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Abstract

Introduction

Over the past few decades, the level of interest in the use of complex molecular pathways in
the course of various diseases has increased significantly. Despite the rapid development of
medicine, the potential and role of FKBP5 as a biomarker has not yet been fully characterized,
although current studies are promising.

Material and methods of research: The literature included in the PubMed databases is

searched through the words such as FKBP5 gene, stress-related disorders, biomarkers.

Aim of the study

The aim of this paper is to provide a comprehensive review of the current state of knowledge
regarding the characteristics, current use in diagnosis or treatment of various diseases and to
determine the possible function of the biomarker for the FKBP5 gene.

Description of the state of knowledge
FKBP5 participates in the regulation of the HPA axis and thus in the stress response. This
translates into the course of many diseases, but the exact mechanism of action has not been

unequivocally confirmed in previous studies on all conditions involving FKBP5.

Conclusions

In general, FKBP5 has a huge diagnostic and therapeutic potential in many disease entities.
FKBP5 may act as a biomarker. However, further studies are needed to clarify the current
observations and to search for further implications in the pathogenesis or diagnostic and

therapeutic procedures in the course of various diseases.
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1. Introduction
The FKBP5 gene encodes the FK506 binding protein (FKBP5), which is involved in the
regulation of the HPA axis and the chronic stress response. The associations of increased or
decreased FKBP5 expression in the course of numerous disease manifestations in our body
have been demonstrated. A deeper understanding of the mechanisms responsible for the



molecular activity of FKBP5 in the course of various metabolic pathways and not only has
allowed the discovery of many diagnostic and therapeutic possibilities involving it. Over the
past few decades, the perception of the use of FKBP5 only in the course of neuropsychiatric or
endocrine diseases has changed. Associations have also been noted with oncological or
cardiological disease entities. In this review, we will focus on the characteristics and
possibilities of diagnostic and therapeutic use of FKBP5 in diseases associated with it that have
been known for years, as well as in the course of newly detected diseases. In addition, we will
present the effect of some drugs on the functioning of molecular pathways involving FKBP5.
We also provide insight into the possible use of FKBP5 as a biomarker of various pathological

processes occurring in our body.

2. Materials and methods
A comprehensive literature search was conducted using PubMed electronic databases. The
search strategy utilized a combination of keywords related to FKBP5 gene, stress-related
disorders and biomarkers. The search was limited to articles published in English from
inception to 2024. Additional studies were identified through manual searches of reference lists

of relevant articles.

3. Description of the state of knowledge
Activation of the HPA axis leads to the production of cortisol in response to stress stimuli. One
of the mediators involved in this metabolic pathway is FKBP5, the increased level of which
results in the disruption of the HPA axis regulation. It is well known that a chronic stress
reaction is associated with the pathogenesis of many diseases, especially neuropsychiatric
disorders. The resources of medical databases indicate that the potential for using FKBP5 is
significant. Its role in the pathogenesis of diseases from various fields of medicine has been

successfully identified and its potential function as a biomarker has been indicated.

4. Characterization of the basic properties and use of the FKBP5 gene
Intracellular FK506 binding protein (FKBP5) is encoded by the FKBP5 gene (consisting of 13
exons and 12 introns), which is located in the human genome on chromosome 6p21 (1-4). The
function of this protein is to regulate the sensitivity of the glucocorticoid receptor (GR) to
cortisol and to cooperate with heat shock protein 90 (hsp90) as a chaperone (1, 5). Due to its
properties, FKBP5 is classified as immunophiline, which indicates the ability to bind to

immunosuppressive drugs (6). From a biochemical point of view, three main domains can be



distinguished within the 457-amino acid FKBP5: a peptidyl-prolyl cis-trans isomerase (PPlase)
FKBP-Type 1 domain, a PPlase FKBP-like domain, and a tetratricopeptide repeat (TPR)
domain (7). Due to its properties, FKBPS5 in cooperation with hsp90 is involved in many
molecular processes, including the regulation of stress responses via adrenal hormones (8).
Namely, after binding to the glucocorticoid receptor, a complex is formed that is characterized
by reduced affinity for cortisol and, consequently, weakened nuclear translocation (9, 10). This
in turn causes a decrease in the sensitivity of the glucocorticoid receptor to cortisol and prolongs
the body's response to stress in the mechanism of ineffective negative feedback loop of the HPA
(hypothalamus—pituitary—adrenal) axis (5).

