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1. Introduction

1.1. Ovarian cancer

In the female reproductive system, ovarian cancer is one of the most aggressive carcinomas
and the leading cause of death among gynecologic malignancies because of its frequent
recurrence and resistance to chemotherapy. Most women fall sick between the ages of 60
and 65. Ovarian cancer develops asymptomatically at early stages and therefore is
recognized lately, so that the patients have a poor prognosis. More than two-thirds of
patients are diagnosed at advanced FIGO (International Federation of Gynecology and
Obstetrics) stages Il or IV and have a 5-year survival rate of less than 40% than patients
who are diagnosed with FIGO stage | or Il and have a longer 5-year survival rate of around

80% (1).

1.1.1. Histological subtypes of ovarian cancer

Ovarian cancer is mainly a primary tumor arising from germ cells, stromal tissue, or epithelial
tissue within the ovary. About 7% of ovarian cancers are of secondary origin, resulting of
metastasis from a primary cancer in another organ (e.g., breast, colon, appendix, and
stomach) (2). Epithelial ovarian cancer (EOC) is the most common subtype (approximately
95%) of ovarian cancer. Non-epithelial histotypes, including germ cell tumors and stromal
tumors are very rare in ovarian cancer (3). EOC is a heterogeneous disease commonly
classified into five major histological subtypes of invasive disease: high grade serous ovarian
carcinoma (HGSOC), low grade serous ovarian carcinoma (LGSOC), mucinous ovarian
carcinoma (MOC), endometrioid ovarian carcinoma (ENOC) and clear cell ovarian carcinoma
(CCOC) (4, 5). There is also another classification of EOC into two different tumor types:
Type | and Type Il (Figure 1.1.). Type | tumors include LGSOC, low grade endometrioid
ovarian carcinoma (LGEOC), MOC, and a subset of CCOC. These tumors develop slowly
and are normally confined to the ovary. In contrast, Type Il tumors include HGSOC,

undifferentiated carcinoma, malignant mixed mesodermal tumor (carcinosarcoma), and some



CCOC. According to their high grade and quick growth, they generally spread beyond the
ovary at the time of diagnosis (6). These tumors are inherently different diseases, due to their
differences in epidemiological and genetic risk factors, precursor lesions, patterns of spread,

molecular events during oncogenesis, response to chemotherapy, and prognosis (7).

4 \ggo v . Low-grade.
* Slow growing
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— low-grade serous carcinoma
— low-grade endometrioid carcinoma
— mucinous carcinoma
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progress from borderline tumors
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* Include:

— high-grade serous carcinoma
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Figure 1.1. Two tumor types of EOC (from Paul Michael Jones and Ronny Drapkin, Front

Oncol, 2013)

Type | tumors are low-grade, slow growing carcinomas that typically arise from well
recognized precursors lesions (borderline tumors) and develop from the ovarian surface
epithelium, inclusion cysts, or endometriosis. Type Il tumors are high-grade and rapidly
growing carcinomas. These tumors progress rapidly, harbor TP53 mutations, and exhibit

widespread DNA copy number alterations.

1.1.2. FIGO staging classification of ovarian cancer

FIGO staging classification of ovarian cancer is according to National Comprehensive
Cancer Network (NCCN) Guidelines Version 1.2016 and as followed:

FIGO I. Tumor confined to ovaries or fallopian tube(s).

FIGO Il. Tumor involves one or both ovaries or fallopian tubes with pelvic extension (below

pelvic brim) or primary peritoneal cancer.



FIGO IlIl. Tumor involves one or both ovaries or fallopian tubes, or primary peritoneal
cancer, with cytologically or histologically confirmed spread to the peritoneum outside the
pelvis and/or metastasis to the retroperitoneal lymph nodes.

FIGO IV. Distant metastasis excluding peritoneal metastases.

1.1.3. Cancer grades for ovarian cancer

Ovarian cancer is classified into three grades according to its cell differentiation as
determined by pathologists: Grade 1, Grade 2 and Grade 3. Grade 1 includes ovarian cancer
cells that are well-differentiated, similar to healthy ovarian tissue and have lower possibility to
metastasize. Grade 1 is also called low grade. Grade 2 includes ovarian cancer cells that are
moderately-differentiated. Ovarian cancer cells of Grade 3 are poorly-differentiated, more
irregular and have more potential to metastasize. Thus, Grade 3 is also called high grade.

Therefore, the lower the grade, the slower the cancer cells proliferate.

1.1.4. Metastasis of ovarian cancer

Ovarian cancer metastasizes early by direct extension from the ovarian/fallopian tumor to
neighboring organs (bladder/colon) (8). Typically, tumor cells begin to metastasize by
growing in the peritoneal cavity (2). Peritoneal seeding is the most common pathway for the
spread of ovarian cancer, so that at diagnosis nearly two thirds of ovarian cancer patients
have already developed peritoneal metastasis (9). Unlike most other cancers, ovarian cancer
rarely disseminates through the vasculature (8). However, ovarian cancer cells can travel
through the lymphatic system and metastasize to lymph nodes connected to the ovaries via
blood vessels (10). Ovarian cancer cells, often forming cellular aggregates or spheroids, are
then transported throughout the peritoneal cavity and subsequently implant on the peritoneal
wall, gastrointestinal tract, omentum, and diaphragm (11). Figure 1.2 illustrates a model for

intraperitoneal dissemination of ovarian cancer.
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Figure 1.2. A proposed model for intraperitoneal dissemination of ovarian cancer (from
Moghaddam et al., Cancer Metastasis Rev, 2012)

Primary tumors undergo epithelial-mesenchymal transition (EMT) to metastasize (1). Then,
ruptured tumor sheds its cancer cells into the peritoneum (2), where they often form
spheroids to survive (3). Spheroids EMT into invasive mesenchymal phenotype to maintain
survival and motility (4). These cells are transported throughout the peritoneal cavity by
normal peritoneal fluid and then adhere to and implant on the peritoneum and mesothelial
linings of pelvic and abdominal organs (5), where they undergo mesenchymal-epithelial
transition (MET) (6) and disaggregation (7) to initiate metastatic growth. Through the activity
of matrix metalloproteinases (MMPs), matrix degradation occurs (8), and cancer cells
infiltrate the mesothelial lining and the extracellular matrix (9). In the entire process, vascular
endothelial growth factor (VEGF) is involved in primary tumor angiogenesis,
neovascularization at newly seeded sites, MMP-mediated matrix degradation, and malignant

ascites formation.

1.1.5. Symptom and diagnosis of ovarian cancer

There are no specific methods for screening and detection of early ovarian cancer. With the

increase of tumor size, patients feel abdominal falling, bloating and other minor discomfort in



the abdomen. Ascites usually floods in the abdominal cavity in advanced ovarian cancer. At
late stages, the rapid swelling of abdomen may cause some symptoms, such as the air
choke, weight loss and fever. There are also symptoms caused by complications of ovarian
tumors, like tumor torsion, rupture and infection, which in turn may cause acute abdominal
pain, fever and even shock.

The tumor marker CA125 (Carbohydrate Antigen 125) is expressed in most high-grade
serous carcinoma, but only in 60% of mucinous and clear cell subtypes (12). Thus, a blood
test measuring changes in CA125 concentrations is highly effective in detecting late stage
ovarian cancer. However, CA125 measurements are not sufficiently sensitive to diagnose
EOC at an early stage, since only ~40% of patients with invasive epithelial ovarian or tubal
cancer are detected at stage | or Il (13). Normally, CA-125 levels of less than 35 U/ml are
accepted as normal (14, 15), as well as 35-65 U/ml and >65 U/ml are considered as
threshold and abnormal, respectively (16, 17). However CA125 not only rises in ovarian
cancer, but also in endometriosis, and pelvic inflammatory (18). Transvaginal ultrasound is
used as a second-line test in ovarian cancer (19). In addition, pelvic examination, computed

tomography, X-ray and magnetic resonance imaging (MRI) are applied.

1.1.6. Treatment of ovarian cancer

The standard treatment for ovarian cancer is maximal cytoreductive surgical debulking
followed by a first-line chemotherapy (intravenous platinum/taxane regimes). Determination
of staging of the disease is very important before chemotherapy, and also performed during
surgery. The histological type of the tumor, including grading should be defined. High-
grade/low-grade scale is currently used, except for endometrioid ovarian cancer where a
three-grade scale is used (G1, G2 or G3). Staging assessment in surgical-pathologic
degrees should be done according to current FIGO recommendations (20). Advanced
ovarian cancer standard treatment involves surgical resection and chemotherapy with
carboplatin and paclitaxel. Despite high proportions of patients achieving a response with
standard first-line chemotherapy, most women relapse (21). Treatment for initial recurrent

disease depends on many factors, such as duration of initial treatment response, antecedent
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and persistent adverse events, performance status, histology, location and burden of
disease, and genetic alterations (e.g., BRCA mutation status) (22). A second-line
chemotherapy is recommended for most patients who develop recurrence. Because most
recurrent tumors are platinum sensitive, a combined treatment of platinum-containing

regiments can be applied (1).

1.2. Ovarian benign tumors

Of all ovarian tumors, 90% are benign, although this varies with age (23). Ovarian serous
cystadenoma, a type of benign ovarian epithelial tumor, accounts for about 60% of ovarian
serous tumors (24). Generally, it is asymptomatic and does not recur following
oophorectomy.

