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SUMMARY

In 1978, a new era has started in the treatment of infertility by the birth of the first baby from a pregnancy achieved

by in-vitro fertilization. Following this, healthy pregnancies have been achieved by assisted reproductive techniques

such as in-vitro fertilization by an important percentage of the childless couples.

Despite all developments in assisted reproductive techniques, pregnancy rates haven't increased as expected, and

unfortunately the rate of implantation success of transferred embryos remained at low levels (15%). Similar to

recurrent pregnancy loss in which the etiology is not clear yet and the causes are probably multifactorial, evaluation

of patients with recurrent implantation failure is difficult and complex. Genetic risk factors such as genomic

rearrangements in the couples and the embryo, sperm DNA damage and imprinting defects have been considered

among the causes of recurrent implantation failure.

Genetic screening is an integral part of providing good medical care of patients and families receiving a diagnosis

of a genetic disorder. The aim of preconceptional genetic screening is to asses the fertility, to be able to increase

success rate of infertility treatments and to detect the healthy carriers who may have a baby with the risk of fatal

and/or multiple congenital anomalies. In this review, possible genetic factors associated with recurrent implantation

failure are discussed in the light of the current literature.
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TEKRARLAYAN ‹VF BAfiARISIZLIKLARINDA GENET‹K FAKTÖRLER‹N KL‹N‹K

VE PROGNOST‹K ÖNEM‹

ÖZET

1978 y›l›nda in-vitro fertilizasyon sonucu elde edilen bir gebelikten ilk bebe¤in do¤mas› sonucunda infertilite tedavisinde

yeni bir dönem bafllam›flt›r. Bunu takiben, in-vitro fertilizasyon gibi yard›mc› üreme teknikleri sayesinde çocuksuz

çiftlerin önemli bir yüzdesi sa¤l›kl› gebelikler elde edebilmifllerdir.

Yard›mc› üreme tekniklerindeki tüm geliflmelere ra¤men, gebelik h›zlar› beklendi¤i flekilde artmam›fl ve ne yaz›k ki

transfer edilen emriyolarda implantasyon baflar›s› düflük yüzdelerde kalm›flt›r (%15). Etiyolojisi net olarak bilinmeyen

ve muhtemelen multifaktoriel nedenlerden kaynaklanan rekürren gebelik kay›plar›na benzer flekilde, tekrarlayan

implantasyon baflar›s›zl›¤› olan hastalar›n da de¤erlendirilmesi zor ve komplekstir. Çiftlerde yada embriyoda genomik

yeniden düzenlenmeler, sperm DNA hasar› ve imprinting hatalar› gibi genetik risk faktörleri tekrarlayan implantasyon

baflar›s›zl›¤› nedenleri aras›nda kabul edilmektedir.

Genetik tarama, genetik bir hastal›k tan›s› konulan hastalara ve ailelere iyi bir t›bbi bak›m verilebilmesi için gerekli
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DEFINITION AND IMPORTANCE

Repetitive in-vitro fertilization failure (RIF) is defined

as the absence of pregnancy although a good quality

embryo has been transferred following at least three

successive in-vitro fertilization (IVF)/Intracytoplasmic

Sperm Injection (ICSI)-Embryo Transfer (ET)

procedures(1,2). In spite of the evolution of the assisted

reproduction techniques, the rate of implantation success

is around 15 %(3,4). The etiology of this situation has

not been explained yet and there are probably many

reasons for that. That is why the evaluation of the RIF

patients is especially difficult and complex.

The analysis of genetic factors in IVF applications is

really important for the success of the procedure and

for the determination of couple-specific procedural

way. The genetic screening planned for these patients

should be made during pre-conception period or during

the evaluation of the fertility state.

ETHIOLOGY OF RECURRENT

IVF FAILURE

RIF is a complex procedure in which factors belonging

to the mother, the father and the embryo play a role.

The low quality of oocytes and embryo and

chromosomal aneuploidy due to the advanced age of

the mother are among the main factors.

