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2. Introduction 

2.1 General Outline of Ovarian Cancer  
Ovarian cancer (OC) remains the most lethal gynaecological malignancy [1]. An estimated 90-95% of 

all cases is epithelial ovarian cancer (EOC) [2]. Although approximately two thirds of EOC patients present 
as an advanced (FIGO stage III or IV) disease, most of patients are either found to be undiagnosed or only 
shown nonspecific symptoms of early onset of EOC. Hence, 5-year survival rate for ovarian cancer greatly 
decreases from 92% for patients diagnosed in the early stage to 29% for those diagnosed in advanced dis-
ease[3]. The standard therapies of EOC patients are comprised of surgical management followed by plati-
num-based chemotherapy[4].Over the past years, the addition of bevacizumab to the combination chemo-
therapy of carboplatin and paclitaxel has been reported to improve progression-free survival of advanced 
OC patients[5]. Recently, it has been reported that progression-free survival can be further increased by 
PARP (poly ADP ribose polymerase) inhibitors treatment alone or in combination with bevacizumab[6,7]. 
The majority of women respond well to first-line chemotherapeutic drugs initially, but frequently relapses 
occur, ultimately resulting in chemo-resistance[8].Deficiency of the early detection biomarkers and ac-
quired resistance to chemotherapeutic drugs are our major problems in EOC management. 

 

Heterogeneity represents a hallmark of cancer cells within the same tumour[9]. EOC is one kind of highly 
heterogeneous disease, encompassing various morphological and genomic profiling[10].The histological 
classifications of EOC by the World Health Organization (WHO) are grouped into several morphological 
categories as follow: serous carcinomas (SC), mucinous carcinomas (MC), endometrioid carcinomas (EC), 
clear cell carcinomas (CCC), transitional cell tumour (Brenner tumour), mixed and undifferentiated carci-
nomas[11]. According to the dualistic theories of tumorigenesis, EOC is characterized by two distinct 
groups termed type I and type II [12]. In this context type I with low grade histology is opposed to type II 
featured by high grade histology [13]. Type I tumours are comprised of five types: Brenner tumour, low-
grade serous and endometrioid, mucinous and clear cell carcinomas. Type I tumours exhibit typically in-
dolence and present as a favourable prognosis. They are characterized by a relatively stable genomic profile 
[12].Type I tumours typically contain a variety of mutations in K-Ras gene, B-Raf gene, PTEN (Phospha-
tase and tensin homolog) gene, PIK3CA (Phosphatidylinositol 3-kinase,catalytic subunit alpha) gene, 
CTNNB1 (Catenin beta-1,also known as β-catenin) gene, ARID1A (AT-Rich interaction Domain 1A), and 
PPP2R1A (Protein Phosphatase 2 Scaffold Subunit Alpha)[13-15], but seldom TP53 (Figure 1). High-grade 
serous and endometrioid, undifferentiated and malignant mixed mesodermal carcinosarcomas are examples 
of Type II tumours [12].They display in advanced stage and are highly aggressive. HGSC (High-grade 
serous carcinoma) is a prototypic form of type II tumour, which is characterised by highly unstable and 
TP53 and approximately 25%frequent BRCA1/2 abnormalities [1,16,17] (Figure 1). Recently, genetic dis-
tinctions between different subtypes of EOC have been gradually identified. So far, there have been impli-
cated at least 15 oncogenes,16 tumour suppresser genes and more than seven signalling pathways in ovarian 
cancer[18]. However, classical genetic abnormalities alone cannot elucidate all diversity of cancer[19]. The 
recent dissection has further highlighted the importance of genetic and epigenetic alterations in the onset 
and development of cancer[20,21]. 
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Figure1. The classification of Epithelial Ovarian Cancer (Shown as: Type I and II) and associated molec-
ular genetic mutations. 

 
Epigenetic regulatory mechanism includes methylated DNA, covalence of modified histone, non-coding 

RNA (ncRNA, such as small RNAs) and their networks with each other [22]. Altered epigenetic landscape 
is also intimately associated with tumorigenesis of ovarian cancer[23]. Nowadays it is recognized abnormal 
histone modifications are frequently observed and make a contribution to the initiation and development of 
ovarian malignancy[24]. The knowledge of how histone modifications associate with ovarian cancer is 
emerging at present. Tri-methylation of lysine 4 on histone H3 (H3K4me3) is seen as the most widely 
studies histone modifications in cancer. Nevertheless, the significance for ovarian cancer is still unclear. 

2.2  H3K4 Trimethylation and its Transcriptional Functions 

2.2.1 Histone H3 Lysine 4 Trimethylation 

Histones are small, well-conserved proteins with a ball-shaped C-terminal domain and the flexibility of 
a short N-terminal tail [25]. The nucleosome, which is the most basic unit of chromatin, is made up of a 
histone octamer with two duplicates of H2A, H2B, H3 and H4 wrapped around 147 base pairs of DNA 
[26]. Histone 1 serves as a linking protein that connects the input and output points of DNA on the nucleo-
some surface [27]. Unstructured and extruding histone N-terminal tails from nucleosomes are gone through 
extensive covalent, reversible posttranslational modification (PTM) including methylated, acetylated, phos-
phorylated, ubiquitinated and biotinylated alterations[25,28]. Histone modification is now appreciated as a 
dynamic and reversible process of PTM[29,30]. The functions of histone modification manifest two cate-
gories: global chromatin organization and all sorts of biological events, for instant, transcription, repair and 
replication of DNA and cellular cycle regulatory in cells[28,31].  

