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Abstract 

The ability of tumors to avoid immune attack is fundamental for their establishment, 

progression and metastatic spreading but the mechanisms behind are still poorly understood. 

Tumors interact with the host immune system and use a variety of immunosuppressive 

mechanisms that downregulate/prevent anti-tumor immune responses. Serous epithelial 

ovarian cancer (EOC), also known as high-grade serous carcinoma of the ovary (HGSC), is a 

potent suppressor of the immune defense and a great producer of exosomes; 30-150 nm sized 

vesicles, serving as important cell-to-cell communicators that deliver cytosolic and 

membrane-bound proteins and nucleic acids to recipient cells. Ample evidence suggests that 

tumor-derived exosomes play an important, maybe pivotal role, in the powerful immune 

suppression observed in cancer patients.  

The main objective of the current investigation was to study interactions between EOC and 

the immune system that lead to escape from tumor immune surveillance. The following 

aspects were explored: 1) tumor escape from cytotoxicity by exosome-mediated modulation 

of the NK-cell receptors NKG2D and DNAM-1; 2) cytokine mRNA profiles in the local EOC 

tumor microenvironment and in peripheral blood and their role in the suppression of the host 

anti-tumor immune responses; and 3) expression of regulatory long non-coding RNAs in EOC 

tumors and their exosomes. 

EOC-secreted exosomes modulate the cytotoxic immune response in a differential manner. 

The stress-inducible MICA/B and ULBP1-3, ligands of the activating NK cell receptor, 

NKG2D, were constitutively carried on the membrane of EOC exosomes and acted as a 

decoy, downregulating the cognate receptor and impairing NKG2D-mediated cytotoxicity, i.e. 

the major cytotoxic pathway for tumor immune surveillance. In contrast, the DNAM-1 

receptor ligands PVR and nectin-2 were seldom found in exosomes and were not associated 

with the exosomal membrane; thus, leaving the accessory DNAM-1 receptor-mediated 

cytotoxic pathway intact. Further, we compared cytokine mRNA expression locally in the 

tumor microenvironment and systemically in immune cells of peripheral blood (PBMC) of 

serous EOC patients and patients with benign ovarian conditions. EOC patients were unable 

to mount an IFN mRNA response to promote cytotoxicity needed for tumor cell elimination. 

Instead, there was a significant up-regulation of inflammation and immune suppression i.e. 

responses promoting tumorigenesis and T-regulatory cell priming and thus suppressing anti-

tumor immunity. Absence of Th1 oriented response was combined with a significant up-

regulation of IL-4 mRNA in PBMC deviating the systemic immunity towards a humoral 

immune response. In addition, we studied lncRNAs in tissues and sera exosomes from EOC 

and benign ovarian conditions aiming to assess the lncRNA(s) expression profile and look for 

lncRNA(s) as possible marker(s) for diagnosis. We found a deregulated lncRNAs expression 

in ovarian tissue of EOC patients that correlated well with the lncRNAs expression in 

exosomes. Candidate lncRNAs with the highest expression and abundance were suggested for 

evaluation as EOC diagnostic markers in a future large cohort study.  

Our studies of EOC tissue and EOC-derived exosomes highlight the immunosuppressive 

tumor microenvironment and the complex tumor exosome-mediated network of 
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immunosuppressive mechanisms and provide a mechanistic explanation of the observation 

that NKG2D-mediated cytotoxicity does not function in EOC patients and is partially 

replaced by the accessory DNAM-1 dependent cytotoxic pathway. The deregulated lncRNAs 

expression in EOC tissues and exosomes might serve for diagnostic purposes but could also 

be a potential risk of spreading tumor-derived lncRNAs by EOC exosomes to recipient cells 

throughout the body. Understanding the complex mechanisms of tumor escape is needed to be 

able to prevent the immune suppression in cancer patients, booster their anti-tumor immune 

defense, and find novel therapeutic ways to combat cancer. 

 

Key words: ovarian cancer, EOC, HGSC, exosomes, NKG2D, MICA/B, ULBP, DNAM-1. 

PVR, Nectin-2, lncRNAs, immune suppression, anti-tumor immunity, NK-cell cytotoxicity, 

cytokines, Th1, Th2, T regulatory response, inflammation, tumor microenvironment. 
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Populärvetenskaplig sammanfattning 

Utöver att oskadliggöra och skydda kroppen mot angripande mikroorganismer och 

kroppsfrämmande molekyler, medverkar immunförsvaret i att skadade, döda och 

canceromvandlade celler identifieras och elimineras så snabbt som möjligt. Tumörer, å andra 

sidan, har utvecklat en rad olika immunsuppressiva mekanismer för att hämma eller rent av 

hindra denna anti-tumör aktivitet. Äggstockscancer eller epitelial ovarialcancer (EOC) är en 

cancerform som effektivt hämmar patientens immunförsvar och utsöndrar stor mängd 

exosomer, små membranomgivna blåsor på 30-150 nm i diameter som produceras av många 

olika celler och kan överföra information i form av proteiner och nukleinsyror från cellerna 

som producerar dem till andra celler i kroppen. Övertygande bevis ger vid handen att 

exosomer, producerade av tumörer, medverkar i olika mekanismer som hämmar 

cancerpatienternas immunförsvar. Syftet med denna avhandling var att studera samspelet 

mellan EOC och patientens immunsystem och utröna hur tumören lyckas undkomma 

kroppens immunologiska övervakningssystem med fokus på exosomernas inblandning i 

denna process. 

Vi har visat att en viktig, exosom-baserad mekanism för att EOC ”smiter från 

immunförsvaret” är att EOC nedreglerar de naturliga mördarcellernas, de s.k. NK cellernas, 

förmåga att avdöda canceromvandlade celler. Vi har studerat hur EOC exosomer påverkar två 

NK cell receptorer, NKG2D och DNAM-1, vars funktion är att starta avdödningsprocessen. 

Vi har visat att EOC exosomerna bär molekylerna MICA/B och ULBP1-3, som binder till den 

viktigaste aktiverande NK cell receptorn, NKG2D.  När denna bindning sker via exosomer 

nedregleras NKG2D receptorn från NK cellytan och NK cellen förlorar sin 

avdödningsförmåga. Medan NKG2D medierad avdödning var känslig för exosompåverkan 

fann vi att DNAM-1 medierade avdödningsvägen inte var påverkad sannolikt beroende på att 

DNAM-1 liganderna PVR och nectin-2 inte var uttryckta på EOC exosomer. NKG2D-

medierad avdödning är den viktigaste mekanismen för immunologisk övervakning av 

kroppens välbefinnande och huvudvägen för eliminering av cancerceller medan DNAM-1 är 

normalt bara en tillägsväg, s.k. accessorisk väg, som också kan starta NK cell avdödning. 

Sammanfattningsvis visar våra resultat att EOC patienternas förmåga att behålla 

immunologiska övervakningen och elimineringen av cancer celler är kraftfull nedsatt och 

endast hjälpvägen för aktivering av NK cellernas avdödningsförmåga via den accessoriska 

DNAM-1 receptorn fungerar.         

Vidare har vi studerat cytokiner, som produceras och verkar i tumörens omedelbara 

omgivning, d.v.s. tumörens lokala mikromiljö. Cytokiner är lösliga signalmolekyler som 

genom att binda till specifika receptorer reglerar immunologiska och inflammatoriska förlopp.  

Vi jämförde mRNA uttrycket av cytokiner både lokalt i tumörens mikroomgivning samt i 

blodet hos EOC patienter och hos patienter med godartade tumörer och cystor på 

äggstockarna och hos friska äggstockar. EOC patienterna var oförmögna att bygga upp ett 

tillräckligt IFN-γ mRNA svar för att inducera den Th1-medierade cytotoxiska aktivitet som 

behövs för att eliminera tumörceller. I stället observerades en uppreglering av 

inflammatoriska och immunohämmande cytokiner som gynnar tumörtillväxt och utmognad av 

regulatoriska T-celler, d.v.s. celler som hämmar anti-tumör skyddet. Avsaknaden av ett Th1 
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svar i kombination med en betydande uppreglering av IL-4 mRNA i perifera blodceller gör att 

det cytotoxiska immunsvaret har övergått till ett humoral immunsvar och att elimineringen av 

tumörceller upphör. 

Slutligen har vi studerat uttrycket av regulatoriska icke-kodande långa RNA molekyler 

(lncRNA) i vävnad och exosomer från EOC patienter med syfte att finna specifika lncRNA 

expressionsmönster som skulle kunna användas för diagnostik av EOC. lncRNA uttryck och 

funktion har på senare tid rapporterats spela roll för olika sjukdomar inklusive cancer. Vi har 

använt oss av kvantitativ RT-PCR för att undersöka uttrycket av 14 olika 

äggstocksassocierade lncRNA molekyler i vävnad från patienter med EOC eller med 

godartade äggstockscystor samt från friska kontroller. Dessutom analyserade vi 

serumexosomer från blodprover från respektive grupp. Vi kunde konstatera att uttrycket av 

lncRNA var deregulerat och correlerade till lncRNA nivåerna i serumexosomer från samma 

patientgrupp vilket är ett lovande resultat som visar att isolering av exosomer från blodprov 

kan användas istället för vävnadsbiopsi. Baserat på våra analyser har vi identifierat möjliga 

lncRNAs kandidater till diagnostiska biomarkörer och lncRNA profiler som skulle kunna 

testas och utvärderas som diagnostiska markörer i en framtida fördjupad undersökning med 

substantiellt större antal patienter. 

Sammanfattningsvis, belyser våra studier exosom-medierade nätverk och immunosuppressiva 

mekanismer som opererar vid EOC och som kan vara huvudansvariga för den kraftfulla 

nedregleringen av immunförsvaret observerat hos cancerdrabbade patienter. Våra resultat ger 

mekanistiska bevis och förklarar varför den viktigaste huvudvägen för cancerelimination via 

mördarcellreceptorn NKG2D fungerar dåligt vid EOC och är delvis ersatt av en hjälpväg via 

den accessoriska receptorn DNAM-1. Vidare visar vi att den deregulerade lncRNA uttrycket i 

EOC vävnad och exosomer kan vara av hjälp vid EOC diagnostik men bör också beaktas som 

potentiell risk för spridning av tumörassocierade lncRNA via EOC exosomer till andra 

mottagarceller. Studierna presenterade i denna avhandling bidrar till att utröna och förstå de 

komplexa mekanismer som cancercellerna använder för att undvika attack från 

immunförsvaret, en kunskap nödvändig för att hitta vägar för att motverka immunförsvarets 

hämning hos cancer patienter, att stärka patienternas försvar och hitta nya 

behandlingsstrategier i kampen mot cancer. 
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1. Introduction 

Cancer is a disease originating from alterations in the cellular genome resulting in a quickly 

proliferating moiety of cells building an invading tumor that shapes the surrounding 

environment to favor its survival and expansion. Tumorigenesis is a multistep process that 

drives the progressive transformation of normal cells to highly malignant derivatives. This 

process, unique for each tumor, is dictated by six intrinsic alterations in the physiology of 

normal cells. These alterations (Table 1) are common for the malignant transformation of all 

cancers, regardless of its cell origin [1, 2]. 

 

Functional intrinsic capabilities required for a malignancy trait 

 

Presence in cancer cells 

Self-sufficiency in growth signals Yes 
Insensitivity to anti-growth signals Yes 
Resistance to apoptosis Yes 
Limitless replicative potential Yes 
Sustained angiogenesis  Yes 
Tissue invasion and metastasis Yes 
 

Table 1. Intrinsic characteristics defining cancer cells. 

These six intrinsic characteristics shared by all cancers are not their only common 

denominators. There is a seventh, extrinsic hallmark of cancer - its ability to escape from the 

host immunosurveillance by the use of various immunosuppressive mechanisms that 

downregulate or prevent anti-tumor immune responses. Many tumor immune evasion 

mechanisms have been described, for example: downregulation/loss of expression of HLA 

class I molecules thus impairing antigen presentation to avoid attack by T cells; expression of 

non-classical HLA-related molecules to avoid NK cell recognition; tryptophan degradation by 

indoleamine 2,3-dioxygenase (IDO) to starve the immune cells and block the proliferation of 

cytotoxic T cells; expression of FasL and TRAIL to induce death of activated Fas expressing 

lymphocytes; secretion of immunosuppressive cytokines such as IL-10 and TGF-β to promote 

T regulatory cell (Treg) expansion and deviate the cytotoxic Th1 response to the less harmful 

Th2 response [2]. 

The majority of these mechanisms are mediated by the interaction of soluble factors, such as 

cyto- and chemokines, growth factors, hormones, bioactive ions and lipids that are produced 

and secreted by cancer cells to communicate with and modulate the immune system of the 

host. While these “soluble factors” are still biologically highly relevant, useful, and important 

to study, there is mounting evidence for another, novel mechanism of cell-to-cell 

communication that is mediated by secreted membrane-surrounded nanovesicles of 

endosomal origin called exosomes. Tumors have the ability to produce and shed/release 

plasma membrane microvesicles and endosomally derived exosomes [2, 3]. In recent years, 

more and more evidence is accumulated showing that cancer-derived exosomes are important 

players and major tools in the immune evasion mechanisms operating in cancer. 
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In this dissertation, human epithelial ovarian cancer (EOC) was used as a model to study 

cancer-mediated immunosuppressive mechanisms with a special focus on the role of EOC-

derived exosomes. We have chosen to investigate three important issues related to anti-tumor 

surveillance: (1) tumor exosome-mediated immunomodulation of the cytotoxic response; (2) 

expression of regulatory long non-coding RNA in EOC tumors and their exosomes; and (3) 

cytokine mRNA profile expression in the EOC tumor microenvironment and peripheral blood 

and its role in the suppression of the host immune responses. Our inspiration throughout this 

investigation has been to elucidate and understand the “vicious” communication of cancer 

cells with the normal healthy host organism and to search for new and more specific markers 

for EOC diagnosis. Below, a brief summary of EOC, exosomes and the immune system is 

given as a background to the discussion of the results presented in this thesis. 
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2. Background 

2.1 Ovarian cancer 

2.1.1 The human normal ovaries 

The human ovaries (from the Latin: ovarium meaning “egg” or “nut”) are approximately 2-4 

cm in diameter and form a paired organ which is a part of the female reproductive system. 

They are both gonads, i.e. organs where gametes/eggs are stored, matured and released, as 

well as endocrine glands that produce the female hormones estrogen and progesterone, and 

small amounts of the male hormone testosterone.  Each ovary is located along the lateral wall 

of the uterus in the ovarian fossa of the pelvis and is anchored in the pelvic cavity by ovarian 

ligaments. The normal ovary (Fig. 1A), developed from the gonadal ridge close to the 

mesonephros, comprises four cell types; germ cells/eggs, endocrine/granulosa cells, 

interstitial/stromal cells, and epithelial cells [4]. These principal types of cells in the ovary can 

undergo malignant transformation and give rise to ovarian tumors. 

2.1.2 Ovarian cancer – incidence and survival  

Various tumors, both benign and malignant, can develop from the primary ovarian cells hence 

a high heterogeneity in the ovarian tumors is expected. Ovarian cancer (OC) is the sixth most 

common cancer in women globally [5] and the fifth most common cause of cancer death in 

women in USA (Table 2). The median age of patients at diagnosis is 60 years and the average 

lifetime risk for women to get OC is about 1 in 70 (USA) [4, 6]. Approximately 70-75% of 

patients with ovarian cancer are diagnosed at late disseminated and advanced stages with 

widely spread metastasis [7-9]. The overall 5-year survival rate is as low as 45%. The high 

morbidity and mortality is due to difficulties in early diagnosis. Only 20% of cases are 

diagnosed when the tumor is limited to the ovaries (stage I) [10, 11]. Up to 90% of patients 

with localized tumor at stage I can be cured using current therapies [10]. Thus, the 5-year 

survival rate of women with localized tumors is 90% [11].  

 

Table 2.  Estimated deaths in women due to ten leading cancer types in USA. Modified from [12]. 

 

  

 

Organ Deaths Percentage (%) 
Lung & bronchus 71,660 26 
Breast 40,290 15 
Colon & rectum  23,600 9 
Pancreas 19,850 7 
Ovary 14,180 5 
Leukemia 10,240 4 
Uterine corpus 10,170 4 
Non-Hodgkin lymphoma  8,310 3 
Liver & intrahepatic bile duct 7,520 3 
Brain & other nervous system 6,380 2 

All sites 227,280 100% 
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Figure 1. Ovarian tumor types. (A) The main cell types of an ovary. (B) Ovarian tumors are 

categorized into subtypes originated from surface epithelium, sex cord-stroma and germ cells. 

Modified from [13]. 