The IVF success and live born rates decrease with the

age of the mother as shown in previous studies

(Figure1). Again in mothers, anatomic changes such

as endometrial polyps and submucous fibroids, the

presence of antithyroid antibodies and antinuclear

antibodies that can lead to the development of immune

reaction against the embryo may be the cause of RIF

or recurrent pregnancy loss (RPL). The presence of

genetic abnormalities such as chromosomal anomalies,

single gene diseases, multi-factorial diseases and sperm

aneuploidies(5,6), suboptimal ovarian stimulation

protocols, suboptimal culture conditions, unsuitable

embryo transfer technique and embryo-based conditions

may affect the success of the implantation(7,8)(Figure

2).

Figure 1: The relationship between IVF success and live birth rate

depending on the age
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1) Genetic factors acting in recurrent IVF failure

a. Chromosomal anomalies:
Previous studies reported that, more than 80% of the

pregnancy losses occur in the first trimester and the

analysis of the fetus or the abortion material has shown

presence of chromosomal anomalies in 53% of the

cases(9). In the same way, high level of chromosomal

anomalies has been detected in the embryo of RIF

couples using pre-implantation genetic screening (PGS).

Among these, the most frequently observed chromosomal

anomalies are aneuploidies. In addition, numerous and

complex anomalies involving 3 or more chromosomes

have also been reported(9,10). The detection of aneuploid

fetus with the analysis of RPL mothers' abortion material

in many studies have shown that this risk is higher in

mother with advanced age (5). Independently from the

age of the mother, low rates of X chromosome mosaicism

observed in FISH analysis performed on RPL mothers'

blood and buccal smear using X-alpha satellite probes

are also considered as an important risk factor for

RPL(11). Thus, if a mother is at an advanced age or is

detected to have mosaic X chromosome monosomy, the

couples applying for IVF needs to be submitted to PGS

and prenatal diagnosis.

In sperm FISH studies performed on men with normal

karyotype and abnormal spermiogram, an increase in

numerical chromosome abnormalities and diploid

sperm ratio was observed and these observations were

reported to be associated with sperm number and

motility(12). In sperm aneuploidy studies, anomalies

of sex chromosomes and chromosome number 21 and

22 are were frequently observed(13). In studies on non-

mosaic XXY-Klinefelter cases, sex chromosome

disomy rate was 7.69%; this rate was 2.54% in mosaic

(XY/XXY) cases and 3.97% in XYY cases(14-16). Thus,

when an IVF is planned due to male factor, sperm

aneuploidy should be investigated with sperm FISH

studies and the family should be offered PGS and

prenatal diagnosis (Figure 3).

In couples with RPL, the frequency of being a carrier

for a structural chromosomal anomaly of at least one

of the parents varies between 3 and 11%(17). Among
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these structural abnormalities, the most frequently

observed anomaly is autosomal chromosomal

translocations. The frequency of chromosomal

translocations is 2.5% in RIF couples, 9.2% in RPL

couples and 0.2% in newborns(9,11). It has been declared

that in couples carrying chromosomal anomalies, IVF

and pregnancy success rate may decrease and there

may be an increased risk of abortion(10). These couples

may also have a fetus with a chromosome anomaly

that may lead to congenital anomalies, mental

retardation and short life-span(17).

The abnormal sperm ratio varies between 3.4 and 40%

in men carrying a Robertsonian translocation and

between 47.5 and 81% in those carrying a reciprocal

translocation(18). The patients who are translocation

carriers may produce more abnormal embrios than

expected in association with abnormal sperm

production. Inversions are an other type of structural

chromosomal changes(19,20). They are important since

the carrier individuals may develop abnormal gametes.

5-10% of the major chromosomal anomalies detected

in RPL couples are pericentric inversions. In men

carrying inversions, abnormal spermatocyte frequency

varies between 0 and 54.3% according to the length

of the inversion and formation of a stich or not by the

chromosome(19,20).

Since the rearrangements of the chromosomes affecting

the telomeric regions can also produce abnormal

gametes, it is reported that these rearrangements may

also lead to RIF and RPL. Because of all these reasons,

it is recommended to perform pre-implantation genetic

diagnosis (PGD) when a structural anomaly is detected

in at least one of the patients(21). (Figure 3,4). Use of

more sensitive methods such as subtelomeric FISH or

Array-Comparative Genomic Hybridization (a-CGH)

for anomalies that cannot be detected by conventional

cytogenetic examinations(21,1).

