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02 INTRODUCTION

03 GENETICS OF FEMALE INFERTILITY 

Infertility is a huge problem of modern society.
According to numerous studies, today 10% of
couples in the world population are infertile, and
the next 10% have a problem called reduced
fertility (subfertility). These changes in fertility of
human population are evidently increasing.
Recently data showes that infertility affects up
to 15% of reproductive-aged couples worldwide.
From the aspect of genetics, we can talk about
genetic and non-genetic causes of infertility.
However, today a large number of studies showes
that the occurrence of infertility is very often
result of a combination of these two factors, ie.
that environmental factors often play the role of
"triggers" of certain genetically determined
processes, which actually result in development
of infertility.

When it comes to genetic causes of infertility, we
distinguish infertility caused by chromosomal
and/or genes abnormalities regarding hereditary
material. Even women who do not have defects
in chromosomal set, produce more than 20% of
chromosomal abnormal eggs, and this
percentage increases with aging.

Chromosomal disorders related to infertility
include abnormalities in number of chromosome
and changes in the their normal structure. This
article describes the association of chromosomes
changes with the manifestation of phenotypic
infertility in following cases of sex chromosomes
disorders: Turner syndrome, Mixed gonadal
dysgenesis, Swyer syndrome, Y-cell line mosaic
form, 46,XX testicular disorder of sex
development, Triple X syndrome or trisomy X or
47,XXX and autosomal disorders like
Robertsonian and reciprocal translocations,
chromosome inversions and deletions.

Also, article describes the occurrence of infertility
in connection with disorders at the gene level, as
is the case of: Fragile X chromosome-FRAXA
syndrome, Kallman syndrome, Androgen
insensitivity syndrome, gene disorders for β-
subunit LH and FSH, gene disorders for LH and
FSH receptors and XX female gonadal dysgenesis
(XX-GD).
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According to numerous studies, today 10% of couples in the world population are infertile, and the next
10% have a problem called reduced fertility (subfertility). These changes in fertility of human population
are evidently increasing. Recently data showes that infertility affects up to 15% of reproductive-
aged couples worldwide.1 Infertility as a disease of the reproductive system defined by the failure to
achieve a clinical pregnancy after 12 months or more of regular unprotected sexual intercourse.2

We can distinguish two types of infertility: primary and secondary infertility. The couple will be
considered "primarily" infertile after years of regular sexual intercourse without contraceptive
protection does not result in pregnancy. Exceptions are couples where women are 35 years of age or
older and there are diagnosed with primary infertility after 6 months of continuous sexual intercourse
without use of contraception. Secondary infertility is the inability to achieve a pregnancy preceded by at
least one successful pregnancy.

In addition to the above forms of infertility, there is a so-called reduced fertility (subfertility) and it
generally describes any form of reduced fertility with prolonged time of unwanted non-conception.3

The causes of infertility can be divided into: non-genetic, genetic and those that are a combination of
the previous two.

Non-genetic factors in connection with infertility are those determined by the environment like effects
of various toxins, pesticides, drugs, chemicals, consumption of alcohol, cigarettes and drugs, poor and
scanty diet, malnutrition and obesity, age, stress, changes in reproductive organs due to infections, etc.
In addition to non-genetic, there are also genetic factors to which are dedicated following chapters of
this paper.

However, today a there is a lot of studies prove that the occurrence of infertility is often the result of a
combination of genetic and non-genetic factors, ie. environmental factors often play the role of
"triggers" of certain genetically determined processes, which result in the development of infertility.

The genetics of infertility is basically observed as genetics of female and male infertility. Both forms are
again divided into infertility caused by chromosomal and genet abnormalities of hereditary material.

Chromosomal disorders basically include: disorders of chromosome number (anuploidy) and changes
in the normal structure of chromosomes.
Even "chromosomally normal" women produce more than 20% of chromosomally abnormal eggs, and
this percentage increases with age. Transmission of chromosomal disorders from gametes to the
embryo can further result in poor implantation of the embryonic wall of the uterus, miscarriages, or
the birth of offspring with a genetic disorder or carriers.
The chromosome mosaicism plays a significant role in the genetics of infertility. It is a condition where
different cells within an organism, which originate from the same embryo, have different numbers and
/ or chromosome structures
About 2.8% of infertile women have a numerical abnormality of sex chromosomes, while 2.1% of them
have abnormalities in the structure of autosomes.4

Sex chromosome disorders related to female infertility: Turner syndrome, Mixed gonadal dysgenesis,
Swyer syndrome, Y-cell line mosaic form, 46,XX testicular disorder of sex development, Triple X
syndrome or trisomy X or 47,XXX
Autosomal disorders related to female infertility: Robertsonian and reciprocal translocations,
chromosome inversions and deletions.
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SEX CHROMOSOME DISORDERS RELATED TO FEMALE INFERTILITY

AUTOSOMAL DISORDERS RELATED TO FEMALE INFERTILITY

04. 46, XX testicular 
developmental disorder 

46, XX testicular developmental disorder is 
a condition in which individuals with a 

female genotype have the appearance of a 
male. The genitals are of the male type, 
with frequent abnormalities and cases of 
ambiguous genitalia (neither male nor 

female). Individuals are infertile. 
Approximately, 1 in 20,000 persons with 
male characteristics has 46, XX testicular 

disorders in sex development.