 

2.1.3 Histopathological classification 

The traditional way of classifying OC tumors is by establishing the degree of morphological 

resemblance to the non-neoplastic epithelia of the female reproductive tract. In this 

morphology-based classification, ovarian tumors are divided into three main groups 

depending on their cell origin: surface epithelial tumors, sex cord-stroma tumors, and germ 

cell tumors (Fig. 1B) [13]. Each group includes several subtypes. Epithelial tumors comprise 



5 

 

the greatest majority with about 90% of primary malignant ovarian tumors that arise from the 

ovarian surface epithelium and surface epithelial inclusion cysts (Fig. 2) [11]. Epithelial 

ovarian carcinomas (EOC) include the following subclasses: 1) serous epithelial ovarian 

cancer; 2) endometrioid; 3) mucinous carcinoma; 4) clear cell carcinoma; 5) transitional cell 

carcinoma (Brenner type). Endometrioid neoplasms are characterized by a resemblance of 

endometrium and account for 10% of EOCs. Mucinous cystadenocarcinomas arise from 

mucin-secreting endocervical glands and account for 10% of EOCs. Clear cell carcinoma 

represents less than 1% of all EOCs and arises from glycogen-filled vaginal rests. Transitional 

cell carcinoma accounts for less than 1% of EOCs. Patients with this subtype have a poorer 

prognosis [14]. Moreover, histological pattern of borderline tumors of the ovary shows 

atypical epithelial proliferation without stromal invasion. Such tumors are noninvasive and 

low malignant [14]. The histological subtype investigated in this thesis is serous epithelial 

cancer. Serous epithelial ovarian cancer is the most common type of epithelial tumors, 

accounting for 75-80% of EOC [14]. Previously, the origin of EOC was thought to be from 

the ovary or pelvic peritoneum [11] however, now it is considered to arise from the distal end 

of the fallopian tube called the fimbria and then to invade the nearby ovary (Fig. 3).  

The huge heterogeneity of OC has been a problem in establishing the correct patho-

anatomical and histological diagnosis. Recently, a dualistic pathway model of OC 

pathogenesis has been proposed dividing the traditional morphologically classified tumors 

into type I and type II. Type I tumors that include mucinous, endometrioid, and clear cell 

carcinomas are characterized as low grade, genetically stable and with a relatively better 

prognosis. Type II tumors, including serous carcinomas and carcinosarcomas are considered 

as high grade, genetically unstable, more aggressive and with a poorer prognosis [2]. 

Molecular and histopathological analyses show that these two types have overlapping features 

and that subsets of type I OC may undergo a switch and progress to type II tumors acquiring 

several unstable somatic mutations. This relatively new classification of OC is more closely 

related to prognosis and survival. 

In addition to histological classification, ovarian cancer is further classified based on tumor 

grading. The currently used grading systems have been established by three organizations 

including the International Federation of Gynecology and Obstetrics (FIGO), the Gynecologic 

Oncology Group (GOG), and the World Health Organization (WHO) [15]. The most 

commonly used system is FIGO in which the grading is based on architectural criteria. 

According to the latest version of the FIGO system, in stage I, ovarian or fallopian tube 

cancer is restricted to the ovaries or the fallopian tubes. Stage II accounts for less than 10% of 

ovarian cancers and is metastasis to pelvic organs with poor prognosis. Stage III presents 84% 

of ovarian cancer and is used when tumor involves one or both ovaries or fallopian tubes, or 

primary peritoneal cancer with spread to the peritoneum. Stage IV is used for spread 

metastasis, excluding peritoneal metastases and accounts for 12% to 21% of the rest of the 

cases [16]. 
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Figure 2. The major histologic subtypes of ovarian carcinoma. Serous carcinomas resemble 

fallopian tube epithelium, endometrioid carcinomas resemble endometrial glands, and mucinous 

carcinomas resemble endocervical epithelium. Modified from [17]. 

 

 

Figure 3. A fimbrial plica. Normal fallopian tube (FT) epithelium comprises secretory cells. DNA-

damaged cells with p53 mutation arise from the fimbria and spread to the nearby ovary or the 

peritoneum. Modified from [17].  

 

2.1.4 Etiology and risk factors 

Two main factors influence the incidence of cancer; hereditary and acquired (environmental) 

factors. Exposure to carcinogens such as various chemical and physical agents enhances the 

incidence of cancer. Only 5-10% of ovarian cancers are hereditary [10]. The risk of ovarian 

cancer can be highly increased by BRCA1 and BRCA2 mutations in women with a family 
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history of the disease. Ovarian cancer risk is 40% and 49% in BRCA1 and BRCA2 mutation 

carriers, respectively [18]. The incidence of BRCA mutations differs in ethnical groups as 

observed in Ashkenazi Jewish women [19]. The BRCA1 and BRCA2, tumor suppressor genes 

located on chromosomes 17q and 13q respectively, repair double-stranded DNA breaks. A 

mutated allele of either BRCA1 or BRCA2 might be inherited, leading to serous ovarian 

carcinomas. Abnormalities in other genes such as BRAF, ERBB2, PTEN, CTNNB1, PIK3CA, 

TP53 and ARID1A may develop EOC [20]. Other risk factors that enhance ovarian cancer 

include obesity [21], height [22], late age at menopause [23], nulliparity [24], postmenopausal 

hormone therapy [25], and inflammatory cytokines such as IL-2, IL-4, IL-6, IL-12 and IL-13 

[26]. It is now clear that the risk of mucinous ovarian tumors is enhanced in cigarette smokers 

[27], except the non-mucinous types which have not been linked to smoking so far [28]. The 

protective factors, reducing the risk of ovarian cancer, include oral contraceptive usage [29], 

tubal ligation [29, 30], incomplete and multiple pregnancies [30], early age at first birth [30], 

a greater number of children [30], increasing parity [29], and breast feeding [29, 30]. 

The cell(s) of origin of ovarian cancer and the mechanisms by which OC arise have long been 

debated and are still unclear. Previously two alternative theories have been proposed for 

ovarian carcinogenesis. The first one advocates OC is derived by the ovarian surface 

epithelium (mesothelium) that undergoes a metaplasia producing cells resembling the 

histology of fallopian tube, endocervix gastrointestinal tract, endometrium and etc. and thus 

gives rise to serous-, endometrial-, clear cell-, mucinous- and transitional (Brenner) cancer 

respectively. The setback of this theory is that the normal ovary has no constituents that 

resemble these tumors. The second theory proposes that there are rest cells/cysts and 

epithelial columns of Müllerian tissue type surviving from the embryonic life called 

“secondary müllerian system” and these cells give a rise to the diversified types of OC – the 

serous-, endometrial-, clear cell-, mucinous- and transitional types. Until now, however, the 

“secondary müllerian system” claimed to form the precursor lesions has very rarely/never 

been reported. 

The most plausible theory for the rise of OC is the “fallopian tube theory” [17]. Recently, new 

and compelling evidence suggested that the vast majority of the so-called primary EOC 

tumors (serous, endometrioid as well as clear cell carcinomas) are derived from the fallopian 

tube and the endometrium and not directly from the ovary. Several studies including 

retrospective microscopy investigation of fallopian tubes from EOC patients have shown 

dysplastic changes, carcinoma in situ and tubal carcinoma. DNA damaged cells with p53 

mutations have been shown to arise in the fallopian tube fimbria and spread to the ovary. It 

was further shown that cells that comprise both endometrial and fallopian epithelial 

carcinomas are highly anaplastic and identical to high-grade serous carcinoma. 

2.1.5 Symptoms  

As mentioned before, one of the main reason for the poor survival of patients with OC is that 

the diagnosis is set in the late stages of the disease. Early ovarian cancer is usually 

asymptomatic and symptoms appear in more than 80% of patients, mostly at an advanced 

stage. The symptoms are unspecific with common features with gastrointestinal and/or other 
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gynecological conditions. Patients may have nonspecific signs and symptoms such as nausea, 

bloating, urinary frequency or urgency, full feeling in the abdomen, pelvic or abdominal pain 

due to ovarian torsion and enhanced abdominal pressure from ascites. The most common 

symptom is swelling of the abdomen due to ascitic (peritoneal) fluid [10, 17].  

2.1.6 Ascites 

Ascites, or accumulation of fluid/serum effusion in the peritoneal cavity, is a cardinal 

symptom of advanced OC often of the serous EOC type II studied in this thesis. We used 

ascites as a source of EOC-derived exosomes. Below follows a description of the main 

characteristics of ascites with particular emphasis on tumor-derived ascites. 

The word ‘ascites’ comes from the Greek askos meaning belly, bladder or bag [31]. Ascites 

designates the accumulation of fluid in the lower abdominal (also called peritoneal) cavity 

separated from the upper chest cavity by the diaphragm. The accumulation of fluid is due to 

two main reasons: 1) lymphatic obstruction of the peritoneal cavity by a tumor(s); 2) 

increased vascular permeability when net filtration is more than net absorption, based on 

Starling’s law of capillary hemodynamics. The osmolality leads to net filtration; the higher 

the osmolality, the higher the pressure. This is due to enhancement of the portal venous 

pressure (hydrostatic pressure), a reduction in plasma colloid osmotic pressure, and increased 

permeability of the peritoneal capillaries [31, 32].  

Clinical symptoms of ascitic fluid include continuous abdominal pain and swelling, change in 

weight, vomiting, dyspnea, nausea, anorexia and fatigue [33]. Ascites accretion causes 

complications in patients. The large size of the fluid compresses the diaphragm and cause 

breath difficulties. In addition, spontaneous bacterial peritonitis (SBP) can be frequently 

developed because of a monomicrobial infection of ascites. The prevalence of gut bacterial 

infection invading ascites in cirrhotic hospitalized patients varies 10% to 30% [34]. Bacterial 

culture and white blood cell count can be used to diagnose infection in ascites. More than 250 

polymorphonuclear cells (PMN) per mm
3
 ascites fluid indicate SBP [31].  

The most common causes of ascites include hepatic cirrhosis (~80% of cases), malignancy 

(~10%), cardiac/heart failure (~5%), and tuberculosis (2%) [31, 33]. Ascites is called 

malignant when the fluid is positive for malignant cells and has a high level of lactate 

dehydrogenase [35]. More than one third of patients with ovarian cancer produce malignant 

ascites [36]. Ascitic fluid is a sign of advanced disease and poor prognosis and participates in 

metastatic spread, resistance to chemotherapy and disease recurrence [36]. It has been 

indicated that patients with benign, borderline and malignant ovarian tumors (9%, 58%, and 

73% respectively), had ascitic fluid. In addition, 17% of patients with malignant ovarian 

cancer at the early stages (I and II) produced ascites while the production rate was 89% in 

patients at the advanced stages (III and IV). Furthermore, all patients with stage I and II had 

less than 0.5 liters of ascites at surgery while 66% of patients with stage III and IV had more 

than 0.5 liters of ascites. Thus, ascites can be a serious sign of ovarian malignancy and in the 

majority of cases it seems to be correlated to the advance stages of the disease [37].   
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Ascitic fluid is a heterogeneous microenvironment consisting of both resident and non-

resident cell populations. Resident cells comprise tumor cells and cancer-associated 

fibroblasts while non-resident cells include infiltrating macrophages, monocytes, 

lymphocytes, bone marrow-derived mesenchymal stem cells, and activated mesothelial cells. 

In more details, there are inflammatory cells in the fluid such as lymphocytes, monocytes, 

macrophages, neutrophils, eosinophils and basophils [36]. These inflammatory cells mediate 

both acute and chronic inflammation; acute inflammation mediated by granulocytes and 

chronic inflammation mediated by monocytes and lymphocytes. Myeloid-derived suppressor 

cells (MDSC) in ascites of advanced EOC patients eliminate T cell proliferation ex vivo [38]. 

MDSCs are a heterogeneous population of myeloid progenitor cells and immature myeloid 

cells. The latest ones are differentiated into granulocytes, macrophages and dendritic cells. 

Furthermore, MDSC suppressive activity encompasses macrophages, dendritic cells, T cells 

and natural killer cells (NK cells) [39]. The high number of CD4
-
/CD8

-
 T cells in ascites 

indicates the presence of regulatory T cells (Treg cells) that correlates with poor survival [40]. 

Despite the high accumulation of CD4
+
 and CD8

+
 T cells in ascitic fluid, infiltrating 

regulatory T cells suppress protective anti-tumor immune responses in the same 

microenvironment and their number is associated with the number of epithelial cells [41]. 

Moreover, the NK cell activity in ascites of patients with gastric cancer was shown to be low 

due to high TGF-β1 expression released by tumor cells [42]. 

The soluble components of ascites consist of various cytokines, chemokines, growth factors 

and extracellular matrix (ECM) fragments. The cell-free fraction of ascites contains glucose, 

Na
+
, K

+
, Ca

2+
, PO4

2-
 [43]; growth factors such as hepatocyte growth factor [44], epidermal 

growth factor [45], vascular endothelial growth factor (VEGF) [33, 36]; chemokines such as 

CCL2, CCL3, CCL4, CCL5 (RANTES), CCL7, CCL18, CXCL8 (IL-8) [46] and CCL22 

[36]; cytokines such as tumor necrosis factor alpha (TNF-α) [47], transforming growth factor 

alpha (TGF-α) [48], TGF-β [49], IL-2, IL-5, IL-7, IL-15, IL-17 [40], IL-1β [33, 36], IL-6, IL-

6R, IL-8, IL-10 [50], IFN-γ [51]; tumor markers such as carcinoembryonic antigen (CEA), 

cancer antigen 125 (CA125), CA19.9, CA15.3, CA72.4, alpha-fetoprotein (AFP), cytokeratin-

19 [52]; sex hormones FSH and LH [53]; and other components including angiogenin, 

angiopoietin-2, osteprotegerin, TIMP-2, leptin, MCP-1, NAP-2, [50], ICAM-1 [36], 

lysophosphatidic acid [54], sialic acid [55], lactate dehydrogenase [56], ferritin [57], 

cholesterol [58], triglyceride and phospholipid [59], proteases and anti-proteases [60]. In 

addition, ascites in EOC patients contains high protein levels of albumin [32], fibronectin 

[60], complement and antibodies [61].     

Being a perfect tumor microenvironment, malignant ascites promotes tumor cell growth and 

progression. VEGF contributes to the induction of angiogenesis and enhancement of capillary 

permeabilization [62]. Although VEGF has roles in normal ovarian function, it is 

overexpressed in EOC in order to facilitate malignancy and metastasis [33]. It has been 

demonstrated that malignant ascites from advanced ovarian cancer protect tumor cells against 

apoptosis induced by TNF-related apoptosis-inducing ligand (TRAIL) and Fas ligand; 

however, it does not have effect against cisplatin-induced apoptosis. Malignant ascites 

activate PI3K/Akt pathway and hinder TRAIL-induced caspase-3 activation [63]. Tumor cells 
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in ascites release Fas ligand to persuade apoptosis in infiltrating immune cells [64]. Moreover, 

enhanced IL-6 and IL-10 and decreased IL-2 levels favor a Th2 immune response thus 

inhibiting cytotoxicity  [40]. The high level of IL-6 in ascitic fluid associates with advanced 

serous EOC and facilitates tumor growth, migration, invasion, angiogenesis and resistance to 

chemotherapy [36]. Although infiltrating immune cells are present in ascites, their anti-tumor 

activity is significantly reduced due to an enormous quantity of immunosuppressive factors. 

Thus, patients with advanced EOC and accumulated ascitic fluid have poor survival rate. 

Treatment using bevacizumab, catumaxomab, VEGF Trap (aflibercept) [65], and minocycline 

[66] has been used for reduction of effusion.              

 2.1.7 Diagnosis 

Ovarian cancer is diagnosed at late stages of the disease. There are no specific biomarkers for 

diagnosis and only vague or no symptoms at early stage. Early detection of the disease can 

improve the long-term survival of patients. According to National Cancer Institute, diagnosis 

of ovarian cancer includes pelvic examination, transvaginal ultrasound, biopsy, CT scan, 

position emission tomography scan (PET scan), magnetic resonance imaging (MRI), and 

tumor biomarker assays such as human epididymis protein 4 (HE4) and CA125. Transvaginal 

ultrasound is able to recognize ovary size and shape and cannot distinguish malignant tumors 

from benign masses; hence, it should be served along with the other tests.  

CA125, encoded by the MUC16 gene [67], is expressed by tumor cells, endometrial epithelial 

cells and in the decidua [68]. This high molecular-weight transmembrane glycoprotein has 

roles in tumorigenesis such as immune system evasion [69], chemotherapy resistance [70], 

cell motility and metastasis [71]. Moreover, MUC16 inhibits the formation of synapse 

between tumor cells and NK cells, a protection against recognition by NK cells [72]. By 

proteolytic cleavage, the extracellular part of MUC16 is released from the cell surface and 

shed in blood circulation [73]. CA125 is detected at low levels (<35 U/mL) in the serum of 

healthy individuals; however, it is elevated (>35 U/ml) in ~50% of stage I ovarian cancer 

patients and 75%-90% of advanced-stage patients [74]. The marker level can also be elevated 

in endometriosis [75], adenomyosis [76], uterine fibroids [77], ovarian benign cysts [78], 

pelvic inflammatory disease [79], pregnancy [80], cirrhosis [81], as well as other malignant 

conditions such as lung, pancreatic, gastrointestinal, colon, breast, fallopian tube, and 

endometrial cancers [82]. It has been shown that maternal serum CA125 levels are higher 

during the first and third trimester of pregnancy [83]. Hence, it is not specific enough for 

diagnosis and must be used with other screening tests. 

