
 

 

 

 Aus der Klinik für Gynäkologie der Medizinischen  

Fakultät Charité – Universitätsmedizin Berlin   

 

DISSERTATION 

 

Evaluating the mechanism and therapeutic potential of polycomb complex 

protein BMI-1 in mucinous ovarian cancer. 

 

zur Erlangung des akademischen Grades 

Doctor rerum medicinae (Dr. rer. medic.) 

 

vorgelegt der Medizinischen Fakultät  

Charité – Universitätsmedizin Berlin 

Von 

Salem Nuri S. Abobaker 

                                                   aus Azawia, Libyen 

 

Datum der Promotion: 03.03.2023



Table of Content 

I 
 

Table of Content 

Table of Content………………………………………………………………………….…I 

Abstract (German)…………………………………………………………………….......III 

Abstract (English)………………………………………………………………………… V 

1 Introduction--------------------------------------------------------------------------------------------1 

1.1 Background…………………………....……………………………….……….…….1 

1.2 Current clinical management…………........……………………………………….1 

1.3 Molecular biology……………………………………………………….…….……...3 

1.4 Polycomb protein BMI-1…………………………………………………...…...……4 

2. Objective of the study……………………………………………………………….….5 

3. Materials and methods……………………………………………………………….…6 

    3.1 Gene set enrichment analysis…………………………………………………….…6 

    3.2 Ovarian cancer cell lines.....................................................................................6 

    3.3 Patients and clinicopathological criteria........................................................…...7 

    3.4 Cell viability assay........................................................................................…...7 

    3.5 Immunohistochemical staining (IHC)……………………………….……………….7 

    3.6 Evaluation of BMI-1 staining………………………………………………………….8 

    3.7 Western blotting analysis…………………………………………………………….8 

    3.8 Statistical analysis…...........................................................................................8 

4. Results-------------------------------------------------------------------------------------------------9 

    4.1 In silico data analysis...................................................................................…...9 

    4.2 principal component analysis (PCA)……………………………………….………10 

    4.3 Expressions of BMI-1……………………………………………….……………….10 

    4.4 Cell viability.......................................................................................................11 

    4.5 Western Blot………………………………………………………….………………12 

    4.6 clinicopathological characteristics………………………………………………....13 



Table of Content 

II 
 

    4.7 BMI-1 expression and patients' survival…………………………...………………14 

5.  Discussion------------------------------------------------------------------------------------------15 

6. Conclusion------------------------------------------------------------------------------------------17 

7. Bibliography ----------------------------------------------------------------------------------------19 

8. Statutory Declaration----------------------------------------------------------------------------27 

9. Declaration of your own contribution to the publications---------------------------28 

10. Printed copies of publications---------------------------------------------------------------30 

    10.1 Publication 1…………………………………………………………………….….30 

    10.2 Publication 2…………………………………………………………………….….49 

    10.3 Publication 3 ...…………………………………………………………………......65 

11. Curriculum Vitae---------------------------------------------------------------------------------86 

12. Complete List of Publications---------------------------------------------------------------90 

13. Acknowledgement ------------------------------------------------------------------------------93 

 

 

 

 

 

 

 

 

 

 

 

 



Table of Content 

III 
 

Lists of tables and figures               Pages 

Table 1: Clinicopathologic characteristicsof patients and BMI-1 expression.     14 

 

Figure 1: the major histologic of ovarian cancer arising from various tissues,       4 

                and distinct differences in the molecular biological characteristics 

                of the tumour. 

Figure 2: the BMI-1 plays a central role in regulating cancer and CSCs,         5 

      by activating multiple signaling pathways. 

Figure 3: BMI-1 transcriptional regulator and ESR1 estrogen receptor        9 

                signaling pathway enrichmentblots. mEOC was compared to 

                other types of EOC based on gene expression profiles. 

Figure 4: PCA was performed using the gene expression signatures from     10 

                the Cancer Cell Line Encyclopedia (CCLE) on gene expression 

                profiles from 14 ovarian cancer cell lines. 

Figure 5: BMI-1 immunohistochemistry in mucinous ovarian cancer tissue.     11 

Figure 6: An association between BMI-1 expressions in mucinous epithelial     12 

                ovarian cancer and FIGO stages. 

Figure 7: Cell viability assays were measured by WAST1 assay.                          14 

Figure 8: The progression-free survival of mucinous ovarian cancer                        15 

                with BMI-1low and BMI-1high expression. 

