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The gene expression profile of WNT/β-catenin pathway genes in 

spontaneous abortion materials 
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ADVISOR: Assoc. Prof. Mahmut Çerkez Ergören 

 

AIM:  

The most important aim of this study was to examine the expression of WNT/β-catenin 

signaling pathway genes (β-catenin, GSK3B, and DVL1) in spontaneous abortion material, that 

are suspected of having a foremost impact on embryonic development, early pregnancy, and 

implantation failure. 

 

BACKGROUND: 

One of the most important conventional and important signaling pathway that regulates 

embryonic migration, cell fate determination, and cell proliferation is the Wnt/β-catenin 

signaling pathway. It is one of the major signaling pathways in the cell. This WNT/β-

catenin signaling play a vital role in regulating many processes during the development along 

with growth of all organisms and uses autocrine or paracrine communication in cell 

communication. It is involved in many important and different processes, as well as in the 

management of embryonic development, cell polarity, cell migration, cell fate and proliferation. 

It is thought that the etiology of several diseases is caused by disruptions in genes encoding 

proteins in the signaling pathway and, accordingly, activation problems in the Wnt/β-catenin 

signaling pathway. Studies have shown that abnormalities in these genes can lead to a variety 

of diseases, and genes in this signaling pathway may be associated with miscarriage.In previous 

studies, the Wnt/β-catenin signaling was required for evolutionary enhancement including 

preimplantation development, blastocyst transplantation, and cell proliferation and 

differentiation. Although many studies have shown that problems with these genes can 

cause miscarriage, most studies have been done in mice or dams. This study used placental 

samples from pregnancies that ended in miscarriage. 

MATERIAL AND METHODS: 
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Aborted fetus samples with 8 abnormal karyotypes and 15 normal karyotypes obtained from 

the Near East University Hospital Medical Genetics Laboratory were analyzed. RNA was 

isolated from these 23 tissue samples using the Hybrigen Genomic RNA isolation kit in 

accordance with the manufacturer's directions. After samples isolated, they have been measured 

with a Thermo Scientific Nanodrop Microvolume spectrophotometer. cDNA synthesis has been 

performed according to the producer's directions using the abm cDNA kit. Expression of these 

three genes was analyzed by RT-PCR using SYBR green qPCR mastermix.  

RESULTS: 

Three of Wnt/β-Catenin signal pathway genes DVL1, GSK3B and β-catenin examined in 

spontaneous abortion samples with normal and abnormal karyotype, has been shown that 

GSK3B was down-regulated in the abnormal karyotype, DVL1 did not show any significant 

difference on the abnormal and normal karyotype, CTNNB1' was upregulated in the abnormal 

karyotype.  

CONCLUSION: 

This study showed, when samples of spontaneous abortions with normal and abnormal 

karyotype were compared for Wnt/β-Catenin signal pathway genes DVL1, GSK3B and β-

catenin, it was observed that DVL did not change, but GSK3β was observed to be down-

regulated in abnormal karyotype, it may be important information that this gene differs in 

abnormal and normal karyotype, a more detailed study with more samples is required for more 

precise results. It is expected that β-catenin is upregulated while GSK3β is down-regulated 

because GSK3β acts as a β-catenin degradation complex in the cell. When β-catenin is high at 

cell , GSK3β should not work or work less. So, what does the upregulation of β-catenin in the 

abnormal karyotype indicate, namely, that as described earlier, β-catenin shows an crucial role 

in embryonic development. It is already known that the probability of miscarriage is high in the 

abnormal karyotype, downregulation of Β-catenin  in the normal karyotype may result in a high 

probability of miscarriage in the normal karyotype. 

KEYWORDS: Wnt/β-Catenin signal pathway, Spontaneous abortion, Β-catenin , Wnt 

Genes, Aborted fetus 

 

CHAPTER I: INTRODUCTION 
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1.1 INTRODUCTION 

Spontaneous abortion can say miscarriage too, can define as the loss of the baby from natural 

causes before the twentieth week. As seen in Figure 1.1, causes of miscarriage could be genetic, 

infections, anatomic, hormonal reasons can be counted. The reason for almost 50% of these 

reasons is still unexplained. Clarifying this 50% will reduce the problem of miscarriage to very 

low levels in the future, which is why this research is of importance. Most miscarriages happen 

spontaneously, but often do not recur. Therefore, it is estimated that more than birth-carrying 

pregnancies are lost spontaneously (Sirait et al., 2022). It has also been said that 50%–60% 

spontaneously aborted manufactured from thought have chromosomal anomalies. Spontaneous 

fetal aneuploidy is the most commonplace cause for spontaneous loss, specially inside the first 

trimester of being pregnant (Hyde and Schust, 2015). 

Wnt/β-catenin pathway and associated genes have role in early pregnancy and implantation 

failure. In reproductive biology, the early phase of embryogenesis is a complex and important 

cell-remodeling activity is happened. Gene targeting and β-catenin activation assay in mice 

demonstrated that not only β-catenin  (Ctnnb1) and several Wnts, including Wnt4, Wnt6, Dkk1, 

Wnt5a, and Wnt7a are required for various developmental processes including pre-implantation 

development, implantation of blastocyst but also required for Decidualization of the 

endometrium, cell proliferation, and differentiation. In gametes and embryos, all of the main 

elements of the WNT signaling pathway are expressed (Knöfler and Pollheimer, 2013).  

 

Figure 1.1: Causes of pregnancy lost 

1.2 CELL DIVISION 

.

Genetic(2-5%)

Anatomic (10-15%)

Autoimmune/clotting
disorder (15-20%)

Infections (0.5-5%)

Endocrine/Hormonal
(15-20%)

Unexplained (40-50%)
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Cells perform cell division as a result of a series of events that take place in order to produce a 

duplicate cell identical to themselves. As a result of the cell replication and division, two 

different cells are formed. Every cycle in which duplication and division takes place is called 

the cell cycle, the mechanism necessary for the reproduction of living organisms (Israels and 

Israels, 2000). Cell division differs from living-to-living thing. For example, in living creatures 

such as bacteria and yeast, every cell division creates a brand-new living thing, while in 

multicellular organisms, cell division is a necessary event for the proliferation of cells and the 

transfer of genetic information. Cell division is a part of the cell cycle, which is a large and 

important process in humans, and cell division, which can be of two different types, mitosis and 

meiosis (I and II), takes role in many important tasks. 

 

 

1.2.1 MITOSIS 

The eukaryotic cell cycle includes 4 phases. Two important events in the cell cycle is nuclear 

division, called mitosis, and cytokinesis, in which the cell divides into two. These two processes 

are called the M phase. Before this phase, there are G1, S, G2 phases. The phase between the 

M phase and the next, which includes G1, S, and G2 phases, in which the cell prepares to divide, 

is called the interphase. The cell copies the DNA at the S phase (S=Synthesis). Before and after 

the S phase, two phases have to do, named gap phases called G1 and G2, and the cell continues 

to grow in these phases. At certain points of G1 and G2, the "control points" decide whether 

the cell will continue to the next phase or stop to prepare again when it encounters any problems. 

During interphase, the cell mostly go on to transcribe genes, produce proteins, and increase cell 

mass. This copying and replication process is important so that the cell does not shrink with 

each division and continues to exist without shrinking or diminishing. 

    During prophase, paired chromatids shorten and thicken to become chromosomes. 

Centrosomes begin to produce spindle fibers. In the prometaphase phase, the nuclear envelope 

disappears, the chromosomes attach to the spindle fibers and become ready to move because of 

their kinetochores. In metaphase, the chromosomes fall into line at the equator, and sister 

chromatids are held by kinetochores by two opposite centrosomes. In anaphase, sister 

chromatids begin to pull to opposite poles thanks to the spindle fibers, and meanwhile, the 
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nuclear membrane begins to form again. In telophase, the contractile ring begins to form, the 

cytogenesis of which will allow the cell to divide into two. In the last stage of cytokinesis, actin 

and myosin filaments function in the contractile ring and two different cells with nuclei are 

formed. 

 

 

1.2.2 MEIOSIS 

 Meiosis is a type of cell division in which a haploid cell is formed from a diploid cell. It is 

essential for the production of gametes such as eggs and sperm in sexual reproduction in 

eukaryotes and haploid cells. The decrease in the number of chromosomes from diploid to 

haploid in meiosis is important for preventing the doubled chromosome number during 

fertilization from increasing from generation to generation and keeping it stable. Meiosis 

contributes to diversity with the events of recombination and chromosome separation (Ohkura, 

2015).  

Meiosis involves of two stages called Meiosis 1 and Meiosis 2. Meiosis 1 consists of 4 stages 

while Meiosis 2 consists of 4 stages. Prophase 1 in meiosis 1 begins with the shortening and 

thickening of the chromosomes. Prophase 1 is divided into 5 stages with uncertain boundaries. 

