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Abstract

The article examines the mechanisms of development of prolactin-secreting pituitary
adenomas from the perspective of the interaction between genetic, molecular, and hormonal
factors. It highlights that disturbances in the embryonic development stages of the pituitary
gland, alterations in transcriptional regulatory systems, and clonal transformation of
lactotroph cells play a crucial role in the pathogenesis of prolactinoma. The effects of key
transcription factors such as Pit-1, Prop-1, and Hesx1, as well as mutations in genes including
MEN1, PRKAR1A, and SF3B1, on cell proliferation and hormonal activity are analyzed. In
addition, estrogen-dependent mechanisms, aromatase enzyme activity, and disruptions in
signaling pathways are considered in the development of prolactinomas, while also
substantiating the sex-related clinical features of the disease.
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1. Introduction

Relevance of the problem and prevalence of prolactin-secreting pituitary adenomas.
Prolactin-secreting pituitary adenomas (prolactinomas) are among the most frequently detected
pituitary tumors, and they are diagnosed significantly more often in women than in men. According to
modern studies, the use of oral contraceptives, estrogen replacement therapy, and multiple
pregnancies are not considered proven risk factors for the development of prolactinoma. Despite
isolated reports of tumor occurrence after prolonged use of high-dose estrogens in transgender
women, large retrospective cohort studies have not confirmed a significant increase in risk [16]. Of
particular clinical importance is the direct relationship between the level of hormonal secretion of
prolactinoma and the severity of reproductive disorders in patients [12].

The high significance of this issue is due to the widespread prevalence of pituitary tumors in the
population. According to Ho KKY, Kaiser UB et al. (2023), pituitary adenomas are detected in
approximately 10% of the population based on autopsy studies and neuroimaging methods. However,
clinically significant forms associated with health disorders are much less common—about 70-100
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cases per 100,000 population, while the annual incidence is 1-5 new cases per 100,000 people. About
two-thirds of such conditions are associated with hormonal hypersecretion syndromes [11].

Most pituitary microadenomas remain stable in size for a long time and are localized within the sella
turcica. They are often detected during examination of patients for endocrine disorders or symptoms
of compression of surrounding structures. Only a small proportion of neoplasms are characterized by
aggressive behavior, resistance to therapy, and a tendency to recur. Malignant forms are extremely
rare and account for less than 0.1% of all clinically diagnosed pituitary tumors [11].

Special attention is given to this pathology in children and adolescents. According to Korbonits M.,
Blair J.C. et al. (2024), adenohypophyseal tumors account for about 1% of all intracranial neoplasms in
patients younger than 15 years, but they can lead to significant morbidity and serious endocrine
disorders. At the same time, the evidence base regarding treatment of this patient category remains
limited [13].

Additional scientific interest is represented by multiple pituitary tumors. According to Reese J.C. et al.
(2024), cases with two or more independent, clearly separated tumor foci occur in 0.2-2.6% of surgical
observations and in 7.0-10.5% of pathological studies of adenomatously altered pituitary glands [18].
Thus, the high prevalence of prolactinomas, the diversity of clinical manifestations, the peculiarities of
their course in different age groups, as well as the possibility of rare and complex forms of the disease
determine the considerable relevance of further study of this problem.

The aim of this review is to define and study modern concepts of the probability theory of occurrence,
as well as the pathogenetic mechanisms of development of prolactin-secreting pituitary adenomas.

2. Materials and Methods

This article was prepared as a narrative literature review based on-the analysis of modern domestic
and international scientific publications devoted to prolactin-secreting pituitary adenomas. Sources
indexed in PubMed, Scopus, Web/of Science, and Google Scholar were studied. The search included
the terms: prolactinoma, pituitary-adenoma,/MEN1,-PRKAR1A, SF3B1,Pit-1, estrogen receptor q,
aromatase, pathogenesis, genetic'mutations, and hormonal regulation.

