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Abstract

Acute myeloid leukemia (AML) is a heterogeneous myeloid disorder resulting from the abnormal
proliferation of immature myeloid cells, leading to bone marrow failure. Leukemias are among the
most common hematologic malignancies. The development of AML has been linked to several factors,
including inherited genetic changes, previous illnesses, environmental and occupational factors,
exposure to infectious agents, and some previous treatments. However, none of these factors apply to
all cases. Scientific evidence suggests a relationship between hormonal imbalances, particularly
pituitary hormones and steroids, and the onset of the disease. These hormonal imbalances can disrupt
the body's physiological balance, which in turn affects overall health and the course of other diseases,
even if they are not directly related to leukemia. This review aims to highlight research on the
relationship between various hormonal axes and AML, and how this understanding may contribute to
the development of new targeted therapeutic strategies.

Keywords: acute myeloid leukemia (AML), progesterone, Estradiol, follicle-stimulating hormone
(FSH) and luteinizing hormone (LH).

Introduction

Cancer is the second leading cause of death worldwide after cardiovascular disease. Despite
significant advances in early detection and treatment methods, which have contributed to improving
survival rates for a large number of patientst. Leukemia remains a global health challenge due to its
increasing impact on morbidity and mortality. Leukemia ranks eleventh in prevalence and tenth in
mortality among cancers. It arises from somatic mutations in hematopoietic stem cells or multipotent
progenitor cells, leading to their transformation into abnormal neoplasms capable of self-dividing and
differentiating into various types of blood cells 2.

These cancerous cells are characterized by irregular and random growth, often accompanied
by an excessive increase in one type of white blood cell, which disrupts the balance of blood cell
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production and negatively affects bone marrow function. A blood smear is the primary means of
diagnosing the disease by detecting this abnormal increase in white blood cells. Leukemia is classified
into two main types based on its pattern of progression: acute leukemia, in which immature cells grow
rapidly and are unable to perform their functions, and chronic leukemia, in which cells grow at a slower
rate and may retain some of their functions 3. Acute myeloid leukemia (AML) is the most common
type of acute leukemia in adults as shown in Fig.1 , accounting for approximately 80% of acute
leukemia cases. Its incidence is estimated at approximately 5 cases per 100,000 people annually, and
approximately 20,830 new cases were recorded in 2015, resulting in more than 10,000 deaths. The
incidence of AML increases significantly with age, from approximately 1.3 cases per 100,000 people
under the age of 65 to more than 12.2 cases per 100,000 in those over this age. Despite therapeutic
advances that have improved outcomes in younger patients, the prognosis for older patients remains
poor. Studies indicate that up to 26% of patients over the age of 65 may die within the first year of
diagnosis, despite receiving currently available treatment*.

T -

Figure (1). AML Bone Marrow Haematopathology
Sign and Symptoms

The clinical symptoms of acute myeloid leukemia (AML) are similar to those of many other
less serious diseases, which can lead to delayed diagnosis. This is due to the decreased production of
healthy blood cells in the bone marrow due to abnormal proliferation of blasts. A general feeling of
malaise and decreased activity level are common early symptoms .Affected individuals often
experience shortness of breath during normal daily activities, which is associated with anemia resulting
from a deficiency in red blood cells. Other clinical signs include: bleeding symptoms resulting from a
severe drop in platelet count, such as spontaneous bruising, pinpoint red spots on the skin (purpura),
prolonged bleeding after minor cuts, swollen gums, and sometimes a mild fever. Patients may
experience recurrent infections, especially in areas such as the mouth or around the anus, along with
loss of appetite and weight loss. Bone or joint pain, and in some cases, an enlarged spleen or liver may
also occur. Bleeding disorders are a common complication. They may begin with minor bleeding, such
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as nosebleeds or blood in the urine, but they can progress to serious bleeding within the brain or lungs,
which can be fatal. Infection is one of the most serious complications, which increases in severity
during chemotherapy due to a decrease in white blood cell counts, particularly neutrophils. This makes
the patient susceptible to severe infections, which can be the leading cause of death. In rare cases, a
tumor may develop resulting from the accumulation of blast cells outside the bone marrow, known as
solid myeloma or myelosarcoma. This tumor may be preceded by a silent phase in which no clear signs
of disease appear in the blood or marrow. It is treated therapeutically, similar to AML, using systemic
chemotherapy, and may later require a bone marrow transplant®®78,

