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Abstract:

Aim. To conduct a comprehensive analysis of the role of proteomic markers in the diagnosis and prognosis
of female infertility.

Materials. The review includes publications from electronic databases such as PubMed, Google Scholar, and
eLibrary, selected according to PRISMA guidelines. The analysis included 82 publications from PubMed, 56
publications from eLibrary, and 22 publications from Google Scholar.

Results. Proteomic markers, such as anti-Millerian hormone (AMH), osteopontin, and inflammatory
markers, demonstrated high sensitivity and specificity in the diagnosis of female infertility. The application
of these markers has improved the prediction of treatment outcomes, including in vitro fertilization (IVF),
and contributed to a more accurate assessment of ovarian reserve. Current approaches include the integration
of proteomic data with other omics technologies to create personalized treatment strategies.

Conclusion. Proteomic markers have significant potential in the diagnosis and prognosis of female
infertility. Their implementation in clinical practice requires further research and standardization of methods,
which will improve women's reproductive health and enhance the effectiveness of infertility treatment.

Keywords: proteomic markers; female infertility; diagnosis; prognosis; reproductive health; personalized
medicine.
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Introduction

Female infertility represents a serious medical and social problem affecting millions of women
worldwide [1]. Modern methods of diagnosing and treating infertility often rely on hormonal profile
analysis, ultrasound examinations, and other clinical data [2]. However, despite progress in this
field, a significant number of cases of female infertility remain unexplained, highlighting the need
for new biomarkers and diagnostic methods [3]. In recent years, proteomic markers have attracted
the attention of researchers as a promising tool for improving the diagnosis and prognosis of female
infertility [4].

Proteomic markers, which are proteins and peptides detected in biological fluids and tissues, reflect
the functional state of cells and tissues at the molecular level. Their application in reproductive
medicine can contribute to the more accurate identification of pathological changes leading to
infertility and to predicting the effectiveness of various therapeutic interventions. The study of
proteomic markers allows for a deeper understanding of the pathogenesis of infertility, the
identification of new diagnostic targets, and the development of personalized treatment approaches
[5].

The aim of this review is to evaluate the role of proteomic markers in the diagnosis and prognosis of
female infertility, as well as to analyze current approaches to their application in clinical practice.
The review also aims to assess the prospects for the development of proteomic technologies and
their integration with other omics approaches to improve the accuracy of diagnosis and the
effectiveness of infertility treatment.

Proteomics as a Research Method

Proteomics is the science that studies the complete set of proteins (proteome) in an organism, organ,
tissue, or cell, as well as their changes under various conditions. Proteomics involves not only the
identification and quantification of proteins but also the analysis of their functions, interactions, and
modifications. Unlike genomics, which studies a stable set of genes, proteomics allows the
exploration of dynamic changes occurring at the protein level in response to various internal and
external factors [6].

In medical research, proteomics plays an important role because proteins are key performers of
biological functions and often change under various pathological conditions [7]. Proteomic markers
can be used for the diagnosis, prognosis, and monitoring of diseases, including female infertility.
Due to their ability to reflect the functional state of cells and tissues, proteomic markers provide
unique opportunities for more accurate diagnosis and the development of personalized therapeutic
approaches [8].

Methods of Analyzing Proteomic Markers

Various technologies are used to analyze proteomic markers, each with its own advantages and
limitations. Here are some key methods used in proteomic research:

Mass Spectrometry (MS). This is the main method for proteome analysis, which allows the
identification and quantification of proteins in complex mixtures. Mass spectrometry involves the
ionization of proteins, their fragmentation, and the measurement of fragment masses. MS can be
used for both global analysis of the entire proteome and targeted analysis of individual proteins.

Proteomic Chips. These devices allow the simultaneous analysis of a large number of proteins
using the principle of specific binding of antigens to antibodies applied to the chip's surface.
Proteomic chips are effective for the rapid screening of protein markers in clinical samples and can
be used for the diagnosis of various diseases, including infertility.
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Two-Dimensional Gel Electrophoresis (2D-GE). This method involves the separation of proteins
by their isoelectric point and molecular mass. After separation, proteins can be identified and
quantified using mass spectrometry. 2D-GE is often used to study changes in protein expression in
various diseases.

Immunoaffinity Methods. These include various techniques based on the specific binding of
proteins to antibodies, such as ELISA (enzyme-linked immunosorbent assay). These methods allow
the detection and quantification of specific proteins in biological samples.

Advantages and Limitations of Proteomic Analysis.
Proteomic analysis has several advantages that make it an important tool in reproductive medicine:

High Sensitivity and Specificity. Modern proteomic methods, especially mass spectrometry, offer
high sensitivity and specificity, allowing the detection of small changes in protein levels.

Dynamic Study of Proteins. Proteomics allows the analysis of changes in protein expression in
response to various physiological and pathological processes, which is especially important for
studying dynamic processes such as ovulation and implantation.

Integration with Other ""Omics™ Approaches. Proteomics can be integrated with genomics,
transcriptomics, and metabolomics to create a more complete understanding of the pathogenesis of
female infertility.

