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ABSTRACT

Billur, D. Investigation of the Effect of mMiIRNA-582-5p and miRNA-363 Expression
Levels on Caspase-9 in Glioblastoma Multiforme Tumors. Yeditepe University,
Institute of Health Sciences, Department of Molecular Medicine. Master Thesis.
Istanbul, 2019.

The aim of this thesis study is to investigate the expression levels of microRNA-582-5p
and miRNA-363 as they relate to serum levels of caspase-9, which holds key roles in
the initiation of apoptosis in glioblastoma multiforme (GBM) patients.
For this purpose, a total of 71 individuals, were selected and divided into two groups:
those who were diagnosed with GBM disease (n=35), and those who were not
previously diagnosed with this disease (n=36).

The expression levels of mMIRNA-582-5p, mMiRNA-363 and caspase-9 gene
Ex5+32 G>A (rs1052576) polymorphism of the groups were analyzed using real-time
polymerase chain reaction. The mIiRNA expression analysis showed that
miRNA-582-5p and miRNA-363 expressions were significantly downregulated in the
patient group (p=0.014* and p=0.010*). When the means of serum miRNA-582-5p,
miRNA-363 and serum caspase-9 levels were compared, a statistically significant
relationship between miRNA expression levels and caspase-9 level could not be
determined (p=0.144 and p=0.050). Also, caspase-9 gene Ex5+32 G>A (rs1052576)
polymorphism was investigated in GBM patients, as well as undiagnosed individuals in
the Turkish population. Having GG genotype reduced the risk of GBM by 3.78 times
(p=0.015%*). According to the results of ROC analysis, which is the last assessment point
for biomarker nomination, it was observed that miRNA-582-5p and miRNA-363 are
candidate biomarkers for GBM (miRNA-582-5p ACt p=0.006*; fold change
p=0.0001* and miRNA-363 ACt p=0.0016*; fold change; p=0.0001%*).

In conclusion, while a statistically significant relationship was found between
miRNA-582-5p, miRNA-363 expression levels and working groups, no statistically
significant relationship was found between miRNA-582-5p and miRNA-363 expression

levels regarding an effect on serum caspase-9 levels.

Key Words: Glioblastoma Multiforme, miRNA-582-5p, miRNA-363, Caspase-9
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OZET

Billur, D. Glioblastoma Multiforme Tiimoérlerinde miRNA-582-5p ve miRNA-363
Ekspresyon Seviyelerinin Kaspaz-9 Uzerine Etkisi. Yeditepe Universitesi,
Saghk Bilimleri Enstitiisii, Molekiiler Tip Anabilim Dal. Yiiksek Lisans Tezi.
Istanbul, 2019.

Bu tezin amaci, miRNA-582-5p ve miRNA-363 ekspresyon seviyelerinin, apoptozun
baslatilmasinda kilit role sahip olan kaspaz-9’un serum diizeyinde iliskisinin
glioblastoma multiforme (GBM) hastalarinda arastirilmasidir. Bu amagla, toplam olarak
71 birey segilerek, GBM tanis1 almis olan (n=35) ve daha 6nce bu hastaligin tanisini
almamis olanlar (n=36) olmak tizere iki gruba ayrilmistir.

Gergek zamanli polimeraz zincir reaksiyonu kullanilarak gruplarin miRNA-582-5p,
miRNA-363 ekspresyon seviyeleri ve kaspaz-9 geni Ex5+32 G>A (rs1052576)
polimorfizmi analiz edilmistir. mMIRNA ekspresyon analizleri, miRNA-582-5p ve
mMIRNA-363 ekspresyon seviyelerinin anlamli olarak hasta grubunda anlatiminin
azaldigin1 gostermistir (p=0.014* ve p=0.010*). Serum miRNA-582-5p, miRNA-363 ve
serum kaspaz-9 seviyeleri karsilastirildiginda, istatistiksel olarak miRNA ekspresyon
seviyesi arasinda bir anlamlilik tespit edilememistir (p=0.144 ve p=0.050).
Ayrica, Tirk populasyonunda kaspaz-9 geni Ex5+32 G>A (rs1052576) polimorfizmi
GBM hastalarinin yani sira tan1 konulmamis bireylerde arastirilmistir. GG genotipine
sahip olmak, GBM riskini 3.78 kat azaltmaktadir (p=0.015%*). Biyobelirte¢ adayliginin
son degerlendirme noktasi olan ROC analiz sonuglarina goére, miRNA-582-5p ve
miRNA-363’in  GBM igin Dbiyobelirteg aday1 olabilecegi  gdzlemlenmistir
(MiRNA-582-5p ACt p=0.006*; kat degisimi p=0.0001* ve miRNA-363
ACt p=0.0016*; kat degisimi p=0.0001%*).

Sonug olarak, ¢alisma gruplari ile miRNA-582-5p ve miRNA-363 ekspresyon seviyeleri
arasinda istatistiksel olarak anlamli bir iliski bulunmus olup, mMiRNA-582-5p ve
miRNA-363 ekspresyon seviyelerinin serum kaspaz-9 seviyesi iizerinde bir etkisi

olmadig1 bulunmustur.

Anahtar Kelimeler: Glioblastoma Multiforme, miRNA-582-5p, miRNA-363, Kaspaz-9
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1. INTRODUCTION AND PURPOSE

Glioblastoma multiforme (GBM) is a brain tumor with a high level of
destruction that ends in a short period of 14 months (1).
According to statistical studies from the United States of America, the rate of death
caused by malignant brain tumors is 22,000 cases per year, and approximately 80% of
these cases are glioblastoma-induced (2). For the treatment of the disease following
surgical operation, clinical applications such as radiation and chemotherapy are

performed in a series (3).

MicroRNAs (miRNA) are small, non-coding RNA molecules that are involved
in many vital processes. The miRNAs, which can be encoded both inter- and intra-
genically, are clipped from long RNAs. Firstly the microRNAs, which can be processed
as pre-miRNA, pass into the cytoplasm and become a double-stranded miRNA of about
22 nucleotides in length. One of the two chains of miRNA interacts with the protein
complex called RNA Induced Silencing Complex (RISC). The ribonucleoprotein
complex, which is the result of this interaction, prevents expression of messenger RNA
(mRNA) by binding to them. Although this procedure is normal, it is reported that it is
damaged in cancer cells (4).

Recent studies have shown that miRNAs play an active role in tumor survival and
growth. Based on this information, different types of glioblastoma and healthy brain
tissue have been studied and new microRNA expression models have been revealed
(5-7).

Research on many types of cancers such as GBM has shown that miRNAs have a
triggering effect on tumor development.

Some miRNAs have been reported to have oncogenic properties (8,9).
In contrast to oncogenic miRNAs, tumor suppressor miRNAs have low expression in
GBM and decrease in growth and invasion (10, 11).

The two first-rate-defined apoptotic pathways present in mammals-the extrinsic
or receptor-brought about pathway and intrinsic or mitochondrial stress-brought about

pathway—each use the caspase cascade.



The two apoptotic pathways determine the final physical status of cell systems via
executioner proteases referred to as caspases, which are usually subdivided into initiator
and effector caspases. Procaspases are synthesized as single-chain inactive zymogens
and must be activated for apoptotic process.

Caspase-9 is the foremost molecule in the intrinsic or mitochondrial pathway that is
triggered by various factors such as chemotherapies, cellular stress and radiation.
In order to maintenance of catalytic activity of caspase 9, it is triggered on the
apoptosome complex. In case of the defects of caspase-9, there are profound
physiological and pathophysiological results which lead to degenerative problems and
developmental problems such as cancer (12).

According to a research conducted in this context, miRNAs 582-5p and 363,
which were reported as oncogenic miRNAs, that are the subject of this thesis, have been
shown to inhibit apoptotic mechanism by acting on caspase-9, caspase-3 and Bim (13).
Also, studies on this subject were accomplished at the cell culture level, and most of the
studies were realized by using rodents. In the literature, there have been a few studies
demonstrating the role of miRNA-582-5p and miRNA-363 on caspase-9 activity in
GBM. However, no studies have been found to date in serum or plasma samples of
patients diagnosed with GBM.

In the scope of this work, it as aimed to determine roles of miRNA-582-5p and
miRNA- 363 on caspase-9 levels by using the serum samples of GBM diagnosed
patients and undiagnosed groups of this disease.

Also, caspase-9 gene Ex5+32 G>A (rs1052576) polymorphism was investigated in

GBM patients and undiagnosed individuals in the Turkish population.



2. LITERATURE REVIEW

2.1. Overview of the Brain Tumors

Brain tumors were collected under two main groups as primary and secondary
tumors (14).
Primary brain tumors are those that originate inside of brain tissue (15).
They can be labeled by the type of tissue where they are sourced from. Glioma is a
general term that describes all primary brain tumors. Phylogenic roots of the tissue hold
a key role in determining the stages of primary malignant brain tumors. There are
several types of gliomas. These include astrocytic tumors, which come off from
astrocytes (astrocytoma, anaplastic astrocytoma and glioblastoma), oligodendrogliomas
that rise in the cells which produce myelin and ependymomas which mostly evolve in
the lining of the ventricles (Figure 2.1-1) (16-19). Statistical analyses showed that they

are responsible for almost 80% of all malignant primary tumors of the brain (18-20).

Primary brain tumor

Gliomas

Astrocytomas Oligodendrogliomas Ependymomas

Figure 2.1-1. Classification of primary brain tumors and subtypes of glioma (16, 17).



Tumors caused by cancer cells originating from another part of the body that
effuse to the brain (metastasis) are called secondary brain tumors. These types of tumors
do not share the same features with primary brain tumors (21). Treatment for secondary
brain tumors bound up with the origin of the starting point of cancer cells. Also, the age

of patients and general health status are other important factors (22).

2.1.1. Glioblastoma Multiforme

Glioblastoma multiforme is the most widespread malignant type of tumor, and

constitutes the majority of astrocytic tumors. When astrocytic tumors are classified
according to the international grading system of the World Health Organization (WHO),
tumors can fall under four classes identified by histopathological hallmarks (23).
They can be classified from Grade I, which represents the most optimistic features to
Grade 1V, which holds the most deadly characteristics. GBM has been defined as
Grade 1V by WHO (23, 24) (Table 2.1.1-1). When the new grading system of 2016
central nervous system (CNS) WHO is analyzed, it is clearly seen that the molecular
point of view (IDH-1/2 status etc.) has a strong influence on new classifications of CNS
tumors, as compared with the 2007 CNS WHO report (24).
Also, it is liable for approximately 70% of all brain tumors in adults (25). It has been
reported that each year 3 in 100,000 people are diagnosed with this destructive disease.
The average lifetime of patients diagnosed with this disease is 14 months following
diagnosis (26, 27).

Table 2.1.1-1. WHO classification of astrocytic tumors and their characteristic features (22, 23).

\Wigle CNS Tumors Histological features Age at diagnosis
| Pilocytic Microcysts, Rosenthal fibers 10
astrocytoma
I Diffuse Mildly increased cell number or 34
astrocytoma atypia
1 Anaplastic Mitoses, prominent atypia 41
astrocytoma
v Glioblastoma Necrosis, endothelial proliferation 53
Multiforme




Some of the major molecular and histological features of GBM include a high growth
rate, resistance against apoptotic factors, tissue invasion, angiogenesis, vascular
proliferation and necrosis (28). Also, one of the important characteristics of GBM can
be understood from the name of the disease. The word "multiforme” provides
information regarding tumor heterogeneity. Tumor heterogeneity has influence upon
morphologies, growth rate, drug responses and gene expression levels of tumor cells
(29, 30).

Two GBM subtypes have been identified, namely primary and secondary GBMs
(31). Primary GBM is mostly diagnosed in elderly patients (31). It is seen that this type
of GBM exhibits an aggressive tumor feature with high invasion, and usually there is no
pre-clinical evidence for its presence (31). On the other hand, there are some different
clinical progressions in secondary GBM; the most important difference is that it is seen
in young individuals. Young patients with low-level glioma can be diagnosed with
glioblastoma within 5 years after first diagnosis (31) (Figure 2.1.1-1).

It is known that 95% of GBM brain tumors are located in the cerebral
hemisphere (32). Imaging techniques, such as catheter angiography, which is an
invasive method, and computed tomography (CT) and magnetic resonance imaging
(MRI), which are non-invasive procedures (33), showed that such kind of tumors can
also be located outside of the cerebral hemisphere; some of these regions include the

brainstem, cerebellum and spinal cord (32).

CLINICAL FEATURES \ \ CLINICAL FEATURES

* Speedy proliferation

T

* ;- mi 1 vty =
Low mitotic activity Primary

: Glioblastoma | b Anpsciosenesis
* High level of Angiogenesis

transformation y . .
* Diffuse invasion

* Diffuse invasion

Y

* Cellular necrosis

Figure 2.1.1-1. Two types GBM. Primary GBM can be the initial pathology at diagnosis.
Secondary GBM can be rise from a low-grade astrocytoma over 5-10 years. Although they
occur through different pathways share some clinical features. Adapted from reference (17).



In addition, there are also some molecular characteristic differences between the two
subgroups. When the molecular groundworks of the subgroups of glioblastoma are
examined, it is seen that while hallmarks of primary GBM are epidermal growth factor
receptor (EGFR) gene mutation and amplification, over-expression of mouse double
minute 2 (MDM2), deletion of p16 and loss of heterozygosity (LOH) of chromosome
10g holding phosphatase and tensin homolog (PTEN) and telomerase reverse
transcriptase (TERT) promoter mutation, the characteristic features of secondary
GBMs are over expression of platelet-derived growth factor A, platelet-derived growth
factor receptor alpha (PDGFA/ PDGFRa), retinoblastoma (RB), LOH of 19q and
mutations of isocitrate dehydrogenase 1 and 2 (IDH1/2), TP53 and ATRX (19, 34-37).
Despite the new therapeutic approaches against GBM, it remains as still a deadly
disease with insufficient prognosis. The lead of standard treatment is surgical methods
(38). However, GBM is not a type of tumor that can be treated completely with surgical
procedure (39). Therefore, treatment applications are performed by combined methods
such as radiation therapy and chemotherapy (40).

Some chemotherapeutic agents which are used for the treatment of brain tumors are
namely Carmustine (BCNU), Lomustine (CCNU), Temozolomide (TMZ) and Cisplatin
(41). In the treatment of GBM, TMZ which is a methylating agent, BCNU and CCNU
have shown positive results (39). On the other hand for GBM patients’ treatments,
TMZ is the only standard chemotherapeutic agent (42).

As previously mentioned, the combined treatments that support each other have become
standard treatments of GBM patients. Oral administrations of TMS and concomitant
radiotherapy have become the standard care in practice for GBM patients (39).
TMZ, which is a small alkylating agent, performs its function by methylating the DNA
molecule at two points located on Guanine. As a result of this methylation process the
cell cycle is stopped and apoptosis is triggered (43).

Although TMZ has the lowest toxic effect when compared to other agents,
it has many side effects and cannot serve as an adequate agent due to the resistance by
the tumor cells (44, 45). Thus, the lack of sufficiently responsive treatment methods
leads to continuation of the new levels of treatment strategies for GBM patients,

specifically at the molecular level.



2.2. Apoptosis

Apoptosis is the main biological process of programmed cell death that takes
on a very crucial task in biologically indispensable processes such as embryonic
development and homeostatic mechanisms of tissues (46, 47).

Cell shrinkage, chromatin condensation, inflated mitochondria and disrupted
cytoplasmic membrane are some of the morphological changes occur in cells that
undergo apoptosis (47).

One of the notable hallmarks of cancers, such as GBMs, is apoptotic resistance (48).

In mammalian cells, there are two well-identified apoptotic pathways the intrinsic and

extrinsic pathways (Figure 2.2-1).

The extrinsic pathway is also called the death receptor pathway.
This pathway can be activated apart from the cell. Key triggering molecules are
pro-apoptotic ligands that have integration with death receptors (DRs).
Pro-apoptotic ligands belong to the tumor necrosis factor (TNF) superfamily, such as
tumor  necrosis  factor-related  apoptosis-inducing  ligand  (TRAIL) and
CD 95 (APO1/Fas). These ligands bind to the death receptors (TNF-R, FAS, DR3,
DR4, DR5, and DR6) and, cause aggregation of the receptors (49).
As result of the aggregation, Fas-associated death domain (FADD) and caspase-8 come
together. Resulting from interactions, the death inducing signaling complex (DISC),
which includes DR, FADD and caspase-8 come about (47).
Stress signals commence the mitochondrial pathway by apoptotic factors such as
cytochrome c, apoptosis inducing factor (AIF) and Smac (second mitochondria-derived
activator of caspase)/DIABLO (direct inhibitor of apoptosis protein (IAP)-binding
protein with low PI), all of which locate at mitochondrial intermembrane spaces (47).
Caspase-3 activation is provided by apoptosome complex, whereas caspase activation
is promoted by Smac/DIABLO via blockage of the inhibitory effect of the IAPs (47).

The intrinsic pathway/mitochondrial pathway is triggered from inside the cells
and controlled by Bcl-2 family proteins. Chemotherapy, radiation and cellular stress
initiate the activation of the intrinsic pathway (50).



These factors lead to DNA damage by which the tumor suppressor p53 becomes
activated. Puma and Noxa belong to the proapoptotic Bcl-2 family.
Expressions of these Bcl-2 family members are regulated by p53, which is a tumor
suppressor. In this way, activation of Bcl-2-associated X protein (Bax) /Bcl-2
antagonist/killer-1 (Bak) becomes simple, and Cytochrome C (Cyt C) is released into
the cytosol (51).

In the cytosol, three key factors come together (Cyt C, apoptotic protease activating
factor 1 (Apaf-1) and procaspase-9). This important group forms a complex called the
apoptosome. This unique combination activates caspase-9 to its active form (52).
Activation of caspase-9 enables the effector caspases, -3, -6, -7, thus resulting in

apoptosis. At the end of this trigger series apoptosis is executed (53).
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Figure 2.2-1. Intrinsic and extrinsic apoptotic pathways (54).
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Research has shown that there is a link between these two apoptotic pathways at
different levels. For example caspase-9, which has become active, causes the Bcl-2
family protein Bid turns back to the mitochondria and Cyt C can be released to trigger
the mitochondrial amplification loop (55). The induction of apoptosis is significant for
the development of cancer treatments (56). Therefore, researches originating from this

approach continue to increase.

2.2.1. Caspases

Taking into consideration all of the complex pathways mentioned above,
the key role of caspases is realized.

In mammals, the caspase family members, which include cysteine aspartic
proteases, hold fundamental regulatory roles during the apoptotic process (12).
They cleave peptide bonds which are located following aspartic acid.

More than a hundred targets are cleaved via 3 main kinds of caspases (57).

According to their functions, caspases are divided into 3 main groups:

I- Initiator Caspases (Caspase-2, -8, -9, -10)
I1- Effector Caspases (Caspase-3, -6, -7)
I11- Inflammatory Caspases (Caspase-1, -4, -5, -11, -12, -13, -14)

Caspase-2, -8, -9 and -10 are considered to be initiator caspases, whereas caspase-3,
and to a lesser extent caspase-6 and -7, serve as effector caspases (58).

Caspase-9 is regarded as the canonical caspase in the intrinsic mitochondrial
pathway (59).

Diverse cellular stresses trigger caspase activation by promoting the release of
mitochondrial ~ components, including Cyt C into the cytoplasm.
In turn, Cyt C promotes the assembly of a caspase-activating complex termed the

apoptosome (60).



2.2.2. Caspase-9

The caspase-9 gene is located in the 1936.21 region of the human chromosome 1
(Figure 2.2.2-1), which has 11 transcripts, 141 orthologues, and 17 paralogues (61).
The caspase-9 gene can also be referenced by these abbreviations; APAF-3,
ICE-LAPG6, MCH6, PPP1R56 (61).

[ 15456725 [ 15555110 v
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Figure 2.2.2-1. Human Chromosome 1 (61).

In the beginning, caspase-9 is synthesized as a single strand inactive form called
a zymogen, as is the case with all caspase family members. Procaspase-9 is the inactive
form of caspase-9, and it is a precursor caspase of the mitochondrial apoptotic pathway
(12).

Caspase-9 is cysteine aspartic protease, which has an irreplaceable role in the
mitochondrial death pathway (the intrinsic pathway). the Bcl-2 family and the BH-3
(Bcl-2 homology domain-3)-only proteins have took over important roles in regulation
of caspase-9 (58, 59).

