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Abstract: Prostate cancer is the most occurred malignant disease in the male population in over one-half of the
countries and still constitutes the fifth leading cause of death in 2020, worldwide. Metastatic prostate cancer is
a lethal malignancy that mostly is terminated within several years through the patient's death. Researchers
should focus on the phenomenon which is rigorously appertaining to metastatic cascade and operating as an
initiator of metastases to provide the knowledge needed to solve the problem of diagnostics and treatment of
advanced prostate cancer patients. The epithelial-mesenchymal transition is one such phenomenon. The
current review is based mainly on three papers published in 2021, which describe the most important tissue-
specific factors managing epithelial-mesenchymal transition and are discussed with scientific papers published
in acknowledged journals. The effect of the current review is the specification of profiles of precise tissue factors
predicting the progression of the prostate neoplasm to its metastatic stage in a new edition.
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Importance of the epithelial-mesenchymal transition in prostate cancer

Prostate cancer represents the second most common malignancy and is the fifth most common
cause of cancer deaths among men worldwide [1]. Due to its unique heterogeneity, prostate cancer
shows a broad spectrum of clinical behavior regarding progression rate. It may be an indolent or
rapid form of prostate cancer, as well as it can exhibit different mortality rates. The newest statistics
show that prostate malignancy continues to account for approximately 86.8% of the local stage, and
1.5% of the regional stage among men aged equal to or more than 50 years [2]. At this stage of the
disease, prostate cancer is completely treatable, with the 5-year survival rates for both stages reaching
almost 100% [3]. The difficulties associated with the treatment of prostate cancer patients begin at the
systemic stage. In these patients, according to the Surveillance, Epidemiology, and End Results
(SEER) Stage, the 5-year survival rate is only 30% [2]. They constitute 5.1% of the population of men
diagnosed with prostate cancer, and the treatment program for these patients is mainly based on the
use of ablation androgen ablation, which involves reducing the stimulating effects of androgens on
prostate cancer cells [3]. This therapeutic procedure makes it possible to achieve apparent
improvement in the patient's condition, lowering the concentration of prostate specific antigen (PSA)
in patients' blood serum, leading to the regression of primary and secondary tumors in 80% of
patients. The response phase to hormone therapy, unfortunately, subsides after about 18-24 months
of treatment and progresses to the hormone resistance phase, in which the prognosis of patients is
much worse, and in most cases, palliative treatment is used. An in-depth understanding of the
biology underlying the formation of metastases cancer represents a turning point in the diagnosis of
cancer, its early detection, the prognosis of survival time, and the establishment of a plan of
oncological treatment of prostate cancer patients. The key issue is to understand the mechanisms of
migration and invasion of prostate cancer cells and impact of deregulated factors responsible for

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202307.1026.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 July 2023 do0i:10.20944/preprints202307.1026.v1

modulating the process of the epithelial-mesenchymal transition (EMT) as the first stage of metastasis
formation. The opportunity to rapidly assess expression levels of factors involved in the EMT process
under hospital conditions could improve the diagnosis of patients with prostate cancer. The
knowledge of the impact of deregulation of the aforementioned factors on the EMT process could
provide a basis for the development of effective targeted therapies and influence the therapeutic
effects of the advanced stage of this disease.

Definition of the epithelial-mesenchymal transition process

Epithelial-mesenchymal transition is a physiological process that is fundamental to
embryogenesis, starting from the implantation stage, through embryo formation, gastrulation and
ending with organogenesis, and moreover, it also occurs in the process of tissue regeneration [4-6].
The EMT phenomenon also plays a significant role in pathological processes, particularly during
cancer progression, in which the expression of genes encoding proteins characteristic of the EMT
process associated with embryonic development is observed [7,8]. Metastasis formation in cancer
involves detachment from the tumor mass of individual cells that have lost intercellular connections
and adhesion properties [9,10]. The proliferation of cancer cells in the organism, depends, among
other things, on a change in cellular phenotype in the epithelial-mesenchymal transition. Thus,
pathological activation of the EMT process causes epithelial cells to acquire a mesenchymal
phenotype, characterized by increased migratory potential and invasiveness, which allows cancer
cells to enter blood vessels (intravasation). Cancer cells migrating through blood vessels must acquire
the ability to survive in the deficiency of adhesion by developing a mechanism to prevent anoikis
[11]. It is also worth mentioning that at the site of the primary malignant lesion, mesenchymal cells
are characterized by a higher level of ability to penetrate capillary blood vessels, which further
promotes their proliferation. At distant sites, circulating tumor cells leave the blood vessels and
settle in the new location, forming secondary tumors (metastatic foci). The reverse process of EMT
occurs, namely mesenchymal-epithelial transition (MET), during which cancer cells regain their
epithelial phenotype, extracellular matrix (ECM) contact, and intercellular adhesion [12].