 

 

 

 

 



Table of Content 

IV 
 

Abbreviations 

AURKA   aurora kinase A   

BMI-1    Human B-cell specific Moloney leukemia virus insertion-site 1 

CIC     Cancer-Initiating Cells 

CRC    Colorectal tumors 

EOC    Epithelial Ovarian Cancer 

FIGO     International Federation of Gynecology and Obstetrics   

GOG241   Gynecologic Oncology Group 

GSEA    Gene Set Enrichment Analysis 

HGSOC   High-Grade Serous Ovarian Cancer 

IHC    Immunohistochemistry 

LGSOC   Low-Grade Serous Ovarian Cancer 

 MAL   T-cell differentiation protein myelin and lymphocyte 

MALDI-IMS   Matrix-assisted laser desorption/ionization imaging mass     

spectrometry  

mBOT    mucinous Borderline tumours 

mEOC   mucinous epithelial ovarian cancer 

mOC     mucinous ovarian carcinoma 

OS    Overall survival 

PCA    Principal Component Analysis 

PcG    Polycomb group 

PFS    Progression-free survival 

RMA    Robust Multichip Average 

SDC     syndecan-3 

TF    Transcription Factor 

TOC    Tumour Bank Ovarian Cancer-Charite 

 

 



Zusammenfassung  
 

 

V 
 

Zusammenfassung 

 

Zielsetzung: Das epitheliale Ovarialkarzinom (EOC) ist die zweithäufigste Malignität 

bei Frauen. Das muzinöse Ovarialkarzinom (mOC) ist ein seltener Subtyp, der lediglich 

3-5 % aller EOC ausmacht. In dieser Studie wurde die Expression von BMI-1 als 

potenzielles Ziel therapeutischer Ansätze bei fortgeschrittenen Stadien des mOC 

untersucht. 

 

Methoden: Die Auswahl von achtzehn Fällen von muzinösem Ovarialkarzinom 

beruhte auf der Verfügbarkeit von in Parfaffin eingebettetem Gewebe und der 

klinikopathologie. Wir analysierten die Anreicherung des Gensets und des 

Transkriptionsfaktors. Für den anti-BMI-1-Antikörper wurde eine Immunohistochemie 

durchgeführt. Wir verglichen die Expressionsniveaus von Expressionsgruppen mit 

hohem und niedrigem BMI-1-Niveau mit dem Alter, FIGO- Stadium, Stadium der 

Lymphknoten, der Familienanamnese und der Überlebensrate der Patientinnen. Ein 

Zelllebensfähigkeitstest und eine Western-Blot-Analyse wurden durchgeführt, um die 

klinische Relevanz der Befunde unter Verwendung seröser high-grade Zelllinien 

(HGSC) und mOC Zelllinien zu zeigen. 

 

Ergebnisse: Zwischen der BMI-1-Expression und dem Alter, dem FIGO-Stadium, dem 

Stadium der Lymphknoten oder der Familienanamnese der Patientinnen bestand 

keine signifikante Korrelation. Ebenso gab es keinen signifikanten Zusammenhang mit 

progressionsfreiem Überleben (p=0,418). Die Behandlung mit Carboplatin führte bei 

HGSC TYK-nu, OVHASO sowie den mOC Zelllinien COV644 und EFO-27 zu 

signifikanten Verringerungen der Zellviabilität. Eine Western-Blot- Analyse zeigte bei 

allen Zelllinien verschiedene Expressionsniveaus. 
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Schlussfolgerung: BMI-1 könnte bei der Behandlung einiger Patientinnen mit 

Ovarialkarzinom einschließlich mOC Patientinnen ein vielversprechender 

therapeutischer Angriffspunkt sein.
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Abstract 

 

Objective: Epithelial ovarian cancer (EOC) is the second most common malignancy 

among women. Mucinous ovarian carcinoma ( mOC) is the rare subtype comprising 

only 3–5% of all EOC. This study examines the expression of BMI-1 as a potential 

target for therapeutic approaches in advanced stages of mOC.  

  

Methods: The selection of eighteen cases of mucinous ovarian cancer was based on 

the availability of paraffin-embedded tissue and the clinicopathology. We analysed 

gene set and transcription factor enrichment. Immunohistochemistry was performed 

for anti–Bmi-1 antibody. We compared the expression levels of high and low BMI-1 

expression groups with the patient's age, FIGO stage, lymph node status, family 

history, and survival. A cell viability assay and western blot analysis were investigated 

to demonstrate the clinical relevance of the findings using high-grade serous (HGSC) 

and mOC cell lines. 

 

Results: There was no significant link between BMI1 expression and patient age, 

FIGO stage, lymph node state, or family history. Likewise, there was no significant 

association with progression-free survival (p=0.418). As a result of carboplatin 

treatment, HGSC TYK-nu, OVHASO, and mOC lines COV644 and EFO-27 showed 

significant reductions in cell viability. A Western blot analysis revealed different levels 

of expression among all cell lines. 