Ovarian mucinous cystadenoma is a type of cystic adenoma, and accounts for 15% in all
benign ovarian neoplasms (25). It normally occurs in women aged from twenties to forties,
but also in adolescent and premenarchal girls (26). This tumor type originates from the fluid
or mucus. Likely serous cystadenoma, patients with this disease do not have any symptoms.
However, when tumors turn malignant, they can grow to be extremely large and cause
abdominal pain and distension in patients (27). After surgical treatment, the recurrence of
this tumor is very rare.

Other ovarian benign tumors, such as ovarian cystadenofibroma is relatively uncommon, and
it accounts approximately 1.7 % of all benign ovarian tumors (28). Sclerosing stromal tumor
is a rare ovarian neoplasm and normally included in the fiboroma-thecoma group of ovarian

tumors (29).

1.3. Exosomes

1.3.1. Exosome biogenesis

Exosomes are microvesicles ranging from approximately 30 to 100 nm in size, and are
secreted by all living cells under normal and pathological conditions (30, 31). They can be

found in most body fluids, including blood, saliva, ascites and urine. For identification of



exosomes, CD9, CD63, CD81 and CD82 are classically used as exosome markers (32, 33).
The biogenesis of exosomes starts with the endocytosis of microvesicles to produce an early
sorting endosome. A part of early sorting endosomes recycle to endosomes or lysosomes.
The others of early sorting endosomes mature into multivesicular bodies (MVBs). Then,
MBVs are packaged with genetic materials and proteins. Some late MVBs fuse with
lysosomes, and the others fuse with the plasma membrane and are released as exosomes
into the extracellular space. Exosomes deliver their cargo, such as microRNAs (miRNAS), to
the recipient cell by fusing with its cell membrane to induce cell-to-cell communications

(Figure 1.3.) (34).

Microvesicles

Extracellular area

Donor cell

Recipient cell

Figure 1.3. Biogenesis and cell-to-cell communications of exosomes (from
Schwarzenbach, Expert Rev Mol Diagn, 2015)

The endocytosis of microvesicles produce early endosomes, and some early endosomes
mature to MVBs. The late MVBs packaged with genetic materials and proteins are released
as exosomes into extracellular space and uptaken by the recipient cell. There, the exosomes
release their content, e.g., mMiRNAs. MiRNAs are functionally active by binding to their target
MRNA in the miRNA-induced silencing complex (RISC) to repress the translation of the

MRNA into protein. This can result in changes of the characteristics of the recipient cell.



1.3.2. Exosome function

Exosomes are protected by a lipid bilayer, which enables them to carry genetic information to
distant sites through the bloodstream (35). Increased secretion of exosomes has been
associated with tumor invasiveness both in vitro and in vivo, and to promote migration and
proliferation of tumor cells leading to metastasis (36). It has been reported that
concentrations of exosomes in the serum of EOC patients were higher than those of healthy
women (17). Exosomes can also serve as mediators for intercellular communication through
the delivery of their cargo, including protein, lipids, nucleic acids (miRNAs, mRNAs and
DNAs) or other cellular components, to neighboring or distant cells (37). Cancer-derived
exosomes may mediate propagation of cancer by transferring pathogenic factors from cancer
to healthy cells (38, 39). Thus, discharging of the exosome contents in the recipient cells can
alter the fate of these cells. Since exosomes can cover wide distances, they can also
influence distantly located cells and tissues. The process of sorting and packaging of
mMiRNAs into exosomes seems to be selective, favoring certain miRNAs for exosomal

transfer over others (34, 40).

1.4. MiRNAs

1.4.1. MiRNAs biogenesis

MiRNAs are a family of evolutionary conserved, small non-coding RNA molecules consisting
of approximately 22 nucleotides encoded by the genome of vertebrates, invertebrates and
plants. MiRNAs are released inactively by apoptotic or necrotic cells, and actively by
exosomes. In the canonical pathway, the primary miRNA (pri-miRNA) is transcribed from
genome. Then, the pri-miRNA is cleaved by the Drosha complex (RNase Il type
endonuclease) into the precursor miRNA (pre-miRNA) of ~70 nucleotides in length. With the
assistance of the RNA-binding protein TRBP (tar-RNA binding protein), Dicer, a multi-domain
RNase llI-type protein, processes pre-miRNA to generate a ~20-bp miRNA-miRNA duplex.

One strand of the duplex is the mature miRNA. It is bound to the AGO2 protein and



integrated in the RISC complex. The other strand of the duplex is released and degraded or

also loaded into the RISC complex, to function as a mature miRNA (Figure 1.4.) (41).
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Figure 1.4. Biogenesis and functions of miRNAs (from Schwarzenbach et al., Nat Rev
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Pri-miRNAs are originally transcribed from RNA polymerase Il (RNAPII)-specific transcripts
of independent genes or from introns of protein-coding genes. In the canonical pathway, pri-
mMiRNAs are cleaved by the Drosha complex and processed as 70-nucleotide stem loop pre-
mMiRNAs. After being exported from the nucleus to the cytoplasm by Exportin 5 protein, pre-
mMiRNAs are then processed by DICER, an RNase Ill type endonuclease, forming mature
mMiRNAs. One strand of the double-strand mature miRNAs is loaded into the RISC complex,
containing the AGO family protein as a core component. In the RISC complex, mature
miRNAs bind to the 3’untranslated-region (UTR) of their target mRNA, and repress its
translation or destabilize the mRNA. MiRNAs have also the ability to bind to the open reading
frame (ORF) and the 5-UTR of the target mRNA, activating or repressing its translational

efficiency.

1.4.2. MiRNASs functions

MIRNAs play an important part in many cellular processes, such as differentiation,

proliferation, apoptosis, and stress response. Additionally, they are key regulators in many



diseases, such as benign diseases, vascular diseases, viral infection, and cancer (42). In
cytoplasm, they bind to the 3"-UTR of their target mRNAs and inhibit protein synthesis by
either repressing translation or promoting mRNA destabilization (43). A core sequence of
only 2—7 nucleotides is necessary for their binding. In most cases, miRNAs only partly bind to
their complementary target mMRNA sequence (44). When RISC containing AGO2 in mammals
encounters mMRNASs bearing sites nearly perfectly complementary to miRNA, these mRNAs
are cleaved and degraded witch leading to gene silencing (45). MiRNAs have also the ability
to bind to the ORF and the 5-UTR of the target mRNA, activating or repressing its
translational efficiency. Moreover, they can function dually as an oncogene and tumor-
suppressor gene depending on the cancer type and cellular context (46). Computational
analyses indicate that one miRNA has binding affinity to hundreds of different mRNAs and
hence, miRNAs regulate numerous signal transduction pathways involved in development,

differentiation, proliferation and tumor development and progression (47).

10



2. Material and Methods

2.1. Patients

Blood samples were collected from 106 ovarian cancer patients directly before surgery from
September 2009 to October 2015. The patients were treated according to national
guidelines at the University Medical Center Hamburg-Eppendorf, Department of
Gynecology, and histologically confirmed for FIGO stages I-IV. In addition, 8 plasma
samples from ovarian cystadenoma patients and 29 plasma samples from healthy women
who had no history of cancer and were in good health based on self-report. Blood samples
of patients with ovarian cystadenoma and healthy women were obtained from May 2017 to
June 2017 and during 2015-2016, respectively. Blood collection and experiments were
performed in compliance with the Helsinki Declaration and were approved by the ethics
committee (Ethik-Kommission der Arztekammer Hamburg, Hamburg). Regarding blood
processing, uniform management concerning the specific, described protocols was

performed. Detailed patient characteristics are summarized in Table 1.3.1.1.

2.2. Cell lines

For functional analyses, ovarian cancer cell lines SKOV3 and OVCARS3 purchased from
American Type Culture Collection (ATCC) were used. Cell lines SKOV3 and OVCAR3 were
authenticated by the Leibniz Institute Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH (DSMZ), Braunschweig, on 14/06/2013 and 30/07/2013. Aliquots were
frozen in liquid nitrogen and a new aliquot of these cell lines were used for this study. SKOV3
and OVCAR3 were cultured in McCoy’s 5A modified medium and RPMI 1640, respectively,
supplemented with 10% FCS (fetal calf serum; PAA, Laboratories, Célbe, Germany) and 100
U/ml penicillin and streptomycin under standard conditions (37°C, 5% CO2, humidified

atmosphere). Cell lines were regularly tested for mycoplasma contamination.
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2.3 Verification of hemolysis in plasma samples

To avoid quantifying exosomal miRNAs in hemolytic plasma samples that may influence the
results, | performed hemoglobin measurements by spectral analysis. In 7 ml of whole blood
red blood cells were lysed by erythrocyte lysis buffer (containing 0.3 M sucrose, 10 mM Tris
pH 7.5, 5 mM MgCl, and 1% Triton X100). A dilution series (1:1, 1:3, 1:4, 1.6, 1:8, 1:10, 1:12,
1:14, 1:18, 1:20) of lysed red blood cells in plasma was prepared that served as a standard
curve for the measurement of hemolysis in all plasma samples. Fifty pl of each plasma
sample (standard and plasma of interest) were measured in duplicates on a Microplate
reader (Tecan, Mannerdorf, Switzerland). Absorbance peaks at 414, 541 and 576 nm were
indicative for free hemoglobin, with the highest peak at 414 nm. The higher the absorbance
in samples is the higher is the degree of hemolysis. The average values and standard

deviations were calculated from the duplicates (Figure 2.1).