Although the main role of FKBP5 is believed to be in the regulation of steroid hormone
receptors described above, in recent years there has been growing interest in the potential
influence of FKBP5 in the pathogenesis or diagnosis, or even as a target for drugs in conditions
such as post-traumatic stress disorder (PTSD), depression, Alzheimer's disease (AD),
trigeminal neuralgia, alcoholic liver disease, type 2 diabetes mellitus, thyroid cancer and female
genital cancer (11-23).

5. The influence of FKBP5 on neuropsychiatric diseases

Neuropsychiatric disorders are an important element of modern medicine. In the 21st century,
due to significant environmental and behavioral changes as well as the extension of life
expectancy, the number of cases of depression, PTSD and AD is increasing year by year (24).
Alzheimer's disease (AD) is the most common neurodegenerative disease entity classified as
senile dementia, because the initial symptoms usually manifest after the age of 65 and are
related to age and gender, as women are much more often affected (25). Gender differences in
incidence are probably due to the longer lifespan of women, the concentration of certain sex
hormones and the level and time of FKBP5 expression (26). Namely, with age and progression
of Alzheimer's disease, the level of FKBP5 expression increases significantly and has an
inhibitory effect on tau protein clearance (27). According to the latest studies, FKBP5 increases
earlier in men than in women - respectively in middle age in men and in old age in women (14).
This discovery introduces new possibilities for the proper understanding and diagnosis of
Alzheimer's disease according to the patient's gender (28). The above observations allow us to
consider FKBP5 as a biomarker of AD in the near future (14).

Another disease entity associated with FKBP5 is post-traumatic stress disorder (PTSD). This is
a mental disorder that is a kind of response of the body to an extremely stressful event that
exceeds the person’'s ability to cope with it and adapt (15). As mentioned above, FKBP5 directly



affects the regulation of the HPA axis and the duration of the stress response in the body. Hence,
the connections between excessive expression of FKBP5 and the development of PTSD seem
to be natural (29). Unfortunately, research results remain ambiguous - initially, no connection
was found between the level of FKBP5 expression and the predisposition to PTSD (30).
However, the development of advanced molecular techniques in recent years has allowed for a
more detailed examination of the possible correlation. Other researchers have found interesting
connections between FKBP5 and PTSD (15). First, evidence was found for an epigenetic
mechanism through the process of DNA demethylation of specific regions, in which long-term
exposure to cortisol resulting from an impaired negative feedback loop of the HPA axis in the
course of increased FKBP5 expression may increase genetic predisposition to stronger
glucocorticoid receptor transcription (31). The above observation therefore implies a potential
role of FKBP5 in the development of a pathological response to stressful situations, including
the occurrence of PTSD (15). Moreover, it was possible to prove that there is a link between
specific FKBPS5 variants and the occurrence of stress in early life resulting in the development
of PTSD or depression later on (32).

In turn, depression is a mental illness from the group of affective disorders characterized by
generally low mood (18). It can already be described as a global problem and forecasts for the
coming decades indicate that depression will be the most common disease in the world (33, 34).
Among the pathomechanisms responsible for the occurrence of the disease and clinical
manifestations, there are many factors, including genetic, biological, psychosocial and
environmental dimensions (35-38). One of the most important seems to be the fact that about
60% of people suffering from depression show abnormal functioning of the HPA axis (39, 40).
Moreover, a significant role of dysregulation of the HPA axis in the pathogenesis as well as the
response to the applied treatment of depression has been proven (41). As is known, the changes
described above are caused by improper functioning of FKBP5, which has been associated with
depression in many studies (42-45). Moreover, the FKBP5 polymorphism not only affects the
manifestation of the disease itself, but also allows for prediction of the response of a given
organism to the applied antidepressant treatment (46, 47). According to the latest reports from
the world of science, it is the demethylation of FKBP5 described above, in combination with
trauma experienced in childhood, that leads to dysregulation of the HPA axis and is associated
with the manifestation of severe depression in adulthood (48). All the above examples are an
important element in the best possible knowledge and understanding of the mechanisms leading

to the occurrence and treatment of specific neuropsychiatric disorders.