However, despite all its advantages, proteomic analysis also has several limitations:

Complexity of Data and Their Interpretation. Proteomic studies generate large volumes of data
that require complex analysis and interpretation, which can be challenging without appropriate
software and expert experience.

Dependence on Sample Quality. The results of proteomic analysis strongly depend on the quality
and quantity of the initial material, which requires strict control over the collection and storage of
samples.

High Cost of Research. Proteomic studies require expensive equipment and reagents, limiting their
widespread use in routine clinical practice.

Despite these limitations, proteomics continues to develop, offering new opportunities for the
diagnosis and treatment of female infertility.

Proteomic Markers and Their Role in the Pathogenesis of Female Infertility

Proteomic markers are proteins and peptides whose expression can change depending on the state of
the reproductive system [9]. In the context of female infertility, key markers include proteins
associated with folliculogenesis, ovulation, implantation, as well as inflammatory and immune
responses [10]. Some of the most significant proteomic markers associated with various forms of
infertility include:

Activation and Inhibition of Metalloproteinases (MMPSs). These enzymes play a key role in
remodeling the extracellular matrix, which is crucial for ovulation and implantation processes.
Imbalance in MMP activity can lead to pathologies such as endometriosis and implantation failure.

Antioxidant Proteins. For example, superoxide dismutase (SOD) and catalase, which protect cells
from oxidative stress. Reduced activity of these proteins can lead to oocyte damage and impaired
quality, resulting in infertility.

Protein Kinases. Proteins such as protein kinase C (PKC) regulate numerous cellular processes,
including cell proliferation and apoptosis. Dysregulation of their activity can affect follicular
maturation and embryo development.
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Immune Proteins. Cytokines and other inflammatory mediators, such as interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-a), can influence inflammatory processes in the reproductive
system, often associated with infertility caused by inflammatory diseases.

Molecular Mechanisms of Proteomic Markers in Infertility

Changes in the proteome can significantly affect a woman’s reproductive function, contributing to
the pathogenesis of various forms of infertility. Key molecular mechanisms include:

Disruptions in Folliculogenesis. Proteomic markers such as anti-Mullerian hormone (AMH) and
inhibin B are associated with the quantity and quality of follicles. Changes in the expression of
these markers may indicate reduced ovarian reserve and impaired follicular maturation.

Ovulation Disorders. Proteins involved in regulating ovulation, such as gonadotropins and their
receptors, may undergo changes, leading to anovulation or impaired release of the oocyte.

Implantation Defects. Proteomic markers related to endometrial receptivity, such as integrins and
osteopontin, play an important role in embryo attachment to the uterine wall. Disruptions in their
expression can cause unsuccessful implantation attempts [11]. These mechanisms underscore how
changes in proteomic markers can lead to the disruption of key processes necessary for successful
conception and pregnancy maintenance.

Interaction of Proteomic Markers with Other Molecular Pathways

Proteomic markers rarely act in isolation; their functions and effects often depend on interactions
with other molecular pathways, including genomic, transcriptomic, and metabolic processes [12].
These interactions can be complex and multifaceted:

Genetic Pathways. Proteomic markers may change as a result of genetic mutations or epigenetic
modifications that affect the expression of certain genes. For example, mutations in genes encoding
antioxidant defense enzymes may lead to decreased levels of corresponding proteins and increased
oxidative stress.

Transcriptomic Connections. Proteomic markers often correlate with changes in mRNA
expression, allowing them to be used for more accurate diagnosis. For instance, changes in the
expression of genes regulating inflammatory processes may be reflected in the levels of
corresponding cytokines.

Metabolic Pathways. Proteomic markers may be linked to metabolic disorders, such as hormone
imbalances or disrupted cellular energy metabolism. For example, proteins involved in glucose
metabolism can influence folliculogenesis and oocyte quality [13].

Thus, the interaction of proteomic markers with other molecular pathways plays a key role in the
pathogenesis of female infertility, opening new opportunities for a comprehensive approach to the
diagnosis and treatment of this condition.

Diagnostic Significance of Proteomic Markers

Proteomic Markers in the Early Diagnosis of Infertility: Early diagnosis of female infertility
plays a key role in the timely identification of pathology and the prescription of appropriate
treatment. Proteomic markers, due to their ability to reflect changes in biological processes at the
molecular level, can be used to identify the risk of infertility long before clinical symptoms appear
[14]. Some of the proteomic markers that can be used for early diagnosis include:

Anti-Mullerian Hormone (AMH): The level of AMH correlates with the number of antral follicles
in the ovaries and is used to assess ovarian reserve. A decrease in AMH levels may indicate early
depletion of ovarian reserve, which is a predictor of infertility [15].
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Interleukin-6 (IL-6): This cytokine is associated with inflammatory processes in the reproductive
system, and its elevated levels may indicate inflammatory conditions, such as endometriosis, which
can lead to infertility [16].

Osteopontin: A protein involved in the attachment of the embryo to the endometrium. Changes in
its level may signal implantation problems, which can be an early indicator of infertility [17].

These markers allow physicians to identify patients at increased risk of developing infertility and to
initiate preventive treatment or more intensive monitoring of reproductive health.