It contains a special motif CARD (caspase activation domain), which takes place at the
Apaf-1 structure (Figure 2.2.2-2). This motif supplies selectivity to the binding process
of caspase-9 (62).

Apaf-1 CARD <.

Procaspase-9
prodomain

Figure 2.2.2-2. Molecular structure of Apaf-1 and CARD motif with Procaspase-9 (50).
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Figure 2.2.2-3. The Human Caspase-9 a) Exons and their lenght of Caspase-9
b) Amino acid structure and domains of caspase-9 (63).

The dimerization process has an initiator effect on caspase-9 activity.
This process triggers autocatalytic cleavage, which results in the production of the
active form of caspase-9 (64, 65).
Two  hypothesis  models are identified for  caspase-9  activation.
These are the “induced conformation model” and the “induced proximity model”.
Under the “induced conformation model”, the apoptosome complex binds to caspase-9
for conformational changes (66, 67).
Hu and colleagues have supported this activation model by their work on subject (68).
They have showed that caspase-9 and CARD domain of Apaf-1 have a multimeric
interaction (68). Another hypothesis assumes that apoptosome complex formation
provides a basis for caspase-9 dimerization (66, 67).

Caspase-9 can be regulated by multiple internal and external factors.
This complex situation has encouraged the scientific world to accomplish even more
detailed investigations about caspase-9 and its regulators. Nowadays, it has been

reported that there are many regulatory candidates like miRNAs.
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Caspase-9 can be regulated by some endogenous regulators that show effects of
either inhibition or enhancement. While ERK2, Akt/PKB, HAX-1 and NO show their
effects by inhibiting the caspase-9 activity, c-Abl, Nucling and NAC/DEFCAP show

their effects via enhancement of caspase-9 activity (63).

Recent research has revealed the presence of tissue-specific miRNA expression.
As in other cancer types, disease-specific mMiRNA expression models are also seen in
GBM (69-72).

Cancer researchers have identified some miRNAs which have an effect on
cancer development like miR17, miR-34 and miR-145 (73-74).
Several microRNAs, such as miRNA-124, miRNA-7, miRNA-128, and especially
miRNA-21, have been reported to be highly expressed in GBM compared to normal
brain tissue (73-74). These miRNAs have also been reported to have a role in neuronal
differentiation (75).
Also, recent studies have shown that miRNAs can play a role in the regulation of

caspase-9 activity.

Only a few of miRNAs are shown to be regulators of caspase-9 (Table 2.2.2-1).

Table 2.2.2-1. Caspase-9 and its regulatory miRNASs (63).

MiRNA Type Target
miRNA-23a Caspase-9
miRNA-24a Apaf-1 and caspase-9

miRNA-582-5p Caspase-9

12



So far, Floyd and colleagues have completed a important study on the relationship
between caspase-9 and miRNA in GBM (13). miRNA-582-5p and miRNA-363 have
been selected as target miRNAs in GBM cell lines by using the Microarray method.
They have put knowledge about expression levels of miRNA-582-5p and
miRNA-363 and their effects on apoptotic activity. These selected miRNAs show their
effects by inhibiting the expression levels of caspase-3 and caspase-9 (Figure 2.2.2-4).
By this way, the apoptotic process of the cell is blocked and tumor survival is

maintained (13).
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Figure 2.2.2-4. The apoptotic cascade (13).
A graphical representation of the miRNAs 582-5p and 363 targeting and decreasing
expression of multiple apoptotic pathway components.
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2.3. microRNASs

MicroRNAs (miRNAs) are endogenously encoded single-stranded RNAs that
belong to the non-coding RNA family. They have negative regulatory effects on gene
expression (76).

In 1993, the first miRNA was identified by Victor Ambrose et al. in
Caenorhabditis elegans, and it was referred to as lin-4 (77).

Until today, extensive researches have been accomplished, and they have demonstrated
the importance of miRNAs in several important biological processes (78, 79).

In all genome studies performed in recent years, it has been demonstrated that
the  human  genome  transcribes  thousands  of  noncoding  RNAs.
Some of those noncoding RNAs are microRNAs (miRNA), piwi-interacting RNAs
(piRNAS), small interfering RNAs (siRNA) and long noncoding RNA (IncRNA) (80)
(Figure 2.3-1).

snoRNAS

Principal
Types of iy IncRNAs
RNAs

Figure 2.3-1. Principal Types of RNAs Produced in Cells (91).
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2.3.1 microRNA Biogenesis

The biogenesis of miRNAs has been grouped into canonical and non-canonical
pathways (81).
Research, that has focused on the human genome have demonstrated that the human
genome has protein coding (exons) and non-protein coding regions (introns).
miRNAs are named according to the genomic domain to which they are proceeded,
and they can be described as intergenic or intragenic mMiRNAs (82).
The majority of miRNAs, which are transcribed from introns that do not encode any
protein have been called intragenic miRNAs. The other miRNAs are called intergenic
miRNA which are transcribed independently from host genes (83, 84).

The vast majority of miRNAs are processed by using the canonical pathway.
This process occurs in the nucleus by the activity of the RNA polymerase 1l molecule
(85). Primer-miRNAs (pri-miRNAs) are synthesized from mRNAs in the nucleus.
pri-miRNAs contain approximately 70 nt., and they have a hairpin structure created by
themselves (86). Another key enzyme of the process is RNase Il which belongs to the

endonuclease family. It has serine-proline-arginine rich regions in its N-terminus.

This enzyme comes together with Drosha, which is also known as the microprocessor,
and DiGeorge Syndrome Critical Region-8 (DGCRS8) to obtain a complex structure
(87). pri-miRNAs can be cleaved by Drosha by help of DGCR8. DGCRS has a unique
ability to recognize special motifs such as N6-methyladenylated GGAC motif is that
inside of the pri-miRNA (88). Following a cutting procedure precursor miRNA
(pre-miRNA) is generated. One of the obtained pre-miRNA strands is transported to the
cytoplasm with the support of exportin 5 (XPO5), which is a nuclear transport receptor
combined with RanGTP. Dicer is a member of the ribonuclease Il (RNase IlI)
endonuclease enzyme family located in the cytoplasm. pre-miRNAs are cut into the
cytoplasm by Dicer enzyme, and two approximately 23 nt. long mature miRNAs are
formed (89). When one of the obtained pre-miRNA strands called the guide strand is
loaded into the RISC (89).
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Structural analyses have shown that RISC includes Dicer enzyme, Argonaute 2
(AGO 2) protein and Transactivating Response RNA Binding Protein (TRBP);
another strand is called the passenger strand and it is degraded.
Researchers and their working groups have identified a molecule called GW182 (90).

This molecule takes place at the RISC structure and helps to stabilize AGO2 (90).

3" OH (end of RNA)
nucleotides that -
search out target RNA

~—— microRNA

il

phosphate

active site, showing K
2 Mg?* atoms needed for “slicing

Figure 2.3.1-1. Human Argonaute (AGO) protein with target miRNA (91).
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MRNA degradation or repression of mMRNA synthesis is triggered through guide strand
and RISC interaction. In conclusion, target mRNA expression profiles are organized
posttranscriptionally (92-95)

Studies have reported that miRNAs can bind to a specific sequence on 3’ Untranslated
Region (UTR) and 5'UTR coding sequences and be promoter region of their target
miRNAs (96). By the binding of miRNA to the 3" UTR region causes the deadenylation,
decapping and transcription of mMRNA (97, 98).

mMIRNA-RISC (miRISC) complex binds to its special sequence of target mRNA.
The seed region is a highly conserved sequence of the 5’-prime (-p) part of the target
MRNA. Interaction of the miRISC complex and target mMRNA is achieved through this
2 nt. length region (99).

MRNA degradation is achieved by a deadenylation process. CCR4-NOT and poli (A)-
nucleases 2-.and 3- (PAN2 and PAN3) deadenylases form a complex, which degrades
the 3°-p of the poly-A tail of the target mMRNA by means of the GW182 protein (90).

Another way for mRNA degradation process can occur by degradation of 7-
methylguanosine (m’G). mRNA degradation is accomplished by the combined activity
of DEAD —box helicase 6 (DDX6) and CCR-4-NOT complex with decapping the
mMRNA 2 (DCP2) (90). In final part of mRNA degradation, activity of 5°-3’
exonuclease 1 (XRN1) eliminates the remaining part of mMRNA (100).

When miRNAs bind to the 5’ UTR and coding regions, gene expression of mRNA are
silenced (101, 102). On the other hand, interaction with the promoter region is caused to
induce the transcription (103). However, more studies are required to understand the

underlying molecular interactions between mRNA regions and miRNASs.
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Figure 2.3.1-2. miRNA Biogenesis (104).

More than one non-canonical pathway was identified to the present (Figure 2.3.1-3).

As in the canonical pathway, molecules such as Drosha, Dicer and XPO-5 are involved
in this pathway. Non-canonical pathways can be divided into two groups:
Drosha/DGCRS8 independent or Dicer-independent pathways (90).

In the Drosha/DGCR8-independent pathway a molecule named mirtrons is seen.
This molecule is a pre-miRNA produced from introns of target mMRNAs (105, 106).
Another different pre-miRNA molecule seen during the non-canonical pathway is
m’G capped pre-miRNA. This kind of pre-miRNA can pass into the cytoplasm by

using exportin-1 without any need for cleavage by Drosha (107).
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In the Dicer-independent pathway, Drosha molecule is used for the cleavage of short
hairpin RNA (shRNA); by this way, miRNAs can be obtained (108).

All pre-miRNAs mentioned above require AGO2 protein for their maturation process.
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Figure 2.3.1-3. Canonical and Non-canonical pathways of miRNA Biogenesis (90).
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2.3.2. microRNAs as Biomarker Candidates

Scientific studies have demonstrated that miRNAs can be released into
extracellular fluids. These kinds of miRNAs can be used as biomarkers for several
diseases (109-111).

Extracellular miRNAs carry by means of exosomes, macrovesicles, apoptotic bodies
and proteins such as AGO2 (112, 113, 115).

Molecular diagnostic signs made from biologic ingredients are called
biomarkers. In this context, miRNAs have become novel biomarker candidates
especially in human cancer diagnosis (79, 116).

The main theme of recent studies, which focus on the relationship between miRNA and

disease, are to determine whether miRNA is a disease-specific biomarker or not.

Some biological fluids of humans such as serum, plasma (115, 116), cerebrospinal fluid
(117), saliva (106), breast milk (118), urine, tears, colostrum (119) and ovarian
follicular fluid (120) give opportunity for diagnostic research (99).

The main goal of the scientific world in the future is to prevent diseases by using human
samples to determine the targets of miRNAs and to develop techniques to increase or

decrease miRNA expression levels (90).

There are some technologies which have been developed based on this purpose.
miRNA-Mimic is a technology that attempts silencing of target genes (121).
This technology has been developed as a solution for miRNAs that cannot be
synthesized in sufficient amounts. This method shows its activity by synthetically
synthesized miRNAs, which have been found not to be sufficiently synthesized.
Synthetically synthesized miRNAs can bind to the 3° UTR regions of their target
mRNAs. However, it is known that a miRNA can target more than one mRNA.
Therefore, it can be said that it is not a reliable method (121).

On the other hand, there are also diseases caused by the excessive expression of
miRNAs. Based on this information, some methods have been developed aimed to

reduce the expression levels of target miRNAs.
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One of these kinds of methods is called the anti-miRNA technique, which has been
developed for diseases caused by over-expression of miRNAs. In this technique,
antisense oligonucleotides (ONs) are synthesized (122). These oligonucleotides degrade
the miRNAs with the help of an unspecified mechanism.
Another technique developed by @rom and a working team is called the locked nucleic
acid (LNA) system (123). In this system, the oxsomethylene molecule holds the key
feature in prevention of expression of target miRNAs. This inhibition is induced by the
conformational alteration of the ribose sugar. The oxymethylene binds to the 2™ and 4™
carbons of the ribose sugar, and anti-miRNAs are mediated by increasing their
susceptibility to the miRNAs they aim to prevent (124).

The two microRNAs, which are the subject of this thesis (mMiRNA-582-5p and
miRNA-363), have potential to serve as new biomarker candidates for GBM (13).

2.3.3 miRNA-582-5p
mMiRNA-582-5p is a member of the microRNA family including 23 nucleotides

(125). There is no information about whether this miRNA belongs to any miRNA

cluster or not.
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Figure 2.3.3-1. Mature miRNA-582-5p
a) pre-miRNA-582-5p which is the precursor of mature miRNA-582-5p
b) Structure of mature miRNA-582-5p (126).
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g12.1 location of the human chromosome 5 plays host to the MIR-582 gene
(Figure 2.3.3-2). MIR-582 gene has 1 transcript and 67 orthologues (126).
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Figure 2.3.3-2. The region where miRNA-582-5p is located on the 5th chromosome
MIR582 Gene in genomic location (127).

miRNA-582-5p has been shown to be associated with several biological
progressions of cancer cells.

In 2013 Uchino et al., reported that miRNA-582-5p has an inhibitory effect on
tumor proliferation in bladder cancer. They also showed that miRNA-582-5p and -3p
have three mMRNA targets, which are PGGT1B, LRRK2, and DIXDCI.
This miRNA affects the progression of highly malignant bladder cancers (128).
According to another study performed in 2013, -5 and -3 p of miRNA-17 have an effect
on tumor growth by targeting TIMP3 (129).

Zhang and his team in 2015 (130) performed a study with miRNA-582-5p as it
relates to human colorectal carcinoma. They put forth that overexpression of
miRNA-582-5p in human colorectal carcinoma inhibited cell proliferation, cell cycle
progression and invasion.

According to a published article in 2017, phosphatase and tensin homolog were targeted
to affect tumor formation (131).
Although there are a lot of newly published works on the topic, its biological

role and underlying molecular mechanism are still not clear in the case of cancer.
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2.3.4 miRNA-363

mMiRNA-363 is a member of the miRNA 25/29 family (Table 2.3.4-1) (obtained
from 22 nucleotide) (132).
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Figure 2.3.4-1. Mature miRNA-363
a) pre-miRNA-363 which is the precursor of mature miRNA-363
b) Structure of hsa-miR363 ( 133).

mMiRNA-363 gene takes place on the Xg26.2 region of Chromosome X
(Figure 2.3.4-2). This gene has 1 transcript and 81 orthologues (132, 133).
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Figure 2.3.4-2. MIR582 Gene in genomic location on the chromosome 5 (134).
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The role of miRNA- 363 in many diseases has been shown through previous

articles, as is the case with other described micro-RNAs.

Table 2.3.4-1. Member of the miRNA 25/29 Family (135).

NAME Aooo™P | SYNONYMS | CHROMOSOME
microRNA 25 MIR25 hsa-mir-25 7922.1
microRNA 92a-1 MIR92A1 hsa-mir-92a-1 13g31.3
microRNA 92a-2 MIR92A2 hsa-mir-92a-2 XQg26.2
microRNA 92b MIR92B hsa-mir-92b 1922
microRNA 363 MIR363 hsa-mir-363 X(q26.2

Takahashi et al reported that miRNA-363 is overexpressed in CD4 (+) and

CD8 (+) CB cells in human cord blood and in adult peripheral blood cells upon

proinflammatory stimulation (136), which suggests its immunomodulatory role in

inflammatory diseases including RDS.
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3. MATERIALS AND METHODS

3.1. The Patient Population and The Study Protocol

Whole blood and serum samples of the patient group (n= 35) and control group
(n=36) were obtained from the Yeditepe University Hospital Neurosurgery Clinic
within the scope of the Clinical Research Ethics Committee with corresponding decree
no: 916.

Working criteria are;
» Age range of 18-70 years
* Glioblastoma multiforme diagnosis to be included in the patient group

* No Glioblastoma multiforme diagnosis for the control group

In this work, samples were chosen according to the patients who had gone to the
neurology polyclinic with complaints of a headache, vomiting, faint.
Physical examination, neurological examination, optic examination and radiological

examination detected disease symptoms.

Cytosolic NADP" related isocitrate dehydrogenase (IDH-1) status of the GBM patient

group was examined by usig immunohistochemical methods.

3.2. Materials and Devices:
3.2.1. Preparation and The Separators:
3.2.1.1. DNA lIsolation

The DNA Isolation system mixture, which has a pH 8.8, contains 10.5mM
Tris-Cl, 10.5mM NacCl, 10.5nM EDTA, 8M Guanidiniumhydrochloride and 1.12mg/ml

Proteinase K (iPrep Purelink, Invitrogen, Thermo Fisher Scientific Inc).
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3.2.1.2. microRNA Isolation

For the miRNA isolation procedure we utilized Qiagen's miRNeasy
Serum/Plasma Kit. The experimental protocol involved lysis, homogenization,
70% Ethanol addition, washing and elution steps.
mIiRNA Isolation Kit (miRNeasy Serum/Plasma Kit, Qiagen) was used for isolation,
and involved Trizol (Quiazol, Qiagen), Chloroform (Sigma Aldrich), 100% Ethanol
(Sigma Aldrich), miRasy Spike in control (miRNA39, Qiagen) and RWT Buffer
containing Guanidine salt.

RWT Buffer was prepared by adding 44 microliters (ul) ethanol immediately prior to
use. RPE Buffer is used to eliminate salts and deposits handled in colons.
30ul ethanol was used for the preparation of the RPE Buffer.

Complementary DNA (cDNA) reverse transcription kit (miScript Il Kit, Qiagen)
involved RNase free water, miScript HiFlex Buffer, Nucleic Acid Mix and miScript
Reverse Transcription Mix.

3.2.1.3. Determination of microRNA Levels by Fluorometer

Experimental solution was prepared by using miRNA specific reagent and
miRNA buffer. Calibration of the fluorometer was done by using standard 1 containing
10 ng/ul and standard 2 containing 250 pg/ul rRNA. During measurement, working
solution and RNA were put into the 500 pl Qubit tubes (Qubit 3.0 microRNA Assay

Kit, Invitrogen, Thermo Fisher Scientific Inc.).

3.2.1.4. Purity Determination by NanoDrop
DNase-RNase free 18m ohm water was used.

3.2.1.5. Detection of microRNA Expression Levels by Real-Time Polymerase Chain
Reaction (RT-PCR)

microRNA Universal Primer (Qiagen), miScript SYBR Green PCR Kit
(Qiagen), microRNA Primer Assay (miRNA-582-5p and miRNA-363, Qiagen),
microRNA Housekeeping Assay (RNU6, Qiagen), Strip Tubes and Caps 0.1 ml

(Qiagen) and DNase-RNase free 18m ohm water were used.
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3.2.1.6. Detection of Serum Caspase-9 Expression Levels by ELISA

Human caspase-9 Elisa Kit (Affymetrix, eBioscience). Monoclonal antibody
coated microwell plate, anti-human caspase-9 polyclonal detection antibody (rabbit),
anti-rabbit-lgG-HRP, human caspase-9 standard, sample diluent, assay buffer
(PBS with 1% Tween 20, 10% BSA), wash buffer (PBS with 1% Tween 20), lysis
buffer, substrate solution (tetramethyl-benzidine), stop solution (phosphoric acid) were

used.

3.2.1.7. Detection of Caspase-9 Polymorphism by Real-Time Polymerase Chain
Reaction (RT-PCR)

7500 Fast-Real Time PCR (Applied Biosystems), TagMan Genotyping Assay,
TagMan Genotyping Master Mix, Real Time PCR 96 Well Plate (Thermo Fisher
Scientific Inc) and DNase-RNase free 18m ohm water were used for detection of

Caspase-9 polymorphism.

3.2.2. The Equipments:

DNA Isolation Robot (iPrep Purelink, Invitrogen, Thermo Fisher Scientific Inc),
+4°C Refrigerator (Haier), -20°C Refrigerator (Haier), -80°C Refrigerator (Haier),
Vortex (V.I Plus Biosan), Automatic Pipette Kit (Thermo Fisher Scientific Inc.),
Plate Centrifuge (Hettich), Centrifuge (Centrifuge 22R, Beckman Coulter),
Ultra-pure water device (Purelab option Q, Elga), NanoDrop 2000 (Thermo Fisher
Scientific Inc), Fluorometer (Qubit 3.0, Invitrogen, Thermo Fisher Scientific Inc),
Real Time PCR (Fast Real-Time 7500, Applied Biosystems), Rotor Gene-Q Series
(Qiagen), ELISA Plate Washer and an ELISA Reader.
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3.3. Methods:

3.3.1. Genomic DNA Isolation from Blood:

Venous blood samples belonging to the patient and control groups were
collected into 5cc tubes containing EDTA. These blood samples were stored at +4°C
until the start of the DNA isolation process. DNA isolation from the blood samples was
realized using the iPrep DNA extraction robot and iPrep Genomic DNA isolation from
blood Kit (iPrep gDNA Blood Kit).

