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1. Abbreviations 
 
 

ADP adenosine diphosphate 

AKT protein kinase B 

APC adenomatous polyposis coli 

AXIN axin inhibitor 

BRCA breast cancer gene 

BrDU 5-bromo-2-deoxyuridine 

Cc correlation coefficient 

CI confidence interval 

CK1-alpha casein kinase-1-α 

DNA deoxyribonucleic acid 

ELISA enzyme-linked immunosorbent assay 

EOC epithelial ovarian cancer 

FBS fetal bovine serum 

FIGO International Federation of Gynecology and 
Obstetrics 

GAPDH glycerinaldehyd-3-phosphat-dehydrogenase  

GSK3β glycogen synthase kinase‐3β 

ICC immunocytochemistry 

IHC immunohistochemistry 

IRScore immunoreactive score 

LEF lymphatic enhancer factor 

LRP5 lipoprotein receptor related protein 5 

LRP6 lipoprotein receptor related protein 6 

MMP matrix metalloproteinase 

mRNA messenger ribonucleic acid 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide 

OS overall survival 

TCF T cell factor 

PAF platelet activating factor 

PBS phosphate buffered saline 
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PI3K phosphatidylinositol 3-kinase 

PLA2G7/PAF-AH platelet activating factor acetylhydrolase 

PTAFR platelet activating factor receptor 

qPCR quantitative polymerase chain reaction 

Rac-1 ras-related C3 botulinum toxin substrate 1 

Rho-A ras homolog family member A 

RIPA radioimmunoprecipitation assay 

ROC receiver operating characteristic 

RT room temperature 

siRNA small interfering ribonucleic acid 

Src/FAK steroid receptor coactivator/focal adhesion kinase 

STAT signal transducer and activator of transcription 

Tcf/Lef transcription factor/ lymphoid enhancer-binding 
factor 

TLE transducin-like enhancer 

WHO world health organization  
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2 Introduction 
 

2.1 Overview of the epidemiology and clinical features of breast and ovarian 
cancer 

 
Breast cancer and ovarian cancer attract much attention in the research of female tumors due 

to their high incidence. With the continuous progress of research and clinical treatments in 

recent years, the survival rates of breast cancer and ovarian cancer have been improved. But 

they are still malignant tumors with a long incubation period, unobvious for the early-stage 

clinical symptoms, and the mortality rates are comparatively high. Studies have shown that 14 

different types of cancers account for about 80% of all cancers[1]. These 14 high-incidence 

cancers include breast cancer and ovarian cancer. 

 

      2.1.1 Epidemiology and clinical features of breast cancer 

Currently, cancer with the highest incidence among women is breast cancer. There are over 

one million breast cancer new cases worldwide every year. It is also the most common disease 

that causes women to die of cancer globally [2]. Generally, the long-term prognosis of 

advanced breast cancer is better than ovarian cancer [3]. However, the incidence rate is higher 

than ovarian cancer, and due to the limitations of screening methods, the survival rate of 

advanced breast cancer is still low[4]. The classic factors that guide oncologists to judge the 

prognosis of breast cancer are such as histological type, patient age, tumor size and tumor 

grade, axillary lymph node metastasis, etc. [5-8]. There are many new biomarkers have also 

been discovered in recent years. These molecules not only improve the ability to predict 

prognosis but also help to identify specific types of "high-risk" patients. 

 

2.1.2 Epidemiology and clinical features of ovarian cancer 

According to available statistics, ovarian cancer ranks in the top five diseases among European 

women leading to cancer deaths [9]. As the effective methods of early diagnosis at EOC are 

limited, the patient's relevant 5-year survival rate is less than 45% [10]. Some of the prognostic 

markers are widely used, such as FIGO (the disease stage at diagnosis), grading, high-volume 

ascites, older age, residual disease volume after surgery, and histological markers [11-13]. But, 

due to the difficulty and complexity of invasive tissue biopsy, there are rare non-invasive 
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prognostic biomarkers that are widely accepted. 

 

2.1.3 The effect of gene mutation on breast and ovarian cancer, especially on HBOC 

Including breast cancer and ovarian cancer, the vast majority cancers appear sporadic, while 

hereditary accounts for only about 5-10% of breast cancers and nearly 10% with ovarian 

cancers. These inherited breast and ovarian cancers with genetic characteristics are named 

HBOC [14-16]. About 60-80% of BRCA gene mutation carriers are at risk of suferring breast 

cancer, and at the ovarian cancer the risk is around 15-40%. BRCA gene mutations also 

increase the risk of other types of cancer [17-19]. Therefore, to identify high-risk groups for 

HBOC, screening the genes of BRCA 1 and BRCA 2 can be currently the most valid solutions for 

individuals. In clinical trials for healthy people with BRCA mutations, various preventive 

measures are proposed to reduce cancer risks. Such as regular intensive screenings, supply 

medical consultation and necessary BRCA screening for first-degree relatives of BRCA gene 

carriers, as well as breast reconstruction after prophylactic mastectomy, and/or 

oophorectomy or chemoprophylaxis for some individuals who are assessed with high-risk [20, 

21]. 

 

 

2.2 BRCA1 gene and its function 

 
2.2.1 DNA repair and BRCA1 related repair mechanisms 

The first gene to be identified as a breast cancer susceptibility gene is BRCA1. Nearly 5-10% of 

overall breast cancer and 20-25% of hereditary background breast cancers are related to 

BRCA1 gene [22, 23]. Previous studies have shown that BRCA1 mutations will elevate risk to 

suffer from breast and ovarian cancer [24]. BRCA1 gene on human chromosome 17q21 and 

the BRCA2 gene on chromosome 13q12 are considered two important genes for both breast 

and ovarian cancer susceptibility [25, 26]. BRCA1 and BRCA2 encode proteins take part in the 

DNA double-strand (DBS) repair mechanisms [27-29].  

 

The research has revealed that approximately 70,000 lesions happen to each human cell every 

day [30]. For both endogenous and exogenous DNA damage, approximately 75% of lesions are 

single-strand DNA (ssDNA) breaks, which are caused by oxidative damage during metabolism 
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or base hydrolysis. The ssDNA breaks can also be transformed into a more dangerous type, 

that is DNA double-strand breaks (DSBs). During evolution process, cells must obtain enzymes 

that repair DNA damage to restore the integrity of the genome [30, 31]. To maintain 

counteract DNA damages and genome integrity at high level,  homologous recombination(HR) 

and non-homologous end-joining(NHEJ)are revealed for two principal pathways to repair DSBs 

[25, 32-34]. During homologous recombination (HR), the DSB is repaired by exchanging 

equivalent regions of DNA between homologous or sister chromosomes, whereas 

nonhomologous end-joining (NHEJ) relegates the ends without using a template[35]. A subset 

of DSBs are repaired during the S and G2 phases of cellcycle through HR [36]. In the HR repair 

process, the damaged DNA end is cut to expose a single-stranded overhang, allowing BRCA1 

(through the nucleation of Rad51 filaments) to search and capture this overhang by homology, 

and then complete the repair by performing templated synthesis. The DSB localization of the 

53BP1 and BRCA1 protein are negatively correlated, the level of BRCA1 at double-strand break 

is significantly increased in 53BP1-deficient cells [37, 38]. NHEJ could be active in all cell stages 

but are usually dominant in G0 / G1 and G2[39]. BRCA1 directly participates in HR, and more 

evidence supports the role of BRCA1 also involved in the NHEJ repair system [40, 41]. 

Moreover, several studies have proved that BRCA1 interacts with enzymes capable of DNA 

structure and chromatin modification [42, 43].  

 

2.2.2 Double-edged sword effect of BRCA1 deficiency  

BRCA1 is a vital protein which involved in DNA damage repairing process, for instance 

ubiquitination, DNA damage repair, transcriptional regulation, as well as the checkpoints of 

cell cycle [44-46]. Researches have shown the BRCA1 deficiency leads to defects in repairment 

of DNA damage, aberrant centrosome replication, G2-M cell cycle checkpoint defects, 

increased apoptosis, genetic instability, growth retardation, and tumorigenesis [47-49]. An 

experiment in mouse model has proved that whole body knockout of the BRCA1 gene (BRCA1-

/-) leads to an increase in lethality on embryonic Day 7-8 [50]. In contrast, the exon 11 of 

BRCA1 of a breast-specific deletion leads to breast tumor formation, combined with numerous 

genomic changes and cell lethality [51]. Thus, the deficient of BRCA1 could be recognized as a 

double-edged sword. The massive tumor suppressor and tumorigenesis factors are 

dysregulated because of genome instability, which leads to tumorigenesis. However, the 

excessive damage of DNA could also trigger the lethal blockade by inducing apoptosis. 
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2.3 PAF-AH (Platelet-Activating Factor Acetylhydrolase) and its gene PLA2G7 
 

2.3.1 PAF-AH and PLA2G7 

Platelet-Activating Factor Acetylhydrolase (PAF-AH) is an enzyme involved in various biological 

effects that widely exist in many cells and tissues[52-54]. Currently, there are three kinds of 

PAF-AH the endocellular types I, II, and the plasma PAF-AH are revealed in mammals [55-

57](Figure 1). The regulatory β subunit and the catalytic subunits alpha1 and alpha2 form the 

type I PAF-AH, which is announced to be a G protein-like complex. One allele of LIS1 gene 

disrupted can cause the lissencephaly [58-60]. Protein level in this locus is crucial, as no matter 

decreased and increased of LIS1 levels would affect brain development both in humans and in 

mice [60-63]. The protein primary structure of subunits in PAF-AH I exhibit low homology in 

plasma PAF-AH [64]. PAF-AH II is an enzyme usually distribute in cell. Its molecular weight is 

40kDa, which contains 41% sequence identity with the plasma type [65]. And molecular weight 

of plasma-PAF-AH is 45kDa, with a monomeric polypeptide structure. In terms of function, 

these three homo-isomerases also show interesting intersections and differences. 

Biochemical analyses revealed that compared with PAF-AH II and plasma type, PAF-AH Ib 

proves higher specificity on glycerol phosphate for the sn-2 acetyl [65]. PAF-AH II and Plasma 

type preferentially hydrolyzing sn-2 butyryl and propionyl parts which are PAF analogues, 

while these phospholipids almost couldn`t be hydrolyzed by type Ib. Plasma and type II PAF-

AH, both may take part in diverse pathological processes and be an important factor in 

oxidized phospholipids as a scavenger [55, 66]. Plasma PAF-AH usually closely combined to the 

HDL or LDL [57]. Although PAF-AH isoforms show low sequence homology, they also have the 

same functions in PAF catabolism and oxidative fragmentation of phospholipids [55, 67]. 
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Figure 1: Three subtypes exist in mammals, the plasma PAF-AH and two intracellular types I and II. 

Plasma type also known as Lp-PLA2 

 

It is reported 4% people from Japan have gene mutation in plasma PAF-AH and certain 

inflammatory-disorders associated with defective hereditary plasma PAF-AH [68, 69]. Some 

intracellular and extracellular enzymes also overlap with activity of PAF-AH. This also explains 

that vast majority of individuals can still maintain health when there are many defects caused 

by this mutation. These overlapping enzymes compensate for the serious clinical problems 

caused by the plasma PAF-AH deficiency. 

 

Plasma PAF-AH which called Lp-PLA2 (Lipoprotein Associated Phospholipase A2) in the early 

days. It owns a motif called Gly-X-Ser-X-Gly which is found in some members of the α/β 

hydrolase superfamily, esterases, as well as lipases [70, 71]. The canonical α/β serine 

hydrolase folding is an important unit of human plasma PAF-AH, which contains catalytic triad 

with His351, Asp296, and Ser273 [72, 73]. The PLA2G7 gene contains 12 exons located on 

chromosome 6p12-21.1 [74].  