In the recent years, the effect of polymorphisms of

heterochromatin region of the chromosomes on

reproductive health has been investigated. Even if they

do not lead to known genetic diseases, it is thought

that these polymorphic changes may be responsible
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from reproductive failure and be the cause of RPL

(17). Increased aneuploidy rates detected by sperm

FISH has been reported in male patients with

heterochromatin polymorphism(17,22,23).

The mode of action of heterochromatin changes on

mechanisms of sperm production are not known yet,

however, with the detailed analysis of the changes that

are suspected to be normal variants, how these interact

with the genes acting in sperm production will be

clarified.

b. Y Chromosome Microdeletion:
Lower fertilization and pregnancy rates have been

reported in cases with Y chromosome deletion. Y

microdeletion is mostly de novo in patients(24). The

deletions are mostly localized on the long arm of Y

chromosome (Yq11). The locus of deletion on Y

chromosome is important for its effect on

spermatogenesis. Y chromosome microdeletion is

observed at a rate of 10-15% in patients with azospermia

or severe oligozoospermia(20,24). AZFc deletion has

been detected in 16% of azospermia patients and in

5% of oligozoospermia patients. The frequency of

AZFc deletion in the population is supposed to be

1/4000(20). AZFb deletions are observed in 2% of the

patients(18,21).

In couples who are fertile but who present RPL, Y

chromosome deletions may have an etiological role. In

a study about the interaction of RPL and proximal AZFc

deletion, 14(82%)  the of 17 patients with RPL were

found to have a deletion in proximal AZFc region of

the Y chromosome, while no deletion has been observed

in patients having live birth(20,23,24).

In addition to that, 45,X/46,XY mosaicism may be

detected in the gonads of the father with an AZFc

deletion as a result of loss of Y chromosome. This

way, monosomic embryo for X may be produced by

ICSI or 45,X/46,XY mosaicism may occur due to

unstable Y chromosome transferred to the male embryo

at early stages. Because of this mosaicism, birth of a

male baby with ambiguous external genitalia or mixed

gonadal disgenesis has been reported(24). It has been

recommended to perform Y chromosome microdeletion

test in addition to karyotype analysis to IVF candidates

depending on the indication before IVF/ICSI

procedures.

c. Sperm DNA Damage:
Tests including sperm number, morphology and motility

that indirectly evaluate male infertility are widely used

in fertility clinics. In last years, the detection of high

sperm DNA damage in patients with abnormal semen

parameters brought up new approaches(25). Sperm

DNA damage may develop with different mechanisms

such as abnormal chromatin packing, reactive oxygen

species (ROS) and sperm apoptosis(26). The potential

effect of sperm DNA integrity on male infertility is

unknown. Damaged sperm that cannot be repaired

enter the apoptosis process and lose their fertile capacity
(27). DNA damage occurring in male germ cells with

increasing age of the father are repaired by DNA repair

mechanisms under normal conditions and

reproduction/fertilization pursue(28). However, as sperm

DNA damages have been detected in 8% of the patients

with normal semen parameters, their effect on IVF and

ICSI results are still discussed.

It has been demonstrated that the oocyte may

compensate sperm DNA fragmentation in cases with

a DNA fragmentation index (DFI) up to 30% which

is measured using Sperm Chromatin Structure Analysis

(SCSA) and shows the level of DNA denaturation(29).