45

absorbance peak of
free hemoglobin

0,25

1 4 710131619222528313437404346495255586164677073767982858891

381 374 368 351 288 177 102 063 041 0.15
Dilution series of lysed red blood cells

Figure 2.1. Levels of free hemoglobin measured in the plasma samples

Hemolysis was assessed by spectrophotometry at wavelengths from 350 to 650 nm. A
dilution series of lysed red blood cells in plasma was prepared (below the chart). The degree
of hemolysis was determined based on the optical density (OD) at 414 nm (absorbance peak

of free hemoglobin, called Soret band), with additional peaks at 541 and 576 nm. Samples
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were classified as being hemolysed if the OD at 414 exceeded over 0.25. The integrated
curve of plasma samples comprises values from 0.05 to 0.20 indicating that the samples

were non-hemolysed.

2.4. Isolation of total exosomes from plasma

Plasma was prepared by 3 centrifugations steps at 300 g for 10 min, 2000 g for 10 min and
10 000 g for 30 min to remove cells and cell debris. Exosomes were then isolated from 143
plasma samples by ExoQuick (BioCat, Heidelberg, Germany) according to the
manufacturer’s instructions. Briefly, 500 ul of plasma were incubated with 120 ul ExoQuick
exosome precipitation solution at 4 °C for 30 min. The plasma-ExoQuick mixture was
centrifuged at 1,500 x g for 30 min and then, the supernatant was removed. Following an
additional centrifugation at 1,500 g for 5 min, to remove residual fluid, the precipitated
exosomes were then resuspended in PBS (Phosphate-Buffered Saline) buffer (Life

Technologies, Darmstadt, Germany).

2.5. Extraction of miRNAs and conversion into cDNA

Exosomes were resuspended in 150 pl lysis buffer from the TagMan microRNA ABC
Purification Kit A (Thermo Fisher Scientific, Darmstadt, Germany). Eighty pl beads
(TagMan™ miRNA ABC Purification Bead kit Human panel A, Thermo Fisher Scientific)
bound by a unique set of 377 anti-miRNA oligonucleotides were added to lysed exosomes to
capture the specific miRNAs. For extraction efficiency, 2 ul of 1 nM synthetic cel-miR-39
were added as an exogenous spike in control. The beads with the extracted miRNAs were
washed by 100 ul wash buffer 1 and 2 to remove DNA, proteins, contaminants, and residual
binding solution (Thermo Fisher Scientific). The captured miRNAs were then eluted from the
beads in 20 ul of elution buffer (Thermo Fisher Scientific). The extracted miRNAs were
immediately reverse transcribed into cODNA (complementary DNA) using a modified protocol
of TagMan MicroRNA Reverse Transcription kit (Thermo Fisher Scientific) and on a MJ

Research PTC-200 Peltier Thermal Cycler (Global Medical Instrumentation, Ramsey,
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Minnesota, USA). Details of the RT-PCR (reverse transcription-polymerase chain reaction)

are as followed:

Volume (ul) for
Components exosomal miRNAs

Custom RT primer pool 6
100mM dNTPs 0.3
MultiScribe Reverse Transcriptase (50 U/ul) 3
10x Reverse Transcription Buffer 15
RNase Inhibitor (20 U/ul) 0.19
RNA 4

PCR program

Temperature Time
16 °C 30 min

42 °C 30 min
85 °C 5 min
4 °C ~

2.6. Preamplification of cDNA

Because of the low expression levels of exosomal miRNAs in the plasma of EOC patients,
patients with ovarian cystadenoma and healthy women, and therefore, to increase the input
cDNA, a preamplification step of cDNA was included. Five ul cDNA were preamplified in a
25-ul reaction containing 12.5 pl TagMan PreAmp Master Mix and 3.75 upl Custom PreAmp
Primer Pool (Thermo Fisher Scientific). To avoid false positive data (e.g., primer dimer
formation or unspecific PCR products), a negative control without any templates was
included from the starting point of reverse transcription. PCR was run on a MJ Research
PTC-200 Peltier Thermal Cycler (Global Medical Instrumentation). Preamplification was

carried out as followed:

Volume (ul) for

Components exosomal miRNAs
TagMan PreAmp Master Mix 125
Custom PreAmp Primer Pool 3.75

14



Nuclease-free Water 3.75

cDNA 5

PCR program

Temperature Time

95 °C 10 min

55°C 2 min

72 °C 2 min

95 °C 15 sec 16

60 °C 4 min } cycles
99.9 °C 10 min

4°C ~

2.7. MiRNA expression profiling by Array Cards

Custom TagMan microRNA Array Cards (ThermoFisher Scientific), quantitative real-time
PCR-based cards were used for miRNA expression profiling. They contain assays for the
detection of 44 human miRNAs of interest, 2 endogenous reference miRNAs (RNU6, miR-
484) and 1 exogenous reference miRNA (cel-miR-39-3p) for data normalization, as well as a
N/A-4343438-Blank (negative control). Forty four miRNAs which have been described to be
clinically relevant for EOC in the literature and in our previous studies were selected (16, 48).
These mMiRNAs of interest were then mounted on miRNA array cards (ThermoFisher

Scientific) and are as followed:

miRBase ID Target sequence

hsa-let-7g-5p UGAGGUAGUAGUUUGUACAGUU
hsa-miR-9-5p UCUUUGGUUAUCUAGCUGUAUGA
hsa-miR-16-5p UAGCAGCACGUAAAUAUUGGCG
hsa-miR-20a-5p UAAAGUGCUUAUAGUGCAGGUAG
hsa-miR-21-5p UAGCUUAUCAGACUGAUGUUGA
hsa-miR-23a-3p AUCACAUUGCCAGGGAUUUCC
hsa-miR-23b-3p AUCACAUUGCCAGGGAUUACC
hsa-miR-26a-5p UUCAAGUAAUCCAGGAUAGGCU
hsa-miR-27a-3p UUCACAGUGGCUAAGUUCCGC

15



hsa-miR-27b-3p
hsa-miR-29a-3p
hsa-miR-30c-5p
hsa-miR-34c-5p
hsa-miR-92a-3p
hsa-miR-93-5p
hsa-miR-100-5p
hsa-miR-103a-3p
hsa-miR-126-3p
hsa-miR-141-3p
hsa-miR-152
hsa-miR-182-5p
hsa-miR-187-3p
hsa-miR-191-5p
hsa-miR-200a-3p
hsa-miR-200b-3p
hsa-miR-200c-3p
hsa-miR-203
hsa-miR-205-5p
hsa-miR-214-3p
hsa-miR-221-3p
hsa-miR-223-3p
hsa-miR-320a
hsa-miR-373-3p
hsa-miR-422a
hsa-miR-429
hsa-miR-485-5p
hsa-miR-496
hsa-miR-519a-3p
hsa-miR-520¢g
hsa-miR-548a-3p
hsa-miR-574-3p
hsa-miR-590-5p
hsa-miR-625-5p
hsa-miR-891a

UUCACAGUGGCUAAGUUCUGC
UAGCACCAUCUGAAAUCGGUUA
UGUAAACAUCCUACACUCUCAGC
AGGCAGUGUAGUUAGCUGAUUGC
UAUUGCACUUGUCCCGGCCUGU
CAAAGUGCUGUUCGUGCAGGUAG
AACCCGUAGAUCCGAACUUGUG
AGCAGCAUUGUACAGGGCUAUGA
UCGUACCGUGAGUAAUAAUGCG
UAACACUGUCUGGUAAAGAUGG
UCAGUGCAUGACAGAACUUGG
UUUGGCAAUGGUAGAACUCACACU
UCGUGUCUUGUGUUGCAGCCGG
CAACGGAAUCCCAAAAGCAGCUG
UAACACUGUCUGGUAACGAUGU
UAAUACUGCCUGGUAAUGAUGA
UAAUACUGCCGGGUAAUGAUGGA
GUGAAAUGUUUAGGACCACUAG
UCCUUCAUUCCACCGGAGUCUG
ACAGCAGGCACAGACAGGCAGU
AGCUACAUUGUCUGCUGGGUUUC
UGUCAGUUUGUCAAAUACCCCA
AAAAGCUGGGUUGAGAGGGCGA
GAAGUGCUUCGAUUUUGGGGUGU
ACUGGACUUAGGGUCAGAAGGC
UAAUACUGUCUGGUAAAACCGU
AGAGGCUGGCCGUGAUGAAUUC
UGAGUAUUACAUGGCCAAUCUC
AAAGUGCAUCCUUUUAGAGUGU
ACAAAGUGCUUCCCUUUAGAGUGU
CAAAACUGGCAAUUACUUUUGC
CACGCUCAUGCACACACCCACA
GAGCUUAUUCAUAAAAGUGCAG
AGGGGGAAAGUUCUAUAGUCC
UGCAACGAACCUGAGCCACUGA
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To carry out real-time TagMan PCR, the protocol of Thermo Fisher Scientific was modified
as followed: The 112.5-ul PCR reaction containing 56.25 yl TagMan Universal Master Mix Il
and 2 pl preamplication product was loaded on the array cards. PCR was run on a 7900 HT
Fast Real-Time PCR System (Applied Biosystems): 1 cycle at 95 °C for 10 min; 40 cycles at
95 °Cfor 15 s, and 60 °C for 1 min.

Fill Resemoir (1 of 8)

A reservoir for the cONA sample
or control befare it is
centrifugally transferred into the
wells.

Fill consumable

The segment of the TaghMan
Array that contains the eight fill
resenvoirs. After the Taghan
Array is centrifuged and
sealed, the fill consumable is
trimmed off.

Barcode

Provides coded access to
TagMan Array coded
databases.