 

2.3.2 Expression of plasma PAF-AH 

Earlier in-vitro studies have revealed that hematopoietic cells and hepatocytes secret the 

plasma PAF-AH. During the process of differentiation from monocytes to macrophages, 
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activate-plasma PAF-AH is synthesized and secreted by macrophage cells [75, 76]. Upon the 

response for inflammatory stimuli, some blood cells (including mast cells, etc.) can secrete 

plasma PAF-AH as well. at the same time, mRNA plasma PAF-AH has been detected in 

thymus, tonsils, and placenta, which tissues with a large number of macrophages [74]. 

However, with the progress of research on plasma PAH-AH, it has gradually become a 

consensus that plasma PAF-AH is widely present in human tissues and cells. Studies have 

found that rat liver cells and human liver cancer cell lines/HepG2 can also secrete plasma 

PAF-AH [77]. And PAF-AH mRNA was expressed in the lung tissues, female tissues, Adipose& 

tissues, prostate, etc. (Summary found in: https://www.proteinatlas.org/ENSG00000146070-

PLA2G7/tissue).  

 

2.3.3 Regulation of PAF-AH/PLA2G7 activity 

There were not many studies on PLA2G7 gene regulation. In the research on stem cells, Xiao 

et al. has revealed that Nrf3 (nuclear-factor erythroid 2-related factor 3) works as one of the 

upstream regulators of PLA2G7, which regulates gene expression through direct binding to 

the promoter regions [78].  

 

The early studies have hypothesized that the binding with lipoproteins could regulate the PAF-

AH level. Nearly 80% of plasma PAF-AH is combining with LDL, while the rest part is considered 

with HDL binding. Plasma PAF-AH can transfer between these two lipoproteins in vivo 

environment [79]. This also indicates that there may be a unique regulatory mechanism that 

interferes activity of plasma PAF-AH by changing the lipoproteins` structure and lipid 

composition [80, 81]. Another report showed that the site-directed mutagenesis of certain 

sites in plasma PAF-AH may affect its binding to the amino acid residues of LDL particles, such 

as Leu-116, Trp-115 and Tyr-205 [82].  

   

2.3.4 Physiological function of PAF-AH/PLA2G7  

Plasma PAF-AH was discovered in the early 1980s. Since the pro-inflammatory 

glycerophospholipid PAF can be hydrolyzed by it, PAF-AH is considered to have anti-

inflammatory properties. In the following years, it was gradually proved that at position sn-2, 

PAF-AH hydrolyzes glycerophospholipids contains certain short and/or oxidized 

functionalities, and not for position sn-1's linkage preferentially [83]. The hydrolysis of PAF-AH 

https://www.proteinatlas.org/ENSG00000146070-PLA2G7/tissue
https://www.proteinatlas.org/ENSG00000146070-PLA2G7/tissue
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catalyzed substrates generates lysoPAF/lysophosphatidylcholine and oxidized fatty acids. And 

most of them are believed to have pro-oxidant activities and pro-inflammatory [83]. These 

studies have led to some disputed reviews about PAF-AH in disease and physiology [84-86]. 

PAF-AH degrades PAF by hydrolyzing and oxidized phospholipids with a specific acetate 

residue generated in inflammation and oxidant stress[56, 87-89]. PAF-like lipids are also 

effective antagonists of PAFR, and experiments have confirmed that PAF-AH also has a 

regulatory effect on PAFR antagonists[57, 86, 90]. 

 

2.3.5 Relationship between abnormal expression of PAF-AH/PLA2G7 and diseases 

The abnormal activity has been confirmed of plasma PAF-AH within some certain diseases. 

Low activity of plasma PAF-AH has been observed in some disorders, including asthma [91, 

92], juvenile rheumatoid arthritis [93], systemic lupus erythematosus [94], post-traumatic 

multiple organ failure[95], Crohn’s diseases [96], sepsis[97] and acute myocardial infarction 

[98]. The mechanism underlying its occurrence and possible cumulative connection with PAF 

will be explained later in detail in the PAF section. On the contrary, a considerable number of 

diseases have also shown increased plasma PAF-AH activity, such as ischemic stroke[99], 

myocardial infarction[100], chronic cholestasis[101], essential hypertension [102], peripheral 

vascular disease [103], rheumatoid arthritis [104], diabetes mellitus [105]. In this present 

study, we aim to focused on the biological characteristics of plasma PAF-AH, hereafter called 

PAF-AH. 

 

Gene polymorphisms also show different associations with diseases. A series of studies have 

revealed gene polymorphisms are related to function loss of PAF-AH, namely Gln281Arg 

mutation[106], Arg92His, Ile198Thr, Ala379Val[107, 108], and found that as Ile198Thr sited 

close to Tyr-205, and this may play an essential role for binding with LDL [82]. R92H 

polymorphism is also claimed to contribute to the risk increase of clinical atherosclerosis[109]. 

In contrast, the rs1051931 polymorphism of PLA2G7 has been reported as a predictor and 

protective factor of IVIG resistance in KD patients[110]. Similarly, V279F polymorphism in the 

PLA2G7 gene shows a protective effect on atherosclerosis[109].  

 

The conclusions of the study indicate that increased methylation of the PLA2G7 gene 

promoter is a specific marker aging with gender-related, which enhances the coronary heart 
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disease (CHD) risk in women [111]. PLA2G7 methylation is also developing IAs risk in females 

or BAVMs risk of in males [112].  

 

PAF-AH also exhibits the ability to degrade shortly oxidized and/or truncated chains of sn-2 in 

oxLDL type [86]. PAF-AH is considered to regulate anti-inflammatory effects by itself, because 

PAF and its analogs as well as truncated oxLDL may induce inflammation [113-115]. However, 

some studies have proved that PAF-AH also affects developing the inflammation. Studies on 

epidemiology have shown that enhanced PAF-AH is related to the increased CHD/stroke risks, 

mortality, and also describes the atherosclerotic effect of PAF-AH [116-118]. The expression 

of PLA2G7 in primary liver cancer is significantly higher compared with pre-tumor lesions 

[119]. Other related studies have proved that inhibiting PAF-AH has a positive therapeutic 

effect on diabetic retinopathy [120-122] and Alzheimer's disease[123]. Meanwhile, studies 

have discussed the role of PAF-AH express differentiation in various cancers. A retrospective 

study has revealed that PAF-AH may affect all aspects of tumor progression, including cell 

apoptosis, invasion, proliferation, angiogenesis, and metastasis. Research from Stafforini has 

showed that the anti-tumor and tumor-promoting effects of PAF-AH may coexist [124]. 

Comparing with the normal tissue, the PLA2G7 expression in certain tumor tissues is 

significantly higher. The expression of PLA2G7 in the plasma and tumor tissue of colon cancer 

patients is 50% higher compared with healthy individuals [125, 126]. Similar findings have also 

been observed in patients with liver metastases from colon cancer [127]. The expression of 

PLA2G7 in primary liver cancer is significantly higher compared with pre-tumor lesions[128].  

The latest research on breast cancer and ovarian cancer has shown that PAF-AH works as the 

progressive factor in breast cancer, revealing that the high-level expression of PAF-AH/PLA2G7 

may be related to more aggressive diseases with poor prognosis in TNBC [129]. On the 

contrary, our study also observed its high expression in BRCA1 mutant breast cancer and 

ovarian cancer. It seems that the net effect of PAF-AH on tumors and tumor microenvironment 

(TME) is attributed to the combined effects of its products, secondary products, and 

substrates. Many studies have demonstrated different roles of PAF-AH in tumorigenesis 

through exogenous supplementation, overexpression, and non-specific inhibition under 

various experimental conditions. Therefore, it is difficult to obtain roughly consistent results 

throughout the study, especially considering the complex TME [124]. However, these data 

provide evidence on PAF-AH/PLA2G7 has participated in certain cancers pathological process.  
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2.4 PAF and its receptor PAFR 

 
2.4.1 PAF as well as its production and metabolism 

As the most critical hydrolysis substrate of PAF-AH, PAF(1-O-alkyl-2-acetyl-sn-glycero-3-

phosphocholine) is one of the factors most closely related to the protective biological effects 

of PAF-AH.  

 

As a potent mediator of proinflammatory phospholipid [130], many types of cells can 

synthesize and secrete PAF [131, 132]. Remodeling and de-novo synthesis are considered as 

two major ways to synthesize PAF. The remodeling pathway is considered to happen in the 

endoplasmic reticulum or nuclear membrane, Phospholipase A2 (PLA2) acts on 

lysophosphatidylcholine and arachidonic acid, and finally acetyl residues are transferred to 

LPC to produce PAF. The de novo synthesis pathway is another way of PAF synthesis, which 

aims to maintain the normal cell function with the required physiological level of PAF [133-

135], while the remodeling pathway produces PAF as a result of inflammatory stimuli and 

involved in inflammation cascade [136]. If not combined with PAFR, PAF is rapidly degraded 

by the platelet activating factor acetylhydrolase (PAF-AH). 

 

2.4.2 General function of PAF 

PAF acts on many kinds of cells, the primary function of which is during physiological processes 

to mediate cell-cell interactions and cell function [136] , while this is also crucial in pathological 

processes[137]. PAF is involved in allergic diseases and inflammations, and tumors, and it is 

also related to reproductive, cardiovascular, nervous and immune systems. For tumorigenesis 

and tumor development, PAF has been recognized to play an essential part in thrombosis 

[138], and metastasis [139], and it is involved in angiogenesis, metastasis, anti-apoptosis, and 

oncogenic transformation [140-143]. Circulating cells and cancer cells secretes PAF to the 

tumor microenvironment, and mediates its effect through a particular G-protein-coupled 

receptor (PAFR) [144-148]. Highly expressed PAF has been detected in many cancer, including 

breast cancer [149, 150]. Especially, Zhang et. al have discovered that the PTAFR expression is 

increased in BRCA1 mutant cell lines and tissues of BRCA1 mutation carriers [151]. 
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2.4.3 Expression and regulation of PAFR 

PAFR is widely expressed on the surface of a variety of human cells, such as macrophages, 

endothelial cells, platelets as well as the white blood cells [152, 153]. PAFR is a seven-

transmembrane G-protein-coupled receptor (GPCR) [154], similar to PAF and its homologous 

lipid molecules, PARF has a specific affinity with them [155-157]. After PAF binds to PAFR, it 

triggers various intracellular signaling cascades. Many studies have detected that PAFR is 

overexpressed in some tumors, such as the stomach cancer cell line JR-St [158], epidermoid 

carcinoma A431 cells [159], the endometrial cancer cell line HEC-1A [160], Kaposi's sarcoma 

cells [161], as well as breast cancer[149, 150]. Besides, the transgenic mice with overexpressed 

PAFR exhibit the melanocytic tumors and proliferative diseases [162]. Moreover, PAF has been 

confirmed to up-regulate the expression of PAFR in some types of cells, including rat epithelial 

cells [163] and human alveolar macrophages [164]. Therefore, PAFR also may provide the 

positive feedback loop for the effects of PAF[165]. Taken together, the relationship between 

PAF and PAFR is bi-directional and complex. On the one hand, PAF achieves its biological 

function by combining PAFR to trigger downstream signal transduction. On the other hand, 

PAF and PAF-like phospholipids also affect signal transmission by regulating the expression of 

PAFR, and even PAFR antagonists need to regulate PAFR by inhibiting exogenous PAF 

induction[166]. These findings prove that PAF/PAFR signaling pathway works a crucial part in 

tumorigenicity and tumor fate. 