In fertile couples with a DFI<30%, the possibility to

get pregnant by ICSI and IVF is reported to be 2 times

higher(30). However, in patients with DNA

fragmentation >30%, even if the first 3-days of embryo

development will not be affected, healthy blastocyte

development and pregnancy will not follow(31,32). In

a study of Bungum et al. including 387 intrauterine

insemination (IUI) cycles with DFI >%30, which is

the largest series up to date, biochemical pregnancy,

clinical pregnancy and birth rate have been found to

be significantly low in patients(28). However, in studies

about this topic, the correlation detected between DFI

and sperm aneuploidy is contradictory. In two studies

about the relation between DFI and sperm aneuploidy,

a positive relation has been observed, while this has

not been observed in a different study performed in

the recent years. In these three studies, embryo

aneuploidies have not been evaluated(33). In another

prospective randomized study of Balaban et al.,

implantation and clinical pregnancy rates of

intracytoplasmic injection of morphologically selected

sperm (IMSI) cases was compared with that of ICSI

cases. As a result, the rates of 19.5% and 54.0%

observed in ICSI have respectively increased to 28.9%

J Turk Soc Obstet Gynecol 2013; 10: 175- 86
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and 54.0% with IMSI(34). Thus, routine IMSI have

been recommended for couples with five or more

RIF(34).

Problems such as production of embryo with high

aneuploidy rate, early pregnancy losses, risk of

metabolic diseases associated with epigenetic

modifications, childhood cancers are still subjects of

investigations. The relation between damaged sperm

DNA used in ICSI and the potential effects on the child

is not clear, further studies are required. Further larger

studies are required to detect the mechanisms of

occurrence of sperm DNA damage and their effects

on IVF success.

d. Single Gene Disease and Multifactorial Diseases:
Single gene diseases may lead to RPL and IVF failures

especially in patients with family history. These diseases

are supposed to affect pregnancy losses in two ways.

The first one is the development of a disease in the

fetus that can be incompatible with life, while the other

one is the possibility that single gene disease present

in mother adversely affects the pregnancy. Single gene

diseases such as sickle cell anemia, alpha thalassemia,

Zelweger disease and glutaric aciduria for which the

incidence increases in consanguineous marriage may

lead to pregnancy losses(23). According to the data of

PGD Consortium of 2012 of the European Society of

Reproduction and Embryology (ESHRE), 4733 cycles

have been performed for single gene diseases in the

last ten years. According to this report, PGD have been

mostly performed for cystic fibrosis, sickle cell anemia

and spinal muscular dystrophies. For autosomal

dominant diseases, PGD has been mostly used for

myotonic dystrophy(36).

Hereditary recessive defects of X chromosome may

be lethal for the male fetus in intrauterine environment.

In a study about the X-linked lethal genes in women

with RPL, a higher amount of shifted X inactivation

pattern compared to the control group has been observed
(22,23). X chromosome inactivation in a certain region

in more than 90% of the cells has been highlighted.

Same results have been obtained in leucocytes, oral

mucosa cells and muscle biopsies. The locus with

genetic defects has been mapped on Xq28 region
(23).

Nowadays, PGD is mostly performed for Fragile X

syndrome, Duchenne muscular dystrophy (DMD) and

hemophilia among X chromosome-associated diseases

(36). These situations that can directly lead to fetal death

should be analyzed before IVF applications.

e. Polymorphic Modifications:
According to the data obtained from studies, mutations

and polymorphisms in some genes such as p53, HLA-

G, VEGF and IL-1RN play a genetic role for RIF after

IVF. Sipak-Szmigiel et al. have studied the existence

of a relation between gene polymorphism of HLA-G

antigen expressed in trophoblast cells of the fetus and

RIF. This antigen which plays an important role in

pregnancy physiology participates to the formation of

maternal immune system during pregnancy. As the

antigen may also be detected in some blastocysts, it

may have a role in implantation. Previous studies have

shown that HLA-G gene polymorphism may lead to

preclampsia, RPL and RIF(37). In the study of Sipak-

Szmigiel et al., a relation between HLA-G gene

polymorphism and increased RIF risk has been

established(37). Goodman et al. have shown in a study

that -1154A/A polymorphism of VEGF gene which is

the best characterized regulator of angiogenesis may

be a factor of RIF(38). In a study of Goodman et al.,

the Pro 72 polymorphism of the p53 gene that is

supposed to act in fertility and to regulate reproduction,

the 4G/4G polymorphism of the PAI gene which

encodes proteins that have a role in coagulation and

1154A/A polymorphism of the VEGF gene were

reported to have a relation with RIF(39).