Another biomarker, HE4, was initially found in the epithelia of normal tissues including ovary 

at low level [84]. HE4 is upregulated in 93% of serous, 100% of endometrioid cancers and 

50% of clear cells, though it is not overexpressed in mucinous tumors [84]. Compared to 

CA125, HE4 has a higher specificity (93% vs 78%) and similar sensitivity (79%) for 

distinguishing benign condition from ovarian cancer [85]. A combination of CA125 and HE4 

increases the evaluation of a pelvic mass and potential malignancy [86].  

Other biomarkers have been suggested for the prediction of malignancy in a pelvic mass and 

in asymptomatic women, such as lipoprotein A (LPA), folate receptor 1 (FOLR1), 
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macrophage colony-stimulating factor (M-CSF), CD24 and soluble mesothelin-related peptide 

(SMRP) [87]. Thus, finding a unique biomarker(s) for diagnosis of OC that recognizes the 

presence of OC already at the early asymptomatic stage of the disease is still an unresolved 

question. One of the great challenges in finding a specific marker(s) that at the same time 

covers the majority of OC diagnoses is the heterogeneity of the ovarian tumors. Proteomics, 

microarrays and mass spectrometry have been applied for biomarker discovery and 

identifying potential markers, but these studies have not been proven successful yet. Recently, 

the search for biomarkers has turned to the non-coding RNAs which are currently investigated 

in the effort to find specific OC biomarkers. 

2.1.8 Treatment 

Treatment of EOC is based on a combination of surgery, radiation therapy (e.g. X-ray and 

proton radiotherapy) and chemotherapy. The prognosis (chance of recovery) and choice of 

treatment depends on the OC type and size of the tumor, the stage and grade, and the success 

of surgery for removing the whole tumor. The most commonly used chemotherapies are 

platinum (cisplatin or carboplatin) and taxane (docetaxel or paclitaxel) [88]. Other treatments 

might be anti-angiogenic therapy and immunotherapy. Angioneogenesis is one of the 

hallmarks of cancer. EOC upregulates angiogenic proteins like vascular endothelial growth 

factor (VEGF), pro-angiogenic proteins and angiopoietin. There is a correlation between 

upregulation of VEGF and its receptor with formation of ascites, poor prognosis, and 

aggressive clinical features. Blocking VEGF hinders ascites formation and slows tumor 

growth [89]. Anti-angiogenic agents include bevacizumab (Avastin), aflibercept, and tyrosine 

kinase inhibitors.  

Immunotherapies consist of monoclonal antibodies, therapeutic vaccines, adoptive T cell 

therapy, oncolytic virus therapy, checkpoint inhibitors and immune modulators. The aim of 

immunotherapies is induction or increment of the anti-tumor immune responses. Monoclonal 

antibodies (mAb) may be conjugated with an agent to enhance their efficacy. They target 

specific antigens on tumors. It is known that programmed death-ligand 1 (PD-L1) on tumor 

cells binds PD-1 on for instance T cells and induces T-cell apoptosis. Blocking PD-L1 or PD-

1 by monoclonal Abs allows anti-tumor T-cell function [90]. Cytotoxic T lymphocyte antigen 

4 (CTLA4) is an inhibitory receptor which binds its ligands, CD80 and CD86, to eliminate T-

cell responses. Therefore, CTLA4 can be blocked by monoclonal Abs and enhance effector T 

cell responses [91]. Therapeutic vaccines activate and elevate immune responses. In adoptive 

T cell transfer (transfusion of lymphocytes), T cells are collected from a cancer patient, 

expanded and treated with chemicals/cytokines or genetically modified, and re-infused into 

the patient in order to improve immune responses. There are currently trials of this strategy 

using tumor-infiltrating lymphocytes (TILs), like helper T cells (Th cells) and cytotoxic T 

lymphocytes (CTLs). As it was demonstrated in patients with advanced colorectal cancer or 

urinary bladder cancer, CD4
+
 T cells were acquired from the tumor-draining sentinel lymph 

nodes and clonally expanded in vitro before administration to the patient. Such an 

immunotherapy was associated with longer survival and could even completely regress the 

tumor in some cases [92, 93]. Chimeric antigen receptor (CAR) T-cell therapy is a type of 

adoptive T cell therapy in which CARs are genetically engineered to T cells removed from a 
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patient and then these CAR-producing T cells are infused into the patient. CAR T-cells can 

also be combined with other molecules to have more efficiency and trigger specific targets. It 

has been shown that NKG2D CAR-expressing T cells enhanced the number of CD4
+
 and 

CD8
+
 T cells at ovarian tumor microenvironment [94]. Moreover, CAR T-cells combined 

with ABT-737 (an apoptosis stimulator) induce tumor cell apoptosis [95]. Another therapy, 

called oncolytic virus therapy, is based on the use of a modified virus which can cause tumor 

cells to self-destruct and improve immune responses. It has been indicated that CD40 ligand 

gene therapy via adenoviruses as vectors enhanced the infiltration of activated T cells in 

tumor tissue; however, it decreased malignant cell growth and suppressive myeloid cells 

(CD11b
+
 Gr-1

+
) [96, 97]. Checkpoint inhibitors and immune modulators have been be used as  

target inhibitory or activating stimulatory molecules to balance and booster immune 

responses. 
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2.2 The immune system and anti-tumor immune surveillance  

2.2.1 A brief introduction to the immune system 

The immune system in man and mammals comprise a defense system that can be described by 

its three essential functions as 1) a protector of the organism against invading microbes such 

as bacteria, viruses, fungi and parasites; 2) a provider of a constant immune surveillance that 

recognizes and removes damaged and transformed cells in the body; thus, participating in 

prevention of tumors; and 3) a promoter of homeostasis by guarding the mucosal sites where 

an intimate meeting between the organism and the surrounding environment takes place. For 

the sake of better comprehension of the rather complicated immune system, it is traditionally 

described as composed of two arms: 1) the innate, antigen-non-specific arm and 2) the 

acquired/adaptive, antigen-specific arm of the immune system. These two arms are intimately 

interconnected with each other and both innate and adaptive immunity are engaged when an 

immune response is eliciting.   

Innate immunity consists of: 1) a variety of cells such as phagocytic cells (granulocytes, 

macrophages/monocytes), antigen-presenting dendritic cells (DC), natural killer (NK) cells 

and mast cells; 2) a variety of soluble proteins such as cytokines, chemokines, complement 

factors, defensins, acute phase proteins, enzymes and protective surfaces such as the skin and 

various mucosas [98, 99]. The innate immune system’s main activation pathway depends on 

identification of pathogen-associated molecular patterns (PAMPs) and damage-associated 

molecular patterns (DAMPs). PAMPs are exogenous molecules and peptides, present on 

microbes (e.g. LPS, lipoteichoic acid, zymosan, flagellin, capsule proteins etc.), while 

DAMPs are endogenous danger molecules such as heat shock proteins (HSP), double stranded 

(ds)RNA, MICA/B and ULBP1-6 proteins. PAMPs and DAMPs are recognized by so called 

pattern recognition receptors such as the toll-like receptors (TLR) and c-type lectin receptors 

[98, 99]. In contrast to the adaptive responses, the responses of the innate immunity are quick 

and consistent, and deliver a fully mature and competent innate immune response from the 

beginning without production of memory cells. The innate immunity with its mode of action 

is often referred to as “first line of defense” [98, 99]. 

The acquired immunity comprises T-, B-, and plasma cells and antibodies. It is an adaptive 

defense system that is defined by its three main characteristics – antigen specificity, memory 

and self/non-self discrimination [98, 99]. The acquired immunity activation is based on 

antigen recognition of exogenous and/or endogenous peptides presented by proteins of the 

major histocompatibility complex (MHC) class I and II. In contrast to the MHC unrestricted 

innate immune responses, the adaptive immune responses are MHC restricted, implying that 

adaptive responses are intimately involved in transplantation rejection. The two main adaptive 

immune effector responses are a humoral response giving rise to specific antibodies and a 

cellular response giving rise to effector cells with helper or cytotoxic functions [98, 99]. Both 

arms of the immune system are simultaneously activated and cooperate intimately to protect 

the organism from microbial intruders, malignant transformation and disruption of the 

mucosal homeostasis [98, 99]. 
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The further description of the immune system below is restricted to cells, soluble factors and 

mechanisms involved in anti-tumor surveillance and anti-tumor defense relevant to the focus 

of our investigation. 

 

2.2.2 Introduction to anti-tumor surveillance  

Both innate and adaptive immunity defy tumor cells. Innate anti-tumor responses involve 

DCs, NK cells, immune-activating macrophages (M1), monocytes, granulocytes, and their 

cytokines. Such responses stimulate strong Th1 and CTL responses in which the consequence 

is killing tumor cells and tumor regression. DCs activate CD4
+
 T cells and CD8

+
 T cells 

through MHC class II and I, respectively, and through co-stimulatory molecules like B7 and 

TNF family for full T cell activation. NK cells eliminate tumors by cytotoxic responses that 

are mediated through activating receptors, releasing IFN-γ, and ADCC. Pro-inflammatory 

macrophages (M1) exert tumor killing by releasing TNF-α, lytic enzymes, ADCC, reactive 

oxygen and nitrogen intermediates. Eosinophils may help cytotoxicity via their degranulation 

and release of bioactive pro-inflammatory molecules. Basophils produce chemokines such as 

CCL3 and CCL4 to promote CD8
+
 T-cell infiltration in the inflamed tumor tissues [100]. 

Like innate immunity, adaptive immunity contributes to tumor regression as well. Adaptive 

responses against tumor cells include T cells (e.g. CTLs, the MHC class I and II unrestricted 

αβ and γδT cells), B cells and antigen-presenting cells. CTLs contribute to cytotoxicity 

against tumor cells. They also express Fas and PD-1 to eradicate tumor cells through inducing 

apoptosis. Based on their surface expression of αβ and γδTCRs, T cells consist of two main 

populations. Both populations recognize different antigens. γδT cells produce and release 

different cytokines such as IFN-γ, TNF-α and IL-17. γδT cells regulate other cells via 

interaction such as antigen presentation to αβT cells; stimulating naïve B cells to produce IgG, 

IgM, and IgA; recruiting macrophages to tissues through releasing IL-17; and eliciting the 

maturation of DCs to become APCs [101, 102]. Indeed, γδT cells have dual functions, either 

kill tumor cells by releasing IFN-γ and TNF-α, or promote tumor growth by IL-17 secretion 

[103]. B cells generate antibodies against tumor antigens and participate in ADCC. The Fc 

region of IgG binds to the Fc gamma receptor (FcγR) expressed on NK cells, macrophages 

and neutrophils, leading to tumor destruction. However, some antibodies obstruct the access 

of CTL to tumor-specific antigens. Moreover, several cytokines have anti-tumor function. 

IFN-γ not only induces DCs to stimulate CTL responses, but also increases the expression of 

MHC class I on tumor cells. IL-12 encourages DCs to promote Th1 and CTL responses. TNF-

α stimulates tumor necrosis; however, it may promote tumor progression. In conclusion, the 

immune system is indeed capable of identification and elimination of tumor cells and thus 

theoretically should be able to protect us from cancer. However, despite the existing anti-

tumor immune surveillance, tumor cells can escape the immune response. Tumor cells have 

evolved various mechanisms to either avoid recognition or eliminate/compromise immune 

cells. The consequences are the same, i.e. evading the host immune system. 

Below follows a more detailed presentation of some cells, receptor systems and molecules of 

particular interest in anti-tumor defense. 
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2.2.3 Cytotoxic T cells 

Cytotoxic T cells are effector cells of the adaptive immune system that defend the organism 

infected with intracellular pathogens such as viruses and eliminate virus-infected cells but 

also damaged and tumor transformed cells. CTLs originate from naïve CD8
+
 T cells. When an 

infection occurs or cells are transformed as tumor cells, naïve CD8
+
 T cells encounter 

antigens presented by MHC class I on professional antigen presenting cells (APCs), mainly 

DCs, in the secondary lymphoid organs such as spleen and lymph nodes through circulating 

between the lymphatic system and the blood. Such naïve CD8
+
 T cells are now activated via 

T-cell receptors (TCRs). Meanwhile, DCs migrate to the same zone to acquire antigens and 

present them on their surface bound to MHC class I. This DC migration is due to the 

chemokine-chemokine receptor pair XCL1-XCR1. The ligand XCL1 is expressed by 

activated CD8
+
 T cells while the XCR1 is expressed by the lymphoid tissue-resident DCs 

[104]. Activated CD8
+
 T cells are induced to rapid clonal expansion and differentiation into 

effector cells. The activated CD8
+
 T cells achieve maximal expansion using several signals 

including co-stimulatory signals, the TCR, and inflammatory cytokines such as type I IFN and 

IL-12 [105, 106]. Upon differentiation, naïve CD8
+
 T cells increase in size about two-fold and 

become effector CTLs containing specialized cytolytic granules. CD4
+
 helper T cells (Th 

cells) are necessary for CTL induction. Recruitment of CXCR3
+
 CTLs into the inflamed site 

from the peripheral blood is enhanced by CD4
+
 Th1 cells secreting IFN-γ, CXCL9 and 

CXCL10 [107]. However, licensing DCs by Th cells is required for the formation of both 

effector and memory CTLs [108]. Helper T cells activate APCs to express co-stimulatory 

molecules including CD80, CD86 and ICAM-1 or secrete Th1 cytokines such as IFN-γ, IL-12 

and IL-15. Furthermore, interaction between CD40 expressed on APCs and CD40 ligand 

expressed by CD8
+
 T cells influences the generation of CTLs and CTL-mediated anti-tumor 

immunity [109].    

 

2.2.4 Natural killer cells 

The natural killer cells were discovered in human and mouse in 1975. In human, NK cells are 

divided into two subsets based on the expression of the phenotypic markers CD56 and CD16. 

These two subsets designated CD56
dim

CD16
+
 and CD56

bright
CD16

-
 have distinct phenotypic 

properties [110, 111]. The CD56
dim

CD16
+
 cells comprise about 90% of spleen and peripheral 

blood NK cells. These cells produce perforin and IFN-γ after interaction with tumor cells 

[110, 112]. Hence, this subset is cytotoxic and act with a similar cytotoxic machinery like 

CTLs. In contrast, CD56
bright

CD16
-
 cells lack perforin and are mostly found in the lymph 

nodes, tonsils and the human pregnant uterine mucosa [113, 114]. CD56
bright

CD16
-
 cells 

reside in the lymph nodes via CCR7 and CD62L expression [115, 116]. This NK cell subset 

produces and releases abundant amount of cytokines such as IFN-γ following induction with 

IL-12, IL-15 and IL-18 which are potent NK cell activators [110, 117]. CD56
bright

CD16
-
 NK 

cells have low cytotoxic potency compared to CD56
dim

CD16
+
 NK cells. 

Like CTLs, NK cells produce perforin and granzymes and participate in cytotoxicity. Despite 

similarities, NK cells differ from CTLs because: (1) they do not express CD3 and TCR; (2) 
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they are not MHC restricted in recognition of their targets; (3) they are not exclusively 

developed in the thymus; (4) they do not require any rearrangement of receptor genes.  

NK cells belong to innate immunity and can eliminate/kill virus-infected cells and 

transformed cells such as tumor cells. Low NK cell activity is correlated to enhanced cancer 

risk [118]. NK cells likely diminish the risk of inflammatory disorders through inhibition of 

activated cells and infection control. Their contribution has been envisaged in inflammatory 

diseases such as sarcoidosis and arthritis [119, 120]. Decreased number and function of NK 

cells in AIDS patients has been correlated to AIDS progression [121]. Furthermore, 

CD56
bright

CD16
-
 NK cells in the uterine mucosa may promote angiogenesis in pregnancy 

[122]. 

NK cells display immune responses not only in interaction with infected and tumor cells but 

also in interaction with immune cells (macrophages, DCs, T cells, B cells) and endothelial 

cells (Fig. 4). NK  cells activated by infected macrophages reduce intracellular pathogens 

through secretion of IFN-γ and degranulation [123]. Using cytokines and surface receptors, 

NK cells are involved not only in maturation and activation of macrophages, DCs and T cells, 

but also in killing hyperactivated macrophages, immature DCs and activated CD4
+
 T cells 

[124]. This is done through recognition of self-molecules specific inhibitory and activating 

NK-cell receptors such as for example killer-cell immunoglobulin-like receptors (KIRs). After 

maturation and activation, DCs migrate to the secondary lymphoid tissues to interact with 

resting NK cells [125]. While NK cells can be activated by mature DCs in the secondary 

lymphoid tissues, they conduct maturation of DCs or killing of immature DCs at peripheral 

sites [126]. Mature DCs induce CD56
bright

 CD16
-
 NK cells to proliferate as well as to produce 

and release cytokines [115, 127]. Upon activation, NK cells may move to inflammatory zones 

from the secondary lymphoid tissues to likely meet DCs. Upon activation by IL-12, IL-15 and 

IL-18, NK cells stimulated by DCs produce and secrete TNF-α, IFN-γ and GM-CSF [126]. In 

addition to the customary DC-NK cell interaction, NK cells exert dual roles to influence CD4
+
 

T cells as well. NK cells not only may promote CD4
+
 Th1 cell priming by IFN-γ, but also kill 

activated CD4
+
 T cells whose MHC class I expression is insufficient [128-130]. Interaction of 

NK cells with B cells have not been widely studied; however, it has been shown that IFN-γ, 

produced by activated NK cells elaborates plasma-cell class switching to IgG2a both in vivo 

and in vitro. B cells activated by T-cell-independent antigens may also induce production of 

IFN-γ by NK cells [131]. NK cells also adhere to injured endothelial cells using receptors 

such as α4β1 integrin, CD62L (L-selectin) and CX3CR1 and kill them [124]. This role could 

contribute to the pathological process of vascular endothelial injury that might lead to organ 

dysfunction.  