6. Drugs used in neuropsychiatric disorders in relation to FKBP5
An inseparable element of stress reactions related to the HPA axis is FKBP5 and its impact on
the glucocorticosteride receptor (49, 50). We already know that the DNA methylation process
increases the response to the treatment of neuropsychiatric diseases (51). In addition, the results
of the latest research confirm the influence of many drugs and substances on the level of FKBP5
by methylation of the appropriate gene (52, 53). Thanks to these observations, the role of
FKBP5 as a potential therapeutic goal in the course of neuropsychiatric diseases associated with
significant stress dependent on the HPA axis seems to be obvious (54). Below are the main
groups of drugs that can inhibit FKBP5 with the best effect.

6.1. Ligands to FKBP5
Drugs that can act as a ligand for FKBP5, i.e. tacrolimus and rapamycin are the first to come.
Due to the immunosuppressive properties of these drugs and the ability to act as a ligand,
FKBP5 belongs to the immunophilin family. These drugs inhibit mTOR activity and thus
reduce cell proliferation. It was found that chronic use of rapamycin did not affect the level of
FKBP5 while acute administration to its mice experiencing mental disorders increased the level
of FKBP5 (55, 56). Therefore, it is necessary to study the potential use of them in humans.

6.2. Serotonin reuptake inhibitors (SSRIs)
Serotonin reuptake inhibitors (SSRIs) are one of the main antidepressants used among people.
Their impact has been demonstrated on reduction in the activity of CRH releasing neurons, and
thus limiting the stress reaction depending on the HPA axis (57). In the research on the mice,
the beneficial effect of fluoxetine was shown to reduce FKBP5 expression in certain regions of
the brain, in addition, pharmacogenetic connections between fluoxetine and FKBP5 were
proved (58, 59). Other studies focused on citalopram as another SSRIs - depending on the type
of polymorphism of FKBP5, various results were obtained, which is why its role seems to be
smaller than the aforementioned fluoxetine and requires more accurate considerations (60, 61).
Unfortunately, the results of those studies are not clear, so there is a need for further actions to
clearly confirm the correlation between SSRIs and the beneficial effect on the HPA axis.

6.3. Serotnin and noradrenaline reuptake inhibitors (SNRIs)
Duloxetine belongs to the group of serotnin and noradrenaline reuptake inhibitors (SNRIS),
which is another group of antidepressant drugs (62). Its action, however, remains ambiguous
because it caused an increase in the level of FKBP5 mRNA among healthy rats while reducing
the level of FKBP5 mRNA in rats showing mental disorders. These discoveries probably prove
a key issue, namely that animals subjected to chronic stress show the ability to change the
regulation of the activity of the FKBP5-GR complex (63).



6.4. Antipsychotics
Another group of drugs used in psychiatry, which may affect FKBP5, are antipsychotics (e.g.
chlorpromazine or clozapine) used to treat schizophrenia. Many studies have shown that
patients experiencing psychosis or schizophrenia can show a flattened HPA axis response to
stress (64). Studies conducted with these drugs showed a relationship with methylation levels
and thus also FKBP5 expression (65).

6.5. Glucocorticosterides
Unobvious drugs that have a positive way to adjust the HPA axis in conjunction with FKBP5
are dexamethason and prednisolone. As glucocorticosteride analogues, the above substances
lead to an increase in FKBP5 with a subsequent decrease in the expression of the GR. Thanks
to this, they potentially affect mood disorders and act antipsychotically (66-68). However, these

considerations require further research (17).