 

2.4.4 Phosphorylation cascade and PAF-PAFR signaling 

Protein phosphorylation is a common regulatory pathway in organisms, playing an essential 

role in cell signal transduction. The serine phosphorylation functions through allosteric protein 

to activate the protein's activity. The tyrosine phosphorylation, in addition to allosterizing and 

activating the activity of the protein, has more critical functions to bind the protein to provide 

a structural gene, promoting its interactions with other proteins to compose the multi-protein 

complex. The formation of protein complexes further promotes protein phosphorylation. In 

the signal relay network, the phosphorylation of a signaling protein usually causes the 

downstream proteins to undergo phosphorylation sequentially, forming a phosphorylation 

cascade [167-169]. 

 

Aponte et al. have demonstrated that phospholipid mediated PAF can activate PAFR. The 
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activation induces the phosphorylation of various proteins and initiates multiple downstream 

signaling pathways, such as Paxillin, FAK, Src, and EGFR, leading to increased proliferation and 

invasiveness of ovarian cancer cells, especially through Src/FAK and downstream targets (such 

as PI3K) to promote the proliferation of cancer cells and induce MMP2/MMP9 to increase 

invasiveness [170]. 

 

2.5 β-catenin and Wnt/β-catenin signaling pathway 

 
2.5.1 Wnt family and function 

Many cell-signaling pathways, including the Wnt signaling pathway, participate and interfere 

with each other in developing tissues and organs of multicellular organisms to provide location 

information and induce cell fate regulation [171-174]. For example, Wnt genes, including TGF-

β, FGF, and hedgehog and Notch protein, which are considered highly conserved regions in 

evolution, encoding a series of secreted protein growth factors [175]. The name Wnt 

(wingless-type MMTV integration site family) has derived from Wingless Drosophila 

melanogaster and its mouse homolog Int[176]. A total of 19 Wnt proteins have been 

confirmed in humans. These proteins play multiple roles in regulating cell death, polarity, 

migration, proliferation, and cell fate during development [176]. After completion of 

development, Wnt also plays a vital role in homeostasis. Many pieces of research have 

exhibited that aberrantly activate on Wnt pathway is related with various cancers [177-179]. 

 

2.5.2 The Wnt signaling pathway 

The Wnt ligand performs signal transmission by combine with the receptor of frizzled family 

with seven-transmembrane structures and the participation of the co-receptors of LRP6 and 

LRP5. The structure consists of three-part, an exposed extracellular domain that can bind to 

Wnt, a frizzled protein receptor with a C-terminal tail in cell, and a seven-transmembrane 

region. According to the secondary structure prediction of the frizzled structure, a study has 

found that the frizzled protein is a member of the GPCR family [180]. At least three 

intracellular pathways can achieve Wnt signal transduction, such as the classic Wnt /β-catenin 

signaling pathway, the Wnt / Ca2 + pathway(non-classical), as well as the Wnt / PCP pathway 

[181-183](Figure 2). Now researches has validated that the Wnt/β-catenin pathway mainly 

regulates the determination of cell fate [184], the main effect of Wnt/Polarity pathway 
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regulates on cytoskeleton. However, the role of Wnt/Ca2+ pathway remains indistinct yet 

[181-183]. 

    

Figure 2: Three different intracellular Wnt signaling pathways 

 

2.5.3 The canonical Wnt/β-catenin signaling pathway 

The Wnt/β-catenin pathway keeps greatly conserved in evolution, which considered to be the 

most classic Wnt signal transduction pathway. The Wnt/β-catenin is able to activated by a 

series of Wnt proteins, including Wnt1, 3, 3a, 7a, 8 and it participates in transformation [185, 

186]. Without Wnt signaling, β-catenin binds to cytoplasmic complex-related proteins, such as 

CK1-alpha, GSK3β, AXIN, and APC. This facilitates the β-catenin phosphorylate and interact 
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with β-TRCP (a protein contains β-transduction repeats) [187]. Finally, proteasome 

ubiquitinate and degrade β-catenin, which is also the main degradation pathway of β-catenin. 

Upon stimulation of Wnt signaling pathway, the Dsh (dehybridization) protein is activated due 

to the Wnt combines with the Wnt receptor Frizzled. Dsh1, 2, and 3 contain three highly 

conserved domains that are widely present in mammalian tissues, respectively are C-terminal 

DEP, a central PDZ domain, and an N-terminal DIX domain [188, 189]. The Disheveled protein 

activation enhances the GSK3β phosphorylation, which leads to the inhibition with the GSK3β 

function. Free and non-phosphorylated β-catenin gradually stores up in the cytoplasm and 

transfers into nucleus. Before Wnt signaling in the nucleus,  LEF and TCF homologues binding 

to DNA in the promoter or enhancer region of the target gene with a specific sequence, and 

bind to Groucho and CTBP, and usually has the function of inhibiting gene expression [190]. 

The presence of the Wnt signaling increases the transportation of β-catenin to the nucleus 

and elevates it to binding on TCF/LEF (Lymph Enhancer Factor). The transcription is promoted, 

and multiple target genes are activated [191, 192]. The β-catenin can be delivered from the 

cadherin-bound pool and be useful for transmitting nuclear signaling [193]. The interaction of 

activated-catenin with SWI/SNF chromatin-remodeling complexes and CBP histone 

acetyltransferase, and binding of the BRG1 and Bcl9 to Pyg mediate transcriptional activation. 

β-catenin is competitively bound by Chibby and LEF1, and interacts with the C-terminus of β-

catenin, causes inhibition for β-catenin-mediated transcriptional activation [194].  

 

2.5.4 Target genes of β-catenin/TCF transcriptional regulation in tumors 

Many genes have been confirmed to be the targets for the regulation of β-catenin/TCF 

transcription [191, 192]. These genes play the crucial part in the subsequent biological effects 

in tumors, including CcnD1 and c-Mycand, vimentin. Previous studies have confirmed that c-

Myc and CcnD1 play a critical role in differentiation, proliferation, as well as cell growth in 

colon cancer. The c-Myc gene activation can induce the p53 expression, and eventually up-

regulate p130/RB2 and p21WAF1, leading to growth arrest [195-197]. In human breast tumor 

cells, another target of β-catenin/TCF transactivation pathway is Vimentin, which take part in 

cell migration [198]. Wnt signaling is also capable by preventing cell apoptosis by up-regulating 

survivin, an anti-apoptotic protein, thereby enhancing cell viability [199, 200]. Wnt targets are 

several proteases including MMP26 and Matrilysin/MMP7 that can degrade the extracellular 

matrix[201], and cell adhesion molecules, including the NRCAM and CD44 [202, 203], which 
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can help tumor cells invade and metastasize. Cldn1 takes part in the β-catenin-TCF/LEF 

signaling pathway as well. The enhanced expression of Cldn1 could work as an essential part 

of the occurrence of colorectal tumors [204]. 

 

2.5.5 Breast and Ovarian Cancer & Wnt/β-catenin pathway 

Recent studies have reported in invasive lobular breast carcinomas,  the β-catenin complete 

loss from the cell membrane [205]. Besides, a β-catenin deficiency in membranous of invasive 

ductal carcinoma is associates with the canonical Wnt pathway activation and correlates with 

poorer outcomes in breast cancer patients [206, 207]. Meanwhile, in breast cancer PAF 

expression increases and it positively regulates the Wnt signaling pathway as a cofactor of the 

β-catenin transcription complex  [208, 209].  

 

Besides breast cancer, the Wnt/β-catenin inhibition has also been proved to enhance the anti-

tumor immunity of ovarian cancer [210, 211], and reseach has exhibited that Wnt/β-catenin 

signal activation promotes cisplatin resistance in ovarian cancer[212]. 

 

 

2.6   Aim of the studies 

 
At present, we haven`t gained enough in-depth knowledge of BRCA1 mutant breast cancer 

and ovarian cancer. Especially, there are no precise and non-invasive biomarkers that 

predicted the disease risk and prognosis of BRCA1 mutation carriers. We hypothesize that PAF-

AH has differential expressions in BRCA1 mutant breast cancer and ovarian cancer. And we 

predict PAF-AH may work as a non-invasive biomarker and indicate a better prognostic. The 

Wnt/β-catenin signaling works as a crucial biological process to maintain growth and stems 

during development. It also performs an essential part in tumorigenesis and tumor 

progression. Many studies have proved the role of PAF, the representative hydrolysis 

substrate of PAF-AH, is expressed increasingly in gynecological cancer and confirmed that PAF-

PAFR is a poor prognostic factor. At the same time, a significant relationship between PAF-

PAFR and Wnt/β-catenin signaling has also been revealed. Therefore, there is urgent to clarify 

in BRCA1 mutant breast and ovarian cancer the significant role of PAF-AH. 

 

The effect of PAF-AH in gynecological cancer remains little acknowledged. Most studies focus 
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on the mechanism of PAF-PAFR in tumor progression of breast and ovarian cancer. But the 

effect of PAF-AH on breast and ovarian cancer remains unclear. We aim to explore the 

protective impact with PAF-AH on BRCA1 mutant breast and ovarian cancer, and clarified its 

mechanism as an important biomarker for better prognosis. This research is divided into three 

parts: 1) To clarify the significant relationship between PAF-AH and BRCA1 breast and ovarian 

cancer. 2) To clarify the protective effect of PAF-AH in BRCA1 breast and ovarian cancer. 3) To 

reveal the possible mechanisms of PAF-AH effect on Wnt/β-catenin. Based on ex-vivo and in-

vitro studies, our purpose is to reveal the precise significance of PAF-AH for BRCA1 mutant 

breast and ovarian cancer and in preparation role to find the potential therapeutic targets for 

the future.    
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3.  Materials and Methods 

 
3.1 Ethical Approval 

All experiments were approved by the Ludwig-Maximilians University of Munich (LMU), 

Germany. The approval number of the ovarian cancer project is 227-09 and 19-972, and the 

approval number of the breast cancer project is 048-08. In this research, all tissue samples 

were collected from archival materials of the Obstetrics and Gynecology Department at the 

University of Ludwig Maximilian, which was initially used for pathological diagnosis and 

finished ahead of the present study. In the analysis, all patients` data kept completely 

anonymous and coded by the observers. The Ethics Committee approved the study of LMU. 

We ensure that the whole experimental procedures are strictly carried out and completed 

under the Helsinki Declaration standards (1975). 