Using all these data, it has been proposed that

polymorphisms may play a role in RIF development

and that it will be useful to prepare a test panel to

determine these gene polymorphisms to detect women

who will be under risk of RIF after IVF.

f. Mitochondrial Modifications:
Rearrangements, long region deletions and point

mutations in mtDNA genome are important for sperm

motility and morphology. It has been demonstrated

that genetic modifications in sperm mtDNA affect

sperm function and thus the normal fertilization(40).

An increase is observed in abnormal sperm and sperm

mtDNA in infertile men and this increase creates

serious problems during ICSI. The total loss of

mitochondrial rRNA or tRNA may lead to the arrest

of mitochondrial protein synthesis and affect early

embryonic development and thus may provoke fetal

death(55,56). Also, an increase of defective mtDNA in
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ovarian dysfunction that occurs with advanced age of

the mother has been described in literature(40).

g. Methylation-Imprinting Defects:
The methylation of germ cell genome is important both

for normal spermatogenesis and embryo development

following fertilization. The major epigenetic regulator

for the cellular genome to be able to function is reported

to be DNA methylation. It has been observed that genome

imprinting defects lead to hypospermatogenesis and that

oligozoospermic men transfer this imprinting defects to

their children(41).

Due to the methylation of sperm and oocyte during

fertilization, transcription is not possible. But chromatin

DNA reorganizes by making modifications in

methylation state to permit the somatic development of

the embryo after it becomes diploid. In that purpose,

the genome obtained from the father undergoes

demethylation within few hours after fertilization while

the genome obtained from the mother undergoes a

passive demethylation process following the two-cell

embryo period. After the development of morula and

blastocyst, the two genomes have undergone equal

demethylation and then new methylation occurs(42).

Benchaib et al. have shown in a study that methylation

defects may lead to abnormal fetal development, diseases

such as Angelman syndrome and Beckwith-Wiedemann

syndrome and that pregnancy success increases with

the increase of methylation(42,43).

h) Immunologic Factors and thrombophilias
Nowadays, effects of abnormalities in local immune

functions at the maternal and fetal surfaces on

implantation success are an emerging issue(44). In last

years, studies in immunology have shown that 80% of

the unexplained abortions may be associated with

immunologic factors. Alloimmune defects, cytotoxic

antibodies, "natural killer" cells function and dispersion

anomalies constituting an abnormal maternal immune

response against fetal and placental antigens are among

immunologic factors that can affect IVF success(44).

Most of these may be prevented using new treatment

methods(7). If all the tests performed on the couples

before IVF are normal, immunologic factors that may

affect the implantation should be taken into

consideration. For this, the first thing to do is to observe

immunologic reactions with a lymphocyte cross-match

test of the couples. If there is no reaction against male

antigen in women, they may have similar human

leukocyte antigens (HLA). As this similarity has been

proposed as a cause of RPL and RIF, analysis of class

I and class II HLA of the couples and treatment with

high dose IV immunoglobulin has been recommended

in the literature(46).

It has been declared that hereditary and acquired

thrombophilias create local micro thrombi in maternal

vascular structure on the implantation surface and

affect the microcirculation, thus leading to RIF and

early pregnancy losses(47). Antiphospholipid antibody

syndrome (AFS) which is one of the causes of acquired

thrombophilias, is an autoimmune pathology leading

to fetal death and RPL due to arterial and venous

thrombosis. Antiphospholipid antibodies are observed

in 14% of the total population and in 30-50% of patients

with systemic lupus eritamatosis (SLE). Besides,

temporary antiphospholipid antibodies may be detected

in Syphilis, Lyme disease, in frequent viral and

mycoplasma infections as well as with the use of drugs

such as chlorpromazine, clonidine, phenytoin,

procainamide. But in these situations, thrombosis does

not develop(48).

Studies have shown that, almost all of the fetal deaths

observed in women with SLE were associated with

AFS (lupus anticoagulant-LA and anticardiolipin

antibodies-ACA)(47,48). These antibodies are the most

sensitive indicators in fetal distress and death. Besides

the clinical criteria, demonstration of medium or high

levels of ACA (IgG or IgM) constitute an important

laboratory diagnostic criteria. In spite of this relation

between AFS and RPL, American Society of

Reproductive Medicine (ASRM) has reported in 2008

that AFS does not affect IVF success(49). In this report,

16 review articles and 2053 cases have been investigated

bot individually and globally and no statistically

significant difference has been observed between AFS

and IVF success(49).