   Histone H3 lysine 4 methylation (H3K4me) indicates the fourth position of amino-acid residues from 
N-terminus methylating histone H3[32]. Methylated histones are originally regarded as irreversible[33]. 
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Until the identification of H3K4 demethylase for the first time, KDM1A (lysine K-specific demethylase 
1A, also known as LSD1), it is believed to a process with dynamicity and reversibility as well as acetylated 
modification[34]. Based on the novel terminology, this modification is regulated by two antagonized types 
of proteinases called methylated histone "Writer" and "Eraser" respectively[35]. The methyl group(s) are 
added by catalysis of histone methyltransferases ("writers") to the given residue(s) and histone demethyl-
ases ("erasers") remove the methylation marks from residues (Figure 2A) [30,36]. The Ɛ-amino group (s) 
of Histone 3 lysine 4 is able to be mono-methylated (H3K4me1), de-methylated (H3K4me2) or tri-methyl-
ated (H3K4me3) (Figure 2B)[37]. The subtypes of H3K4 methylation (H3K4me1,H3K4me2 and 
H3K4me3) display a gradient distribution pattern along actively transcribing genes suggesting distinct roles 
in transcription[35,38]. H3K4me1 highly accumulates at enhancers [39] and plays a fine-tuning role in 
enhancer activities and functions[40]. The high level of H3K4me2 is found in the nucleus and associated 
with the existence and activities of cis-regulation elements within the genes[41]. Unlike H3K4me1 and 
H3K4me2, H3K4me3 has specifically an enrichment around genes' transcriptional start sites (TSSs) in 
eukaryocyte and is strongly associated with transcriptional activities[42]. Due to reversibility of histone 
modification, H3K4me3 is seen as a transcriptional on/off switch[43].H3K4me3 has recently gained emerg-
ing attention, as it is especially involved in transcriptional mediation [44]. 

 

Figure2. (A) Methylated histone is a chemical alteration with dynamicity and reversibility. Histones are 
catalysed by methyl transferase ("Writer") and demethylase ("Eraser"); (B) H3K4me3: Lysine trimethyla-
tion occurs at the fourth residue on histone H3.  

2.2.2  The Enrichment Patterns of H3K4me3 are Different at TSSs 

By utilizing chromatinic immunoprecipitation (ChIP) and ChIP-on chip techniques, the distribution of 
H3K4me3 has been mapped in the human genome. Roughly, two-thirds of H3K4me3 are detected at TSS 
of genes of chromosomes 21 and 22 in human beings [45]. H3K4me3 is discovered about 91% of RNA 
polymerase II (RNAP II) islands[46]. Many studies have demonstrated that enrichment of trimethylated 
H3K4 is specifically restricted within TSS region and present sharp and narrow peak with high signal den-
sity [46-48]. The sharp and narrow peaks of H3K4me3 are initially known as classical patterns (Figure3 
A1). However, some different cases have recently been reported. A few results have early displayed that 
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relatively small amounts of broad H3K4me3 differs from general sharp, narrow peaks of H3K4me3 at most 
promoters in mouse cells(Figure3 A)[49,50]. Meanwhile, the overabundance of broad H3K4me3 has been 
also observed at some key genes in Wilms tumour cells and embryonic stem cells (ESCs)[51]. Initially, 
these observations were seen as exceptions and the researchers poorly understand the importance and func-
tions of broad H3K4me3 at enrichment sites. However, two current integrative analyses of large dataset 
show that the breadth of enrichment site is responsible for the functions of H3K4me3[52,53]. The 
H3K4me3 marks show that the width of H3K4me3 is involved with the identities and functions of various 
cell types, according to a meta-analysis[52]. Moreover, this research has also suggested that genes with the 
extremely 5% broad H3K4me3 domains improve the consistency of transcription instead of transcriptional 
rates, implying that the broadness of trimethylated H3K4 exerts a crucial function in cellular identity or 
function of genetic transcription accuracy[52]. The other known functions of broad H3K4me3 will be re-
ferred to later in my dissertation. In brief, the width of H3K4me3 enrichment is not thoroughly investigated 
so that post-translational properties and its functions should be established in the future.  