Comparative Analysis of Diagnostic Accuracy of Proteomic Markers: The effectiveness of
different proteomic markers in diagnosing infertility varies depending on their specificity and
sensitivity. Comparative analysis of the diagnostic accuracy of these markers helps to determine the
most informative ones and assess how well they work in combination:

AMH and FSH (Follicle-Stimulating Hormone): AMH is considered a more accurate marker of
ovarian reserve than FSH because its level does not depend on the day of the menstrual cycle and is
less prone to fluctuations.

CA-125 and HE4: These markers are traditionally used for diagnosing ovarian cancer but can also
be useful in assessing the risk of infertility associated with endometriosis. In combination, these
markers provide higher accuracy than when used separately.

Proteomic Panels: Using multi-component panels of markers that include various proteins and
peptides significantly improves diagnostic accuracy. Such panels can account for different aspects
of the pathogenesis of infertility, from inflammation to hormonal balance [18].

Comparative analysis shows that using a combination of several markers often yields better results
than using a single marker, making such approaches preferable in clinical practice [19].

Application of Proteomic Markers in Clinical Practice: Proteomic markers are gradually finding
their application in clinical practice, although their use is not yet widespread [20]. Currently, the
main areas of implementation of proteomic markers are:

Ovarian Reserve Diagnosis: The use of AMH to assess ovarian reserve is becoming a standard in
reproductive medicine, especially when planning in vitro fertilization (IVF).

Assessment of Inflammatory Processes: Proteomic markers, such as IL-6, are used to diagnose
inflammatory conditions that can lead to infertility [21]. This allows for timely prescription of
antibacterial or anti-inflammatory therapy.

Personalized Medicine: Proteomic data are used to create personalized treatment plans for
infertility. For example, the levels of certain markers can be used to determine the optimal ovarian
stimulation regimen or predict the success of IVF [22].

The introduction of proteomic markers into routine diagnostics faces several challenges, such as the
need to standardize analytical methods and the high cost of equipment. However, technological
advancements and increased accessibility of these methods promise to enhance their role in the
future. In the long term, broader use of proteomic markers could significantly improve the diagnosis
and treatment of infertility, making treatment approaches more accurate and personalized [23].

Prognostic Significance of Proteomic Markers

Proteomic markers play a crucial role in predicting the success of various infertility treatments, such
as in vitro fertilization (IVF) and pharmacotherapy [24]. Their use allows for a more accurate
assessment of the likelihood of a successful outcome and helps in selecting the optimal treatment
plan for each patient:
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AMH and IVF Success. The level of anti-Mdllerian hormone (AMH) is widely used to predict
ovarian response to stimulation in IVF protocols. A high level of AMH is typically associated with
better IVF outcomes, including a greater number of retrieved oocytes and higher chances of a
successful pregnancy [25].

Osteopontin and Embryo Implantation. Osteopontin, a protein associated with endometrial
receptivity, can predict the success of embryo implantation after IVF. A high level of osteopontin in
the endometrium is linked to an increased likelihood of successful implantation [26].

Proteomic Inflammatory Markers and Pharmacotherapy. Elevated levels of inflammatory
markers, such as interleukin-6 (IL-6), may indicate the need for anti-inflammatory therapy to
improve infertility treatment outcomes, particularly in cases associated with endometriosis or
chronic inflammation [27]. These findings demonstrate how proteomic markers can be used to
predict individual responses to treatment and enhance the effectiveness of therapeutic interventions.

Development of Prognostic Models Based on Proteomic Data

Developing prognostic models based on proteomic data is a promising area in reproductive
medicine [28]. These models can integrate data from multiple proteomic markers and consider other
clinical parameters, allowing for more accurate predictions of treatment outcomes:

Multi-Component Proteomic Panels: Including several proteomic markers in one panel enables
the creation of more accurate models for predicting treatment outcomes [29]. For example, a
combination of AMH, osteopontin, and inflammatory markers can be used to predict IVF success
and embryo survival.

Machine Learning for Analyzing Large Proteomic Data: Using machine learning methods to
analyze large volumes of proteomic data opens new possibilities for developing prognostic models.
These models can be tailored to individual patient characteristics, improving prediction accuracy.

Clinical Decisions Based on Proteomics. Developing software and tools for clinicians that
integrate proteomic data and assist in making optimal treatment strategy decisions. These prognostic
models can significantly improve the personalization of treatment, making it more accurate and
effective [30].

Proteomic Markers and Long-Term Prognosis of Reproductive Health.

Proteomic markers not only assist in the short-term but can also be used to predict long-term
reproductive health outcomes, such as pregnancy success and embryo survival:

Proteomic Markers and Embryo Survival. Some markers, such as proteins associated with
apoptosis or cell adhesion, can predict how successfully an embryo will develop after implantation
[31]. This can aid in selecting the most viable embryos for transfer.

Predicting Miscarriage Risk. Markers such as osteopontin and certain cytokines can be used to
assess the risk of miscarriage. For instance, an imbalance in these markers' levels may indicate a
higher risk, necessitating additional monitoring and potential intervention [32].

