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Premature ovarian insufficiency (POI) is a condition that arises from dysfunction or early depletion of the ovarian
follicle pool accompanied by an earlier-than-normal loss of fertility in young women. Oxidative stress has been
suggested as an important factor in the decline of fertility in women and POI. Genetic defects causing dysfunction
in DNA repair machinery and mitochondria and leading to dysfunction of the host's antioxidant defences are likely
to contribute to increased oxidative stress. Furthermore, an overactive immune system can lead to oxidative stress.
On the other hand, iatrogenic POI, such as that induced by chemotherapy and radiotherapy, will result in increased

oxidative stress due to tissue damage and apoptosis.

premature ovarian insufficiency early menopause ovarian ageing

| 1. Genetic Causes of POI

The role of a genetic contribution to the aetiology of POI is supported by the observation that in about 10-30% of
idiopathic cases, a first-degree relative is also affected, as well as the observation that a woman with an affected
mother is six times more likely to develop POI [, Genetic analyses of POI patients have identified many
chromosomal abnormalities, single gene mutations and genetic polymorphisms from multiple different biological
pathways associated with POl development 2. However, the genetic defects investigated thus far have been
shown to contribute only a small percentage towards the development of POI 8. The diverse aetiology of POl is in
line with these findings and suggests the pathogenesis of non-syndromic POI is unlikely to be caused by a single
gene or genetic defect but rather supports the view of POI being a heterogeneous genetic disease involving the
interaction of multiple genetic defects and environmental factors 4. Therefore, current research is focused on
increasing the understanding of the genetic basis of idiopathic POI. This information will provide greater insight into
POI pathogenesis and allow for the identification of biomarkers which may have the ability to predict early onset,
providing women at risk with the opportunity to plan their families earlier and perhaps delay the onset of POI by

modifying known risk factors.

As a result of recent technological advances, knowledge of the molecular basis and pathophysiology of idiopathic
POI is rapidly growing with a rapidly increasing number of gene variants associated with POI. A recent review &
highlights 107 different genes associated with POl and suggests that approximately 78% of the genes are
associated with ovarian development and meiosis. New genetic technologies based on next-generation
sequencing have highlighted defects in the various hormones related to folliculogenesis, reproductive hormones

and mitochondria function . However, there is now a growing number of genes that are implicated in DNA

https://encyclopedia.pub/entry/48205 1/5



Oxidative stress related Hallmarks of Premature Ovarian Insufficiency | Encyclopedia.pub

replication and repair, meiosis and chromosome stability that are associated with the age of menopause and POI
1. Although the exact mechanism of how defects in DNA repair pathways and genomic instability contribute
towards POI development is not yet known, it is likely that an accumulation of DNA damage and chromosomal
instability in the ovary would lead to accelerated follicle atresia (which is the breakdown of the ovarian follicles,
oocyte, granulosa cells and internal and external theca cells), therefore predisposing women to POI. Given that
DNA damage and repair pathways are significant contributors towards POl pathogenesis, this also provides a
tangible focus for potential targeted treatments [, including lifestyle interventions such as diet and exercise. Given
the already known different genetic backgrounds to the development of POI, this personalised medicine approach
to match the molecular cause with potential therapeutic treatment is an important aspect to consider for the future.
The role of oxidative stress and its interactions with genetic factors will be an important area of research in the

future.

| 2. Autoimmunity and the Gut Microbiota in POI

The human ovary is commonly the target of autoimmune attacks leading to ovarian dysfunction. An estimated 20%
of women with POI have an autoimmune disease comorbidity. The most common are autoimmune disorders of the
thyroid, such as hypothyroidism, Hashimoto thyroiditis, and Grave's disease [&. The second most common
autoimmune disorders are related to the adrenal glands BI29, Furthermore, almost 50% of women with POI are
positive for at least one anti-ovarian antibody. The mechanism of autoimmune ovarian damage may be a result of
abnormalities in cellular immunity . This includes elevated levels of peripheral blood T-lymphocytes and the
decreased number and activity of natural Killer cells. Additionally, women with POl are reported to have
irregularities in their levels of cytotoxic T lymphocytes and a reduced capacity for dendritic cells to aggregate with
T-lymphocytes. Furthermore, it was reported that regulatory T cells (Treg) play an important role in the
pathogenesis of POI 12, |n one study, it was found that there is a reduction in the number of effector Treg cells in

the peripheral blood of POI patients suggesting an overactive immune system in POl 12,

The gut microbiota has an important role in the modulation and maturation of the immune system. The majority of
the bacteria that colonise the gut fall within the Bacteriodetes and Firmicutes phyla, and the balance between these
two phylum are important in maintaining gut homeostasis. Additionally, peptides produced from some bacterial
species that colonise the gut are known to mimic molecular patterns of human tissue, resulting in a cross-reactive
immune system and autoimmunity 231, Moreover, gut dysbiosis or imbalance of the bacterial composition of the gut
can activate the adaptive immunity and upregulate the innate immunity and production of autoantibodies leading to

increased inflammation.