2.2.3  H3K4me3 is Strongly Associated with Transcription 

 H3K4me3 is a form of well-known histone modifications that has been found in yeast and humans[54]. 
In yeast, Set1/COMPASS is the first discovered H3K4 methylating enzyme compound and is capable of 
catalysing formation of H3K4me3[55,56]. The presence of H3K4me3 is positively correlated with active 
transcription[57]. The homologies of human cells comprise KMT2A,KMT2D,KMT2C,KMT2B,KMT2F 
and SETD1B[54]. For example, the activity of MLL protein takes part in Hox gene activation and methyl-
ated H3K4 in vivo[58]. A previous study has shown that more than 80% of genes taken up by promoter-
proximal H3K4me3 is transcribed in an embryonal stem cell line of Homo sapiens[59]. Up to date, the 
molecular mechanisms how H3K4me3 regulates the transcriptional process have been widely studied. It is 
generally known that transcriptional cycle contains multiple steps from initiation (or pre-initiation) to elon-
gation and termination. Epigenome mapping of humans has manifested that H3K4 trimethylation at the 
genes’ transcriptional start site is tightly linked to the Ser5-phosphorylation C-terminal domain (Ser5-P 
CTD) of RNAP Ⅱ[47]. The Wdr82 (WD repeat-containing protein 82) of human SETD1A complex tethers 
to Ser5-P CTD of RNAP Ⅱ during transcription initiation for Set1A-mediated H3K4me3 around transcrip-
tional start sites (TSSs)[60]. In addition, the basal transcription factor ⅡD (TFⅡD) is essential for the initi-
ation of transcription by RNAP II-dependent via assembling nucleated pre-initiation complex (PIC) at core 
promoters[61]. TFⅡD complex consists of the TATA-binding protein (TBP) and TAF3 that is considered 
as a TBP-associated factor (TAF)[62,63]. TFⅡD binding to DNA is needed, but not sufficient for transcrip-
tion to start from most of RNAP Ⅱ promoters. H3K4me3 is shown to directly bind to TFⅡD through plant 
homeodomain (PHD) protein of TAF3[64]. The PHD finger of TAF3 is able to bind to high specificity to 
H3K4me3[64]. The interactions between H3K4me3 and TAF3 serve to stabilise PIC assembly and tran-
scription initiation by cooperation between TATA-binding box protein and promoters those are dependent 
on p53 (Figure 3B)[65].  

Besides transcription initiation, the other mechanism is that H3K4me3 is involved in various steps after 
initiation of transcription like the pre-mRNA splicing. Transcript elongation by RNAP Ⅱ is acknowledged 
as a dynamically and extremely mediated stage of the transcriptional loop[66]. The events of mRNA bio-
genesis include mRNA capping, pre-mRNA splicing, transcript elongation and polyadenylation accompa-
nying mRNA surveillance and nuclear export simultaneously [67,68]. CHD1(Chromodomain-helicase-
DNA-binding protein 1) has been as a crucial factor of cellular processes and functions during transcription 
elongation via interacting with the components of essential elongation factors[69]. CHD1 is considered as 
a protein that is capable to bind to H3K4me3 in human cells[70]. H3K4me3 interacts with the spliceosome 
elements via CHD1, with an optimum for the SF3a subunits of U2 small nuclear ribonucleoprotein(U2 
snRNP)[71]. There already exists the evidence to show human splicing factor SF3a playing an extremely 
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important part in pre-mRNA splicing in vivo[72]. Decreasing levels of CHD1 and H3K4me3 by siRNA has 
shown to weaken correlation of U2 snRNP elements with human chromatin and reduce the rate of pre-
mRNA splicing in vivo (Figure3 C)[71]. Currently, it is well-known that FACT complex is capable of 
facilitating transcriptional elongation and impacting the rate of RNAP Ⅱ[66]. The FACT connects to 
H3K4me3 through CHD1(Figure3 C)[65].These findings suggest that CHD1-H3K4me3 contributes the 
coordinated events of transcriptional elongation and processes of pre-mRNA within the cells[71]. Addi-
tionally, the study from Chen et al. demonstrates broad H3K4me3 displays a clear peak at the 3´ end that 
has been reported to make a contribution to active transcription elongation at specific genes[53]. By utiliz-
ing a well-established pausing index, they suggest that broad H3K4me3 is tightly linked to improvement 
of transcriptional elongation[53,73]. Taken together, H3K4me3 is strongly involved with active initiation 
and elongation of transcription via binding and interacting with essential factors.  

In addition, H3K4 trimethylation is linked to these molecule memories for present transcriptional activ-
ities. It has been observed that hypermethylated status of H3K4 in the mRNA-coding regions still maintain 
for  considerable amount of time after deactivation of transcription and disassociation of H3K4 methyl-
transferase [74]. However, H3K4me3 loss makes no difference to transcription occurrence in Drosophila 
[75]. Although further detailed data of mechanism by how H3K4me3 impacts active transcription remains 
enigmatic, it is plausible that H3K4me3 is a mark which has the strong correlations with transcription. The 
molecular process further impact cell cycle, cell growth and cell apoptosis. Trimethylated H3K4 offers a 
great deal of flexibility to mediate chromatin dynamics and signalling pathways, thus influencing gene 
expression. The dynamic plasticity of H3K4me3 is made available as a target for treatment of EOC. 