Long-Term Fertility Prognosis. Proteomic markers can also be used to predict long-term fertility,
helping to determine if additional interventions, such as repeat I\VF cycles or hormonal support, will
be needed in the future [33]. Thus, proteomic markers play a crucial role in developing long-term
strategies for maintaining and restoring reproductive health, providing better insight into potential
risks and treatment outcomes [34].

Modern Approaches to the Use of Proteomic Markers

Personalized medicine aims to tailor treatment to the individual characteristics of the patient, which
is especially important in the context of infertility treatment [35]. Proteomic markers play a key role
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in this strategy, as they allow the identification of specific biological processes occurring in a
woman's body and the adaptation of treatment to these processes:

Individualization of IVF Protocols. Proteomic markers, such as AMH and proteins associated
with endometrial receptivity, can be used to create individualized ovarian stimulation protocols and
determine the optimal timing for embryo transfer [36].

Selection of Pharmacotherapy. The use of proteomic data allows for determining which
medications will be most effective for a particular patient, considering her biological characteristics,
such as inflammation levels or hormonal imbalances [37].

Real-Time Treatment Monitoring. Proteomic markers can be used to monitor the effectiveness of
treatment and make timely adjustments to therapeutic approaches. For example, changes in the
levels of certain proteins may indicate the need to modify drug dosages or treatment strategies [38].
This approach not only increases the effectiveness of treatment but also minimizes side effects,
improving the patient's overall condition and reproductive outcomes.

Integration of Proteomic Data with Other Omics Technologies

Modern biomedicine is increasingly moving towards the integration of data from various "omics"
disciplines to create a more complete and accurate picture of patient health [39]. The integration of
proteomic data with other omics technologies, such as genomics, transcriptomics, and
metabolomics, opens new possibilities for a comprehensive approach to the diagnosis and treatment
of infertility:

Genomics and Proteomics. Genomic data can provide information about the predisposition to
certain diseases, while proteomic markers reflect the current health status. Combining these data can
help predict the development of infertility and choose the most effective methods of prevention and
treatment [40].

Transcriptomics and Proteomics. Transcriptomic data on mRNA can be integrated with
proteomic data to study how changes in gene expression are reflected at the protein level, which is
particularly useful for understanding the mechanisms of infertility pathogenesis [41].

Metabolomics and Proteomics. Analyzing metabolites along with proteomic markers can help
assess energy metabolism and other metabolic processes related to reproductive function, which is
important for diagnosing and correcting metabolic disorders in women with infertility. Integrating
these data contributes to creating more accurate disease models and allows for the development of
personalized treatment strategies that consider multiple biological factors [42].

Proteomic markers continue to be the focus of modern research aimed at improving the diagnosis
and prognosis of infertility. Every year, new technologies and methods are emerging that expand
the possibilities of proteomics in reproductive medicine:

Development of More Advanced Proteomic Panels. Including dozens or even hundreds of
proteins in proteomic panels allows for increased diagnostic accuracy and the prediction of
infertility treatment outcomes [43]. These panels take into account various aspects of pathogenesis,
such as inflammation, hormonal imbalance, and cellular stress.

Improvement of Mass Spectrometry Technologies. Advances in mass spectrometry technology
allow for more precise and rapid identification and quantification of proteins in biological samples,
making this method more accessible for clinical practice [44]. These studies and developments open
new prospects for using proteomic markers in clinical practice, making infertility diagnosis and
treatment more accurate, effective, and accessible.
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Discussion

The results of the literature review show that proteomic markers have significant potential in
diagnosing and predicting female infertility. Their use can substantially improve diagnostic
accuracy, allowing for the identification of various forms of infertility at early stages and predicting
treatment responses [45]. Proteomic markers, such as AMH, osteopontin, and inflammatory
markers, are already beginning to be implemented in clinical practice, providing a more
personalized approach to treatment.

The significance of these markers lies in their ability to reflect the current state of the reproductive
system at the molecular level, opening up opportunities for more precise treatment strategy
selection and increased treatment effectiveness [46]. The introduction of proteomic markers into
routine clinical practice could lead to improved reproductive outcomes and a reduction in the
number of unsuccessful IVF cycles and other therapeutic interventions [47].

Despite the obvious advantages, the use of proteomic markers in clinical practice faces several
limitations. First, many existing studies are limited in sample size and population diversity, which
may limit the generalizability of the results. Second, the high cost of proteomic analysis and the
need for sophisticated equipment make its application inaccessible to most clinics.

Additionally, there is limited standardization of proteomic marker analysis methods, making it
difficult to compare results between different studies and centers. The lack of clear guidelines and
protocols for using proteomic markers in clinical practice is also a significant barrier to their
widespread implementation [48].

To overcome existing limitations and more widely implement proteomic markers in clinical
practice, additional research is needed, focusing on:

Expanding Clinical Trials. Large multicenter studies involving diverse populations are needed to
confirm the diagnostic and prognostic significance of proteomic markers.

Development and Implementation of Standard Protocols. Creating standard protocols for the
analysis and interpretation of proteomic data will improve the comparability of results between
different studies and clinics. Research focused on integrating proteomics with other omics
technologies (genomics, metabolomics) and diagnostic methods can ensure a more comprehensive
and accurate approach to treating infertility [49].