01. Turner 
syndrome 

Turner syndrome is a chromosomal 
disorder that occurs in 1: 2,500 women. 

This syndrome is characterized by 
almost regular occurrence of infertility. In 
about 15% of cases of this syndrome is 

basically a mosaic form in which the 
symptoms, and even fertility itself, 

depend on the ratio of mosaic lines 45, 
X and 46, XX genotypes. Most women 

with this syndrome have ovarian 
dysgenesis and very rarely have 

spontaneous menorrhea followed by 
early menopause. 

03. Mosaic forms with 
Y-cell line or 46, XX/46, 
XY mosaicism 

Mosaic forms with Y-cell line or 46, 
XX / 46, XY mosaicism is 

appearance of XX and XY cell lines 
located in the same organism. The 
occurrence is rare, and the exact 

incidence is unknown. Individuals are 
of average intelligence, normal life 

expectancy and infertile.6

02. Mixed (asymmetric) 
gonadal dysgenesis 

Mixed (asymmetric) gonadal 
dysgenesis is a very variable 

phenomenon that ranges from Turner-
like, through female, ambiguous or 

completely male phenotype. Two-thirds 
of these individuals are raised as females 
and the remainder as males. It is most 
often based on mosaicism type 45, X0 
/ 46, XY. Gonadal dysgenesis refers to 

disorders in development of the 
reproductive system of the individual, 

which are directly related to the 
development of infertility.5

05. Triple X - syndrome 
or trisomy X (47, XXX) 

Triple X - syndrome or trisomy X (47, 
XXX) is characterized by the presence 
of an additional X sex chromosome in 

a woman's chromosome set. This 
syndrome occurs in 1 in 1,000 

newborn girls. Although most women 
with this syndrome have the possibility 

of conception, one study7 in which 
genetic screening of individuals with 
POF (Premature Ovarian Failure) was 
performed and it was observed that in 

the study group there were 3% of 
women with Triple X syndrome.

04. CHROMOSOMAL 
DELETIONS 

Chromosomal deletions, ie. loss of genetic 
material leads to a genetic disorder that, like 
many other disorders of hereditary material, 
can have consequences in form of infertility
An example of a chromosomal deletion as 
cause of infertility is Prader-Willi syndrome  

(deletion on chromosome 15). These 
individuals, in addition to eating disorders and 
obesity as the most pronounced symptom, are 
mostly infertile. The incidence of this syndrome 

is 1 in 10-30,000.

01. ROBERTSON 
TRANSLOCATIONS 

Robertson translocations is a very common 
abnormality in the structure of human 

chromosomes with a frequency of 1 per 
1000. The most common translocations are 
between chromosomes 13 and 14 and they 

represent about 33% of all Robertson 
translocations. Couples in which one of the 

partners carries this aberration have infertility 
problem (especially males) as well as the 

occurrence of repeated miscarriages.
An unbalanced Robertson trisomy 21 type 

translocation is also known as Down 
syndrome.

03. AUTOSOMAL 
INVERSIONS 

Autosomal inversions are mostly of the 
balanced type (there is no loss of hereditary 

material). The incidence of balanced 
inversions in newborns is 1 in about 7,500. 
Most are inherited. Carriers of inversions are 
often detected when examining the genetic 

background of reproductive disorders. 
The occurrence of secondary structural 

chromosome aberrations (due to crossing 
over) between the inverted and non-inverted 

region leads to the elimination of a large 
number of gametes capable of fertilization.9

02. RECIPROCAL 
TRANSLOCATIONS 

Reciprocal translocations have frequency of 
about 1 per  930 individuals.

An eight - year study of chromosomal 
abnormalities as a cause of infertility, in 

genetic material of female subjects indicated a 
relatively high prevalence of reciprocal 
translocations of 5% in their hereditary 

material. 8

These translocations are usually of a balanced 
type and the fact is that they do not cause 

problems in their carriers. But, problems arise 
during the fertilization and forming of the 

chromosome set of the offspring.
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02  RÉSULTATS

FRAGILE X CHROMOSOME SYNDROME (FRAXA)
Infertility in women can be affected by the fragile X chromosome syndrome (FRAXA), which is the result of 
a mutation in the FMR1 (Fragile X Mental Retardation 1) gene. In addition to its role in the development 
of mental retardation, the FMR1 gene is expressed in the gonads and its mutation in terms of FRAXA 
syndrome is thought to be directly related to the earlier onset of menopause in women, 40 years of age. 
This mutation was found in 6.5% of women who entered premature menopause, while it is present in only 
0.04% of the general population. In this way, the reproductive period of women is reduced. This syndrome 
occurs in one in 2,000 female.