 

Figure3. (A) The narrow and broad H3K4me3 domains locate at TSS of active genes. (B) Model of 
H3K4me3 function on transcription initiation. H3K4me3 can improve TFⅡD and RNAP Ⅱ recruitment and 
transcriptional initiation at active gene. (INR: initiator element; DPE: downstream promoter element) (C) 
Model of H3K4me3 during transcription elongation. After transcriptional activation, trimethylated H3K4 
recognizes CHD1 around TSS. Then U2 snRNP is recruited by the SF3a subcomplex of CHD1 and 
FACT/Paf near the first nucleosome for pre-mRNA and transcription elongation.  

2.3  Known Functions of H3K4me3 in Cancer 
H3K4 trimethylation is closely related to transcriptional competency and activating, with gene expres-

sion maxima close to TSS[46]. In addition, H3K4me3 is linked to different functions in cell nucleus. The 
ING1 PHD finger is taken an example to recognize trimethylated H3K4 with a high affinity and H3K4me3 
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binding is required for DNA-damaged repair and cell apoptosis of ING1(inhibitor of growth 1) func-
tion[76]. As trimethylated H3K4 exerts important roles in cell biological processes, it is valid to consider 
H3K4me3 alteration and its related functions are involved in many human diseases including cancer. In-
deed, altered pattern of H3K4me3 has been discovered in various types of tumours, and previous investi-
gations have pointed out that abnormal H3K4me3 in cellular context may well play a part in tumorigenesis. 
In this section, I utilize deregulated H3K4me3 and mutational effects on H3K4me3 after modification, as 
informative situations to explain the role of H3K4me3 in oncogenesis and in cancer prognosis.  

2.3.1  The Role of H3K4 Trimethylation in Tumorigenesis 

According to histone code hypothesis, the levels of (de)methylated histone lysine are precisely mediated 
respectively by methylating enzymes ("writers") or demethylating enzymes ("erasers") and distinct effector 
proteins ("readers")[35].Therefore, miswriting, mis-erasing and misreading of H3K4 trimethylation is able 
to contribute to tumorigenesis. H3K4 methyltransferase complexes commonly have three structure ele-
ments and the catalysed SET domains to methylate H3K4[36,77]. Snail is deemed a vital epithelial-mesen-
chymal transition (EMT) inducer, which is a protein encoded by SNAI1 gene[78]. In prostate cancer cell 
line, TGF-β1 can increase SNAI1 expression by RBBP5 recruitment and H3K4me3 formation near the TSS 
of SNAI1 gene during epithelial-mesenchymal transition(EMT)[79]. This result implies that H3K4me3 
may be involved in the EMT-associated epithelial cells cancer progression. Histone-lysine N-methyltrans-
ferase 2A (KMT2A) is a member of histone methyltransferases (HMTs) and is able to trimethylated 
H3K4[80]. Recent evidence indicates that overexpression of KMT2A can increase Cathepsin Z transcrip-
tion through increasing level of H3K4me3 and performs a vital part in invasion and metastasis of colorectal 
carcinoma[81].  

Mis-regulation of H3K4-specific demethylases is heavily involved in the process of malignancy as well. 
The jumonji family of lysine demethylases can erase all three methylation and catalyse the removal of 
H3K4 methylation by the JmiC domain[82]. JARID1B (Lysine-specific demethylase 5B, also called as 
KDM5B) is an H3K4me3 demethylase, upregulation of KDM5B leads to an obvious reduction of 
H3K4me3 level in prostate and breast cancers [83,84] which has been shown to be as a transcription sup-
pressor[85]. Additionally, KDM5B directly inhibits the BRCA1 gene expression by inducing the erasure 
of H3K4me3, resulting in the increasing the proliferation of the breast cancer cells[84].  

2.3.2  Broad H3K4me3 is involved in tumour suppression 

The pattern of broad H3K4me3 has been found within hematopoietic stem cells[53] and Wilms tu-
mour[51] in the last decade. However, the biological role of broad H3K4me3 in various cancer cells was 
expected at that time. About seven years ago, a translational study reported that the broad of H3K4me3 
domains was highly involved in transcriptional consistency and cell identity[52]. The enrichment of the 
widest H3K4me3 domains was observed at genes that participate in cellular specified functions and cell-
type identities[52].To further understand tumour processes, researchers have become more and more inter-
ested in the role of broad H3K4me in different types of cancers. In 2015, Chen et al. first discovered that 
broad, highly conserved H3K4me3, whose width is greater than 4kb, was enriched in tumour suppresser 
genes like PTEN and TP53 (well-known pan-cancer tumour suppresser genes) as an epigenetic signature 
in human CD4+ T cells[53].These studies also demonstrated that broad H3K4me3 peaks were tightly cor-
related with improving efficiency of transcriptional elongation and bio-active of enhancers instead of alter-
native TSSs[53]. It is widely accepted that suppresser genes are inactivated and contribute to the develop-
ment of carcinogenesis [86]. Therefore, Chen and co-workers extended their study and revealed that nar-
rowness of the widest H3K4me3 could be contributed to the attenuation of transcription elongation and 
expression of tumour-suppressor genes in cancer cells[53]. These current evidences have suggested that the 
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width of H3K4me3 has the potential to become an epigenetic signature to discover the unknown tumour 
suppressor genes in the future. 