Introduction of New Technologies. Developing new technologies that reduce the cost and simplify
the proteomic analysis process will make it more accessible for widespread use in clinical practice
[50]. These research directions will help overcome existing limitations and open new horizons for
using proteomic markers in diagnosing and treating female infertility.

Conclusion

This review confirmed the important role of proteomic markers in diagnosing and predicting female
infertility. Markers such as AMH, osteopontin, and inflammatory proteins are effective in assessing
ovarian reserve and predicting treatment success, including IVF. These data provide a better
understanding of infertility pathogenesis at the molecular level, opening up opportunities for
personalized treatment strategies. Proteomic markers have the potential for early diagnosis and
monitoring of infertility treatment. Additional research and method standardization are needed for
their widespread implementation in clinical practice. In the future, they may become an essential
part of comprehensive infertility diagnosis and treatment, contributing to improving women's
reproductive health.

90 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW
https://multijournals.org/index.php/valeology



Ethics approval and consent to participate - All patients gave written informed consent to
participate in the study.

Consent for publication - The study is valid, and recognition by the organization is not required.
The author agrees to open publication

Availability of data and material - Available

Competing interests - No

Financing — No financial support has been provided for this work

Conflict of interests-The authors declare that there is no conflict of interest.
REFERENCES

1.

Sazonova NG, et al. Methods of proteomic analysis and their role in the diagnosis of obstetric
and gynecological pathology. Zh Akush i Zhen Bol. 2019;(1). [Sazonova NG, i dr. Metodiki
proteomnogo analiza i ikh rol v diagnostike akusherskoy i ginekologicheskoy patologii. Zhurnal
Akusherstva i Zhenshchin. 2019;(1).] [in Russian]

Zolotykh OS, Lomteva SV, Sagamonova KYu. The significance of disturbances in the
proteomic spectrum of follicular fluid in predicting the effectiveness of in vitro fertilization
programs in women with infertility. Kaz Med Zh. 2018;99(3):496-503. [Zolotykh OS, Lomteva
SV, Sagamonova KYu. Znachenie narusheniya proteomnogo spektra follikulyarnoy zhidkosti v
prognozirovanii effektivnosti programm ekstrakorporalnogo oplodotvoreniya u zhenshchin s
besplodiem. Kazanskiy Meditsinskiy Zhurnal. 2018;99(3):496-503.] [in Russian]

Kazhina MV, Ganchar EP. Metabolomics: prospects for clinical and laboratory diagnostics in
obstetrics and gynecology. Zdravookhranenie. 2019;(11):68-73. [Kazhina MV, Ganchar EP.
Metabolomika: perspektivy kliniko-laboratornoy diagnostiki v akusherstve i ginekologii.
Zdravookhranenie. 2019;(11):68-73.] [in Russian]

Smoley NA. Modern approaches to the diagnosis and treatment of female infertility. BBK
57.16+ 57.3 ya43 A437. 2020;(57.16):96. [Smoley NA. Sovremennye podkhody k diagnostike i
lecheniyu zhenskogo besplodiya. BBK 57.16+ 57.3 ya43 A437. 2020;(57.16):96.] [in Russian]

Labygina AV. Main clinical and pathogenetic variants of female endocrine infertility.
Mezhdunarodnyy Endokrinologicheskiy Zhurnal. 2011;(3):140-148. [Labygina AV. Osnovnye
kliniko-patogeneticheskie ~ varianty ~ zhenskogo  endokrinologicheskogo  besplodiya.
Mezhdunarodnyy Endokrinologicheskiy Zhurnal. 2011;(3):140-148.] [in Russian]

Apryasyan SV, Abashidze AA, Arakelyan VF. Medical and psychological aspects of infertility.
Akusherstvo, Ginekologiya i Reproduktsiya. 2013;7(1):8-10. [Apryasyan SV, Abashidze AA,
Arakelyan VF. Mediko-psikhologicheskie aspekty besplodiya. Akusherstvo, Ginekologiya i
Reproduktsiya. 2013;7(1):8-10.] [in Russian]

Kuts EE, et al. Female infertility. Forcipe. 2021;4(S1):107-107. [Kuts EE, i dr. Zhenskoe
besplodie. Forcipe. 2021;4(S1):107-107.] [in Russian]

Goncharova NN, et al. Medical and genetic aspects of infertility. Akusherstvo, Ginekologiya i
Reproduktsiya. 2012;6(2):35-40. [Goncharova NN, i dr. Mediko-geneticheskie aspekty
besplodiya. Akusherstvo, Ginekologiya i Reproduktsiya. 2012;6(2):35-40.] [in Russian]

Prokopec VI, Strizhak DA. Female infertility of inflammatory genesis. Molodoy Ucheny.
2016;(22-1):31-34. [Prokopec VI, Strizhak DA. Zhenskoe besplodie vospalitelnogo geneza.
Molodoy Ucheny. 2016;(22-1):31-34.] [in Russian]

91 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW
https://multijournals.org/index.php/valeology