 

 

      3.2 Patients and Specimens 

In the breast cancer project, 110 tissue samples were analyzed from patients who had been 

through surgeries at the Obstetrics and Gynecology Department, LMU, 1987-2009 who 

diagnosed with breast cancer. The enrollment criteria were formulated as breast cancer, those 

only diagnosed with benign tumors or in situ cancer were ruled out from the cases, and no 

patient had been through adjuvant chemotherapy. Unfortunately, the follow-up data were 

missing. The fixing method were carried out by 4% buffered formalin, and the embedding on 

samples from tissues used paraffin for further immunohistochemical analysis.  Gynecological 

pathologists assessed staging and grading for breast cancer cases. Detailed information of 

patients on the clinical features enrolled in this study included tumor grading, histology, and 

staging. The clinical-pathological variables are summarized in Table 2. 49.9 ± 13.2 years is 

Mean age of this cohort (41.8 ± 10.7 years of BRCA1 associated cases; 53.6 ± 12.7 years of 

sporadic breast cancer). Survival analysis of breast cancer cohort was performed by using the 

online database https://kmplot.com/analysis/ with mRNA (gene chip). 
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         Table 1: Clinicopathologic characteristics of the breast cancer patients 
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In ovarian cancer project, 156 tissue samples from patients who had been through EOC 

surgeries also at the Obstetrics and Gynecology Department from 1990-2002. The enrollment 

criteria were formulated as ovarian cancer, those only diagnosed with benign or borderline 

tumors were ruled out from the cases, and no patient had been through adjuvant 

chemotherapy. Munich Cancer Registry (Munich Tumor Center, Munich, Germany) applied 

the follow-up infomation. The method of fixing and embedding tissue samples is the same as 

above. The staging and grading information of EOC was assessed by gynecological 

pathologists. Detailed information about the clinical characteristics of patients enrolled in this 

study, including tumor grading, histology and staging, are listed in Table 2. The staging was 

performed according to FIGO classification from WHO (2014). There are 155 cases with 

primary tumor expansion data, 95 cases with lymph node invasion data, and 9 cases with 

distant metastasis data. There are thirteen patients who have residual disease after primary 

surgery. 
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Table 2: Clinicopathologic characteristics of the ovarian cancer patients. 
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The BRCA mutation status of this EOC collective is unfortunately not available. Therefore, the 

BRCA mutation status was defined as unknown with a BRCA mutation probability of 10-20%.  

To investigate PAF-AH expression levels in BRCA1 mutation carriers we stained additional 

tumor tissue of 107 patients with genetically confirmed BRCA1 mutation (Table 3). 

Table 3: BRCA mutation status of analyzed patients. 

BRCA mutation status  n Percentage (%) 

Mutation unknown 141 56.9 

BRCA1 mutation  107 43.1 

       BRCA1 15 6 

       BRCA1+2 92 37 

 

Furthermore, blood samples of EOC patients with/without BRCA1 mutation were collected for 

this study, from 2019 to 2020. The characteristics of the patients with blood analysis are 

exhibited in Table 4. 

Table 4: Patient characteristics of the blood analysis. 

        

 

3.2 Immunohistochemistry and Immunocytochemistry 

After fixing and embedding tissue specimens were sliced into 3µm sections by our laboratory 

[213]. Xylol and 100% ethanol were used to dewaxing and washing the tumor slides. After 

incubation in methanol in 3% H2O2 for 20min, samples carried by slices were rehydrated by 

descending ethanol gradient. Then these slides were boiled in a sodium citrate buffer (pH = 

6.0) mixed with 0.1 M citric-acid and 0.1 M sodium citrate. After cooking in the pressure boiler 

for 5min, slides were cooling and washing in PBS. Blocking solution (reagent 1, Zytochem-Plus 

HRP-Polymer-Kit (mouse/rabbit)) were used for preventing the non-specific binding, 

After 30min, slides were incubated with anti-PAF-AH or anti-ß-Catenin antibodies at 4°C for 

16h. On the second day, slides were washed with PBS and incubated at room temperature 

with the secondary antibodies/complexes (Reagent 3; Zytochem-Plus HRP Polymer-kit 
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(mouse/rabbit)). To visualize the staining chromogen-3, 3’-diaminobenzidine (DAB; Dako) was 

used for incubation for 10min. At last, slides with samples were counterstained with Hemalum 

and dehydrated one by one in ascending series of alcohol. The healthy placenta tissue sections 

used as the antibodies positive control, both negative and positive control were contained 

inside each experiment for the IHC staining to test antibody function and choose the adequate 

dilution of the antibody (Figure 3). Both positive and negative controls were performed in 

placenta and colon tissues to validate staining specificity. Slides with samples were analyzed 

under photomicroscope (Leitz, Wetzlar, Germany) by two independent observers. 

Multiplication of percentage range of positively stained cells and the optical staining intensity 

was used as semi-quantitative IRS score for the light microscopy analysis. The negative control 

shown as unstained and the positive signals were generating a brownish color.    

 

      Table 5: Antibodies used in immunostainings. 
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Figure 3.  Positive and negative controls for each antibody. 

 

HCC1937 and UWB1.289 cell lines were used in immunocytochemistry for each project. Cells 

were seeded on chamber slides (Millicell EZ SLIDE 8-well glass, Darmstadt, Germany) with a 

concentration of 5×103 cells/cm2. Transfection was performed with adherent HCC1937 cells 

after 60h incubation. Untreated HCC1937 cells were served as control. After treatment, slides 

with cells were washed with 0.1 M PBS, ethanol 100%/methanol (1:1) were used to fixation 

for 15 min in room temperature and air-dried. Protein block (Dako, Glostrup, Denmark) was 

carried out in order to reduce non-specific background staining, for 25 min in RM. Thereafter, 

an anti-PAFAH 1:50 (Cayman, Polyclonal Cay-160603, 1:200 dilution, rabbit IgG, Michigan, 

USA) were carried out and ß-Catenin (ready to use, Roche, Ventana, Mouse IgG-1, Oregon, 

USA) directed against ß-Catenin for 16h at 4°C. The PBS were used with washing and slides 

incubated with a secondary antibody (Vector Laboratories) in RT. After 30 minutes, PBS was 

used with washing and then incubating with avidin-biotin-peroxidase complex (Vector 

Laboratories) at room temperature for 30 minutes. After developing the antigen-antibody 

complex, chromophore 3-amino-9-ethylcarbazole (AEC; Dako) and Mayer heme were carried 

out for counterstained. Finally, tap water was used to washing the slides and covered slides 

with Kaiser glycerin gelatin (Merck). Finally, the cell-loaded glass slide was washed with water, 

and the cover glass was sealed with Kaiser glycerin gelatin (Merck, Darmstadt, Germany). 

 

3.3 Staining evaluation and statistical analysis 
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The IHC staining results were evaluated by two separate students in a double-blind process 

using the IRS[214]. The photomicroscope by Leitz (Wetzlar, Germany) was carried out to 

examine specimens and to observe specific PAFAH and ß-Catenin immunohistochemical 

staining reactions in the cells. A semi-quantitative immune response score (IR score, Remmele 

score[215]) was carried out for evaluating the intensity and distribution pattern of 

immunostaining. In order to obtain IR scoring results, the staining intensity was divided into 

four levels (0 = negative staining, 1 = weak, 2 = moderate, 3 = strong) and the percentage of 

positively stained cells was divided into the following five levels (0 = no staining, 1 = <10%, 2 

= 11-50% , 3 = 51-80% , and 4 => 81%) then multiply these two results together. Nuclear and 

cytoplasmic staining of PAF-AH were completely carried out, as well as ß-Catenin was stained 

in nuclear and membrane in 110 tissue specimens, respectively. The median IRS-results from 

the three spots of each slide was calculated and used for further analyses.  

 

With the help of SPSS 25.0 (v25, IBM) statistical analysis was accomplished successfully. Chi-

square test was assessed for distribution of clinicopathological variables, and the IR score 

between different clinical and pathological subgroups were compared with the Mann-

Whitney-U test [216]. Spearman analysis[217] was used to calculate the correlation between 

results of IHC staining. The log-rank testing was carried out for comparing survival-times and 

visualized in Kaplan-Meier plots. To confirm appropriate cut-off values ROC analysis, a widely 

accepted method for cut-off point selections, was accomplished. We determined Yudan index 

and defined it to be the maximum [218] to ensure that the best cut-off value maximizes the 

sensitivity and specificity sum. In order to obtain a multivariate analysis, a Cox regression 

model was implemented. When the P value is no larger than 0.05, it is recognized to be 

significant. The CT value of genes were get from qPCR, the formula 2-ΔΔCT was used for 

calculation of relative expression [219]. For data visualization and statistical analysis of in-vitro 

generated data Graph Pad Prism 7.03 (v7; San Diego) was used. 

 

3.4 PAF-AH ELISA 

To determine the PAF-AH concentration in serum samples an enzyme-linked immunosorbent 

assay (ELISA; R&D Systems, Minneapolis, MN, USA) was conducted abide by the instructions 

from company. The standard curve was created using a four-parameter logistic curve fit. 
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3.5 Cell lines 

Breast cancer cell lines SK-BR-3(HER2+), HCC1937 (triple-negative, BRCA1 mutant ),  MDA-MB-

231 (triple-negative, BRCA1 wildtype),  BT-474(Luminal B ), MCF-7(Luminal A ), and a breast 

epithelial cell line MCF-10A (served as reference) were used in breast cancer project. The 

ovarian cancer cell lines SK-OV-3 (serous, BRCA WT), ES-2 (clear cell), UWB1.289 (serous, 

BRCA1 negative), TOV-112D (endometrioid), and the ovarian epithelial cell line HOSEpiC 

(served as reference) were used in ovarian cancer project. All these cell lines were bought 

from the American Type Culture Collection (ATCC, Rockville, MD, USA). RPMI 1640 GlutaMAX 

medium (Gibco, Gibco, Paisley, UK) and 10% fetal bovine serum (FBS; Gibco, Paisley, UK) was 

used to maintaine the cell culturing with in incubator at 37°C under 5% CO2 . MCF10A was 

thawed and maintained in culture with medium listed in Table 6.  

 

Table 6: Cell culture recipe for MCF-10A 

  

 

3.6 Real-time PCR 

The mRNA Isolation was carried out according to instruction from the manufacturer by using 

the RNeasy Mini Kit (Qiagen). After isolation, the reverse transcription was carried out with 

the MMLV Reverse Transcriptase 1st-Strand cDNA Synthesis Kit (Epicentre, Madison), 1µg 

RNA was converted into the first-strand cDNA according to the protocols of the manufacturer. 

PCR was performed on all samples individually. The basal and after transfection mRNA 

expressions of PAFAH were quantified by qPCR using FastStart Essential DNA Probes Master 

and gene-specific primers (Roche). The 2−ΔΔCT method was carried out to quantify β-actin and 

GAPDH as housekeeping genes. After silencing, the expression of PAF-AH was compared with 

basal expression in HCC1937 cell line and UWB1.289 in each project, respectively. The primer 

sequences are available in the Table 7 
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3.7 siRNA knockdown 

Lipofectamine RNAiMAX reagent (Invitrogen, Carlsbad) was used to transfect small interfering 

RNA (siRNA; 4 different sequences for PLA2G7; Qiagen Sciences, Maryland, USA) into UWB1.289 

cells. A scrambled negative control siRNA (Qiagen, Hilden, Germany) was used as reference. 

UWB1.289 cells were seeded into 6-well plates and the transfection was carried out until the 

ratio of cell reached 60-70%. The cells were incubated with Opti-MEM Reduced Serum Medium 

(Thermo Fisher Scientific, Waltham, MA, USA) mixed with siRNA-PLA2G7 and Lipofectamine 

RNAiMAX. Breast cancer HCC1937 cells were harvested for further experiments after 60h 

transfected. For UWB1.289, after 36h cells were harvested and used for further experiments, 

in ovarian cancer project. Sequences of primers used in qPCR are listed in Table 7. 

 

 

Table 7: Sequences of primers used in qPCR to determine mRNA expression levels. 