Figure 2.2. TagMan microRNA Array Cards (Applied Biosystems)
Samples are loaded onto cards and centrifugally transferred into the wells. The cards are
sealed by a sealer (Applied Biosystems). Then, the cards are trimmed off, and run on a 7900

HT Fast Real-Time PCR System.

2.8. Transient transfection of cell lines

MIRNA mimics are chemically synthesized miRNAs, and can function as mature miRNAs
after transfection into the cell. They can bind to the 3'-UTR of their target mRNAs and
mediate mMRNA destruction. MiIRNA inhibitors are single-stranded, modified RNAs, they
specifically inhibit miRNA function after transfection. Transfection of miRNA mimics or
inhibitors is used to identify their mMRNA targets and investigate their functions.

For the transient transfection, 1.5 x 10° SKOV3 or 1.0 x 10° OVCARS cells were seeded per
well on 6-well plates (for cell proliferation assays) and 4,000 SKOV3 or 8,000 OVCARS3 cells

were seeded in triplicate per well into a 96-well plate (for apoptosis assays) one day before
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transfection. The next day, these cell lines were transfected with double-stranded miScript
miRNA mimic (Qiagen, Hilden, Germany), single-stranded miScript inhibitor (Qiagen) (miR-
200b or miR-320) or AllStars negative control small interfering RNA (negative control)
(Qiagen) at final concentrations of 10, 50 or 10 nM, respectively, together with 4.5 pl (for

apoptosis assays) or 0.75 pl (for cell proliferation assays) HiPerFect® Transfection Reagent

(Qiagen).

2.9. Western Blotting: Protein quantification

To calculate the adequate protein amounts for carrying out a Western blot, the protein
concentrations were at first measured with the DC Protein Assay Kit (BioRad, Munich,
Germany) at a wavelength of 650 nm on a spectrophotometric plate reader (Tecan). A
standard curve of 0, 0.625, 1.25, 2.5, 5 and 10 mg/ml BSA (bovine serum albumin; Sigma
Aldrich Chemie, Munich, Germany) was applied by the double-dilution method. Three pl of
exosomes, exosome supernatant and BSA standard protein samples were added to 96-well
plates, and incubated with a mixture of 25 pl Reagent A, 0.5 pl Reagent S and 200 ul
Reagent B. After 15-min incubation at room temperature (RT), the plate was measured at a
wavelength of 650 nm on a microplate reader. The obtained OD optical density values and
the corresponding concentrations of BSA standard protein samples generated a linear
equation of y = mx + n, as calculated by a linear regression analysis. The R? near to 1 was
also calculated to indicate the fitness of the linear equation. The concentrations of target

protein samples were calculated according to this equation of standard.

2.10. Western Blotting: SDS polyacrylamide gel electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is a technique used
for separation of proteins based on their molecular weights (measured in kilo Daltons, kDa).
SDS binds to and denatures proteins, and charges them negatively. When gel
electrophoresis starts, all proteins migrate through the gel towards the anode core. Proteins
with lower molecular weight migrate quicker than those with higher molecular weight. The gel

consists of a resolving and a stacking gel. The stacking gel allows proteins to be
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concentrated into a tight band at the beginning of electrophoresis, and to be separated from
the starting line before they migrate through the resolving gel. The components of the 10 %

resolving gel and stacking gel are as followed:

Component 10 % resolving gel stacking gel
Double-distilled water 5.9 ml 2.7ml

30 % Polyacrylamide 5.0ml 670 ul

1 M Tris (pH 6.8) 500 ul

1.5 M Tris (pH 8.8) 3.8 ml

10 % SDS 150 pl 40 pl
Tetramethylethylenediamine 6.0 pl 5.0 pl

10 % ammonium persulfate 150 pl 40 ul

About 30 ug proteins mixed with 6 x Loading Buffer (Carl Roth GmbH + Co. KG, Karlsruhe,
Germany) were used for Western blotting. The maximum volume of the mixture should not
exceed 25 ul because of the limited size of gel slots. The protein mixture was denatured at
95 °C for 10 min. An XCell SureLock® Mini-Cell device (Life Technologies) and 1 x Laemmli
Running Buffer were used for gel electrophoresis. Seven ul PageRuler™ Plus Prestained
Protein Ladder (Thermo Scientific) was used to determine the different molecular weights of
the separated proteins. The running time depends on the molecular weight of a protein.

Normally, it takes 1-2 h at 100 V.

2.11. Western Blotting: PVDF membrane transferring

After gel electrophoresis, the separated proteins in the gel were transferred onto a PVDF
(polyvinylidene fluoride) membrane (0.45 pm) on an XCell II™ Blot Module (Life
Technologies). First, the PVDF membrane was activated with methanol for 1 min, then
incubated with double-distilled water for 3 min and soaked in transfer buffer for 5 min.
Blotting pads and filter papers were presoaked with transfer buffer before placing in the
cathode core of the XCell II™ Blot Module. In the module, two blotting pads, filter paper, gel,
PVDF membrane, filter paper and two blotting pads were stacked from the cathode core to

the anode core (Figure 2.3.). The air bubbles between the pads, especially between the gel

19



and PVDF membrane, were removed by a glass rod before placing the gel membrane
sandwich and blotting pads in the cathode core of the XCell II™ Blot Module. The assembled
chamber was filled with transfer buffer, and the outside of the chamber was surrounded with
cold tap water. It normally takes 1 h to finish the transfer at 25 V. The components of 1 x

Laemmli Running Buffer and transfer buffer are as followed:

Components 1 x Laemmli Running Buffer transfer buffer
Tris 3.02¢g 5.81¢

20 % SDS 5ml 1.85 ml
Glycine 14429 293¢

20 % Methanol 200 ml
ddH20 1000 ml 1000 mi

+ [T TS0 Bioting Pad
(PSS SLS %] Bting Pad

[ ] Filter Paper

] Transfer Membrane
N A N O O R Gel

[ | Filter Paper

e c.r 0.0 0.0 0.0.% P Biottng Pad
e & o o & & & & @ ] Blotting Pad

|
Cathode Core (-)

Figure 2.3. Schematic structure of the XCell II™ Blot Module (from “Western Blotting

Using PVDF Membranes protocol” of Invitrogen)

The proteins are transferred from the gel (cathode) to the PVDF membrane (anode).

2.12. Western Blotting: Immunodetection

The PVDF membrane with the transferred proteins was first blocked with 6 % milk solution (6
g milk powder in 100 ml TBST buffer) or 5 % BSA solution (5 g BSA in 100 ml TBST buffer),
in a 50 ml-tube, at RT for 1 h, to avoid non-specific antibody binding resulting in non-specific
signals on the exposed film. Then, the PVDF membrane was incubated overnight at 4 °C
with the first antibody diluted in 5 ml 6 % milk solution or 5 % BSA solution. Dilutions of the

first antibodies are as followed:
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First antibodies
CD63 (ABGENT)
AGO2 (TAKARA)

Molecular weight

35-55 kDa
103 kDa

1:1 000 (in 6 % milk)
1:2 000 (in 5 % BSA)

On the next day, the PVDF membrane was washed for 3 x 10 min with TBST buffer, and

subsequently incubated with a secondary antibody at RT for 1 h. The used secondary

antibodies are as followed:

Secondary antibodies

Anti-rabbit immunoglobulins HRP (Dako)

Anti-mouse immunoglobulins HRP (Dako)

Dilutions
1:2 000 (in 6 % milk)
1:2 000 (in 5 % BSA)

The secondary antibody binds to the primary antibody which is specifically bound to the

protein of interest. Since the secondary antibody is linked to horseradish peroxidase (HRP),

which cleaves a chemiluminescent agent, the reaction product produces luminescence

(Figure 2.4.). The light is trapped by a photosensitive X-ray film (GE Healthcare) (49). After

incubation with the secondary antibody, the PVDF membrane was washed with TBST buffer

for 3 x 10 min, again. Then the PVDF membrane was incubated at RT for 4 min with the

mixture of reagent | and reagent Il. The chemiluminescent signals were detected on a

photosensitive X-ray film (GE Healthcare). The exposure time varied from 30 sec to 5 min. It

depended on the signal strength of the protein. The films were developed in an X-ray film

developer Curix60, and scanned on an EPSON perfection V750 PRO device. The

chemiluminescent agent was prepared as followed:

Reagent |

Luminol 100 pl
p-Coumaric 44 ul
Tris/HCI pH8.5 1 ml
Water 8.85 ml

Reagent Il

Tris/HCI pH8.5 1 ml
30 % H.0: 6 ul
Water 9ml
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Detection Signal

ﬂ (colorimentric or chemilunescent)
Enzyme-conjugated _ ~ Enzyme Substrate
Secondary Antibody
Primary Antibody — Target Protein

I

e I

= i

Membrane Containing Transferred Protein

Figure 2.4. Detection of specific protein by Western Blot (modified from General Western
Blot Protocol, Leinco Technologies, Inc.)

The target protein is bound to the primary antibody. Enzyme-conjugated secondary antibody
binds to the primary antibody. Then, the protein-antibodies-enzyme complex cleaves a
chemiluminescent agent and produces luminescence which can be detected by a

photosensitive X-ray film (GE Healthcare).