In literature, there are at least 694 studies about the

effect of hereditary thrombophilic gene mutations on

RPL and IVF success(50). Among these, when review

articles, meta analyses and case presentations are

considered, it has been observed that at least 6092

cases have been studied. Case control studies showed

that, when more than one AFS antibody have been

detected, the risk of IVF failure is three times the

normal value(50).
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Cohort studies showed no relation between AFS and

live births and pregnancy rate(50). In eight case control

studies, the success of IVF decreased three times

compared to normal conditions in patients with Factor

V Leiden mutation(50). This relation has not been

established in two cohort studies. The homozygote

mutation of methylene tetrahydropholate reductase

(MTHFR) gene was demonstrated to cause

hyperhomocystinemia leading to defects in chorion

villous vascularization, increasing the risk of early

pregnancy loss(51,52). This mutation also increases the

NTD risk in the fetus up to 1.9 times(51). In spite of all

fetal effects of MTHFR mutation that can affect folate

metabolism, its relation with RIF has not been proved.

In a recent study of Laanpere et al., it has been proposed

that a heterozygote modification of gene working in

folate metabolism causes a decrease in ovarian

stimulation and IVF success compared to the control

group(50).

Even if there are many people thinking that thrombophilia

in fetus may increase the risk of pregnancy loss, there

is no clear proof about this issue yet(53). There are few

cases of pregnancy loss, early birth and cerebral palsy

defined in literature(54).

Multiple thrombophilic gene mutation rate is 74% in

women with RPL and 20% in control group(52). Based

on these data, it is possible to declare that thrombophilia

screening will be useful in RIF patients before IVF/ICSI

procedures (Figure 4).

2) Subclinical Infections:

Chlamydia trachomatis, Ureoplasma and Mycoplasma,

Toxoplasma gondii, Listeria Monocytogenes, Herpes

virus and Cytomegalovirus infections may cause

RPL(55). However, the data about cervicovaginal

infections as a cause of early pregnancy losses are

insufficient and contradictory(56).

Kamiyama et al. have evaluated the existence of a

relation between subclinical upper genital tract infections

and IVF-ET failure; no pregnancy has been observed

in 38 patients with menstrual blood endotoxin

concentration higher than a threshold value while

pregnancy has been detected in 1/3 of the patients with

an endotoxin concentration within accepted limits(57).

They proposed that early colonization of the endometrium

by Gram negative bacteria affects the implantation or

triggers early spontaneous loss thus causing IVF-ET

failure. Based on these results, Romero et al. also

supported the potential role of genital canal infections

on IVF-ET failure in a review article(58).

With these information, even if screening for these

infections before IVF seems to be useful in a patient

who does not have clinic infection findings or is not

under risk of sexually transmitted diseases, there are

not enough studies proving the necessity to perform it

in routine practice. On the other side, routine screening

for HIV, hepatitis B, hepatitis C infections should be

performed before IVF procedure. This is important for

the protection of the fetus obtained by IVF as well as

members of the the clinical and laboratory team and

to prevent cross contamination between frozen embryos.

PREIMPLANTATION GENETIC DIAGNOSIS

AND ARRAY CGH APPLICATION IN IVF

FAILURES

In a report published by ESHRE PGD Consortium, more

than 27 000 cycles from 39 different centers have been

performed; of these, 61% were for aneuploidy, 17% were

for single gene diseases, 16% were for chromosomal

anomalies, 4% were for X-associated diseases and 2%

were for social indications(36).

PGS is a technique used to chose and transfer the best

embryo obtained by IVF by evaluating aneuploidies

of the embryo. One of the main reasons to use PGS is

to increase implantation success in IVF centers or to

decrease pregnancy losses(36). PGS technique should

especially be used for patients with advanced maternal

age or couples with RPL or RIF.