These stages are the Leptoten stage where the chromosomes begin to appear, the Zygotene stage 

where the tetrad (4 chromatids, that is, the structure formed by the combination of two 

chromosomes) is formed, the Pachytene stage, where the exchange of genetic material between 

the tetrads (crossing-over), the Diploten stage, where homologous chromosomes begin to 

separate, the chromosomes take their final form (Bolcun-Filas and Handel, 2018). It consists of 

the Diakines phase in which the nuclear membrane is destroyed, in which the nucleolus it 

receives is lost. In Metaphase 1, which takes place after Prophase I, homologous chromosomes 

are fall into line on the equatorial plane. In next phase, Anaphase I, the chromosomes separate 

from each other and move towards opposite poles. Diversity is achieved by the random 

separation of chromosomes that adhere to each other in Prophase I in Anaphase I (Baudat, Imai 

and De Massy, 2013). In Telophase I, which is the last stage of meiosis I, the chromosomes that 

divide into two poles begin to elongate and get thinner, a nuclear membrane forms around it, 

and two separate daughter cells are formed by the cleavage of the cytoplasm by cleavage in the 
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middle. So far it is called Meiosis I. Meiosis II begins with the onset of Prophase II. In prophase 

II, the nuclear membrane breaks down and spindle fibers begin to form. While the chromosomes 

line up at the equator in Metaphase II, sister chromatids separate to opposite poles in Anaphase 

II, and the irregularity of sister chromatids at this stage ensures genetic diversity. In the last 

phase, Telophase II, the helix of the chromosomes opens, and they become invisible, the nuclear 

membranes form and the cytoplasm divides. Thus, as a result, 4 cells are formed from I cell.  

 

 

1.2.2.1 MEIOTIC RECOMBINATION  

Meiotic recombination occurs during meiosis during spermatogenesis and oogenesis, expressed 

as the swap of  DNA between the parent's chromosomes and helps the chromosomes to 

segregate properly (Kauppi, Jeffreys and Keeney, 2004).  In the Anaphase 1 phase of meiosis, 

a 4-stranded structure known as tetrad occurs, exchange of parts in homologous chromosomes 

occurs between two separate tetrads (Hunter, 2015). The exchange of parts among these 

homologous chromosomes occurs by breaking the double strand in the DNA sequence and re-

gluing after the change. By this recombination event, genetic material is mixed among 

homologous chromosomes, providing a large amount of the genetic variation that makes it 

appear to differ between individuals, even within families. Although double-chain breakage 

occurs during recombination, recombination sites usually do not cause mutations because the 

recombination process is a highly efficient one. 

 The frequency of recombination among two loci on a chromosome depends on the physical 

distance among them. The genetic closeness of the two loci is evaluated by the percent 

recombination. Comparing genetic and physical distances and measuring the frequency of 

recombination between different chromosome regions is possible thanks to the human genome 

sequence. The recombination ratio is higher in certain regions of the chromosomes, for example 

the shorter arms of the chromosomes and the distal regions of the arms have been shown to 

have a higher average recombination rate (Broman et al., 1998). In addition, it has been shown 

that the recombination rate in women is 1.6 times higher than in men. Females have more 

recombination at centromeres, while males have higher recombination at telomeres (Broman et 

al., 1998). 
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1.2.2.2 ERRORS DURING MEIOSIS  

Chromosomal duplication, pairing, and separation are constantly repeated throughout the 

cellular divisions, which are of great importance and aim at the transfer of genetic material. 

Errors that occur in these processes can cause errors in fertilization and embryogenesis, causing 

miscarriage, as well as vital or nonvital diseases (Magli, Gianaroli and Ferraretti, 2001). After 

meiosis, it is important that the cells have half the amount of DNA, that is, the cells are haploid. 

Because when the egg and sperm unite, that is, after fertilization, the number of chromosomes 

must be neither missing nor more so for the living thing to continue its life in a healthy way. 

Excess or lack of chromosome number causes several diseases. The most widespread cause of 

spontaneous abortions in the first trimester are genetic defects, particularly chromosomal 

abnormalities. It has previously been proven that chromosomal abnormalities occur in 

approximately 60% of miscarriages (Hassold, 1980).  

Inherited disorders can occur when chromosomes abnormally behave during meiosis. 

Chromosomal disorders can be examined in two categories. Abnormalities in chromosome 

number and abnormalities in chromosome structure. Chromosomal disorders are 

characteristically dynamic and can often be fatal. Karyotype is a method by which chromosomal 

abnormalities can be detected from a single cell. Cells (such as white blood cells) collected 

from a person's blood or other tissue are used to observe a person's karyotype. The isolated cells 

are first stimulated to begin dividing, and then chemicals are applied to stop cell division during 

metaphase. Then the chromosomes are made visible by staining and examined using a bright 

field microscope. Chromosomes are identified by looking at the sizes of the chromosomes, the 

centromere positions and the bands of the stained parts. While the karyogram basically shows 

genetic abnormalities with more or less chromosomes per cell, problems in the genetic material 

such as deletion and translocation can be detected by looking at the bands. Chromosomal 

abnormalities are divided into two as abnormalities in chromosome number and chromosome 

structure. Examples of diseases caused by abnormalities in the number of chromosomes are 

Down syndrome, trisomy 18, Turner syndrome, trisomy 13, Klinefelter syndrome, XXY 

syndrome and triple X syndrome. 

  Defined by the third copy of the 21st chromosome, Down syndrome is an abnormality that 

increases with age. Developmental and mental disabilities are the main problems of individuals 

with Down syndrome, besides these features, there are also diseases such as slow growth, 
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upward slanted eyes, and heart diseases. In addition, babies with Down syndrome generally 

learn basic skills (such as sitting, walking, speaking and learning) later than other babies 

(Antonarakis et al., 2020). Trisomy 18 syndrome (Edwards syndrome) is the second most 

frequent chromosomal syndrome caused by the presence of an extra third chromosome (Cereda 

and Carey, 2012). The syndrome includes psychomotor and cognitive disability as well as 

increases the risk of miscarriage, neonatal and infant death, as well as other chromosomal 

disorders. Confirmation of the disease can be made by demonstrating a partial trisomy of the 

long arm of chromosome 18, which is extra in the Standard G-banded karyotype (Carey, 2010; 

Cereda and Carey, 2012). On the other hand, Turner syndrome (TS) is an abnormality in which 

the X chromosome is partially or completely missing (Kesler, 2007) While approximately 50% 

of girls with Turner syndrome have a 45,X or non-mosaic karyotype, some have various 

karyotype variations. The physical phenotype caused by TS comprises short stature, webbed 

open neck, cardiac malformations, triode disease, impaired glucose tolerance, ovarian failure, 

and hearing loss (Gravholt et al., 2019).  

 

 

1.3 EMBRYOGENESIS  

The initiation of an embryo from a somatic cell or a zygote is called embryonic development 

or embryogenesis (Mahajan, Ganguly and Pagrut, 2018). Two types of embryogenesis, namely 

the development of the embryo, consist of stages. As a result of the gradual events that take 

place in somatic embryogenesis, the result of a non-embryogenic cell with an embryogenic cell 

(Von Arnold et al., 2002), that is, an embryo, is called, whereas in zygotic embryogenesis, an 

embryo arises from a zygote. The stages and place of Embrogenesis, which is seen in sexually 

reproducing organisms and is called the development of the creature during the period between 

fertilization and birth or exiting the egg or cocoon, differ from organism to living thing 

(Gartstein., Putnam. and Kliewer., 2016) (Von Arnold et al., 2002). Embryonic development in 

animals is seen in 4 stages: fertilization, shape, shrinkage, and unchanged. 

1.3.1 STAGES OF HUMAN EMBRYO DEVELOPMENT  

The four stages of embryonic development are morula, blastula, gastrula and organogenesis. In 

the first stage of embryogenesis, fertilization, the sperm pass through the outer glycoprotein 
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layer of the egg, called the zona pellucida, and fuse its genetic material with that of the egg. 

However, since the zygote's own genes are not active in the first moments, division is under the 

control of the mother's genome, thanks to the proteins and mRNAs given by the mother through 

the fertilized egg. (Minami, Suzuki and Tsukamoto, 2007). At this stage, the zygote performs 

successive mitotic divisions to produce smaller cells that carry the same genome. When the 

zygote that continues to undergo divisions has a 32-cell structure, it is called a morula (Mahajan, 

Ganguly and Pagrut, 2018). The cleavage phase of embryogenesis is completed. The cells still 

inside the zona pellucida stay firmly in the middle of the structure, this stage is called 

compaction and the cells on the outside begin to differentiate, and this process is called 

differentiation. The outer cells are called trophoblast and the inner cells are called embryoblast, 

this process continues and passes to the next stage. The inner cells (embryoblasts) are 

intertwined even more and as you can see in figure 2, they are collected on one side and a gap 

is formed on the other side(Gartstein., Putnam. and Kliewer., 2016). This cell mass in the 

middle is called the i-cell mass and the space on the other side is called the blastocoele. This 

structure, which contains an inner cell mass and a blastocoele and is surrounded by a 

trophoblast, is called the blastocoele. And this period is called blastulation and at the same time, 

the zona pellucida begins to break down. After this stage, the inner cells begin to differentiate 

and form a cavity, as shown in figure 3. Differentiating cells are called hypoblasts, while cells 

forming the amniotic cavity are called epiblasts. After the bilaminar disc is formed, the region 

where the cells in the epiblast layer in the bilaminar disc, called the primitive line, proliferate, 

collect and migrate, is formed, and this primitive line is the precursor of gasturulation, which is 

the next stage of early embryogenesis.  