𝘗𝘓𝘈2𝘎7  Forward: GGCTCTACCTTAGAACCCTGAAA 

Reverse: TTTTGCTCTTTGCCGTACCT 

𝘈𝘊𝘛𝘉 Forward: TCCTCCCTGGAGAAGAGCTA 

Reverse: CGTGGATGCCACAGGACT 

𝘎𝘈𝘗𝘋𝘏 Forward: AGCCACATCGCTCAGACAC 

Reverse: GCCCAATACGACCAAATCC 

 

 

3.8 Western blot 

The western blot was performed according to formerly reported[220]. To sum up, all cells to be 

tested were lysed for 15min with 200 µL buffer at 4°C, containing 1:100 diluted RIPA buffer 

mixed in protease inhibitor (Sigma-Aldrich Co.). Lysates were detected with the Bradford assay 

[221] to identify the protein concentration. Protein extracts (65µg) were departed based on 

differences of molecular weight by using 12% SDS-PAGE and transferred on a polyvinylidene 

fluoride membrane (EMD Millipore, Billerica). To prevent the antibodies' non-specific binding 

the membrane was blocked in a well consisting of 1× casein solution (Vector Laboratories, 

Burlingame) for 1 hour. After casein saturation, the membrane was cut and incubated in diluted 

primary antibodies by shaking at 4°C gentlely overnight.  

 

With breast cancer project, antibody against PAFAH (proteinTECH, Polyclonal 15526-1-AP, 
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1:200 dilution, rabbit IgG, Manchester, UK) and primary antibodies anti-GAPDH (GeneTex Co., 

Monoclonal GT-239, 1:1000 dilution, mouse IgG; Eching, Germany) were used respectively on 

each membrane. The result of GAPDH was served as a control. As for ovarian cancer project, 

primary antibodies a rabbit polyclonal antibody against PAF-AH (1:200 dilution; Cayman, Ann 

Arbor), a mouse monoclonal antibody against beta-actin antibody (1:1000 dilution; Sigma), and 

a mouse monoclonal antibody against GAPDH (1:1000 dilution; GeneTex Co., Eching, Germany) 

were used. GAPDH western blots served as controls. 

 

Afterward, membranes were washed with 1:10 casein three times and then subjected to 

antibody anti-mouse/rabbit respectively with ABC-AmP reagent (VECTASTAIN ABC-AmP Kit for 

mouse/rabbit IgG; Vector Laboratories). The antibody complexes were visualized with  

BCIP/NBT substrates (Vectastain ABC-AmP Kit; Vector Laboratories). Bio-Rad Quantity One and 

Universal Hood II Software (Bio-Rad Laboratories Inc., Hercules) system were carried out for 

Western blotting detection and analysis. Western blots were performed for 9 times for every 

band. 

 

3.9 Cell viability assay 

Cell viability was measured by MTT assay. HCC1937 was used in breast cancer project and 

UWB1.289 was used in ovarian cancer project. For both assays cells were seeded on 96 well-

plate with a concentration of 5000 cells/100µl. After incubated for 48h in 10%FCS in RPMI 1640 

medium, transfection was carried out as described above. After transfection, cells were 

incubated with 20µl MTT solution (Sigma-Aldrich Co.) at a concentration of 5mg/ml for 2h. 

Aspirate all the solution, and use dimethyl sulfoxide (DMSO) 200μl to dissolve the precipitated 

formazan. Cell viability was measured with an Elx800 universal Microplate Reader at the 

wavelength of 595nm for OD value. Each round of experiment was validated for three times 

(n=3). 

 

3.10 Proliferation assay 

To measure the cell proliferation rate, HCC1937 was used in breast cancer project and 

UWB1.289 was used in ovarian cancer project. For both assays cells were seeded on 96 well-

plate and transfection were carried out as described above. BrdU incorporation assay 
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(11647229001, Roche) was performed based on protocols. Absorbance value was quantified by 

a Elx800 universal Microplate Reader at 450 nm. Each experiment was performed for three 

times repeated for three wells(n=9). 

 

3.11 Scratching assay 

Breast cancer cell line HCC1937 was seeded on 24 well-plate (2×105 cells/ml). After 24h, the 

vertical line was drawn on the monolayer cells with a 100 µl pipet tip to make an artificial 

wound. Subsequently, the transfection was performed, and images of each scratch was taken 

at 0 h and 60 h after PLA2G7 gene knockdown. The cell migration was recorded with inverse 

phase contrast microscope with a camera (LEICA MC120 HD; Leica, Wetzlar, Germany). 

Microphotographs of wounded areas and areas recovered after the scratching were analyzed 

by Image J (https://imagej.nih.gov/ij/). The cell migration boundaries were defined as the 

difference of the area covered with cells at 60 h and 0 h. 

 

In ovarian cancer project, UWB1.289 cells were seeded on 24 well-plate (2×105 cells/ml). The 

process for making scratch is the same as above. Subsequently, the transfection was performed, 

and boundaries of the scratches were taken at 0 h and 36 h after PLA2G7 gene knockdown. The 

calculation of scratch recovery is also the same as above. The cell migration area is defined as 

the difference of the area covered with cells at 36 h and 0 h. 
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4. Results 

4.1 PAF-AH was only highly expressed in BRCA1 mutant cases and implied a 

better OS, which correlated with Wnt signaling proteins.  

 

4.1.1 PAF-AH is an independent positive prognostic factor in EOC and correlates with the Wnt 

signaling’s protein β-catenin and pGSK3β  

To understand the role of PAF-AH in aberrant cell signaling and clinical context, the expression 

patterns of PAF-AH and the Wnt signaling proteins β-catenin and pGSK3β were investigated 

within a total 156 EOC specimens (Table 2) by IHC. For PAF-AH 86.52% of all successfully 

stained tissue samples were positive with a median (range) IRScore of 3 (0-12). 98.57% showed 

cytoplasmatic pGSK3β (Y216; median IRScore = 4 (0-12)) and all specimens showed 

membranous β-catenin (median IRScore = 8 (2-12)) expression. Strong positive correlations 

between nuclear/cytoplasmatic PAF-AH, cytoplasmatic pGSK3β and membranous β-catenin 

were found (Table 8). 

 

Table 8: Correlations between PAF-AH and Wnt signaling proteins pGSK3β and β-catenin. 
 

PAF-AH nucleus PAF-AH plasma pGSK3β plasma β-catenin membrane 

PAF-AH nucleus         

Cc 1 0.469 0.494 0.267 

P - <0.001* <0.001* 0.001* 

N 141 141 135 140 

PAF-AH plasma         

  0.469 1 0.448 0.291 

  <0.001* - <0.001* <0.001* 

  141 141 135 140 

pGSK3β plasma         

CC  0.494 0.448 1 0.224 

P <0.001* <0.001* - 0.008* 

N 135 135 140 139 

β-catenin membrane         

Cc 0.267 0.291 0.224 1 

P 0.001* <0.001* 0.008* - 

N 140 140 139 147 
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IRScores of PAF-AH (nucleus and cytoplasm), pGSK3β (plasma) and β-catenin (membrane) 

staining were associated with in between by performing Spearman’s analysis. Asterisks were 

indicated for significant correlations (*: p≤0.01). n=number of patients, p=two-tailed 

significance, cc=correlation coefficient (Figure 4). 

 

IRScore <3 

n=53  

median survival 27.4 months 

IRScore ≤6 

n=96 

median survival 31 months 

IRScore ≤8 

n=101 

median survival 36.9 months 

IRScore ≥3 

n=88 

median survival 59.9 months 

IRScore >6 

n=28 

median survival 105.1 months 

IRScore >8 

n=36 

median survival 109.7 months 

         

Figure 4: Univariate analyses and representative microphotographs of the immunostainings. The 
Kaplan Meier estimates (log-rank testing) show that high tumoral PAF-AH (IRScore ≥3; A) expression 
as well as high levels of cytoplasmatic pGSK3β (IRScore >6; B) and membranous β-catenin (IRScore >8; 
C) are associated with prolonged OS. The crosses (+) in graphs were marked as censoring events. 
Representative microphotographs of the immunostainings (10x magnification, scale bar = 200µm; D) 
show the difference between high expression (top) and low expression (bottom). 

IRScore >3 

IRScore <3 

    PAF-AH 

IRScore >8 

IRScore <4 

  β-catenin 

IRScore >9 

IRScore <6 

    pGSK3β 
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Combined survival analysis of the investigated proteins shows an even longer survival time 

(Figure 5). However, the subgroup with high expression levels of all factors (total PAF-AH, 

cytoplasmatic pGSK3β and membranous β-catenin) is quite small (n=11). 

        

      Figure 5: median OS 199.8 months vs. 35.2 months, p=0.044. 

 

Age (>60 vs. ≤60 years, p=0.039), FIGO stage (III/IV vs. I/II, p=0.004), grading (high/G2-3 vs. 

low/G1, p=0.002), and tumoral PAF-AH expression (high vs. low, p=0.021) proved to be 

independent factors for prognosis of OS in the cohort. In contrast, cytoplasmic pGSK3β 

(p=0.645) and membranous β-catenin (p=0.745) were not the independent markers (Table 9). 

Due to insufficient data, the residual disease after primary surgery has been excluded for 

multivariate analysis. 
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Table 9: Multivariate analysis confirmed independency of tumoral PAF-AH expression as positive 

prognostic factor for OS. 

Covariate p Hazard Ratio (95% CI) 

Age >60 vs. ≤60 0.039* 1.637 (1.026-2.612) 

FIGO III/IV vs. I/II 0.004* 2.585 (1.366-4.891) 

Grading high/G2-3 vs. low/G1 0.002* 2.797 (1.436-5.449) 

Total PAF-AH expression high (≥3) vs. low (<3) 0.021* 

  

0.583 (0.369-0.921) 

Cytoplasmatic pGSK3β (Y216) expression high (>6) vs. low (≤6) 0.645 0.877 (0.501-1.535) 

Membranous β-catenin expression high (>8) vs. low (≤8) 0.745  0.736 (0.545-1.544) 

      Asterisks were indicated as the independent factors (*: p≤0.05). CI: confidence interval. 

 

4.1.2 BRCA1 mutant patients have higher PAF-AH levels in tumor tissue and in serum 

PAF-AH expression was also detected by IHC in tumor tissue of BRCA1 mutation carriers 

(n=107; Table 3). Interestingly, patients with BRCA1 mutation or BRCA1+2 mutations show 

significantly higher tumoral expression levels of PAF-AH (median IRScore=4) compared to 

patients with unknown BRCA mutation status (n=141; median IRScore=3), for which a 

mutation probability of 10-20% can be assumed (Figure 6)  

 

Figure 6: BRCA1 mutation carriers show higher tumoral PAF-AH expression. PAF-AH expression is 
significantly higher in tumor tissue of BRCA1 mutation carriers (median IRScore =4; p>0.001; A), when 
compared to patients with unknown BRCA mutation status (median IRScore =3) (Mann-Whitney-U-
test). Representative microphotographs of PAF-AH immunostaining of patients with BRCA WT and 
BRCA1+2 mutation are shown on the right (B) in 10x magnification (scale bar = 200µm). 

 

Based on the results of IHC, the question arose, whether differences of PAF-AH expression 

between BRCA WT and BRCA mutation carriers can be detected in blood samples. In a 

preliminary analysis, PAF-AH serum concentrations of 6 BRCA1 mutated and 17 BRCA WT EOC 
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patients were determined and collected before surgery(Table 3). Indeed, patients with 

genetically confirmed BRCA1 mutation had significantly higher PAF-AH serum concentrations 

(median=264.56 ng/ml) than BRCA WT patients (median=176.35 ng/ml) (Figure 7). 

Figure 7: BRCA1 mutation carriers show higher PAF-AH serum concentrations. PAF-AH serum 
concentrations were determined with ELISA. Higher level of PAF-AH was tested in serum samples of 
BRCA1 mutation carriers (n=6), when compared to patients with BRCA WT (n=17) (p=0.012, Mann-
Whitney-U-test).  