 

Conclusion: BMI-1 might be a promising therapeutic target in some ovarian cancer 

patients, including mOC patients. 
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1. Introduction 

 

 1.1   Background  

Despite concerted research efforts over the past two decades, there has been little 

improvement in the prognosis of epithelial ovarian cancer (EOC) (1). There are several 

reasons why ovarian cancer the fifth most common cause of female cancer death in the 

developed world is. In light of this, successful novel therapeutic approaches are urgently 

required.  

First, the five main subtypes of ovarian cancer are high grade serous, low grade serous, 

clear cell, endometrial, and mucinous, which differ histologically, clinically, and 

molecularly (2). However, ovarian cancer is still treated as a single clinical entity, usually 

using platinum-based chemotherapy following surgical intervention. Secondly, most 

patients with EOC are diagnosed at the advanced stage. Although, most patients show a 

clinical response after first-line chemotherapy, 70% of those with advanced-stage ovarian 

cancer relapse and eventually succumb to the disease.  

Mucinous epithelial ovarian cancer (mEOC) is a rare tumour, which represents 

approximately 3% of all epithelial ovarian cancer. The majority of mucinous ovarian 

tumours are benign (75%), whereas borderline and adenocarcinomas account for 10% 

and 15%, respectively. Primary mucinous ovarian carcinomas are distinct from other 

EOCs in both presentation and outcome and are believed to develop along a continuum 

from benign cysts to borderline tumours to invasive carcinomas (3). The majority of cases 

present as borderline tumours (mBOT) or stage I mucinous carcinomas (mC). Overall, 

the prognosis is excellent, although in cases in which cancer has spread beyond the 

ovaries, outcomes and response to conventional chemotherapy are particularly poor (4, 

5). 

 

1.2   Current clinical management  

The biological behaviour of mucinous ovarian tumours depends on the specific histologic 

variant and stage. Surgery is a major modality of treatment applying to mucinous 

carcinoma. In a previous study, the tumour spread pattern and surgical outcome were 

analysed in patients with type I vs type II ovarian cancer. Type II consisted of patients 
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with high-grade serous and high-grade endometrioid ovarian cancer, while type I 

consisted of patients with low-grade serous ovarian cancer (LGSOC), low-grade 

endometrioid, all clear cell, all mucinous ovarian cancers.  Overall there was a better 

outcome for Type I ovarian cancer patients, although this was almost certainly due to 

more regular diagnosis in low stages for this type of cancer. When we analysed only the 

advanced stages, there were no significant differences in surgical outcome or in tumour 

pattern, except of patients with mucinous ovarian cancer tumours who had worse survival 

rates (6). 

For women with stage IA mucinous carcinoma of the ovary, the prognosis is good. There 

is no clear evidence showing that adjuvant chemotherapy is useful at this stage, in 

contrast with patients with stage IC mucinous carcinoma, where the requirement for 

adjuvant therapy remains controversial. Patients with stage I invasive mOC have a 5-year 

survival rate of 91 %, whereas patients with advanced-stage tumours usually die of the 

disease (7). 

Women with advanced-stage mEOC do significantly worse than women with other 

histologic subtypes of advanced-stage ovarian cancer (8, 9). In 2004, Hess et al, 

evaluated the outcomes of stage III and IV patients with ovarian cancer who had 

undergone primary cytoreductive surgery followed by adjuvant therapy with a platinum 

agent. For all patients with stages II-IV mucinous carcinoma, standard therapy has 

consisted of paclitaxel/carboplatin X6 cycles, or a variation on this theme (intraperitoneal 

chemotherapy, dose-dense paclitaxel regimen, etc.). The progression-free survival (PFS) 

for patients with mucinous ovarian cancer was 5.7 months, compared with 14.1 months 

for patients with non-mucinous ovarian cancer (p<0.001). Overall survival (OS) was also 

worse for patients with advanced-stage mEOC (12.0 months) compared with non-

mucinous ovarian cancer (36.7 months) (p<0.001) (10). These observations have been 

supported by Winter et al. (11). 

 As noted, patients with early-stage disease who do not require chemotherapy farewell; 

conversely, patients with advanced-stage disease who require chemotherapy in principle 

do relatively poorly (12). Multiple authors have shown mOCs to be platinum-resistant. 

Shimada et al, (13) found a lower response rate to platinum-based chemotherapy; the 

response rate among twenty four women with mOC was 12.5 %, compared with 67.7 % 
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among 189 women with serous ovarian carcinoma, additionally supported by, Pectasides 

et al, (8). 