For this experimental procedure, 350ul of blood was placed into the robotic system.
The functioning of the system depends on the pH of the working area. Less than 7.0 pH
positively charged ChargeSwitchTechnology® (CST®) binds to nucleic acid structure
due to its negative charge. Positively charged proteins and other deposits do not bind to
the bids. By utilizing washing steps, these proteins and deposits can be discarded from
the working substance. In this technology, bids wash by means of elution buffer.

By this procedure, the surfaces of the Dbids are neutralized.
The entire process lasted 45 minutes, and 150 ul DNA were obtained at the end of the
isolation steps. Obtained DNA samples for both groups were stored at +4°C (137).

3.3.2. Purity Determination of Genomic DNA by NanoDrop

The purities of the isolated DNA samples were measured using NanoDrop 2000
instrument. Purity and concentration of the DNA molecules were determined by 260 nm
and 280 nm wavelengths. OD260/ OD280 ratio between 1.7 and 1.9 was determined as
the acceptable purity value. Genomic DNA concentrations were denoted in ng/ul units
(138).

3.3.3. microRNA Isolation from Serum Samples

For the miRNA isolation procedure Qiagen's miRNeasy Serum/Plasma Kit was
utilized. The experimental protocol involved lysis and homogenization, ethanol
addition, washing and elution steps.

Blood samples of patients and healthy volunteers were collected into tubes. Serum
samples were obtained by blood centrifugation at 4500 rpm for 15 min. Obtained serum

samples were stored at -80°C until use.
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Prior to the miRNA isolation procedure, serum samples were incubated at 37 °C to be
melted.

200 pl of serum samples were put into the sterile ependorfs and 1000 ul lysis solution
(Qiazol Lysis Solution) was added and stirred. After this process, samples were
incubated at room temperature for 5 minutes and 3.5 pl “miReasy Spike in control” (1.6
x 108 copy/ul) were added to the mixture. 200 pl of chloroform were added to each
sample under a fume hood and were incubated for 3 minutes then mixed for 5 minutes
with a vortex instrument.

The experimental mixture was centrifuged at +4°C at 12.000g for 15 minutes.
After centrifugation, the experimental mixture had divided into two separate phase.
The top phase of the mixture was transparent, and 600 pl of this transparent phase was
taken into clean ependorfs. 900 pul of 100% ethanol was added on top, and then the
mixture was vortexed. 700 pl from this mixture was passed through columns and
centrifuged at 8000g for 15 seconds at room temperature. This process was repeated.
700 ul of RWT buffer was added on to the columns, and the supernatant was discarded
after centrifugation at 8000g for 15 seconds. The same procedure was then repeated
with 500 pl of RPE buffer. 500 ul of 80% ethanol was added into the same columns
and centrifuged at 80009 for 2 minutes.

Following this process the supernatant was discarded. The columns were placed in new
tubes and dryly centrifuged at a maximum speed for 5 minutes. Finally, 14 ul of RNA
free water was added. The microRNA isolate was obtained following centrifugation at

a maximum rate for 1 minute.

3.3.4. cDNA Synthesis

miRNA isolates, obtained through the previous stage were converted to cDNA
using the reverse transcription process (miScript Il Kit, Qiagen) (Table 3.3.4-1).
These samples were stored at -20°C until the date of the experiment (139).
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Table 3.3.4-1. cDNA mixture for PCR Reaction

5x miScript HiFlex Buffer 4 ul
10x miScript Nucleic Mix 2 ul

miScript Reverse Transcriptase Mix 2 ul

RNA free water 10,5 pl
miRNA Sample 1,5 ul
Total volume: 20 pl

Table 3.3.4-2. Incubation Conditions for cDNA Synthesis

60 min 37°C
5 min 95°C
0 95°C

3.3.5. Measurement of microRNA Purity

The purity of the miRNA samples were measured with the NanoDrop 2000
instrument. The purity of the miRNA samples was determined by the OD260/0D280
ratio. Samples accepted as pure held an OD260/0D280 ratio greater than 2 (140).

3.3.6. Determination of microRNA Levels by Fluorometer

The fluorometric method was used to determine the expression levels of the
miRNAs. For this measurement process, 199 ul of miRNA Buffer and 1ul of miRNA
Reagent (Qubit microRNA Assay, Invitrogen, Thermo Fisher Scientific Inc) were used,
and the total volume was adjusted to 200 pl. For calibration of the device, two different
standard solutions were prepared as standard 1 and standard 2. Both were prepared by
mixing 10 pl of standard solution and 190 pl of buffer. miRNA sample measurement
was realized by a combination of 198 pl of working solution and 2ul from each sample
(141).
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3.3.7. Detection of microRNA Expression Levels by Real-Time Polymerase
Chain Reaction (RT-PCR)

The miRNAs selected for this study were determined by using the “mirbase” and
“targetscan”  (http://www.mirbase.org/,  http://www.targetscan.org/)  databases.
miRNAs and their targets were analyzed using these data bases regarding molecular
mechanisms in GBM.
miRNA-582-5p and miRNA-363 were chosen as the target miRNAs for this project.
Primer sequences of the chosen miRNAs can be seen in Table 3.3.7-1.
Comprehension of miRNA expression levels has been realized by delta Ct (ACy), and
internal control (housekeeping assay, RNUG6) has been used for calculation of fold
change. miRNA expression level determinations were accomplished using the
delta delta Ct (AACTt) and fold change equations (142).

A real-time PCR machine (Rotor Gene-Q, Qiagen) was used for miRNA expression
analyses (Table 3.3.7-3).

The amount of fluorescent sparkle through the device was determined by the binding of
miRNA primer sequences (miRNA-582-5p and miRNA-363, Qiagen), which were
marked with Syber Green dye (miScript SYBR Green PCR, Qiagen), cDNA sequences
and a housekeeping primer (mirRU6, Qiagen) (143).

Real time PCR reagents and reaction mixtures are shown in Table 3.3.7-2.

Table 3.3.7-1. miRNA Primer Sequences

microRNA Primer Sequence
hsa-miR-582-5p - UUACAGUUGUUCAACCAGUUACU-
hsa-miR-363 -UGUUGUCGGGUGGAUCACGAUGC-
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Table 3.3.7-2. Ingredients of the Mixture for miRNA Expression Analysis

SYBR Green PCR Mix 12,5 ul
miScript Universal Primer 2,5 ul
miScript Primer Assay 2,5 ul
RNase free water 2,5 ul
cDNA 6 ul
Total volume: 20 ul

Table 3.3.7-3. miRNA Expression Analysis Cycle Conditions

Denaturation State 95°C 20 min.
94°C 15 sec.

Cycling State 55°C 30 sec. 10 Cycle
70°C 30 sec.
94°C 15 sec.

Cycling State 55°C 30 sec. 45 Cycle
70°C 30 sec.
Melting Curve 95°C 30 sec.

3.3.8. Detection of Serum Caspase-9 Levels by ELISA

Serum Caspase-9 level was measured using human Caspase-9 ELISA Kit of
eBioscience. For this experiment, serum samples that were used were stored at -20°C.
Seven standard solutions were prepared as 100 ng/ml, 50.0 ng/ml, 25.0 ng/ml,
12.5 ng/ml, 6.3 ng/ml, 3.1 ng/ml and 1.6 ng/ml. All standard solutions were distributed
to the blank wells. Sample wells were host of the sample diluents which were added
S50ul and also were added 50ul of each serum samples. After this process 50ul of
detection antibodies were added to all of the wells. Then, the ELISA plate was covered
with adhesive film and immediately placed inside of a shaker at room temperature for
2 hours. During this time, anti-rabbit-1gG-HRP was prepared according to the rules of
the instructor. At the end of the 2 hours, adhesive film was removed and the microwells
were washed using ELISA plate washer 3 times. After the washing steps, 100ul of

anti-rabbit-1gG-HRP were added to each of the wells.
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Adhesive film was again used to cover of the microplate, and it was placed into the
shaker for 1 hour at room temperature. After the incubation step the liquid in the
microplate was aspirated and washed 3 times using the ELISA washing apparatus.
Immediately after the plate was taken from the device, 100ul of TMB substrate solution
was added to each well. The microplate was covered during aluminum foil and then
incubated for 10 minutes. Color change was observed with this stage, and stop solution
was scattered as quickly as possible uniformly into each solution. By this way enzyme
activation was inactivated. Results were read spectrophotometer set at 450 nm

wavelength. Caspase-9 level was calculated in pg / ml.

3.3.9. Detection of Caspase-9 Polymorphism by Real-Time Polymerase Chain
Reaction (RT-PCR)

Genotyping was performed through Polymerase Chain Reactions (RT-PCR)
using the 7500 Fast-Real Time PCR (Applied Biosystems) instrument.
The caspase-9 gene Ex5+32 G>A (rs1052576) polymorphism was the gene region used
in the genotyping assay. “TagMan single nucleotide polymorphism (SNP) Genotyping
Assays” were used as region specific primers and probes. Caspase-9 genotyping
mixture is shown in Table 3.3.9-1, and Table 3.3.9-2 shows the PCR conditions for this
experiment.

RT- PCR is a unique system that holds baselines with amplification PCR.
In addition to usual PCR, this system includes fluorescent dye-bound DNA probes that
attach to the target region and allow for genotyping assay by reading the fluorescence
sparkles, which can be seen as a result of hydrolysis of the probes by the
Taqg polymerase enzyme. For wildtype (wt) allele and mutant (m) allele determination,

two different dyes with different wavelengths are used.

Table 3.3.9-1. Caspase-9 Genotyping PCR Mixture

Master Mix 10 ul
TagMan Assay 0.5 ul
DNase-RNase Free Water 8.5 ul
Template DNA 1wl
Total Volume 20 pl
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Table 3.3.9-2. Caspase-9 Genotyping PCR Conditions

Holding 95°C 10 min.
Denaturation 92°C 15 sec.
Binding/Elongation 60°C 1 min.

3.3.10. Statistical Analysis

Two different groups are present in this thesis study. One group includes patients
diagnosed with GBM brain tumor, and other is made up of patients who are not
diagnosed with this disease. These groups together are used for understanding the effect
of expression levels of miRNA-582-5p and miRNA-363 on human serum caspase-9
level. Also, caspase-9 gene Ex5+32 G>A (rs1052576) polymorphism was investigated
in these working groups.

Values were expressed as the mean + standard deviation (X+SD). Chi-square and
Fisher’s exact tests were used to compare demographic informations.

Student’s t-test was used to examine the significance of differences between the GBM
patient and control groups. The miRNA expression levels were calculated with Ct, ACr,
AACt and fold change. Altered miRNA expression levels were analyzed by student’s
t-test. Correlations were determined by using Pearson Correlation test.

Statistical  analysis were performed with the SPSS 22.0 program
(SPSS, Inc, Chicago, IL, USA). The diagnostic value of circulating miRNAs were
determined by using Receiver Operator Curve (ROC) analysis. MedCalc software was
used for ROC analysis with 95% confidence interval (Cl). Reported p values

significance level of p<0.05 was considered to indicate statistical significance.
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4. RESULTS
4.1. Demographic Results of Working Groups
Comprehensive demographic results of 35 GBM patients and 36 healthy
controls can be seen in Table 4.1-1.
The control group consisted of 23 male and 13 female, participants while the patient

sample group consisted of 26 male and 9 female participants (Table 4.1-1).

Table 4.1-1. Demographic results of GBM patients and healthy controls

Control GBM Patient value
(n=36) (n=35) P
Male / Female Male / Female
Gender 63.9% / 36.1% 74.3% [/ 35.7% 0.344
(n=23) / (n=13) (n=26) / (n=9)
Age (Year) 42.75+11.70 48.69+18.34 0.108

n=number of sample, X+ SD (Mean + Standard Deviation)
*The difference between the groups was analyzed by the advanced chi-square test (X?) and the
double independent sample student t-test.

Upon examination of the table above, it can be concluded that no statistical
significance between the two groups was observed.
When the age (p=0.108) and gender (p=0.344) data of both groups were examined no
statistical significance was found (Table 4.1-1).

When tumor locations of GBM cases are examined, it is seen that the tumors
are mostly present in the temporal area (37.0%) (Table 4.1-2).
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Table 4.1-2. Clinical data of GBM patients

Tumor Location

Temporal Thalamus
n=13 n=4
(37.0%) (11.4%)
Frontal Singulat
n=4 n=3
(11.4%) (8.6%)

Parietal Corpus callosum
n=5 n=1
(14.3%) (2.9%)
Occipital Pons
n=2 n=1
(5.7%) (2.9%)
Cerebellum Brainstem
n=1 n=1
(2.9%) (2.9%)
Total
n=35
(100%)

n=patient number, %= percentage value based on sample group total

4.2. Caspase-9 Levels of the Study Groups

The mean serum caspase-9 level of the patient group was 10.56+5.59 mg/dl and

the mean value of the control group was 10.27+1.93 mg/dl. However, no statistically

significant difference was found between the groups (p=0.768) (Table 4.2-1).

Table 4.2-1. Serum caspase-9 levels of the patient and control group

Control GBM Patient value
(n=36) (n=35) P
Caspase-9 (mg/dl)
X+ SD 10.27+£1.93 10.56+5.59 0.768

n=number of sample, X+ SD (Mean + Standard Deviation)
*The difference between the groups was analyzed by the double independent sample student

t-test.
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The mean serum caspase-9 level was determined as 10.59+6.00 mg/dl for the
IDH-1 mutant group, and 10.37+2.14 mg/dl for the IDH-1 wild type group
(Table 4.2-2).

The significance of serum caspase-9 levels between IDH-1 mutant and IDH-1
wild type groups was investigated. However, no statistically significant results were
found between these two molecular features (p=0.619) (Table 4.2-2).

Table 4.2-2. Comparison of serum caspase-9 levels for IDH-1 mutant and wild type

Caspase-9 (mg/dl) p value
X+ SD
IDH-1 Mutant 10.59+6.00
0.619
IDH-1 Wild Type 10.37+2.14

X+ SD (Mean + Standard Deviation)
*The difference between the groups was analyzed by the double independent sample student
t-test.

4.3. Statistical Analysis of Caspase-9 Genotype and Allele Frequencies

Allele types of each individual within the patient and control groups were
determined by the 7500 Fast real-time device. The obtained allelic discrimination plot

from this tool is shown below.

Allelic Discrimination Plot (SMP Assay: rs1052576)

.=

0.1 0.3 0.8 o7 0.8 1.1 13 18
Legend

@ Homozygous 171 & Homozygous 202
@& Heterozygous 152 HUncetermine ]

Figure 4.3-1. Allele Discrimination Display
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When the characteristics of the two groups were evaluated, the frequency of the
homozygous wild genotype (GG) was 33.3% in the patient group and 45.7% in the
control group. Heterozygous genotype (GA) was 54.5% in the patient group and 45.7%
in the control group. Homozygous mutant genotype (AA) was 12.1% in the patient
group and 14.3% in the control group. There was no significant difference between the
patient and control group for each homozygous GG wild type (p=0.419), heterozygous
GA type (p=0.230), or homozygous AA mutant type (p=0.792) (Table 4.3-1).

40 alleles were “G” allele and 26 were “A” allele in the patient group (p=0.792).
46 alleles were “G” allele, and 24 were “A” allele in the control group (p=0.419)
(Table 4.3-1).

Table 4.3-1. Caspase-9 genotype and allele distributions of patient and control groups

Genotype GBM Patient Control Group p value
Group (n=35)
(n=33)
33.3% 45.7%
S5 (n=11) (n=16) 0.419
54.5% 40.0%
GA (n=18) (n=14) 0.230
12.1% 14.3%
AA (n=2) (125) 0.792
Allele Allele Count (%)
G 40 46 0.792
A 26 24 0.419

n= (number of sample)

*The difference between the groups was analyzed by the advanced chi-square test (X?) and the
double independent sample student t-test.

18.2% (n=6) of the patient group and 45.7% (n=16) of the control group had
"GG" homozygote wild type genotype. 24.2% (n=8) of the patient group and 14.3%
(n=5) of the control group had "AA" homozygote mutant genotype. 57.6% (n=19) of the
patient group and 42.4% (n=14) of the control group had "GA™ heterozygote genotype
(Table 4.3-2).

38



Having a GG genotype was considered to have a protective effect 3.78 times
greater than that compared to having GA or AA genotype (p=0.015*, 95 % CI: 1.25-
11.46) for GBM patients. Also, it has been understood by the interpretation of statistical
data that homozygous mutant genotype (AA) (O.R: 0.521; p: 0.297; 95% CI: 0.151-
1.79) and heterozygous genotype (GA) (O.R: 0.491; p: 0.147; 95% CI: 0.187-1.291)
have no risk for disease (Table 4.3-2).

Table 4.3-2. Comparison of caspase-9 genotype between patient and control groups

95%
Genotype | GBM Patient Control p value O.R Confidence
Interval
GG (18.2%) (45.7%)
n=6 n=16 0.015* 3.78 1.25-11.46
(81.8%) (54.3%)
AT n=27 n=19
AA (24.2%) (14.3%)
n=8 n=>5 0.297 0.521 0.151-1.79
(75.8%) (85.7%)
CA+GG n=25 n=30
GA (57.6%) (42.4%)
n=19 n=14 0.147 0.491 0.187-1.291
(40.0%) (60.0%)
GG+AA n=14 n=21

O.R (Odds Ratio)
*The difference between the groups was analyzed by the advanced chi-square test (X?) and the
double independent sample student t-test.

The relationship between serum caspase-9 level and caspase-9 genotype
properties was investigated as follows:
The mean value of caspase-9 in GG genotype carriers was 10.87+2.68 mg/dl, and
9.73+4.23 mg/dl in non-carriers. No statistical significance in this genotype could be
determined (p=0.223).
The mean value of caspase-9 in GA genotype carriers was 9.52+4.15 mg/dl, and
10.74+3.28 mg/dl in non-carriers. No statistical significance in this genotype could be
determined (p=0.183).
The mean value of caspase-9 in AA genotype carriers was 10.56+4.91 mg/dl, and
10.10+3.57 mg/dl in non-carriers. No statistical significance in this genotype could be
determined (p=0.733) (Table 4.3-3).
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Table 4.3-3. Comparison of serum caspase-9 level and caspase-9 genotype-allele

distributions of patient and control groups

Genotype CaSpf;?igS(l;ng/dD o value

carrier (n=26) 10.872.68

GG non-carrier (n=42) 9.73+4.23 0.223
carrier (n=32) 9.52+4.15

oA non-carrier (n=36) 10.74+3.28 0.183
carrier (n=9) 10.56+4.91

AR non-carrier (n=59) 10.1043.57 0.733
GG carrier 10.97+2.87

GA+AA non-carrier 9.78+4.06 0.219
GA carrier 9.50+4.08

GG+AA non-carrier 10.79+3.31 0.159
AA carrier 10.47+4.06

GG+AG non-carrier 10.09+3.69 0.746

X+ SD (Mean = Standard Deviation
*The difference between the groups was analyzed by the advanced chi-square test (X?) and the
double independent sample student t-test.
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4.4. microRNA Results

Ct, ACt, AACt and fold change values were calculated for each of the miRNAs
focused on in this thesis. These values are shown in Table 4.4.-1, Table 4.4.-2,
Table 4.4.-3 and Table 4.4.-4.

The Ct values of miRNA-582-5p and mIRNA-363 were examined,
miRNA-582-5p means of the GBM patient and control group were 24.45+6.41 and
31.74+7.03, respectively. miRNA-363 means of the GBM patient and control group
were 26.49+6.73 and 31.74+7.03, respectively (Table 4.4-1).

By comparing the Cr values, it was found that both miRNA-582-5p and
miRNA-363 were downregulated in the GBM patient group. Statistically significant
difference was found between GBM patient and control group (miRNA-582-5p
p=0.013*, 95%Cl=-7.62-0.95; miRNA-363 p=0.004*, 95%CI|=-8.72-1.75) (Table 4.4-1).

The mean miRNA values based on ACt comparison are given in Table 4.4-2.
The levels of miRNA expression were determined by comparing the ACt values of
miRNAs and the internal control (RNU6). When the expression levels of
mMiRNA-582-5p and miRNA-363 were compared according to the ACt parameter,
it was determined that the mean expression value of the patient group (miRNA-582-5p
8.50+5.85; miRNA-363 7.84+6.40) was less that of than the control group
(MIRNA-582-5p 12.47+6.72; miRNA-363 12.44+7.13) (Figure 4.4-1).