Three years later, Dhar and co-workers reported the knockdown of KMT2D (Histone-lysine N-methyl-
transferase 2D, also known as MLL4) in mice resulted in the repression of super enhance signals and broad 
H3K4me3 at the same time inducing medulloblastoma[87].Remarkably, H3K4me3 widths and super-en-
hancers of suppresser genes could be decreased via the knockdown of MLL4 while the interplays of broader 
H3K4me3 as well as super-enhancers were inhibited at the identical genes[87]. Their results also reported 
that suppresser genes (for instance Dnmt3a,Bcl6), which had the inhibitory effect on activation of Ras-Raf 
and Notch-mediated signalling pathway severally, could highly upregulated by MLL4[87]. Taken together, 
all recent studies implied that broad H3K4me3 domains are highly involved in multiple signal pathways 
that bring about upregulation of suppresser genes as well as downregulation of oncogenes in multiple can-
cers. 

2.3.3  The Association between H3K4me3 and human cancer prognosis 

Cancer is a dynamic and heterogeneous disease[88]. This tumour heterogeneity results in the different 
clinical prognosis of patients[89]. For most of malignant neoplastic diseases including ovarian cancer, pre-
diction of patient outcomes critically relies on the TNM classification of malignant tumours, what means 
primary tumour size or direct extent (T), degree of spread to lymph nodes (N) and presence of distant 
metastases(M)[90]. It supplies a standardized, fundamental prognostic evaluation, treatment and stratifica-
tion of patients in clinical trials. Disease burden and spread are used to predict the survivals as well as 
determine of approaches and therapeutic strength for most tumour types[90]. Additionally, tumour grade, 
histological subtype and patient demographics can dramatically ameliorate the accuracy of outcomes or 
effectiveness of therapies[90]. Recently, novel molecular biomarkers provide new opportunities to predict 
outcomes and/or options of therapeutic methods. Alteration of the epigenetic landscape is a hallmark of 
cancer including histone modifications[91].The association between changes of histone modification pat-
terns and outcomes of tumours has transpired as a dominant tendency in clinic application and transforma-
tive investigations. Some data have presented that alterations of H3K4me3 are correlated with patients’ 
outcomes within various types of cancers[92]. Prior results have found that elevated H3K4me3 levels in 
nucleus are associated with reduced overall survival of hepatocellular[93] and cervical carcinomas[94]. 
These are consistent with results in breast[95] ,and oesophageal cancer[96] that patients possessing elevated 
level of H3K4me3 had poor 5- and 10-year survival rates respectively. However, conflicting data with 
respect to correlation of H3K4 trimethylation and cancer survivals have been shown in other studies. For 
example, He Liu et al. suggested that patients with combination of elevated H3K4me3 and Wdr82 levels 
had a significantly improved outcome in human colorectal cancer[97]. It has also reported that positive 
staining of H3K4me3 is observed in the medulloblastoma patients with better outcomes[98]. In addition, 
Ellinger and co-workers have found that the global of H3K4me1-3 is inversely linked to Fuhrman grading, 
pT (primary tumour) stage, distant metastasis in renal cell carcinoma[99].The combination of H3K4me1, 
me2 as well as me3 has seen as an independent factor of progression-free survival[99]. Interestingly, 
H3K4me3 levels had no relation to prognosis of patients in several types of tumours[100-103],although 
significant differences of H3K4me3 level were showed between cancer tissue and normal tissue. The basic 
distinguishing features of the including researches are summed up in Table 1. The objectives of our inves-
tigations are to evaluate the prognosis value of H3K4me3 in patients with EOC. Moreover, we assess if 
alterations of H3K4me3 modification are regulated by the activation of vitamin D receptor and GPER or 
not 
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Table 1. The basic features of the including studies about H3K4me3 and prognosis of  
different cancers 

No. 
Author/Publication 

year 
Country Tumour Type 

No. of 
Cases 

OS 

HR (95%CI) 

Prognostic 
Impact 

1 
Berger et al. 

(2020) 
Germany Breast cancer 235 n/r Negative 

2 
He et al. 

(2011) 
China 

Hepatocellular 
cancer 

147 
3.592 

(2.302-5.605) 
Negative 

3 
Ye et al. 

(2020) 
China Esophageal cancer 100 

2.142 

(1.058-4.334) 
Negative 

4 
Beyer et al. 

(2017) 
Germany Cervical cancer 250 n/r Negative 

5 
Dubuc et al. 

(2013) 
Canada Medulloblastoma 220 n/r Positive 

6 
Liu et al. 

(2018) 
China Colorectal tumor 123 

2.988 

(1.591-5.612) 
Positive 

7 
Ellinger et al. 

(2010) 
Germany 

Renal cell carci-
noma 

193 
0.791 

(0.497-1.258) 
Positive 

8 
Schneider et al. 

(2010) 
Germany 

Muscle-invasive 

Bladder tumour 
127 

1.064 

(0.963-1.176) 

No Signifi-
cance 

9 
Ellinger et al. 

(2010) 
Germany Prostate tumour 113 n/r 

No Signifi-
cance 

10 
Zhou et al. 

(2019) 
China 

Esophageal carci-
noma 

129 n/r 
No Signifi-

cance 

11 
Chen et al. 

(2013) 
China 

Oral squamous cell 
carcinoma 

186 n/r 
No Signifi-

cance 

CI, confidence interval; HR, hazard ratio; OS, overall survival; Negative: a high level of H3K4me3 is associated with poor progno-
sis; Positive: a high level of H3K4me3 is associated with favourable prognosis. 