Recurrent mucinous carcinoma of the ovary also indicates a worse outcome compared 

with other histologic subtypes. Pignata et  al, reported 20 patients with recurrent mucinous 

carcinoma and 388 patients with recurrent cancer of other histologic subtypes, all with 

platinum-sensitive disease treated with platinum-based chemotherapy (9). The response 

rate for the mucinous carcinoma patients was significantly worse 36.4% vs. 62.6% 

(P=0.04). Thus, novel therapies for this often-neglected subtype of ovarian carcinomas 

are clearly required (9).  

An interesting, novel approach was the international cooperative group trial conducted by 

the GOG and the Gynecologic Cancer Intergroup (GOG241). This was a 4-arm, phase III 

randomised study comparing carboplatin and paclitaxel with and without bevacizumab to 

oxaliplatin and capecitabine with and without bevacizumab in women with stages II–IV or 

recurrent, untreated stage I primary mucinous ovarian or fallopian tube cancer. 

Translational endpoints included KRAS mutations and expression of vascular endothelial 

growth factor and epidermal growth factor. Unfortunately, due to poor recruitment rates 

this study was closed in 2013. The discovery of new targeted therapies remains one 

challenge but patient actuarial is also an important unmet need. Only 1.6 to 4.4% 

(GOG182, GOG 111, GOG132) of the largest international studies were mucinous 

ovarian cancers, underlying once more the rarity of the disease (14).  

 

1.3 Molecular biology 

The differences in the natural history and outcome with treatment between mucinous and 

other subtypes may be due to the distinct differences in the molecular biological 

characteristics of the tumours ( Figure 1) (1). BRCA1 and BRCA2 mutations are thought 

to play a significant role in the development of serous, but not mucinous ovarian 

carcinomas. Norquist et al, analysed almost 2000 ovarian cancer patients, and from 13 

mOC patients, none were diagnosed as having a BRCA1 or BRCA2 mutation (15). 

Mutations in p53 have been found in almost 96% of high-grade serous ovarian cancer 

but only in16% of mucinous tumors. Furthermore, in contrast to HGSOC, the K-RAS 

oncogene is typically overexpressed in mEOC. Moreover, KRAS mutations are prevalent 

in 43–46% of mEOC (16). Markus et al, (2013) concluded that KRAS mutations with 
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synchronous TP53 mutations occur predominantly in low-grade mucinous carcinomas, 

suggesting a specific molecular background of this ovarian cancer type (17). Also, recent 

research has reviewed HER2 amplification in mEOC. Whilst relatively uncommon in EOC, 

HER2 overexpression has a rate of up to 35% in mEOC (18-23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Illustration shows, the major histologic of ovarian cancer arising from various tissues, 

and distinct differences in the molecular biological characteristics of the tumour. Modified from 

(1). Histological images courtesy of R. Drapkin, Dana-Farber Cancer Institute, USA, and C. Crum, 

Brigham and Women’s Hospital, USA. 

 

1.4  Polycomb protein BMI-1 

Recent evidence suggests that polycomb group (PcG) proteins (discovered in Drosophila 

as epigenetic gene silencers) play an important role in the development and recurrence 

of cancer (24). Human B-cell specific Moloney leukemia virus insertion-site 1 (BMI-1), a 

transcriptional repressor belonging to the PcG family, has emerged as a Myc-cooperating 

oncogene in murine lymphomas. BMI-1 is Located on the short arm of chromosome 10 

(10p11.23) in humans (25). Normally, BMI-1 expresses in almost all tissues, including the 

brain, esophagus, salivary gland, thymus, kidney, lungs, and ovarian (26). BMI-1 
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regulates the cell cycle by interacting with the tumour suppressor proteins p16INK4a and 

p14ARF (27). The Inhibition of cyclin D binding by p16INK4a leads to suppression of 

retinoblastoma activity, and cell cycle arrest. In contrast, p14ARF induces p53 and results 

in cell cycle arrest(28). Furthermore, BMI-1 has been recently described as required for 

self-renewal and cancer-initiating cell (CIC) function in colorectal tumors (CRC) (29), as 

illustrated in (Figure 2) (30). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Illustration showing the BMI-1 plays a central role in regulating cancer and CSCs, by 

activating multiple signaling pathways. Figure amended from Wang, et al (30). 

 

2. Objective of the study  

This study aimed to investigate the BMI-1 expression as a potential target for therapeutic 

approaches in advanced stage mOC. 
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3. Materials and methods 

 

3.1 Gene set enrichment analysis 

GSE6008 microarray dataset was downloaded from GEO 

http://www.ncbi.nlm.nih.gov/geo.The data was analysed with Bioconductor 1.9, running 

on R 2.6.0 (31). Based on the default Robust Multichip Average (RMA) method of the 

Affymetrix package, probeset expression measures were calculated (32). The difference 

in gene expression between mucinous ovarian cancer samples and other subtypes was 

assessed by using an empirical Bayes t-test (limma package) (33). The Benjamini-

Hochberg method was used to adjust P values for multiple testing (34). Probes with 

differential expressions were selected according to the criteria of false discovery rate 

(FDR) < 0.05. MetaCore pathway tool (GeneGo, Inc.) was used to determine enrichment 

using GeneGO processes based on the positive and negative fold change lists. In the 

CHIP Enrichment Analysis database (35), which describes the binding of 135 

transcription factors to experimentally validated target genes, transcription factor (TF) 

enrichment analysis was conducted by using gene lists of transcription factor targets. 