The expression levels of both miRNA-582-5p and miRNA-363 were found to be
significantly decreased in the patient group (miRNA-582-5p p=0.014*; miRNA-363
p=0.010%) (Figure 4.4-1).

The AACy comparisons are given in Table 4.4-3. When the expression levels of
miRNA-582-5p and miRNA-363 were compared according to the AACt factor,
it was determined that the mean expression value of the patient group (miRNA-582-5p
-2.93+5.85; miRNA-363 -4,63+6.40) was less than that of the control group
(MiRNA-582-5p 12.12+7.40; miRNA-363 12.10+7.39). The expression levels of both
miRNA-582-5p and miRNA-363 were found to be significantly decreased in the patient
group (MiRNA-582-5p p=0.001*; miRNA-363 p=0.035%).
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As in the other parameters, fold change in the expression levels of
miRNA-582-5p and miRNA-363 determined using the patient group (miRNA-582- 5p
2.03+4.06; miRNA-363 3.1+4.4) and control group (MiIRNA-582-5p -8.40+5.1;
miRNA-363-8.38+5.1) values; it was determined that miRNA-582-5p and miRNA-363
were significantly downregulated in the GBM patient group (miRNA-582-5p
p<0,0001*; miRNA-363 p<0,0001* ) (Table 4.4-4).

A)

m GBM

m Contro

mikNA-582-5p ACT

GBM Contro

14

12
e 10
@]
=
o8 m GBM
o
. m Contro
% 6

2

GBM Contro
| | 7,84 12,44

Figure 4.4-1. microRNA Analysis. A) Comparison of miRNA-582-5p expression levels
between patient and control groups according to mean ACrt value. B) Comparison of
miRNA-363 expression levels between patient and control group according to mean
ACr value.
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Table 4.4-1. Comparison of Ct parameter of miRNA expression levels between patients

and control groups

c 95%
mMiRNA Group (X SD) p value Confidence
Interval
Patient
(n=35) 24.45+6.41
miRNA-582-5p Control 0.013* -7.62-0.95
(n=36)
31.74+7.03
Patient
(n=35) 26.49+6.73
mMiRNA-363 Control 0.004* -8.72-1.75
(n=36) 31.73+7.06

* (p<0,05). X+ SD (Mean + Standard Deviation), n (number of sample)

*The difference between the groups was analyzed by the double independent sample student

t-test.

Table 4.4-2. Comparison of ACt parameter of miRNA expression levels between
patients and control groups

ACT e
mMiRNA Group p value Confidence
(X+ SD)
Interval
Patient
(n=35) 8.50:5.85
mMiRNA-582-5p 0.014* -7.62-0.95
Control
(n=36) 12.47+6.72
Patient
(n=35) 7.84+6.40
1 - *
miRNA-363 Control 0.010 8.72-1.75
(n=36) 12.44+7.13

*(p<0.05). X+ SD (Mean + Standard Deviation), n (number of sample)
*The difference between the groups was analyzed by the double independent sample student

t-test.
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Table 4.4-3. Comparison of AACt parameter of miRNA expression levels between
patients and control groups

AAC 25
MIiRNA Group (X SlT)) p value Confidence
Interval
Patient
(n=35) -2.93+5.85
MiRNA-582-5p Control 0.001* -18.37-11.74
(n=36) 12.12+7.40
Patient
(n=35)
-4.63+6.40
miRNA-363 Control 0.035* -20,22-13,18
(n=36) 12.10+7.39

*(p<0,05). X+ SD (Mean + Standard Deviation), n (number of sample)

*The difference between the groups was analyzed by the double independent sample student
t-test.

Table 4.4-4. Comparison of fold change parameter of miRNA expression levels
between patients and control groups

. Fold Change 95.%
mMiRNA Group p value Confidence
(X+ SD)
Interval
Patient
(n=35) 2.03+4.06
mMiRNA-582-5p p<0.0001* 8.1-12.73
Control -8.40+£5.1
(n=36)
Patient
(n=35) 3.144.4
MIRNA-363 p<0.0001* 9.14-14.01
Control -8.38+5.1
(n=36)

*(p<0,05). X+ SD (Mean =+ Standard Deviation), n=number of sample

*The difference between the groups was analyzed by the double independent sample student
t-test.
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Table 4.4-5: Comparison of serum miRNA-582-5p Ct, ACt, AACT and fold change

levels for IDH-1 Types

Parameter IDH-1 Type X+ SD p value
IDH-1 Mutant 27.10+6.66
MiRNA-582-5p 0479
Cr IDH-1 Wild Type 29.35+4.99
IDH-1 Mutant 8.39+6.23
mMiRNA-582-5p 0.805
ACT )
IDH-1 Wild Type 9.1143.58
IDH-1 Mutant -3.04+6.23
mMiRNA-582-5p
AACT 0.805
IDH-1 Wild Type -2.3+3.58
IDH-1 Mutant 2.10+4.32
mMiRNA-582-5p 0.805
Fold change | |pH-1 wild Type 1.60+2.48

X+ SD (Mean =+ Standard Deviation), n=number of sample
*The difference between the groups was analyzed by the double independent sample student

t-test.

By comparing the Ct, ACt, AACT and fold change values of miRNA-582-5p, it was

found that no significant relation between miRNA-582-5p expression pattern and type
of IDH-1 (Cy p=0.479; ACr p=0.805; AACt p=0.805; fold change p=0.805)

(Table 4.4-5).
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Table 4.4-6. Comparison of serum miRNA-363 Ct, ACt, AACT and fold change levels
for IDH-1 Types

Parameter IDH-1 Type X+ SD p value
IDH-1 Mutant 26.7247.00
MIRNA-363 0.619
Cr IDH-1 Wild Type 24.62+4.19
IDH-1 Mutant 8.11£6.63
MIRNA-363 0.541
ACT ]
IDH-1 Wild Type 5.66:4.28
IDH-1 Mutant -4.3346.63
MIRNA-363
N 0.541
IDH-1 Wild Type -6.78+4.28
IDH-1 Mutant 3.00+4.59
miRNA-363 0.541
Fold change | |pH-1 wild Type 4.70+2.96

*(p<0,05). X+ SD (Mean =+ Standard Deviation), n=number of sample

*The difference between the groups was analyzed by the double independent sample student
t-test.

The Ct, ACt, AACT and fold change values of miRNA-363 were calculated and
compared with the IDH-1 types of the GBM patients.
No significant relation was found between miRNA-363 expression pattern and type of
IDH-1 (Ct p=0.619; ACt p=0.541; AACt p=0.541; fold change p=0.541) (Table 4.4-6).
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Table 4.4.-7. Correlation between serum caspase-9 level and miRNA Cy, ACy, AACt

and In(2®*“™)) (fold change) values of GBM patient group

[In@ )]

Parameter Correlation Serum Caspase-9 Level
: Pearson Correlation
MiRNA-582-5
C P p value 0.119
.
; Pearson Correlation
MiRNA-582-5p
AC p value 0.144
mMiRNA-582-5p Pearson Correlation
AACT p value 0.885
miRNA-582-5p _ :
Fold Change Pearson Correlation 0.144

p value

In@ "))

miRNA-363 Pearson Correlation

Cr p value 0,46
mMiRNA-363 Pearson Correlation

ACt p value 0.050
miRNA-363 Pearson Correlation
mMiRNA-363 _ 0.050
Fold change Pearson Correlation '

p value

*The correlation between the groups was analyzed by the pearson correlation test.

The Cr, ACt, AACT and fold change values of miRNA-582-5p and miRNA-363 were

calculated by correlation test and compared with the serum caspase-9 levels of the

GBM patients. No significant correlation was found between miRNA-582-5p,

miRNA-363 expression patterns and serum caspase-9

levels (MIRNA-582-5p

Ct p=0.119; ACt p=0.144; AACT p=0.885; fold change p=0.144 and miRNA-363 Cy
p=0.46; ACt p=0.050; AACT p=0.050; fold change p=0.050) (Table 4.4-7).
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4.5. microRNA ROC Analysis

The Receiver Operating Characteristic (ROC) analysis was performed using the
MedCalc Program to determine all serum miRNA levels, and the diagnostic value as
well in the GBM patient and control groups.

ROC analysis which were performed with the help of MedCalc program given in
Figure 4.5-1 and Figure 4.5-2.

As a result of ROC analysis, it was determined that there were significant difference
between miRNA-582-5p and miRNA-363 expression levels by comparing GBM patient
and control groups (MiIRNA582-5p fold change AUC=0.938, threshold value >1.66,
p=0.0001* (Figure 4.5-1D); AACt, AUC= 0.939, threshold value <2.28, p=0.0001*
(Figure 4.5-1C); ACt AUC=0.680, threshold value <11.13, p=0.0066* (Figure 4.5-1B);
Ct AUC= 0.694, threshold value <28.08, p=0.0029* (Figure 4.5-1A) and miRNA-363
fold change AUC=0.951, threshold value >-3.78, p=0.0001* (Figure 4.5-2D); AACT
AUC=0.951, threshold value <4.57, p=0.0001* (Figure 4.5-2C); ACt parameter,
AUC=0.703, threshold value <7.67, p=0.0016* (Figure 4.5-2B); Ct, AUC= 0.723,
threshold value <25.08, p=0.0004* (Figure 4.5-2A)).

As a result of this analysis, it was determined that miRNA-582-5p and miRNA-363

could be used as biomarkers for diagnosis of GBM in established experimental

conditions.
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A) miRNA 582-5p ROC Curve (Ct)

B) miRNA 582-5p ROC Curve (ACt)
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C) miRNA 582-5p ROC Curve (AACY)

D) miRNA 582-5p ROC Curve (Fold change)
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Figure 4.5-1. ROC Analysis of serum miRNA-582-5p levels of control and patient
groups. A) Analysis of miRNA- 582-5p level according to Ct values. B) Analysis of
mMiRNA-582-5p level according to ACt values. C) Analysis of miRNA-582-5p level
according to AACT values. D) Analysis of miRNA-582-5p level according to fold
change (In(2t44M),

* The values in the table are marked with a dark color.
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A) mRNA 363 ROC Curve (Cf)
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Figure 4.5-2. ROC Analysis of serum miRNA-363 levels of control and patient groups.
A) Analysis of miRNA-363 level according to Ct values. B) Analysis of miRNA-363
level according to ACt values. C) Analysis of miRNA-363 level according to AACT
values. D) Analysis of miRNA-363 level according to fold change (In(2¢*2<").
* The values in the table are marked with a dark color.
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5. DISCUSSION AND CONCLUSION

Glioblastoma multiforme (GBM) exhibits overwhelming tumor character with
short term survival (1). According to statistical studies from the United States of
America, the rate of death caused by malignant brain tumors is 22,000 cases per year,
and approximately 80% of these cases are glioblastoma-induced (2). For the treatment
of the disease following surgical operation, clinical applications such as radiation and
chemotherapy are performed following each other (3).

In Turkish population, death caused by brain tumors take eighth and ninth places in

females and males respectively (144).

MicroRNAs (miRNA) are small, non-coding, stabile RNA molecules against extreme
pH and temperature conditions that are involved in many vital processes.
The role of miRNAs in brain tumors has been recently discovered and is increasingly
recognized (145). There is no study evaluating miRNA-582-5p and miRNA-363 effects
on caspase-9 activity and caspase-9 polymorphism in Turkish patients with GBM,

it was aimed to realize the present study.

In this study, all demographic data of the patient and control groups were compared in

order to define the characteristics of the groups.

As summarized in Table 4.1-1, the gender (p=0.344) and age (p=0.108) factors were
analyzed and no statistical significance was determined between the patient and the

control group.

Glioma development can be rooted from different hemispheres depends on the glial
tissue volume (146). True detection and determination of their locations are important

for specific treatment strategies and survival of patients (146).

Larjavaara et al. have carried through an experiment which has showed the location of
glioma and its frequency. Frontal lobe was shown as the place where a high amount of
glioma was detected, while occipital lob was shown as the place where a less amount of
glioma was detected (146).

Another work that supports the previous work which was achieved by Simpson et al.
has shown that the gliomas have originated mostly from the frontal and temporal areas

and an irregular distribution has been shown in the their study group (147).
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The tumor locations of our GBM patients were evaluated and the areas where they were
identified are; temporal lobe (37.0%), parietal lobe (14.3%), frontal lobe (11.4%),
thalamus (11.4%), singulat (8.6%), occipital lobe(5.7%), cerebellum (2.9%),
corpus callosum (2.9%), pons (2.9%) and brainstem (2.9%) (Table 4.1-2).

As one of the cysteine-aspartic protease, caspase-9 triggers the executioner
caspases by cleavage and the cell death is induced (12). Various cellular stresses can
trigger the intrinsic apoptosis pathway by Cyt C releasing from the mitochondria. These
stages lead to the formation of apoptosome complex which includes Cyt C, caspase-9,
APAF-1 and ATP. By these interactions caspase-9 can be active and apoptosis can
occur (12). Kuida et al. and Hakem et al. have shown neuronal excessiveness and
uncontrolled brain growth in case of deficiency of caspase-9 by animal experiment
(148,149).

In this work, the mean levels of human serum caspase-9 were 10.27 mg/dl in the control
group and 10.56 mg/dl in the GBM patients. Thus, serum caspase-9 levels were not

statistically different among groups (p=0.768) (Table 4.2-1).

Histopathology has golden value in grade determination and diagnosis of
gliomas (150). Genetical changes provide objective assessment in histopathological
classification (150). Today, cytosolic NADP™ related isocitrate dehydrogenase (IDH-1)
and MGMT promoter side methylation are accepted as two confirmed genetic
biomarkers for patients who suffer from GBM (150). In this case, determination of

IDH-1 status has more importance than histologic features such as necrosis (151).

The conversion of isocitrate to alpha-ketoglutarate, which is the normal process
in brain metabolism, is mediated by the IDH-1 enzyme which is the product of the
IDH-1 gene (151). The use of mutation of this gene as a marker has led to prediction of
life expectancy and new treatment approaches. GBM cases genetically can be classified
under two groups by the assessment of IDH-1 gene. IDH-1 wild type (90%) describes
primary glioblastoma cases above 55 years of age, while IDH-1 mutant (10%) gliomas
have a malignant character and are usually seen in young patients (32).
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In a study conducted in 2008, more than 20,000 genes were screened for IDH-1
parameter in GBMs and the mutation in this gene has been shown to be present in a
small proportion of glioblastoma samples. 12% GBM cases have presented this
mutation (152). A study has shown that while IDH-1 gene mutations are shown in
secondary GBMs, this gene mutation has not been identified in primary GBMs (153).
That is the reason why IDH-1 mutation can be accepted as a biomarker for secondary
GBM (35). Based on this information, the effect of IDH-1 type difference on serum
caspase-9 level was investigated in GBM patients. The mean levels of serum caspase-9
were 10.59 mg/dl in the IDH-1 mutation carriers and 10.37 mg/dl in the IDH-1 wild
type group. Thus, serum caspase-9 levels were not statistically different among groups
(p=0.619) (Table 4.2-1). It was detected that IDH-1 status have not effect on caspase-9
activity.

As a result of detailed screening of human miRNA genes, miRNAs have relation
with some areas as cpG islands, repeat sequences, and fragile sites (154). It has been
reported that cancer pathway associated miRNAs may exhibit different behaviors
depending on the presence of single nucleotide polymorphism (SNP) (155).
It was shown that SNPs have roles in regulation of miRNA biogenesis and functions.
In this study, caspase-9 gene Ex5+32 G>A (rs1052576) polymorphism was investigated
among GBM patients and undiagnosed individuals in Turkish population.
In order to achieve this, 35 GBM patients were studied and compared with
36 control samples. Obtained results were evaluated statistically for each group.

All the GBM patients were examined and the most frequent genotypes the least
common genotypes can be seen; GA (54.5%), GG (33.3 %), AA (12.1%) (Table 4.3-1).
All the controls were examined and the most frequent genotypes the least common
genotypes can be seen; GG (45.7%), GA (40.0%), AA (14.3%) (Table 4.3-1).
Genotype distributions were evaluated among GBM patients and controls as wild type
(p=0.419), heterozygous (p=0.230), homozygous mutant (p=0.792) and no statistical
significance was determined between the patient and the control group
(Table 4.3-1). GG genotype was found to have a protective effect of 3.78 times
compared to the GA and AA genotypes (p=0.015*) (Table 4.3-2). Study that support
our findings were performed by Ozdogan et al. According to the study, no statistically
significant relation was found between caspase-9 gene and primary brain tumors.

They have shown that GG genotype had significantly decreased in GBM (156).
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Also, the mean serum caspase-9 levels and GG, GA, AA genotype carriers were
determined as respectively; 10.87+68 mg/dl; 9.52+4.15 mg/dl and 10.56+4.91 mg/dl
(Table 4.3-3). It was found that carrying or not carrying GG, GA and AA genotypes
did not affect serum caspase-9 levels in both study groups (GG; p=0.223,
GA; p=0.183, AA; p=0.733) (Table 4.3-1).

Many studies have reported that miRNAs as non invasive biomarkers can be
circulated in both body fluids and solid tissues (106,115-120). Extracellular miRNAs
can circulate by means of exosomes, macrovesicles, apoptotic bodies and proteins such
as AGO2 (112, 113, 115).

Molecular diagnostic signs made from biologic ingredients are called biomarkers.
In this context, miRNAs have become novel biomarker candidates especially in human
cancer diagnosis (79, 116). The main theme of recent studies, which focus on the
relationship between miRNAs and their effects on disease, are to determine whether
miRNA can be a disease-specific biomarker or not.

Floyd and colleagues have completed a study on the relationship between miRNAs and
their effects on caspase-9 in glioblastoma stem cells (13). miRNA-582-5p and
miRNA-363 have been selected as target miRNAs in GBM cell lines. They have shown
that these miRNAs show their effects by inhibiting the activities of caspase-3 and
caspase-9. By this way, the apoptotic process of the cell is blocked and tumor survival
is achieved (13).

Also, Conti et al., have worked with miRNA-363 in glioma cell lines. They have
demonstrated that viability of glioma cells were reduced by inhibition of miRNA-363
expression. Thus, they have said that miRNA-363 can be a marker of glioma (145).

In this thesis, it is aimed to clarify the molecular mechanism of glioblastoma multiforme
with a specific point of view. In this study, the biological role of mMiRNA-582-5p and
miRNA-363 in human glioblastoma multiforme were explored by using serum samples.

For this approach experiments and statistical analysis have been used.

Ct values which were obtained via RT-PCR analyses have shown that miRNA-582-5p
and miRNA-363 were downregulated in GBM patient group (Table 4.4-1).
Levels of mMiIRNA-582-5p expression were 24.45 + 6.41 in the GBM patient group, and
31.74 £+ 7.03 in the control group. Levels of mMiRNA-363 expression were 26.49 + 6.73
in the GBM patient group, and 31.73 + 7.06 in the control group.
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The ACt, AACt and fold change parameters were calculated in order to detailed
evaluation of the miRNA expression levels (Table 4.4-2, 4.4-3 and Table 4.4-4).

The ACy values were calculated through comparison of the obtained Ct values of the
groups with the internal control (RNU6); miRNA-582-5p expression levels were
8.50+5.85 in GBM patients and 12.47+6.72 in controls. miRNA-363 expression levels
were 7.844+6.40 in GBM patients and 12.44+7.13 in controls. Thus, miRNA-582-5p
(p=0.014*) and miRNA-363 (p=0.010*) expression levels in GBM group were
significantly downregulated (Table 4.4-2).

When AAC+ changes are examined for each of miRNA; miRNA-582-5p expression
levels were -2.93+5.85 in GBM patients and 12.12+7.40 in controls, while miRNA-363
expression levels were -4.63+6.40 in GBM patients and 12.10+7.39 in controls.
Also, miRNA-582-5p (p=0.014*) and miRNA-363 (p=0.010*) expression levels in
GBM group were significantly downregulated (Table 4.4-3).

Fold changes [(In(224“™)] are calculated through meta-controls which included in all
control groups of each of miRNAs. According to all controls; miRNA-582-5p
expression levels 2.03+4.06 in GBM patients and -8.40+5.1 in controls, miRNA-363
expression levels 3.1+4.4 in GBM patients and -8.38+5.1 in controls.