The cells migrate on the primitive line and further differentiate, after which a structure with 3 

cell layers is formed and these layers are called germ layers. The upper layer is called ectoderm, 

the middle layer is called mesoderm and the lower layer is called endoderm and the process of 

formation of these 3 layers is called gastrulation. In the gastrula stage, the zygote now activates 

its own genes. The final stage of early embrogenesis is called neurolation. The notochord 

structure, which is involved in neurulation, is formed and a thickened area called the neural 

plate is formed in the ectoderm. Neural plate cells begin to penetrate the mesoderm, while some 

cells that break off the ectoderm pass into the mesoderm and the neural crest cells begin to 

differentiate into these cells that will form their own tissues in the future (Rossant and Tam, 

2018). Over time, the cells in the embryo form the cell types in adult living things, and this 
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stage is called change (differentiation). These cells become layers, forming tissues, tissue 

organs and systems in organs that are important for the survival of the living thing. After it has 

occurred in all systems, most animals enter the stage of development where new cells and 

intercellular fluids are formed (Mahajan, Ganguly and Pagrut, 2018). 

 

 

1.3.2 MOLECULAR BASIS FOR EMBRYONIC DEVELOPMENT 

To fully understand embryonic development, it is necessary to integrate the molecular and 

morphological facets of embryology. There are very critical families of molecules known to 

drive embryonic development (Massaro and Haven, 1969). One of the most important insights 

is that genes that drive development are preserved. In many species, varying from worms to 

humans, the genes responsible for development have proven to have significantly minor 

changes in the nucleotide bases relative to other genes (Zeitlinger and Stark, 2010). Thanks to 

such conservation of genes, it is easier to find equivalents for genes with significant 

developmental roles in different species.  

It has been proven in many previous studies that the same gene can function differently in 

different times and places. This mechanism of reuse in development and normally in different 

organs is very important as it significantly reduces the number of molecules required. In the 

prenatal and postnatal period, certain genes can be expressed in usual and unusual processes. 

Some transcription factors are significant molecules that handle embryonic development. 

Transcription factors generally control the transcription of genes by binding to promoter, 

enhancer, or silencing regions. Other molecules are molecules that play a role in signal 

communication between cells. When they form a complex by binding to the receptors in the 

cells from which they are produced or in the plasma membrane of another cell, it initiates a 

series of events whose molecular signal is transmitted to the responding cell. That signal effects 

the regulation of genes and the upcoming developmental process of the cell (Çikgöz, 2015) 

(Massaro and Haven, 1969). 

Some transcription factors are particular for certain cell types and developmental stages. 

Particular transcription factors are so significant that they induce major developmental changes 

by initiating certain gene expression patterns. Transcription factors are separated into various 
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major groups according as their formation and how they interrelate with DNA (Tam and Loebel, 

2007). For example, one of the most vital transcription factors is homeodomain (homebox) 

proteins. These proteins are a kind of highly conserved helix-loop-helix region of 60 amino 

acids. HOX (homeobox) genes play an essential role in many developmental processes (for 

instance developing organs, intestines, blood cells, limbs, internal and external genitalia, hair 

follicles, blood cells as well as developing sperm cells (Lufkin, 1997). PAX gene family, which 

consists of 9 known members, are also genes that perform a role in significant events in 

mammalian development. PAX genes play an important role in the development of the nervous 

system and sensory organs, as well as in cellular differentiation during epithelial-mesenchymal 

transitions (Wang et al., 2008). POU gene family, Lim proteins, Dlx gene family, Msx genes 

are gene families that play a role in developmental processes. While POU gene family plays an 

vital role during early division, Lim proteins are involved in one stage of formation of almost 

all segments, Dlx gene family is involved in appendage development as well as early 

development of placenta, morphogenesis of jaws and inner ear, another gene family is Msx 

genes. Msx genes are involved in embryonic development especially limbs and While playing 

a role in facial epitheliomeneschymal interactions, they are widespread inhibitors of cell 

differentiation in prenatal development and help preserve the proliferation capacity of cells after 

birth (Kraus and Lufkin, 2006; Singh, Singh and Modi, 2021). T-Box gene family genes also 

play an vital role in the developmental process, such as controlling the growth of the leg or arm 

by inducing the mesoderm layer. The Helix-Loop-Helix configuration, on the other hand, is 

exhausted in multiple transcription factors that regulate myogenesis. The FOX gene family is 

also expressed in many developing organs. Sox genes, which are expressed by most constructs 

at the developmental stage, were identified as the male responsible factor in gender 

differentiation when they were first identified (Golson and Kaestner, 2016). The WT1 (Wilms 

tumor suppressor gene) gene plays an vital role in the development of both gonads and kidneys. 

The transforming growth factor-β (TGF-β) superfamily comprises of many molecules and these 

play important roles in embryogenesis and postnatal life (Miller-Hodges and Hohenstein, 

2012)(Wall and Hogan, 1994). 

As resources show, many genes are participating in embryonic development. In addition to the 

known genes, there are many genes that are related to the development of the embryonic and 

keep the placenta alive, waiting to be investigated and found. 
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1.3.3 DEVELOPMENTAL DISORDERS  

Errors that occur during embryo development cause developmental abnormalities. These 

abnormalities cause miscarriage or any disorder or disease in the fetus. Having a baby primary 

challenge to be overcome in reproduction, the second most important problem is to have a 

healthy baby without genetic defects (Piyamongkol, 2020). Genetic problems impact, 

approximately 1% of living births and are in charge for 20% of pediatric admission to hospital 

for treatment and 20% of newborn deaths. Mutations, especially X-linked recessive mutations, 

can be carried by a large part of the population and cause diseases. Especially in IVF 

technology, to avoid such genetic defects, selective treatment is performed and unaffected 

normal and carrier females are selectively transferred (Rubio and Simón, 2021).  

 

 

1.4 SPONTANEOUS ABORTION 

Spontaneous abortion is identified as the expulsion of pregnancy sooner than 20 weeks of 

pregnancy without any intervention. The ACOG (American College of Obstetricians and 

Gynecologists) says it is the most common form of pregnancy (Kanmaz, İnan, et al., 2019). 

Spontaneous abortion appears in 15-20% of clinically defined pregnancies (George et al., 

2002). In addition, about 80% of early pregnancy losses happen in the first trimester, in addition 

the possibility of miscarriage decreases after the 12th week (Wilcox et al., 1988; Zinaman et 

al., 1996; Kanmaz, Inan, et al., 2019). Genetic defects, particularly chromosomal abnormalities, 

are the most frequent cause of spontaneous abortions in the first trimester. 

 Spontaneous abortion is subdivided into complete abortion, missed abortion, inevitable 

abortion, incomplete abortion, threatened abortion, septic abortion, and recurrent spontaneous 

abortion (Griebel et al., 2005). Many pregnancies are lost on their own before the woman even 

realizes she is pregnant. During the miscarriage event, heavy or late menstruation is among the 

clinical symptoms. The threat of miscarriage is the presence of vaginal bleeding in early 

pregnancy, the fetus is alive but there is a threat of miscarriage. Inevitable abortion is the type 

of abortion in which the fetus with vaginal bleeding and the products of conception are expected 
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to be expelled soon (Maconochie et al., 2007). A complete abortion is the initial vaginal 

bleeding and expulsion of the fetus and pregnancy products from the cervix (Birch, Gulati and 

Mandalia, 2017). 

 

 

 1.4.1 ETIOLOGY OF SPONTANEOUS ABORTION 

As seen in Figure 1.1, causes of miscarriage could be genetic, infections, anatomic, hormonal 

reasons can be counted. If counted in detail, some viruses, chromosomal disorders, luteal phase 

defects, immunological abnormalities, major trauma, and uterine abnormalities can be counted 

as causes of spontaneous abortions (George et al., 2006). The majority of the causes of 

spontaneous abortions are idiopathic, that is, the reasons that have not yet been explained. A 

previous study found that more than 90% of fetal lives that result in miscarriage have a 

chromosomal abnormality (Philipp et al., 2003). Cellular immune effectors and cytokines, some 

cytokines have recently been shown to be beneficial for pregnancy while others are actually 

anti-pregnancy (Raghupathy, 2003). Maternal age is the biggest risk factor for spontaneous 

abortion (Friebe and Arck, 2008). As age progresses, the probability of miscarriage increases 

significantly with the possibility of having a chromosomal abnormality (Magnus et al., 2019).  