Immunologic memory is one of the cardinal characteristics of the adaptive immune cells. 

Strikingly, the existence of adaptive NK cell memory has been elucidated in humans in a few 

reports. About 50% of European individuals with HCMV serotype possess adaptive NK cell 

subsets [132]. The characteristics of adaptive NK cell memory subset include: (1) lack of the 

transcription factor expression of PLZF which could normally be seen in human CD56
dim

 NK 

cells; (2) down-modulation of intracellular signaling molecules such as SYK, FcϵRγ and 

EAT2; (3) no expression of CD69, CD38 or CD25 [132].  
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Figure 4. Immune response regulation by NK cells. NK cells not only boost (black dash arrows) the 

maturation and activation of DCs, T cells and macrophages upon priming by cytokines such as IL-12, 

IL-15, IL-18 and type I IFN (green arrows); but also kill (red arrows) immature DCs, activated CD4
+
 

T cells and hyperactivated macrophages. NK cells bind to injured endothelial cells using α4β1 

integrin, CD62L and CX3CR1 and kill them. They also elicit B cells for class switching to IgG2a 

through IFN-γ. Modified from [124].  

 

A variety of miRNAs influences the function of NK cells. MiRNAs with roles in NK cell 

development include miR-181a/b (aiming NEMO-like kinase) and miR-150 (targeting c-Myb) 

[133]. According to several reports, a few miRNAs affect the NK-cell function by regulating 

the production of granzyme B and perforin in NK cells. These miRNAs include miR-223, 

miR-27a-5p (miR-27a*), miR-30c-1-3p (miR-30c1*), miR-378 and miR-30e [133]. It has 

been shown that miR-223 targets the murine granzyme B 3’UTR. The miR-27a* targets the 

3’UTR of perforin and granzyme B in differentiated human NK cells in vitro. A few miRNAs 

(e.g. miR-30c-1*) are downregulated after NKG2D receptor induction. In fact, miR-30c1* 

targets an inhibitory transcription factor for cytokine secretion called HMBOX1 resulting in 

regulation of cytotoxicity in vitro. Both miR-378 and miR-30e expression is oppositely 
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related to the production of perforin and granzyme B. Moreover, three miRNAs including 

miR-155, miR-29 and miR-15/16 regulate IFN-γ production in NK cells [133]. NK cells with 

miRNA deficiency decreased survival but enhanced function [134].  

In addition to miRNAs, chemokines play crucial roles in the biology and function of NK cells. 

Resting CD56
dim

 CD16
+
 NK cells produce chemokines including CXCR1-4 and CX3CR1 

while resting CD56
bright

 CD16
-
 subsets produce low levels of CXCR1, CXCR2 and CX3CR1 

as well as high levels of CCR5 and CCR7 [135]. Activated NK cells express CCL1, CCL3-5, 

CCL22, XCL1 and CXCL8. Chemokines including CXCL10-12, CCL19 and CCL21 elicit 

chemotaxis of CD56
bright

CD16
-
 NK cells [135]. Chemokines including CCL2-5, CCL10 and 

CXC3L1 mediate NK-cytolytic activity. Chemokines CCL19 and CCL21 induce CD56
dim

 

CD16
+
 NK-cell proliferation. It has been shown that NK cells secrete CCL3-5 to inhibit HIV 

replication in vitro [135]. Furthermore, NK cells reject tumor cells producing CCL19 and 

CCL21 in vivo [135]. 

 

2.2.5 NK cells and CTLs have similar mechanisms for elimination of infected, damaged 

or transformed cells 

When CTLs recognize infected cells or tumor cells, they attempt to eliminate them by two 

main cytotoxicity pathways: (1) Ca
2+

-independent Fas ligand/Fas receptor-mediated 

apoptosis; (2) Ca
2+

-dependent perforin/granzyme-mediated apoptosis. Both pathways are 

initiated from TCR signaling. However, CTLs also secrete several cytokines including TNF 

and IFN-γ that improve cytotoxic function. The Fas receptor-ligand interaction leads to the 

recruitment and activation of an adaptor protein called Fas-associated death domain (FADD) 

[136]. The FADD in turn binds free procaspase-8. This complex including Fas, FADD and 

pro-caspase-8 is termed DISC (death-inducing signaling complex) [137]. Procaspase-8 is then 

activated by oligomerization [138] and form caspase 8 which is able to stimulate other down-

stream caspases 3 and 7 in turn [139]. This event ends up apoptosis. Fas ligand exists in a 

soluble form as well. It is known that the secretion of this soluble form can be induced by 

soluble MHC class I; Fas+ CTL interaction with soluble Fas ligand leads to CTL apoptosis 

[140]. 

Both NK cells and CTLs possess cytolytic granules containing granzymes and perforin. 

Granzymes are a family of serine proteases including granzymes A, B, H, K, and M in human. 

The first two granzymes have been broadly studied. Granzyme B proteolytically cleaves 

substrates after aspartate residues whereas granzyme A cleaves substrates after lysine or 

arginine residues [141, 142]. Perforins are pore-forming proteins which  are synthesized in the 

endoplasmic reticulum in monomeric form [143]. Upon conjugation between a CTL or NK 

cell with its target cell, forming the so called synapse, the cytolytic granules from the Golgi 

are located and concentrated bellow the cell membrane in vicinity of the synapse. At a certain 

point, perforins and granzymes are released by exocytosis into the junctional space between 

two cells. The release is dose-dependent and a few cytotoxic granules are recycled back to the 

cytosol through endocytosis in clathrin- and dynamin-dependent manners [144]. Thus, the 

cytolytic granules execute multiple killing of targets.  The target cell membrane is perforated 
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by the attack and granzymes subsequently enter the target either through the pore channels 

formed by perforin or by binding to the mannose-6-phosphate receptor on the target via 

endocytosis in a perforin-independent manner [145]. It has been shown that only caspase-3 

and caspase-8 are direct substrates for granzyme B in the cells [146, 147]. Despite caspase 

activation, granzyme B conducts apoptosis through caspase-independent pathways that 

release cytochrome c [148]. Granzyme A also accomplishes apoptosis in the target 

independent of caspase activation [149]. Acting together, both enzymes significantly enhance 

DNA fragmentation [149]. After killing the targets, CTLs secrete the immunosuppressive 

cytokine, IL-10, at the peripheral sites to prevent excessive tissue injury [150].  

 

2.2.6 NK cell recognition and NK cell receptors 

NK cells circulate through tissues, lymphatic organs and blood while they interact with 

normal or transformed cells via their surface receptors. NK cells are heterogeneous expressing 

a variety of receptors that can be divided into two major groups depending on their function; 

inhibitory and activating receptors. Two theories have been proposed for NK-cell receptor 

activation, “missing self” and “induced self” [151]. According to the “missing self” 

hypothesis, NK cells attack target cells which not only lose or reduce MHC class I expression 

but also express ligands for NK cell-activating receptors [152]. The “induced self” hypothesis 

is the recognition of stress-induced NK-cell receptor ligands expressed by infected, damaged 

or tumor-transformed cells.  

Human NK cells express both inhibitory and activating KIRs. Education of NK cells is 

conducted by not only inhibitory KIRs but also activating KIRs in the presence of their 

ligands [153]. There are two models describing NK cell education, “arming” or “licensing” 

and “disarming” [154]. In “arming” model, NK cells are proposed to be inactive and they 

achieve full performance by intracellular signaling via inhibitory receptors. These cells can 

sense self-MHC class I and become self-tolerant. Oppositely, in “disarming” model, NK cells 

are by default active and anergic while they are regularly induced by activating receptors 

engaged with their ligands. These cells cannot sense MHC class I-associated inhibition and 

become tolerant. Although educated NK cells are truly functional, non-educated NK cells are 

also required for the host. For instance, the non-educated NK cells gain functionality during 

an acute viral infection in the presence of pro-inflammatory cytokines [154]. 

As mentioned above, activation and cytotoxicity of NK cells are either induced by activating 

receptors such as natural killer group 2-member D (NKG2D) and DNAX accessory molecule-

1 (DNAM-1) or inhibited by inhibitory receptors such as CD94/NKG2A.  

Inhibitory receptors are recognized by the immunoreceptor tyrosine-based inhibition motifs 

(ITIM) in their cytoplasmic tail. Once an inhibitory receptor is elicited, the tyrosine residue 

located in ITIM is phosphorylated. This event recruits Src homology 2 domain containing 

phosphatases (SHP1 or SHP2) to the phosphorylated ITIM [155].  The SHPs are recruited to 

the interface between the target and NK cell. These tyrosine phosphatases dephosphorylate 

the tyrosines in activation receptors as well as other tyrosine-dependent signaling components 
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and terminate Ca
2+

 influx, cytokine production and degranulation of the NK cell [156]. By 

recognizing MHC class I, inhibitory receptors including CD94/NKG2A protect healthy cells 

from NK attack and lysis. It has been shown that CD94/NKG2A binds activated CD4
+
 T cells 

and prevents their killing [128]. NK cells can develop tolerance toward cells that have lost 

their MHC class I expression. Some NK cells may not express inhibitory receptors specific 

for self-MHC class I and instead express receptors for recognizing non-self MHC class I 

[157-160], thus providing alternative tolerance mechanisms to avoid NK cell-associated 

autoimmune attack.  

NK cells also express many activating receptors. In the absence of MHC class I molecules 

(self-recognition), NK cells recognize and lyse target cells via their activating receptors and 

transduce signals through immunoreceptor tyrosine-based activation motifs (ITAM) placed in 

their cytoplasmic tail. The most important activating cytotoxic receptors are NKG2D, 

DNAM-1 (CD226), NKp30, NKp44 and NKp46. NKG2D and DNAM-1 receptor-ligand 

systems are separately discussed below.  

 

2.2.7 The NKG2D receptor-ligand system 

NKG2D, identified on NK cells in 1991 [161], is a type II transmembrane glycoprotein 

consisting of C-type lectin-like NK receptor domains [162]. The cytoplasmic tail of one 

homodimeric NKG2D receptor is associated with two homodimers of transmembrane 

disulphide adaptor molecules DAP10 in human or DAP12 in mouse [163, 164]. Unlike 

DAP12, DAP10 contains a cytoplasmic tyrosine-isoleucine-asparagine-methionine (YINM) 

motif instead of an ITAM motif [156]. The adaptor molecules are involved in signal 

transduction into NK cells and CTLs. It was shown that silencing the adaptor molecules abate 

the NKG2D-mediated cytotoxicity in NK cells and CTLs [165]. In humans, NKG2D receptor 

is expressed on NK cells, NKT cells, CD8
+
 αβT cells and γδT cells [166]. NKG2D is 

upregulated by IL-2 [167], IL-15 [167] and STAT3 [168]. This receptor is down-regulated by 

TGF-β [169], exogenous IFN-γ [170], a combination of IL-2 and IL-21 [171], soluble 

NKG2D ligands [172], NKG2D ligands expressed on exosomes [173] and miRNA-1245 

[174].  

In humans, the ligands of NKG2D belong to two families: the MHC class I chain-related 

antigens A (MICA) and B (MICB) as well as the cytomegalovirus UL-16-binding proteins 

(ULBP) 1-6. MICA/B gene is encoded in the MHC region. MICA & B, like MHC class I, 

consist of α1, α2 and α3 extracellular domains and short transmembrane tails; however unlike 

MHC class I, they do not associate with β2-microglobulin or antigenic peptides [175]. Unlike 

MICs, ULBPs lack the α3 domain (Fig. 5) [176]. ULBP1-3 and -6 bind the cell membrane via 

glycosylphosphatidylinositol (GPI) anchors while ULBP4 and ULBP5 are transmembrane 

proteins [175]. NKG2D ligands are expressed on infected, DNA damaged or transformed 

cells but in small amounts also on healthy cells such as monocytes, DCs, activated T cells, B 

cells, platelets, granulocytes, macrophages, placenta of pregnant women, various epithelial 

cells such as intestinal epithelium, bone marrow stromal and myeloid progenitor cells [177]. 

NKG2D ligands are upregulated by stress conditions such as heat shock and oxidative stress 
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[178, 179], tumor cells, the ATR/ATM DNA damage pathway [180], IL-18 [181], 

lipopolysaccharaide (LPS) [182], and HER2/HER3 receptor tyrosine kinase signaling [183]. 

The ligands are downregulated by hypoxia [184], STAT3 [185, 186], immunomodulatory 

cytokines such as TGF-β and IFN-γ [170], shedding of the extracellular domain [187], and 

several miRNAs including miRNA-20a, miRNA-93, miRNA-106b, miRNA-373 and 

miRNA-520d [188]. Virus-infected cells, however, up- or downregulate the ligands. Viruses 

such as VSV, HCMV, HSV and adenovirus downregulate the expression of NKG2D ligands 

on virus-infected cells; whereas, influenza virus can upregulate ULBP1-3 [189]. In addition to 

exosome release, tumor cells abate the cell surface expression of NKG2D ligands through 

releasing soluble forms of the ligands via proteolytic cleavage of the extracellular domain by 

metalloproteinases (MMPs) or with the assistance of the disulphide-isomerase endoplasmic 

reticulum protein 5 (ERp5) [187, 190]. It has been shown that a disintegrin and 

metalloproteinase (ADAM) members (e.g. ADAM10 and ADAM17) which are thiol 

disulphide isomerases participate in proteolytic shedding of NKG2D ligands [191, 192]. Such 

soluble forms of NKG2D ligands, together with exosome-bound NKG2D ligands can be 

found in the sera of cancer patients, pregnant women and individuals with non-malignant 

diseases [193-195]. Elevated level of the soluble forms is correlated to poor prognosis [196]. 

The NKG2D ligands carried on exosomes are much more potent downregulators of the 

NKG2D receptor compared to soluble forms [197].  

The expression of human NKG2D ligands is controlled at transcriptional, post-transcriptional 

and post-translational levels [176, 195, 198]. These regulations are conducted by thermal and 

oxidative stress, the ATR/ATM DNA damage pathway, HER2/HER3 pathway, c-Myc, and 

miRNAs. However, regulations by transcription factors like p53, NF-κB and Sp family are 

posed [176]. Like heat shock protein 70 (Hsp70), stress-inducible MICA and MICB are 

regulated by heat shock elements within their gene promoter [179, 199]. 

 

Figure 5. Structure of human NKG2D liagnds. MICA/B consist of three extracellular domains 

while ULBPs possess two domains. GPI = glycosylphosphadidylinositol, TM = transmembrane. 

Modified from [176]. 
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NKG2D ligands are differentially expressed on tumor cells. Testing 33 ovarian cancer cell 

lines revealed that 97.6% and 82.9% of the cell lines expressed MICA/B and ULBP2, 

respectively [200]. Tumor cells either coexpress MICA and MICB or express only one of 

them [201]. They also may coexpress MICA and ULBP1-3 [202]. However, a few tumor cell 

lines such as acute myeloid leukemia and neuroblastoma lack MICA and ULBP1-3 indicating 

that killing target cells is accomplished by natural cytotoxicity receptors or DNAM-1 [202]. 

Moreover, one or more ULBP types are expressed on epithelial tumor cells [202].  

It is pondered why there are several ligands for same receptor. There is a diversity of NKG2D 

ligands expressed by tumor cells and virus-infected cells due to evolutionary selection 

(natural selection). Different NKG2D ligands bind the NKG2D receptor with distinct 

affinities and they are not equivalent functionally. It is an advantage for NK cells to recognize 

their targets expressing multiple polymorphic NKG2D ligands effectively. This allows the 

host to prevail against immune evasion by tumor cells, virus-infected cells and viral 

pathogens. About 3.8% of Japanese people carry a null allele of MICA and MICB in their 

gene though they are healthy. This indicates that other NKG2D ligands compensate for their 

loss. Moreover, because of cancer immunoediting, the expression of one NKG2D ligand 

might be lost. Loss of heterozygosity is a result of somatic mutation or gene methylation. 

When it happens, it is difficult for tumor cells to switch off multiple NKG2D ligands [162].    