2.13. Proliferation MTT assay

The MTT assay is used for assessing cell metabolic activity. The number of viable cells is
referred to the cellular NAD(P)H-dependent oxidoreductase enzymes. These enzymes are
capable of reducing the tetrazolium dye MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) to the insoluble purple formazan. The insoluble purple
formazan can be solubilized by lysis buffers [e.g., DMSO (dimethylsulfoxide) or NP-40
(tergitol-type NP-40, nonyl phenoxypolyethoxylethanol)]. The spectrophotometer is applied to
measure the concentration of the solubilized cells at OD 540 nm together with a reference at
650 nm. Thus, to investigate the influence of miRNAs on the proliferation of EOC cell lines, |
performed this assay. Two hundred pl of SKOV3 and OVCARS3 cells were seeded at
densities of 4,000 and 8,000 cells per well into 96-well plates, respectively. After 24 h the cell
lines were transiently transfected with double-stranded miScript miRNA mimics or single-
stranded miScript inhibitors miR-200b and miR-320 or AllStars negative control small

interfering RNA (negative control) at final concentrations of 10, 50 or 10 nM, respectively,
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with 0.75ul HiPerFect® Transfection Reagent (Qiagen, Hilden, Germany). After 24 h, 48 h
and 72 h incubation, 20 pl MTT solution was added to each well, and incubated at 37°C for 3
h. Then, the media were discarded completely, and cells were solubilized with 150 pl lysis
buffer (4 mM HCI, 0.1% NP-40 in isopropanol). After dissolving the cells, the microplate
reader Sunrise was used to measure the OD value of each well at 540 nm, together with a

reference at 650 nm.

2.14. Apoptosis assay by FACS

Apoptosis is a normal physiologic process of programmed cell death which occurs in
multicellular organisms. This process leads to characteristic cell changes including loss of
plasma membrane, condensation of the cytoplasm and nucleus, chromosomal DNA
fragmentation, global mMRNA decay and final cell death. In the early stage of apoptotic cells,
the membrane phospholipid phosphatidylserine (PS) is translocated from the inner to the
outer leaflet of the plasma membrane, thereby exposing PS to the external cellular
environment. Annexin V, a 35-36 kDa Ca?* dependent phospholipid—binding protein, has a
high affinity for PS, and bind to the exposed PS. Since Annexin V is conjugated to
fluorochromes, such as FITC, it can be measured by flow cytometry. Based on the
externalization of PS in the early stages of apoptosis, FITC Annexin V staining can identify
apoptosis at early stages. Viable cells with intact membranes exclude propidium iodide (PI),
a DNA dye, whereas the membranes of dead and damaged cells are permeable to PI.
Therefore, the assay can identify not only early but also late apoptotic cells. For example,
early apoptotic cells are FITC Annexin V positive and Pl negative, and late apoptotic cells are
FITC Annexin V positive and PI positive (Figure 2.5). The influence of a particular miRNA on

apoptosis was examined by this assay along with FACS (fluorescence-activated cell sorting).
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Figure 2.5. Apoptosis of cells (from Annexin V, FITC apoptosis detection kit, Dojindo, EU
GmbH)

The cell membrane is shown with the early and late apoptotic markers.

In my experiment, | used camptothecin to induce apoptosis. Camptothecin is a
topoisomerase | inhibitor, it binds to the covalent complex of topoisomerase | and DNA
resulting in a stable ternary complex. The inhibition of DNA re-ligation causes DNA damage
which leads to apoptosis. Two ml of 1.5 x 10° SKOV3 or 1.0 x 10° OVCARS cells were
seeded into each well of 6-well plates. Next day, cells were transfected with double-stranded
miScript miRNA mimics, single-stranded miScript inhibitors (miR-200b or miR-320) or
AllStars negative control small interfering RNA (negative control) at final concentrations of
10, 50 or 10 nM, respectively, with 4.5 pl HiPerFect® Transfection Reagent (Qiagen, Hilden,
Germany). After 24-h incubation, 10 pul 5 mM camptothecin (BioVision) were added to
SKOV3 and OVCARS3 cells per well to induce apoptosis. After 4-h apoptosis induction,
camptothecin was removed by normal medium. Cells were harvested using trypsin and
washed with 2 x PBS (Life Technologies) on the 4th day. Centrifuged cell pellets were
resuspended in 100 ul 1 x binding buffer (Annexin V FITC Apoptosis Detection Kit, BD
Biosciences), and stained with 5 pl Annexin V and 5 ul Pl (Annexin V FITC Apoptosis
Detection Kit, BD Biosciences) for 15 min at RT. Staining was performed in the dark. In
addition, a tube containing unstained cells solved in binding buffer was used to adjust the
FACS Canto Il device and system. In the FACS Canto Il device (BD Biosciences), the cells
were stimulated by a laser at a wavelength of 488 nm. Annexin V- FITC stained cells were

detected by a 585/42 filter (long pass mirror of 556 nm), while PI stained cells were detected
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by a 660/20 filter (long pass mirror of 610 nm). The data were analyzed using the FACS Diva

software.

2.15. Data normalization and statistical analyses

The statistical analyses were performed using the Thermo Fisher Scientific Analysis
Software, Relative Quantification Analysis Module, version 3.1 (www.aps.thermofisher.com),
and SPSS software package, version 22.0 (SPSS Inc. Chicago, IL). First, the obtained data
of the miRNA expression levels were calculated and evaluated by the ACq method as
follows: ACq = mean value Cq (reference miR-484) - mean value Cqg (miRNA of interest). For
data normalization, snRNU6 could not be used as a reference because its expression was
too instable, whereas the expression of miR-484 remained relatively constant across the
plasma samples. The interindividual variability controlled by spiking in of cel-miR-39-3p was
low.

The Thermo Fisher Scientific Analysis Software was used for performing hierarchical
clustering (heat map) and volcano plots. Distances between samples and assays were
calculated for hierarchical clustering based on the ACq values using Pearson’s Correlation.
Clustering method was average linkage. Subsequently, the relative expression data were
27ACq transformed in order to obtain normal distribution data. The confidence of 2*ACq data
were verified by amplification curves and Cg confidence (0-1), whereby 1 refers to the
highest confidence. My data showed a Cq confidence of 0.95. Values below 0.95 were
discarded.

Statistical difference of miRNA expressions between healthy controls, ovarian cystadenoma
patients and EOC patients were calculated using two-tailed student t-test and depicted as a
volcano plot. Diagnostic power of the exosomal miRNAs was analyzed by receiver operating
characteristic (ROC) curves. The correlations of plasma levels of exosomal miRNAs with
clinical parameters were detected by using ANOVA Tukey’s HSD test and Spearman-Rho
test. Univariate and multivariate analyses were performed for prognostic factors of overall
survival using the Cox regression model. To estimate overall and disease-free survival, Log

rank test and Kaplan-Meier plots were carried out. The impacts of miRNAs on cell
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proliferation and apoptosis were analyzed by using ANOVA Tukey's HSD test, and line
charts and bar charts were drawn. Missing data were handled by pairwise deletion. A p-value

<0.05 was considered as statistically significant.
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3. Results

3.1. Workflow

First, | used real-time PCR-based miRNA array cards to quantify 44 miRNAs (plus 4
references) in exosomes derived from plasma samples of 106 EOC patients, 8 ovarian
cystadenoma patients and 29 healthy women. The clinical parameters of plasma samples
are described in Table 3.1. Exosomes were verified by a Western blot. Following the
guantification of exosomal miRNAs, the array data were normalized by an endogenous
reference miRNA-484, because this reference miRNA displayed constant values through the
cohorts of EOC patients, ovarian cystadenoma patients and healthy women. The
interindividual variability was controlled by spiking in cel-miR-39-3p. The normalized data
were statistically evaluated and compared with the clinical parameters of the EOC patients.
Then, the impact of miR-200b and miR-320 on cell proliferation and apoptosis were analyzed
in cell culture experiments. | selected these miRNAs because they were significantly
deregulated in exosomes from EOC patients, and their dual character as tumor suppressor
genes and oncomiRs with multiple cancer-specific functions have been described in diverse

studies. Figure 3.1 summarized the single steps of the workflow.

Populations

106 EOC patients
8 ovarian cystadenoma patients
29 healthy women

4 N

Exosome analyses Quantification of 48 exosomal miRNAs
Western blot: TagMan microRNA array cards analyses
4 EOC patients
1 ovarian cystadenoma patients Statistical comparison of exosomal
2 healty women miRNAs with clinical parameters

U

Selection of miR-200b and miR-320
for cell culture experiments
(SKOV3 and OVCAR3):

Cell proliferation assay
Apoptosis assay

Figure 3.1. Workflow of the study
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Table 3.1. Clinical characteristics of EOC patients and ovarian cystadenoma patients

and healthy women

Ovarian cancer patients 106(100%)
Age (mean) 60 (28-81 years)
Follow-up time (median) 22 (0-247 months)
Recurrence
Yes 49(46.2%)
No 57(53.8%)
Histology
Serous 90(84.9%)
Other subtypes 13(12.3%)
unkonwn 3 (2.8%)
FIGO-stage
111 72(67.9%)
v 20(18.9%)
unkonwn 14(13.2%)
Grading
G1-2 25(23.6%)
G3 72(67.9%)
unkonwn 9 (8.5%)
Lymph node
NO 17(16.1%)
N1 56(52.8%)
unkonwn 33(31.1%)
Secondary carcinoma
Yes 18(17.0%)
No 88(83.0%)
Tumour residual
Tumor-free 61(57.5%)
Tumor rest 38(35.8%)
unkonwn 7 (6.6% )
Disease-freeurvival(months) 16.6(0-84)
CA 125 U/ml
<65 5 (4.7%)
265 69(65.1%)
unknown 32(30.2%)
Survival status
Dead 35(33.0%)
Alive 71(67.0%)
Benign patients 8
Age (mean) 61(45-81 years)
Healthy women 29
Age (mean) 56(47-69 years)
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3.2. Verification of exosomes

Before | quantified exosomal miRNAs, the extracted exosomes from 2 healthy women, 1
ovarian cystadenoma patient and in each case 2 EOC patients at FIGO stage Ill and IV were
verified on a Western Blot using antibodies specific for the exosomal marker CD63 and the
miRNA binding protein AGO2. As shown by the 45 kDa-band on the blot, the CD63-specific
antibody recognized non-lysed exosomes in the pellet. Strikingly, the exosome bands were
stronger in the cystadenoma patient and EOC patients at FIGO stage IV than in healthy
women and EOC patients at FIGO stage Ill (Figure 3.2A). As shown by the 103 kDa-band on
the blot, the AGO2-specific antibody did not detect AGO2 protein which is bound to cell-free
mMiRNAs in the exosome pellet (Figure 3.2B). These findings show that the exosome fraction
may be pure and devoid of cell-free miRNAs. However, they do not exclude that exosomes
may contain traces of contaminations of cell-free AGO2-bound miRNAs and that due to the

low sensitivity of the Western blot were not detectable.