 

3.2 Ovarian cancer cell lines 

We obtained the HGSC cell lines (TYK-nu, OVCAR3, Kuramochi, SNU-119, OVHASO, 

and OVKATE) from a global biological resource center (ATCC, Manassas, VA, USA). 

Mucinous cell line COV664 was obtained from the European Collection of Authenticated 

Cell Cultures of Public Health England, MACS was provided as a gift from Prof. Dr. 

Michael J. Birrer, Center for Cancer Research, the Gillette Center for Gynecologic 

Oncology, Massachusetts General Hospital and Harvard Medical School, and EFO-27 

was sourced from German Collection of Microorganisms and Cell Cultures (DSMZ 

Braunschweig, Germany) as described in the DSMZ database Available at: 

https://www.dsmz.de/collection/catalogue/ details/culture/ACC-191. We cultured our cell 

lines in RPMI Medium 1640 (Life Technologies, Gibco, Warrington, UK) with 10% fetal 

bovine serum (FBS), in 5% CO2 with 95% air at 37 C. 

 

http://www.ncbi.nlm.nih.gov/geo
https://www.dsmz.de/collection/catalogue/
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3.3 Patients and clinicopathological features  

Eighteen female patients with histologically confirmed primary mucinous ovarian cancers 

were selected from the Tumour Bank Ovarian Cancer-Charite (TOC). With regards to 

mucinous ovarian cancer tissue samples, based on pathological assessment, metastasis 

from another primary was excluded instead the clinical, pathological, and 

immunohistochemical characteristics of each tumour were obtained from the data bank. 

Immunohistochemical staining (IHC) was performed on tissue microarrays (TMAs) and 

contained two spots of formalin-fixed paraffin-embedded FFPE tissue. 

 

3.4 Cell viability assay 

The colorimetric WST-1 kit was purchased from Roche Diagnostics GmbH (Mannheim, 

Germany). The assay was conducted as described in the manufacturer’s instructions. 

Cells were seeded in transparent 96-well plates with a density of 3x103 cells/well, which 

were incubated at 37˚C, and exposed either immediately or the day after to different 

concentrations of carboplatin, which was used to treat the cells for 48 hours. Cells were 

then washed twice with DPBS 1X and incubated in a fresh medium with 10% WST-1 

reagent for 2 hours. Absorbance was measured at 450 nm and 670 nm, which are 

representative of the detection wavelength and reference wavelength, respectively. A 

blank control was also used. 

 

3.5 Immunohistochemical staining (IHC) 

Immunohistochemistry was performed on tissue microarrays (TMAs) according to 

standard procedures. Briefly, slides were boiled in citrate buffer (pH 6.0) in a pressure 

cooker for 5 minutes and incubated with an antibody against BMI-1 protein (Anti-BMI-1, 

clone F6, Monoclonal Antibody- Millipore, Darmstadt, Germany), diluted (1:200) for 1 hour 

at room temperature. Bound antibodies were visualised using the DAKO Real Detection 

System and DAB+ (3, 3’-diaminobenzidine; DAKO, Glostrup, Denmark) was used as a 

chromogen. Finally, the slides were co-stained with hematoxylin. 
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3.6 Evaluation of BMI-1 staining 

According to the immunoreactive score (36), light-microscopy was used for semi-

quantitative analysis of the stained sections. IRS evaluation was scored from 0 to 12, and 

IRS was classified into four groups: negative, weak, moderate, and strong expression. 

IRS is calculated by multiplying staining intensity by the percentage of positive cells. 

 

3.7 Western blotting analysis 

We prepared Protein lysis by using a RIPA buffer (Sigma- Aldrich, St. Louis, MO, USA). 

Protein concentrations were determined using a BCA Protein assay reagent kit (Pierce 

Biotechnology, Waltham, MA, USA). Western blotting was performed using cell extracts 

(15μg), which were run on a 10% SDS acrylamide gel and transferred to a nylon 

membrane. The membrane was blocked for 1 hour (4 C in PBS with 0.1 % Tween and 

10 % milk powder) and probed overnight using (Anti-BMI-1, clone F6 Millipore). A 

horseradish Peroxidase-conjugated secondary antibody was then used for detection 

(1:2,000 dilution) at room temperature for 1 hour. The anti-β-actin antibody was used as 

a loading control. 