Classification of Acute Myeloid Leukemia

AML is classified according to several international classification systems that aim to improve
diagnostic accuracy and relate disease subtypes to treatment responses and clinical outcomes. Among
the most important of these classifications are: WHO Classification and French-American-British
(FAB) Classification listed in Table (1), The WHO Classification is based on a combination of
morphological, immunological, and molecular genetic criteria, in addition to clinical factors . This
classification is currently the standard in clinical practice, providing greater accuracy in differentiating
between different types of AML, especially with the advancement of genetic and cytogenetic analysis
techniques. The French-American-British (FAB) classification is considered a classic classification are
listed in Table (2), and relies primarily on the morphological characteristics of blast cells in the bone
marrow, in addition to some cytochemical tests. AML is divided into nine main subtypes (from MO to

M7) based on the degree of differentiation of the blasts and the histological line to which they belong
9,10

Table (1): WHO classification for Acute Myeloid Leukemias

Types Genetic Abnormalities
AML with t(8:21)(q22;922); RUNX1-RUNX1T1

AML with inv(16)(p13.1922) or
t(16;16)(p13.1;922);

CBFB-MYH11

APL with PML-RARA

AML with t(9;11)(p21.3;923.3); MLLT3-KMT2A
ML with t(6;9)(p23;934.1); DEK-NUP214

AML with inv(3)(q21.3926.2) or
t(3;3)(q21.3;926.2); GATAZ2,

MECOM
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AML (megakaryoblastic) with t(1;22)(p13.3;913.3);

AML with recurrent RBM15-MKL1
genetic AML with BCR-ABLL (provisional entity)
abnormalities
AML with mutated NPM1
AML with biallelic mutations of CEBPA
AML with mutated RUNXZ1 (provisional entity)
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukemia
Acute erythroid leukemia
Pure erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

Myeloid sarcoma

Myeloid Transient abnormal myelopoiesis
proliferations ] ]

related to Down ML associated with Down syndrome
syndrome

Table (2): FAB Classification of Acute Myeloid Leukemias

AML with no Romanowsky or Cytochemical Evidence of Differentiation

MO
M1 Myeloblastic leukemia with little maturation
M2 Myeloblastic leukemia with maturation
M3 Acute promyelocytic leukemia (APL)
M3h APL, Hypergranular variant
M3v APL, Microgranular variant
M4 Acute myelomonocytic leukemia (AMML)
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M4eo AMML with dysplastic marrow eosinophils
M5 Acute monoblastic leukemia (AMoL)
Mb5a AMoL poorly differentiated
M5b AMolL, differentiated
M6 Acute erythrocytic leukemia
M6a AML with erythroid dysplasia
Mé6b Erythroleukemia
M7 Acute megakaryoblastic leukemia (AMKL)

Acute Myeloid Leukemia Diagnosis

The diagnosis of Acute Myeloid Leukemia (AML) involves a multi-step approach. Initially,
the morphology of blood or bone marrow cells is assessed under a microscope to detect the presence
of blast cells and determine their lineage. This is followed by immunophenotyping, which helps
confirm the diagnosis, distinguish AML from other types of leukemia, and identify its specific subtype.
Finally, cytogenetic and molecular analyses are conducted to examine chromosomal abnormalities and
detect gene mutations, which are crucial for prognosis and treatment planning®®.