Healthy cystadenoma EOC
—— i 1

A 45kDa e e TSRS N3

FIGO IV FIGO Il

Healthy cystadenoma EOC

(—'L—\ /_1_\1 . \
B  103kDa wm AGO2

\_Y_)
AGO2 positive control

Figure 3.2. Verification and quantification of exosomes

Exosomes were precipitated from plasma of healthy women, ovarian cystadenoma patients
and EOC patients by the agglutinating agent ExoQuick and analyzed by Western blots using
antibodies specific for the exosome proteins CD63 (A), and the miRNA-associated AGO2
protein (B). The Western blots show representative examples of exosomes, devoid of cell-

free miRNAs.
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3.3. Different miRNA signatures in exosomes of EOC patients and ovarian

cystadenoma patients

Next, | used a quantitative TagMan real-time PCR-based cards containing 48 different
mMiRNAS, to determine the miRNA expression profiles in exosomes derived from the plasma
of 106 EOC patients, 8 ovarian cystadenoma patients and 29 healthy women. The selected
mMiRNAs are listed in Materials and Methods. Then, a similarity matrix was generated
containing all pairwise similarities of the plasma samples of EOC patients, ovarian
cystadenoma patients and healthy controls. Hierarchical clustering was carried out to detect
potential clusters in rows (mMiRNAs) and columns (plasma samples) of the normalized
expression matrix. The relative up- and downregulated miRNAs are indicated by red and
green, respectively (heat map, Figure 3.3).

Figure 1.3.4 shows the volcano plots, | compared the enrichment of miRNAs in exosomes
derived from plasma of 106 EOC with that of 29 healthy women (Figure 3.4A), 106 EOC with
that of 8 ovarian cystadenoma patients (Figure 3.4B) and 8 ovarian cystadenoma patients
with that of 29 healthy women (Figure 3.4C). And table 1.3.2 summarizes the significant
results with the adjusted p-values and fold changes of miRNAs as derived from the heat map
(Figure 3.3) and volcano plots (Figure 3.4). According to the results, from 44 miRNAs, 4
mMiRNAs (miR-21, miR-100, miR-200b and miR-320) were significantly enriched, whereas 4
MiRNAs (miR-16, miR-93, miR-126 and miR-223) were under-presented in exosomes of
EOC patients compared with those of healthy women. The levels of exosomal miR-23a and
miR-92a were significantly lower in plasma of ovarian cystadenoma patients than in healthy
women and EOC patients (Figure 3.4, Table 3.2).

In addition, | carried out ROC analyses of the most deregulated miRNAs. The significant
differences of exosomal miRNA concentrations between EOC patients and healthy women
were reflected by the AUC values of miR-21 (0.740), miR-200b (0.868), and miR-320
(0.658). | also calculated the sensitivity and specificity of these exosomal miRNAs by the
highest Youden index. The levels of exosomal miR-21 and miR-200b could best discriminate

between EOC patients and healthy women with a sensitivity of 61% and 64% and a
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specificity of 82% and 86% (Figure 3.5A & B). However, the levels of exosomal miR-320
(0.658) only showed a sensitivity of 56% and a specificity of 69% between EOC patients and
healthy women. The combination of the concentrations of exosomal miR-21 and miR-200b

could not increase the sensitivity and specificity (data not shown).

Figure 3.3. Hierarchical cluster of 48 exosomal miRNAs

The heat map is derived from data of the miRNA arrays which were performed using
guantitative real-time PCR based array cards mounted with assays for detection of 48
different miRNAs and using exosome samples from plasma of 106 EOC patients, 8 ovarian
cystadenoma patients and 29 healthy women. The colored representation of samples and
probes is ordered by their similarity. The red and green colors indicate that the ACq value is
below (relatively high expression) and above (relatively low expression levels) the median of
all ACq values in the study, respectively. On top: clustering of samples. On the right side:

clustering of probes. The scale bar provides information on the degree of regulation.
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Figure 3.4. Volcano plots of exosomal miRNAs

The plots were drawn for comparison of exosomal miRNAs in plasma of 106 EOC patients
with those of 29 healthy women (A) and 8 ovarian cystadenoma patients (B) as well as
between ovarian cystadenoma patients and healthy women (C). The Log2 fold changes are
plotted on the x-axis and the negative log10 p-values are plotted on the y-axis. The left side

shows downregulated exosomal miRNAs (green dots). The right side shows upregulated
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exosomal miRNAs (red dots). Under the dashed horizontal line there are non-deregulated

mMiRNAs (grey dots).

Table 3.2. Summary of the significant results with the adjusted p-values and fold changes of

mMiRNAs as derived from the heat map (Figure 3.3) and volcano plots (Figure 3.4), and the

comparision of clinical parameters with the expression of exosomal miRNAs in EOC patients

) Patients miR- miR- miR- miR- miR- mMiR- mMiR- mMiR- miR- miR- miR-
populations No. 16 21 23a 92a 93 100 126 200b 200c 223 320
fold
23 10 12 05 20 06 52 49 06 15
Eeoesl\’t?l/; 106vs 29 change
p-value 0.0090.0001 1.000 0.148 0.014 0.034 0.012 0.008 0.143 0.029 0.034
fold
EOC vs Llo6veg change 09 30 46 20 09 124 05 23 35 07 15
cystadenoma p-value 1.0 0.100 0.009 0.009 1.000 0.210 0.210 0.261 0.725 0.976 0.630
fold
06 08 02 06 06 02 11 23 14 09 10
i vezo chance
p-value 0.478 0.839 0.008 0.034 0.770 0.177 1.000 0.229 1.000 1.000 1.000
Clinical parameters in EOC patients
Yes 48 ngLde 05 11 10 08 06 14 10 13 11 08 09
Recurrence 9
No 54 p-value 0.001 0.648 0.845 0.073 0.05 0.224 0.780 0.710 0.841 0.366 0.717
serous 90 crngde 0.7 0.5 0.7 0.7 0.7 0.6 0.7 0.7 0.6 0.7 0.7
Histology 9
Others 13 p-value 0.432 0.026 0.285 0.010 0.413 0.192 0.162 0.686 0.289 0.177 0.190
G1-2 24 ngLde 08 10 08 07 13 10 41 08 12 08
Grading 9
G3 69 p-value 0.019 0.504 0.995 0.150 0.200 0.341 0.946 0.144 0.524 0.366 0.226
CA125 p-value 0.325 0.377 0.637 0.124 0.415 0.156 0.762 0.002 0.003 0.835 0.363
A B
1.0 Sensitivit Specificit
w | T e miR-21 mMiRNAs AUC P value o y P o y
q_% 0.8- - miR-320 0 0
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Figure 3.5. Exosomal miRNAs differ between EOC patients and healthy women
ROC analyses show the profiles of sensitivity and specificity of exosomal miR-21, miR-320
and miR-200b to distinguish EOC patients from healthy women (A). The table summarizes

sensitivities and specificities of exosomal miR-21, miR-320 and miR-200b (B).

3.4. Diagnostic and prognostic relevance of exosomal miRNAs

Table 3.2 also shows the significant correlations of the levels of exosomal miR-16, miR-21
and miR-92a with the clinicopathological/risk parameters of EOC patients. Lower levels of
exosomal miR-16 were significantly associated with recurrence (p=0.001) and grading G1-2
(p=0.019). The concentrations of miR-21 (p=0.026) and miR-92a (p=0.010) were lower in
exosomes in patients with serious EOC than patients with other histological subtypes (Table
3.2). Moreover, the plasma levels of exosomal miR-200b were also significantly associated
with increasing values of the tumor marker CA125 (p=0.002, Figure 3.6A). In addition, the
plasma levels of exosomal miR-200c were also significantly associated with the tumor
marker CA125 (p=0.003, Table 3.2) albeit they did not significantly differ between EOC
patients and healthy women.

To assess the prognostic potential of the plasma levels of exosomal miRNAs in EOC
patients, Kaplan-Meier and log-rank models were carried out. The median follow-up time was
22 months (range from 1 to 247 months). For these analyses, EOC patients were grouped in
patients with expression levels of exosomal miRNAs which were higher and lower than the
median miRNA values. The higher concentrations of exosomal miR-200b above the median
mMiRNA value of 0.0016 were associated with poor overall survival (p=0.019, Figure 3.6B).

Besides, a positive nodal status correlated with poor overall survival (p=0.017, Table 3.3).