Abnormal genetic sequence from the mother and father can cause miscarriages (Wilcox et al., 

1988). Translocations, in which genetic material changes between chromosomes, can be 

counted among these causes. If any genetic material is lost, the parents may not be affected 

because they have a healthy copy, but because the baby has only one copy and is likely not to 

receive a full set of chromosomes, this can result in miscarriage or serious birth defects 

(Puscheck and Jeyendran, 2007). Chromosome inversion, that is, reattachment of the 

chromosome with a segment that breaks and turns in the wrong direction, can again lead to 

miscarriage or serious birth defects when half a chromosome set is passed to the fetus and these 

wrong and missing parts (Suzumori and Sugiura-Ogasawara, 2012).  Single gene mutations are 

a common cause of genetic diseases as in many diseases, and mutations in many unknown genes 

that play a significant roles in the developmental process are likely to cause miscarriages 

(Dawood, Farquharson and Stephenson, 2010). It is aimed to clarify the functions of these genes 

and to know the diseases they cause. 
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Anatomical abnormalities in the uterus cause spontaneous abortions. It is estimated to cause 

10-20% of spontaneous abortions. An example of a uterine abnormality is the septa uterus, if 

an implantation occurs on or near the septum, blood flow is poor there, increasing the risk of 

miscarriage (Passos and Britto, 2020). Another uterine abnormality is fibroids, which increase 

the chances of miscarriage if fibroids grow in or near the uterine cavity (El Hachem et al., 

2017). Hormonal and metabolic problems can increase the risk of miscarriage. Endocrine 

factors include hyperprolactinemia, thyroid dysfunction and diabetes. Women aged 35 and over 

are defined as advanced reproductive age. Aging eggs are more possible to be abnormal, 

resulting in an increase in genetically abnormal embryos with advancing female age (Suzumori 

and Sugiura-Ogasawara, 2012; Magnus et al., 2019). Women who experience accelerated 

reproductive aging have higher rates of unexplained infertility and spontaneous abortions. 

Estradiol, FSH (follicle stimulating hormone) and AMH (anti-mullerian hormone) amounts, 

which reflect the number of healthy eggs growing for the menstrual cycle, are important for 

fertility, that is, for the prevention of spontaneous abortions (Passos and Britto, 2020). One of 

the important factors that increase the risk of miscarriage is Polycystic ovary syndrome (PCOS) 

(Chakraborty et al., 2013). When we look at the immunological causes of miscarriage, 

forexample, Antiphospholipid antibody syndrome (APS), when antiphospholipid (aPL) 

antibodies bind to phospholipids, which are an important part of cell wall development and help 

the formation of blood vessels, they adversely affect blood vessel development and cause 

pregnancy loss (Girirajan, Campbell and Eichler, 2011). Low uterine reaction to progesterone 

or low progesterone manufacture by the ovary is one of the leading causes of miscarriage, and 

studies have shown that the rate of live birth increased in women who received progesterone 

supplementation in the first 3 months of pregnancy (Rubio and Simón, 2021). 

 

 

 

1.4.2 MOLECULAR BASIS OF SPONTANEOUS ABORTION 

From  all pregnancies 10-15% of them end in spontaneous abortion, most spontaneous abortions 

(SM) occur in the first trimester (Warren and Silver, 2008; Zhang et al., 2009). It is well known 
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that more than 50% of genetic abnormalities that cause spontaneous abortions are caused by 

chromosomal abnormalities (Nagaishi et al., 2004) (Table 1.1). 

 

Table 1.1 Genetic abnormalities of spontaneous abortions 

 

As described above, spontaneous abortions, familial genetic disorders, anatomical disorders in 

the uterus, hormonal problems, metabolic problems, advanced reproductive age, PCOS, 

immunological causes, luteal phase defects can be counted as well as exposure to toxins, 

recurrent embryonic aneuploidy, excessive blood coagulation disorder, male reproductive 

disorders, anomalies, presence of contagious infection, stress and psychological aspects are also 

counted among the causes of miscarriage (Quach et al., 2015) 

Another reason for spontaneous abortions is the level of hCG, hCG is a glycoprotein consisting 

of two subunits, and it is secreted in an increasing amount from the syncytiotrophoblast with 



 
28 

 

the increase in pregnancy in the first trimester and prevents the decrease of LH (Luteinizing 

Hormone) hormone by binding to its receptors in the corpus luteum. He says that early 

miscarriages may be caused by a decrease in hCG levels, with previous studies (Barnhart et al., 

2004). 

Methylenetetrahydrofolate reductase (MTHFR) defect is another genetic abnormality that 

causes complications in pregnancy. This gene mutation has been associated with high k-

homocysteine (Gaboon, 2013).  

Mutations in processes such as angiogenesis, coagulation, cell adhesion (eg, 

trophoblast/endometrium interaction), immunological occupation response/modulation, 

metabolism (eg receptor activation in addition specific cell function regulation such as 

proliferation, apoptosis, migration, and differentiation) are likely to affect spontaneous 

abortions (Fukuda and Sugihara, 2012)(Maruyama, Bell and Majerus, 1985). For example, 

TRO, CDH11, CDHA genes affect cell adhesion, trophoblast/endometrium interaction, THBD, 

F5, FGA genes are involved in coagulation, FGA, MMP10, MMP9, COL6A3, ADAMTS1 and 

TNC genes are responsible for extracellular matrix remodeling, while FLT1, EPAS1 genes are 

responsible for the vascularization process, LIFR, FGFR2, BMP7 genes are involved in 

proliferation, differentiation, migration and apoptosis processes, while AMN gene affects 

metabolism, IDO2, CR1, TLR3, TRAF3IP1 is involved in modulation of immunological 

function and mutations in these genes can cause spontaneous abortions (Fukuda and Sugihara, 

2008)(Puscheck and Jeyendran, 2007)(Zhao et al., 2010; Nakamura and Saji, 2014) (Quintero-

Ronderos et al., 2017)  

 

1.5 WNT/β-CATENIN SIGNALING PATHWAYS 
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The classical signaling pathway that regulates embryonic migration, cell fate determination, 

and cell proliferation, and also the WNT/Β-catenin  signaling pathway uses paracrine or 

autocrine cell communication to regulate a range of biological processes during the growth and 

development of all organisms (Clevers, 2006; Clevers and Nusse, 2012). The WNT signaling 

pathway plays an critical role in many vital events. For example, it is one of the most important 

biological components in charge for the regulation of cell fate, cell polarity, cell proliferation, 

cell migration, and adult tissue homeostasis and more importantly in human embryonic 

development (MacDonald, Tamai and He, 2009).  

Wnt (Growth Stimulatory Factors) is a ligand in the WNT/Β-catenin  signalling pathway, there 

are 19 WNT genes in mammals. Β-catenin  is an intracellular protein controlled by degradation; 

it acts as a transcription regulatory factor depending on the presence of the signal. The WNT/β-

catenin signalling pathway is a highly conserved signaling pathway . Mutation in this signaling 

pathway can cause problems in the embryo as it is responsible for embryonic development, and 

mutation in this signaling pathway shows an important role in carcinoma since it is responsible 

for the directive of  cell migration, cell polarity, cell proliferation, and cell fate. WNT/Β-catenin  

signaling pathways diversifies into at least three branches:, these are the, Non-Canonical Wnt 

signaling pathway/Calcium pathway, Non-Canonical Wnt-signaling pathway (β-catenin 

Independent pathway) and Canonical Wnt-signaling pathway (β-catenin dependent pathway) 

(Huelsken and Behrens, 2002). 

 

 

 

Canonical Pathway 
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 As the name implies the canonical pathway falls in the category of canonical pathways which 

has a link with the beta-catenin ( β-catenin) (Freese, Pino and Pleasure, 2010). As seen in Figure 

1.2, when the Wnt ligand does not bind to the receptor and the WNT/β-catenin  signaling 

pathway is inactive, a small amount of β-catenin  in the cell is degraded by the degradation 

complex consisting of Dvl, Axin, CKI, GSK3, APC, β TrCP, taken to the proteosome and 

degraded. and thus this small amount of Β-catenin  cannot enter the nucleus, the transcription 

factor (TCF) is inhibited by Grucho and transcription does not occur. Once the Wnt ligand binds 

to the Frizzled receptor, it causes phosphorylation of the LRP receptor in the membrane. When 

LRP is phosphorylated, it goes to the canine membrane and the degradation process is stopped. 