Risk factors of acute myeloid leukemia (leukemogenesis)

It is resulting from recurrent genetic alterations in hematopoietic stem cells accumulated with
age that contributed to the development of AML. These genetic variations include different factors
such as exposure to high-dose radiation, exposure to high-dose benzene smoking Some
chemotherapeutic drugs, such as alkylating agents, are used to cause DNA damage within cancer cells.
These drugs work in several different ways, but their primary effect is to cause oxidative damage within
DNA molecules'?'® Obesity has been found to be an endogenous risk factor that increases the risk of
AML.This may be related to the increased blood insulin levels (hyperinsulinemia), insulin resistance,
elevated leptin levels, decreased adiponectin levels, and shortened telomeres observed in these patients
1415 Also other risk factors may affect and increase the chance of AML development like blood
disorders including polycythemia vera, and thrombocytopenia, and some congenital syndromes such
as Down syndrome, Fanconi anemia, appear to raise the risk of AML.

Treatment of AML

Treatment for AML relies on a combination of specialized approaches, with chemotherapy
being the first and most widely used treatment. It is divided into two phases: the induction phase,
which aims to destroy cancer cells and achieve remission, often requiring hospitalization, followed
by the consolidation phase, which aims to eliminate remaining cells and prevent recurrence Targeted
therapy has emerged as an effective option, targeting specific genetic mutations such as FLT3 or
IDH1/2 using targeted drugs that improve treatment outcomes when combined with chemotherapy In
high-risk or relapsed cases, stem cell (bone marrow) transplantation is used, where the patient's
marrow is destroyed and replaced with healthy cells from a donor, providing the opportunity for
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long-term treatment Immunotherapy is a promising field still under investigation and is sometimes
used in recurrent or resistant AML to help the immune system attack cancer cells Radiation therapy
has a limited role and is used only in special cases, such as preparing the body for a marrow
transplant or if the cancer has spread to the central nervous system Finally, surgical intervention is
not used in AML due to the disseminated nature of the disease!”. The steps involved in treating
AML? are shown in Fig. 2.

Diagnosis of AML

[ _

Induction therapy

y

Consolidation therapy
Novel maintenance
l L= - CSC-targeted therapy
Surveillance
l K== - - Novel salvage regimens
Relapse

Figure (2). Treatment paradigm of AML

Effect of hormones in AML

Tropic hormones play a crucial role in regulating key physiological functions, including
immune response, growth, reproduction, and metabolism. Although leukemia occurs more frequently
and leads to higher mortality rates in males than in females, it is not currently classified as a hormone-
driven disease. However, differences in hormone levels have been linked to variations in treatment-
free survival outcomes across both sexes 202

Effect of FSH and LH in AML

The Gonadotropin-stimulating hormones, particularly follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), are essential elements in regulating reproductive system function. They play
a pivotal role in the development and maturation of ovarian follicles in females and in stimulating the
production of sex hormones in both sexes. In addition to their physiological functions, growing
evidence suggests that FSH is involved in the development and progression of some tumors associated
with the reproductive system, including ovarian tumors, endometrial cancer, testicular tumors, and
prostate cancer. Correlational studies have shown a relationship between elevated levels of FSH or its
metabolites in the blood and an increased risk of developing these tumors, suggesting a potential role
for FSH in promoting a stimulating environment for tumor cell growth 222* .Furthermore, FSH levels
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may be indirectly affected by targeted treatments for non-reproductive diseases, such as some leukemia
treatment protocols, which may damage the gonads (ovaries or testes), leading to dysfunctional
reproductive hormone secretion and, consequently, hormonal disturbances including changes in FSH
levels. This highlights the importance of monitoring the hypothalamic-pituitary-gonadal axis during
and after chemotherapy, and the need to understand the interactions between hormonal factors and
tumorigenesis for early diagnosis and therapeutic intervention®#2?5, Some research has shown that FSH
is linked to the progression of some cancers, including its direct effect on acute leukemia cells, where
it stimulates their proliferation and spread via receptors on their surface. LH is also present at variable
levels in some cancers and has effects related to the regulation of sex hormones, which may play a role
in the biology of cancer cells? .Studies have shown that the expression of FSH and LH receptors in
leukemia cells makes these hormones influential factors in disease progression, supporting the
hypothesis that endocrine pathways may be exploited as new therapeutic targets. Furthermore, reviews
have shown that high FSH levels may be associated with poor outcomes in some cancers, indicating
their importance as a biomarker?’.Furthermore, research focusing on the effects of chemotherapy and
radiation on FSH and LH levels has shown that these hormones reflect the health of the reproductive
system and can influence the severity of the treatment's effects on body cells, including leukemia. 2.2

