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ABSTRACT 
Among the causes of breast cancer and ovarian cancer in women, mutations of the 
BRCA1/2 genes have been characterized in detail. However, the effect of BRCA1/2 gene 
mutations on female fertility remains controversial. The purpose of this review is to 
assess the relationship between the BRCA1 and BRCA2 mutation status and female 
fertility in its various manifestations. A number of scientists consider mutations of the 
BRCA1/2 genes as a negative factor that reduces the reproductive abilities of women. A 
study of BRCA1/2 mutations in oocytes showed the possibility of spontaneous 
inactivation of the X chromosome, which can lead to infertility of female offspring, as well 
as a significantly reduced ovarian reserve and low oocyte yield. There are studies devoted 
to the assessment of gene expression in young and old oocytes, which showed a decrease 
in protein expression by DNA repair genes in parallel with age in rodents, cattle and 
humans. A series of studies confirm a significant decrease in the number of follicles in 
women carriers of BRCA1/2. There is an opinion that mutations of the BRCA1/2 genes 
do not affect the fertility of women carriers of these mutations. These studies are based 
on epidemiological and demographic data. A number of scientists attribute the presence 
of BRCA1\2 mutations to factors that increase fertility. They base their point of view on 
the longer telomeres in the reproductive cells of mutation carriers. In mutation carriers, 
the average telomere length is significantly longer than in their relatives who are not 
carriers (P = 0.0018), especially in families with BRCA2 mutations (P = 0.0016). The 
authors of the studies rely on such a well-known phenomenon as antagonistic pleiotropy. 
The mechanisms linking BRCA1 and BRCA2 mutations with female fertility remain a 
subject of debate and have not been fully studied. Animal model studies may reveal new 
mechanisms by which BRCA1/2 gene mutations affect female fertility. 
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1. INTRODUCTION 
In 2022, more than 2.45 million women will be diagnosed with breast cancer 

(BC). BC in women has the highest proportion of all cancers, both in men and 
women. Schlottmann et al. (2024). In addition to being widespread, BC has a wide 
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range of molecular and histological characteristics Pianigiani et al. (2010). Among 
the causes that contribute to the development of cancer, including BC in women, 
mutations in the BRCA1 and BRCA2 genes have been characterized in detail. These 
mutations occupy a special place, since in women who carry these mutations, the 
probability of developing BC is 40-85%, and the probability of developing ovarian 
cancer is 16-64% Sung et al. (2021). 

Currently, new genetic variants of human diseases are constantly being 
reported, and questions about the reasons for the preservation of some pathological 
mutations in the population, in contrast to others that are rejected by evolution, are 
becoming relevant Harbeck et al. (2019). There is a hypothesis Dyba et al. (2021) 
according to which some pathological mutations give their carrier advantages in 
unusual biological situations.  

 
2. RESEARCH PURPOSE  

The objective of this review is to assess the relationship between BRCA1 and 
BRCA2 mutation status and female fertility in its various manifestations. 

 
3. MATERIALS AND METHODS 

The work used review and original publications indexed in MedLine, Cochrane 
Library, PubMed until 2024. 

 
4. RESULTS 

There is no consensus in the literature on the effect of BRCA1/2 mutations on 
female fertility. A number of scientists consider BRCA1/2 gene mutations to be a 
negative factor that reduces female reproductive capacity. A study of BRCA1/2 gene 
mutations in oocytes has shown Zheng et al. (2024) the possibility of spontaneous 
inactivation of the X chromosome, which can lead to infertility in female offspring. 
Data obtained in a study of BRCA2 null gene mice carrying human BAC with the 
BRCA2 gene are consistent with these studies Polizio et al. (2023). It has been shown 
that the percentage of oocytes with a BRCA2 gene mutation that have passed meiotic 
prophase I is sharply reduced. And adult females have a low ovarian reserve. The 
functions of the proteins encoded by the BRCA1/2 genes are aimed at DNA 
reparation and are responsible mainly for the accurate restoration of double-strand 
breaks. On this basis Li et al. (2021), it is believed that multiple divisions during the 
cell cycle of germ cells, in the absence of effective DNA reparation in carriers of 
BRCA1/2 gene mutations, will contribute to a decrease in fertility. In another study, 
hormonal stimulation of the ovaries was carried out for the purpose of subsequent 
cryopreservation of oocytes and, in parallel, BRCA gene mutations were assessed 
Sengodan et al. (2024) and an unambiguous conclusion was reached that in the 
presence of a BRCA1 gene mutation, the ovarian reserve and low oocyte yield are 
significantly reduced. According to the authors, in carriers of the BRCA2 gene 
mutation, the stimulation indices did not differ from the control group. 