When the degradation process is stopped, Β-catenin  begins to accumulate in the cytoplasm, 

when there is a large amount of β-catenin  in cytoplasm, β-catenin  begins to enter the nucleus, 

Β-catenin  entering the nucleus causes the Grucho to separate from TCF, and Β-catenin  itself 

binds to TCF and this TCF-Β-catenin  complex causes Wnt target genes to be transcribed and 

causes events such as growth and differentiation to occur.  

Fig 1.2 The Canonical Wnt signalling pathway. (Adapted from (Koni, Pinnarò and Brizzi, 

2020)) 

 

Noncanonical Pathway 
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The non-canonical Wnt signaling pathway (PCP signaling) is a β-catenin-free pathway, but this 

pathway doesn’t use LRP-5/6 as a coreceptor. This pathway is triggered by binding of the WNT 

ligand to the Fz receptor and its co-receptor. DAAM1, which is then affected by Dsh, activates 

the guanine exchange factor Rho to activate one of the main regulators of the cytoskeleton, 

Rho-associated kinase (ROCK) (Fig 1.3b). Dsh also activates Rac1 to activate JNK, which also 

enables actin polymerization. This can lead to the binding of the profile to actin and 

reorganization of the cytoskeleton, which is also important in the gastrulation stage. 

Another non-Canonical signaling pathway is the Non-Canonical Wnt/calcium pathway, which 

does not contain Β-catenin . Its main role is help control calcium release. As in other non-

canonical signaling pathways, the Wnt ligand connects to the Fz receptor, activating the PDZ 

and Dep regions of Dsh that interact directly with Fz, which are involved in Wnt/calcium 

signaling. The Fz receptor can also stimulate the G-protein, providing activation of both (Dsh 

and G-protein). Activated DSH can activate two separate paths by activating PLC and PDE. If 

PLC is activated, it activates IP3. When IP3 binds to the ER receptor, calcium is released, 

increasing calcium and PKC resulting in activation of CDC42, a significant regulator of ventral 

patterning. Increasing calcium activates Calcineurin and CamKII. CamKII stimulates the 

transcription factor NFAT and consequently regulates cell adhesion, migration and tissue 

separation. Calcineurin, which is also activated by calcium increase, activates TAK1, while 

Tak1 activates NKL, a kinase that can affect with TCF/β-Catenin signaling in the canonical 

Wnt signalling pathway. However, if PDE is triggered, it causes inhibition of calcium release 

via PKG (Fig 1.3a) 
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Fig 1.3. The NonCanonical Wnt signalling pathways. Figure a, Non-Canonical Wnt/calcium 

pathway, Figure b, Wnt signaling pathway (PCP signaling). Adapted from (Deng et al., 2021) 

 

 

1.5.1 THE ROLE OF WNT/β-CATENIN SIGNALING IN EMBRIYONIC 

DEVELOPMENT 

Wnt proteins are factors that regulate the differentiation and proliferation of cells (stem and 

pregenitor) during both embryonic development and adult tissue homeostasis (Logan and 

Nusse, 2004) Wnt signaling is involved in cell-cell communication in vertebrate early 

embryonic development, during embryonic development in multicellular organisms, in self-

renewal of stem cells, in deciding cell fate, in regulating cell migration and organization of cells 

in tissues. Wnt ligands can be autocrine, that is, self-acting, as well as pracrine and affect other 

cells (Sanz-Ezquerro, Münsterberg and Stricker, 2017) 

The part of the Wnt/β-catenin signaling pathway, at protection of stem cells is important. While 

stem cells produce special cells, they are called cells that have the capacity to renew themselves, 

and these choices are usually determined by external signals (Losick et al., 2011). These 

incoming signals include tasks such as how much and how long the cells will produce. Although 
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signaling pathways such as BMP, Hedgehog and Delta/Notch are also important in determining 

these tasks, the Wnt/β-catenin signaling pathway stands out due to its widespread activity 

(Clevers and Nusse, 2012). Embryo development is critical for the healthy development of the 

embryo, as well as the implantation of the embryo. If there is a problem with the implantation 

and it fails, the event will generally result in a miscarriage. Studies have shown that the Wnt/β-

catenin signaling pathway is important for preimplantation embryo development, blastocyte 

activation for implantation, and uterine decidualization (Chen et al., 2009) (Kemp et al., 2005) 

(Li et al., 2015) 

It is argued that the Wnt/β-catenin signaling pathway regulates the body axis pattern and 

contributes to both the relative constancy and diversity of body forms (Niehrs, 2010). Another 

example is the inoculation of Wnt mRNA or factors that initiate Β-catenin  signaling into the 

blastomere, resulting in duplication of the dorsal axis resulting in a two-headed frog (Moon and 

Kimelman, 1998). A study in mice supports the crucial part of Wnt/β-catenin signaling in 

uterine growth and development. Inhibition of Wnt signaling has been shown to inhibit 

estrogen-dependent activation and cell proliferation of β-catenin , thereby inhibiting steroid 

hormone-induced uterine cell growth (Hou et al., 2004).  

It is identified that the canonical Wnt/β-catenin signalling pathway shows important roles in 

development, Wnt ligands can bind to multiple receptor molecules (WNT/Ca2+ pathways, non-

canonical WNT/planar cell polarity (PCP) and canonical WNT/βcatenin-dependent signaling 

pathway), the same signal cell may produce different cellular responses liable on the type, 

context, and time of development (Sanz-Ezquerro, Münsterberg and Stricker, 2017). Has been 

examined the task of the canonical WNT/β-catenin-dependent signaling pathway in eye 

development and showed that it plays important roles in the modeling of ocular tissue, 

differentiation of the retinal pigment epithelium, and morphogenesis of the optic lid (Fujimura, 

2016). Again, it has been shown that mutations in DVL genes, one of the important genes in 

the Wnt/β-catenin signaling pathway, may cause human congenital diseases, emphasizing their 

important role in development (Gentzel and Schambony, 2017). Yet another study showed that 

implantation was significantly reduced in mice with inhibited Wnt signaling pathway. That 

show us Wnt/β-catenin signaling pathway performs a crucial role in coordinating uterus–

embryo interactions necessary for implantation (Ciarke et al., 2005). 
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1.5.2 WNT/β-CATENİN SIGNALING IN EARLY PREGNANCY   

The majority of our knowledge about the importance of Wnt signaling in implantation emerges 

from research on rodents. The function and the physical organization of cadherins are 

maintained by the β-catenin molecule as it binds strongly to the cytoplasmic area of cadherins 

to link the cadherins through α-catenin to the actin cytoskeleton, indeed, β-catenin functions in 

two distinct ways: As a mediator of interactions between cells besides the co-factor of the 

canonical Wnt/β-catenin signaling pathway. As human setting illustrates, the risk of ectopic 

pregnancy increases with increased β-catenin expression in the tubular epithelium (Bellati et 

al., 2019). Gene expression analysis demonstrated the downregulation of   Canonical Wnt 

signaling in porcine parthenogenetic embryos, and the suppression of Wnt signaling with a 

small molecule drug had little influence on the development of these embryos (IWP-2), 

moreover, trophectoderm development was halted. Excessive Wnt activation caused apoptosis, 

as well as blastocyst hatching was  hampered (Huang et al., 2019) ; In zygotes with Β-catenin  

activation, development beyond the two-cell stage was inhibited. Additional investigation 

revealed that in culture embryos, the triggered form of βcatenin protein was enhanced while the 

phosphorylated form of β-catenin protein was decreased (Li et al., 2017). In contrast another 

research on bovine embryo indicated, which during preimplantation in the bovine embryo, a 

functional Wnt signaling system exists. These researchers discovered that activating canonical 

signaling reduces both the early embryonic cell numbers and embryonic development (Denicol 

et al., 2013). Inhibiting Wnt/β-catenin signaling with Dkk1 did not appear to be advantageous. 

RIF (Repeated implantation failure) is a significant barrier in the treatment of human assisted 

reproduction. A global gene profiling study was conducted on RIF patients to observe the 

expression levels of SFRP1 (secreted frizzled-related protein 1) and LEF1 in endometria 

checked with fertile women , which   SFRP1  was downregulated whereas Dkk1 expression 

was discovered to be upregulated (Huang et al., 2019)(Koler et al., 2009). Numerous 

differentially expressed microRNAs (miRNAs) regulate the Wnt signaling pathways in line 

with the secretory endometrium expression patterns (Revel et al., 2011)  According to a  

genomic sequence miRNA profiling research in women that she have recurrent spontaneous 

abortion , Wnt signaling is one of the foremost targets of the  expressed miRNAs, hence Wnt 

signaling is influenced by abnormal miRNA expression in cell adhesion (Dong et al., 2014).  
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1.6 THESIS OVERVIEW   

The Wnt/β-catenin signalling pathway is a classical and important signalling pathway that 

regulates embryonic migration, cell fate determination, and cell proliferation. It is one of the 

main signaling pathways in the cell This Wnt/β-catenin signalling pathway plays an important 

role in regulating many processes during the development and growth of all organisms and uses 

autocrine or paracrine communication in cell communication. It is involved in many important 

and different processes, as well as in the regulation of embryonic development, proliferation, 

cell migration, cell polarity, and cell fate. It is thought that the etiology of many diseases is 

caused by disruptions in genes encoding proteins in the signaling pathway and, accordingly, 

activation problems in the Wnt/β-catenin signalling pathway. Studies have shown that 

disruptions in these genes can cause many different diseases, and genes in this signaling 

pathway may be related to miscarriages. In previous studies, WNT/β-catenin signalling 

pathway genes in charges were required for evolutionary enhancements including pre-

implantation development, blastocyst implantation, cell proliferation and differentiation   Many 

studies have shown that problems in these genes can cause miscarriages, but most of the studies 

have been done on either mice or mothers. In this study, the placenta sample from pregnancies 

that resulted in miscarriage was used. 