Once NKG2D receptors bind their ligands, signal transduction is initiated through DAP10 

stimulation. This induction is due to interaction between a positively-charged amino acid 

located in the transmembrane domain of NKG2D receptor and a negatively-charged residue in 

the transmembrane region of either DAP10. The Src-family kinases located nearby the 

DAP10 phosphorylate the YINM motif which consequently recruits growth factor receptor-

bound protein 2 (Grb2), Vav1 (a guanine nucleotide exchange factor) and the p85 subunit of 

phosphatidylinositol-3-kinase (PI3K) [203]. All three elements are necessary for the signal 

transduction. This event culminates in Ca
2+

 influx through ion channels, phosphorylation and 

activation of extracellular signal-regulated kinase (ERK), and finally degranulation which 

involves recruitment of cytolytic granules to the cell membrane and releasing perforin and 

granzymes into the junctional space between the NK cell and its target. Thus, NK cells 

recognize and bind their target cells and kill them through a cytotoxicity pathway.  

 

2.2.8 The DNAM-1 receptor-ligand system 

DNAM-1 (CD226) is a transmembrane glycoprotein consisting of an extracellular part with 

two IgV-like domains, a transmembrane region and a cytoplasmic tail containing serine- and 

tyrosine-phosphorylated sites. In human, DNAM-1 is expressed on NK cells, T cells (CD4
+
, 

CD8
+
, γδ T cells), NKT cells, monocytes, a small subset of B cells, mast cells and eosinophils 

[204, 205]. DNAM-1 is required for NK cells in a variety of functions; for instance: (1) it is 

essential for IL-2 activated perforin-mediated cytotoxicity, (2) it is required for suppressing 

tumor cells mediated by CD27 and CD28, (3) it contributes to NK cell- and CTL-mediated 

cytotoxicity against tumor cells, (4) its expression on NK cells eliminates HCMV-infected 
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DCs and HIV-infected CD4
+
 T cells, (5) it is involved in proliferation and differentiation of 

CD4
+
 T cells [205-212]. 

DNAM-1 as a NK cell activating receptor binds to two ligands, nectin-2 (CD112) and 

poliovirus receptor (PVR, CD155, Necl-5) [213]. Nectin-2 belongs to nectin family while 

PVR belongs to nectin-like (Necl) molecules. Nectins are Ca
2+

-independent Ig-like cell 

adhesion molecules consisting of four members, nectin 1-4. They contain three Ig-like 

extracellular domains, a transmembrane region and a short cytoplasmic tail that binds to the 

actin filament (F-actin)-binding protein afadin (Fig. 6). Thus, nectins are connected to the 

actin cytoskeleton. However, Necls lack an afadin-binding motif in their cytoplasmic tails; 

therefore, they do not bind afadin [214]. Necl family consists of five members, Necl-1 to 

Necl-5. Among all nectins and Necls, only nectin-2 and PVR interact with DNAM-1. 

Moreover, both nectins and Necls are involved in cell-cell adhesions. They regulate cell 

polarization, movement, survival, differentiation proliferation, apoptosis and metastasis [215].   

Nectin-2 is expressed in various cells such as neurons, fibroblasts, epithelial cells, DCs, mast 

cells and eosinophils [204, 214, 216]. However, it is overexpressed in tumor cells (e.g. breast 

and ovarian cancers) [217, 218]. Nectin-2 accomplishes several functions such as (1) 

regulation of viral entry into host cells [214, 219], (2) NK cell-mediated cytotoxicity [213, 

216], (3) regulation of immunoglobulin-mediated immune response [204], and (4) regulation 

of mast cell activation [204]. 

 

Figure 6. Structure of nectins, Necls and DNAM-1. Nectins and Necls have three Ig-like loops in 

their extracellular region, a transmembrane region (TM), and a cytoplasmic domain consisting of a 

PDZ-binding motif (PDZ) with a conserved sequence of amino acids. Unlike nectins, Necls lack an 

afadin-binding motif in their cytoplasmic tails. Necls contain a 4.1-binding motif that associates with 

band 4.1 family proteins. Modified from [214].  
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The other DNAM-1 ligand, PVR, is expressed at a low level in epithelial cells, monocytes and 

DCs [212, 216, 220, 221]. Although PVR is overexpressed in some tumor cells [222], the 

expression can be downregulated by cancer-associated fibroblasts [223] and viruses such as 

HCMV [224]. High expression of PVR in cancer patients correlates to poor prognosis [225]. 

PVR conducts different functions such as (1) regulation of poliovirus entry into host cell 

[226] and (2) NK cell-mediated cytotoxicity [216]. Furthermore, there are two more receptors 

that share DNAM-1 ligands, TIGIT (T cell Ig & ITIM domain) and CD96/Tactile (T cell 

activation, increased late expression). TIGIT is an inhibitory receptor expressed on T cells, 

regulatory T cells and NK cells. This receptor binds PVR with high affinity and nectin-2 with 

low affinity. TIGIT inhibits NK cell-mediated cytotoxicity by binding to PVR and nectin-2 

[227]. CD96 is also an inhibitory receptor expressed on T, NK and NKT cells. It competes 

with DNAM-1 for binding to PVR and limits IFN-γ production by NK cell; however, the 

interaction does not influence the NK cell-mediated cytotoxicity of tumor cells [228]. It has 

been shown that PVR can be found in soluble form and the soluble PVR level in sera of 

cancer patients is significantly higher than those from healthy donors [229]. The level is 

higher in patients with advanced stages than early stages. 

In DNAM-1-mediated NK-cell killing, when DNAM-1 interconnects with its ligands, the 

serine and tyrosine residues (Ser329 and Tyr322, respectively) located in the cytoplasmic tail 

of the DNAM-1 are phosphorylated and activated by Src-family kinases. Phosphorylation of 

Ser329 by protein kinase C (PKC) allows the DNAM-1 to be associated with LFA1. The 

phosphorylated residues, in turn, recruit Syk or ZAP70 tyrosine kinases followed by Vav-1, 

PLC76 and ERK phosphorylation and activation. Activation of ERK implicates feasible 

degranulation and cytokine production [230, 231]. Hence, NK cells release perforin, 

garnzymes and cytokines such as IFN-γ and TNF to destroy their target cells through 

apoptosis.  

 

2.2.9 Cytokines 

Cytokines are small but very potent glycosylated signaling peptides/proteins that are produced 

and secreted by a variety of cells in the body, immune cells as well as other somatic cells. 

Cytokines act in an autocrine, paracrine or endocrine manner through specific receptors and 

exert stimulatory or inhibitory effects on target cells such as hematopoietic, endocrine, neural, 

respiratory, gastrointestinal and many other cells. Cytokines are characterized by their 

pleiotrophy, i.e. different cytokines have different effects in different settings, and 

redundancy, i.e. several cytokines can exert similar biological effects/functions. Furthermore, 

they can act in synergism, potentiating each other’s effect or in antagonism, opposing the 

biological effect of each other. How a cytokine acts in a specific situation depends on the 

particular microenvironment in which it is present and the combination of tissues, cells and 

other signaling molecules such as other cytokines, hormones and other active signal 

substances. Cytokines   participate in both the differentiation of the T helper cells subsets and 

the promotion of different immune responses (Fig. 7). Their various biological effects 

delivered in pleiotrophic, redundant, autocrine and paracrine manner makes cytokines 
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important participants of the regulation and fine-tuning of the immune responses. A brief 

summary of T helper subsets and the cytokines involved in the regulation of the immune 

response are presented in Table 3. Furthermore, cytokines are aberrantly expressed in high 

amounts by a variety of cancer cells, cancer-supporting fibroblast, stromal cells as well as 

adipocytes and comprise a constitutive part of the tumor microenvironment and act as pro-

tumorigenic factors promoting tumor development, growth and metastasis.  

 

 

Table 3. Immunomodulatory cytokines.  

 

 

T helper cell 

subsets 

Cytokine profiles Type of immune response  

Th1 IFN-γ, TNF-β/lymphotoxin  Cytotoxic response 

   

Th2 IL-4, IL-5, IL-13, IL-24, IL-

25, IL-31 
Humoral response 

   

Th17 IL-17A, IL-17F, TNF-α Inflammatory response 

   

Th22 IL-22 Inflammatory response 

   

iTreg IL-10, TGF-β Adaptive/inducible regulatory response 

   

Th9 IL-9 Allergy, autoimmune, inflammation, 

anti-tumor immunity 
 

 

Th cell subsets produce and release cytokines influencing the immune responses. Th = T 

helper, Treg = regulatory T cell, iTreg = inducible Treg.  
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Figure 7. The influence of inducing and effector cytokines in Th cell subsets and Tregs. CD4
+
 Th cells differentiate into a few cell subsets 

due to inducing cytokines. The formed subsets regulate or suppress other immune cell responses by releasing effector cytokines. Ag = antigen, 

MΦ = macrophage, DC = dendritic cell, CTL = Cytotoxic T lymphocyte, Ab = antibody, IL = interleukin, Tfh = follicular helper T cell, Tph = 

peripheral helper T cell, TCR = T-cell receptor, iTreg = inducible Treg. 
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2.3 The tumor microenvironment and its cellular composition 

Tumor microenvironment consists of a heterogeneous population of cancer-supporting cells 

known as tumor-associated stromal cells (TASCs). The TASC subtypes include (1) tumor-

associated fibroblasts (TAFs)/cancer-associated fibroblasts (CAFs), (2) cancer-associated 

adipocytes (CAAs), (3) cancer-associated endothelial cells (CAECs), (4) tumor-associated 

immune stroma such as tumor-associated macrophages, tolerogenic DCs, myeloid-derived 

suppressor cells (MDSCs), Tregs, tumor-infiltrating NK cells (TINKs) and tumor-associated 

NK cells (TANKs) [232]. TASCs secrete enormous amounts of pro-tumorigenic factors such 

as IL-6, IL-8, IL-10, IL-1β, TGF-β, CXCL1, VEGF and MMPs and promote tumor 

progression by recruiting more pro-tumorigenic cells and tumor cells to the tumor 

microenvironment. Thus, the host stroma in a high degree contributes to the tumor growth and 

progression by interacting with cancer cells. Below, a short description of cellular 

components of the tumor microenvironment is given starting with the locally recruited 

immune cells. 

  

2.3.1 Immune cells and their tumor promoting functions  

 Tumor-associated macrophages (TAMs) 

Tumor-associated macrophages are differentiated from circulating monocytes that migrate 

into tumor microenvironment in response to cytokines (e,g, TGF-β1), chemokines (e.g. 

CCL2, CCL3, CCL4, CCL7, CCL8) and growth factors (e.g. GM-CSF and CSF-1) [233]. 

However, tumor cells release molecules such as IL-6, CSF-1 and GM-CSF to block DC 

maturation. TAMs can promote tumorigenesis by developing inflammation. They influence 

angiogenesis by producing VEGF as well as cytokines such as TNF-α and IL-1 which induce 

VEGF release to favor tumor cells. TAMs participate in tumor metastasis through production 

of proteases such as MMP-7 and MMP-9 to degrade the basement membrane. Moreover, 

TAMs promote tumor growth by producing growth factors such as hepatocyte growth factor 

(HGF), fibroblast growth factor (FGF) and TGF-β [233]. Furthermore, TAMs down-modulate 

the expression of CD3-ζ chain in T cells through oxidative stress [234]. 

 

Myeloid-derived suppressor cells (MDSCs) 

In human, myeloid-derived suppressor cells include both myeloid progenitor cells and 

immature myeloid cells (IMCs). They originate from the bone marrow and have morphology 

of monocytes or granulocytes. These cell types express myeloid marker CD33 and are 

distinguished as CD14
-
CD11b

+
 cells. Normally, IMCs differentiate into mature macrophages, 

granulocytes and DCs after migrating to the peripheral organs in response to different 

cytokines and growth factors. IMCs lack suppressive function in healthy individuals; however 

after activation, they achieve immunosuppressive ability in cancer and other non-neoplastic 

conditions such as trauma, acute and chronic infections and are called MDSCs. MDSCs are 

activated by a variety of factors including cytokines such as IFN-γ, TGF-β, IL-1β, IL-6, IL-
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10; chemokines such as CCL2; growth factors such as VEGF and GM-CSF. MDSCs exert 

immunosuppressive functions including suppressing T cells, regulating the cytokine 

production in macrophages and promoting tumor progression by mechanisms such as a highly 

expression of arginase 1 and inducible nitric oxide synthase (iNOS) which eliminate T-cell 

proliferation and function by declining the expression of the CD3-ζ chains on T cells. The 

iNOS generates nitric oxide (NO) in turn. MDSCs induced by TGF-β, IL-3, IL-6, IL-10, GM-

CSF and platelet-derived growth factor produce large amount of reactive oxygen species 

(ROS) both in cancer and non-neoplastic conditions such as infection and inflammation. 

Indeed, ROS plays a decisive role in tumorigenesis by promoting DNA mutation, chronic 

inflammation, proliferation, invasion, angiogenesis and metastasis. MDSCs overexpress 

peroxynitrite (ONOO
-
) as a strong oxidant to suppress T-cell function and further promote 

tumor progression [39]. Their suggested contribution to induction, differentiation and 

development of regulatory T cells is still disputed.  

 

Tolerogenic DCs  

As professional antigen-presenting cells, DCs present antigens in the context of MHC for T 

cells. There are two types of DCs – immature and mature. Immature DCs can be activated in 

the peripheral blood to become mature cells and then migrate to the lymph nodes to interact 

with effector T and B cells and promote the adaptive immune responses. Tissue-resident DCs 

as immature cells can become resident mature DCs by sensing danger signals released from 

pathogens and therefore gain ability to induce T cells by overexpression of MHC molecules, 

cytokines and co-stimulatory molecules. DCs participate in pro-inflammatory or anti-

inflammatory (tolerogenic) immune responses. Regulatory DCs known as tolerogenic DCs 

inhibit immune responses via eliciting anergy in T cells, T cell apoptosis and Tregs. 

Tolerogenic DCs express various immunomodulatory factors (such as TRAIL, PD-L1 and 

HLA-G) and immunosuppressive factors (such as IL-10, TGF-β, NO and indoleamine 2,3-

dioxygenase, IDO). Tolerogenic DCs can be stimulated by products of pathogens, tumor 

cells-secreted cytokines (e.g. IL-10 and TGF-β) and VEGF as well as Tregs secreting IL-10. 

Tregs in turn can also be induced by tolerogenic DCs secreting IL-10 and TGF-β and 

expressing the immunoglobulin-like transcript receptors [235, 236].  

 

Tumor-infiltrating NK cells (TINKs) and tumor-associated NK cells (TANKs) 

TINKs and TANKs are altered phenotypes of NK cells with changed functions. Both 

populations possess compromised tumor lysis ability. TINKs gain new characteristics 

including: (1) altered polarization and phenotype, (2) down-regulation of CD16, NKG2D and 

DNAM-1, (3) impaired cytotoxic ability, (4) malfunction of degranulation, (5) reduction of 

IFN-γ, and (6) overexpression of angiogenic factors such as VEGF [237]. It was shown that 

TANKs overexpress IL-4 and IFN-γ in tumor site compared to circulating NK cells from 

same patients [238]. Moreover, NK cells in tumor microenvironment convert into MDSCs 

[239]. 
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Regulatory T cells  

Regulatory T cells differentiate from naïve T cells activated by TGF-β and IDO and develop 

in the thymus (thymic-derived Tregs/naturally occurred Tregs) and in the periphery 

(peripheral-derived Tregs/inducible Tregs). The subsets of Tregs are CD4
+
 Tregs and CD8

+
 

Tregs.  Naïve CD4
+
 T cells differentiate into either CD25

+
 Foxp3

+
 (forkhead box p3) Tregs in 

the thymus medulla or in the periphery to inducible Tregs including three subtypes: 1) Foxp3
+
 

Tregs, 2) IL-10
+
 Tr1 cells and 3) TGF-β

+
 Th3 cells [240]. The phenotype of most Tregs is 

identified by the expression of the IL-2 receptor CD25, the cytotoxic T-lymphocyte associated 

molecule-4 (CTLA-4) and their lineage-specific marker Foxp3. However, Tr1 cells do not 

express CD25 and Foxp3 [241]. Moreover, it was shown that CD8
+
 T cells can also 

differentiate into different Tregs such as Qa-1-specific CD8
+
 Tregs, CD8

+
CD28

-
 Tregs, 

CD8
+
CD25

+
 Tregs, NKT Tregs and γδ-TCR Tregs [241]. Regulatory T cells control the 

immune responses with a positive or negative outcome depending on the condition in which 

they function - e.g. pregnancy, inflammation, autoimmunity, infection and cancer. Their 

positive contribution includes: (1) regulating immune tolerance to self, (2) hindering tissue 

damage and controlling inflammation in infections, and (3) preventing autoimmune diseases. 

In cancer, the immune suppression exerted by Tregs helps cancer evade immune attack and 

promotes its growth, establishment and metastasis. It is not an overstatement that Tregs have 

emerged as cancer’s best friends.   