2.4  Vitamin D receptor (VDR) and H3K4 trimethylation  
The nuclear receptor VDR (Vitamin D receptor) is recognised as a transcriptional factor belonging to the 

steroid nuclei receptor superfamily [104]. The majority of the biological effects of VDR is exerted by stim-
ulation with VDR ligand1α,25-dihydroxyvitamin D3 (1,25(OH)2D3), which is commonly known as calcit-
riol. Generally, VDR and its ligands  were deemed to possess a few various effects on epigenetic 
events[105].It has been suggested that 1,25(OH)2D3 is capable of influencing DNA methylation and histone 
modifications  so that it may act as a mediator for the human epigenome[105]. In addition, the stimulation 
with 1,25(OH)2D3 enhances both the level of chromatin accessibility and VDR binding in the human acute 
monocytic leukaemia cell line THP-1[106]. One of the important findings in this previous study is that 550 
of 23,000 regions with H3K4me3 are remarkably regulated by 1,25(OH)2D3 treatment[106].In addition, 
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treatment with 1,25(OH)2D3 modulates p21 expression through a mechanism involving in the dynamic en-
richment of H3K9ac and H3K4me3 at VDR binding sites on the p21 promoter in the non-malignant prostate 
cells[107]. Increasing evidence has shown that 1,25(OH)2D3 has an impact on prevention and survival in 
human cancers. A previous study reported that 1,25(OH)2D3 has an anti-proliferative effect on triple-nega-
tive breast cancer cells through activation of VDR[108]. Moreover, Goeman et al. and co-workers sug-
gested that 1α,25(OH)2D3 contributes to biological processes such as cell growth, angiogenesis and apop-
tosis through enhancing the H3K4me3 at different target gene promoters [109]. However, the significance 
of changed H3K4me3 levels after 1α,25(OH)2D3 treatment in ovarian cancer cells remains unclear. 

2.5  Estrogen Receptors and H3K4 trimethylation  
Estrogen receptors (ERs) are known to exhibit different effects in EOC and therefore represent potential 

promising targets for therapy. At present, three estrogen receptors (ERα, ERβ and GPER) have been inves-
tigated in relation to EOC [110]. Estrogen receptor alpha (ERα) was identified in the 1960s at first 
time[111], and estrogen receptor beta (ERβ) was found in 1990s[112]. ERα and ERβ are two transcription 
factors of a large family of nuclear receptors[113]. It has demonstrated to mediate the transcription of some 
oestrogen responsive genes through different estrogenic response elements[114]. Previous study has re-
ported that ERα action is tightly associated with chromatin structure in cell lines via a key determinant 
FOXA1[115]. As we know, the epigenetic regulation of chromatin structure has been regarded as a highly 
complex interplay between multiple histone modifiers and histone modification in the downstream[116]. 
Moreover, a large body of chromatin modifiers and histone modifications have been described in transcrip-
tional regulation, including ERα-regulated transcription[117]. As commented earlier, H3K4me3 is one of 
the best-studied histone marks which is regularly observed enriched at promoter regions[118]. Previous 
analyses have shown that activated endogenous estrogenic responsive TFF1 gene results in promoter re-
cruitment of MEN-1 (multiple endocrine neoplasia type 1) and in elevated level of H3K4me3[117,119]. 
H3K4me3 was shown to be enriched after estradiol treatment in breast cancer, accompanied with the re-
cruitment of BAP18 (a novel co-activator of ERα) at the promoter regions of oestrogen-induced genes[120]. 

Unlike ERα, ERβ seemingly plays a different role [121]. Studies in EOC or other tissues suggest that 
ERβ has an inhibitory effect on expression and activity of ERα, thereby contributes to the anti-proliferative 
effects. In a previous study it was demonstrated that activation of ERβ greatly impacted early transcription 
and mRNA splicing in breast cancer cells[122]. It has also been reported that the accumulation of H3K4me3 
is induced on ERα-suppressed genes at the presence of ERβ, followed by epigenetic activation of transcrip-
tion of tumour suppressor p53[123]. All these results have indicated that ERα and ERβ are able to stimulate 
accumulation of H3K4me3, inducing H3K4me3-induced epigenetic activation of transcription of different 
genes. 