It has been found that miRNA-582-5p (p<0.0001*) and miRNA-363 (p<0.0001*)
expression levels in GBM group were significantly downregulated (Table 4.4-4).

The effect of having an IDH-1 wild type or IDH-1 mutation on GBM pathology
has been demonstrated by means of many studies (151). Using this information, it was
investigated whether the presence of IDH-1 mutation or IDH-1 wild type had effects on
miRNA-582-5p and miRNA-363 expression levels. The Ct, ACt, AACtand fold change
parameters were used in order to obtain a detailed evaluation of the relation between
miRNA expression levels and IDH-1 mutation/IDH-1 wild type (Table 4.4-5).
The Ct, ACt, AACt and fold change parameters of miRNA-582-5p were evaluated and
it was determined that having the IDH-1 mutation or the IDH-1 wild type had no
significant affect the expression level of this miRNA (Cy p=0.479; ACr p=0.805,
AACy p=0.805 and fold change p=0.805). The Ct, ACy, AACt and fold change
parameters of miRNA-363 were evaluated and it was determined that having the IDH-1
mutation or the IDH-1 wild type had no significant affect the expression level of this
MIRNA (C+y p=0.619; AC7p=0.541, AACtp=0.541 and fold change p=0.541).
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As a main approach, serum caspase-9 level and serum miRNA levels were examined.
No correlation was found between serum miRNA-582 and miRNA-363 expression
levels and serum caspase-9 level for all parameters (MiIRNA-582-5p Ct p=0.119;
ACt p=0.144, AACt p=0.885 fold change p=0.144; miRNA-363 C: p=0.46;
ACt p=0.050, AACt p=0.050 fold change p=0.050). According to these results, it was
found that there was no relationship between mIRNA-582-5p and miRNA-363

expression levels and their effects on serum caspase-9 levels.

Finally, whether the target miRNAs, miRNA-582-5p and miRNA-363, were
biomarkers or not for GBM, they were evaluated by the Receiver Operating
Characteristic (ROC) analysis which were performed with the help of MedCalc program
(Figure 4.5-1 and Figure 4.5-2).

As a result of ROC analysis, it was determined that there were significant difference
between miRNA-582-5p and miRNA-363 expression levels by comparing GBM patient
and control groups (mMiIRNA582-5p fold change AUC=0.938, threshold value >1.66,
p=0.0001* (Figure 4.5-1D); AACt, AUC= 0.939, threshold value <2.28, p=0.0001*
(Figure 4.5-1C); ACt AUC=0.680, threshold value <11.13, p=0.0066* (Figure 4.5-1B);
Ct AUC= 0.694, threshold value <28.08, p=0.0029* (Figure 4.5-1A) and miRNA-363
fold change AUC=0.951, threshold value >-3.78, p=0.0001* (Figure 4.5-2D); AACT
AUC=0.951, threshold value <4.57, p=0.0001* (Figure 4.5-2C); ACt parameter,
AUC=0.703, threshold value <7.67, p=0.0016* (Figure 4.5-2B); Ct, AUC= 0.723,
threshold value <25.08, p=0.0004* (Figure 4.5-2A)).

As a result of this analysis, it was determined that miRNA-582-5p and miRNA-363
could be used as biomarkers for diagnosis of GBM in established experimental

conditions.
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As a result;

The role of mMIRNA-582-5p and miRNA-363 in molecular mechanisms of GBM disease
has not been fully elucidated. Also, number of the studies which were performed and
published by using miRNA-582-5p and miRNA-363 are very less, as well as published
articles about the roles they play in the mechanism of apoptosis.
Therefore, deconstructing the roles of these target miRNAs in apoptosis and
determining their regulatory status may be useful in providing a noninvasive treatment

strategy for individuals with GBM.

miRNAs can target multiple molecular points and can regulate their expression
levels. Therefore, multifaceted researches are required to understand whether a miRNA

can be disease-specific biomarker or not.

When all the obtained results are evaluated, considering that the differences in
the expression of miRNAs may provide a non-invasive strategy for the diagnosis of
GBM.

As a result of this thesis finding, it is believed that changes in miRNA-582-5p and
miRNA-363 expression levels can be used as biomarker candidates in terms of
diagnosis of GBM and development of treatment strategies. Further studies with large

number of samples will clarify these results.

The main findings of our study can be summarized as follows:

(1) According to the data obtained from this thesis, miRNA-582-5p and miRNA-363
expression levels have distinctive characteristics for GBM disease according to the
groups defined as patient and control. It was shown that miRNA-582-5p and miRNA-
363 expression levels did not affect serum caspase-9 levels.

(2) When miRNA expression levels were examined, miRNA-582-5p and miRNA-363
levels were compared according to Ct, ACt, AACt and fold change values and it was

found that these miRNAs were significantly less in the GBM patient group than control.
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<=23,73 37,50 | 21,1-563 78,79 61,1-910 : 1,77 ¢ 1,1-29 : 0,79 04-16
<=24,04 37,50 | 21,1-56,3 75,76 57,7-889 : 155 : 1,0-25 : 0,82 04-1,6
<=24,3 40,63 | 23,7-59,3 : 75,76 57,7-889 : 168 i 11-27 : 0,78 04-15
<=25,06 4375 | 26,4-62,3 75,76 | 57,7-889 | 1,80 i 12-28 : 0,74 04-15 :
<=25,3 46,88 | 29,1-652 ! 75,76 | 57,7-889 | 193 | 13-29 | 0,70 | 04-14 :
<=25,74 50,00 | 31,9-681 75,76 | 57,7-889 | 206 : 14-31 : 0,66 03-13
<=25,95 53,13 | 34,8-7009 7576 i 57,7-889 : 219 | 15-32 : 062 0,3-1,3
<=26,21 56,25 | 37,7-736 75,76 57,7-889 i 232 : 16-33 : 058 0,3-1,2
<=27,05 56,25 | 37,7-73,6 : 72,73 545-86,7 . 206 : 1,4-30 : 0,60 03-1,2
<=27,09 56,25 | 37,7-736 69,70 51,3-844 : 1,86 : 1,3-27 : 0,63 03-1,2
<=27,79 59,38 | 40,7-763 69,70 51,3-844 : 196 : 14-28 : 058 03-1,1
<=28,08 62,50 | 43,7-789 69,70 51,3-844 ¢ 206 : 15-29 : 054 03-1,1
<=28,2 62,50 | 43,7-789 66,67 | 48,2-820 : 187 : 13-27 : 056 03-1,1
<=28,26 62,50 | 43,7-789 6364 | 451-796 @ 1,72 @ 12-25 ' 059 03-11
<=28,27 62,50 | 43,7-789 60,61 | 421-771 @ 159 | 11-23 : 0,62 03-11
<=28,45 62,50 | 43,7-7809 57,58 39,2-745 : 147 i 10-22 : 065 04-1,2
<=28,47 65,62 | 46,8-814 : 57,58 39,2-745 ¢ 155 i 1,1-23 : 0,60 03-1,1
<=29,14 68,75 : 50,0-839 : 5758 . 392-745 : 162 . 1,1-24 : 054 0,3-1,0
<=29,33 68,75 | 50,0-839 54,55 36,4-71,9 ¢ 151 : 1,0-22 | 057 | 03-11
<=29,4 68,75 | 50,0-839 51,52 336-69,2 ¢ 1,42 i 09-21 : 061 03-11
<=29,88 71,87 | 53,3-862 51,52 336-69,2 | 1,48 : 1,0-22 : 0,55 03-1,1
<=29,94 75,00 | 56,6-885 51,52 336-69,2 i 155 i 1,1-23 : 0,49 0,2-1,0
<=30,06 78,12 ¢ 60,0-90,7 : 5152 . 336-69,2 : 161 : 1,1-24 : 042 02-09 :
<=30,25 78,12 | 60,0-90,7 : 4848 | 30,8-664 : 152 : 1,0-23 | 045 02-09 :
<=30,33 78,12 i 60,0-90,7 : 45,45 281-636 : 143 i 09-22 : 048 0,2-1,0
<=30,48 81,25 | 63,6-927 45,45 281-636 ¢ 149 i 10-22 : 041 0,2-0,9
<=31,5 81,25 | 63,6-927 42,42 255-60,8 i 1,41 i 09-22 : 044 0,2-1,0
<=31,62 81,25 | 636-927 39,39 229-579 ¢ 1,34 i 09-21 : 048 02-1,0
<=33,75 81,25 | 636-927 36,36 204-549 | 1,28 i 08-21 : 052 02-11
<=34,71 81,25 | 63,6-927 33,33 180-51,8 | 1,22 | 07-20 : 056 0,3-1,2
<=35,31 84,37 i 67,2-947 33,33 180-51,8 | 1,27 | 08-21 : 047 02-1,1
<=36,44 87,50 i 71,0-964 : 3333 | 180-518 : 131 : 08-22 : 037 0,1-1,0
<=37,46 87,50 | 71,0-964 30,30 | 156-48,7 | 1,26 : 07-21 @ 041 02-11
<=38,13 90,62 | 750-97,9 30,30 | 156-48,7 i 1,30 : 08-22 : 031 0,1-09
<=38,16 90,62 i 750-979 27,27 13,3-455 | 125 i 07-22 : 034 0,1-1,0
<=38,68 90,62 i 750-979 24,24 11,1-423 | 1,20 | 06-22 : 0,39 01-1,2
<=39,06 90,62 | 75,0-97,9 : 21,21 ¢ 9,0-389 | 1,15 | 06-22 : 044 01-1,3
<=39,99 90,62 | 750-97,9 18,18 70-355 ¢ 1,11 : 05-23 | 052 | 02-15
<=40,22 90,62 | 750-97,9 15,15 52-31,9 | 107 | 05-24 : 062 02-1,8
<=40,61 90,62 i 750-979 12,12 35-282 i 1,03 i 04-26 : 0,77 0,3-2,3
<=40,77 90,62 i 750-979 9,09 20-244 ¢ 100 : 03-29 : 1,03 0,3-3,0
<=40,84 93,75 | 79,2-99,1 9,09 i 20-244 103 : 03-3,0 : 069 02-26 :
<=40,92 96,87 | 83,7-995 : 9,09 i 20-244 ¢ 107 | 04-31 : 034 | 005-24 :
<=40,99 100,00 : 89,0 -100,0 : 9,09 20-244 ¢ 1,10 i 04-32 : 0,00

<=42,1 100,00 : 89,0-100,0 : 6,06 09-203 i 1,06 | 0,3-4,1 : 0,00

<=42,22 100,00 : 89,0-100,0 : 3,03 05-158 ¢ 1,03 i 0,1-7,1 : 0,00

<=44,98 100,00 | 89,0-100,0 : 0,00 i 00-10,7 | 1,00 :
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Variable miRNA-582-5p_delta_ct
delta ct
Classification variable diagnosis
Positive group
diagnosis =1
Sample size 32
Negative group
diagnosis =0
Sample size 33
| Disease prevalence (%) | unknown
Area under the ROC curve (AUC) 0,680
Standard Error 0,0663
95% Confidence Interval 0,55310 0,790
Z statistic 2,715
Significance level P (Area=0.5) 0,0066

Criterion values and coordinates of the ROC curve [Hide]

71


javascript:hidediv('d16','d17','table1');

Criterion

<152
<=1,52
<=2,18
<=2,21
<=2,39
<=2,42
<=2,73
<=2,81
<=2,85
<=3,08
<=3,21
<=3,36
<=3,52
<=3,85
<=4,17
<=4,31
<=4,4
<=4,63
<=4,66
<=4,7
<=4,89
<=6,49
<=7,26
<=7,28
<=7,78
<=7,96
<=8,02
<=8,28
<=8,45
<=8,47
<=8,64
<=8,96
<=9,27
<=9,41
<=9,71
<=9,94
<=10,16
<=10,27
<=10,46
<=10,58
<=10,78
<=11,13
<=11,52
<=11,86
<=12,05
<=12,84
<=13,02
<=13,71
<=15,44
<=17,13
<=17,25
<=18,82
<=18,99
<=19,09
<=19,63
<=20,09
<=20,21
<=20,38
<=21,34
<=21,37
<=21,62
<=21,73
<=23,34
<=25,2

Sensitivity

0,00
3,12
6,25
9,38
9,38
12,50
15,63
18,75
21,87
21,87
21,87
25,00
25,00
28,12
31,25
34,38
34,38
34,38
37,50
40,63
40,63
43,75
43,75
46,88
46,88
50,00
53,13
53,13
53,13
56,25
59,38
62,50
62,50
65,62
68,75
68,75
68,75
68,75
68,75
71,87
75,00
81,25
81,25
81,25
81,25
81,25
81,25
84,37
84,37
87,50
87,50
87,50
90,62
90,62
90,62
90,62
93,75
96,87
96,87
100,00
100,00
100,00
100,00
100,00

95% CI
0,0-11,0
0,5-16,3
0,9-20,8
2,1-25,0
2,1-25,0
3,6 -29,0
53-328
7,3-36,4
9,3-40,0
9,3-40,0
9,3-40,0

11,5-43,4
11,5-43,4
13,8 - 46,7
16,1-50,0
18,6 - 53,2
18,6 - 53,2
18,6 - 53,2
21,1-56,3
23,7 - 59,3
23,7 - 59,3
26,4 - 62,3
26,4 - 62,3
29,1-65,2
29,1- 65,2
31,9-68,1
34,8-70,9
34,8-70,9
34,8 - 70,9
37,7-73,6
40,7 - 76,3
43,7 - 78,9
43,7 - 78,9
46,8 - 81,4
50,0 - 83,9
50,0 - 83,9
50,0 - 83,9
50,0 - 83,9
50,0 - 83,9
53,3 - 86,2
56,6 - 88,5
63,6 - 92,7
63,6 - 92,7
63,6 - 92,7
63,6 - 92,7
63,6 - 92,7
63,6 - 92,7
67,2 - 94,7
67,2 - 94,7
71,0 - 96,4
71,0 - 96,4
71,0 - 96,4
75,0-97,9
75,0-97,9
75,0-97,9
75,0-97,9
79,2-99,1
83,7 - 99,5
83,7 -99,5
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0

Specificity
100,00
100,00
100,00
100,00

96,97
96,97
96,97
96,97
96,97
93,94
90,91
90,91
87,88
87,88
87,88
87,88
84,85
81,82
81,82
81,82
78,79
78,79
75,76
75,76
72,73
72,73
72,73
69,70
66,67
66,67
66,67
66,67
63,64
63,64
63,64
60,61
57,58
54,55
51,52
51,52
51,52
51,52
48,48
45,45
42,42
39,39
36,36
36,36
33,33
33,33
30,30
24,24
24,24
21,21
18,18
15,15
15,15
15,15
12,12
12,12

9,09

6,06

3,03

0,00

95% ClI
89,3-100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0

84,2-99,5
84,2-99,5
84,2 -99,5
84,2 -99,5
84,2 -99,5
79,7-99,1
75,6 - 98,0
75,6 - 98,0
71,8 -96,5
71,8-96,5
71,8-96,5
71,8-96,5
68,1-94,8
64,5 - 93,0
64,5-93,0
64,5 - 93,0
61,1-91,0
61,1-91,0
57,7 - 88,9
57,7 - 88,9
54,5 - 86,7
54,5 - 86,7
54,5 - 86,7
51,3-84,4
48,2 - 82,0
48,2 - 82,0
48,2 - 82,0
48,2 - 82,0
45,1-79,6
45,1-79,6
45,1-79,6
42,1-77,1
39,2-74,5
36,4-71,9
33,6 - 69,2
33,6 - 69,2
33,6 - 69,2
33,6 - 69,2
30,8 - 66,4
28,1-63,6
25,5-60,8
22,9-57,9
20,4 -54,9
20,4 - 54,9
18,0-51,8
18,0-51,8
15,6 - 48,7
11,1-42,3
11,1 - 42,3

9,0-38,9

7,0-355

52-319

52-31,9

52-31,9

3,5-28,2

3,5-28,2

2,0-24,4

0,9-20,3

0,5-158

0,0-10,7

+LR

3,09
4,13
5,16
6,19
7,22
3,61
2,41
2,75
2,06
2,32
2,58
2,84
2,27
1,89
2,06
2,23
1,92
2,06
1,80
1,93
1,72
1,83
1,95
1,75
1,59
1,69
1,78
1,87
1,72
1,80
1,89
1,75
1,62
1,51
1,42
1,48
1,55
1,68
1,58
1,49
1,41
1,34
1,28
1,33
1,27
1,31
1,26
1,15
1,20
1,15
1,11
1,07
1,10
1,14
1,10
1,14
1,10
1,06
1,03
1,00

95% CI

11-91
1,6-10,3
2,3-11,6
30-128
37-139

1,9-7,0

1,2-4,7

15-51

11-38

1,3-41

15-4,4

1,7-4,7

1,4-37

11-31

1,3-33

1,4-35

1,2-30

1,3-32

12-2,8

1,3-2,9

11-2,6

12-2,7

1,3-29

12-2,6

11-2,4

11-25

12-2,6

13-2,7

12-25

1,3-2,6

1,3-2,7

12-25

11-2,4

1,0-2,2

09-2,1

1,0-2,2

11-2,3

12-2,4

11-2,3

1,0-2,2

09-22

09-21

08-2,1

08-2,1

08-2,1

0,8-22

0,7-21

06-2,1

06-22

06-2,2

05-23

05-24

05-2,5

05-2,6

0,4-28

05-29

0,4-32

03-41

01-7,1

1,00
0,97
0,94
0,91
0,93
0,90
0,87
0,84
0,81
0,83
0,86
0,83
0,85
0,82
0,78
0,75
0,77
0,80
0,76
0,73
0,75
0,71
0,74
0,70
0,73
0,69
0,64
0,67
0,70
0,66
0,61
0,56
0,59
0,54
0,49
0,52
0,54
0,57
0,61
0,55
0,49
0,36
0,39
0,41
0,44
0,48
0,52
0,43
0,47
0,37
0,41
0,52
0,39
0,44
0,52
0,62
0,41
0,21
0,26
0,00
0,00
0,00
0,00

95% ClI

0,1-6,5
0,1-6,2
0,1-6,0
0,1-58
0,1-5,6
0,2-3,2
0,3-2,6
0,3-25
0,3-2,2
03-2,1
0,3-2,0
0,3-1,9
03-1,8
04-17
04-17
0,3-1,6
04-15
03-15
04-15
04-14
04-14
04-13
03-1,3
04-13
04-13
04-12
03-1,2
03-11
03-1,1
0,3-1,0
0,2-1,0
0,3-1,0
0,3-1,0
03-1,1
03-1,1
03-11
0,2-1,0
0,2-0,8
0,2-0,9
0,2-0,9
0,2-1,0
0,2-1,0
02-1,1
0,2-1,0
02-1,1
0,1-1,0
02-11
02-13
01-1,2
01-13
02-15
02-1,8
0,1-1,6
0,03-14
0,04-1,8
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100-Specificity

ROC curve

Variable

miRNA-582-5p_delta_delta_ct
delta delta ct

Classification variable

diagnosis

Positive group

diagnosis

=1

Sample size

32

Negative group

diagnosis

=0

Sample size

33

Disease prevalence (%)

unknown

Area under the ROC curve (AUC)

0,938 |

Standard Error

0,0314

95% Confidence Interval

0,84910 0,982

z statistic

13,957

Significance level P (Area=0.5)

0,0001

Criterion values and coordinates of the ROC curve [Hide]
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Criterion
<-9,91
<=-9,91
<=-9,25
<=-9,22
<=-9,01
<:-8’7
<=-8,62
<=-8,58
<=-8,07
<=-7,58
<=-7,26
<=-7,12
<=-6,8
<=-6,77
<=-6,73
<=-4,94
<=-4,15
<=-3,47
<=-3,41
<=-2,96
<=-2,79
<=-2,47
<=-2,02
<=-1,72
<=-0,85
<=-0,65
<=-0,3
<=2,28 *
<=2,39
<=3,08
<=3,21
<=3,52
<=4,4
<=4,89
<=5,7
<=7,26
<=7,56
<=7,78
<=8,28
<=8,45
<=8,78
<=8,95
<=9,27
<=9,94
<=10,16
<=10,27
<=10,46
<=11,52
<=11,86
<=12,05
<=12,84
<=13,02
<=15,44
<=17,25
<=18,82
<=19,09
<=19,63
<=20,09
<=21,34
<=21,62
<=21,73
<=23,34
<=25,2