The negative modulation of the immune responses by Tregs can be summarized as follows 

[240, 242, 243]: 

1) Elimination of DC maturation and function via IL-10 and TGF-β 

2) Induction of tolerogenic DCs for converting T cells into Tregs 

3) Suppressing NK cell function by TGF-β and restricting T cell-released IL-2 to NK 

cells 

4) Hindrance of APCs and T cells (Th1, Th2, Th17) by IL-10 

5) Killing APCs and T cells by releasing perforin and granzymes A and B 

6) Inhibition of T-cell migration to tissues 

7) Inhibition of mast cells, basophils and eosinophils 

8) Impeding IgE expression by B cells 

9) Eliciting IgG4 by B cells 

The immune suppression effectuated by Tregs include [240]:  

1) Production of immunosuppressive cytokines such as TGF-β, IL-10 and IL-35 

2) Cytolysis via perforin and granzyme A/B 

3) Metabolic disruption via CD25, cAMP, and adenosine (by Tregs expressing CD39 and 

CD73) 

4) Targeting CTLA-4, PD-1, TGF-βR and IL-10R on DCs 
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Like effector T cells, Tregs also generate memory cells with long-term survival. After 

activation of resting/naïve Tregs by encounter of APCs in the secondary lymphoid organs, 

they can be converted into memory Tregs [244].  

 

2.3.2 Non-immune tumor-promoting cells  

Cancer-associated adipocytes (CAAs)  

Adipocytes (fat cells/lipocytes) are found in adipose tissue (a loose connective tissue) and 

store energy as fat. They contribute to tumor survival, invasion and metastasis through 

overexpression of different factors such as insulin-like growth factor binding protein-2, 

MMPs (e.g. MMP-11), pro-inflammatory cytokines including IL-6 and IL-1β [232, 245].  

Cancer-associated endothelial cells (CAECs)  

Endothelial cells line veins, capillaries, lymphatics, arteriols and the heart. Neogenesis of 

blood vessels plays a decisive role in the development, establishment and metastasis of 

tumors. In cancers, tumor endothelial cells undergo abnormalities through aberrant expression 

of transcription factors and upregulation of VEGF in tumor microenvironment [246, 247]. 

CAECs promote tumor growth and invasion. These cells produce high amounts of TNF-α  

which enhances CXCL1/2 production, a chemokine that recruits myeloid cells [232].  

Cancer-associated fibroblasts (CAFs)   

Fibroblasts are cells originating from the mesenchyme. They synthesize collagen, fibronectin 

and other constituents of the extracellular matrix (ECM). In cancer and under the influence of 

the tumor microenvironment, CAFs are formed from other cells by acquirement of an 

irreversible, activated, apoptosis-resistant fibroblast-like cell phenotype. CAFs are derived 

from cells of various origins such as resident fibroblasts, endothelial cells, epithelial cells or 

mesenchymal cells. CAFs in their turn alter the tumor microenvironment to promote primary 

tumor growth and contribute to tumor invasion, tumorigenesis and metastasis. The functions 

of CAFs include: (1) expression of N-cadherin which is required for tumor-cell migration; (2) 

overexpression of various growth factors (e.g. HGF) and cytokines (e.g. TGF-β) into the 

vicinity of tumor cells. TGF-β induces trans-differentiation of fibroblasts into CAFs. (3) 

generation of ROS under low pH; (4) secretion of various MMPs to remodel the ECM which 

is necessary for tumor metastasis and progression; (5) production of fibroblast secreted 

protein-1; (6) induction of inflammation by upregulated release of pro-inflammatory 

cytokines such as IL-6, IL-1β, TNF-α and IL-8; (7) production of stromal cell-derived factor-

1 known as CXCL12 which recruits endothelial cell precursors to promote angiogenesis. 

Moreover, CXCL12 is a ligand for tumor cell-expressing CXCR4 whose presence stimulate 

tumor cell proliferation. Interestingly, tumor cells release exosomes which elicit the transition 

of stromal cells into CAFs [248].  
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2.4 Long non-coding RNAs 

Non-coding RNAs comprise the well-known RNA species transfer (t) and ribosomal (r) 

RNAs but also a variety of recently discovered small non-coding RNAs with regulatory 

functions such as microRNA, siRNAs, snRNAs and the long non-coding (lnc) RNA. A 

lncRNA is an RNA molecule with longer than 200 nucleotides in size. LncRNAs are mostly 

transcribed by RNA polymerase II with no translational ability due to lack of open reading 

frames. Over 15000 lncRNA genes in human have been identified and the number is steadily 

growing. Only one fifth of the transcription of the human genome is correlated to protein-

coding genes [249]. There are at least four times more lncRNAs than coding RNA sequences 

[249]. Multiple studies have revealed that testis and neural tissue has the highest amount 

lncRNA compared to any other tissue [250].  

LncRNAs are involved in a great variety of important biological mechanisms such as 

epigenetic chromatin modifications, regulation of gene transcription and mRNA translation. 

Despite this variety of suggested lncRNA functions, schematically shown in Figure 8, the 

function(s) of the vast majority of lncRNAs are still unknown and a great and joined research 

effort is needed to understand their nature and biological role [251, 252]. 

LncRNA research has opened new insights into cancer biology suggesting a role of lncRNAs 

in promotion of cancer. Very recent reports have suggested that lncRNAs are dysregulated in 

several cancer types including breast-, colorectal-, liver- and lung cancers, leukemia, 

melanoma and possibly other cancers [251]. 

An interesting observation is that the majority of lncRNA (~78%) are tissue specific. Indeed, 

lncRNAs are characterized with high tissue specificity, high developmental stage specificity 

and cell subtype specificity in heterogeneous tissues e.g. the human brain [253]. These 

specificity properties of lncRNAs makes them promising candidates to use for diagnostic 

purposes where search for specific lncRNA(s) expression or expression of specific lncRNA 

profiles can be used for improvement of diagnosis for several conditions including cancer. 

One of the aims in the current dissertation was investigation of lncRNA in EOC, benign 

conditions and normal cases looking for EOC-specific lncRNA signatures that could improve 

and speed up EOC diagnosis. lncRNA in EOC will be further discussed in the result section of 

this thesis. 
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Figure 8. Functions of lncRNAs. (A) LncRNA prevents the access of transcription factors to DNA 

by interfering chromatin remodeling, (B) serving as adaptors, they recruit proteins and make them as 

complexes, (C) they prevent regulatory proteins to access to DNA, (D) they regulate protein synthesis 

through inhibition of mRNA-binding miRNAs. Modified from [254]. 
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2.5 Exosomes  

Multivesicular bodies (MVBs) had been observed in the rat ovarian egg by electron 

microscopy for the first time in 1959 [255]. During 1960s, various extracellular microvesicles 

were described in electron microscopy studies but were considered as artifacts and cell debris. 

In 1983, two groups investigated sheep and rat reticulocytes indicating that small vesicles 

containing transferrin and transferrin receptor are released from the cell plasma membrane 

[256, 257]. Johnstone et al. (1987) harvested vesicles from sheep differentiating reticulocytes 

in vitro by ultracentrifugation and showed that these vesicles contain peptides and enzymes. 

They called them exosomes and described their origin from the endosomal compartment 

suggesting that they were used to discard the transferrin receptor during the maturation of 

reticulocytes to erythrocytes [258]. In 1996, a publication described one of the first functions 

of exosomes which implied a role in antigen presentation by B lymphocyte-secreted 

exosomes that expressed peptide-loaded MHC class II molecules on their surface [259].   

Eukaryotic cells release and uptake a few populations of extracellular vesicles (EVs), 

categorized into three main groups: exosomes, microvesicles and apoptotic bodies. 

Microvesicles are larger than exosomes and bud from the plasma membrane of most cell 

types. Apoptotic bodies are released from the plasma membrane of shrinking apoptotic cells 

by blebbing at the late stages of cell death (Table 4). However, lower organisms such as 

bacteria and parasites form and secrete EVs called outer membrane vesicles (OMVs).  In this 

dissertation, exosomes have been studied and discussed; therefore, they are the main EV 

topic. Below follows a definition of exosomes and their characteristics. 

Exosomes are defined as extracellular nanovesicles originated from endosomes. They possess 

a buoyant density between 1.13 g/ml to 1.19 g/ml [259-263] and a size ranging from 30 to 150 

nm in diameter. Exosomes have naturally a spherical form; however, they look cup-shaped 

when prepared for electron microscopy and are visualized with this artifact (cup shape) in 

transmission electron microscopy.  

 

Table 4. The main characteristics of EVs. PM = plasma membrane 

EV Diameter       

(nm) 

Density 

(g/ml) 

Morphology 

(TEM) 

Cellular origin 

 

Origin 

Exosomes 30-150 1.13-1.19 Cup-shaped Most cell types Endosomes 

Microvesicles 200-1000 Unknown Roundish, 

irregular 

Most cell types PM 

Apoptotic 

bodies 

1000-5000 1.16-1.28 Heterogeneous All cell types PM, 

endoplasmic 

reticulum 
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Exosomes are produced and released from almost all cell types in human body and can be 

found in urine, saliva, breast milk, blood, bile, synovial fluid, cerebrospinal fluid, nasal fluid, 

uterine fluid, amniotic fluid, bronchoalveolar fluid, seminal plasma and feces [265]. In 

addition to healthy physiological condition, exosome production is seen in diseases including 

cancer. Various cancer types including EOC cells are great exosome producers. Exosomes are 

regularly found in peritoneal ascites of ovarian cancer [266]. Exosomes implicate intercellular 

crosstalk and cell-cell communication. They target recipient cells and trigger downstream 

signaling events through receptor-ligand interactions and/or delivery of their cargo containing 

proteins, lipids and nucleic acids (e.g. mRNA and non-coding RNA) [267, 268].   

The biogenesis of exosomes is illustrated in Fig.9. Molecules are either recycled through the 

endosomal compartment ending up in exosomes or de-novo synthesized and exported directly 

to MVBs. By endocytosis, the plasma membrane proteins are internalized into the cytosol as 

endocytic vesicles via a clathrin-dependent pathway. However, there are other uptake routes 

deliberated for EVs which are still controversial [269, 270]. Clathrin-dependent pathway 

contributes to internalization of antigens, growth factors, receptors, nutrients and pathogens 

[271]. Endocytic clathrin-coated vesicles are generated when cytosolic proteins interact with 

compartments of the inner leaflet of the plasma membrane. The endocytosis happens where 

coated-pit zones are located. Such zones concentrate cell surface proteins for internalization 

[272]. Two abundant proteins, clathrin and the adaptor protein-2 (AP-2) are found in coated-

pits along with other proteins involved in clathrin-mediated endocytosis. The coated 

endocytic vesicles are then pinched-off in the cytosol. The endocytic vesicles fuse with early 

endosomes enabling them to deliver their cargo.  Early endosomes mature into late 

endosomes where intralumenal vesicles (ILVs) are formed and accumulated in their lumen 

[273]. Late endosomes may deliver their content to the lysosomes for degradation. Formation 

of the ILVs is due to inward budding of the early endosomal membrane. The late endosomes 

containing ILVs are now called MVBs [274]. The endosomal sorting complex required for 

transport (ESCRT) machinery contributes to sorting molecules into exosomes in an ubiquitin-

dependent manner. Proteins are also inserted into the MVBs from the Golgi apparatus and the 

rough endoplasmic reticulum (RER). Ubiquitinated proteins are recognized by ESCRT 

proteins and form complexes; hence, they can be sorted into late endosomes and MVBs. After 

manifestation, MVBs weld with either lysosomes for degradation or the plasma membrane for 

releasing their ILVs to extracellular spaces via exocytosis. These released ILVs are called 

exosomes. Fusion of MVBs to the plasma membrane is mediated by different molecules such 

as Rab11, Rab27 and calcium ions [275, 276]. Due to the inward budding of the MVBs’ 

membrane during the production of the ILVs, cell surface proteins, expressed on the 

ILV/exosomal surface have the same orientation and 3-dimentional structure as when they are 

expressed on the cellular membrane; thus, preserving their functionality. 

Non-coding RNAs and mRNAs are sorted into exosomes as well. It has been indicated that 

miRNAs are not incorporated into exosomes randomly and only a subset of miRNAs enter 

exosomes selectively [277]. Moreover, the level of miRNA expression in exosomes varies 

under different physiological conditions. For instance, the expression of miR-21 in exosomes 

derived from the serum of healthy donors is less than the ones from the serum of glioblastoma 
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patients [278]. Certainly, parental cells possess certain sorting mechanisms for packing 

intracellular miRNAs into their exosomes. It is still unclear how longer RNAs such as 

mRNAs and long non-coding RNAs are recruited and sorted into exosomes and other 

microvesicles. 

Extracellular microvesicles including exosomes transfer bioactive molecules to the recipient 

cells. Thus, they affect and alter the biological function of target cells. Hence, exosomes and 

other microvesicles may serve as therapeutic tools. Early diagnosis of cancers has been a 

challenge for a long time. Clinical asymptomatic manifestations and delayed diagnoses 

contribute to incomplete clinical assessment, less effective therapy, and even death. Hence, 

early diagnosis is important. The most common diagnosis is by tissue biopsy which is 

invasive and  unpleasant for the patient and might be dangerous and also miss the 

target/tumor. Moreover, there are only few cancer-specific markers and most cancers today 

are diagnosed by serum biomarkers of known lower specificity.  In recent years, exosomes 

have been suggested as candidates for diagnosis of diseases such as cancer. 

 

 

Figure 9. Biogenesis of exosomes. Exosomes have endosomal origin releasing by cells. The 

cell surface proteins are expressed on exosomes with same orientation. With permission from 

[279].  
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2.5.1 The functions of exosomes/microvesicles 

Promotion of sperm cell motility by prostasomes was one of the first reports regarding the 

interaction of EVs with cells [280]. Since then, diverse roles of EVs including exosomes have 

been studied. Despite having dual roles in some cases, the main functions of exosomes are 

illustrated as follow:   

1. Antigen presentation 

Antigen presentation is a process in which antigen-presenting cells display antigens bound to     

major histocompatibility complex (MHC) molecules to activate T cells. B lymphocytes 

secrete exosomes expressing MHC class II molecules and induce T-cell responses [259]. 

Moreover, dendritic cells (DCs) take up antigens and secrete exosomes expressing MHC 

complexes and T-cell co-stimulatory molecules. These antigens may come from pathogens or 

tumor cells. It was shown that peripheral CD8
+
 lymphocytes can be stimulated by activated 

DCs loaded with ascites exosomes expressing MHC class I in vitro [281]. After induction, 

CD8
+
 T cells could secrete IFN-γ and lyse tumor cells. Furthermore, mature DCs secrete 

exosomes with 50-100-fold more potent than immature DCs-derived exosomes, both in vitro 

and in vivo, to stimulate T cells. This is due to enrichment of MHC class II, B7-2 and 

adhesion molecule ICAM-1 [282].  

2. Angiogenesis 

Tumor growth and progression require the formation of new blood vessels which provide 

nutrients as well as metastatic routes for tumor cells. Tumor exosomes participate in 

angiogenesis by delivering angiogenic proteins into endothelial cells. It was indicated that 

malignant mesothelioma-derived exosomes carry angiogenic factors [283]. Moreover, 

exosomes released by hypoxic glioblastoma cells potentially stimulate angiogenesis [284]. In 

addition, exosomes secreted by hypoxic K562 cells cargo microRNA 210 that consequently 

promote endothelial cells for angiogenesis [285]. Furthermore, adipose tissue-derived 

mesenchymal stem cells are converted into myofibroblasts via SMAD-mediated pathway by 

exosomes from breast cancer cells [286]. The newly formed myofibroblasts participate in 

angiogenesis [287]. Last but not least, tumor cell-derived EVs transfer membrane-bound 

epidermal growth factor receptor (EGFR) to endothelial cells. The EGFR activates the 

autocrine vascular growth factor receptor (VEGF)/VEGFR-2 pathway in endothelial cells that 

supports angiogenesis [288].   

3. Coagulation 

Coagulation is a process of clotting blood which leads to hemostasis. Both coagulation factors 

and platelets are crucial for coagulation. It is known that circulating platelet-derived EVs 

connive in triggering coagulation pathways [289, 290]. In addition, vascular smooth muscle 

cell-derived exosomes expressing surface phosphatidylserine bind to and activate coagulation 

cascade factors [291].  
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4. Pro-inflammatory 

In general, inflammation is a physiological response to harmful stimuli such as tissue injury 

and infections. It involves immune cells and molecular mediators such as cytokines and 

chemokines. A report indicated that Mycobacteria-infected human and murine macrophages 

increased microparticle release with enhanced pro-inflammatory cytokine and chemokine 

release. Injection of these microparticles into uninfected mice significantly induced the 

recruitment of neutrophils, macrophages and dendritic cells to the injection site. 

Microparticles carrying mycobacterial antigen boosted CD4
+
 T cells specific for M. 

tuberculosis through dendritic cells [292].  

5. Anti-inflammatory 

Tumor cells and regulatory T cells cooperate in anti-inflammatory responses by releasing 

mediators and cytokines in the tumor microenvironment. Ecto-5’-nucleotidase or CD73 is an 

enzyme that switch pro-inflammatory state to anti-inflammatory activity by degrading ATP 

and ADP into AMP, and AMP into adenosine in turn [293]. The CD4
+
CD25

+
Foxp3

+
 

regulatory T cells and their released exosomes express CD73 and its substrate, CD39, on their 

surface. CD73 binds adenosine receptor (A2aR) on activated effector T cells triggering 

adenosine production through intracellular cAMP. Hence, adenosine inhibits cytokine 

production and limits T cell response [294]. 