 

 

 

4.1.3 PAF-AH is highly expressed in BRCA1 mutant breast cancer tissue and is positively 

correlated with the β-catenin expression which implies a better prognosis 

 

We used 121 slices for PAF-AH expression by IHC, and only 44 slices left were available for β-

catenin detection. All slices were successfully stained. We observed 39 positive nuclear PAF-

AH in 121 slices (32.2%), while 103 positive for cytoplasmic PAF-AH (85.1%). Median (range) 

IRS of PAF-AH in the nucleus and cytoplasm were respectively 0 (0, 9) and 3 (0, 12). 39 slices 

showed a positive membrane β-catenin in 44 slices (88.6%), and the median IRS was 6 (0, 12). 

Table 1 summarizes the clinical characteristics according to tumor grading, histology, and 

staging of the patients enrolled in the study. Unfortunately, the survival time and status of this 

collective were not available, so we did not do survival analysis within this collective. Survival 

analysis was performed by using the online database https://kmplot.com/analysis/(Figure 9 

A, B) with mRNA (gene chip). The sensitivity of PAF-AH expression as a biomarker for the 

BRCA1 mutation was utilized in the receiver operating characteristic (ROC) curve (Figure 9 C).  
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Both nuclear and total PAF-AH, as well as membrane ß-Catenin expressions, were visualized 

in box plot graphs (Figure 8). We observed that the BRCA1 mutation group expressed 

significantly higher levels than the other two groups for nuclear PAF-AH (p<0.001), and 

membrane ß-Catenin showed a similar significance expression (p<0.001). Interestingly, 

patients with BRCA1 mutation also showed significantly higher expression of total PAF-AH 

compared to patients with unknown BRCA mutation status and no BRCA1 mutation. The 

mutation probability was assumed to be around 0.2-2.5% (p <0.05). 

 

 

Figure 8. The figure in group A showed that nuclear PAF-AH in BRCA1 mutation patients (n = 22; median 
IRScore = 3) significantly higher expressed than the other two groups (p <0.001). Within group B, the 
BRCA1 mutation patients (median IRScore = 5) reflected a significant higher expression of total PAF-
AH compared with unknown BRCA mutation status (n = 71; median IRScore = 3) and no BRCA1 mutation 
(n = 28; median IRScore = 2) patients (p <0.05). The pictures in group C showed that the membrane ß-
Catenin (n = 14; median IRScore = 12) in patients with BRCA1 mutations was higher than no BRCA1 
mutation (n = 19; median IRScore = 4) and unknown BRCA mutation cohort (n = 11; median IRScore = 
3) (p <0.001). 
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To better understand the correlation between PAF-AH and the crucial protein in Wnt signaling 

pathway, a correlation analysis was performed. The results showed a strong positive 

correlation between nuclear PAF-AH and membrane β-catenin(p<0.001) (Table 10). 

 

Table 10: Correlation between PAF-AH and Wnt signaling protein β-catenin 
 

PAF-AH nucleus PAF-AH plasma β-catenin nucleus β-catenin membrane 

PAF-AH nucleus         

Cc 1 0.225 -0.062 0.766 

P - <0.05* >0.05 <0.001* 

N 121 121 44 44 

PAF-AH plasma         

Cc 0.225 1 0.018 0.057 

P <0.05* - >0.05 >0.05 

N 121 121 44 44 

β-catenin nucleus         

CC  -0.062 0.018 1 -0.049 

P >0.05 >0.05 - >0.05 

N 44 44 44 44 

β-catenin membrane         

Cc 0.766 0.057 -0.049 1 

P <0.001* >0.05 >0.05 - 

N 44 44 44 44 

Table 10. IR-Scores of nucleus PAF-AH and membrane ß-catenin expressions were correlated to each 
other by Spearman’s analysis. n = number of patients, p = two-tailed significance, cc = correlation 
coefficient. 
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Figure 9. Survival analysis was performed by using the online database 
https://kmplot.com/analysis/(Figure 9 A, B) with mRNA (gene chip) detection results in breast cancer 
samples. A showed that the higher expression of PLA2G7 brings a relatively better prognosis in grade 
3(p<0.01), B showed BRCA1 mutation patients (lower BRCA1 expression) have a better OS compare 
with the non-BRCA1 mutant group (p<0.001).   

 

 

4.2 Only BRCA1 mutated cell lines showed relevant expression of PLA2G7/PAF-

AH 

The basal mRNA (Figure 10A) and protein (Figure 10B) expression of PLA2G7/PAF-AH in five 

breast cancer cell lines were compared with the MCF10A cell line from breast epithelial. 

PLA2G7 in mRNA level (p<0.01) and PAF-AH in protein level (p<0.001) were observed with 

highly expressed in BRCA1 mutant cell line HCC1937, compared to the other malignant and 

breast epithelial cell lines. The results of qPCR and Western blot were consistent and 

supported the conclusions from IHC.  

 

The basal mRNA and protein expression of PLA2G7 in four ovarian cancer cell lines were 

compared with the cell line HOSEpiC from benign ovarian epithelial. PLA2G7 expression both 

on mRNA level (p<0.05; Figure 10C) and on protein level (p<0.05; Figure 10D) was significantly 

increased in BRCA1 mutant ovarian cancer cell line UWB1.289 compared to HOSEpiC and other 

ovarian cancer cell lines. The results derived from qPCR and western blot are consistent with 

the results of IHC. 
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Figure 10. Expression of basal PLA2G7 (A) and PAF-AH (B) in five breast cancer cell lines were compared 
to the breast epithelial cell line MCF10A. Only the BRCA1 mutant breast cancer cell line HCC1937 
showed a relevant high expression of PLA2G7/PAF-AH. Only the BRCA1 mutant ovarian cancer cell line 
UWB1.289 shows a relevant expression of PLA2G7/PAF-AH. Basal mRNA (qPCR; C) and protein 
(western blot analysis; D) expression of PLA2G7 in four ovarian cancer cell lines were compared with 
the benign ovarian cell line HOSEpiC. 

 

4.3 PLA2G7 silencing was well established in BRCA1 negative cell lines 

 

To establishing the downregulation of PLA2G7 successfully, four different sequences of small 

interfering RNA-PLA2G7(S1-S4) were respectively transfected into HCC1937 and UWB1.289 

with different time gradient, respectively. qPCR and western blot were conducted to quantify 
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the PLA2G7/PAF-AH expression. The best knockdown of PLA2G7 was established after an 

incubation time of 60h for HCC1937(p<0.01; Figure 11A), and 36h for UWB1.289(p<0.01; 

Figure 11C). Western blot analysis also significantly decreased expression in protein (p<0.05; 

Figure 11B, D), which concordant the downregulation in RNA level. Both were optimally 

downregulated in Sequence1.     

     

Figure 11: PLA2G7 expression after gene knockdown 

 

4.4 PLA2G7 knockdown enhances viability, proliferation and motility of BRCA1 

negative cell lines 

 

As degradation enzyme of PAF, we hypothesized that PAF-AH is a protective factor in ovarian cancer 

biology. Concordantly, the IHC results showed a positive association of PAF-AH expression with OS. To 
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characterize the cellular function of PAF-AH, viability, proliferation, and migration of UWB1.289 cells 

were investigated.  

 

As shown in Figure 12A, the viability of HCC1937 increased after the PLA2G7 silencing. Furthermore, 

compare with the control group, HCC1937 transfected with siRNA-PLA2G7 also showed significantly 

higher absorbance (Figure 12B), which indicated ascend in the proliferation of breast cancer after gene 

silencing. Wound healing results exhibited after transfection cell migration ability was significantly 

activated (Figure 12C & D group). In summary, these results demonstrated that PLA2G7 silencing leads 

to cancer progression with the viability, proliferation, and migration in breast cancer. This conclusion 

was consistented with our hypothesis that PAF-AH as a protective factor in breast cancer, and 

concordantly with the results of our previous study on PAF-AH in ovarian cancer. 

  

 

Figure 12.  MTT result(A) showed after 60 hours of transfection by SiRNA-PLA2G7, the viability of 
HCC1937 significantly increased(p<0.01). BrdU result(B) also exhibited gene knockdown groups were 
obviously ascending in proliferation compared to the control(p<0.01). Wound healing assay (C & D 
group) result indicated the migration ability of PLA2G7 downregulated HCC1937 is significantly 
activated compared to the control group(p<0.05). 
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Results of UWB1.289 cells under PLA2G7 knockdown with the siRNAs described above were compared 

with the results of an untreated control group (pseudo-knockdown with scrambled siRNA). As shown 

in Figure 13A, viability of UWB1.289 cells was increased by PLA2G7 silencing. Furthermore, PLA2G7 

downregulated UWB1.289 cells exhibited significantly higher proliferation rates in comparison to the 

control group, which indicates that PLA2G7 knockdown induces the proliferation of EOC cells (Figure 

13B). Results from the scratching assay show that after transfection of PLA2G7 siRNA the migration 

ability of UWB1.289 was significantly activated compared to the control group (Figure 13C). To sum 

up, the results indicate that PLA2G7 silencing causes cancer progression by an activation of viability, 

proliferation and migration. 

 

 

Figure 13: PLA2G7 silencing favors cancer progression by an activation of viability, proliferation and 
migration. MTT results show that after 36 hours siRNA (sequence S1 and S2) knockdown of PLA2G7 
the viability of UWB1.289 increased significantly (A; p<0.001). DNA incorporation of BrdU was also 
significantly higher in the PLA2G7 downregulated group, indicating an increasing proliferation rate (B). 
The scratching assay proofed that the migration ability of PLA2G7 downregulated UWB1.289 cells is 
significantly activated compared to the control group (C; p<0.05). 
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4.4 The cellular distribution pattern of β-catenin changed by PLA2G7 

knockdown from membrane to nucleus 

 

After demonstrating the functional impact of PLA2G7 and its protein PAF-AH on cancer 

progression, we aimed to validate how PLA2G7 affects the Wnt/β-catenin signaling pathway. 

Based on significant correlation between PAF-AH and β-catenin found in IHC, a series of ICCs 

was carried out to prove an interplay of PAF-AH and β-catenin. HCC1937 cell line and 

UWB1.289 cell line were used respectively in each project. As expected, PAF-AH staining was 

downregulated after knockdown of PLA2G7 compared to the control with pseudo-knockdown 

(Figure 14). Interestingly, also the distribution of β-catenin changed by PLA2G7 knockdown. 

While membrane expression was weakened compared with the control group, the nuclear 

expression was enhanced. 
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Figure 14: PAF-AH staining showed after 60 hours transfection with different siRNA-PLA2G7 in 
HCC1937, the expression of PAF-AH successfully suppressed (A). After the transfection of siRNA-
PLA2G7, the expression of membrane ß-catenin was down regulated and nuclear expression increased 
(B). PLA2G7 silencing also caused a shift of β-catenin from membrane to nucleus in UWB1.289. ICC 
staining of PAF-AH and β-catenin changes after 36h silencing of PLA2G7 with siRNA (representative 
pictures are shown for sequence 1). The expression of PAF-AH was downregulated as expected (C). The 
distribution of β-catenin transferred from mainly in membrane to nucleus by PLA2G7 knockdown(D). 
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5 Discussion 

5.1 The relationship between BRCA1 mutation and high expression of 

PLA2G7/PAF-AH 

 

During our experiments, we observed that the association between the high PLA2G7/PAF-AH 

expression and BRCA1 mutation was consistent among different cancer entities. In the breast 

cancer project, we revealed a significant correlation between BRCA1 mutation and high 

expression of PAF-AH (p<0.05), especially the high PAF-AH expression in the nucleus (p<0.01). 