 

3.8 Statistical analysis  

Statistical analysis was carried out with SPSS version 25.0 (Chicago, USA). The 

association of BMI-1 protein expression with ovarian carcinoma patients' clinicopathologic 

variables was assessed by the Spearman coefficient and Fisher’s exact test. 

Progression-free survival (PFS) was plotted using the Kaplan-Meier method and 

compared by using the log-rank test. p-Value <0.05 was considered to be statistically 

significant.
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4. Results  

 

4.1 In silico data analysis. 

Upon analysing the differentially expressed genes detected by microarray analysis using 

MetaCore gene set enrichment analysis (GSEA), it was determined that mucinous gene 

expression patterns are strongly correlated with processes involving glucose metabolism, 

cell cycle, and hormone receptor signaling pathways. Furthermore, a significant 

association was also found with genes involved in EGFR, WNT, NOTCH, and TGFb1 

signaling pathways. However, genes involved in inflammation and immune response 

were significantly altered (p<0.0001). Gene-list enrichment analysis was performed using 

the CHIP Enrichment Analysis database, which describes the binding of 135 transcription 

factors to experimentally validated target genes (35). The target genes of 21 were 

significantly enriched in biopsies of mEOC. Among these were SMAD2 and 3, CTNNB1 

and TCF4 as downstream targets of the TGFb1 and WNT signaling pathways, 

respectively (37, 38). Significantly elevated transcripts were also found under HNF4a 

control. Histological and cytological analyses of ovarian mucinous tumours have shown 

HNF4a to be an effective marker (39). However, in mucinous ovarian cancers, BMI1 and 

ESR1 transcription factor activity were highly increased (Figure 3). 

 

 

 

 

 

 

 

 

Figure 3. BMI-1 transcriptional regulator and ESR1 estrogen receptor signaling pathway 

enrichmentblots. mEOC was compared to other types of EOC based on gene expression profiles. 

This figure has been published in Abobaker et al, as a figure.1 (40). 
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4.2 Principal Component Analysis (PCA) 

Gene expression data was used from cell lines available in our laboratory and gene 

expression profiles of mucinous origin were compared with cells of high-grade serous 

ovarian cancer. The principal component analysis (PCA), as shown in (Figure 4), 

demonstrates that the mucinous cell lines (in blue) are very similar to one another and 

different from the other cell lines included in this analysis (in red). 

 

 

 

 

 

 

 

 

 

 

Figure 4. PCA was performed using the gene expression signatures from the Cancer Cell Line 

Encyclopedia (CCLE) on gene expression profiles from 14 ovarian cancer cell lines. This figure 

has been published in Abobaker et al, as a figure.2 (40).  

 

4.3 Expressions of BMI-1  

Stained BMI-1 proteins were shown to be localised in nuclear staining ranging from 

negative to strong (Figures 5A and B, respectively). The IRS distributions of BMI-1 were 

presented (Figure 5C), and a negative BMI-1 expression was observed in 22.2% of 

samples, low in 38.9%, moderate expression in 16.7%, and strong in 22%. We 

investigated correlations between these signals and the clinical variable of International 

Federation of Gynecology and Obstetrics (FIGO) were further investigated but none were 

observed (p=0.583; Fisher’s Exact Test) (Figure 6). Furthermore, there was no 

association between BMI1 and lymph node (LN) status (p=0.850; Pearson Chi-Square), 
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family history of gastric or colon cancer (p=0.417 Fisher’s Exact Test) the age of first 

diagnosis (p=0.659 Mann-Whitney U-Test) or other clinical-pathological factors. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. BMI-1 immunohistochemistry in mucinous ovarian cancer tissue. (A) BMI-1 

immunoreactivity negative. (B) Strong BMI-1 immunoreactivity. (C) Immunoreactivity scoring 

system IRS distribution of BMI-1. This figure has been published in Abobaker et al, as a figure.3 

(40).  

 

4.4 Cell viability 

Typically, advanced ovarian cancer patients receive carboplatin and paclitaxel as their 

first-line chemotherapy. After 48 hours of carboplatin treatment, various HGSOC and 

mOC cells were assessed for WST-1 assay. As a result of carboplatin treatment, viable 

cell numbers decreased significantly in HGSOC TYK-nu and OVHASO cells, as well as 

mOC COV644 and EFO-27 cells (Figures 7A and B). In contrast, OVKATE, Kuramochi, 

SNU-11, and MACS cells were relatively resistant to carboplatin treatment (Figure 7C). 
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Figure 6. An association between BMI-1 expression in mucinous epithelial ovarian cancer and 

FIGO (International Federation of Gynecology and Obstetrics) stages (p=0.583). This figure has 

been published in Abobaker et al, as a figure.4 (40).  