Sensitivity
0,00
3,12
6,25
9,38

12,50
15,63
18,75
21,87
25,00
28,12
31,25
34,38
34,38
37,50
40,63
43,75
46,88
50,00
53,13
56,25
59,38
62,50
65,62
68,75
71,87
75,00
81,25
84,37
84,37
84,37
84,37
84,37
84,37
84,37
87,50
87,50
90,62
90,62
90,62
90,62
93,75
96,87
96,87
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00

95% CI
0,0-11,0
0,5-16,3
0,9-20,8
2,1-25,0
3,6 -29,0
53-328
7,3 -36,4
9,3-40,0

11,5-43,4
13,8 - 46,7
16,1-50,0
18,6 - 53,2
18,6 - 53,2
21,1-56,3
23,7 - 59,3
26,4 - 62,3
29,1 - 65,2
31,9 - 68,1
34,8 - 70,9
37,7-73,6
40,7 - 76,3
43,7 - 78,9
46,8 - 81,4
50,0 - 83,9
53,3 - 86,2
56,6 - 88,5
63,6 - 92,7
67,2 -94,7
67,2 - 94,7
67,2 - 94,7
67,2 - 94,7
67,2 - 94,7
67,2 - 94,7
67,2 - 94,7
71,0 - 96,4
71,0 - 96,4
75,0-97,9
75,0-97,9
75,0-97,9
75,0-97,9
79,2-99,1
83,7 -99,5
83,7 -99,5
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 -100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0
89,0 - 100,0

Specificity
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00

96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
96,97
93,94
90,91
87,88
84,85
81,82
78,79
78,79
75,76
75,76
72,73
69,70
66,67
66,67
66,67
63,64
60,61
57,58
54,55
51,52
48,48
45,45
42,42
39,39
36,36
33,33
30,30
24,24
21,21
18,18
15,15
12,12

9,09

6,06

3,03

0,00

95% CI
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0
89,3 -100,0

84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
84,2 - 99,5
79,7 -99,1
75,6 - 98,0
71,8 - 96,5
68,1 -94,8
64,5 - 93,0
61,1-91,0
61,1-91,0
57,7 - 88,9
57,7 - 88,9
54,5 - 86,7
51,3-84,4
48,2 - 82,0
48,2 - 82,0
48,2 - 82,0
45,1-79,6
42,1-77,1
39,2-74,5
36,4-71,9
33,6 - 69,2
30,8 - 66,4
28,1-63,6
25,5-60,8
22,9-57,9
20,4 -54,9
18,0-51,8
15,6 - 48,7
11,1-42,3

9,0 -38,9

7,0-355

52-319

3,5-28,2

2,0-24,4

0,9-20,3

0,5-15,8

0,0-10,7

+LR

11,34
12,38
13,41
14,44
15,47
16,50
17,53
18,56
19,59
20,63
21,66
22,69
23,72
24,75
26,81
27,84
13,92
9,28
6,96
5,57
4,64
3,98
412
3,61
3,74
3,32
2,99
2,72
2,81
2,91
2,66
2,54
2,36
2,20
2,06
1,94
1,83
1,74
1,65
1,57
1,50
1,43
1,32
1,27
1,22
1,18
1,14
1,10
1,06
1,03
1,00

95% CI

7,0-18,4
79-19,4
8,8-20,5
9,7-215
10,6 - 22,5
11,6 - 23,5
12,6 - 24,4
13,6 - 25,3
14,6 - 26,3
15,7 -27,2
16,7 - 28,0
17,8 -28,9
18,9 - 29,7
20,1-30,5
22,5-32,0
23,7-32,7
11,7 - 16,5
7,7-11,2
57-85
45-6,9
3,7-5,8
3,2-50
33-51
2,9-4,6
3,0-47
2,6-4,2
2,3-38
21-35
2,2-3,6
2,3-3,7
2,0-35
1,9-33
18-3.2
1,6-3,0
15-29
14-28
1,3-2,7
1,2-26
1,1-25
1,0-25
09-24
09-24
0,7-2,4
0,7-2,4
06-25
05-2,6
05-2,9
04-32
03-4,1
0,1-71

-LR
1,00
0,97
0,94
0,91
0,88
0,84
0,81
0,78
0,75
0,72
0,69
0,66
0,68
0,64
0,61
0,58
0,55
0,52
0,48
0,45
0,42
0,39
0,35
0,32
0,29
0,26
0,19
0,16
0,17
0,17
0,18
0,18
0,19
0,20
0,16
0,17
0,12
0,13
0,13
0,14

0,094
0,047
0,049
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

95% CI

0,1-47
0,09 - 4,5
0,09 - 4,3
0,08 -4,1
0,08 - 3,9
0,07 - 3,7
0,07 - 3,4
0,06 - 3,2
0,06 - 3,0
0,05-2,8
0,05-2,6
0,04-2,4
0,04 -2,2
0,03-1,9
0,02-15
0,02-1,3
0,03-0,8
0,04 -0,7
0,05 - 0,6
0,06 - 0,6
0,06 - 0,6
0,07 - 0,6
0,05-0,5
0,06 - 0,5
0,04-0,4
0,04-0,4
0,04 -0,4
0,04 - 0,5
0,02-0,4

0,006 - 0,3
0,007 - 0,4
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Sensitivity: 84 4
Specificity. 97,0
Criterion : =-1,66
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ROC curve

Variable

miRNA-582-5p_fold change

Classification variable

diagnosis

Positive group

diagnosis =1
Sample size 32
Negative group

diagnosis =0
Sample size 33

Disease prevalence (%)

unknown

Area under the ROC curve (AUC)

0,938

Standard Error

0,0318

95% Confidence Interval

0,849t0 0,982

z statistic

13,794

Significance level P (Area=0.5)

0,0001

Criterion values and coordinates of the ROC curve [Hide]
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Criterion Sensitivity 95% CI | Specificity 95% ClI +LR 95% CI -LR 95% CI
>=-17,47 100,00 : 89,0 - 100,0 0,00 0,0-10,7 1,00

>.17,47 100,00 | 89,0-100,0 : 303 : 05-158 | 103 ! 01-7,1 : 0,00 :

>-16,18 100,00 : 89,0-100,0 : 6,06 | 09-203 : 106 : 03-41: 000 :

>-15,06 100,00 : 89,0-100,0 : 909 | 20-244 ¢ 110 | 04-32 : 000 :

>-14,99 100,00 : 89,0-100,0 : 12,12 ¢ 35-282 i 1,14 ¢ 05-29 @ 0,00 :

>.14,79 100,00 | 89,0-100,0 : 1515 | 52-319 | 1,18 | 05-26 : 0,00 :

>-13,93 100,00 | 89,0-100,0 : 18,18 | 7,0-355 : 122 i 06-25 : 0,00 :

>-13,61 100,00 : 89,0-100,0 : 21,21 ¢ 90-389 : 127 i 07-24 : 0,00 :

>-13,23 100,00 : 89,0-100,0 : 2424 ¢ 11,1-423 | 132 : 07-24 : 0,00 :

>.13,05 100,00 | 89,0-100,0 : 30,30 | 156-487 : 1,43 : 09-24 i 0,00 :

>.11,96 100,00 : 89,0-100,0 : 3333 | 180-518 : 150 : 09-24 ! 0,00 :

>-10,7 100,00 | 89,0-100,0 : 36,36 | 20,4-549 : 157 ¢ 1,0-25 i 0,00 :

>-9,02 100,00 : 89,0-100,0 : 39,39 | 229-579 : 165 : 1,1-25 : 0,00 :

>-8,9 100,00 | 89,0-100,0 : 42,42 . 255-60,8 ¢ 174 ¢ 12-26 : 0,00 :

>.8,35 100,00 | 89,0-100,0 : 4545 | 28,1-636 : 1,83 : 1,3-27 i 0,00 :

>.8,22 100,00 | 89,0-100,0 : 4848 | 30,8-664 : 1,94 i 14-28 i 0,00 :

>-7,99 100,00 : 89,0-100,0 : 51,52 | 336-692 : 206 : 15-29 : 0,00 :

>.7,25 100,00 : 89,0-100,0 : 5455 | 364-719 i 220 : 16-30 : 0,00 :

>.7,12 100,00 : 89,0 -100,0 : 5758 . 392-745 : 236 . 18-32 : 0,00 :

>.7,04 100,00 | 89,0-100,0 : 60,61 | 421-771 | 254 : 19-33 : 0,00 : :
>-6,89 96,87 | 83,7-995 6364 | 451-796 | 266 | 20-35 : 0049 : 0,007-04 :
>-6,43 96,87 | 83,7-995 66,67 | 48,2-820 : 291 : 23-37 i 0047 : 0,006-0,3 :
>-6,2 93,75 | 79,2-99,1 : 66,67 | 48,2-820 : 281 : 22-36 : 0094 : 002-04 :
>-6,08 90,62 : 750-97,9 : 66,67 @ 48,2-820 : 272 @ 21-35 014 @ 004-05 :
>.5,86 90,62 | 750-97,9 69,70 | 51,3-84,4 | 299 | 23-38: 013 | 004-04 :
>.5,74 90,62 | 750-97,9 72,73 i 545-867 : 332 : 26-42 i 013 : 004-04 :
>-5,39 90,62 | 750-97,9 7576 i 57,7-889 : 374 | 30-47 i 012 : 004-04 :
>.5,24 87,50 | 71,0-96,4 : 7576 i 57,7-889 : 361 : 29-46 i 017 : 0,06-0,5 :
>-5,03 87,50 | 71,0-964 7879 | 61,1-910 | 412 | 33-51 : 016 : 005-05 :
>-3,95 84,37 | 67,2-94,7 7879 | 61,1-910 : 398 | 32-50: 020 ! 007-06 :
>-3,39 84,37 | 67,2-94,7 : 81,82 | 645-930 : 464 : 37-58 : 019 : 006-06 :
>-3,05 84,37 | 67,2-94,7 : 84,85 | 681-948 : 557 . 45-69 : 018 : 006-06 :
>-2,44 84,37 | 67,2-94,7 87,88 . 718-965 : 69 : 57-85 : 0,18 : 0,05-06 :
>-2,23 84,37 | 67,2-94,7 90,91 | 756-980 : 928 : 7,7-11,2 i 017 : 004-0,7 :
>-2,13 84,37 | 67,2-94,7 93,94 | 79,7-99,1 : 13,92 : 11,7-165 : 0,17 : 0,03-0,8 :
>-1,66 * 84,37 | 67,2-94,7 : 96,97 | 84,2-995 : 27,84 : 237-327 : 016 : 002-13 :
>-1,58 81,25 | 63,6-92,7 : 96,97 | 84,2-995 : 26,81 : 225-320 : 019 : 002-15 :
>0,21 75,00 | 56,6-885 96,97 . 84,2-99,5 : 24,75 : 20,1-305 . 0,26 : 0,03-19 :
>0,45 71,87 | 53,3-862 96,97 | 84,2-995 : 23,72 : 18,9-29,7 i 029 | 0,04-2,2 :
>0,59 68,75 | 50,0-839 : 96,97 | 84,2-995 : 22,69 : 17,8-289 | 032 : 0,04-24 :
>1,2 65,62 | 46,8-814 : 96,97 | 84,2-995 : 21,66 : 16,7-280 : 035 : 0,05-26 :
>1,4 62,50 | 43,7-789 96,97 | 84,2-995 : 20,63 : 157-272 i 039 : 005-28 :
>1,72 59,38 | 40,7-763 : 96,97 . 84,2-99,5 : 1959 : 14,6-263 . 042 : 0,06-3,0 :
>1,94 56,25 : 37,7-73,6 : 96,97 | 84,2-995 : 1856 : 13,6-253 ! 045 : 0,06-3,2 :
>2,05 53,13 | 34,8-709 96,97 | 84,2-995 : 17,53 : 12,6-244 | 048 | 0,07-34 :
>2,37 50,00 | 31,9-68,1 : 96,97 | 84,2-995 : 16,50 : 11,6-235 : 052 : 0,07-37 :
>2,41 46,88 | 29,1-6572 96,97 | 84,2-995 : 1547 : 10,6-225 : 055 : 0,08-39 :
>2,88 4375 1 26,4-623 : 96,97 | 84,2-995 : 1444 ¢ 97-215 i 058 | 0,08-41 :
>3,43 40,63 | 23,7-593 : 96,97 | 84,2-995 : 1341 : 88-205 : 061 : 0,09-43 :
>4,67 37,50 | 21,1-563 96,97 | 84,2-995 : 12,38 : 79-194 i 064 : 0,09-45 :
>4,7 34,38 | 18,6-5372 96,97 | 84,2-995 : 1134 : 70-184 : 068 : 01-47 :
>4,72 34,38 | 18,6-53.2 : 100,00 | 89,3-100,0 : : © 0,66 : :
>4,94 31,25 | 16,1-50,0 : 100,00 : 89,3-100,0 : 0,69 !

>5,04 2812 | 13,8-46,7 : 100,00 : 89,3-100,0 : 0,72

>5,26 2500 | 115-434 : 100,00 | 89,3-100,0 : 0,75

>56 21,87 | 9,3-400 100,00 | 89,3-100,0 : 0,78

>5,95 18,75 | 7,3-36,4 : 100,00 | 89,3-100,0 : 081 :

>5,98 1563 | 53-328 : 100,00 : 89,3-100,0 : 0,84 !

>6,03 1250 i 3,6-290 100,00 : 89,3-100,0 : 0,88

>6,25 938 | 21-250 : 100,00 | 89,3-100,0 : 0,91

>6,39 625 | 09-208 : 100,00 i 89,3-100,0 : 0,94

>6,41 312 ¢ 05-163 100,00 : 89,3-100,0 : 0,97 !

>6,87 000 | 00-110 : 100,00 : 89,3-100,0 : 1,00
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Sensitivity: 643
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" Criterion . ==25,08
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curve

Variable

miRNA-363_CT

Classification variable

Diagnosisi

Positive group

Diagnosisi

=1

Sample size

28

Negative group

Diagnosisi

=0

Sample size

36

Disease prevalence (%)

I unknown

Area under the ROC curve (AUC)

0,723

Standard Error

0,0629

95% Confidence Interval

0,597 10 0,828

z statistic

3,549

Significance level P (Area=0.5)

0,0004

Criterion values and coordinates of the ROC curve [Hide]
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Criterion
< 18,89

<=18,89
<=19,46
<=19,82
<=19,93
<=19,98
<=20,29
<=20,37
<=20,63
<=20,67
<=21,2

<=21,46
<=21,65
<=21,67
<=21,68
<=22,78
<=22,84
<=23,48
<=24,01
<=24,26
<=24,57
<=24,72
<=24,83
<=25,08
<=25,26
<=25,33
<=25,74
<=26,36
<=26,7

<=26,88
<=27,01
<=27,29
<=28,13
<=28,66
<=28,96
<=29,13
<=29,43
<=29,88
<=30,19
<=30,83
<=31,05
<=31,56
<=32,13
<=32,49
<=33,26
<=34,33
<=34,77
<=34,87
<=35,08
<=35,74
<=36,07
<=36,6

<=37,12
<=38,18
<=38,44
<=39,1

<=39,15
<=39,51
<=40,38
<=40,42
<=41,78
<=42,38
<=42,9

<=43,13
<=44,07

Sensitivity
0,00
3,57
7,14

10,71
10,71
10,71
14,29
17,86
17,86
21,43
25,00
25,00
28,57
32,14
35,71
39,29
42,86
46,43
50,00
53,57
57,14
57,14
60,71
64,29
64,29
64,29
64,29
67,86
67,86
67,86
67,86
67,86
67,86
67,86
67,86
67,86
71,43
71,43
75,00
75,00
75,00
75,00
75,00
75,00
75,00
78,57
82,14
82,14
82,14
82,14
85,71
89,29
89,29
89,29
92,86
96,43
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00
100,00

95% CI
0,0-12,5
0,6-184
1,1-235
2,4-283
2,4-283
2,4-283
4,1-32,7
6,1-36,9
6,1-36,9
8,3-41,0

10,7 - 44,9
10,7 - 44,9
13,3 - 48,7
15,9-52,3
18,7 - 55,9
21,5-59,4
24,5 -62,8
27,5-66,1
30,7-69,3
33,9-725
37,2-755
37,2-75,5
40,6 - 78,5
44,1-81,3
44,1-81,3
44,1 - 81,3
44,1 - 81,3
47,7 - 84,1
47,7 - 84,1
47,7 - 84,1
47,7 - 84,1
47,7 - 84,1
47,7-84,1
47,7 - 84,1
47,7-84,1
47,7 - 84,1
51,3-86,7
51,3-86,7
55,1-89,3
55,1-89,3
55,1-89,3
55,1-89,3
55,1-89,3
55,1-89,3
55,1-89,3
59,0-91,7
63,1-93,9
63,1-93,9
63,1-93,9
63,1-93,9
67,3 -95,9
71,7 - 97,6
71,7 - 97,6
71,7 - 97,6
76,5 - 98,9
81,6 - 99,4
87,5-100,0
87,5-100,0
87,5-100,0
87,5-100,0
87,5-100,0
87,5-100,0
87,5-100,0
87,5-100,0
87,5-100,0

Specificity
100,00
100,00
100,00
100,00

97,22
94,44
94,44
94,44
91,67
91,67
91,67
88,89
88,89
88,89
88,89
88,89
88,89
88,89
88,89
88,89
88,89
86,11
86,11
86,11
83,33
80,56
77,78
77,78
75,00
72,22
69,44
66,67
63,89
61,11
58,33
55,56
55,56
52,78
52,78
50,00
47,22
44,44
41,67
38,89
36,11
36,11
36,11
33,33
30,56
27,78
27,78
27,78
25,00
22,22
22,22
22,22
22,22
19,44
16,67
13,89
11,11

8,33

5,56

2,78

0,00

95% ClI
90,2 - 100,0
90,2 - 100,0
90,2 - 100,0
90,2 - 100,0

85,4-99,5
81,3-99,2
81,3-99,2
81,3-99,2
77,5-98,2
77,5-98,2
77,5-98,2
73,9 - 96,8
73,9 - 96,8
73,9-96,8
73,9-96,8
73,9-96,8
73,9 - 96,8
73,9 - 96,8
73,9-96,8
73,9-96,8
73,9 - 96,8
70,5-95,3
70,5-95,3
70,5-95,3
67,2 - 93,6
64,0-91,8
60,8 - 89,9
60,8 - 89,9
57,8 - 87,9
54,8 - 85,8
51,9 - 83,6
49,0-81,4
46,2-79,2
43,5-76,8
40,8 - 74,5
38,1-72,1
38,1-72,1
35,5-69,6
35,5-69,6
32,9-67,1
30,4 - 64,5
27,9-61,9
25,5-59,2
23,2-56,5
20,8 - 53,8
20,8 - 53,8
20,8-53,8
18,6 - 51,0
16,4 - 48,1
14,2 - 45,2
14,2 - 45,2
14,2 - 45,2
12,1-42,2
10,1 - 39,2
10,1 - 39,2
10,1 - 39,2
10,1-39,2
8,2-36,0
6,4-32,8
4,7-29,5
3,2-26,1
1,8-225
0,8-18,7
0,5-14,6
0,0-9,8

+LR

3,86
1,93
2,57
321
2,14
2,57
3,00
2,25
2,57
2,89
3,21
3,54
3,86
418
450
482
5,14
411
437
463
3,86
331
2,89
3,05
2,71
2,44
2,22
2,04
1,88
1,74
1,63
1,53
1,61
1,51
1,59
1,50
1,42
1,35
1,29
1,23
1,17
1,23
1,29
1,23
1,18
1,14
1,19
1,24
1,19
1,15
1,19
1,24
1,29
1,24
1,20
1,16
1,12
1,09
1,06
1,03
1,00

95% CI

1,3-11,3
0,7-5,6
1,0-6,4
14-71
1,0-4,8
1,3-53
1,6-57
1,2-43
1,4-4,7
1,7-5,0
1,9-54
2,2-57
25-6,0
2,8-6,3
31-6,6
34-69
3,7-7.2
2,9-58
32-6,1
34-63
28-53
2,4-45
2,1-4,0
2,2-4.2
2,0-3,7
18-34
1,6-31
14-29
1,3-27
12-25
11-24
1,0-2.2
1,1-23
1,0-2.2
11-23
1,0-2,2
09-21
09-21
0,8-2,0
0,8-1,9
0,7-1,9
0,8-2,0
08-21
0,8-2,0
0,7-2,0
0,7-2,0
0,7-2,1
0,7-2,1
0,7-2,1
06-21
0,6-2,2
0,7-23
0,7-2,4
06-24
06-25
05-2,6
04-28
0,4 -3,2
0,3-4.1
01-7,1