Effect of progesterone in AML

Progesterone is a key biological hormone that plays a crucial role in maintaining immune
homeostasis and modulating immune responses across various disease states, including autoimmune
disorders, bacterial infections, and malignhancies such as cancer. Its immunomodulatory effects are
exerted on both the innate and adaptive arms of the immune system3’. Numerous studies have
demonstrated that administering high concentrations of progesterone can enhance immune function.
This enhancement is believed to occur via mechanisms that suppress bacterial proliferation while
simultaneously regulating the inflammatory cascade. Such findings position progesterone as a
promising agent in the therapeutic landscape of cancer and inflammatory or autoimmune conditions®..
Interestingly, although progesterone shows immunoregulatory and anti-inflammatory potential, some
evidence suggests that the use of oral hormone therapies containing both estrogen and synthetic
progestins may be associated with an increased risk of hematologic malignancies such as leukemia. It
is well-documented that chemotherapy can disrupt hormonal balance, either directly through cytotoxic
effects on endocrine organs or indirectly through disease progression involving these glands. However,
in the early stages of malignancy, significant hormonal changes are typically not observed unless the
endocrine glands are specifically affected®. Moreover, progesterone has been shown to exert
antiproliferative effects in certain tumor types®. Within the tumor microenvironment, progesterone
may influence immune cell populations by promoting the differentiation of dendritic cells and
modulating cytokine secretion patterns toward a more homeostatic and less pro-inflammatory
profile3*. These properties highlight its dual role: it acts as a potential therapeutic modifier and also as
a biomarker of endocrine disorders in cancer patients... Clinically, in women diagnosed with acute
myeloid leukemia (AML), chemotherapy-induced ovarian suppression frequently leads to a marked
decline in progesterone levels, contributing to menstrual irregularities, infertility, and premature
menopause,lt is also noteworthy that in certain disease conditions, endogenous progesterone levels
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may rise as part of the body’s physiological response, although this is highly context-dependent and
varies based on the stage and nature of the disease®.

Effect of Estradiol in AML

of hematopoietic stem cells into myeloid and lymphoid lineages. Importantly, estradiol levels
are subject to a range of physiological influences, including age, menstrual status, pregnancy, and the
presence of systemic illness. While some studies suggest a link between reduced circulating estradiol
and leukemia pathophysiology, definitive causal relationships remain elusive. Moreover, certain
chemotherapeutic agents are known to induce gonadal toxicity, leading to ovarian or testicular failure,
which can further suppress estradiol production in both male and female patients*’.Female patients
with AML frequently experience a marked reduction in estradiol levels following chemotherapy. This
decline contributes not only to infertility and early-onset menopause but also to diminished bone
mineral density, Estradiol (E2), a potent form of estrogen, plays a critical role in regulating numerous
physiological processes, including cellular proliferation, differentiation, and immune modulation. In
the context of acute myeloid leukemia (AML), fluctuations in estradiol levels are believed to influence
disease progression and the behavior of dysfunctional or leukemic white blood cells*®. Emerging
evidence suggests a correlation between decreased E2 levels and alterations in estrogen receptor
expression within the bone marrow, reinforcing the potential utility of estradiol as a biomarker for
diagnosis and disease monitoring in AML patients®” Although a number of clinical trials and
therapeutic advancements have been explored in AML treatment, none have been specifically directed
at modulating estradiol levels. Instead, most current approaches focus on broader anti-leukemic
strategies, including novel drug regimens and combination therapies®=° . To date, there are no approved
clinical or investigational treatments that target estradiol modulation directly in AML patients. The
current study under discussion quantified serum estradiol (E2) levels in patients with acute leukemia
and evaluated their potential diagnostic significance in a clinical context. It is particularly noteworthy
that estradiol deficiency has been associated with profound disruptions in bone marrow hematopoiesis,
notably impairing the differentiation thereby increasing the risk of osteoporosis. Consequently,
hormone level monitoring, particularly of estradiol, is essential for both in long-term survivorship care
and understanding the broader endocrine implications of AML and its treatments ! .