 

4.5 Western Blot 

Western blotting was used to determine the expression of BMI-1 in mOC and HGSC 

ovarian cancer cell lines (N=3 and, N=6 respectively). Kuramochi, Tyk-nu, and MACS 

showed a pronounced expression of BMI-1. A slight expression was observed in OVCAR-

3, OVHASHO, and COV644. In addition, very low expression was observed in SNU-119, 

OVKATE, and EFO-27 (Figure 7D). 
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Figure 7. Cell viability assays were measured by WAST1 assay. The cells were exposed to a 

full range of concentrations of carboplatin on a panel of HGSOC cells (A) and mOC cells (B) 

after 48 hours of treatment. IC50 of carboplatin in different cell lines (C). BMI-1 protein levels by 

western immunoblotting in a panel of HGSOC and mOC cell lines (D). This figure has been 

published in Abobaker et al, as figure.5 (40). 

 

4.6 Clinico-pathological characteristics 

We analysed the correlation of BMI-1 expression pattern in mOC with patients´ 

clinicopathological characteristics. Table 1 shows that 18 female mOC patients, aged 

between 24 and 83 and with a median age of 56 years were studied. 
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Table 1: Clinicopathologic characteristics of patients and BMI-1 expression. This table has been 

published in Abobaker et al. (40). 

Variables Total 
BMI-1 Expression 

p-Value 
Low  High  

Patients (n) 18 11 7  0,774 

Age at diagnosis 

Range 

Median 

 

24-83y 

56y 

 

24-70y 

56y 

 

24-83y 

56y 

 

 

 

0,659 

FIGO stage 

early 

advanced 

 

11 

7 

 

7 

4 

 

4 

3 

 

 

 

0,583 

Family history of gastric, colon cancer 

No 

Yes 

 

 

11 

7 

 

 

6 

5 

 

 

5 

2 

 

 

 

 

0,417 

Lymph node status 

N0 

N1 

Nx 

 

9 

4 

5 

 

6 

2 

3 

 

3 

2 

2 

 

 
0,850 

 

 

4.7 BMI-1 expression and patients' survival 

The PFS was assessed by the Kaplan-Meier method and showed no significant difference 

between BMI-1low and BMI-1high in mOCs. The rate was 81.8% in the low expression 

group, whereas it was 71.4% in the high expression group (p=0.418 Log Rank) (Figure 

8).
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Figure 8. The progression-free survival of mucinous ovarian cancer with BMI-1low and BMI-1high 

expression was measured using Kaplan-Meier plots (p =0.418, Log Rank). This figure has been 

published in Abobaker et al, as a figure.6 (40).  

 

5.  Discussion 

The development and progression of ovarian cancer are thought to be a multistep process 

involving several genetic changes, including BRCA1, BRCA2, K-RAS, p53, and β-catenin 

(41). mOC has been recognised as a separate entity from other EOC subtypes due to 

advances in pathology and molecular data. Recently, Cheasley et al genetically analyzed 

mOC  in comparison with many histological types and demonstrated that it is a genetically 

distinct entity (42). KRAS mutation is the most common molecular alteration in mOC with 

46%. Although the TP53 mutation is typically found in HGSC, about 25% of mOC also 

exhibit this alteration. Meanwhile, HER2 amplification was detected in 18% of mOC (43). 

Compared with other subtypes of EOC, mOC has less of a response to platinum-based 

chemotherapy. The overall outcome depends on the effectiveness of the chemotherapy 

regimen. mOC has been confirmed as platinum-resistant by several investigators. mOC 

responded at a rate of 12% to 35%, while HGSC was 70%. mOC and mucinous CRC 
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sharing biological and molecular characteristics, making GI chemotherapy alternatives to 

standard gynecological therapies a promising alternative (44). 

However, to understand the high rates of recurrence and drug resistance of ovarian 

cancer as well as to improve survival rate, it is essential to identify a biological genetic 

molecular marker that is associated with the pathophysiologic processes of the disease. 

In this study, it was determined that by using pathway enrichment analysis, Notch and 

BMI-1 pathways were both expressed differently in HGSCs and mOCs. 

BMI-1 is a proto-oncogene that regulates chromatin structure by silencing genes and is 

frequently overexpressed in several types of cancer; high expression correlates with poor 

prognosis (45). A  previous study showed that epithelial ovarian cancer patient samples 

overexpress BMI-1(46). Based on the similarity between colorectal cancer and mOC, it 

may be assumed that BMI-1 plays a role in cancer-initiating cells (CIC) in mOC (47). 