A recent study has shown that the gut microbiota was different between women with POl and healthy women 24!,
Specifically, women with POI had a greater abundance of phylum Bacteroidetes, genera Butyricimonas, Dorea,
Lachnobacterium and Sutterella. On the other hand, Phylum Firmicutes, genera Bulleidia and Faecalibacterium
were more abundant in healthy women. The study also found that the differences in the gut microbiome of women
with POI were associated with their sex hormones. In the study, oestrogen levels were significantly negatively

correlated with Bacteroidetes and positively correlated with Firmicutes and Faecalibacterium. On the other hand,
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Follicle Stimulating Hormone (FSH) was significantly positively correlated with Bacteroidetes and negatively
correlated with  Firmicutes. Luteinising Hormone (LH) was significantly positively correlated with
Bacteroidetes/Firmicutes ratio. A higher ratio of Bacteriodetes to firmicutes in women with POI indicates an
imbalance in the bacterial composition and increased dysbiosis and inflammation. More recently, a study found a
significantly increased abundance of genus Eggerthella in the faecal samples of women with POl compared to
healthy women 13, Eggerthella is a genus that is known to be a normal part of the microbiota but has also been
linked with systemic inflammation and gastrointestinal infections 8. Furthermore, the study found that the
abundance of Eggerthella was not significantly different between healthy women and women with POI that were on

hormone replacement therapy for more than one year 13,

Evidence suggests that there is a complex but important relationship between gut microbiota composition and sex
hormones such as oestrogen X2, Specifically, non-ovarian oestrogens in male and post-menopausal women were
associated with bacterially produced B-glucuronidase enzymes 18, -glucuronidase is reported to block the binding
of oestrogen to glucuronic acid. As a result, the levels of unconjugated/active oestrogen increase 7. However, the

influence of the gut microbiota on ovarian oestrogen and POl is not clear.

| 3. latrogenic POI: Chemotherapy and Radiotherapy

latrogenic POI is becoming more of an important issue as survival after treatment of malignancy through surgery,
radiotherapy, and chemotherapy continues to improve 2. Chemotherapy induces apoptosis of mature ovarian
follicles, causing damage to ovaries by impairing follicular maturation or primordial follicle depletion 22, Histological
studies have shown fibrosis, vascular damage and reduced follicle numbers after chemotherapy. Chemotherapy-
induced ovarian damage is dependent on the age of the patient, type of agent and the women'’s ovarian reserve
(20 Older women have a higher incidence of ovarian failure after chemotherapy and an increasing likelihood of
permanent infertility compared to younger women 29, |n the case of radiotherapy, irradiation of the hypothalamus,
pituitary gland and pelvis is known to cause POI [21. The application of a radiation dose of 14.3 Gray to an ovary of
a woman younger than 30 years can lead to irreversible POI, while lower doses can cause reversible ovarian
dysfunction 21,

Abnormalities in immunity and the gut microbiota seen in POI as well as environmental factors that induce POI, will

result in increased tissue damage, inflammation and the presence of oxidative stress.

References

1. Chapman, C.; Cree, L.; Shelling, A.N. The genetics of premature ovarian failure: Current
perspectives. Int. J. Women’s Health 2015, 7, 799-810.

2. Pu, D.; Xing, Y.; Gao, Y.; Gu, L.; Wu, J. Gene variation and premature ovarian failure: A meta-
analysis. Eur. J. Obstet. Gynecol. Reprod. Biol. 2014, 182, 226—-237.

https://encyclopedia.pub/entry/48205 3/5



Oxidative stress related Hallmarks of Premature Ovarian Insufficiency | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

. Eshre Guideline Group on POI; Webber, L.; Davies, M.; Anderson, R.; Bartlett, J.; Braat, D.;

Cartwright, B.; Cifkova, R.; de Muinck Keizer-Schrama, S.; Hogervorst, E. ESHRE Guideline:
Management of women with premature ovarian insufficiency. Hum. Reprod. 2016, 31, 926-937.

. Dixit, H.; Rao, L.; Padmalatha, V.; Raseswari, T.; Kapu, A.K.; Panda, B.; Murthy, K.; Tosh, D.;

Nallari, P.; Deenadayal, M. Genes governing premature ovarian failure. Reprod. Biomed. Online
2010, 20, 724-740.