Conclusions

Sometimes, along with targeted therapy, chemotherapy is the primary treatment for most cases
of acute myeloid leukemia (AML), and may be followed by a stem cell transplant. Some studies have
shown hormonal changes in AML patients, characterized by elevated FSH, LH, and progesterone
levels, and significantly decreased estradiol levels. These changes are attributed to the effects of the
disease itself or aggressive treatments such as chemotherapy and stem cell transplantation, which may
affect the hypothalamic-pituitary-gonadal axis Despite advances in treatment, long-term survival
outcomes remain poor for many adult patients with AML. Hormonal monitoring is recommended as
part of a comprehensive evaluation, especially in patients undergoing intensive therapy, due to its
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impact on general and reproductive health. Incorporating this aspect into clinical trials and
standardizing its assessment methods will improve the quality of care and support future
recommendations based on strong evidence.

Acknowledgments

The authors would like to extend their sincere thanks to express their to the Iragi Ministry of
Health and the College of Science at Al-Nahrain University for generously providing the laboratory
facilities and essential resources needed To be able to do this study.
Author’s Declaration

The study protocol was approved by the Medical Ethics Committee of Oncology Teaching
Hospital, Medical City for Cancer Management in Baghdad, Iraq ethical review committee (No.
4809/3/2/ dated 2023/12/17.). All members gave composed informed assent after checking on the
review depiction. at [Al-Nahrain University/College ofCollege of Science, Department of Chemistry].
This approval underscores our commitment to ethical research practices and the well-being of our
participants.

References

1.Mohammed, S. A., Hassan, F., Philip, A. K., Hameed, A. A., & Yousif, E. (2016). Chemotherapy
of breast cancer by heterocyclic compounds. International Journal of Pharmaceutical Sciences
Review and Research, 41(2), 225-231

2. Du, M., Chen, W., Liu, K., Wang, L., Hu, Y., Mao, Y., Sun, X., Luo, Y., Shi, J., Shao, K., Huang,
H., & Ye, D. (2022). The Global Burden of Leukemia and Its Attributable Factors in 204 Countries
and Territories: Findings from the Global Burden of Disease 2019 Study and Projections to
2030. Journal of oncology, 2022, 1612702. https://doi.org/10.1155/2022/1612702

3. Chennamadhavuni A, lyengar V, Mukkamalla SKR, et al. Leukemia. [Updated 2023 Jan 17]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK560490/

4. Shimony, S., Stahl, M., & Stone, R. M. (2025). Acute Myeloid Leukemia: 2025 Update on
Diagnosis, Risk-Stratification, and Management. American journal of hematology, 100(5), 860-891.
https://doi.org/10.1002/ajh.27625

5.Kabel, A. M., Zamzami, F., Al-Talhi, M., Al-Dwila, K., & Hamza, R. (2017). Acute Myeloid
Leukemia: A focus on Risk Factors, Clinical Presentation, Diagnosis and Possible Lines of
Management. The Journal of Cancer Research, 5(2), 62—67. https://doi.org/10.12691/JCRT-5-2-4.

156


https://doi.org/10.1002/ajh.27625

Iragi journal of Bioscience and Biomedical
Published Online First: 31/December/2025
p-1SSN: 3007-5491 / e-1SSN:3007-5505

6.Tripathi AK, Chuda R. Laboratory Evaluation of Acute Leukemia. [Updated 2025 Jan 5]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK611988/.

7.Geng, E. E., Sarag, I. S., Arslan, H., & Eskazan, A. E. (2023). Diagnostic and Treatment Obstacles
in Acute Myeloid Leukemia: Social, Operational, and Financial. Oncology and therapy, 11(2), 145—
152. https://doi.org/10.1007/s40487-023-00229-4.