Similarly, as in colorectal cancer, the silencing of BMI-1 increased the therapeutic 

response to platinum-containing therapies in ovarian carcinomas (48). Moreover, 

treatment with a small molecule BMI-1 was also an effective approach to controlling tumor 

growth of CRC models in vivo. (49).  PTC-209 could suppress cancer cell growth by 

inhibiting the self-renewal capabilities of colorectal cancer-initializing cells (CICs), leading 

to a massive loss of CICs (47). Recently, PTC-028 also demonstrated significant anti-

tumor properties for ovarian cancer, activity comparable to the standard 

cisplatin/paclitaxel therapy (50). According to previous research on epithelial tumors, the 

expression of BMI-1 in epithelial tumour cells was present in 80.9% of ovarian cancers 

with a link to tumor aggressiveness (51). More results observed concerns about therapies 

that rely on the inhibition or knocking out of BMI-1 that platinum sensitivity of EOC cells 

was improved by knocking out BMI-1 and that downregulation increased reactive oxygen 

species production, cisplatin-induced apoptosis, and the DNA damage repair pathway 

(52).  

This study is the first to examine BMI-1 expression in association with conventional 

prognostic parameters and survival specifically correlated with mOC. Gene expression 

profiles from 14 ovarian cancer cell lines were used for PCA analysis of gene expression 

profiles. As revealed by gene expression profiling, mucinous cell lines were different from 

the rest of the HGSCs, indicating a distinct entity. The expression levels of BMI-1 in mOC 

cell lines were compared with those in the cell lines of high-grade serous origin by western 
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blotting. IHC was used to examine BMI-1 protein expression in mOC. There was no 

significant association between BMI-1 expression in mOC and patient age, FIGO stage, 

LN status, and family history of gastric or colon cancer. Although there was a trend for 

better PFS in BMI-1low, no significant difference was found in BMI-1 expression in 

relation to PFS. In silico and in vitro analyses have shown that mOC is a distinct entity 

that differs greatly from other histological epithelial types of ovarian cancer. 

Effectively identifying and validating therapeutic targets and biomarkers are key to 

effective precision therapeutic development. Among the several biomarkers discovered, 

Carbohydrate antigen 125 (CA125) is the most often utilized blood-based biomarker for 

ovarian cancer diagnosis. However, CA125 is increased in several cases of common 

benign conditions such endometriosis, follicular cysts, pregnancy, and cystadenoma, 

demonstrating that it lacks the specificity to predict ovarian cancer (53). 

In a similar manner, other studies of our group were able to indicate the association of 

ovarian cancer (OC) with tumour subtype, grade, therapy response and overall survival 

(OS). Candidate genes were identified using bioinformatic analysis databases which has 

been performed to identify genes, expression profiles, and signaling pathways that can 

serve as potential biomarker candidates for progression and prognosis of EOC and then 

tested in blood samples from patients with benign tumors or ovarian cancer. We identified 

among them T-cell differentiation protein myelin and lymphocyte (MAL), aurora kinase A 

(AURKA), stroma-derived candidates versican (VCAN), and syndecan-3 (SDC) as 

candidate genes to discern between benign and malignant pelvic masses. Furthermore, 

levels of AURKA and T-cell differentiation proteins were elevated and myelin and 

lymphocytes were linked to poor prognosis in OC samples (54). In addition, recently our 

published data showed that MALDI-IMS can reliably detect the histological subtypes of 

ovarian cancer and predict high-risk early-stage HGSOC patients. Using receiver 

operating characteristic (ROC) analysis, 151 peptides were able to identify prognostic 

markers for recurrent vs. non-recurrent disease in early-stage high-grade serous ovarian 

cancer. Thirteen of them could be assigned to proteins. The highest levels of expression 

of particular peptides linked to Keratin type 1 and Collagen alpha 2(I) were linked to a 

poor prognosis (55). 
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6. Conclusion 

BMI1, a well-known oncoprotein, promotes the initiation and progression of a variety of 

malignancies. BMI-1 regulates the cell cycle by controlling the tumour suppressor 

proteins p16INK4a and p14ARF and plays an important role in tumour heterogeneity and 

relapse (56). Additionally, activation of transcription factor BMI1 leads to chemoresistance 

in mucinous ovarian carcinoma. Understanding the mechanism of BMI1 activation and 

the mediated response to chemotherapy will provide a rationale for targeted therapy in 

this specific subtype of ovarian cancer. 

BMI-1 may play an important role in some rapidly developing therapies, but further 

research is needed to identify effective treatment approaches for patients with this 

subtype. Our study investigated the roles of BMI-1 in the development of mOC. To confirm 

BMI-1 as a potential target for novel antitumor therapies, further studies should be 

performed to verify the hypothesis.
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