Table 3.3. Univariate and multivariate analyses for overall survival of EOC patients

Univariate analysis Multivariate analysis
Overall survival

HR(95% CI) p-values HR(95% ClI) p-values
Node status(NO,N1) 7.9(1.1-59.1) 0.017 - -
miR-200b 2.71.1-6.5 ) 0.019 1.3(0.4-4.2) 0.631
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Figure 3.6. Association of exosomal miR-200b with the tumor marker CA125 and
prognosis

The scatter plot shows the correlation of increasing concentrations of exosomal miR-200b
with increasing CA125 values (A). The univariate Kaplan-Meier curve shows the correlation
of low and high levels of exosomal miR-200b with overall survival. The median value
(0.0016) of the exosomal miRNA concentration was used for grouping the EOC samples

according to low (n = 28) and high (n = 28) transcript levels (B).

3.5. MiR-200b inhibits cell proliferation and promote apoptosis

For cell culture experiments, | selected miR-200b and miR-320. The effects of these miRNAs
on cell proliferation and apoptosis were investigated in ovarian cancer cell lines SKOV3 and
OVCAR3 which were transiently transfected with mimics and inhibitors of miR-200b and miR-
320. Transfection of mimics and inhibitors of miR-200b steadily reduced (p=0.0001) and
augmented (p=0.011) cell proliferation in OVCAR3 cells during 72 hours compared with cells
transfected with a negative control, indicating that miR-200b inhibits cell proliferation (Figure
3.7A). For the apoptosis assay, the transfected cells were additionally treated with
topoisomerase | inhibitor camptothecin. Camptothecin is used in cancer chemotherapy to
induce apoptosis. Bright field images and FACS analyses showed that camptothecin and
mMiR-200b mediated apoptosis in OVCARS3 cells (Figure 3.7B&C). The apoptotic effect by

camptothecin could still be increased by the additional administration of miR-200b mimics
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(p=0.008). However, miR-200b could also induce apoptosis by itself (p=0.021), and this
effect was stronger than the effect by camptothecin (p=0.039). Inhibition of miR-200b had no

significant impact on cell apoptosis (Figure 3.7B).
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Figure 3.7. MiR-200b affects cell proliferation and apoptosis

OVCARS3 cells were transiently transfected with a negative control, mimic or inhibitor of miR-
200b. After 24, 48 and 72 hours, cells were treated with MTT. Cell proliferation after
overexpression and inhibition of miR-200b was measured at a absorbance of 540 nm. The
standard deviations from triplicate experiments are indicated in the line chart (A).
Transfected OVCAR3 cells were additionally treated with the topoisomerase | inhibitor
camptothecin and analyzed by a bright field microscopy (left) and on a FACS Cantoll device
(right). In order to observe morphological features of apoptosis cells were analyzed using 10x
magnification AxioCam MRc microscope Carl Zeiss. Cells were labeled with Annexin-V-FITC
and propidium iodide for FACS analyses. Cell fragments only positive for propidium iodide
can be found in the upper left corner (Q1). Late apoptotic as well as necrotic cells can be
found in the upper right corner (Q2), since they are positive for Annexin and propidium
iodide. Living cells are negative for Annexin and propidium iodide, and therefore, can be
found in the lower left corner (Q3). Only early apoptotic cells are positive for Annexin, and
located in the lower right corner (Q4). The size for each population (%) is given in the
corresponding area (B). A bar chart summarizes the data on the apoptotic effect by miR-

200b as derived from the FACS Cantoll device (C).

3.6. MiR-320 has no impact on cell proliferation and apoptosis of OVCAR3 and SKOV3

cells

The other chosen miR-320 had no impact on cell proliferation and apoptosis in both cell lines

SKOV3 and OVCARS3 (Figure 3.8).
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Figure 3.8. MiR-320 has no impact on cell proliferation and apoptosis of SKOV3 and
OVCARS3 cells

OVCAR3 and SKOV3 cells were transiently transfected with a negative control, mimic or
inhibitor of miR-320. After 24, 48 and 72 hours, cells were treated with MTT. Cell proliferation
after overexpression and inhibition of miR-320 was measured at a absorbance of 540 nm.
The standard deviations from triplicate experiments are indicated in the line chart (A and B).
Transfected OVCAR3 and SKOV3 cells were additionally treated with the topoisomerase |
inhibitor camptothecin and analyzed on a FACS Cantoll device for apoptosis. Cells were
labeled with Annexin-V-FITC and propidium iodide for FACS analyses. Cell fragments only
positive for propidium iodide can be found in the upper left corner (Q1). Late apoptotic as
well as necrotic cells can be found in the upper right corner (Q2), since they are positive for
Annexin and propidium iodide. Living cells are negative for Annexin and propidium iodide,
and therefore, can be found in the lower left corner (Q3). Only early apoptotic cells are
positive for Annexin, and located in the lower right corner (Q4). The size for each population

(%) is given in the corresponding area (C and D).
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4. Discussion

In the present study, | analyzed the expression of miRNAs in exosomes derived from plasma
of EOC and ovarian cystadenoma patients by quantitative TagMan real-time PCR-based
microRNA array cards. | found that 8 miRNAs were deregulated in exosomes from EOC
patients compared with healthy women. Four miRNAs (miR-21, miR-100, miR-200b and miR-
320) were upregulated and the others (miR-16, miR-93, miR-126 and miR-223) were
downregulated in exosomes from EOC patients. The levels of exosomal miR-23a and miR-
92a were associated with benign ovarian tumors since their occurrence was significantly
lower in ovarian cystadenoma patients than in the EOC group or healthy women. In addition,
| detected higher plasma levels of exosomes in ovarian cystadenoma and EOC patients, in
particular in FIGO IV patients, than in healthy women and FIGO Il patients. The low levels of
exosomes that | found in healthy women may be mainly derived from platelets, erythrocytes
and endothelial cells, and have been shown to be important in common hemostatic events in
normal physiology (50). The higher levels of exosomes in FIGO IV than in FIGO Il patients
detected in my study suggest that a higher release of exosomes correlates with their higher
invasive potential. In line to my observations, Kobayashi et al. reported that high invasive
ovarian cancer cells release significantly more exosomes than low invasive cells (51). This
observation supports the assumption, that exosomes serve as an important mediator
between tumor and its microenvironment and could increase cell invasion. Thus, they may
help to form a pre-metastatic niche and prepare secondary sites for metastasis (52).
Surprisingly, | also detected high plasma levels of exosomes in ovarian cystadenoma
patients, suggesting that an excessive secretion of exosomes also occurs in these tumors
reflecting extensive inflammatory processes that are not malignant.

Besides the increased secretion of exosomes, the selective packaging of miRNAs may
contribute to the pathogenesis of ovarian tumors. As far as | know, | demonstrate for the first
time sets of enriched miR-21, miR-100, miR-200b and miR-320 as well as of under-
presented miR-16, miR-93, miR-126 and miR-223 in exosomes of EOC patients compared
with those of healthy women. In my study, | found the highest fold increase in concentrations
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of miR-200b in exosomes from EOC patients compared with those in exosomes of healthy
women. The levels of this exosomal miRNA were about five times higher in EOC patients
than in healthy women, and correlated with the tumor marker CA125 currently routinely used
as screening parameter for EOC, as well as with poor overall survival. In comparison to the
other exosomal miRNAs analyzed, miR-200b had also the highest sensitivity (64%) and
specificity (86%) to discriminate EOC from healthy women. These data substantiate our
previous findings also showing the positive relationship of exosomal miR-200b with CA125
values and its prognostic relevance in EOC patients (17). On the other hand, my in vitro
experiments and confirmed previously reported data (53) showed that miR-200b acts rather
as a tumor suppressor, inhibiting cell proliferation and promoting apoptosis of ovarian cancer
cells. However, miR-200 family members seem to be versatile players (54). They play a
major role in the suppression of EMT and metastasis (55, 56), and low-level expression of
miR-200 members in advanced ovarian tumors significantly correlate with cancer recurrence
and poor overall survival, whereas overexpression of miR-200b inhibit ovarian cancer cell
migration (53). Moreover, other studies have shown that its elevated expression is a
significant characteristic of EOC tissue and serum (57-59). Using microarray analysis, it was
reported that the levels of miR-200b derived from EpCAM-positive exosomes were higher in
EOC patients than in patients with benign ovarian diseases. These findings demonstrate the
dual character of miR-200b. In particular, my data suggest that in vitro miR-200b acts as a
tumor suppressor in suppressing cell proliferation and promoting apoptosis, and in vivo, miR-
200b selectively packaged in exosomes serves as a diagnostic and prognostic oncomiR.

MiR-320 has been reported also to have a dual character. A study showed by building a
miRNA model that in EOC, the high expression of miR-320 is associated with negative
prognosis, migration and invasion of cancer and high risk of metastasis (60). In contrast,
another study revealed that miR-320 is rather a tumor suppressor due to its downregulation
in EOC tissue compared with non-tumor tissue, and its ability to suppress cell proliferation,
cycle and invasion through targeting Twist homolog 1 (TWIST1) in EOC (61). Some other

studies show that miR-320 can also act as tumor suppressor in other gynecological cancers
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such as breast cancer and cervical cancer (62, 63). It was also reported that miR-320 inhibits
invasion and induces apoptosis in gastric cancer cells (64). In my study, | found that miR-320
is preferentially packaged in exosomes of EOC patients, but has no impact on cell
proliferation and apoptosis in ovarian cancer cells.