In previous studies, pregnancy rate per oocyte increased

from 29% to 38% and the abortion rate in carrier parents

decreased from 92% to 12.5% after PGS application(59).

FISH technique has been frequently used for aneuploidy

and translocation screening. With the FISH technique,

the analysis of limited number of chromosome, the

debatable results, the use of unsuitable biopsy and

fixation techniques lead to different results(60). As an

alternative to FISH technique, aCGH technique permits

the analysis of all chromosomes in the embryo. This

technique may be used indications such as advanced

maternal age, RPL, RIF, severe male factor and

translocation and inversion carriers. 30-40% of

chromosome deficiencies determined by aCGH cannot

be determined by FISH technique(60,61).

Different from PGS, PGD is based on a selective
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transfer of embryo in couples carrying genetic diseases

such as structural chromosomal rearrangements like

translocations, familial genetic diseases or carriers of

genetic diseases. By this way, it is aimed to increase

the chance of the couples for having a healthy children

and to decrease the amount of pregnancy terminations

due to medical indications.

Due to frequent consanguineous marriages in our country,

it is important to perform PGD in autosomal recessive

diseases such as beta-thalassemia. PGD applications are

now developed for autosomal dominant diseases such

as myotonic dystrophy, Huntington disease, and Marfan

syndrome. PGD application frequency for autosomal

dominant diseases is reported to be lower compared to

that for autosomal recessive diseases(36). However, we

suppose that PGD applications will increase in the near

future since the risk of passage of the autosomal dominant

diseases to the embryo is higher than recessive

diseases(36).

Even if PGD procedure seems to be advantageous for

IVF applications, it also leads to problematic situations.

The procedure is very expensive especially in countries

such as England where prenatal diagnosis is endorsed

by the government but the PGD is not. The most

difficult part of PGD for fertile couples is the necessity

to undergo IVF. Also, the possibility to have false

positive or negative results is one of the disadvantages

which should also be mentioned during genetic

counseling. The other disadvantage of the PGD is the

ethic apprehension it brings. Use of PGD application

in hereditary cancers without a penetrance of 100%,

in late onset genetic diseases such as Huntington disease

and in situations like non-fatal hearing loss may lead

to ethical apprehension(36,62).

Single nucleotide polymorphism-copy number variation

(SNP-CNV) technique that permits the detection of

structural chromosomal abnormalities such as

microdeletions, duplications uniparental disomies and

marker chromosomes besides the numerical chromosome

abnormalities, has also gained popularity in the last

years. In this technique based on oligo aCGH,

approximately 250.000 genomic data may be analyzed

at once. Following whole genome amplification on one

blastomer, 250.000 SNP regions may be analyzed (61).

Even if the recent data show that implantation and

pregnancy success increased following microarray tests,

the results may not be evaluated correctly and should

be supported with long-term and comprehensive

bioinformatic studies(61).Bacause of the expectations

and unanswered questions, array-SNP applications lead

to anxiety, but they also cause some concerns because

of the present problems in healthy evaluation of some

data and the ethical dilemma. Even if all these studies

performed at pre-implantation stage give rapid results,

they are still laborious and difficult.

The accreditation of PGD laboratories with ISO 15189

or its equivalent and the data sharing by PGD

researchers in scientific meeting will play an important

role. The organization of an educational programs for

the association of cytogenetic and molecular genetics

disciplines will help develop this technique(63).

GENETIC EVALUATION

As a result; the utilization of genetic diagnosis before,

during and after the application of assisted reproductive

techniques is a part of good clinic practice. These tests

will permit right diagnosis and suitable genetic

counseling. During the process of decision about the

tests to perform, the evaluation of family history in

addition to clinic findings will be more beneficial for

the patient.

In genetic screening for reproductive health, the aim

should be the detection of healthy carriers who may

give birth to a baby with fatal and/or severe anomalies.

The cost and the efficiency of the test for the detection

of the etiological cause should be taken into

consideration while deciding which test will be

performed on RIF couples. Tests performed for genetic

screening should be able to provide correct information

about their reproductive health to individuals or couples

with a disease to facilitate their decision making process.
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