 

 

CHAPTER II: MATERIALS & METHODS 

 

2.1 Materials  

2.1.1 Suppliers  

• abm OneScript plus cDNA-synthesis kit (Applied Biological Materials Inc. (abm), 

Richmond, Canada),  

• Thermo-scientific marker (Pittsburg, USA),  

• Eppendorf Scientific (Hamburg, Germany),  

• Nano-drop (Thermo-scientific, Pittsburg, USA),  

• Bio-Rad Electrophoresis instrument (Hemel Hemstead,UK),  

• Trans-Illuminator (DNR Bio-Imaging System, Neve Yamin, Israel). 

• Applied bio-systems thermal cycler PCR, (Waltham, Massachusetts, USA),  
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• RotarGene Real-Time PCR (Qiagen,Hilden, Germany) 

 

 

2.1.2 Chemical Reagents  

2.1.2.1 Oligonucleotides  

Primers that used in this project were from Oligomer Company (Turkey) 

 

2.1.2.2 Molecular Wight Markers  

In this project Thermo-scientific 50 bp – 1000 bp (Pittsburg, USA) DNA ladder was used to be 

molecular weight marker.  

 

2.1.2.3 Human aborted fetuses 

Aborted fetus samples were obtained from  Near East University Hospital (NEUH) the genetic 

laboratory when the approval of Near East University Scientific Review Board.  23 miscarriage 

samples were collected from women who had abortion. 8 of these samples (1,2,5,6,9,13,17,21) 

had abnormal karyotype, while 15 of them (3,4,7,8,10,11,12,14,15,16,18, 19,20,22,23) had a 

normal karyotype. This project was performed in the Near East University DESAM Institute 

Molecular Medicine Laboratory. All the reagents, pipettes and tubes used in the research were 

UV treated to avert any risk of contamination problem.  

2.1.2.4 Standard Solutions  

10X electrophoresis buffer (Tris-acetate/EDTA (TAE) was used in this study) was made by 

adding 100 ml of 10x TAE and 900 ml of distilled water to 1X. Since 10X TAE is too dense, it 

causes problems in the movement of the bands. 

Other solution was Hibrigen 2X SYBR green qPCR mix (İstanbul, Turkey). This Hibrigen 2X 

SYBR green qPCR mix has antibody mediated hot star, MgCl2, ultrapure dNTPs, Taq DNA 

polymerase , SYBR green I with enhancers and stabilizers. 
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2.1.2.5 Other chemical agents 

Glycerol, %70 Ethanol, Ethidium Bromide (Serva, Heidelberg, Germany), Agarose biomax 

100mg 

 

2.1.3 Computers  

Softwarethat used in this project to store data and precede imaging.  

 

2.2 Methods  

2.2.1 Karyotyping 

Karyotype analysis was previously performed in the Near East University Hospital Medical 

Genetics Laboratory. 

 

2.2.2 RNA Extraction from aborted fetuses 

The RNA had been extracted using with Hibrigen general RNA isolation kit (MG-RNA-01) 

(Istanbul, Turkey) 

 

2.2.3 Measuring RNA concentration  

260/ 280 nm wavelength shows purity and concentration of  RNA, through measuring optical 

density at by Nano-drop and best purified density of the RNA is about 2.1ng/μl.  

 

2.2.4 Complementary DNA (cDNA) synthesis 

 cDNA synthesis was carried out by using abm OneScript plus cDNA-synthesis kit ( abm 

company, Richmond, Canada). This kit contained OneScript Plus reverse transcriptase, 

OneScript Plus RT reaction buffer, Oligo(dT) primer, dNTPs mix, and anchored oligo dt 

primer, stored in -15, - 25℃.  
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 For each sample, 12 µl of the mix formed by these components and 8 µl of RNA were brought 

together.  

 

 

2.2.5 Primer Optimization for Gradient PCR  

It comes in stock from the primary company, and a working solution must be prepared before 

use. A separate working solution was prepared for the four genes (3 investigated genes and 1 

hausekeeping gene) used in the research. 10 ml of stock solution and 90 ml of distilled water 

were combined and used as working solution. 

 

GENE NAME FORWARD PRIMER REVERSE PRIMER 

Beta Catenin (CTNNB1) - 112 

bp 
AGACGGAGGAAGGTCTGAGG TTCAAATACCCTCAGGGGAACA 

GSK3B- 151 bp ACAGCAGCGTCAGATGCTAA TGACCAGTGTTGCTGAGTGA 

DVL1 – 358bp CAGCAGAGTGAAGGGAGCAA GGTTCCCCATAGCCTTCTGG 

Table 2.2 Shows designed primer for DVL1, GSK3B, and β -catenin genes.  
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Gradient PCR was performed to distinguish the optimum annealing temperature for qRT-PCR. 

The selected temperature range ranged from 56℃ to 62℃ and this step was repeated for all 

three genes. Table 2.4 lists the conditions used for this gradient PCR. 8 µl of gradient PCR mix, 

2 µl of cDNA was added to each tube. To avoid contamination, all reactions were performed in 

a category II laminar flow hood and all tools and equipment were used in a sterile manner. 

Additionally, 0.6 µl of glycerol was added to the reaction to avoid the primer dimer. 

 

 

 

8 µl + 2 µl cDNA (total reaction volume of 10) from the final gradient PCR mastermix mixture 

was placed in Eppendorf Scientific PCR tubes for analysis. These calculations were for all 6 

samples + 1 Negative control (ntc) and + 1 pipetting error. Measurements were performed for 

3 different genes with a different primer set each time. 
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2.2.6 Real-Time quantitative reverse transcription polymerase chain reaction (qPCR) 

Real-time quantitative reverse transcription-polymerase chain reaction (RT-qPCR) was 

performed using the RotarGene Real Time PCR machine. This device provides reliable results 

by changing the temperatures according to the process, allowing reactions to take place and 

measuring data. Primer optimizations were made, such as finding the optimum operating 

temperatures of genes, such as gradient PCR. 8 µl + 2 µl cDNA (total reaction volume of 10) 

from the final gradient PCR mastermix mixture was placed in Eppendorf Scientific PCR tubes 

for analysis. Processing time took about 1 hour and 30 minutes with the preparation, the 

machine working time was 1 hour and 15 minutes of this time. Master mix preparation 

calculations are listed in Table 2.5 and conditions are listed in 2.6. 
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2.2.7 Agarose gel Electrophoresis  

The product from gradient PCR was later taken for gel electrophoresis using agarose. The gel 

concentration was prepared at 2 %, in which 4grams of agarose were weighed and dispensed 

into a transparent glass holding 200ml TAE buffer. The solution was then taken into the 

microwave at high voltage to ensure there was clarity seen in the glass every 30 seconds. The 

glass was taken to a cool dry place to ensure the cooling down of the mixture. The tray (20 cm 

x 20cm) was wiped to remove debris, Ethidium Bromide 5 µl was added to the solution before 

it was poured into the tray for it to get solidified. Both loading dye and sample were mixed (2 

µl to 8µl respectively) and were loaded into the wells. The ladder wells were later loaded with 

2 µl and the tank was covered. The samples ran for 1hr 30mins at 100volts. The bands were 

later viewed using an ultraviolet trans-illuminator (DNR Bioimaging system, Neve Yamin, 

Israel). 