GPER (G protein-coupled estrogen receptor 1 ,also named as GPER) is a novel membrane-bound the G 
protein-coupled receptor (GPCR) regulating multiple downstream signals into the cells via its trans-mem-
brane domains[124]. GPER was found by multiple groups in the late 1990s as an orphan G-protein-coupled 
receptor with seven transmembrane domains[125-127]. In 2007, it was named as G-protein-coupled estro-
gen receptor 1 (GPER)[124]. GPER is responsible for different early estrogen-induced non-genomic sig-
naling events including cAMP elevation, intracellular calcium mobilization, transactivation of EGFR, ac-
tivation of PI3K/Akt as well as the MAPK pathway [128-130]. Additionally, ERs are involved in extensive 
post-translational modifications as acetylation and SUMOylating mediating their functions[131]. Given 
interactions of ERα, ERβ and GPER and their signalling pathways, it suggests that activation of GPER 
results in a complex interplay of transcriptional and non-transcriptional events. Specific GPER activation 
with agonist G1 induced arrest of cell cycle in G1/M phase and increased phosphorylated histone H3 and 
caspase-3-mediated apoptosis, resulting in inhibition of cell growth in breast cancer[132]. In another study, 
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it has been reported that activation of GPER is able to mimic the actions of 17β-estradiol on estrogenic 
related receptor α (ERRα) and enrich histone acetylation at distinct ERRα promoter[133]. However, the 
interplay of GPER and H3K4me3 in cancer biology has not systematically investigated so far. 
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5.Summary 
Histone modification is closely related to the development of cancer. H3K4me3 has been identified as a 

possible tumour prognosis marker that mediates the level of tumour-associated gene expression. In my 
dissertation, the role and clinical significance of H3K4me3 were assessed in ovarian cancer patients. In 
addition, the activation of VDR or GPER through the stimulation of 1α,25(OH)2D3 or selective agonist 
G1was able to elevate the level of H3K4me3 in ovarian cancer cells with an obvious inhibition of cell 
growth. Therefore, my results suggest a potential effect of H3K4me3 level on prognosis of ovarian cancer 
patients as well as its associations to 1α,25(OH)2D3 or G1 treatment in vitro model of ovarian cancer cells. 

5.1  H3K4me3 expression in EOC patients and relation to treatment of 
1α,25(OH)2D3 Ovarian Cancer cells 

In first study, we have discovered that high level of H3K4me3 expression was associated with a better 
outcome in EOC patients and co-expressions of H3K4me3 and VDR are observed in EOC patient tissue. 
Our findings have indicated that the utilization of 1α,25(OH)2D3 is able to induce H3K4me3 levels and 
suppress cell proliferation in ovarian cancer cells. As a result, our findings may provide new insight into 
how calcitriol exerts its tumour-suppressive effects and highlight the potential advantage of calcitriol sup-
plementation in the treatment of ovarian cancer.  

5.2  The level of H3K4me3 and cell growth are mediated by GPER in 
ovarian cancer cells 

In the second study, we have elucidated that high levels of GPER and H3K4me3 are related to more 
favourable outcomes in EOC patients. We have first suggested that G1-induced activation of GPER could 
inhibit cell proliferation and migration of ovarian cancer while elevating the levels of phosphorylated 
ERK1/2 and H3K4me3 through in vitro experimental models. The GPER antagonist G15, on the other 
hand, could neutralize the inhibitory actions of G1 on cell growth and induced decreased levels of 
H3K4me3 in ovarian cancer cells. As a result, we hypothesized that activation of GPER caused an increas-
ing level of H3K4me3 and that treatment strategies addressing these interactions might have the potential 
to suppress cell proliferation and migration of ovarian cancer cells, thereby affecting the clinical conduction 
of disease. Although further research is required, our present discoveries can be considered as important 
insights in the biology of the disease. Interactions of GPER and VDR with H3K4me3 may provide a bio-
logical basis for therapeutic strategies targeting H3K4me3 as a promising marker in future research. 

As a conclusion, H3K4 trimethylation as an important type of histone modifications seems to have a 
significant role in the development ovarian cancer. Because H3K4me3 makes a crucial contribution to 
transcriptional cycle in human cells, alterations of H3K4me3 level have an additional effect on various 
types of human cancers including ovarian cancer. My studies suggest that high levels of H3K4me3 are able 
to predict a favourable outcome in EOC patients. The results imply that H3K4me3 likely engages with the 
antiproliferative action of calcitriol in ovarian cancer cells. 