8. Jinna S, Khandhar PB. Thrombocytopenia. [Updated 2023 Jul 4]. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 542208

9.Bibi, N., Sikandar, M., Ud Din, I., Almogren, A., & Ali, S. (2020). loMT-Based Automated
Detection and Classification of Leukemia Using Deep Learning. Journal of healthcare
engineering, 2020, 6648574. https://doi.org/10.1155/2020/6648574

10. Arber, D. A., Orazi, A., Hasserjian, R. P., Borowitz, M. J., Calvo, K. R., Kvasnicka, H. M., Wang,
S. A, Bagg, A., Barbui, T., Branford, S., Bueso-Ramos, C. E., Cortes, J. E., Dal Cin, P., DiNardo, C.
D., Dombret, H., Duncavage, E. J., Ebert, B. L., Estey, E. H., Facchetti, F., Foucar, K., Tefferi, A.
(2022). International Consensus Classification of Myeloid Neoplasms and Acute Leukemias:
integrating  morphologic,  clinical, and genomic  data. Blood, 140(11),  1200-1228.
https://doi.org/10.1182/blood.2022015850

11. Ally, F., & Chen, X. (2024). Acute Myeloid Leukemia: Diagnosis and Evaluation by Flow
Cytometry. Cancers, 16(22), 3855. https://doi.org/10.3390/cancers16223855

12.Urbino, I., Arrigo, G., Secreto, C., Olivi, M., D’Ardia, S., Frairia, C., Giai, V., Freilone, R., Ferrero,
D., Audisio, E., & Cerrano, M. (2023). Modern Risk Stratification of Acute Myeloid Leukemia in
2023: Integrating Established and Emerging Prognostic Factors. Cancers, 15(13), 3512.
https://doi.org/10.3390/cancers15133512

13.Yi, M., Li, A., Zhou, L., Chu, Q., Song, Y., Wu, K., & Wu, K. (2020). The global burden and
attributable risk factor analysis of acute myeloid leukemia in 195 countries and territories from 1990
to 2017: estimates based on the global burden of disease study 2017. Journal of Hematology &
Oncology, 13(1), 1-16. https://doi.org/10.1186/S13045-020-00908-Z

14. Fircanis, S., Merriam, P., Khan, N., and Castillo, J. J. (2014). The relation between cigarette
smoking and risk of acute myeloid leukemia: An updated meta-analysis of epidemiological studies.
American Journal of Hematology, 89(8).

15. Lichtman, M. A. (2010). Obesity and the Risk for a Hematological Malignancy: Leukemia,
Lymphoma, or Myeloma; Obesity and the Risk for a Hematological Malignancy: Leukemia,
Lymphoma, or Myeloma. The Oncologist, 15, 1083-1101.

157


https://www.ncbi.nlm.nih.gov/books/NBK611988/
https://doi.org/10.1007/s40487-023-00229-4
https://www.ncbi.nlm.nih.gov/books/NBK542208
https://doi.org/10.1182/blood.2022015850
https://doi.org/10.1186/S13045-020-00908-Z

Iragi journal of Bioscience and Biomedical
Published Online First: 31/December/2025
p-1SSN: 3007-5491 / e-1SSN:3007-5505

16. Mazzarella, L., Botteri, E., Matthews, A., Gatti, E., Di Salvatore, D., Bagnardi, V., Breccia, M.,
Montesinos, P., Bernal, T., Gil, C., Ley, T. J., Sanz, M., Bhaskaran, K., Coco, F. Lo, and Pelicci, P. G.
(2020). Obesity is a risk factor for acute promyelocytic leukemia: evidence from population and cross-
sectional studies and correlation with FLT3 mutations and polyunsaturated fatty acid metabolism.
Haematologica, 105(6), 1559.

17.Morita, Y. (2022). Treatment stratification by fitness for chemotherapy in acute myeloid leukemia.
The Japanese Journal of Clinical Hematology, 63 6(6), 667-677.
https://doi.org/10.11406/rinketsu.63.667.

18.Reimann, A. M., Schalk, E., Jost, F., Mougiakakos, D., Weber, D., Déhner, H., Récher, C., Dumas,
P. Y., Ditzhaus, M., Fischer, T., & Sager, S. (2023). AML consolidation therapy: timing
matters. Journal of cancer research and clinical oncology, 149(15), 13811-13821.