 

 

CHAPTER III: RESULTS 

3.1 Results of Karyotyping  

As shown Table 3.1, 15 of samples have normal karyotype, 8 of samples have abnormal 

karyotype. Among of his abnormal samples have Mosaic Down syndrome, Tetraploidy, Turner 

syndrome, invasion 9 and translocation 13:14. 
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Table 3.1 Shows the results of karyotyping (15 of sampes have Normal karyotype (46,XX), 8 

of samples have Abnormal karyotype)(these 8 abnormal karyotype kinds are; 45,X Turner 

Syndrome; 45,XX(t13:14) chromosome 14 translocated to chromosome 13; 46,XY (inv 

9)invasion on chromosome 9; 92,XXXX tetraploidy syndrome ; 47,XY (+21) Down syndrome 

; 69,XXY Triploidy syndrome) 

 

3.2 Extracted RNA Measurement 

RNA Purification extracted aborted fetuses that were investigated by Nano drop. Table 3.2 

shows 260/280 ratio and nucleic acid concentration  
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Table 3.2 Shows the results of the RNA isolation. (samle 1,2,5,6,9,13,17,21 has abnormal 

karyotype, sample 3,4,7,8,10,11,12,14,15,16,18,19,20,22,23 has normal karyotype. Samples 

nuclic acid concentration and A260/238 results that show purity of RNA in sample , has been 

shown in this table)  

 

3.3 Gradient PCR and Agarose Gel Electrophoresis Results 

Gradient PCR has been carried out to get the optimum annealing temperature for the genes 

(DVL1, GSK3B, and β-catenin genes). The bands displayed were recorded at varying base 

pairs.. For 3 genes (GSK3B,DVL1 and B-catenin), Gradient PCR was performed with the 

temperature varying between 56 ℃-61℃, and it was decided that the anealling temperature 

would be 59℃ from this PCR result. 
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3.4 Gene expression analysis of DVL1, GSK3B, β -catenin and ACTB(β-Actin) genes 

Expression profiles of these genes were performed using cDNA synthesized samples for all 

three Wnt signaling genes (DVL1, GSK3B, β-catenin and B-actin genes). The double-stranded 

nucleic acid chain that separates at each loop begins to be synthesized from where the primer 

is attached and again to form the double-stranded strand. SYBR green dye binds to these 

double-chain structures, this dye causes radiation and the device that detects the amount of 

radiation shows them as a result. The loop threshold, or Ct, is where the fluorescent radiation 

exceeds the threshold amount. The lower the Ct amount, the earlier the sample started to glow, 

which means that there is more product in it. In other words, the amount of nucleic acid is 

always inversely proportional to the Ct number. A sample with a high nucleic acid number will 

have a low Ct number. RT-q PCR analysis was performed for all 23 abortion fetus samples, and 

the status of the genes in the sample was shown with the help of the Ct of the examined gene 

and the amount of Housekeeping genes. The results of Ct values are shown in Table 3.3. 

  Karyotype 

GSK3B 

Ct 

DVL1 

Ct 

CTNNB1 

Ct 

B-Actin (Housekeeping gene) 

Ct 

3 Normal 29,97 28.69 19.41 17,72 

4 Normal 16,95 29.78 19.41 20,02 

7 Normal 13,59   17.76 16,54 

8 Normal 13,61 29.04 20.12 22,65 

10 Normal 12,43 29.20 17.72 19,68 

11 Normal 16,54   19.38 18,85 

12 Normal 13,19 28.50 17.32 18,39 

14 Normal 25,1   18.95 18,05 

15 Normal 24,23     13,86 

16 Normal 18,55   18.60 18,03 

18 Normal 16,44 29.75 19.91 23,08 

19 Normal 27,96 29.02 19.54 17,8 

20 Normal   29.27 19.43 24,33 

22 Normal   29.18 19.52 22,15 

23 Normal 29,04 29.31 19.37 19,23 

5 Abnormal 25,9 29.56 18.62 18.03 

6 Abnormal 26,68 29.40 20.04 20.37 

1 Abnormal 20,96 29.29 18.50 17.90 

2 Abnormal 14,86 28.40 17.34 19.09 

9 Abnormal 15,67 29.31 18.38 23.59 

13 Abnormal 17,08   19.40 17.31 

17 Abnormal 23,45 29.81 19.65 20.07 

21 Abnormal 20,24 29.47 19.70 18.54 
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Table 3.3 Expression levels of four genes (DVL1, GSK3B, β -catenin and β-Actin 

(Housekeeping gene) genes) in all 23 samples. 

 

 Figure 3.1 RT-qPCR reaction curves for GSK3B for all 23 samples and 1 negative control. 

(NTC: Negative Control, Threshold has been showed with arrows, each sample GSK3B gene 

expression curve has been shown with different colour)  

 

 

Figure 3.2 RT-qPCR reaction curves for DVL1 for all 23 samples and 1 negative control. (NTC: 

Negative Control, Threshold has been showed with arrows, each sample DVL1 gene expression 

curve has been shown with different colour) 

 

 

NTC 

NTC 

NTC 

Threshold 

Threshold 

Threshold 
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Figure3.3 RT-qPCR reaction curves for β -catenin for all 23 samples and 1 negative control. 

(NTC: Negative Control, Threshold has been showed with arrows, each sample β -catenin gene 

expression curve has been shown with different colour) 

 

 

Figure3.4 RT-qPCR reaction curves for β-Actin (Housekeeping gene) (NTC: Negative Control, 

Threshold has been showed with arrows, each sample β-Actin gene expression curve has been 

shown with different colour) 

 

Samples of spontaneous abortions with normal and abnormal karyotype were compared. As 

seen in Table 3.1, Table 3.2, Table 3.3 and Table 3.4, the threshold was drawn above the 

negative control curve, and samples passing the threshold have an expression curve. There is 

no expression in samples that do not exceed the threshold. 

 As seen Table 3.5, Table 3.6 and Table 3.7, DVL gene expression level did not change normal 

and abnormal karyotype (Table 3.6) , but GSK3β was less expressed in the abnormal karyotype 

than in the normal karyotype that means its down regulated (Table 3.5), On the other hand, the 

β-catenin gene was more expressed in the abnormal karyotype than in the normal karyotype, 

that is, it was upregulated (Table 3.7). 
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Figure3.5 Comparison of the GSK3B gene in samples of spontaneous abortions with normal 

and abnormal karyotypes. (GSK3B gene expression was less expressed (downregulated) in the 

abnormal karyotype than in the normal karyotype.)  

 

 

Figure3.6 Comparison of the DVL1 gene in samples of spontaneous abortions with normal and 

abnormal karyotypes. (DVL1 gene expression has the same expression level in normal and 

abnormal karyotype) 

 

Figure 3.7 Comparison of the β -catenin gene in samples of spontaneous abortions with normal 

and abnormal karyotypes. (β -catenin gene expression was higher (upregulated) in abnormal 

karyotype than in normal karyotype) 

3.6 Statistical Analysis 

Group Statistics 

Genes Karyotype Sample Numbers Mean p-Value Std. Error Mean 

GSK3B Abnormal 8 0.62 0.033 0.06 

Normal 15 1.01 0.09 

DVL1 Abnormal 8 0.93 0.350 0.024 
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Normal 15 1.01 0.061 

β -catenin Abnormal 8 1.20 0.255 0.09 

Normal 15 1.05 0.101 

Table 3.5 shows a statistical analysis of  GSK3B, DVL, β -catenin 

 (P values  <0.05)= Significant             (P values >0.05)= Not significant 

3.5 Conclusion 

In this study Wnt/β-Catenin signal pathway genes DVL1, GSK3B and β-catenin examined in 

spontaneous abortion samples with normal and abnormal karyotype and has been shown that 

GSK3B is significantly down-regulated in abnormal karyotype, DVL1 does not differ 

significantly in abnormal and normal karyotype, and CTNNB1 changes insignificantly but is 

upregulated (not significant) in abnormal karyotype. 

 

CHAPTER IV:  DISCUSSION 

4.1 DISCUSSION 

The aim of this study is to show the connection between Wnt/β-catenin pathway and associated 

genes in early pregnancy and implantation failure. In reproductive biology, the early phase of 

embryogenesis is a complex and important cell-remodeling activity. Maternal-to-zygotic 

transition (MZT) is critical for both the destruction of maternal products and zygotic genome 

activation (ZGA) (Minami, Suzuki and Tsukamoto, 2007) , which  gene targeting  and β-catenin 

activation assay in mice demonstrated that not only β-catenin  (Ctnnb1) and several Wnts, 

including Wnt4, Wnt6, Dkk1, Wnt5a, and Wnt7a are required for various developmental 

processes including pre-implantation development, implantation of blastocyst but also required 

for Decidualization of the endometrium, cell proliferation, and differentiation (Deng et al., 

2021).  In gametes and embryos, all of the most important elements of the WNT signaling 

pathway are expressed (Knöfler and Pollheimer, 2013).  The WNT pathway is mediated by 

βcatenin, which is phosphorylated at Ser/Thr residues that are highly conserved as a result of 

its association with the Adenomatous Polyposis Coli (APC) complex, in the absence of WNT 

ligands. The E3 ubiquitin ligase complex identifies the modified form of βcatenin, which is 
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then destroyed by the proteasome. βcatenin can no longer be targeted by the APC complex in 

the presence of WNT ligands, resulting in catenin's nuclear localization and subsequent stability 

(Clevers and Nusse, 2012). The interaction of βcatenin with a variety of factors in the nucleus, 

particularly components of the TCF/LEF family, stimulate the transcription of specific genes 

(Cadigan and Waterman, 2012). It is suggested that Wnt4 has a pleiotropic signal that supports 

the follicle formation, particularly maturation and coordination of the polarized structure, as 

well as follicular cell survival, the inactivation of the Wnt4 gene lead to compromised ovarian 

folliculogenesis and diminished  female fertility.Wnt4 knockout  mice resulted in ovarian 

failure (Prunskaite-Hyyryläinen et al., 2014). However, gain-of-function (GOF) causes 

mesenchymal tumors and infertility due to oviducts malformation, the 4.5th day of a simulated 

pregnancy, or in treated mice with oestrogen and progesterone to simulate early pregnancy, the 

progesterone-IHH and oestrogen-LIF-ERK pathways in GOF β-catenin mice are mostly intact; 

however, JAK/STAT signaling is affected. All in all, dysregulation of β-catenin in connective 

tissue influences both the epithelial cell STAT3 signaling and uterine conditions (Patterson et 

al., 2017).  