Additionally, it has also been reported that the levels of phosphorylated ERK1/2 and H3K4me3 could be 
increased via activation of GPER implying that H3K4me3 has an additional function in inhibition of ovar-
ian cancer cells of GPER signalling pathway. While the findings need further investigations, the current 
studies at least provide a novel strategy of EOC treatment.  
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6. Zusammenfassung 
Histonmodifikationen stehen in engem Zusammenhang mit der Entstehung von Krebs. H3K4me3 wurde 

als ein möglicher Tumorprognosemarker identifiziert, der das Niveau der tumorassoziierten Genexpression 
vermittelt. In meiner Disseratation wurde die Rolle und die klinische Bedeutung von H3K4me3 bei 
Eierstockkrebs-Patientinnen untersucht. Darüber hinaus konnte durch die Aktivierung von VDR oder 
GPER, mittels Stimulation von 1α,25(OH)2D3 oder dem selektiven Agonisten G1, das Niveau von 
H3K4me3 in Ovarialkarzinomzellen erhöht werden, was zu einer deutlichen Hemmung des Zellwachstums 
geführt hat. Daher deuten meine Ergebnisse darauf hin, dass ein potenzieller Effekt des H3K4me3-Niveaus 
auf die Prognose von Eierstockkrebs-Patientinnen sowie seine Assoziationen zu 1α,25(OH)2D3 oder G1-
Behandlung im In-vitro-Modell von Eierstockkrebszellen besteht. 

6.1  H3K4me3-Expression bei EOC-Patientinnen und Beziehung zur 
Behandlung von 1α,25(OH)2D3-Eierstockkrebszellen 

In einer ersten Studie haben wir herausgefunden, dass eine hohe H3K4me3-Expression mit einem 
besseren Outcome bei EOC-Patientinnen verbunden ist und eine Co-Expressionen von H3K4me3 und VDR 
im Gewebe von EOC-Patientinnen beobachtet werden kann. Unsere Ergebnisse deuten darauf hin, dass die 
Verwendung von 1α,25(OH)2D3 in der Lage ist, den H3K4me3-Spiegel zu induzieren und die 
Zellproliferation in Eierstockkrebszellen zu unterdrücken. Daher können unsere Ergebnisse neue 
Erkenntnisse darüber liefern, wie Calcitriol seine tumorsuppressiven Effekte ausübt und den potenziellen 
Vorteil einer Calcitriol-Supplementierung bei der Behandlung von Ovarialkarzinom-Patientinnen 
verdeutlichen.  

6.2  Das Niveau von H3K4me3 und das Zellwachstum werden durch 
GPER in Eierstockkrebszellen vermittelt 

In der zweiten Studie haben wir aufgeklärt, dass hohe Spiegel von GPER und H3K4me3 mit einer 
günstigen Prognose verbunden sind. Wir haben zunächst gezeigt, dass die G1-induzierte Aktivierung von 
GPER die Zellproliferation und Migration von Ovarialkarzinomen hemmen könnte, während die Spiegel 
von phosphoryliertem ERK1/2 und H3K4me durch die experimentellen vitro-Modelle erhöht werden. Der 
GPER-Antagonist G15 konnte hingegen die hemmenden Wirkungen von G1 auf das Zellwachstum 
neutralisieren, sowie verminderte Spiegel von H3K4me3 in Ovarialkarzinomzellen in vitro induzieren. 
Infolgedessen stellten wir die Hypothese auf, dass die Aktivierung von GPER ein erhöhtes Niveau von 
H3K4me3 verursachte und dass Behandlungsstrategien, die auf diese Wechselwirkungen abzielen, 
wahrscheinlich vielversprechend sind, um die Zellproliferation und Migration von Ovarialkarzinomzellen 
zu unterdrücken und dadurch den klinischen Verlauf der Krankheit zu beeinflussen. Obwohl weitere 
Forschung erforderlich ist, liefern die derzeitigen Entdeckungen einen wichtigen Beitrag zum Verständnis 
der Biologie des Ovarialkarzinoms. Interaktionen von GPER oder VDR mit H3K4me3 könnten eine 
biologische Grundlage für therapeutische Strategien bilden, die auf H3K4me3 als vielversprechenden 
Marker in der zukünftigen Forschung abzielen. 

Zusammenfassend kann gesagt werden: Die Veränderung der H3K4-Trimethylierung als ein wichtiger 
Typ von Histon-Modifikationen spielt eine bedeutende Rolle bei der Entwicklung von Eierstockkrebs. Da 
H3K4me3 einen entscheidenden Beitrag zum Transkriptionszyklus in menschlichen Zellen leistet, spielt 
die Veränderung des H3K4me3-Niveaus auch eine wichtige Rolle bei verschiedenen Arten von 
menschlichen Krebserkrankungen, einschließlich Eierstockkrebs. Meine Studien haben gezeigt, dass ein 
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hohes Niveau von H3K4me3 in der Lage ist, einen günstigen Ausgang bei EOC-Patientinnen 
vorherzusagen. Die weiteren Ergebnisse deuteten darauf hin, dass H3K4me3 wahrscheinlich an der 
antiproliferativen Wirkung von Calcitriol in Eierstockkrebszellen beteiligt ist. Darüber hinaus wurde 
berichtet, dass die Spiegel von phosphoryliertem ERK1/2 und H3K4me3 durch die Aktivierung von GPER 
erhöht werden könnten, was darauf hindeutet, dass H3K4me3 eine Rolle bei der Hemmung des GPER-
Signalweges in Eierstockkrebszellen spielt. Obwohl die Ergebnisse weitere Untersuchungen erfordern, 
deuten die aktuellen Studien auf vielversprechende, neue Strategien für die Behandlung des EOC hin. 
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