=184) 9 17 16 79 63 0.594 

Other (n=167) 3 20 19 73 52 

 

a For 396 patients; 4 patients with no data 

b For 386 patients; 14 patients with stage I-II disease or no data 

c For 210 patients who received upfront surgery 

d For 351 patients; 49 patients with no data; Other = partial response, stable disease or progressive 

disease 
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Figures 

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Immunohistochemistry 

(A-C) Nuclear expression of ATRX in 3 effusion specimens; (D-F) Nuclear expression of DAXX 

in 3 effusion specimens. Cytoplasmic staining is additionally seen in the tumor in figure 1-F.  
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Figure 2-A 

 

 

 

Figure 2-B 

 

 

 

Figure 2: Western blotting 

(A) DAXX expression in 17 effusion specimens; 14 specimens express DAXX at its full form 

(130kDa), whereas all effusions have a band at 70kDa (see text). ERK2 was used as 

housekeeping protein; (B) DAXX expression in cell lines. All 15 lines, including 4 of ovarian 

origin, express DAXX at its full 130kDa form and as the 70kDa fragment.  
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Figure 3-A 

 

Figure 3-B 
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Figure 3-C 

 

Figure 3-D 
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Figure 3-E 

 

Figure 3-F 
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Figure 3-G 

 

 

Figure 3: Survival 

A: Kaplan-Meier survival curve showing the association between DAXX protein expression and 

overall survival (OS) for 398 patients with survival data. Patients with effusions with high 

(>25%) DAXX expression (n=180; red line) had mean OS of 35.3 months compared to 44.8 

months for patients with effusions having low (≤25%) DAXX expression (n=218, blue line; 

p=0.014). 

B: Kaplan-Meier survival curve showing the association between ATRX protein expression and 

OS for 398 patients with survival data. Patients with effusions with high (>25%) ATRX 

expression (n=306; red line) had mean OS of 40.5 months compared to 39.6 months for patients 

with effusions having low (≤25%) ATRX expression (n=92, blue line; p=0.703). 
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C: Kaplan-Meier survival curve showing the association between patient age and OS for 398 

patients with survival data. Older (>60 years) patients (n=234; red line) had mean OS of 37.6 

months compared to 45 months for younger (≤60 years) patients (n=164, blue line; p=0.019). 

D: Kaplan-Meier survival curve showing the association between FIGO stage and OS for 386 

patients with survival data and FIGO stage III-IV disease. Patients diagnosed with stage IV 

disease (n=151; red line) had mean OS of 31.1 months compared to 45.2 months for patients with 

stage III disease (n=235, blue line; p<0.001). 

E: Kaplan-Meier survival curve showing the association between residual disease (RD) volume 

and OS for 210 patients who received surgery as upfront treatment. Patients debulked to no 

macroscopic disease (n=31; blue line) had mean OS of 59.7 months compared to 46.6 and 44.8 

months for patients debulked to 1 cm (n=86, red line) and ≥2 cm (n=93, green line), respectively 

(p=0.201). 

F: Kaplan-Meier survival curve showing the association between RD volume and OS for 109 

patients who received neoadjuvant chemotherapy prior to debulking surgery. Patients debulked to 

no macroscopic disease (n=30; blue line) had mean OS of 50.7 months compared to 37.9 and 

25.1 months for patients debulked to 1 cm (n=48; red line) and ≥2 cm (n=31; green line), 

respectively (p=0.005). 

G: Kaplan-Meier survival curve showing the association between DAXX protein expression and 

OS for 261 patients with pre-chemotherapy effusions and survival data. Patients with effusions 

with high (>25%) DAXX expression (n=108; red line) had mean OS of 36.2 months compared to 

46.4 months for patients with effusions having low (≤25%) DAXX expression (n=153, blue line; 

p=0.038). 

 



 