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Eneva NG, et al. The problem of female infertility: search for genetic markers. Zhurnal
Obshchey Biologii. 2017;78(2):3-13. [Eneva NG, i dr. Problema zhenskogo besplodiya: poisk
geneticheskikh markerov. Zhurnal Obshchey Biologii. 2017;78(2):3-13.] [in Russian]

Krutova VA, Ermoshenko BG, Chulkova AM. Possibilities of predicting the development of
female infertility. Kubanskiy Nauchnyy Meditsinskiy Vestnik. 2009;(9):73-79. [Krutova VA,
Ermoshenko BG, Chulkova AM. Vozmozhnosti prognozirovaniya razvitiya zhenskogo
besplodiya. Kubanskiy Nauchnyy Meditsinskiy Vestnik. 2009;(9):73-79.] [in Russian]

Dankovich NA, Vorobey-Vikhovskaya VN. Causes and forms of infertility. Modern
possibilities of diagnosis and treatment. Zdorovye Zhenshchiny. 2013;(3):192-197. [Dankovich
NA, Vorobey-Vikhovskaya VN. Prichiny i formy besplodiya. Sovremennye vozmozhnosti
diagnostiki i lecheniya. Zdorovye Zhenshchiny. 2013;(3):192-197.] [in Russian]

Vitazeva Il. Innovative technologies in the treatment of infertility in patients with
endocrinopathies. Doctor.ru. 2009;(6-2):39-42. [Vitazeva Il. Innovatsionnye tekhnologii v
lechenii besplodiya u patsientov s endokrinopatiyami. Doctor.ru. 2009;(6-2):39-42.] [in
Russian]

Novikova NV, et al. Childless marriage. Modern principles of therapy for female infertility.
Zdravookhranenie Dal'nego Vostoka. 2011;(3):75-84. [Novikova NV, i dr. Besplodnyy brak.
Sovremennye printsipy terapii zhenskogo besplodiya. Zdravookhranenie Dal'nego Vostoka.
2011;(3):75-84.] [in Russian]

Vasileko TD, Blyum Al. Infertility of unclear etiology as a special crisis situation of uncertainty
in a woman's life. Innova. 2017;1(6):17-19. [Vasileko TD, Blyum Al. Besplodie neyasnoy
etiologii kak osobaya krizisnaya situatsiya neopredelennosti v zhizni zhenshchiny. Innova.
2017;1(6):17-19.] [in Russian]

Huang X, et.al. Comparative Proteomic Analysis Reveals Metformin Improves the Expression
of Biomarkers of Endometrial Receptivity in Infertile Women with Minimal/Mild
Endometriosis. Reprod Sci. 2022 Sep;29(9):2593-2606. doi: 10.1007/s43032-022-00869-3.
Epub 2022 Jan 27. Erratum in: Reprod Sci. 2022 Dec;29(12):3532. doi: 10.1007/s43032-022-
00873-7.

Giwercman A, et.al. Novel protein markers of androgen activity in humans: proteomic study of
plasma from young chemically castrated men. Elife. 2022 Mar 1; 11:e74638. doi:
10.7554/eLife.74638.

Guo X, Li TC, Chen X. The endometrial proteomic profile around the time of embryo
implantationt. Biol Reprod. 2021 Jan 4;104(1):11-26. doi: 10.1093/biolre/ioaal50.

Grande G, Vincenzoni F, Milardi D, Pompa G, Ricciardi D, Fruscella E, Mancini F, Pontecorvi
A, Castagnola M, Marana R. Cervical mucus proteome in endometriosis. Clin Proteomics. 2017
Feb 2;14:7. doi: 10.1186/512014-017-9142-4.

Seeber B, Sammel MD, Fan X, Gerton GL, Shaunik A, Chittams J, Barnhart KT. Proteomic
analysis of serum yields six candidate proteins that are differentially regulated in a subset of
women with endometriosis. Fertil Steril. 2010 May 1;93(7):2137-44. doi:
10.1016/j.fertnstert.2008.12.121.

Estes SJ, Ye B, Qiu W, Cramer D, Hornstein MD, Missmer SA. A proteomic analysis of IVF
follicular fluid in women <or=32 years old. Fertil Steril. 2009 Nov;92(5):1569-78. doi:
10.1016/j.fertnstert.2008.08.120.

92 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW
https://multijournals.org/index.php/valeology



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hashemitabar M, Bahmanzadeh M, Mostafaie A, Orazizadeh M, Farimani M, Nikbakht R. A
proteomic analysis of human follicular fluid: comparison between younger and older women
with normal FSH levels. Int J Mol Sci. 2014 Sep 29;15(10):17518-40. doi:
10.3390/ijms151017518.

Koutalia N, Gkrozou F, Vatopoulou A, Lentzaris D, Skentou C, Paschopoulos M. Role of
Molecular Biomarkers in Endometriosis-Related Infertility: A Narrative Review of the
Literature. Cureus. 2024 Apr 29;16(4):e59288. doi: 10.7759/cureus.59288.

Kurdi C, Schmidt J, Horvath-Szalai Z, Mauchart P, Godony K, Varnagy A, Kovacs GL,
Kdszegi T. Follicular Fluid Proteomic Analysis of Women Undergoing Assisted Reproduction
Suggests That Apolipoprotein Al Is a Potential Fertility Marker. Int J Mol Sci. 2023 Dec
29;25(1):486. doi: 10.3390/ijms25010486.