Priority was given to peer-reviewed studies,systematic reviews, clinical guidelines, and experimental
works published in recent years, as/well as classical studies of pathogenetic significance. The selected
publications were analyzed according to, the following criteria: genetic.mechanisms, transcription
factor disturbances, signaling pathways, estrogen-dependent effects, .sex-related differences, tumor
aggressiveness, and therapeutic implications.

Mechanisms of Development of Prolactin-Secreting Pituitary-Adenomas

According to Shutova A.S. et al. (2023), prolactinomas are considered:monoclonal tumors whose
development is associated with the gradual accumulation'of genetic'and epigenetic disturbances at
various stages of pituitary formation—from embryogenesis and organ primordium formation,
through differentiation of cell lineages, up to thesfunctioning of mature tissue [15]. The formation of
modern concepts regarding the molecular mechanisms of prolactinomas is impossible without
considering the peculiarities of pituitary embryonic development and the sequence of its
morphogenesis.

Pituitary development is strictly controlled by a network of transcription factors ensuring stepwise
regulation of organogenesis. In the early stages, the key role is played by the genes Nkx2.1, Sox3, and
Lhx2, which promote interaction between neuroectoderm and the epithelium of the primitive oral
cavity. Formation of Rathke’s pouch is regulated by expression of the factors Pitx1, Pitx2, and Lhx3/4,
responsible for coordination of adenohypophysis and neurohypophysis development. The final stage
of embryogenesis is controlled by the genes Hesx1 and Prop-1, which ensure separation of the
adenohypophysis from the primary ectoderm and initiate cell differentiation programs.

Disturbances in the expression of these regulatory factors—including mutations, deficiency, or
discoordination of their temporal activity—may lead to the formation of a cascade of molecular
defects. These changes are accompanied by activation of proto-oncogenes, inactivation of tumor
suppressor genes, and disruption of cell-cycle control. As a result, a clonal tumor population of
lactotrophs is formed with subsequent development of prolactinoma.

It is important to note that clonal transformation may occur both during embryogenesis and in the
mature pituitary under the influence of endogenous and exogenous mutagenic factors. Despite their
tumor nature, prolactinomas retain dependence on transcriptional regulatory systems. The key
factors are Pit-1 and estrogen receptor a (ERa), which determine the hormonal activity of lactotroph
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adenomas. Similar mechanisms are involved in the regulation of somatotropin and thyrotropin,
explaining the possibility of mixed hormonally active adenomas [2].

Certain genetic syndromes also play an important role in the pathogenesis of prolactinomas. Thus,
mutation of the MEN1 (MENIN) gene disrupts cell-cycle control due to decreased expression of
proliferation inhibitors (CDKN1B, CDKN2C), promoting tumor transformation. However, the reasons
for tissue specificity of pituitary involvement in this syndrome remain unclear. It is assumed that
MENIN may interact with the transcription factor PIT1, affecting hormone-dependent expression in
somato-, lacto-, and thyrotrophic cells.

Another significant molecular mechanism is disruption of the PKA signaling pathway due to mutation
of PRKARTA, which leads to constitutive activation of protein kinase A and increased proliferation of
hormonally active cells. However, such changes are more often associated with hyperplasia rather
than aggressive tumors.

In sporadic cases of prolactinomas, somatic mutations and splicing disorders have been actively
studied in recent years. Although driver mutations have already been identified for many pituitary
adenomas (for example, USP8 in corticotropinomas or GNAS in somatotropinomas), such changes
long remained uncharacteristic for prolactinomas. At the same time, SF3B1 mutations have been
identified, leading to abnormal RNA splicing and formation of altered protein products that enhance
PIT1-dependent prolactin transcription and contribute to invasive tumor growth [14]. In addition,
decreased expression of the tumor suppressor DLG1 further enhances the proliferative potential of
cells [1].