6. Immune activation 

DC-derived exosomes induce CD8
+
 T-cell proliferation and responses which is stronger than 

tumor cell-derived exosomes [295]. Furthermore, breast milk comprises cytokines, soluble 

proteins like IgA and immune cells that deliver immunity to the infant. Human breast milk 

contains exosomes which functionally inhibit allogeneic and autologous PBMCs to produce 

anti-CD3-induced IL-2 and IFN-γ [296]. Regulation of Foxp3
+
 Tregs is important for 

maintaining immune tolerance. Thymus cell-derived exosomes induce not only the 

development of Foxp3
+
 Tregs in the liver and lung, but also converting CD4

+
CD25

-
 T cells 

into Tregs in vivo [297]. 

7. Immune suppression 

Tumor cells and regulatory T cells as well as their cytokines and exosomes connive together 

to impede the immune system of proper response. Although IL-2 supports CTL and NK cell 

proliferation and differentiation, it contributes to the suppressive function of regulatory T 

cells. It was indicated that induction of peripheral blood lymphocytes from healthy donors 

with IL-2 was impaired by tumor exosomes and that these exosomes increased suppressive 

function of CD4
+
CD25

+
 T cells [298]. Moreover, tumor-derived microvesicles mediated 

conversion of CD4
+
CD25

-
 T cells into CD4

+
CD25

high
 FOXP3

+
 regulatory T cells with 

enhanced expression of Fas ligand, IL-10, TGF-β1, CTLA-4, granzyme B and perforin that 

possess stronger suppression ability [299]. It is known that myeloid-derived suppressor cells 

(MDSCs), as a population of immature myeloid cells, suppress T-cell activation [300]. Tumor 

cells release exosomes expressing membrane-associated heat shock protein 72 (Hsp72). This 
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protein in turn induces MDSCs to produce and secrete IL-6 in an autocrine fashion which 

triggers STAT3 activation and phosphorylation in MDSCs through Toll-like receptor 2 [301]. 

Thus, the exosomes promote immunosuppression. Furthermore, tumor exosomes expressing 

TGF-β and prostaglandin E2 recruit MDSCs expressing IL-6, VEGF, Cox2 as well as 

arginase-1 and promote tumor progression in the tumor microenvironment in vivo [302]. 

Tumor exosomes also reduce antibody-dependent cytotoxicity (ADCC) by inhibition of 

binding tumor-reactive antibodies to tumor cells [303]. Tumor exosomes hinder dendritic cell 

differentiation from monocytes and make them immunosuppressive cells [304]. Immune 

suppression can be induced by exosome-mediated receptor-ligand interaction. In fact, tumor 

exosomes express immunosuppressive molecules such as NKG2D ligands. Such ligands on 

cancer exosomes engage with and down-regulate their desired receptors expressed on the 

surface of CD8
+
 T cells and NK cells which lead to impairment of NKG2D-mediated 

cytotoxicity, a mechanism further discussed in this thesis [305, 306].  

8. Intercellular signaling 

Intercellular signaling allows a single cell to influence other cells in a specific manner and is 

mainly mediated by signal molecules such as hormones (in the endocrine system), cytokines 

(in the immune system) and neurotransmitters (in the nervous system). STAT1 is a 

transcription factor and a member of STAT protein family. STAT1 up-regulates genes upon 

signals from type I, type II or type III interferons. Once stimulated by IFN-γ, JAK/STAT1 is 

phosphorylated and activated. STAT1 forms homodimers or heterodimers with STAT3 which 

bind to interferon-gamma-activated sequence (GAS) promoter element. Binding to the 

promoter element culminates in an enhanced expression of interferon-induced genes [307]. It 

has been elucidated that exosomes released by neural stem cells emerge surface expression of 

IFN-γ/Ifngr-1 complexes that bind to the ones on target cells, leading to activation of STAT1-

signal transduction in target cells [308].  

The Wnt signaling is another signal transduction pathway that regulates cell-to-cell interaction 

during development and adult tissue homeostasis. The Wnt-protein ligand binds to G protein-

coupled receptor proteins on target cells and transmits the signal. It is now revealed that 

exosomes from human cells carry Wnts on their surface to stimulate the Wnt signaling 

pathway in target cells [309].     

9. Pro-apoptosis 

Apoptosis or programmed cell death happens during development and is a physiological 

process of death. Although it is essential for the cells, tumor cells compel the immune cells 

for an exhorted death. It is known that cancer exosomes express Fas ligand and mediate T-cell 

apoptosis [310-312]. However, apoptosis is a pivotal process during pregnancy. It has also 

been shown that human placenta release exosomes expressing Fas ligand and TRAIL to 

induce apoptosis in activated immune cells in vitro [313]. This accomplishment implicates 

immune tolerance to the fetus and preventing fetal rejection by the maternal immune system. 

Moreover, NK cell-derived exosomes express CD56
+
, Fas ligand and perforin. When such 

exosomes are taken up by tumor cells, they exert cytotoxic activity against tumor cells but are 

ineffective toward resting normal cells [314].    
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10. Anti-apoptosis and tumor growth 

One of hallmarks of cancer is resistance to apoptosis. Exosomes favor cancer cells to conduct 

anti-apoptosis and tumor growth. Survivin is an inhibitor of apoptosis protein which 

eliminates caspase activation. Tumor cells uptake EVs containing survivin to protect them 

from genotoxic stress-induced cell death [315]. Moreover, chronic myelogenous leukemia 

cells stimulate bone marrow stromal cells by releasing exosomes. After induction, bone 

marrow stromal cells produce and secrete IL-8 in the tumor microenvironment which is a pro-

inflammatory cytokine. IL-8 activates two chemokine receptors, CXCR1 and CXCR2, to 

promote tumor growth [316]. Furthermore, mesenchymal stem cells with a dual role may 

implicate tumor progression [317] or tumor growth inhibition [318-320]. Interaction of 

cholangiocarcinoma cell-derived EVs with mesenchymal stem cells enhances tumor cell 

growth [321]. 

11. Metastasis 

Metastasis is a multistep process that disseminates tumor cells from a primary location to a 

distant site in the body. Using Cre-LoxP recombination system, it was shown that EVs from 

higher malignant tumor cells are taken up by lower malignant cells in nearby or distant and 

exert increased migratory and metastatic ability [322]. Human malignant urothelial cell line-

derived exosomes emerge enhancement of complement activation and adhesion reduction 

compared to exosomes from non-malignant urothelial cell line [323].   
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3. Aims 

The overall objective of this thesis was to study immunomodulation in epithelial ovarian 

cancer patients with focus on the role of EOC microenvironment and EOC-derived exosomes 

in cancer-mediated immune suppression. 

The specific aims were 

 To characterize the morphology and phenotype of EOC exosomes obtained from 

ascitic fluid, supernatants from EOC tissue explant cultures and EOC cell lines and 

to study their effect on NK cell-cytotoxicity, mediated by the major cytotoxic 

receptor NKG2D and the accessory cytotoxic receptor DNAM-1. 

 

 To study the nature of the local and systemic cytokine mRNA profiles in EOC 

microenvironment and peripheral blood mononuclear cells and their influence on 

tumor establishment and escape from anti-tumor immune responses. 

 

 To characterize EOC-associated lncRNAs in tissue and serum-derived exosomes 

and compare to benign ovarian conditions looking for EOC-specific lncRNAs as 

potential diagnostic biomarkers.  
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4. Methodological considerations 

4.1 Samples 

The samples used included ascitic fluid (paper I), ovarian tissue (paper I, II & III), PBMC 

from Buffy coats (paper II) and serum samples (paper III). Ovarian tissue samples were 

donated by EOC patients and patients with benign conditions from the Department of 

Obstetrics and Gynecology, and the EOC Biobank at Norrland’s University Hospital. Buffy 

coats and serum samples were donated by EOC patients and patients with benign ovarian 

conditions and by healthy subjects donating blood at the Blood Central at Norrland’s 

University Hospital. All samples were obtained after ethical permission and informed consent. 

Ascitic fluids from EOC patients were collected during surgery and after removal of cells and 

cell debris, the samples were either processed immediately or stored at -80°C until use. The 

tissue samples were used in fresh form for tissue explant cultures or frozen at -80°C for later 

use. The histopathological diagnosis of the patients was obtained from the Department of 

Clinical Pathology, Norrland’s University Hospital (Table 1, 2 & 3, paper II; Table 2, paper 

III). Serum samples from healthy donors were obtained freshly and processed immediately 

while sera samples from patients were collected either freshly or taken frozen at -80°C from 

the EOC Biobank. PMBCs were isolated from Buffy coats by Lymphoprep gradient 

centrifugation.    

4.2 Cell culture  

Human epithelial ovarian cancer cell lines OVCAR-3 and SKOV-3, comprising of adherent 

EOC-derived epithelial cells, were used as an in vitro EOC cell model. They were purchased 

from ATTC and maintained in a cell culture incubator at 37°C, 5% CO2.  RPMI1640 and 

McCoy media were used for OVCAR-3 and SKOV-3 cultures, respectively. The media were 

supplemented with 10% heat-inactivated FCS, 0.01M HEPES, 2mM L glutamine and 

penicillin/streptomycin (PEST). Ultracentrifuged FCS (16h at 100.000xg) was utilized for 

cultures when exosomes were harvested. Cells, cell lysates and exosomes produced by the cell 

lines were used for protein and gene expression and for functional experiments (paper I & 

III). 

4.3 Tissue explant culture  

It is well known that human blood contains a mixture of exosomes secreted from various cells 

and organs. To avoid this, we cultured tissue explants from EOC tissue obtained after surgical 

treatment in medium containing BSA instead of fetal calf serum and isolated exosomes from 

the culture supernatant. This procedure is not completely optimal since the exosomes were 

produced in vitro. To minimize the effects of the experimental set up on the tissue and avoid 

cell death, the tissue was processed immediately after the surgical extraction, the explants 

were prepared with gentle care and the culture time was limited to 24 hours. With this 

precautions we tried to resemble a “prolongation” of the natural in vivo exosome secretion.  

Freshly obtained EOC tissue was thoroughly washed in Hank’s solution to remove the blood 

cut into pieces of 5-10 mg wet weight cultured in RPMI1640 supplemented with 0.5% BSA, 
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ascorbic acid, antibiotics and incubated at 37°C with 5% CO2. The supernatants were then 

harvested after 24h for exosome isolation. In a few experiments when the explants were in 

very good conditions after the first 24 hours of culture, an additional 24 hour period of culture 

was done in order to increase the total exosomal yield/sample. The collected supernatants 

were cleared from cell debris by centrifugation at 2500 x g for 30 minutes. Exosomes were 

isolated either directly from the supernatants or the supernatants were frozen and stored at -

80°C for later use. 

4.4 Exosome isolation  

Cells and organs not only secret nanosized endosomal vesicles (exosomes) but also shed 

microvesicles from the plasma membrane and release apoptotic bodies. Thus, blood and other 

bodily fluids and culture supernatants contain a mixture of extracellular vesicles. A great 

challenge in isolating exosomes is to minimize contamination with other microvesicles and 

obtain a pure fraction well preserved exosomes that can also be used in functional 

experiments. There are several methods for isolation of exosomes based on different 

techniques such as density gradient ultracentrifugation, ultrafiltration, precipitation, affinity 

capture with immunomagnetic beads and size exclusion chromatography. Many of these 

techniques are used in commercially available kits for exosome isolation. However, so far 

there is no consensus on the available kits regarding the yield and quality of the exosomes that 

can be isolated. In addition, there is also a need to investigate how much contamination with 

other particles occurs in exosome isolations using commercial kits and if the functionality of 

the isolated exosomes is well preserved. Since these pending issues are not yet solved, there is 

no recommendation regarding the best method for exosome isolation. In our exosome 

isolations we have used differential centrifugation combined with filtration and density 

gradient ultracentrifugation with discontinuous sucrose gradient/cushion (1.08-1.19 g/ml). We 

have a great experience with this method and have optimized every step in the procedure 

[324]. The purity and size distribution of our exosome fractions were continuously examined 

with nanoparticle tracking analysis using ZetaView instrument.  The morphology was 

investigated with transmission electron microscopy and immunoelectron microscopy. The 

obtained exosomal fraction was either used directly in functional experiments or kept at -80°C 

in a protease inhibitor cocktail (Complete mini; Roche Diagnostics) to avoid metalloprotease 

cleavage of membrane bound proteins from the surface of the exosomes. Since the size of 

exosomes is below the cut-off size of most flow cytometers, in analyses with immunoflow 

cytometry we used antibody capture by loading the exosomes of interest on mAb-coated latex 

beads. 
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5. Results and discussions 

5.1 Rationale of the project 

It is well known that tumors develop a variety of strategies and mechanisms to compromise 

the immune system of cancer patients and subvert anti-tumor immune responses and immune 

surveillance. One of the most lethal gynecological malignancies - ovarian cancer, in particular 

serous EOC, also designated as high-grade serous carcinoma of the ovary (HGSC), has a 

well-documented role as a potent suppressor of the immune defense. In this dissertation, we 

have chosen to study immune subverting mechanisms used by EOC to evade immune attack 

with focus on EOC-derived exosomes, cytokine profiles in the tumor microenvironment and 

the expression of lncRNAs that could also be potentially used as early prognostic/diagnostic 

marker(s). Our overall objective was to elucidate the involvement of these mechanisms in the 

tumor escape from the immune system. 

5.2 Differential mRNA and protein expression of NKG2D and DNAM-1 ligands in EOC 

tissue as well as EOC cell lines  

The NKG2D receptor-ligand system is the major cytotoxic pathway for elimination of 

infected, damaged, and tumor-transformed cells and the main tool for anti-tumor immune 

surveillance. In a recent report, however, it was shown that in ovarian cancer, killing through 

the NKG2D receptor-ligand pathway was abrogated while the accessory cytotoxic DNAM-1 

receptor-ligand pathway stepped up as the major cytotoxic anti-tumor response [325]. 

Inspired by this report, we wanted to dissect the molecular interactions behind this finding.  

Using RT-qPCR, we explored mRNA expression of the NKG2D ligands MICA/B and 

ULBP1-3 as well as the DNAM-1 ligands Nectin-2 and PVR in EOC tissue in addition to 

EOC-derived cell lines OVCAR-3 and SKOV-3. We found a significant up-regulation of the 

expression of NKG2D ligands in EOC compared to normal ovarian tissue while the mRNA 

expression of DNAM-1 ligands remained unchanged. Even if not all mRNAs might be 

translated, the protein expression of these ligands was confirmed by WB analyses. The most 

striking observation was the difference of both mRNA and protein expression between the 

NKG2D and DNAM-1 ligands in the individual EOC samples and in the EOC-derived cell 

lines that served as positive controls (Fig.1, paper I). Although EOC tissues consist of diverse 

cell types, our results confirm a previous study showing a heterogeneous expression pattern of 

the DNAM-1 ligand PVR and the NKG2D ligands MICA/B and ULBP in ovarian cancer cells 

[325].  

5.3 EOC-derived exosomes and exosomes released from the EOC cell lines differentially 

express NKG2D and DNAM-1 ligands  

Next, exosomes isolated from EOC ascites, EOC tissue explant cultures and EOC-cell lines 

were characterized regarding DNAM-1 and NKG2D ligand expression (Fig. 2, Table 1 and 

Fig. 3; paper I). Western blot analysis revealed an enrichment of NKG2D and DNAM-1 

ligands in the ascites and tumor explant-derived exosomes. The OVCAR3- and SKOV3-

derived exosomes expressed a limited number of NKG2D ligands (MICB and ULBP1-3) 
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while the DNAM-1 ligands PVR and Nectin-2 were not expressed at all. However, when the 

clinical samples of EOC ascites exosomes and exosomes derived from EOC explant cultures 

were examined by immunoelectron microscopy and immunoflow cytometry of exosomes 

captured on antibody coated latex beads, we found that the NKG2D ligands were carried on 

the exosomal surface. In contrast, there was no detectable expression of DNAM-1 ligands on 

the surface of the EOC exosomes implying that the DNAM-1 ligand protein expression, 

shown by WB, was inside the exosomes. 

 5.4 NKG2D ligand-carrying EOC exosomes downregulate the cognate receptor and 

inhibit NKG2D-mediated NK cell cytotoxicity  

It has previously been shown that the NKG2D ligand-bearing exosomes are able to selectively 

downregulate the NKG2D surface receptor on PBMC and subpopulations of lymphocyte 

[326]. As EOC exosomes express NKG2D ligands and not DNAM-1 ligands on their surface, 

we wanted to investigate the expression of both NKG2D- and DNAM-1 receptors on PBMCs 

in the presence and absence of EOC exosomes. The receptor expression was measured by 

immunoflow cytometry as mean fluorescence intensity (MFI). The NKG2D receptor 

expression was downregulated in the presence of EOC exosomes and could be restored when 

the EOC exosomes were treated with a cocktail of antibodies against NKG2D ligands prior to 

incubation with the PBMCs. In contrast, DNAM-1 receptor expression remained unchanged 

in the presence of EOC exosomes implying that the EOC exosomes did not have any effect on 

the DNAM-1 receptor expression. The effect of an EOC exosome-mediated downregulation 

of the NKG2D receptor was tested in functional experiments measuring NK-cell 

degranulation using EOC cells OVCAR-3 as targets (Fig. 5b, paper I) and NK-cell killing 

against the target cells K562 (Fig. 5c, paper I). We found that the NKG2D-mediated 

cytotoxicity was functionally abrogated while the DNAM-1 –mediated cytotoxicity prevailed 

unchanged. 