The reproductive potential of women is ensured at different stages of 
development in the ovary. The supply of germ cells in women is limited and is 
determined at birth Liu et al. (2022). During embryogenesis in women, primary 
germ cells differentiate into oogonia, and by the 20th week, about 7 million of them 
are formed. The oogonia then develop into a primordial follicle. At birth, a healthy 
woman's body contains about 2 million primordial follicles. The ovarian pool during 
puberty is about 400,000 primordial follicles, decreasing to 1000 by menopause 
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Oktay et al. (2024). There are several factors that regulate ovarian aging Melnick 
(2023). These include genomic abnormalities, meiotic errors, and activation of 
regulated cell death mechanisms (apoptosis, ferroptosis) Zhu et al. (2022). Among 
the factors of DNA damage are genetic factors, including mutations in genes involved 
in DNA repair pathways, such as mutations in the BRCA genes, which can lead to 
premature ovarian failure Wang et al. (2023). Quite a few studies have been devoted 
to assessing gene expression in young and old oocytes, showing a decrease in 
expression of proteins by DNA repair genes in parallel with age in rodents Yuan et 
al. (2021), cattle Turan and Oktay (2020), and humans Horta et al. (2021). The 
general conclusion from the cited studies is a decrease in BRCA1 expression and 
accumulation of double-stranded DNA breaks in oocytes from old individuals 
compared to oocytes from young individuals. Consequently, DNA damage 
accumulates in the oocyte during life, and the expression of genes involved in DNA 
repair mechanisms decreases. In general, these events lead to higher levels of 
apoptosis in old oocytes. The presence of mutations in the BRCA1/2 genes provokes 
accelerated aging of oocytes, a decrease in the ovarian reserve and, as a 
consequence, a decrease in fertility Horta et al. (2021). These data echo the studies 
on premature ovarian failure (POF) Bilotto et al. (2015). Carriers of the BRCA1/2 
gene mutations have a decrease in the ovarian pool and a decrease in fertility Smits 
et al. (2021). The authors recommend several strategies for preserving fertility for 
carriers of BRCA1/2 gene mutations, including cryopreservation of oocytes, taking 
into account the development of premature ovarian failure. Gonadotropin 
stimulation of women carriers of BRCA1/2 gene mutations revealed a sharply 
reduced number of oocytes; in women with a BRCA1 mutation, the number of 
oocytes is significantly lower than in healthy women and in carriers of BRCA2 gene 
mutations Nash and Davies (2024). A series of studies is devoted to the effect of 
BRCA gene mutations on the density of follicles in ovarian tissue. All researchers 
confirm a reliable decrease in the number of follicles in women carriers of BRCA1/2 
gene mutations, despite various research methods. [Zhang et al. (2020),El et al. 
(2023)]. The density of primordial follicles in the ovaries of women with BRCA1\2 
mutation is lower than in the control group. El et al. (2023). The same article 
provides data indicating that women carriers of BRCA1\2 mutations who 
underwent infertility treatment were significantly more likely to have a negative 
treatment outcome. 

A separate line of research into the influence of BRCA gene mutations is related 
to the search for causes of repeated spontaneous miscarriages. There is a report Dias 
et al. (2023) that among Ashkenazi Jewish women one of the causes of early 
spontaneous miscarriages is fetal homozygosity for recurring BRCA1/BRCA2 
mutations. However, the authors failed to observe reliable differences in 
spontaneous abortions in the groups of carriers and non-carriers of BRCA1/BRCA2 
mutations. Similar results were obtained by researchers from North Africa Di et al. 
(2024). The authors explain the absence of reliable differences in the groups of 
carriers and non-carriers in the probability of early spontaneous abortions by the 
possibility of other lethal mutations in the so-called control groups. 