1,00
0,96
0,93
0,89
0,92
0,95
0,91
0,87
0,90
0,86
0,82
0,84
0,80
0,76
0,72
0,68
0,64
0,60
0,56
0,52
0,48
0,50
0,46
0,41
0,43
0,44
0,46
0,41
0,43
0,45
0,46
0,48
0,50
0,53
0,55
0,58
0,51
0,54
0,47
0,50
0,53
0,56
0,60
0,64
0,69
0,59
0,49
0,54
0,58
0,64
0,51
0,39
0,43
0,48
0,32
0,16
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

95% ClI

0,1-64
0,2-3,7
0,2-35
0,2-34
0,3-27
0,3-2,6
0,3-25
0,3-2,2
03-2,1
0,3-2,0
0,3-1,9
03-1,8
02-1,7
0,2-1,6
0,2-15
02-14
02-13
02-1,2
02-1,2
02-1,1
0,2-1,0
0,2-1,0
0,2-1,0
0,2-0,9
0,2-0,9
0,2-0,9
0,2-1,0
0,2-1,0
0,3-1,0
0,3-1,0
03-1,1
03-11
0,3-1,0
03-1,1
0,2-1,0
0,2-1,0
03-11
03-11
03-1,2
03-1,3
03-1,4
03-1,3
02-1,1
02-1,2
03-13
03-15
02-1,3
01-11
01-13
02-14
0,08-1,2
0,02-1,1
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ROC curve
Variable miRNA-363_delta_ct
delta ct
Classification variable Diagnosis
Positive group
Diagnosis =1
Sample size 28
Negative group
Diagnosis =0
Sample size 36
| Disease prevalence (%) | 43,7
Area under the ROC curve (AUC) 0,703
Standard Error 0,0646

95% Confidence Interval

0,576t0 0,811

Z statistic 3,149
Significance level P (Area=0.5) 0,0016 :
Criterion values and coordinates of the ROC curve [Hide]

Criterion | Sensitivity | 95% CI = Specificity | 95% CI = +LR | 95% ClI -LR | 95% ClI +PV | 95% CI -PV | 95% CI

<-1,14 0,00 0,0- 100,00 90,2 - 1,00 56,2 43,3 -
12,5 100,0 68,6

<=-1,14 3,57 0,6 - 100,00 90,2 - 0,96 100,0 16,5 - 57,1 44,0 -
18,4 100,0 100,0 69,5

<=-0,98 3,57 0,6 - 97,22 854- i 1,29 0,2- i 0,99 01- 50,0 8,2- 56,5 43,3 -
18,4 99,5 8,8 6,9 91,8 69,0

<=0,15 3,57 0,6 - 94,44 81,3- : 0,64 0,09- : 1,02 0,3- 33,3 55- 55,7 42,4 -
18,4 99,2 4,4 3,9 88,4 68,5

<=0,16 3,57 0,6 - 91,67 775- 1 043 0,06- : 1,05 0,4 - 25,0 4,1 - 55,0 41,6 -
18,4 98,2 2,9 3,1 79,7 67,9

<=0,23 7,14 1,1- 91,67 775- ¢ 0,86 0,2- : 1,01 0,3- 40,0 6,5 - 55,9 42,4 -
23,5 98,2 3,3 3,0 84,6 68,8
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<=2,56 10,71 24 - 91,67 . 77,5- @ 1,29 04- 097 03- 500 @ 124- 569 @ 432-
28,3 98,2 3,8 2,9 87,6 69,8
<=2,58 14,29 41- 91,67 | 775- 171 07- 094 03-: 571 | 188- 57,9 . 441-
32,7 98,2 43 2,8 89,6 70,9
<=2,66 17,86 6.1- 91,67 . 77.5- 214 1,0- 0,90 03- 625 247- 589 @ 450-
36,9 98,2 48 2,7 91,0 71,9
<=2,72 21,43 8,3- 01,67 | 77.5- 2,57 13- 70,86 03- 667 | 301- 600  459-
41,0 98,2 53 2,6 92,1 73,0
<=2,86 2500 | 10,7 - 91,67 . 775- . 3,00 16- 082 03- 700 | 348- 611 . 469-
44,9 98,2 5,7 2,5 93,0 74,1
<=2,96 2857 . 13,3- 91,67 | 77.5- 343 19- 078 03- 727 0 391- 623 479-
48,7 98,2 6,2 2,4 93,7 75,2
<=2,99 2857 13,3- 88,80 . 73.9- 2,57 140,80 03- 667 | 349- 615 470-
48,7 96,8 4,7 21 89,9 74,7
<=3.42 3214 159- 8889 = 739- 289 17- 076 03- 692 | 386- 627 481-
52,3 96,8 5,0 2,0 90,7 75,9
<=4,16 3571 18,7- 88,890 . 739- 321 19- 072 03- 71,4 | 419- 640  492-
55,9 96,8 54 19 91,4 771
<=4,37 3929 1 215- 88,89 . 739- 354 22-7068 03- 733 449 653 504-
59,4 96,8 57 18 92,0 78,3
<=455 4286 | 245- 8889 = 739-  3.86 25- 064 02- 750 | 476- 667 . 516-
62,8 96,8 6,0 17 92,6 79,6
<=4,66 4643 275- 88,80 . 73,9- 4,18 28- 0,60 02- 765 | 501- 681 529-
66,1 96,8 6.3 16 93,0 80,9
<=5,08 50,00 . 30,7 - 88,89 . 73,9- 4,50 31- 056 02- 778 524- 696  542-
69,3 96,8 6,6 15 93,5 82,2
<=52 53,57 . 33,9- 8889 = 739- 482 34- 052 02- 789 | 544- 711 557-
72,5 96,8 6,9 14 93,8 83,6
<=5,45 53,57 . 33,9- 86,11 . 705- = 3,86 27- 054 02- 750 | 509- 705 548-
72,5 95,3 56 13 91,2 83,2
<=6,08 53,57 | 33,9- 83,33 . 67,2- 321 22- 056 02- 71,4 478 698 539-
72,5 93,6 4,7 13 88,6 82,8
<=6,47 53,57 = 33,9- 80,56 . 64,0- 276 19- 058 03- 682  451- 690 @ 529-
72,5 91,8 4,0 13 86,1 82,4
<=6,49 5357 . 33,9- 77,78 608- 241 16- 060 03- 652 | 427- 683  519-
72,5 89,9 3,5 12 83,6 81,9
<=6,55 5714 37,2- 7778 60.8- | 2,57 18- 055 03- 867 | 447 700  535-
75,5 89,9 3,7 12 84,3 83,4
<=6,63 60,71 = 40,6 - 77,78 608- 273 19- 051 02- 680 | 465- 718 | 551-
78,5 89,9 3,9 11 85,0 85,0
<=715 64,29 44.1- 77,78 608- 289 21- 046 02- 692 | 482- 737  569-
81,3 89,9 4,0 1,0 85,6 86,6
<=752 64,29 441 7500 | 57.8- 2,57 18- 048 02- 667 | 460- 730 < 559-
81,3 87,9 3,6 1,0 83,4 86,2
<=7,67* 67,86 «  47,7- 7500 | 578- 271 20- 043 02- 679 | 477- 750 . 578-
84,1 87,9 3,7 0,9 84,1 87,9
<=7,84 67,86 = 47,7- 7222 548- 244 18- 045 02- 655 | 457- 743 567-
84,1 85,8 3.4 0,9 82,0 87,5
<=8,13 67,86 47,7- 6944 | B19- | 2,22 16- 046 02- 633 | 439- 735  556-
84,1 83,6 3,1 1,0 80,0 87,1
<=8,48 67,86 «  47,7- 66,67 | 49,0- . 2,04 14- 048 02- 61,3 | 422- 727 545-
84,1 81,4 2,9 1,0 78,1 86,7
<=8,54 67,86 = 47,7- 63,89 | 462- 188 13- 050 03- 594 | 407- 719 533-
84,1 79,2 27 1,0 76,3 86,2
<=8,89 67,86 . 47,7- 6111 . 435- 174 127053 03- 576 | 392- 710  520-
84,1 76,8 25 1,0 74,5 85,7
<=9,39 67,86 «  47,7- 5833 . 40,8- | 1,63 11- 055 03- 559 | 379- . 700 @ 506-
84,1 74,5 2.4 11 72,8 85,2
<=10,42 71,43 51,3- 5833 . 40,8- & 171 1,2- 049 02- 571 0 394- 724  528-
86,7 74,5 25 1,0 73,7 87,2
<=10,48 7143 13- 55,56 . 38,1- @ 1,61 11- 7051 03- 556 | 381- 714  513-
86,7 72,1 23 1,0 72,1 86,7
<=10,54 71,43 51,3- 52,78 . 355- . 151 10- 054 03- : 541 | 369- 704 . 498-
86,7 69,6 2.2 11 70,5 86,2
<=10.,6 75,00 . 551- 52,78 . 355- . 1,59 11- 047 02- 553 | 383- 731  522-
89,3 69,6 23 1,0 71,4 88,4
<=11,07 7500 551 50,00 . 32,9- 1,50 10- 0,50 02- 538 0 372- 720  506-
89,3 67,1 2,2 1,0 69,9 87,9
<=12,04 7500 . 551- 47,22 304 1,42 09- 053 03- 525 . 361- 708 @ 489-
89,3 64,5 2.1 11 68,5 87,3
<=12,66 7500 . 551- 4444 279- 1,35 09- 056 03- 51,2 | 351- 696 @ 471-
89,3 61,9 21 11 67,1 86,7
<=13,13 7500 551 21,67 1 255- 1,29 0,8- 0,60 03- 500 | 342- "e82 a51-
89,3 59,2 2,0 1.2 65,8 86,1
<=13,62 7500 | 551- 38,89 | 232- 1,23 08- 064 03- 488 | 333- 667 430-
89,3 56,5 1,9 13 64,5 85,4
<=14,86 7857 . 59,0- 38,89 . 232- 1,29 08- 055 03- 50,0 | 346- 700 @ 457-
91,7 56,5 2,0 12 65,4 88,0

80




<=14,97 7857 . 59,0- 3611 @ 20,8- & 1,23 08- : 059 03- 489 @ 337- 684 435-
91,7 53,8 2,0 13 64,2 87,3
<=15,15 7857 . 59,0- 3333 186- : 1.18 07- 064 03-: 478 0 329- 667 . 410-
91,7 51,0 1,9 14 63,1 86,6
<=15,3 7857 . 59,0- 3056  164- 1,13 0,7- 070 03- 468 | 321- 647 384-
91,7 48,1 1,9 15 61,9 85,7
<=15,46 82,14 631- 30,56 . 164- & 1,18 0,7- 058 03- 479 0 333- e87  414-
93,9 48,1 2,0 13 62,8 88,9
<=16.1 8571 . 67,3- 3056 | 16,4- | 1,23 0,7- 047 02- 1 490 344- " 733 449-
95,9 48,1 2.1 12 63,7 92,0
<=17,02 89,29 . 71,7- 3056 . 164- 1,29 08- 035 01- 500 | 355- 786 @ 492-
97,6 48,1 2,1 1,0 64,5 95,1
<=17,99 89,20 71,7- 27,78 142° 124 0,7- 0,39 01- 490 0 348- 769 462-
97,6 452 2,1 11 63,4 94,7
<=18,47 89,29 | 71,7- 2500 | 121- 1 1,19 0,7- 043 01- 481 | 340- 750 @ 428-
97,6 42,2 2.1 13 62,4 94,2
<=19,75 92,86 = 76,5- 2500 | 121- 124 07- 029 | 007- 491 @ 351- 818 482-
98,9 422 2,2 11 63,2 97,2
<=19,98 92,86 76,5- 2222 7101 1,19 06- 032 008- 481  343- 800  444-
98,9 39,2 2.2 12 62,2 96,9
<=20,06 92,86 = 76,5- 19,44 82- 115 06- 037 01- 473 337- 778 401-
98,9 36,0 23 14 61,2 96,5
<=20,17 92,86 = 76,5- 16,67 64- 111 05- 043 01- 464 | 330- 750 . 350-
98,9 32,8 23 16 60,3 96,1
<=20,26 96,43 81,6- 16,67 64- 116 06- 021 | 003- 474 3a0- 857 a22-
99,4 32,8 2.4 15 61,0 97,6
<=20,34 96,43 = 81,6- 13,89 47112 05- 026 | 004- 466 @ 333- 833 361-
99,4 29,5 25 18 60,1 97,2
<=20,39 100,00 . 87,5- 13,89 47- 116 05- . 0,00 475 343- 1000 | 480-
100,0 29,5 2,6 60,9 100,0
<=22,38 100,00 | 87,5- 11,11 32- 112 04- 0,00 46,7 337- 71000 0 40,2-
100,0 26,1 28 60,0 100,0
<=22,42 100,00 | 875- 8,33 18- 1,09 04- 000 459 331- 1000 | 305-
100,0 22,5 3,2 59,1 100,0
<=22,96 100,00 | 875- 5,56 08- 1,06 0,3- 0,00 452 325- 1000 | 193-
100,0 18,7 41 58,3 100,0
<=23.74 100,00 | 87,5- 2,78 05- 1,03 01- 0,00 444 31,9- 1000 | 165-
100,0 14,6 71 57,5 100,0
<=25,08 100,00 | 875- 0,00 0,0- : 1,00 437 0 31,4-
100,0 9,8 56,7
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Classification variable

diagnosis

Positive group
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=1

Sample size

28

Negative group

diagnosis

=0

Sample size

36

Disease prevalence (%)

I unknown

Area under the ROC curve (AUC)

0,951 !

Standard Error

0,0269

95% Confidence Interval

0,866 t0 0,989

z statistic

16,772

Significance level P (Area=0.5)

0,0001

Criterion values and coordinates of the ROC curve [Hide]
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Criterion Sensitivity 95% ClI Specificity 95% ClI +LR 95% CI -LR 95% CI
<-13,59 0,00 0,0-125 100,00 90,2 - 100,0 1,00

<=-13,59 3,57 0,6-18,4 100,00 | 90,2 -100,0 0,96

<=-12,22 714 1,1-235 100,00 : 90,2 - 100,0 0,93

<=-9,89 10,71 2,4-283 100,00 : 90,2 - 100,0 0,89

<=-9,87 14,29 41-32,7 100,00 | 90,2 - 100,0 0,86

<=-9,79 17,86 6,1-36,9 100,00 | 90,2 -100,0 0,82

<=-9,73 21,43 8,3-41,0 100,00 | 90,2 - 100,0 0,79

<=-9,59 25,00 10,7 - 44,9 100,00 : 90,2 - 100,0 0,75

<=-9,49 28,57 13,3-48,7 100,00 : 90,2 - 100,0 0,71

<=-9,03 32,14 15,9-52,3 100,00 | 90,2 -100,0 0,68

<=-8,29 35,71 : 18,7 - 55,9 100,00 | 90,2 -100,0 0,64

<=-8,08 39,29 21,5-59,4 100,00 | 90,2 - 100,0 0,61

<=-7,9 42,86 : 24,5-62,8 100,00 : 90,2 - 100,0 0,57

<=-7,79 46,43 27,5-66,1 100,00 ;| 90,2 - 100,0 0,54

<=-7,37 50,00 : 30,7-69,3 ! 100,00 |  90,2-100,0 : 0,50

<=-7,25 53,57 : 33,9-725 100,00 | 90,2 -100,0 0,46

<=-59 57,14 37,2-755 100,00 : 90,2 - 100,0 0,43

<=-5,82 60,71 40,6 - 78,5 100,00 : 90,2 - 100,0 0,39

<=-5,3 64,29 : 44,1-81,3 100,00 ;| 90,2 - 100,0 0,36

<=-4,78 67,86 : 47,7-84,1 100,00 |  90,2-100,0 : 0,32

<=-2,03 71,43 51,3- 86,7 100,00 | 90,2 -100,0 0,29

<=-1,85 75,00 55,1 - 89,3 100,00 : 90,2 - 100,0 0,25

<=-0,98 75,00 55,1 - 89,3 97,22 85,4 - 99,5 27,00 21,6-33,7 0,26 0,03-2,0
<=0,15 75,00 55,1 - 89,3 94,44 81,3- 99,2 13,50 10,7 - 17,0 0,26 0,06-1,2
<=0,16 75,00 : 55,1-89,3 91,67 : 77,5-98,2 9,00 71-11,4 0,27 0,08-1,0
<=0,68 75,00 : 55,1 - 89,3 88,89 73,9 - 96,8 6,75 53-8,6 0,28 0,09-0,9
<=2,41 78,57 59,0-91,7 88,89 73,9 - 96,8 7,07 5,6 -8,9 0,24 0,08-0,8
<=2,99 78,57 59,0-91,7 86,11 : 70,5 - 95,3 5,66 45-7,1 0,25 0,08-0,7
<=3,01 82,14 63,1-93,9 86,11 : 70,5 - 95,3 591 48-73 0,21 0,07-0,6
<=3,65 85,71 : 67,3-95,9 86,11 : 70,5 - 95,3 6,17 51-75 0,17 0,05-0,6
<=4,57 * 89,29 ! 71,7-97,6 86,11 70,5-95,3 6,43 54-7,7 0,12 0,03-0,5
<=5,45 89,29 71,7-97,6 83,33 67,2 - 93,6 5,36 44-6,5 0,13 0,04-0,5
<=6,08 89,29 71,7-97,6 80,56 64,0-91,8 4,59 3,7-5,6 0,13 0,04-0,5
<=6,47 89,29 71,7-97,6 77,78 60,8-89,9 | 4,02 ! 32-50 | 014 : 0,04-0,5
<=6,49 89,29 71,7-97,6 75,00 : 57,8-87,9 3,57 28-45 0,14 0,04-0,5
<=73 92,86 76,5 - 98,9 75,00 57,8-87,9 3,71 3,0-4,6 0,095 0,02-0,4
<=7,52 92,86 76,5 - 98,9 72,22 54,8 - 85,8 3,34 2,7-4,2 0,099 0,02-0,4
<=7,81 96,43 81,6 - 99,4 72,22 54,8 - 85,8 3,47 2,8-4,3 0,049 0,007 -0,4
<=7,84 96,43 81,6-99,4 69,44 : 51,9-836 : 3,16 ! 25-40 | 0051 : 0,007-04
<=7,94 100,00 |  87,5-100,0 69,44 : 51,9-83,6 3,27 2,6-41 0,00

<=8,13 100,00 |  87,5-100,0 66,67 49,0 - 81,4 3,00 2,4-38 0,00

<=8,48 100,00 |  87,5-100,0 63,89 ' 46,2 - 79,2 2,77 2,2-35 0,00

<=8,54 100,00 |  87,5-100,0 61,11 43,5-76,8 2,57 2,0-33 0,00

<=8,89 100,00 |  87,5-100,0 58,33 : 40,8 - 74,5 2,40 1,8-3.2 0,00

<=9,39 100,00 :  87,5-100,0 55,56 38,1-72,1 2,25 1,7-3,0 0,00

<=10,48 100,00 |  87,5-100,0 52,78 35,5- 69,6 2,12 1,6-29 0,00

<=10,54 100,00 |  87,5-100,0 50,00 : 32,9-67,1 2,00 1,4-28 0,00

<=11,07 100,00 |  87,5-100,0 47,22 30,4 - 64,5 1,89 13-2,7 0,00

<=12,04 100,00 |  87,5-100,0 44,44 27,9-61,9 1,80 12-2,6 0,00

<=12,66 100,00 :  87,5-100,0 41,67 : 25,5-59,2 1,71 1,2-25 0,00

<=13,62 100,00 |  87,5-100,0 38,89 23,2-56,5 1,64 11-25 0,00

<=14,97 100,00 |  87,5-100,0 36,11 20,8-53,8 1,57 1,0-24 0,00

<=15,15 100,00 : 87,5-100,0 : 33,33 186-510 | 150 09-24 : 000 :