7. The influence of FKBP5 on other than neuropsychiatric diseases

Considering the properties and potential therapeutic possibilities of FKBP5 only in relation to
neuropsychiatric diseases would be a grave mistake (23). After all, dysregulation of the HPA
axis, and consequently, abnormal stress response, is also observed in other fields of medicine,
such as endocrinology or oncology (19, 20, 22).

Endocrinology is a branch of medicine that deals with the influence of hormones on the
functioning of the body in health and disease. One of these hormones is cortisol, produced
mainly in the adrenal cortex. Cortisol is the final link in the stress response initiated in the
central nervous system. When its excess occurs, we are dealing with a disease entity called
Cushing's syndrome (69). First, it must be determined whether Cushing's syndrome is
endogenous (too high concentration of our own cortisol) or exogenous (external supply of
cortisol or its analogues, usually in the course of glucocorticosteroid treatment). Excessive
cortisol production can come from two sources. If it occurs in response to excessively high
levels of adrenocorticotropic hormone (ACTH), we are dealing with ACTH-dependent
Cushing's syndrome and it is usually associated with the presence of a functioning pituitary
adenoma (then we talk about Cushing's disease). However, if the increase in cortisol level is
not accompanied by a simultaneous increase in ACTH, ACTH-independent Cushing's
syndrome is diagnosed, which is usually caused by hyperplastic disease of the adrenal glands
(70). Unfortunately, excess cortisol and its derivatives are not only an aesthetic problem
(widened, reddened face, characteristic silhouette or stretch marks), but above all
cardiovascular complications and deterioration of the quality of life or even a significant



increase in mortality (71-73). All this indicates that Cushing's syndrome is a significant problem
that we have to deal with. Therefore, many researchers are trying to find possibilities of earlier
diagnosis or individual predispositions to Cushing's syndrome (19). It was established that
FKBP5, due to its mechanism of action through blocking the proper functioning of GR, is a
promising research target directly correlating with the manifestation of Cushing's syndrome (9,
74). It has been shown that the level of FKBP5 expression increases in response to long-term
elevated levels of glucocorticosteroid hormones (75). Therefore, FKBP5 has been recognized
as a non-hormonal biomarker of Cushing's syndrome (19).

A disease on the border of endocrinology and oncology is papillary thyroid cancer (PTC).
According to the latest studies, significant expression of FKBP5 in the cells of this tumor has
been demonstrated (20). Furthermore, further analysis showed that increased expression of
FKBP5 was associated with a worse clinical prognosis due to the fact of inhibiting apoptosis
and stimulating the proliferation of PTC cells. Interestingly, studies on mice confirmed the
correlation between the slowing down of PTC growth and the reduced level of FKBP5
expression (76). The above observations give hope that FKBP5 may be a useful tool used in the
diagnosis and prognosis of PTC. Moreover, numerous studies have pointed to the participation
of FKBP5 in the pathogenesis of other cancers, including prostate cancer, gastric cancer, and
clear cell renal cancer (77-79). Similar conclusions can also be drawn from studies on
gynecological cancers - recently, the participation of FKBP5 in the development of cervical
cancer has also been confirmed, where FKBP5 may potentially act as a biomarker (22). This is
related to the immunophilin nature of FKBP5 and its participation in many signaling pathways,
including the evasion of the immune response by tumor cells (80, 81).

Cancer is one of the main problems that modern medicine has to deal with, but we cannot forget
about other problems, such as type 2 diabetes mellitus (T2DM). It is one of the most common
diseases in modern societies and consists of excessively high blood glucose levels in response
to insulin resistance in the tissues, which leads to a relative insulin deficiency (82). Moreover,
the clinical implications of this biochemical condition include complications such as
cardiovascular events, stroke, polyneuropathy, limb amputations or even premature death (83).
The role of FKBP5 and related abnormalities in the dysregulation of the HPA axis and DNA
methylation in the development of T2DM is increasingly emphasized (84-86). Two potential
regulatory mechanisms are suspected in which FKBP5 is associated with T2DM - this is via
AKt and peroxisome proliferator-activated receptor y (PPARY) (23). It has been found that high
levels of FKBP5 affect the reduction of AKt phosphorylation, which directly translates into
reduced insulin efficacy (87, 88). In turn, the action via PPARYy has not yet been thoroughly