MiR-100 can exert both tumor suppressor and oncogenic functions in various cancer types,
too. However, in EOC, miR-100 seems to be a tumor suppressor, since its levels are usually
lower in EOC tissues than in adjacent normal tissues (65), and correlate with progression
and poor prognosis of EOC (66). Upregulation of miR-100 can inhibit cell proliferation,
promote cell apoptosis and cell cycle arrest, and sensitize resistant EOC cells to cisplatin,
resulting in reversing drug resistance (67). Overexpression of miR-100 can also enhance the
sensitivity to rapamycin in clear cell ovarian cancer (68). In serous ovarian carcinoma, miR-
320 is down-regulated compared with normal ovarian tissues (69). In my present study, |
show that the levels of miR-100 are two times higher in exosomes from EOC patients
compared with those in healthy women, indicating a selective packaging process and a
potential occurrence of exosomes whose cargo also contains tumor suppressive potential.
MiR-21 is one of the best studied miRNAs, is overexpressed in most cancer types and thus,
displays oncogenic activity. MiR-21 participates in the occurrence and development of gastric
adenocarcinoma (70). MiR-21 is found over-expressed in malignant pleural mesothelioma
compared to normal mesothelium (71). Other findings show that miR-21 functions as a tumor
facilitator in lung adenocarcinoma through targeting HMG box transcription factor 1 (72).
Accumulating evidence supports a central role for miR-21 in ovarian cancer initiation,
progression, and chemoresistance (41, 73-76). Here, | show that high amounts of miR-21 are
also packaged in exosomes of EOC patients.

MiR-93 was described to be a potential suppressor of ovarian cell proliferation and to inhibit
EOC tumorigenesis and progression by targeting the small G protein/guanosine
triphosphatase RhoC (Ras homolog gene family member C) (77). Besides, miR-93 can also
promote epithelial-mesenchymal transition of endometrial carcinoma cells (78). In serous

ovarian carcinoma, miR-93 is down-regulated compared with ovarian normal tissues (79, 80).
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A further research study found that miR-93 is related to chemoresistance in ovarian cancer
cells (81). MiR-126 is a tumor suppressor not only in EOC, and decreases serine/threonine
p2l-activated kinase 4 expression to inhibit invasive growth of EOC cells (82), but also in
gastric cancer (83) and non-small-cell lung cancer (84). In line with their tumor suppressive
behavior, my quantitative analyses show an approximatively twice lower presence of miR-93
and miR-126 in exosomes from EOC patients than in healthy women. Aberrant miR-223
expression has been implicated in the pathogenesis of a wide range of cancers. In EOC,
MiR-223 seems to serve as an oncomiR (85), since some studies found that miR-223 is up-
regulated in ovarian cancer tissues compared with normal ovarian tissues (86, 87). However,
I found a downregulation of this miRNA in exosomes from EOC patients compared with
healthy women, thus a decrease in its oncogenic potential in exosomes from EOC patients.
Alike, Huang et al. showed a significant overexpression of miR-223 in serum from
esophageal squamous cell carcinoma (ESCC) patients compared with normal controls, but
similar levels in exosomes from ESCC patients and normal controls (88).

The first direct evidence of miRNAs playing a role in human cancer came from Calin et al. in
2002. They demonstrated that the miRNA cluster containing miR-16 was deleted in a
significant portion of chronic lymphocytic leukemia cases (89). To date, miR-16 has been
used as a reference miRNAs for data normalization due to its steadily high expression, and
conversely, has been reported to act as tumor suppressor or oncomiR in different cancer
types, thus to be involved in tumorigenicity both in vitro and in vivo (41, 90-93). MiR-16
expression may also be a potential therapeutic target and clinical biomarker of bone
metastasis, because it is elevated in osteoclast differentiation and bone metastasis (94). In
my present study, | found that only low amounts of miR-16 were packaged in exosomes from
EOC patients, while another study showed that the serum levels of circulating miR-16 were
neither up- nor downregulated in EOC patients compared with healthy women (16).

Finally, my analyses show lower levels of exosomal miR-23a and miR-92a in ovarian
cystadenoma patients than in healthy women. No deregulation of miR-23a could be

observed in exosomes from EOC patients, but a downregulation of miR-92a only in serous
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EOC patients and not in patients harboring a different histology. My findings point to a role of
these miRNAs in benign ovarian tumors, in particular of miR-23a. A recent study by Xiong et
al. also showed that the levels of serum miR-23a were significantly lower in women with
polycystic ovary syndrome (PCOS) than healthy women. The likelihood of women with
PCOS decreased by 0.01-fold for every one fold increase in miR-23a expression (95).
Otherwise, miR-23a is also found as an oncogene contributing to the malignancy of EOC
cells (96). Moreover, miR-23a is related with chemoresistance in ovarian cancer (97).

In conclusion, my findings suggest a specific mRNA pattern in exosomes from EOC and
ovarian cystadenoma patients. The frequent dual character of miRNAs in tumor cells is
accompanied by the enrichment of oncogenic and tumor suppressive miRNAS in exosomes
that participate in cell-to-cell communication. Overall, exosomal miRNAs have potential
relevance to be tumor markers in EOC. My findings show that exosomal miR-200b plays an
important role in EOC. It is enriched in exosomes but inhibits cell proliferation and promotes
apoptosis. Therefore, still a lot of work needs to do to reveal this complex regulatory network

that maintains EOC development and progression.
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5. Summary

Examination of deregulated levels of miRNAs and their characterization extend the
understanding of carcinogenesis and provide new aspects of the complex regulation of gene
expression. Exosomes also play an essential role in EOC because they are considered as
mediators of intercellular communication and pathological processes, such as tumor
development and progression. Specific miRNAs are packaged in exosomes that regulate
processes to maintain tumor development and progression. In my study, | identified
exosomal miRNAs that reflect the pathogenesis of epithelial ovarian cancer (EOC). MiRNA
expression profiles were determined in exosomes derived from plasma of 106 EOC patients,
8 ovarian cystadenoma patients and 29 healthy women by a quantitative TagMan real-time
PCR-based microarray containing 48 different miRNAs. Identification of exosomes was
performed by Western blot. Cell culture experiments were carried out to determine the
impact of miR-200b and miR-320 on proliferation and apoptosis of the ovarian cancer cell
lines SKOV3 and OVCARS3. The results of my study show that the levels of miR-21, miR-100,
miR-200b and miR-320 were higher, whereas the levels of miR-16, miR-93, miR-126 and
miR-223 were lower in exosomes from plasma of EOC patients than from healthy women.
The levels of exosomal miR-23a and miR-92a were lower in ovarian cystadenoma patients
than in EOC patients and healthy women, respectively. The levels of exosomal miR-21 and
miR-200b could best discriminate between EOC patients and healthy women with a
sensitivity of 61% and 64% and a specificity of 82% and 86%, respectively. The exosomal
amounts of miR-200b correlated with the tumor marker CA125 and patient overall survival.
Due to the functional analyses, miR-200b influenced cell proliferation and apoptosis in
OVCARS3 cells. In summary, my study shows the diagnostic value and prognostic value of

exosomal miRNAs and indicate a role of these miRNAs in the pathogenesis of EOC.
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Zusammenfassung

Die Untersuchung von deregulierten Niveaus von miRNAs und deren Charakterisierung
erweitern das Verstandnis der Karzinogenese und liefern neue Aspekte der komplexen
Regulation der Genexpression. Exosomen spielen auch eine wesentliche Rolle in EOC, da
sie als Mediatoren interzellularer Kommunikation und pathologischer Prozesse, wie der
Tumorentwicklung und -progression, angesehen werden. Spezifische miRNAs werden in
Exosomen verpackt, die Prozesse regulieren, um die Tumorentwicklung und Progression zu
unterstitzen. In meiner Studie identifizierte ich exosomale miRNAs, die die Pathogenese von
epithelialem Ovarialkarzinom (EOC) widerspiegeln. MiRNA-Expressionsprofile wurden in
Exosomen bestimmt, die aus Plasma von 106 EOC-Patientinnen, 8 Ovarialzystadenom-
Patientinnen und 29 gesunden Frauen durch einen quantitativen TagMan real-time PCR-
basierten Microarray mit 48 verschiedenen miRNAs isoliert wurden. Die Identifizierung von
Exosomen erfolgte durch einen Western-Blot. Zellkulturexperimente wurden durchgefihrt,
um den Einfluss von miR-200b und miR-320 auf die Proliferation und Apoptose der
Ovarialkarzinom-Zelllinien SKOV3 und OVCARS3 zu bestimmen. Die Ergebnisse meiner
Studie zeigen, dass die Niveaus von miR-21, miR-100, miR-200b und miR-320 héher waren,
wahrend die Niveaus von miR-16, miR-93, miR-126 und miR-223 waren niedriger in
Exosomen aus Plasma von EOC-Patientinnen als von gesunden Frauen. Die Spiegel von
exosomalen miR-23a und miR-92a waren bei Ovarialzystadenom-Patientinnen niedriger als
bei EOC Patientinnen und gesunden Frauen. Die Spiegel von exosomalen miR-21 und miR-
200b konnten am besten zwischen EOC-Patienten und gesunden Frauen mit einer
Sensitivitat von 61% bzw. 64% und einer Spezifitdt von 82% bzw. 86% unterscheiden. Die
exosomalen Konzentrationen von miR-200b korrelierten mit dem Tumormarker CA125 und
dem Gesamtlberleben der Patientinnen. Gemal den Funktionsanalysen beeinflusste miR-
200b die Zellproliferation und Apoptose in OVCAR3-Zellen. Zusammengefasst zeigt meine
Studie den diagnostischen und prognostischen Wert von exosomalen miRNAs beim

Ovarialkarzinom.
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