Another approach to assessing the fertility of carriers of BRCA1 and BRCA2 
gene mutations is based on assessing the number of children born. A study by Israeli 
scientists Dias et al. (2023) provides information on a significantly smaller number 
of children in carriers of BRCA1/2 gene mutations than in groups of non-carriers. 
However, the article does not provide adjustments for the influence of such factors 
as the development of tumors in mutation carriers and differences in reproductive 
age. On the other hand, some researchers believe that BRCA1/2 gene mutations do 
not have a significant effect on the fertility of women carriers of these mutations 
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Buonomo et al. (2021). The authors conducted an epidemiological study of the effect 
of BRCA gene mutations on fertility. The strength of this study is the large number 
of observations: 764 non-carriers and 2254 carriers of BRCA1/2 gene mutations. All 
women were carefully compared by age, use of oral contraceptives, and 
reproductive history. Nulliparous women were compared separately. According to 
the questionnaire and stratification by the above-mentioned characteristics, the 
authors did not reveal any reliable differences and they conclude that BRCA1/2 gene 
mutations have no effect on female fertility. Unfortunately, the researchers do not 
link epidemiological indicators with the biological state of the ovaries. In another 
study Ben et al. (2021), the authors emphasize the need for individual counseling of 
women carriers of BRCA1/2 gene mutations in order to help women become 
mothers of desired children, regardless of genetic problems. Several ways of 
implementing this direction are proposed, including assessment of serum anti-
Müllerian hormone or the number of antral follicles, as well as cryopreservation of 
oocytes after assessment of the ovarian reserve. The authors acknowledge that the 
fertility of carriers of BRCA1/2 gene mutations in the current state of medicine is 
more of a social than a biological problem. Earlier studies Dellino et al. (2024) did 
not find significant differences in the frequency of spontaneous abortions between 
carriers of BRCA1/2 gene mutations and non-carriers. A total of 1878 BRCA1 
mutation carriers, 950 BRCA2 mutation carriers and 657 linked non-carriers from 
families with BRCA1/2 gene mutations were studied. The authors conclude that 
BRCA1/2 gene mutations do not serve as a risk factor for spontaneous abortions. In 
our opinion, the absence of an association between spontaneous abortions and 
BRCA1/2 gene mutations does not argue for the absence of a decrease in fertility in 
carriers of BRCA1/2 gene mutations. 

No differences in fertility were found among carriers and non-carriers of 
BRCA1/2 gene mutations in a study conducted by analyzing the reproductive 
history of 260 carriers of BRCA1/2 gene mutations and 331 non-carriers. However, 
the authors showed that the number of pregnancies among the cohort of BRCA1/2 
gene mutation carriers was significantly (p= 0.0049) lower than in the control 
group. The authors explain this fact not by a decrease in fertility, but by the fear of 
having a child in a family with hereditary cancer Peccatori et al. (2018). Another 
interesting observation, which we did not find confirmation for in the available 
literature, concerns the imbalance in the birth of male and female children, which in 
the cohort of BRCA1/2 gene mutation carriers was 0.71 compared to 0.99 in the 
control. The researchers interpret this observation as a positive selection of 
BRCA1/2 mutations. We give special attention to studies that classify the presence 
of BRCA1\2 mutations as factors that increase fertility. Most studies supporting this 
point of view associate an increase in female fertility with the length of telomeres in 
reproductive cells. Telomere length is the factor that determines the number of 
mitoses in a cell. Differences in telomere length in healthy women of the same age 
reflect differences in the telomeres of the primary germ cells in the prenatal period. 
Women with long telomeres presumably had their primary germ cells with long 
telomeres early in life. Thus, these cells should have had more mitotic divisions and 
a greater number of follicles in the ovaries than short ones. It has been shown that 
in mutation carriers, the average telomere length is significantly longer than in their 
relatives who are not carriers (P = 0.0018), especially in families with BRCA2 
mutations (P = 0.0016) Friedman et al. (2006). The authors rely on the judgment 
that that overexpression of BRCA1/2 inhibits telomerase activity and reduces 
telomere length. Consequently, mutations of BRCA1/2 genes lead to telomere 
lengthening and are a protective factor. Higher fertility in families with BRCA1/2 
gene mutations is based on greater telomere length and, as a consequence, 
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increased fertility, compensating for the high mortality of carriers of BRCA1/2 gene 
mutations in the premenopausal period. 