. Franca, M.M.; Mendonca, B.B. Genetics of ovarian insufficiency and defects of folliculogenesis.

Best Pract. Res. Clin. Endocrinol. Metab. 2022, 36, 101594.

. Chen, M.; Jiang, H.; Zhang, C. Selected Genetic Factors Associated with Primary Ovarian

Insufficiency. Int. J. Mol. Sci. 2023, 24, 4423.

. Louwers, Y.V.; Visser, J.A. Shared genetics between age at menopause, early menopause, POI

and other traits. Front. Genet. 2021, 12, 1889.

. Sharif, K.; Watad, A.; Bridgewood, C.; Kanduc, D.; Amital, H.; Shoenfeld, Y. Insights into the

autoimmune aspect of premature ovarian insufficiency. Best Pract. Res. Clin. Endocrinol. Metab.
2019, 33, 101323.

. Domniz, N.; Meirow, D. Premature ovarian insufficiency and autoimmune diseases. Best Pract.

Res. Clin. Obstet. Gynaecol. 2019, 60, 42-55.

Szeliga, A.; Calik-Ksepka, A.; Maciejewska-Jeske, M.; Grymowicz, M.; Smolarczyk, K.; Kostrzak,
A.; Smolarczyk, R.; Rudnicka, E.; Meczekalski, B. Autoimmune diseases in patients with
premature ovarian insufficiency—Our current state of knowledge. Int. J. Mol. Sci. 2021, 22, 2594.

Kirshenbaum, M.; Orvieto, R. Premature ovarian insufficiency (POI) and autoimmunity-an update
appraisal. J. Assist. Reprod. Genet. 2019, 36, 2207-2215.

Dorjgochoo, T.; Kallianpur, A.; Gao, Y.-T.; Cai, H.; Yang, G.; Li, H.; Zheng, W.; Shu, X.O. Dietary
and lifestyle predictors of age at natural menopause and reproductive span in the Shanghai
Women'’s Health Study. Menopause 2008, 15, 924.

Zhang, X.; Zhao, L.-D.; Li, H. The gut microbiota: Emerging evidence in autoimmune diseases.
Trends Mol. Med. 2020, 26, 862—-873.

Wu, J.; Zhuo, Y.; Liu, Y.; Chen, Y.; Ning, Y.; Yao, J. Association between premature ovarian
insufficiency and gut microbiota. BMC Pregnancy Childbirth 2021, 21, 418.

Jiang, L.; Fei, H.; Tong, J.; Zhou, J.; Zhu, J.; Jin, X.; Shi, Z.; Zhou, Y.; Ma, X.; Yu, H. Hormone
replacement therapy reverses gut microbiome and serum metabolome alterations in premature
ovarian insufficiency. Front. Endocrinol. 2021, 12, 794496.

Vieira-Silva, S.; Falony, G.; Belda, E.; Nielsen, T.; Aron-Wisnewsky, J.; Chakaroun, R.; Forslund,
S.K.; Assmann, K.; Valles-Colomer, M.; Nguyen, T.T.D. Statin therapy is associated with lower

https://encyclopedia.pub/entry/48205 4/5



Oxidative stress related Hallmarks of Premature Ovarian Insufficiency | Encyclopedia.pub

17.

18.

19.

20.

21.

prevalence of gut microbiota dysbiosis. Nature 2020, 581, 310-315.

He, S.; Li, H.; Yu, Z.; Zhang, F.; Liang, S.; Liu, H.; Chen, H.; Lu, M. The gut microbiome and sex
hormone-related diseases. Front. Microbiol. 2021, 12, 2699.

Flores, R.; Shi, J.; Fuhrman, B.; Xu, X.; Veenstra, T.D.; Gail, M.H.; Gajer, P.; Ravel, J.; Goedert,
J.J. Fecal microbial determinants of fecal and systemic estrogens and estrogen metabolites: A
cross-sectional study. J. Transl. Med. 2012, 10, 253.

De Vos, M.; Devroey, P.; Fauser, B.C. Primary ovarian insufficiency. Lancet 2010, 376, 911-921.

Chhabra, S.; Kutchi, I. Fertility preservation in gynecological cancers. Clin. Med. Insights Reprod.
Health 2013, 7, CMRH-S10794.

Podfigurna, A.; Czyzyk, A.; Grymowicz, M.; Smolarczyk, R.; Meczekalski, B. Primary ovarian
insufficiency. In Menopause: A Comprehensive Approach; Springer: Cham, Switzerland, 2017; pp.
23-66.

Retrieved from https://encyclopedia.pub/entry/history/show/108963

https://encyclopedia.pub/entry/48205 5/5