Subsequently, five different breast cancer cell lines were tested to compare with a breast 

epithelial cell line using qPCR and Western blot analysis. The results were consistent with our 

findings in IHC that only BRCA1 mutant cell line exhibited the high expression of PLA2G7/PAF-

AH(p<0.01).  

In addition, in the ovarian cancer project, we also found a significant connection between 

BRCA1 mutation cases and high PAF-AH expression (p<0.001). Moreover, the specimens with 

unknown BRCA status were compared with patients with mutations. Results showed that 

patients with BRCA1 mutation or BRCA1 + 2 mutations expressed a higher level of PAF-AH 

(p<0.01). Finally, the serum concentration of PAF-AH in blood samples of EOC patients was 

tested. The samples from patients with BRCA1 mutations were compared with BRCA WT, and 

we found that BRCA1 mutation carriers have had a significantly higher concentration of serum 

PAF-AH concentration(p=0.012). Consistent results were also obtained with in-vitro 

experiments. PLA2G7/PAF-AH only showed significantly up-regulated in BRCA1 mutant cell 

line compared with ovarian epithelial cells and other ovarian cancer cell lines (p<0.05). 

So far, there is no direct evidence concerning the relationship between BRCA1 and PLA2G7. 

Only one study has shown that BRCA1‐defected mouse embryonic fibroblasts (MEF‐

BRCA1▵/▵) express higher levels of PLA2G7 compared with the wild‐type counterparts (MEF‐

BRCA1 + / + ) [222]. However, there is also some indirect evidence that BRCA1 deficiency may 

increase the expression of PLA2G7 through a series of regulations. Gorrini et al. have reported 

that BRCA1 regulates Nrf2-dependent antioxidant signaling by facilitating its stability and 

activation [223]. Besides, phospholipase A2 (also known as PLA2G7) is controlled by NRF2 in 

lipid catabolism due to its lipid properties[224-226]. In our study, we observed and confirmed 
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that a significant higher PLA2G7 / PAF-AH was only expressed in BRCA1 mutant tissues and 

cells. Therefore, we concluded that PAF-AH could be used as a prognostic biomarker for BRCA1 

mutation carriers. 

 

5.2 Highly expressed PAF-AH is associated with better prognosis  

 

After the significant relationship between PAF-AH and BRCA1 was confirmed, we also 

revealing that high PAF-AH expression was associated with a better prognosis in these two 

projects. As the information on survival time and status was missing in the breast cancer 

project, we did not perform the survival analysis. We explored the online database 

https://kmplot.com/analysis/mRNA (gene chip) for survival analysis. KM-plot showed that 

high expression of PLA2G7 reflected a better prognosis in grade 3 patients (p <0.01), while 

patients with BRCA1 mutations (lower BRCA1 expression) showed a better OS compared with 

non-BRCA1 mutation carriers (p <0.001). Subsequently, in-vitro experiments were carried out 

by using BRCA1 mutant cells with knockdown of PLA2G7, and the results confirmed that 

depletion of PLA2G7 enhanced viability (p<0.01), proliferation (p< 0.01), and motility (p<0.05) 

of HCC1937 cells compared with the control group (pseudo-knockdown with scrambled 

siRNA). 

In the ovarian cancer project, we performed survival analysis based on survival time and 

status. The KM-plot showed that the high expression of PAF-AH (IRScore≥3; A) in tumors was 

significantly associated with the prolonged OS (p<0.05). Multivariate Cox regression model 

analysis confirmed in Age (>60 vs. ≤60 years, p=0.039), FIGO stage (III/IV vs. I/II, p =0.004), 

grading (high/G2-3 vs. low/G1, p=0.002), and tumoral PAF-AH expression (high vs. low, 

p=0.021) were independent factors for prognosis of OS in this cohort. Subsequently, the 

functional changes after PLA2G7 knockdown were also verified in MTT, BrdU, and scratch 

experiments. The results confirmed that viability (p<0.001), proliferation (p<0.001) and 

motility (p<0.05) of UWB1.289 cells were increased after PLA2G7 silencing. 

We have explained the dual effects of PAF-AH on the disease from four perspectives before.  

According to our results, we exhibited the protective mechanism of PAF-AH on breast and 

ovarian cancer. And we summarized that, in addition to its connatural anti-inflammatory 
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effects, PAF-AH achieved its protective functions by interacting with the Wnt/β-catenin 

signaling pathway. We will comprehensively discuss this part together with the results of the 

next part. 

 

5.3 Down-regulation of PAF-AH activates the Wnt/β-catenin signaling pathway 

 

We also obtained and verified the negative regulation effect with PAF-AH on the Wnt/β-

catenin signaling pathway in the two projects. In the ovarian cancer project, we selected the 

two representative proteins, β-catenin, and pGSK3β, of the canonical Wnt/β-catenin pathway 

in our research. According to the results of IHC, a strong positive correlation existed between 

nuclear/cytoplasmic PAF-AH, cytoplasmic pGSK3β (p<0.001), and membrane β-catenin 

(p<0.001). The high expression of the total PAF-AH (p<0.05), cytoplasmic pGSK3β(p<0.05), and 

membrane β-catenin (p<0.05) were related to prolonged OS. Moreover, the combined survival 

analysis showed an even longer survival time (p=0.044). Besides, the multivariate Cox 

regression model results showed that Cytoplasmic pGSK3β (p = 0.645) and membranous β-

catenin (p = 0.745) were not independent factors for prognosis of OS. Based on the correlation 

between PAF-AH and β-catenin found in IHC, a series of ICCs were carried out to prove the 

interplay between PAF-AH and β-catenin. As expected, compared with the control group, the 

staining of PAF-AH was reduced after knockdown of PLA2G7, while the membrane expression 

of β-catenin was reduced and the nuclear β-catenin was enhanced. 

In the breast cancer project, we selected β-catenin to determine the relationship between the 

expression of PAF-AH and the classic Wnt/β-catenin pathway. Based on the results of IHC, a 

strong positive correlation existed between nuclear/cytoplasmic PAF-AH and membrane β-

catenin. High expression of total PAF-AH protein and membrane β-catenin were related to 

prolonged OS. Accordingly, a series of ICCs were performed to verify the interaction between 

PAF-AH and β-catenin. Compared with the control group, the staining of PAF-AH was 

decreased after PLA2G7 knockdown, while the membrane expression of β-catenin was 

weakened, the nuclear expression of β-catenin was enhanced. These results were consistent 

with the findings in ovarian cancer. 

In a study of platelet-activating factor receptor antagonists on the development of colon 
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cancer in rats, the IHC results of β-catenin have revealed that the differentiation of β-catenin 

distribution may reflect the malignant potential of the colon cancer crypts[227]. Another study 

on the invasion and metastasis of hepatocellular carcinoma has also shown that the cell 

distribution pattern of β-catenin (nuclear translocation) plays an active role in promoting 

metastasis [228]. These results are consistent with our findings. The high expression of 

membrane β-catenin implied a better prognosis compared with the high nuclear expression. 

We also observed that the benign cells (control cell lines) showed complete membrane 

expression of β-catenin. BRCA1 mutation carriers with high expression of PAF-AH, which was 

associated a better prognosis, also showed high membrane expression of β-catenin. 

 

5.4 PAF-AH affects Wnt/β-catenin signaling pathway through PAF(PAFR) 

 

We summarized all the results and evidence from the literature in the two projects and put 

forward the following points to illustrate the possible mechanism of PAF-AH affected Wnt/β-

catenin signaling pathway. 

 

5.4.1 PAF-AH regulates Wnt/β-catenin signaling pathway by interfering with the GSK3β 

activity 

PAF-AH regulates the PAF-PAFR signaling by hydrolysis, and the phosphorylation cascades 

caused by this signaling interfere with the activity of GSK3β. Studies have revealed that the 

GSK-3 activity is reduced after PAF treatment, and this down-regulation is related to PI3K/AKT 

activation [229, 230]. Cytoplasm GSK3β plays an essential effect in regulating β-catenin 

degradation, and both are key proteins in regulating the Wnt/β-catenin signaling pathway. 

When GSK3β is inactivated by phosphorylating at S9, the ubiquitination as well as proteasomal 

degradation of β-catenin fail. Moreover, β-catenin is accumulated and transferred into the 

nucleus[231], leading to the Wnt/β-catenin activation and its downstream gene expression. In 

this way, PAF-AH affected the Wnt/β-catenin activation (by affected the activities of GSK3β 

and β-catenin) by regulating the signaling of PAF-PAFR. (Figure 15) 

 

5.4.2 PAF-PAFR regulates Wnt/β-catenin signaling pathway by the crosstalk with the nuclear 

translocation of STAT3 
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Lukashova et al. used unstimulated and PAF-stimulated MonoMac-1 cells for 

immunoprecipitation. The results show that PAF-PAFR signaling caused the tyrosine 

phosphorylation of the transcription factors of the STAT family, eventually leading to the 

phosphorylated STATs translocated to the nucleus. STAT3 has completed the phosphorylated 

and is transferred from the cytoplasm to the nucleus after PAF stimulation [232]. The nuclear 

translocation of STAT3 increased the transcription of β-catenin, thereby up-regulating β-

catenin and further activating the Wnt pathway. Eventually, increased nuclear STAT3 resulted 

in the enhancement of survival, migration, and cell proliferation by crosstalk with Wnt/β-

catenin signaling pathway [233, 234]. (Figure 15) 

 

5.4.3 PAF acts on Wnt/β-catenin downstream genes 

PAF acted on Wnt/β-catenin downstream genes by activated phosphorylation to promote 

cancer progression. Several studies confirmed that Src/FAK, FAK/STAT, and AKT are associated 

with cell carcinogenesis, tumor growth, angiogenesis, and metastasis [170, 222, 230, 235]. 

PAF-AH regulates the activation of the phosphorylation cascade by hydrolyzing PAF and 

modulating PAFR agonists[236]. This phosphorylation usually represents the early response to 

mitogenic induction, which activates a series of target genes downstream of Wnt/β-catenin 

signaling, including Src/FAK, FAK/STAT and AKT. Besides, the inactivation of GSK3β caused by 

AKT could activate Wnt/β-catenin signaling pathway and increase migration by causing Rac-1 

activation and Rho-A inactivation [230, 237].(Figure 15) 
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Figure 15: On state of Wnt/β-catenin signaling (on the left). Off state of Wnt/β-catenin signaling and 
degradation of β-catenin (on the right).  PAF-PAFR signaling and cell functions changed after 
Phosphorylation activation(middle).  

 

5.5 Other evidence that PAF-AH affects tumor progression 

 

Interestingly, a study on KS cells has shown that the endogenous expression of adherens 

junctions (AJs) components (β-catenin, α-catenin, and VE-cadherin) are down-regulated in 
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PAF-stimulated cells. The destruction of adhesion of cadherin-catenin cell causes the 

separation of adjacent tumor cells, thereby increasing mobility and aggressiveness [238]. 

Meanwhile, PAF-initiated events of β-catenin up-regulate the phosphorylation pathway, 

causing β-catenin phosphorylation. The weakened connection between cadherin binding 

increases free β-catenin. The increase of free β-catenin can be degraded through the 

ubiquitin/proteasome pathway by GSK3β, and can also be transferred to the nucleus to 

activate the Wnt signaling pathway. However, this research did not detect the expression of 

nuclear β-catenin. The increase of free β-catenin and the degradation of β-catenin by 

ubiquitination are also contradictory factors. 