<=15,3 100,00 |  87,5-100,0 30,56 : 16,4 - 48,1 1,44 09-24 0,00

<=17,99 100,00 |  87,5-100,0 27,78 14,2 - 45,2 1,38 0,8-2,3 0,00

<=18,47 100,00 |  87,5-100,0 25,00 : 12,1-42,2 1,33 0,8-2,3 0,00

<=19,98 100,00 |  87,5-100,0 22,22 10,1-39,2 1,29 0,7-24 0,00

<=20,06 100,00 |  87,5-100,0 19,44 : 8,2-36,0 1,24 0,6-24 0,00

<=20,17 100,00 :  87,5-100,0 16,67 : 6,4-32,8 1,20 0,6-25 0,00

<=20,34 100,00 |  87,5-100,0 13,89 4,7-295 1,16 0,5-2,6 0,00

<=22,38 100,00 |  87,5-100,0 11,11 ¢ 3,2-26,1 1,12 04-28 0,00

<=22,42 100,00 |  87,5-100,0 8,33 ! 1,8-225 1,09 04-32 0,00

<=22,96 100,00 |  87,5-100,0 556 0,8-18,7 1,06 03-41 0,00

<=23,74 100,00 |  87,5-100,0 2,78 0,5-14,6 1,03 01-71 0,00

<=25,08 100,00 |  87,5-100,0 0,00 : 0,0-9,8 1,00
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Area under the ROC curve (AUC)
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Significance level P (Area=0.5)
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Criterion Sensitivity 95% CI | Specificity 95% ClI +LR 95% CI -LR 95% CI
>=-17,38 100,00 : 87,5-100,0 0,00 0,0-9,8 1,00

>.17,38 100,00 | 87,5-100,0 2,78 0,5-14,6 1,03 01-71 0,00

>-16,46 100,00 : 87,5-100,0 5,56 0,8-18,7 1,06 0,3-4,1 0,00

>.15,91 100,00 | 87,5-100,0 8,33 1,8-22,5 1,09 0,4-3.2 0,00

>.15,54 100,00 | 87,5-100,0 : 11,11 | 32-261 | 1,12 | 04-28 : 0,00 :

>.15,51 100,00 : 87,5-100,0 : 1389 | 47-295 : 1,16 | 05-2,6 : 0,00 :

>-14,1 100,00 : 87,5-100,0 : 16,67 | 64-328 @ 120 | 06-25: 0,00 :

>-13,98 100,00 : 87,5-100,0 : 1944 ¢ 82-360 : 124 i 06-24 i 0,00 :

>-13,9 100,00 | 87,5-100,0 : 22,22 © 10,1-392 : 1,29 | 0,7-24 . 0,00 :

>.13,85 100,00 | 87,5-100,0 : 2500 | 12,1-422 | 133 : 08-23 : 0,00 :

>12,8 100,00 : 87,5-100,0 : 27,78 | 142-452 ¢ 138 | 08-23 : 0,00 :

>-12,47 100,00 : 87,5-100,0 : 30,56 | 16,4-481 : 1,44 : 09-24 : 0,00 :

>-10,61 100,00 : 87,5-100,0 : 3333 | 186-510 : 150 : 09-24 : 0,00 :

>.10,5 100,00 | 87,5-100,0 : 36,11 | 208-538 : 1,57 i 1,0-24 i 0,00 :

>.10,38 100,00 : 87,5-100,0 : 38,89 | 232-565 : 164 i 1,1-25 : 0,00 :

>-9,44 100,00 : 87,5-100,0 : 41,67 | 255-59,2 i 1,71 ¢ 1,2-25 ¢ 0,00 :

>-8,78 100,00 : 87,5-100,0 : 4444 ¢ 279-619 ¢ 180 : 12-26 : 0,00 :

>-8,35 100,00 | 87,5-100,0 : 47,22 . 304-645 : 189 . 13-27 : 0,00 :

>.7,67 100,00 | 87,5-100,0 : 50,00 | 329-671 : 200 : 14-28 i 0,00 :

>.7,31 100,00 : 87,5-100,0 : 52,78 | 355-69,6 : 212 : 16-29 ! 0,00 :

>-7,26 100,00 : 87,5-100,0 : 5556 ¢ 381-721 : 225 : 17-30 : 0,00 :

>-6,51 100,00 | 87,5-100,0 : 58,33 | 40,8-745 : 240 i 18-32 : 0,00 :

>-6,16 100,00 | 87,5-100,0 : 61,11 | 435-768 : 257 | 20-33 0,00 :

>-5,92 100,00 : 87,5-100,0 : 6389 | 462-792 | 277 i 22-35: 000 :

>.5,88 100,00 : 87,5-100,0 : 66,67 49,0 - 81,4 300 0 24-38 : 0,00 :

>.5,64 100,00 : 87,5-100,0 : 69,44 51,9 - 83,6 3,27 26-41 i 0,00 : i
>.55 96,43 | 81,6-994 69,44 | 519-836 : 3,16 25-4,0 : 0,051 : 0,007-04 :
>.5,43 96,43 : 81,6-99,4 : 72,22 | 54,8-858 | 347 28-4,3 | 0,049 : 0,007-04
>.5,41 92,86 76,5-98,9 72,22 54,8 - 85,8 334 ¢ 27-42 (0099 | 002-04 :
>.521 92,86 76,5-98,9 75,00 57,8-87,9 371 3,0-46 : 0095 : 0,02-04 :
>-5,06 89,29 71,7-97,6 : 75,00 57,8-87,9 3,57 2,8-4,5 0,14 i 0,04-05 :
>4,5 89,29 | 71,7-97,6 : 77,78 © 60,8-89,9 | 4,02 3,2-5,0 0,14 : 0,04-05 :
>-4,48 89,29 | 71,7-97,6 80,56 | 64,0-91,8 | 4,59 3,7-56 0,13 | 0,04-05 :
>-4,21 89,29 71,7-97,6 83,33 67,2 - 93,6 536 | 44-65 : 013 0,04-0,5
>.3,78 * 89,29 71,7-97,6 : 86,11 70,5- 95,3 643 | 54-7,7 i 0,12 0,03-05
>-3,17 8571 | 67,3-959 86,11 70,5- 95,3 617 | 51-75 : 017 : 0,05-06 :
>.2,53 82,14 . 63,1-939 : 86,11 70,5 - 95,3 591 ¢ 48-73 021 : 007-06 :
>-2,09 78,57 | 59,0-91,7 ! 86,11 | 705-953 : 566 : 45-71 : 025 : 0,08-0,7 :
>.2,07 7857 : 59,0-917 : 8889 | 739-968 : 7,07 i 56-89 : 024 : 008-08 :
>-1,67 75,00 | 551-893 88,89 | 739-968 : 675 : 53-86 : 028 : 009-09 :
>-0,47 75,00 | 55,1-893 91,67 | 775-982 : 9,00 : 71-11,4 : 027 : 0,08-1,0 :
>-0,11 75,00 | 55,1-893 : 94,44 © 81,3-99,2 : 1350 : 10,7-17,0 : 0,26 : 0,06-12 :
>.0,1 7500 : 551-89,3 : 97,22 | 854-995 : 27,00 : 21,6-33,7 | 026 : 0,03-20 :
>0,68 75,00 | 551-893 100,00 : 90,2-100,0 : i i 0,25 ¢ :
>1,28 71,43 | 51,3-86,7 : 100,00 : 90,2 -100,0 : 0,29

>1,41 67,86 | 47,7-84,1 100,00 : 90,2-100,0 : 0,32

>3,31 64,29 | 44,1-813 : 100,00 : 90,2-100,0 : 0,36 !

>3,67 60,71 : 40,6-785 : 100,00 : 90,2-100,0 : 0,39 !

>4,03 57,14 i 37,2-755 100,00 : 90,2 -100,0 : 043

>4,09 53,57 | 33,9-725 100,00 : 90,2 -100,0 : 0,46

>5,02 50,00 | 30,7-69,3 : 100,00 : 90,2 -100,0 : 0,50

>5,11 46,43 © 27,5-66,1 : 100,00 : 90,2-100,0 : 0,54 !

>5,4 4286 | 245-628 : 100,00 : 90,2-100,0 : 0,57 !

>5,47 39,29 | 215-594 : 100,00 : 90,2 -100,0 : 0,61 :

>56 3571 | 18,7-559 100,00 : 90,2 -100,0 : 0,64 :

>5,75 32,14 : 159-523 : 100,00 | 90,2 -100,0 : 0,68 !

>6,26 2857 | 13,3-487 : 100,00 : 90,2-100,0 : 0,71

>6,58 2500 : 10,7-449 : 100,00 : 90,2-100,0 : 0,75 !

>6,65 21,43 | 83-410 100,00 : 90,2 -100,0 : 0,79

>6,74 1786 ¢ 6,1-369 100,00 | 90,2-100,0 : 0,82

>6,78 14,29 | 41-327 : 100,00 : 90,2 -100,0 : 0,86 :

>6,84 10,71 © 2/4-283 : 100,00 : 90,2-100,0 : 0,89 !

>6,85 714 ¢ 1,1-235 100,00 : 90,2 -100,0 : 0,93 !

>8,47 357 0 06-184 100,00 i 90,2 -100,0 : 0,96 :

>9,42 0,00 | 0,0-125 100,00 i 90,2-100,0 : 1,00
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FORMS

YEDITEPE UNIVERSITESI
OLGU RAPOR FORMU

CALISMANI ADI: Glioblastoma Multiforme Tiimérlerinde miRNA 582-5p ve miRNA 363’(in
Ekspresyon Diizeylerinin Kaspaz-9 Uzerine Etkisi

CALISMAYA / ARASTIRMAYA DAHIL EDILME KRITERLERI
Deney Grubu igin ;

e Gonilli Olma
o Glioblastoma Multiforme hastasi olma
e 18 -70 yas araliginda olma
e Yukarida belirtilenler haricinde bir hastaliga sahip olmama
Kontrol Grubu igin ;
e Gonulli olma
o Saglikli olma (yukarida belirtilenlerde dahil olmak tizere highir hastaliga sahip olmama)

o 18 -70 yas aralijinda olma

CALISMAYA /ARASTIRMAYA DAHIL EDILMEME KRITERLERI

o GOnulli olmama
e 1870 yas araligi disinda olma

o Yukarida belirtilenler disinda bir hastaliga sahip olma

Sorumlu Arastirmaci
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Asgari Bilgilendirilmis Goniillii Olur Formu

Saym Hastamiz,

Bu belge bilgilendirilme ve aydinlatilmig onam haklarimzdan yararlanabilmenizi
amaglamaktadir.

Size gerceklestirilebilecek klinik aragtirmalar amagli girisimler konusunda, tiim se¢enekler
ile bu girisimlerin yarar ve muhtemel zararlari konusunda anlayabileceginiz sekilde bilgi
alma hakkiniz ve bir kopyasm isteme hakkimz vardur.

Yasal ve tibbi zorunluluk tasiyan durumlar diginda bilgilendirmeyi reddedebilirsiniz.
Yazili bildirmek kosulu ile bilgi almama veya yerinize giivendiginiz bir kimsenin
bilgilendirilmesini talep etme hakkina sahipsiniz.

klinik arastirmalara katihm konusunda bilgilendirildikten sonra bunu kabul edebilirsiniz.
Ya da karar verebilmek i¢in uygun zaman talep edebilirsiniz.

Hayatiniz veya hayati organlariniz tehlikede olmadigr siirece onaminiz (yazih talep etme
kosulu ile) dilediginiz zaman geri alabilir ya da onceden kabul etmediginiz herhangi bir
tani/tedavi amagh girisimi tekrar talep edebilirsiniz.

Hastanemizde verilen hizmetleri Hastane Tamitim Brosiiriinden edinebilirsiniz. Ayrica

Hastane personeli hakkinda http://www.yeditepe.edu.tr web sayfasindan daha detayh
bilgilere ulasabilirsiniz.

Burada belirtilenlerden bagka sorulariniz varsa bunlart yanitlamak gorevimizdir.

TANIMLAMA

. Arastrmanin Adi: Glioblastoma Multiforme Tiimérlerinde miRNA 582-5p ve
miRNA 363’iin Ekspresyon Diizeylerinin Kaspaz-9 Uzerine Etkisi

. Arastirmaya Katilimer Sayist: 100

Bu arastirmanin Amaci:

Primer malign beyin tiimorleri 2 yillik ortalama sagkalim siiresi ile 6liime sebebiyet veren
neoplaziler grubunda nemli yere sahiptir. Glioblastoma multiforme (GBM), santral sinir
sisteminin en sik goriilen ve en malign glial timériidiir. GBM, malign astrositomlarmn
%80’ini olusturur ve sagkalim siiresi en kisa olan tiimérlerden biridir. Standart tedavi ile
tan1 konulmasii takiben ortalama sagkalim siiresi 14-16 aydir. Yapilan galismalar
gostermistir ki 3 yildan fazla yasam siiresine sahip hastalarin oram tiim hastalarin %2-3
kadaridur.
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MikroRNA (miRNA)'ar son yillarda ortaya gikan, 18-24 niikleotid uzunlugunda kiigiik
kodlama yapmayan (noncoding) ve biiyiik bir gogunlugu hiicre iginde bulunmakla birlikte
ekstraselliiler alanda, viicut sivilarinda ve kanda bulunabilen RNA molekiilleridir.
miRNA'lar hiicre proliferasyonu, farklilagmasi, metabolik siireler, apoptoz, inflamasyon
ve immiinolojik siireglerin  diizenlenmesi  gibi  yolaklarda  diizenleyicidirler.
Cesitli galismalarda yapilan gézlemler, insan plazmasinda bulunan miRNA'larin yiiksek
bir stabiliteye sahip oldugunu ve bu Orneklerde yapilan miRNA ekspresyon kalibi
analizinin cesitli hastaliklarin durumlan hakkinda yararli bilgiler sunabilecegini ortaya
koymustur.

Son zamanlarda, miRNA'larin tiimér biiylimesi ve sag kaliminda kilit faktor olarak ortaya
¢ikmasi, normal beyin dokusuna kiyasla farkli tiplerdeki glioblastomlarda miRNA
ekspresyon seviyelerinin degerlendirilmesine yol agmustir. Sinir kok hiicreleri (NSC)
kullanilarak yapilan galigmalar, noral gelisimde yer alan miRNA'larin GBM gelisiminde
rol oynadigini ve bilinen miRNA'larin % 70'inin beyinde ifade edildigini gostermistir.

Bu tez ¢ahigmasmin da hedef miRNA’lari olan miRNA 582-5p ve miRNA 363’iin
onkojenik potansiyele sahip oldugu, GBM nérosfer kok hiicre hatlari tizerinde yapilan
calismalarla gosterilmistir. Ayrica miRNA ile tedavi edilen hiicre hatlarmda apoptotik
aktivitede bir azalma goézlemlenmistir. Elde edilen bu sonuglar, miRNA 582-5p ve
miRNA 363iin anti apoptotik etki mekanizmasini desteklemektedir.

Gergeklestirilen biyoinformatik calismalar ve literatiirden elde edilen bilgiler 151§inda bu
tez ¢alismasi kapsaminda; GBM tanisi almig hastalardan alinacak ornekler tizerinde,
apoptotik etki mekanizmasi gosterilmis olan miRNA 582-5p ve miRNA 363’{in
ekspresyon seviyeleri belirlenerek, kontrol grubu ile ekspresyon diizeyi agisindan bir fark
olup olmadig: saptanarak aragtirmaya konu olan miRNA’larm ekspresyon diizeylerinin
kaspaz-9 aktivitesi iizerine olan etkisinin arastirilmasi hedeflenmistir.

Siiresi: 1 Yil
Izlenecek Yontem/Yontemler:

Tez ¢alismasi kapsamimda hasta (n=50) ve kontrol (n=50) grubu olmak tizere iki gruptan
olusmast planlanmistir. Glioblastoma multiforme tanist almis goniillii kisilerden ve kontrol
grubunu olugturacak saglikli goniilliilerden kan ornekleri alinacaktir. Alinan kan Grnekleri
calismaya kadar +4°C’de saklanacaktir. iPrep DNA ekstraksiyon robotu ile kan drneklerinden
genomik DNA izolasyonu yapilacaktr.

miRNA izolasyonu igin hasta ve kontrol grubundan alinan kanlar 4500 rpm’de 15 dakika
boyunca santrifiij edilecek ve elde edilen serumlar calisma yapilana kadar -80’°de
saklanacaktir. miRNA izolasyonu igin Qiagen serum plazma kiti kullanilacaktir. Elde edilen
miRNA’larmn safligi i¢in ise Nanodrop 2000 ve diizeylerinin belirlenmesi i¢in flurometre
(Qubit 3) kullanilacaktir. miRNA ekspresyon seviyesi 7500 gergek zamanli PZR kullanilarak
dlciilecektir. Calismanin istatistiki analizi igin SPSS 24.0 stirtimii kullanilacak. Anlamlihk
seviyesi p< 0.05 kabul edilecektir.

Aragtirma Sonunda Beklenen Fayda

Glioblastoma Multiforme Tiimérlerinde miRNA 582-5p ve miRNA 363’iin Ekspresyon
Diizeylerinin Kaspaz-9 Uzerine Etkisinin Belirlenmesi

Bu Cahsmada Herhangi Bir Alternatif Tedavi ya da Girisimde Bulunulmayacaktir.

Bu Aragtirma Géniilliiler i¢in Hicbir Risk Teskil Etmemekte ve Hicbir Rahatsizhga
Sebep olmamaktadir.
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ONAM (RIZA)

Bilgilendirilmis Géniillii Olur Formundaki tiim agiklamalar1 okudum. Bana, yukarida konusu
ve amaci belirtilen arastirma ile ilgili yazili ve sozlii agiklama agagida adi belirtilen hekim
tarafindan yapildi. Aragtirmaya géniillii olarak katildigimu, istedigim zaman gerekeeli veya
gerekgesiz olarak aragtirmadan ayrilabilecegimi ve kendi istegime bakilmaksizin aragtirmaci
tarafindan arastirma dist birakilabilecegimi biliyorum. Bu durumda hastanenin calisma diizeni
ve hastalara verilen bakimda aksaklik olmayacagi konusunda bilgilendirildim. Bu arastirmaya
katilirken zorlama, maddi ¢ikar ve ast {ist iligkisine dayali herhangi bir baski olmaksizin bu
calismaya katildigimi beyan ederim. Bu bilimsel ¢alismanin devami esnasindaki siiregle ilgili
olarak ayrica eklenen galisma protokolii ile bilgilendirildim. Tarafimdan alinan kan ve doku
orneklerinin daha sonra baska arastirma ¢alismalarinda kullanilmasinda herhangi bir sakinca

yoktur.

S6z konusu arastirmaya, higbir baski ve zorlama olmaksizin kendi rizamla katilmay: kabul

ediyorum.
Goniilliiniin:
Adi Soyad:
[mzast:
Tarih:
Actklamalart Yapan Kiginin:
Adi Soyadt:
[mzast:
Tarih:
Gerekiyorsa Olur Islemine Tantk Olan Kisinin:
Adi Soyad:

Imzast:

Tarih:
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Gerekiyorsa Yasal Temsilcinin :
Adi Soyadi:
Imzast:

Tarih:

Klinik Arastirma Proje Koordinatirii Iletisim Bilgileri:

Adi Soyadi:
Uzmanlik alan:
Kurumu:
E-posta adresi:

Telefon numarasi:
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koordinatér, Yeditepe Universitesi Hastanesi Beyin ve Sinir Cerrahisi Anabilim Dak Dr. Opr.
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miRNA 582-5p ve miRNA 363'iin Ekspresyon Diizeylerinin Kaspaz-9 Uzerine Etkisi”
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CURRICULUM VITAE

Personal Informations

Name Deryanaz Surname Billur
Place of Birth |Istanbul Date of Birth 12.03.1994
Nationality T.C ID 49648242830
Email deryanazbillur@gmail.com |Phone 5462640330
Educational Informations

Name of Institution Year
Doctorate
Master
University T.C. Istanbul Kultur University 2016
High School FMV. Erenkoy Isik Science High School 2012
Work Experience
Responsibilty Institution Year
1. Scholar Master Student Yeditepe University Medical Faculty 2018-2019
2.
3.

. i . KPDS/UDS (Other)

* * *

Language |Reading Speaking* |Writing Score Score
English Very Good Very Good |Very Good YOKDIL 78,75
German |Basic Basic Basic

*Very Good, Good, Basic

Quantitative

ALES Score 70,69611

(Other) Score

Computer Skills

Program

Ability to use

Microsoft Office

Very Good

SCI, SSCI, AHCI Index Publications

Bakirezer SD, Yaltirik CK, Kaya AH, Yilmaz SG, Ozdogan S, Billur D, Isbir T.
The Evaluation of Glutathione Reductase and Malondialdehyde Levels
With Lumbar Disc Degeneration Disease.

doi: 10.21873/invivo.11543.

in Patients
In Vivo. 2019 May-Jun; 33(3):811-814.
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