The main idea that unites this group of studies is based on such a well-known 
phenomenon as antagonistic pleiotropy Moslehi et al. (2010). In this direction, 
several more works can be cited. There is a report Dorkins et al. (2014) that in 
women - carriers of BRCA1/2 mutations, the average number of children ever born 
was higher than in the control group (3.3 and 3.0). 

An extensive study French et al. (2006) showed an analysis based on a 
prospective study of pedigrees of BRCA1/2 gene mutation carriers up to the 
founders, based on data on family predisposition to breast cancer and ovarian 
cancer. The authors attach particular importance to the birth rate data in these 
families for the 30-40s of the last century, when contraception was not widely used. 
In families of BRCA1/2 gene mutation carriers of this period, there is a significantly 
larger number of children, a higher frequency of birth of children and later terms of 
the last pregnancy. At the same time, a significantly higher early mortality was 
recorded in families of BRCA1/2 gene mutation carriers. The authors believe that 
the absence of negative selection for BRCA1/2 gene mutations is explained by the 
reproductive advantages of women carriers of BRCA1/2 gene mutations, which 
from a biological point of view is more important than the life expectancy of an 
individual who has completed the task of procreation. This concept is broader and 
concerns other cancer localizations Magaton et al. (2024). A sufficient number of 
publications have accumulated demonstrating a positive correlation between 
telomere length and reproductive health in women. Thus, telomere length was 
measured in 37 female volunteers of the same age using the FISH fiber method and 
a positive correlation was found between the duration of the reproductive lifespan 
and telomere length. Analysis of eggs obtained during in vitro fertilization showed 
that telomere length was longer in eggs from women who became pregnant 
compared to those who did not become pregnant Smith et al. (2012). Oocytes, 
having the initial telomere length at the early stages of development, are subject to 
endogenous and exogenous oxidative damage, which shortens telomeres. This 
process largely explains the age-related decline in fertility Tsatsakis et al. (2023). 
Women with repeated miscarriages and early menopause had significantly shorter 
telomeres than healthy women from the control group. The authors believe that this 
observation confirms the relationship between telomere length and reproductive 
aging in women Mikheev et al. (2023). Since BRCA1/2 gene mutations contribute to 
telomere lengthening Robinson et al. (2024) 

 
5. CONCLUSION 

It should be recognized that the relationship between BRCA1/2 gene mutations 
and female fertility rates is not clearly confirmed. Many authors understand female 
fertility somewhat differently. In the classical definition, female fertility consists of 
three components: the ability to conceive a child, the ability to bear a child, and the 
ability to give birth. Undoubtedly, when studying BRCA1/2 gene mutations, 
researchers mean the first component of this triad. However, while some groups 
focus their attention on the analysis of biological changes (ovarian reserve, quantity 
and quality of primordial follicles, etc.), others use statistical and demographic 
indicators to assess the impact of BRCA1/2 gene mutations on fertility. Hence the 
opposite conclusions in many studies. Analysis using population genetics methods 
largely confirms the concept of antagonistic pleiotropy. Women carrying BRCA1/2 
gene mutations demonstrate higher fertility in conditions of maintaining natural 
fertility but also had increased mortality. Another problem leading to discrepancies 
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in the results is social aspects. In modern society, women have full opportunity to 
plan offspring, including contraceptive measures. Women who are carriers of 
BRCA1/2 gene mutations consciously limit their desire to have children due to the 
risk of transmitting a high probability of cancer to them. Thus, the mechanisms 
linking BRCA1 and BRCA2 mutations with female fertility remain a subject of debate 
and are not fully understood. Perhaps, model studies on animals can reveal new 
mechanisms of the influence of BRCA1/2 gene mutations on female fertility. 
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