19. Lin, T. L., & Levy, M. Y. (2012). Acute myeloid leukemia: focus on novel therapeutic
strategies. Clinical Medicine Insights. Oncology, 6, 205-217. https://doi.org/10.4137/CM0.S7244

20. Thabit JA, Almzaiel AJ, Kadhim MI, Alrufaie MA. The impact of reproductive hormone changes
on the immune response of patients with leukemia. Anaesth. pain intensive care
2023;27(5):585-591; DOI: 10.35975/apic.v27i5.2317

21. Recchia, K., Jorge, A. S., Pessfa, L. V. F., Botigelli, R. C., Zugaib, V. C., de Souza, A. F., Martins,
D. D. S., Ambrésio, C. E., Bressan, F. F., & Pieri, N. C. G. (2021). Actions and Roles of FSH in
Germinative  Cells. International  journal of  molecular  sciences, 22(18), 10110.
https://doi.org/10.3390/ijms221810110

22.Park, S.R., Kim, S.K., Kim, S.R., Park, J.R., & Hong, [.S. (2022). A novel role of
follicle-stimulating hormone (FSH) in various regeneration-related functions of endometrial stem cells.
Experimental & Molecular Medicine, 54(9), 1524-1535. https://doi.org/10.1038/s12276-022-00858-1

23. Haldar, S., Agrawal, H., Saha, S., Straughn, A. R., Roy, P., & Kakar, S. S. (2022). Overview of
follicle stimulating hormone and its receptors in reproduction and in stem cells and cancer stem
cells. International journal of biological sciences, 18(2), 675-692. https://doi.org/10.7150/ijbs.63721

24.Atchia, K., Joncas, F.-H., Trasiewicz, L. S., Tan, W. P., Ding, K., Inman, B. A., & Toren, P. (2022).
Follicle-Stimulating Hormone (FSH) Levels During Androgen Deprivation Therapy Are Not
Associated with Survival or Development of Castration-Resistant Prostate Cancer. Société
Internationale d’Urologie Journal, 3(2), 56-61. https://doi.org/10.48083/LWHQ7760

25.Sun, D., Bai, M., Jiang, Y., Hu, M., Wu, S., Zheng, W., & Zhang, Z. (2020). Roles of follicle
stimulating hormone and its receptor in human metabolic diseases and cancer. American journal of
translational research, 12(7), 3116-3132.

26. Abdelbaset-Ismail, A., Pedziwiatr, D., Schneider, G., Niklinski, J., Charkiewicz, R., Moniuszko,
M., Kucia, M., & Ratajczak, M. Z. (2017). Pituitary sex hormones enhance the pro-metastatic potential

158


https://doi.org/10.11406/rinketsu.63.667
https://doi.org/10.35975/apic.v27i5.2317
https://doi.org/10.3390/ijms221810110
https://doi.org/10.48083/LWHQ7760

Iragi journal of Bioscience and Biomedical
Published Online First: 31/December/2025
p-1SSN: 3007-5491 / e-1SSN:3007-5505

of human lung cancer cells by downregulating the intracellular expression of heme
oxygenase-1. International journal of oncology, 50(1), 317-328.
https://doi.org/10.3892/ij0.2016.3787

27.Song, K., Dai, L., Long, X.et al. Follicle-stimulating hormone promotes the proliferation
of epithelial ovarian cancer cells by activating sphingosine kinase. Sci Rep 10, 13834 (2020).
https://doi.org/10.1038/s41598-020-70896-0

28.Li, C., Ling, Y., & Kuang, H. (2024). Research progress on FSH-FSHR signaling in the
pathogenesis of non-reproductive diseases. Frontiers in cell and developmental biology, 12, 1506450.
https://doi.org/10.3389/fcell.2024.1506450

29.0duwole, O. O., Huhtaniemi, I. T., & Misrahi, M. (2021). The Roles of Luteinizing Hormone,
Follicle-Stimulating Hormone and Testosterone in Spermatogenesis and Folliculogenesis
Revisited. International journal of molecular sciences, 22(23), 12735.
https://doi.org/10.3390/ijms222312735