Dhaenens L, Lierman S, De Clerck L, Govaert E, Deforce D, Tilleman K, De Sutter P.
Endometrial stromal cell proteome mapping in repeated implantation failure and recurrent
pregnancy loss cases and fertile women. Reprod Biomed Online. 2019 Mar;38(3):442-454. doi:
10.1016/j.rbmo.2018.11.022.

Zhou S, Yi T, Liu R, Bian C, Qi X, He X, Wang K, Li J, Zhao X, Huang C, Wei Y. Proteomics
identification of annexin A2 as a key mediator in the metastasis and proangiogenesis of
endometrial cells in human adenomyosis. Mol Cell Proteomics. 2012 Jul;11(7):M112.017988.
doi: 10.1074/mcp.M112.017988.

Fabozzi G, Verdone G, Allori M, Cimadomo D, Tatone C, Stuppia L, Franzago M, Ubaldi N,
Vaiarelli A, Ubaldi FM, Rienzi L, Gennarelli G. Personalized Nutrition in the Management of
Female Infertility: New Insights on Chronic Low-Grade Inflammation. Nutrients. 2022 May
3;14(9):1918. doi: 10.3390/nu14091918.

Gupta S, Ghulmiyyah J, Sharma R, Halabi J, Agarwal A. Power of proteomics in linking
oxidative stress and female infertility. Biomed Res Int. 2014;2014:916212. doi:
10.1155/2014/916212. Epub 2014 May 12.

Babayev E, Duncan FE. Age-associated changes in cumulus cells and follicular fluid: the local
oocyte microenvironment as a determinant of gamete quality. Biol Reprod. 2022 Feb
22;106(2):351-365. doi: 10.1093/biolre/ioab241.

Fitzgerald HC, Evans J, Johnson N, Infusini G, Webb A, Rombauts LJR, Vollenhoven BJ,
Salamonsen LA, Edgell TA. Idiopathic infertility in women is associated with distinct changes
in proliferative phase uterine fluid proteins. Biol Reprod. 2018 Jun 1;98(6):752-764. doi:
10.1093/biolre/ioy063.

Schon SB, Yang K, Schindler R, Jiang L, Neff LM, Seeley RJ, Marsh EE. Obesity-related
alterations in protein expression in human follicular fluid from women undergoing in vitro
fertilization. F S Sci. 2022 Nov;3(4):331-339. doi: 10.1016/j.xfss.2022.09.002.

Qu T, Yan M, Shen WJ, Li L, Zhu P, Li Z, Huang J, Han T, Hu W, Zhou R, Li P, Xu L, Huang
T, Zhong Y, Gu J. Predictive serum markers for unexplained infertility in child-bearing aged
women. Am J Reprod Immunol. 2020 Jan;83(1):e13194. doi: 10.1111/aji.13194.

Ambekar AS, Kelkar DS, Pinto SM, Sharma R, Hinduja I, Zaveri K, Pandey A, Prasad TS,
Gowda H, Mukherjee S. Proteomics of follicular fluid from women with polycystic ovary
syndrome suggests molecular defects in follicular development. J Clin Endocrinol Metab. 2015
Feb;100(2):744-53. doi: 10.1210/jc.2014-2086.

93 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW
https://multijournals.org/index.php/valeology



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Shen Y, Zhang F, Li F, Jiang X, Yang Y, Li X, Li W, Wang X, Cheng J, Liu M, Zhang X, Yuan
G, Pei X, Cai K, HUF, SunJ, Yan L, Tang L, Jiang C, Tu W, Xu J, Wu H, Kong W, Li S, Wang
K, Sheng K, Zhao X, Yue H, Yang X, Xu W. Loss-of-function mutations in QRICH2 cause
male infertility with multiple morphological abnormalities of the sperm flagella. Nat Commun.
2019 Jan 25;10(1):433. doi: 10.1038/s41467-018-08182-x. Erratum in: Nat Commun. 2019 May
20;10(1):2289. doi: 10.1038/s41467-019-10313-x.

Budrys NM, Gong S, Rodgers AK, Wang J, Louden C, Shain R, Schenken RS, Zhong G.
Chlamydia trachomatis antigens recognized in women with tubal factor infertility, normal
fertility, and acute infection. Obstet Gynecol. 2012 May;119(5):1009-16. doi:
10.1097/A0G.0b013e3182519326.

Manohar M, Khan H, Sirohi VK, Das V, Agarwal A, Pandey A, Siddiqui WA, Dwivedi A.
Alteration in endometrial proteins during early- and mid-secretory phases of the cycle in women
with unexplained infertility. PLoS One. 2014 Nov 18;9(11):e111687. doi:
10.1371/journal.pone.0111687.

Marchante M, Buigues A, Ramirez-Martin N, Martinez J, Pellicer N, Pellicer A, Herraiz S.
Single intraovarian dose of stem cell- and platelet-secreted factors mitigates age-related ovarian
infertility in a murine model. Am J Obstet Gynecol. 2023 May;228(5):561.e1-561.e17. doi:
10.1016/j.aj0g.2023.01.018.