Another impressive experimental result based on a mouse model has showed that the 

catalytic subunits of intracellular PAF-AH isoform IB can directly modulate the Wnt signaling 

pathway[239]. Although PAF-AH isoforms show low sequence homology, they also have the 

same functions in PAF catabolism and oxidative fragmentation of phospholipids [55, 67]. It 

means that in addition to affecting the Wnt signaling pathway through PAF, as the plasma 

isoform, the functional subunits of PAF-AH might also have similarities in regulating the Wnt 

signaling pathway. 

 

5.6 Evidence that Wnt pathway may affect PAF-AH expression 

 

The androgens regulate the release of PAF through Wnt/β-catenin-dependent pathways. The 

β-catenin silencing in PC-3 cells significantly reduces the expression of PAF induced by DHT, 

supporting the critical role of β-catenin in regulating PAF in PC-3 cells. These results indicate 

that β-catenin interacts with the androgen receptor signaling pathway to regulate PAF [240]. 

Zhang et al. announced that the expression of PTAFR is increased in BRCA1 mutation cell lines 

and tissue specimens of BRCA1 mutation carriers. Moreover, they have demonstrated that 

PAF/PTAFR-mediated malignant transition of non-malignant ovarian epithelial cells with 

BRCA1 mutations induces proliferation and anti-apoptosis through FAK/STAT 

phosphorylation[151]. It also shows the complexity of the relationship between Wnt/β-

catenin and PAF. Furthermore, the PAF-AH up-regulating may be correlated with the Wnt/β-

catenin signaling and PAF expression. 
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However, the molecular interaction between PAF-AH and Wnt/β-catenin signaling pathway 

remains unclear which needs to be specified in future studies. The interplay between BRCA1 

and Wnt signaling pathway has been described in research by Wu et al. [231] . They have 

shown that epigenetic repression of BRCA1 by Wnt effector Slug would lead to an inverse 

correlative association between Wnt signaling and BRCA1 expression in basal-like breast 

cancer [231]. Moreover, a combination of oncogenic pathways for gastric cancer has also 

revealed significantly different pathways (such as SRC and β-catenin) and the close 

relationship between HDAC inhibition and BRCA1. They have predicted that the activation 

pattern of this pathway may imply a functional interaction between these pathways[241]. 

Based on the experimental results of ovarian cancer and breast cancer, we found that PAF-AH 

was highly expressed in BRCA1 mutant cells and confirmed the relationship between PAF-AH 

and the canonical Wnt/β-catenin pathway. Nevertheless, we could not exclude the 

participation or crosstalk of other signaling pathways or regulatory factors, which led to the 

observed phenotype. 
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6 Summary 

 

BRCA1 mutation carriers have a higher risk to suffer from cancer than wild-type BRCA1, 

especially those with HBOC (Hereditary Breast and Ovarian Cancer). However, among the 

breast and ovarian cancer patients, BRCA1 mutation carriers had a better prognosis and a 

longer survival time. The mechanism underlying this contradiction remains unclear. Besides, 

there was no non-invasive biomarker to predict the incidence and prognosis of BRCA1 carriers. 

Previous researches have announced that the Wnt signaling pathway takes part in a crucial 

role in tumor progression and tumorigenesis. Investigations have also clarified the significance 

of the abnormally activated Wnt pathway for functional changes of cells. Studies have found 

that PAF works as an essential part in promoting the aberrant activation of the Wnt pathway 

and up-regulating the expressions of oncogenes downstream of Wnt signaling. However, the 

role of PAF-AH/PLA2G7, known as the PAF hydrolase, is still unclear. Interestingly, PAF-

AH/PLA2G7 is a protein/gene full of controversy and contradictions, and it has the functions 

of both suppressing and promoting cancer. Therefore, we investigated plasma PAF-

AH/PLA2G7 in our projects to prove its significance in BRCA1 mutation carriers/patients by ex- 

vivo and in-vitro experiments. 

We chose breast and ovarian cancer in our research, which are the most common tumor types 

associated with BRCA1 mutations in the department of obstetrics and gynecology. First, 

immunohistochemistry was carried out to detect the PAF-AH/PLA2G7 expression in the 

pathological specimens. The results indicated that a higher expression of PAF-AH was highly 

associated with the BRCA1 mutation and associated with a better prognosis. The ELISA of 

serum samples also showed that BRCA1 mutation carriers had a significantly higher expression 

of serum PAF-AH. Besides, in-vitro experiments were carried out in breast cancer and ovarian 

cancer cell lines for detections of PAF-AH and PLA2G7. Results confirmed that only BRCA1 

mutant cell lines had significantly higher PAF-AH/PLA2G7 expression. Moreover, the BRCA1 

mutant (breast cancer and ovarian cancer) cell lines after knockdown of PLA2G7 were used to 

test cell migration, cell proliferation, and cell viability. The results revealed that after the 

knockdown of PLA2G7, the viability, proliferation, and migration of cells were significantly 

enhanced. These experimental data in the breast cancer project and ovarian cancer project 

were highly consistent, further confirming our conclusion by IHC that PAF-AH/PLA2G7 was a 
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protective factor for breast and ovarian cancer which associated with a better prognosis. 

We further investigated how PAF-AH worked as a protective factor. We checked the 

correlations with representative proteins of the Wnt signaling pathway. In breast and ovarian 

cancer cell lines, we detected a correlation with β-catenin, and a correlation with GSK3β was 

detected in ovarian cancer. IHC results exhibited that the expressions of membrane β-catenin 

and cytoplasmic pGSK3β were highly correlated with a higher expression of PAF-AH, which 

were also significantly correlated with a better OS. In further experiments, we performed ICC 

to identify the high expression of membrane β-catenin in BRCA1 mutant cell lines. As the 

expression of the β-catenin membrane disappeared, the nuclear expression of β-catenin was 

up-regulated after the knockdown of PLA2G7. The results were consistent in both breast 

cancer and ovarian cancer cell lines. 

Taken together, these results confirmed our hypothesis that PAF-AH was a protective 

biomarker and associated with a better prognosis. It played a protective role by negatively 

regulating the activity of Wnt/β-catenin signaling pathway. 

Finally, we recommend evaluating PAF-AH as a putative biomarker in BRCA1 mutant breast 

and ovarian cancer in further studies. 
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7 Zusammenfassung 

Frauen mit BRCA1-pathogenen Varianten haben ein höheres Krebsrisiko als BRCA1-Wildtyp, 

insbesondere HBOC-assoziierte Tumoren (erblicher Brust- und Eierstockkrebs). BRCA1-Träger 

haben jedoch statistisch gesehen eine bessere Prognose und eine längere Überlebenszeit als 

die durchschnittlichen Patienten, die an Brust- und / oder Eierstockkrebs leiden. Der 

Mechanismus dieses Widerspruchs bleibt unklar, und für BRCA1-Träger ist noch kein nicht-

invasiver Biomarker zur Vorhersage der Inzidenz und Prognose verfügbar. 

Der Wnt-Signalweg ist maßgeblich an der Tumorentstehung und Tumorprogression beteiligt, 

und der aktivierte Wnt-Signalweg ist an Veränderungen der Zellfunktion beteiligt. PAF spielt 

eine wesentliche Rolle bei der Förderung der pathologischen Aktivierung des Wnt-Signalwegs 

und der Aktivierung von Onkogenen downstream des Signalwegs. Die Rolle von PAF-AH / 

PLA2G7, bekannt als PAF-Hydrolase, bei der Pathogenese von Brust- und Eierstockkrebs ist 

noch unklar. Interessanterweise ist PAF-AH / PLA2G7 ein Protein / Gen voller Kontroversen 

und Widersprüche, welches sowohl pro- als auch antionkogene Eigenschaften besitzt. Bis dato 

gab es keine Untersuchungen, die den Zusammenhang zwischen BRCA1-Mutation und PAF-

AH / PLA2G7 analysiert haben, um zu ergründen, ob die bessere Prognose von Brustkrebs- und 

Eierstockkrebspatientinnen mit der BRCA1-Mutation mit PAF-AH zusammenhängt. In unserem 

Projekt verwendeten wir sowohl Ex vivo- als auch In vitro-Experimente, um die Relevanz von 

PAF-AH / PLA2G7 bei BRCA1-Mutationsträgern / Patienten zu untersuchen. 

Zunächst wurden immunhistochemische Untersuchungen durchgeführt um die Expression 

von PAF-AH  beim Mamma- und Ovarialkarzinom zu evaluieren. Die Ergebnisse zeigten, dass 

eine hohe PAF-AH-Expression mit der BRCA1-Mutation korrelierte und mit einer besseren 

Prognose verbunden war. Der ELISA-Test von Serumproben zeigte, dass Träger mit der BRCA1-

Mutation einen signifikant höheren PAF-AH-Spiegel im Serum aufwiesen. Außerdem wurden 

In vitro-Experimente in Brustkrebs- und Eierstockkrebs-Zelllinien durchgeführt. Die Ergebnisse 

bestätigten, dass nur BRCA1-Mutantenzelllinien eine signifikant hohe PAF-AH / PLA2G7-

Expression aufwiesen. Dann wurden die BRCA1-Mutanten-Zelllinien (Brustkrebs und 

Eierstockkrebs) nach siRNA-knockdown des PLA2G7-Gens auf Zellviabilität, Zellproliferation 

und Zellmigration untersucht. Die Ergebnisse zeigten, dass nach siRNA-knockdown von 

PLA2G7 die Zellviabilität, die Zellproliferation und die Zellmigration signifikant verbessert 
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waren. Da sich diese Ergebnisse sowohl bei Brustkrebs- als auch Eierstockkrebszellen zeigten, 

erhärtete dies unsere immunhistochemischen Untersuchungen, dass es sich bei PAF-AH um 

einen positiven Prognosefaktor handelt.  

Wir haben weiter untersucht, wie PAF-AH als Schutzfaktor wirkt. Dazu haben wir die 

Korrealtion mit Markern des Wnt-Signalwegs untersucht. In Brust- und Eierstockkrebs-

Zelllinien wurde die Expression von β-catenin nachgewiesen, und die Expression von GSK3β 

wurde beim Eierstockkrebs gezeigt. Die IHC-Ergebnisse zeigten, dass die β-catenin- und 

cytoplasmatischen pGSK3β-Expression mit einer höheren PAF-AH-Expression korrelierten, 

was wiederum signifikant mit einem besseren OS assoziiert war. In weiteren Experimenten 

führten wir eine Immunzytochemie durch, um die β-catenin-Expression in mutierten BRCA1-

Zelllinien nachzuweisen. Nach siRNA-knockdown von PLA2G7 kam es zu einer Verschiebung 

der zelluläre Expression von β-catenin von der Membran in den Kern.  Diese Ergebnisse zeigten 

sich sowohl in Brustkrebs- als auch den Eierstockkrebs-Zelllinien. 

Zusammenfassend bestätigten unsere Ergebnisse die Hypothese, dass PAF-AH ein protektiver 

Faktor ist und mit einer besseren Prognose assoziiert ist. PAF-AH führt zu einer Inaktivierung 

des Wnt / β-catenin-Signalwegs. 

Weitere Studien müssen überprüfen, ob PAF-AH als Biomarker für Patientinnen mit BRCA1-

mutiertem Brust- oder Eierstockkrebs eingesetzt werden kann. 
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