Kallmann syndrome is charaterised  by one of the gene mutations that is directly related to the appearance 
of infertility. Namely, this syndrome is characterized by the absence of gonadotropic hormone secretion, 
which disrupts the function of the entire reproductive system.  The syndrome is caused by following gene 
mutations: KAL1, FGFR1, PROKR2 (KS3), PROK2 (KS4), CHD7 (KS5) iFGF8 (KS6).10 The incidence of 
Kalmann syndrome in women is 1:50 000. Fertility can be achieved by using hormone (estrogen) 
therapy.

KALLMANN SYNDROME

Infertility also occurs regularly in people with androgen insensitivity syndrome. These individuals are 
genotypically male (they have XY sex chromosomes) but have a female phenotype or, depending on the 
degree of androgen insensitivity, the individuals are phenotypic or "majority men" or "majority women" 
(partial form of the syndrome - Reifenstein syndrome). All forms are infertile.
Inheritance is recessive via the X sex chromosome, so the disease mainly affects men and women are 
carriers of mutation. The incidence is 2-5 cases per 100,000 inhabitants, while the occurrence of partial 
forms of androgen insensitivity syndrome is even rarer. The majority of mutations are point mutations 
identified in patients with androgen insensitivity syndrome. 11

ANDROGEN INSENSITIVITY SYNDROME (AIS) 02  RÉSULTATS

DISORDER OF GENE FOR ß-SUBUNIT OF LH AND FSH
The β-subunit of LH (luteinizing hormone) and FSH (follicle-stimulating hormone) is the component 
responsible for the selective binding of these gonadotropins to specific receptors.
Mutations in the FSHB gene are most commonly present in SNP (single-nucleotide polymorphism) ie. as 
point mutations. Effect of this mutation is in the inability to mature primordial follicles, as well as primary 
amenorrhea, hypogonadism, and infertility in women. Mutations in the LHB gene, ie. genes for the β
subunit of LH, occur significantly less frequently than those in the gene for LH receptors. These mutations 
are associated with the appearance of hypogonadism (LHB-related hypogonadism), which is manifested by 
infertility and pseudo hermaphroditism.

Results of these mutations are activation (an increase in protein activity, ie. hormones whose synthesis is 
determined by a given gene inactivation) or inactivation (the activity of a certain gonadotropin is reduced 
or completely lost). 
Infertility as well as varying degrees of reduction in the levels of sex hormone production is a concomitant 
occurrence of mutations in the LHR and FSHR genes. Data obtained by studying the human FSHR gene 
indicate that their mutations lead to abnormal development during puberty as well as fertility disorders, 
both in women and men.12

MUTATIONS IN GENES FOR LH AND FSH RECEPTORS (LHR & FSHR gene)

XX female gonadal dysgenesis (XX-GD) or ovarial dysgenesis is a rare, genetically heterogeneous disorder 
characterized by lack of spontaneous pubertal development, primary amenorrhea, uterine hypoplasia, and 
hypergonadotropic hypogonadism as a result of streak gonads.13 The prevalence has not been sufficiently 
studied, but is considered to occur in 1 / 10,000 individuals. Individuals look like women with normally 
developed internal and external organs of reproductive system.

XX FEMALE GONADAL DYSGENESIS (XX-GD)

At birth, about 6 out of 1,000 people have a chromosomal abnormality: in 60% of cases, these disorders lead to the death and infertility of the individual, and one third has
reduced fertility. A kind of natural selection occurs and the transfer of such aberrated chromosomal material to the offspring is prevented.
It is quite obvious that trough infertility, it is made natural selection of human individuals in relation to quality of their genetic material. What speaks in favor of this is the fact
that individuals - carriers of some hereditary diseases, at the same time are very often infertile or subfertile.
Based on what is described in this paper, it can be concluded that the influence of the environment is one of the factors in the occurrence of a constant increase in infertility in
women. Our hereditary material is constantly exposed to the harmful effects of environmental factors: various types of radiation, polluted air, food, water, free radicals, as
well as insufficiently tested use of GMOs (genetically modified organisms) in our environment, mutated viruses, etc. works to disrupt the balance and stability of nucleic acids
of human genetic material. Our reparation systems have been exhausted by repairing the damage caused to the hereditary material, and it can no longer be controlled, severe
diseases are occurring and they are constantly increasing.
Given that many literature data indicate that the percentage of infertile couples, compared to the rest of the human population, has increased from 10 to 15% in the last few
years, it is to be expected that this percentage will be even higher in the future. This fact will affects on the development of research and knowledge in genetics background
of infertility and the improvement of genetic counseling in this field, which will certainly contribute to a greater practical use of genetic knowledge in approaching the problem
of infertility.
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