These data confirm that the pathogenesis of prolactinomas without SF3B1 mutation remains
multifactorial and incompletely understood.Estrogen-dependent regulation plays a substantial role in
tumor growth through VEGF, PTTG, and other signaling molecules. Gender differences in clinical
course, including more aggressive tumor\behavior in men, are associated with peculiarities of ERa
signaling and genomic instability [21].

In men, an important source of gstrogens is aromatase (CYP19A1), which ensures local synthesis of
estradiol in pituitary tissues. Experimental studies.confirm its role innmaintaining the lactotroph
population and regulating endocrine functions [4,8,15]. However, the role of aromatase in progression
and adenoma subtypes remains a subject offurther study-[9,10,20].

Mechanisms of estrogen influence on the pituitary‘include several leyels: stimulation of proliferation
of mature lactotrophs, transdifferentiation‘of precursor.cells;’and effects on pituitary stem cells. In
addition, estrogens alter the tumor microenvironment by enhancing angiogenesis and cytokine
production, and also modify hypothalamic regulation.of prolactin/secretion [7].

Experimental models show that prolonged estrogen exposure causesilactotroph hyperplasia and
increased pituitary mass, as well as'enhanced VEGFA expression and vascular density of tumor tissue
[22]. Men demonstrate a higher frequency of macroprolactinomas-and a more aggressive disease
course, which may be related to peculiarities.of hormonal-regulation and accumulation of genetic
disturbances [19].

3. Results

The reviewed literature demonstrates that prolactinoma development is based on a combination of
embryological, molecular, genetic, and endocrine mechanisms.

Genetic abnormalities involving MEN1, PRKAR1A, and SF3B1 genes were repeatedly associated with
abnormal proliferation and hormone hypersecretion. Disturbances in transcription factors such as
Pit-1, Prop-1, and Hesx1 were linked with altered differentiation of pituitary cells and tumor formation.
Hormonal stimulation, especially estrogen-dependent signaling through ERa and aromatase-mediated
estradiol synthesis, was strongly associated with lactotroph hyperplasia and tumor progression
[4,8,15].

Clinical observations also indicate sex-related differences: women are more frequently diagnosed
earlier due to reproductive symptoms, whereas men more commonly present with macroadenomas
and invasive forms [19,21].

Thus, current evidence supports a multifactorial model in which genetic predisposition interacts with
hormonal and molecular triggers.
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4. Discussion

The findings confirm that prolactinomas cannot be explained solely by hyperprolactinemia or isolated
endocrine dysregulation. Contemporary evidence indicates a complex interplay between genetic
susceptibility, transcriptional imbalance, and hormonal stimulation.

Particular attention should be given to the role of transcription factors, since they link embryonic
pituitary development with adult neoplastic transformation. Disturbances of Pit-1-dependent
pathways may explain both excessive prolactin secretion and mixed pituitary adenoma phenotypes
[2].

The discovery of SF3B1 mutations has expanded understanding of sporadic prolactinomas and may
become clinically useful for identifying invasive tumors and predicting treatment resistance [14].
Sex-related differences remain incompletely understood. More aggressive disease in men may result
from delayed diagnosis, lower estrogen receptor sensitivity, or distinct genomic alterations [19,21].
Further studies integrating genomics, transcriptomics, endocrine biomarkers, and long-term clinical
outcomes are required to improve personalized treatment strategies.

5. Conclusion

Modern data indicate the key role of disturbances in transcriptional regulation, signaling pathway
mutations, and the influence of estrogen-dependent stimulation in the initiation and progression of
tumor growth. Despite significant progress in studying the molecular basis of prolactinomas, many
aspects of their pathogenesis remain insufficiently investigated, including the causes of tissue
specificity and differences in clinical course:"Of particular importance are gender characteristics, the
level of hormonal activity of the tumor;’and variability:of.geneticchanges determining the
aggressiveness of the process.

Thus, further in-depth study of the molecular and endocrine mechanisms of prolactinoma
development is of great importance.for improving diagnosis, predicting.disease course, and
developing personalized approaches to treatment.
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