Summarizing these results, we found that EOC-exosomes carrying NKG2D ligands were 

acting as decoys downregulating their cognate receptor and the NKG2D-mediated killing, but 

leaving the DNAM-1 mediated cytotoxicity unchanged (Fig. 10). Consequently, the DNAM-1 

receptor-ligand pathway, normally serving as an accessory cytotoxic pathway, now emerged 

as a major cytotoxic pathway for anti-EOC cytotoxicity. Our results have provided a 

molecular mechanistic explanation of the observation described by Carlsten M. et al. [325]. 

5.5 EOC-derived exosomes display an immunosuppressive phenotype, characteristic for 

tumor-derived exosomes 

Producing and secreting exosomes in the blood, various bodily fluids and in tumor disease 

effusions is a constitutive feature of all cancer cells investigated so far. The tumor exosomes 

have immunosuppressive effect and dysregulate the patients’ immune system in various ways.  
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Figure 10. A schematic model of outcomes from paper I. Tumor cells release immunosuppressive 

exosomes expressing surface NKG2D ligands to impair NK cell-mediated cytotoxicity while carrying 

the DNAM-1 ligands internally with no binding to the DNAM-1 receptor. EOC = epithelial ovarian 

cancer. The ligands on EOC cell and the receptors on NK cell are showed with larger size for better 

observation of their structures; however, the ligands on EOC cells are as same size as those on/in 

exosomes. 

 

In fact, certain proteins have emerged as common denominators of exosomal 

immunosuppressive function that we would like to define as an immunosuppressive exosome 

profile. These proteins, carried on the exosomal membrane can be clustered in 3 groups and 

are as follows: 1) expression of the NKG2D ligands MICA/B and ULBP proteins that 

abrogate cytotoxicity protecting the tumor from NK and CTL attack; 2) expression of the pro-

apoptotic molecules FAS-L and TRAIL initiating apoptosis in activated immune cells that 

may be a threat to the tumor; and 3) expression of TGF, a cytokine that primes naïve T cells 

to T regulatory cells thus providing potent immune suppression that benefits the tumor. In the 

results presented above we have shown that EOC exosomes carry NKG2D ligands. We 

examined the Fas-L and TGF expression and found that these molecules are also carried by 

EOC exosomes (Fig. 11; unpublished results). Thus, we can conclude that EOC exosomes 
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possess an immunosuppressive phenotype since they carry proteins that define their function 

as immunosuppressive, contributing to the derangement of the immune system of EOC 

patients.   

 

Figure 11. FasL and TGF-β protein expression in EOC-derived exosomes. The protein expression 

of FasL and TGF-β was revealed in exosomes isolated from EOC ascites and tumor-explant cultures. 

 

5.6 Cytokine mRNAs produced in the EOC local tumor microenvironment and the 

systemic cytokine mRNA response in PBMC display distinctive patterns that promote 

tumor establishment, survival and metastasis 

Cytokines, modulating the immune responses may play a significant role in the establishment 

and progression of ovarian cancer [327]. Cytokine mRNA profiles, designated Th1, Th2, 

Th3/Tr1 and Th17 are associated with the ability to mediate and regulate immunity and 

inflammation, to promote or halt cell movement and growth and to regulate cytotoxic and 

humoral immune responses. Using real-time RT-qPCR, we assessed the mRNA expression 

profile of 12 cytokines in paired EOC tissue and PBMC samples from patients suffering from 

EOC/HGSC and compared the relative cytokine mRNA expression of these samples to 

corresponding samples from patients suffering from benign ovarian conditions and subjects 

with normal ovaries. The investigated cytokines are presented in Table 1, paper II and the 

patient groups and their diagnoses are listed in Tables 2, 3 and 4, paper II. We chose to 

measure cytokine mRNA expression levels instead of measurement of cytokines at the protein 

level. The main reason was a time lag from collection to processing and freezing 

serum/plasma samples and in some instances long transportation times of the samples to the 

laboratory with not so good refrigeration. Cytokines are peptides that are sensitive to 

degradation in room temperature; therefore, there was a risk that we would not know the true 

concentration of cytokines analyzed at the protein level from these samples. 

In these experiments, we let EOC tissue samples represent the general local tumor 

microenvironment without dividing the cytokine response into tumor cell-, stromal cell- or 

immune cell-associated. The reason was that we wanted to see the overall type of mRNA 

response that prevailed in the local tumor microenvironment. Furthermore, we compared the 

overall local and systemic cytokine mRNA response between the cancer patients and the 

patients with benign ovarian conditions and normal controls regardless of the individual cell 

types that contributed to the response.  
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Having explained the conditions to our experimental setup, we can summarize our results as 

follows: 1) The cytokine mRNA expression in tumor tissue and corresponding PBMC was 

significantly higher than in patients with benign ovarian conditions and normal controls. 2) 

The obtained cytokine mRNA profiles were oriented towards enhanced inflammation and 

enhanced mRNA expression of TGF and IL-10 cytokines known to prime innate and 

adaptive T regulatory cells. The latter cytokine profiles stimulate immune suppression by T 

regulatory cells and promotion of tumor growth, metastasis and inflammation promotes 

tumorigenesis. 3) The cytotoxicity-promoting, Th-1 oriented mRNA response represented by 

IFN- was unchanged or downregulated locally and systemically, it was combined with an 

increased Th2 response enhancing the humoral systemic immunity. The Th2 switch of the 

systemic response and the inability to mount a cytotoxic Th1 response is indeed abrogating an 

effective anti-tumor killing response. 4) IL-2 mRNA, a cytokine promoting clonal expansion 

was up-regulated suggesting an unsuccessful attempt to activate an anti-tumor immunity thus 

stimulating a T-regulatory response instead. 5) Finally, we analyzed the cytokine mRNA 

expression in 6 samples collected from patients that received preoperative cytostatic 

treatment. These analyses showed a highly depressed cytokine mRNA expression for all 12 

cytokines tested showing that cytostatic drug treatment knocks down the immune system and 

its ability to mount any immune response.   

In summary, we found four major cytokine mRNA profiles at the local and systemic level that 

might cooperate to promote  tumor establishment and immune escape, i.e. 1) a profound 

inflammatory- and 2) T-regulatory immune responses, 3) a dysregulated local Th1 response 

abrogating cytotoxicity and 4) a Th2 deviated systemic immune response promoting humoral 

immunity. It would be of interest to investigate a larger patient cohort and cohorts of patients 

with other histological types of ovarian cancer to elucidate in detail the role of cytokines in 

the establishment and disease progression. Then, it will also be possible to identify potential 

cytokine candidates for diagnostic cytokine profiles and find cytokine candidates for 

therapeutic intervention by cytokine inhibition, e.g. with monoclonal antibodies. 

5.7 Assessment of lncRNAs in ovarian tissues and tumor exosomes  

As mentioned earlier, ovarian cancer, and particularly the most common type, the serous 

EOC/HGSC, is the leading cause of death by a gynecological malignancy. There are several 

reasons for the poor survival prognosis. One is that it produces very few and diffuse 

symptoms at early stage of the disease and is diagnosed at a late stage, often with a 

metastasized disease due to late care seek by patients. Another reason is that there are no 

reliable diagnostic markers with high specificity and sensitivity that work generally for all 

EOC cases, which is due to the tumor’s vast heterogeneity; not only between the various 

histological subtypes but also within the same histological subtype of tumor and even within 

one and the same tumor. The heterogeneity of the EOC tumors is also causing the third reason 

for poor survival prognosis, namely, the fact that after an initial positive response to 

chemotherapy, a relapse with resistance towards the given treatment develops eventually 

leading to collapse of any cytostatic treatment. Last but not least, an important reason for the 

poor survival is the well-known intrinsic ability of EOC to progressively derange the immune 
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system of the patients and develop a variety of mechanisms and strategies to avoid immune 

attack [328-332]. Thus, finding diagnostic tools for EOC diagnosis is an important issue.  

Recently, attention has been paid to the non-coding RNAs of the human transcriptome as 

candidates for novel tumor markers. Long ncRNAs are species that participate in genetic 

imprinting, development, apoptosis and other biological processes exerting their central 

regulatory functions by epigenetic chromatin modifications, regulation of splicing, competing 

of endogenous mRNAs and hosting miRNAs. There are several reports implying 

dysregulation of their expression in cancers and predicting that their importance in oncology 

will grow in the future not only in discovering of their precise role in cancer but also as 

diagnostic tools for early diagnosis. 

Prompted by the possibility that there might be an lncRNA or an lncRNAs’ profile that might 

be specific for EOC and thus be used as diagnostic marker(s), we performed a study including 

3 groups of patients - 24 patients with serous EOC, 19 patients with benign ovarian conditions 

and 8 controls with normal ovaries (paper III). Tissue samples, stored at the Ovarian Cancer 

Biobank at Norrland’s University Hospital, were taken from these patients’ groups and used 

for lncRNAs analyses. In addition, we wanted to see if EOC exosomes were carrying 

lncRNAs. Long non-coding RNAs in ovarian cancer exosomes have not been studied before. 

We also included the EOC cell line SKOV3 and its exosomes as a cell model and a positive 

assay control. The following 14 lncRNAs: UCA1, BACE1-AS, HOTAIR, MALAT1, 

NEAT1, Hs. 655342, H19, HOXA11-AS, CDKN2B-AS1, SRA1, DNM3OS, COL2A1, PVT1 

and MEG3 were analyzed using real-time RT-qPCR. 

The results of the tissue analyses are shown in Fig.2, Paper III. The relative expression of the 

14 lncRNAs for EOC, benign conditions and SKOV 3 are presented as fold difference in 

relation to the normal ovary controls that are shown as expression = 1. The tested lncRNAs 

are displayed from highly expressed through equally expressed to downregulated lncRNAs in 

comparison with the normal controls. As can be seen, 11 out of 14 lncRNAs (79%) were 

significantly deregulated in EOC tissues compared to the normal control group. In contrast, 

the benign and the normal groups revealed 71% of similarity. Of these 11 candidates, 

MALAT1, NEAT1, PVT1, MEG3 and HOXA-AS1 were evenly expressed in the benign and 

EOC groups and thus cannot be distinctive markers of EOC. After a final selection 

comprising how distinct average Ct-values were between the normal and EOC groups, a panel 

of nine lncRNAs – CDKN2B-AS1, SRA1, UCA1, BACE1-AS, HOTAIR, Hs.655342, H19, 

DNM3OS, and COL2A1 might be suggested as candidates in a possible tissue diagnostic test. 

Exosomes were isolated from the blood sera of all three patient groups and healthy donors by 

filtration through syringe filters with a pore size of 0.1 µm followed by ultracentrifugation at 

100000xg for 2 hours. Then, total RNA extraction and analysis of the same panel of lncRNAs 

was performed using real-time RT-qPCR. We found that there was a good correlation 

between expression of lncRNAs in ovarian tissue and the corresponding blood serum-derived 

exosomes. In the analyses of tissue samples, we normalized the assays using 18S rRNA as 

endogenous control. However, despite trying three well established endogenous controls, 18S 

rRNA, GAPDH and beta-actin, we were unable to use them for normalization of the exosomal 
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samples. The reasons for that were as follows. Firstly, we found that not all exosome 

preparations carried these endogenous controls – i.e. we found that not a single control of the 

tested 18S rRNA, GAPDH and beta-actin was carried by all exosomes in a given sample. 

Secondly, there was a high and unacceptable variation in the expression of these three 

endogenous controls in the individual exosomal samples in the studied patient groups – i.e. 

EOC-derived exosomes from patients, exosomes derived from benign ovarian conditions and 

from the serum of normal controls of 32 healthy blood donors. The question of finding proper 

endogenous controls for transcriptional analysis of nucleic acid in exosomes has so far not 

been properly addressed in the scientific community. Thus, in the current situation, we have 

chosen to present lncRNAs analyses of ovarian tissue derived and serum-derived exosomes 

with average CT values and the detection rate (%) of exosome samples expressing a particular 

lncRNAs compared to the total number of samples (Table 3, paper III). Based on our results 

presented in Table 3, we can conclude that: 1) lncRNAs are transported by EOC exosomes 

and can be revealed by real-time RT-qPCR. 2) BACE1-AS, HOTAIR, UCA1, MALAT1 and 

NEAT1 were the top 5 lncRNAs that were abundantly expressed and the detection rate in the 

samples of the individual groups were high. 3) In contrast, H19, HOXA11-AS and Hs65534 

were expressed in low abundance and detection rate. 4) COL2A1, DNM3OS, PVT1, 

CDKN2B-AS1, SRA1 and MEG3 were not expressed in exosomes at all; however, only 

COL2A1 and DNM3OS expression was found in the SKOV3-derived exosomes. There was a 

statistically significant correlation between the cellular expression and exosomal abundance 

of the 5 higher abundant and 3 lower abundant lncRNAs in both the EOC group (r = 0.47; p < 

0.03) and the group of patients with benign ovarian conditions (r = 0.47; p < 0.01).  

We have analyzed different aspects of lncRNAs tissue expression and abundance in exosomes 

as well as differences in expression between EOC and benign ovarian conditions and 

suggested scores for estimating the usability of a particular lncRNAs as a tissue or an 

exosomal diagnostic marker. Using this approach, the lncRNAs were divided into 4 groups 

and scored for their suitability as diagnostic markers (Table 4, paper III). As can be seen by 

the total scores, lncRNAs from groups I-III could be candidates for EOC tissue diagnostic, 

and group II comprising UCA1, BACE1-AS and HOTAIR could be used both in tissue-

dependent diagnostics as well as exosome-dependent diagnostics. 

In summary, we have established “proof-of-concept” that lncRNAs expressed in ovarian 

tissue were also carried by the respective exosomes with a good correlation. We have some 

indications for good lncRNA candidates for diagnosis, like UCA1, BACE1-AS and HOTAIR 

that are expressed in both tissue and exosomes in good abundance and frequency. However, 

much more investigations of large cohorts of patients (also patients with various ethnicities) 

are needed before a suggestion for a final choice of suitable lncRNAs for EOC diagnosis can 

be made. 
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6. Conclusions 

1)  Epithelial ovarian cancer constitutively produces and secretes exosomes with 

immunosuppressive properties that modulate NK-cell cytotoxicity in a differential 

manner. 

 EOC- derived exosomes carry membrane-bound stress-inducible ligands MICA/B 

and ULBP on their surface that act as decoys downregulating their cognate NK-cell 

receptor NKG2D; thus, impairing NKG2D-mediated cytotoxicity, a major cytotoxic 

pathway responsible for immune surveillance.  

 In contrast, the ligands of the accessory cytotoxic pathway PVR and nectin-2 are 

seldomly carried by EOC exosomes. The expression is not associated with the 

exosomal membrane and does not downregulate their cognate DNAM-1 receptor 

leaving the accessory DNAM-1–mediated cytotoxic pathway intact.  

 Taken together, these results provide a mechanistic explanation for the observation 

that in EOC patients the major NKG2D-mediated cytotoxic pathway is 

dysregulated and the accessory DNAM-1 mediated cytotoxic pathway steps up to 

compensate for the loss of  NKG2D-induced killing (Fig. 11). 

2)    Analyses of the local cytokine mRNA response in the EOC microenvironment and the 

corresponding systemic cytokine mRNA response in PBMC suggest 

 An enhanced inflammation  

 Local immunosuppression promoting T regulatory cell priming  

 Absence of an adequate IFN-mediated Th1 response necessary for tumor-cell 

killing  combined with an enhanced systemic IL-4 mediated Th2 response deviating 

from cytotoxicity to humoral immunity  

 Taken together these results imply that powerful immune suppression prevail in the 

local EOC microenvironment and the systemic immune response rendering the 

tumor an immunologic privilege.   

3)   Investigation of 14 ovarian tissue-related lncRNAs with real-time RT-qPCR revealed a 

deregulated lncRNA expression in EOC compared to patients with benign ovarian 

conditions and healthy controls and a significant correlation of lncRNAs expression in 

ovarian tissue and corresponding peripheral blood serum-extracted exosomes suggesting 

that exosomes could be used for diagnostic purposes in EOC  

 CDKN2B-AS1 and SRA1 were identified as possible candidates for EOC 

diagnostic biomarkers of tissue biopsies, while UCA1, BACE1-AS and HOTAIR 

comprised lncRNAs biomarker candidates that might work in both tissue biopsies 

and exosomes. 

 More and large cohorts of patient investigations, including different etnicities, are 

needed before definite individual lncRNAs or a profile of lncRNAs sutable for 

EOC diagnosis can be suggested.  
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