studied. It has been noted that FKBP5 increases PPARYy activity, which stimulates adipocyte
proliferation and differentiation and the associated increase in lipogenic gene expression (89,
90). Moreover, it has been shown that it is the reduction of FKBP5 levels that is mainly
responsible for increased glucose tolerance (91). The above considerations demonstrate the
enormous potential of using FKBP5 as a bridge to understand pathogenesis through the
regulation of specific signaling pathways for diseases of civilization significance, such as
T2DM or the aforementioned cancers (92).

8. FKBP5 as a biomarker
The development of molecular technologies in biology and immunohistochemistry forces
modern medicine to constantly search for new diagnostic and therapeutic possibilities. One of
the most important challenges seems to be linking specific substances with the prediction or
prognosis of specific diseases, i.e. finding biomarkers. As mentioned above, in diseases such as
AD, Cushing's syndrome or cervical cancer, a possible biomarker function is attributed to
FKBP5 (14, 19, 22). However, the potential of this protein is much greater, as indicated by
numerous studies. Although it was not possible to clearly link increased FKBP5 expression
with Cushing's disease, a significant increase in the course of pituitary adenomas in general has
been demonstrated (93). This discovery, combined with the establishment of FKBP5 as a
biomarker of increased cortisol levels, leaves much room for further research (94). Further
assumptions about the usefulness of FKBP5 in predicting the course of the disease have been
made in relation to breast cancer. Researchers have found a correlation between high levels of
FKBPS5 expression and a high risk of breast cancer metastasis, which is associated with a poorer
prognosis (95). Furthermore, recent reports indicate that for a specific type of breast cancer, the
luminal B subtype of breast cancer (LBBC), the level of FKBP5 expression affecting the
properties of CD8+ cytotoxic lymphocytes is a promising prognostic indicator (96). As it turns
out, this topic is of interest not only to oncologists or endocrinologists, but even to cardiologists
dealing with heart failure (97). Recently, the results of studies suggesting the role of FKBP5 as
a biomarker in patients with dilated cardiomyopathy (DCM) treated with left ventricular assist
device support (LVAD) have been very promising. It is believed that this will lead to more
effective therapeutic management in this group of patients (98). As mentioned at the beginning
of this work, FKBPS5 is directly involved in the regulation of the HPA axis and thus in stress
reactions, so it seems natural to look for correlations between the level of expression of this
protein and the occurrence of neuropsychiatric disorders (99). Further studies bring us closer to
the practical use of FKBP5 as a biomarker not only in AD, but also in other diseases particularly



associated with long-term stress, such as PTSD or depression (27, 100, 101). The researchers
indicate that the use of miRNA associated with FKBP5 as a biomarker allows for the prediction
of the development of PTSD in people who have recently experienced a trauma. They also point
to the need to conduct further studies in this matter in order to expand possible diagnostic and
therapeutic possibilities (102). In turn, in the course of chronic depression, it was possible to
prove the relationship between the reduced level of FKBP5 expression and the increased level
of GR expression, which can also serve as a biomarker of this disease (103).

9. Summary
The article briefly discusses the most important issues concerning FKBP5 - current knowledge
on the possibilities of its use in diagnostics and treatment of various diseases and the possible
function as a biomarker. Due to the direct influence on the HPA axis and the related
participation in stress reactions, the correlation between FKBP5 and the pathogenesis of
diseases associated with long-term stress such as PTSD or depression is presented (27).
Additionally, the correlation of FKBP5 level with hypercortisolemia is described and the
potential role as a biomarker in the course of Cushing's syndrome is determined (19). It was
found that many drugs can interact at the molecular level with FKBP5, the role of SSRIs is
particularly emphasized and the need for further observations in relation to other drugs used in
the treatment of neuropsychiatric diseases is indicated (57). The aim of the latest studies is to
perceive FKBP5 as a biomarker in various disease entities - especially endocrine, oncological

and neuropsychoatric, as well as cardiological.
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