30. Zhao, R., Lian, W., & Xu, Q. (2024). Sex hormones and immune regulation in ovarian
cancer. Discover oncology, 15(1), 849. https://doi.org/10.1007/s12672-024-01675-w

31. Zwahlen, M., & Stute, P. (2024). Impact of progesterone on the immune system in women: a
systematic literature  review. Archives of gynecology and obstetrics, 309(1), 37-46.
https://doi.org/10.1007/s00404-023-06996-9

32. Kuo, E. Y., Esber, H. J., Taylor, D. J., & Bogden, A. E. (1975). Effects of cancer chemotherapeutic
agents on endocrine organs and serum levels of estrogens, progesterone, prolactin, and luteinizing
hormone. Cancer research, 35(8), 1975-1980.

33. Lin, V. C., Eng, A. S, Hen, N. E., Ng, E. H., & Chowdhury, S. H. (2001). Effect of progesterone
on the invasive properties and tumor growth of progesterone receptor-transfected breast cancer cells
MDA-MB-231. Clinical cancer research : an official journal of the American Association for Cancer
Research, 7(9), 2880-2886.

34. Motomura, K., Miller, D., Galaz, J., Liu, T. N., Romero, R., & Gomez-Lopez, N. (2023). The
effects of progesterone on immune cellular function at the maternal-fetal interface and in maternal
circulation. The Journal of steroid biochemistry and molecular biology, 229, 106254.
https://doi.org/10.1016/j.jsbmb.2023.106254

35. Cable JK, Grider MH. Physiology, Progesterone. [Updated 2023 May 1]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK558960/

36. Hariri L, Rehman A. Estradiol. [Updated 2023 Jun 28]. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK549797/

159


https://doi.org/10.3389/fcell.2024.1506450
https://doi.org/10.1007/s12672-024-01675-w
https://doi.org/10.1016/j.jsbmb.2023.106254
https://www.ncbi.nlm.nih.gov/books/NBK558960/

Iragi journal of Bioscience and Biomedical
Published Online First: 31/December/2025
p-1SSN: 3007-5491 / e-1SSN:3007-5505

37. El-Kaream, S. A. A, Ebied, S. A. E., Sadek, N. A., Attia, K. A., & Nadwan, E. A. (2022). Serum
Estrogen and its Soluble Receptor Levels in Egyptian Patients with Chronic Myeloid Leukemia: A
Case-Control Study. Indian journal of hematology & blood transfusion : an official journal of Indian
Society of Hematology and Blood Transfusion, 38(2), 246-254. https://doi.org/10.1007/s12288-021-
01451-8

38. Khan, M., Mansoor, A. E., & Kadia, T. M. (2017). Future prospects of therapeutic clinical trials in
acute myeloid leukemia. Future  oncology  (London, England), 13(6), 523-535.
https://doi.org/10.2217/fon-2016-0262

39. Roma, A., & Spagnuolo, P. A. (2020). Estrogen Receptors Alpha and Beta in Acute Myeloid
Leukemia. Cancers, 12(4), 907. https://doi.org/10.3390/CANCERS12040907

40. ElI-Kaream, S. A. A, Ebied, S. A. E., Sadek, N. A., Attia, K. A., & Nadwan, E. A. (2022). Serum
Estrogen and its Soluble Receptor Levels in Egyptian Patients with Chronic Myeloid Leukemia: A
Case-Control Study. Indian journal of hematology & blood transfusion : an official journal of Indian
Society of Hematology and Blood Transfusion, 38(2), 246-254. https://doi.org/10.1007/s12288-021-
01451-8

41.Reynolds, A. C., & McKenzie, L. J. (2023). Cancer Treatment-Related Ovarian Dysfunction in
Women of Childbearing Potential: Management and Fertility Preservation Options. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology, 41(12), 2281-2292.
https://doi.org/10.1200/JC0O.22.01885

160


https://doi.org/10.2217/fon-2016-0262
https://doi.org/10.3390/CANCERS12040907
https://doi.org/10.1007/s12288-021-01451-8
https://doi.org/10.1007/s12288-021-01451-8
https://doi.org/10.1200/JCO.22.01885