Battaglia R, Caponnetto A, Caringella AM, Cortone A, Ferrara C, Smirni S, lannitti R, Purrello
M, D'Amato G, Fioretti B, Di Pietro C. Resveratrol Treatment Induces Mito-miRNome
Modification in Follicular Fluid from Aged Women with a Poor Prognosis for In Vitro
Fertilization Cycles. Antioxidants (Basel). 2022 May 21;11(5):1019. doi:
10.3390/antiox11051019.

Sun J, Song JY, Dong Y, Xiang S, Guo Q. Erzhi Tiangui Granules Improve In Vitro
Fertilization Outcomes in Infertile Women with Advanced Age. Evid Based Complement
Alternat Med. 2021 Aug 12; 2021:9951491. doi: 10.1155/2021/9951491.

Huang X, Xiao L, Long Y, Pei T, Luo B, Liao T, Li Y, Zhu H, Ouyang Y, Huang W.
Comparative Proteomic Analysis Reveals Metformin Improves the Expression of Biomarkers of
Endometrial Receptivity in Infertile Women with Minimal/Mild Endometriosis. Reprod Sci.
2022 Sep;29(9):2593-2606. doi: 10.1007/s43032-022-00869-3. Epub 2022 Jan 27. Erratum in:
Reprod Sci. 2022 Dec;29(12):3532. doi: 10.1007/s43032-022-00873-7.

Huang X, Xiao L, Long Y, Pei T, Luo B, Liao T, Li Y, Zhu H, Ouyang Y, Huang W.
Comparative Proteomic Analysis Reveals Metformin Improves the Expression of Biomarkers of
Endometrial Receptivity in Infertile Women with Minimal/Mild Endometriosis. Reprod Sci.
2022 Sep;29(9):2593-2606. doi: 10.1007/s43032-022-00869-3. Epub 2022 Jan 27. Erratum in:
Reprod Sci. 2022 Dec;29(12):3532. doi: 10.1007/s43032-022-00873-7.

Liu Y, Wu Y, Tian M, Luo W, Zhang C, Liu Y, Li K, Cheng W, Liu D. Protein Expression
Profile in IVF Follicular Fluid and Pregnancy Outcome Analysis in Euthyroid Women with
Thyroid  Autoimmunity. ACS Omega. 2020 May 14;5(20):11439-11447. doi:
10.1021/acsomega.0c00463.

Shukurov FI. Minimally Invasive Surgery In Restoring Reproductive Function Of Female
Infertility Caused By Benign Ovarian Structural Changes. Am J Med Med Sci. 2016;6(5):182-
185.

Shukurov FI, Aypova FM. Features of endosurgical treatment and prediction of recurrence of
ovarian follicular cysts. Xirurgiya Uzbekistana. 2016;(4):49-51. [Shukurov FI, Aypova FM.

94 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW
https://multijournals.org/index.php/valeology



45.

46.

47.

48.

49,

50.

Osobennosti endoxirurgicheskogo lecheniya i prognozirovaniya retsidiva follikulyarnyx kist
yaichnikov. Xirurgiya Uzbekistana. 2016;(4):49-51.] [in Russian]

Shukurov FI, Aypova FM. The Role of Reproductive Surgery in Diagnostics and Treatment of
Combined Pathologies in Women with Infertility Caused by Benign Structural Changes of
Ovaries. Am J Med Med Sci. 2019;9(5):210-212.

Shukurov FI, Aypova FM. Correction of hormonal disorders in women with infertility caused
by benign structural changes of the ovaries after endosurgical treatment. J Teoreticheskoy i
Klinicheskoy Meditsiny. 2019;(5):140-141. [Shukurov FI, Aypova FM. Korretsiya
gormonalnyx narusheniy u jenshin s besplodiem, obuslovlennym dobrokachestvennymi
struktornymi izmeneniyami  yaichnikov posle endoxirurgicheskogo lecheniya. Jurnal
Teoreticheskoy i Klinicheskoy Meditsiny. 2019;(5):140-141.] [in Russian]

Sagvekar P, Dadachanji R, Patil K, Mukherjee S. Pathomechanisms of polycystic ovary
syndrome: Multidimensional approaches. Front Biosci (Elite Ed). 2018 Mar 1;10(3):384-422.
doi: 10.2741/e829.

Kiani Z, Simbar M, Hajian S, Zayeri F. Quality of life among infertile women living in a
paradox of concerns and dealing strategies: A qualitative study. Nurs Open. 2020 Sep
13;8(1):251-261. doi: 10.1002/nop2.624.

Fechner AJ, McGovern PG. The state of the art of in vitro fertilization. Front Biosci (Elite Ed).
2011 Jan 1;3(1):264-78. doi: 10.2741/e242.

Edgell TA, Rombauts LJ, Salamonsen LA. Assessing receptivity in the endometrium: the need
for a rapid, non-invasive test. Reprod Biomed Online. 2013 Nov;27(5):486-96. doi:
10.1016/j.rbmo.2013.05.014. Epub 2013 Jun 19. PMID: 23933033.

95 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW
https://multijournals.org/index.php/valeology