The developmental stages are critical for survival of an embryo as well as proper formations of 

the tissues. CTNNB1 is indeed a component of a protein complex, which it helps endothelial 

and epithelial tissues generate cell–cell junctions. Furthermore, β-catenin 1 increases 

neurogenesis by retaining sympathetic neuroblasts in the cell cycle thus CTNNB1 is clearly 

involved in early developmental process as well as cellular recognition (Komiya and Habas, 

2008). CTNNB1 is a significant factor of the canonical Wnt signaling pathway's downstream 

components, This gene was discovered to be elevated in this research, making it a useful marker 

for disease research (Guha et al., 2021). The implications of unregulated β-catenin activation 

at the developing Mullerian duct mesenchyme were also investigated. β-catenin stabilization in 

the mesenchyme resulted in epithelial changes such as decreased proliferation, delayed uterine 

gland development, and the activation of an EMT (epithelial–mesenchymal transition). EMT 

occurrence occurs prior to birth and ends about 5 days of birth (Patterson et al., 2017). Use 

of Matrigel invasion assay, illustrated that WNT3A induced both trophoblast migration and 

invasion, which could have been inhibited by Dkk1, implying that Wnt/β-catenin signaling is 

aberrant. WNT3A enhanced trophoblast outgrowth in villous explant cultures while also 

activating the canonical pathway and phosphorylating AKT (Pollheimer et al., 2006). In another 

study, WNT7A (rs104893832) polymorphism was found as a significant association in recurrent 



 
50 

 

spontaneous abortion ,which comparing to control group the frequency of G allele was 

significantly  different (Mazdapour, Ashkezari and Seifati, 2018). GSK3β has a pleiotropic 

involvement, and knocking it out during the periconceptional stage does not affect fertility but 

triggers cardiovascular abnormalities, cardiac hyperplasia, and a considerably higher  neonatal 

death rate (Monteiro da Rocha et al., 2015). Antibody array technology demonstrated the 

downregulation of Dickkopf-related protein (Dkk) in Recurrent spontaneous abortion (RSA) , 

therefore it is a potential biomarker for the diagnosis and prediction of RSA (Wu et al., 2017). 

The DVL2 p. R633W variants adversely affected the protein and increased the activity of all 

three Wnt signaling pathways in mammals, DVL1 variants (DVL1 p. R558H) and (DVL1 p. 

R606C) conversely, reduced canonical Wnt/ β-catenin signaling however elevated Wnt/Ca2+ 

signaling activity. In zebrafish embryos, DVL2 p. R633W variation leads to fetal abnormalities. 

Uncommon DVL mutations, particularly DVL2 p. R633W, by blocking Wnt signaling 

pathways, possibly play a role in human neural diseases (Liu et al., 2020). As a result, Wnt 

signaling is particularly important in placental vascularization. Formation of migratory extra 

villous trophoblasts (EVTs) play an important role in embryonic development.  Different 

trophoblast cell models were used to  indicate  that  TCF4  is linked  with stimulation of 

canonical Wnt signaling in EVTs regulating cell motility and gene expression in  EMT and cell 

migration (Meinhardt et al., 2014).  

Has been founded that many genes cause spontaneous abortion.  For example, TRO, CDH11, 

CDHA genes affect cell adhesion, trophoblast/endometrium interaction, THBD, F5, FGA genes 

are involved in coagulation, FGA, MMP10, MMP9, COL6A3, ADAMTS1 and TNC genes are 

responsible for extracellular matrix remodelling, while FLT1, EPAS1 genes are responsible for 

the vascularization process, LIFR, FGFR2, BMP7 genes are involved in proliferation, 

differentiation, migration and apoptosis processes, while AMN gene affects metabolism, IDO2, 

CR1, TLR3, TRAF3IP1 is involved in modulation of immunological function and mutations in 

these genes can cause spontaneous abortions (Fukuda and Sugihara, 2008)(Puscheck and 

Jeyendran, 2007)(Zhao et al., 2010; Nakamura and Saji, 2014) (Quintero-Ronderos et al., 2017)  

A total of 23 samples were obtained from the IVF clinic at Near East Hospital, wherein they 

were placed into two categories namely Normal and Abnormal karyotype. The study was 

actualized to observe the expression level of Wnt-signalling pathway genes in (DVL1, GSK3B 

and β-catenin) in all 23 abortion materials. The RNAs were isolated from these samples and 

further processed for cDNA synthesis. The gradient PCR was completed to obtain the optimum 
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temperature ranging from 56℃ to 61℃ of the three genes along with the housekeeping gene 

(β-actin). The genes were further processed using Agarose gel electrophoresis, but each gene 

displayed no bands rather primer dimers were visualized.  

Gradient PCR has been carried out to get the optimum annealing temperature for the genes 

(DVL1, GSK3B, and β-catenin genes). Gradient PCR showed a band around 150 bp as a result 

of GSK3B agarose gel, no specific bands were seen in DVL1 and CTNNB1. As a result of the 

analysis, the bonding temperatures were set as 59℃. 

In this study, samples of spontaneous abortions with normal and abnormal karyotype were 

compared. As seen Table 3.5, Table 3.6 and Table 3.7, GSK3B is significantly down-regulated 

in abnormal karyotype (Table 3.5), DVL1 does not differ significantly in abnormal and normal 

karyotype (Table 3.6). On the other hand, CTNNB1 changes insignificantly but is upregulated 

(not significant) in abnormal karyotype (Table 3.7). It may be important information that this 

gene differs in abnormal and normal karyotype, a more detailed study with more samples is 

required for more precise results. It is expected that β-catenin is upregulated while GSK3β is 

down-regulated. because GSK3β acts as a β-catenin degradation complex in the cell. When β-

catenin is high, GSK3β should not work or work less. So, what does the upregulation of β-

catenin in the abnormal karyotype indicate, namely, that as described earlier, β-catenin have a 

significant role in embryonic development. It is already known that the probability of 

miscarriage is high in the abnormal karyotype, downregulation of β-catenin in the normal 

karyotype may result in a high probability of miscarriage in the normal karyotype. However, 

more samples are needed for conclusive results, monitoring of protein levels by different 

techniques such as immunochemistry, and fetal unrealized fetal samples for better comparison. 

When these conditions are met, more precise information will be obtained, and this information 

is important. Finding out this signaling pathway and which genes cause spontaneous abortions 

is of great importance in learning and treating the cause of spontaneous abortions of unknown 

cause, which is at the level of 50%. 

 

4.2 CONCLUSION 

   This study showed, when samples of spontaneous abortions with normal and abnormal 

karyotype were compared for Wnt/β-Catenin signal pathway genes DVL1, GSK3B and β-
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catenin, It was observed that DVL1 did not change, but GSK3β was observed to be down-

regulated in abnormal karyotype, it may be important information that this gene differs in 

abnormal and normal karyotype, a more detailed study with more samples is required for more 

precise results. It is expected that β-catenin is upregulated while GSK3B is down-regulated. 

because GSK3B acts as a β-catenin degradation complex in the cell. When β-catenin is high, 

GSK3B should not work or work less. So, what does the upregulation of β-catenin in the 

abnormal karyotype indicate, namely, that as described earlier, β-catenin have a significant role 

in embryonic development. It is already known that the probability of miscarriage is high in the 

abnormal karyotype, recent studies showed abnormal karyotypes like invasion 9 associated 

pregnancy failure, idiopathic miscarriage (Xie et al., 2020), another example has been known 

that  tetraploidy fetuses end in miscarriage (Bothur-Nowacka et al., 2013), other research 

showed tetraploidy leads to early miscarriage (Filges et al., 2014), etc. so many research 

improved that the probability of miscarriage is high in the abnormal karyotype, its possible that 

downregulation of β-catenin in the normal karyotype may result in a high probability of 

miscarriage in the normal karyotype. 
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