Changes accompanying the epithelial-mesenchymal transition

Cellular changes

The hallmark of cells undergoing EMT is a high capacity to move and migrate through the ECM.
The process of transdifferentiation of fused and stabilized epithelial cells with an epithelial
phenotype to a mesenchymal phenotype, giving the cells unique characteristics that facilitate their
spread in the body, occurs through a series of physical changes in epithelial cells that make them
capable of invading tissues, both adjacent and distant. These changes include a transient loss of
intercellular connections, leading to a change in the apical-basal polarity of cells and a reorganization
of the cellular cytoskeleton. The change in expression of epithelial (decrease in keratin expression)
and mesenchymal (increase in vimentin expression) markers that accompanies the EMT process also
results in a change in the shape of epithelial cells to a fibroblastoid shape, facilitating cell migration.
Integrity with the basement membrane is abolished in the case of cells with a high migratory status,
capable of forming secondary cancer foci. Epithelial cells begin to express mesenchymal markers such
as N-cadherin, vimentin, fibronectin and extracellular matrix metalloproteinase activity. Classically,
EMT is also characterized by the loss of epithelial markers such as E-cadherin and -catenin, thereby
activating a specific transcriptional program, leading to an increased level of cellular
invasivenessundergoing lesions [13]. There is a strong association between the expression of E-
cadherin and the membrane fraction of (-catenin and the progression of prostate cancer to the
metastatic stage, which is a potential prognostic marker of disease progression [14].

Genetic alterations

Transcription factors such as SNAIL (Snail Family Transcriptional Repressor 1), SLUG (Snail
Family Transcriptional Repressor 2), ZEB1 (Zinc Finger E-box Binding Homeobox 1), ZEB2 (Zinc


https://doi.org/10.20944/preprints202307.1026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 July 2023 do0i:10.20944/preprints202307.1026.v1

Finger E-box Binding Homeobox 2), and TWIST (Twist Family bHLH Transcription Factor 1) are
major modulators of the signaling pathways of the EMT process. These transcriptional regulators
inhibit the expression of E-cadherin while promoting the expression of mesenchymal markers: N-
cadherin and/or R-cadherin and vimentin, as well as the expression of cellular matrix and focal
adhesion proteins [13]. Some of the transcription factors function as markers of adverse disease
progression [15]. In turn, microRNA (microRNA, miRNA) and non-coding RNA molecules can
regulate or be regulated by key genes of the EMT process and affect the course of cancer cell
proliferation in the body. The best-known non-coding RNA molecules that meet these criteria are the
microRNA-200 family of molecules and the miR-34 family of molecules. An example of this
relationship is the microRNA-200c-3p/ZEB2 loop in prostate cancer, which may have important
implications for the design of treatment strategies for invasive and metastatic prostate cancer in the
future.

The aspect of therapeutic resistance related to the epithelial-mesenchymal transition

One of the most important challenges in the treatment of cancer patients is the resistance aspect
of the malignant lesions to therapeutic interventions, leading to the formation of cancer metastases.
The resistance to therapeutic options includes congenital and acquired resistance to anticancer drugs,
but also resistance to chemotherapy, radiotherapy, immune and targeted therapies [17-19]. The
epithelial-mesenchymal transition is a major contributor to the development of therapeutic
resistance.

The phenomenon of EMT has been implicated in the various stages of the development of
prostate disease, beginning with tumor initiation through cancer progression, stemness, the
migration of cells from the primary cancer focus, intravasation into the bloodstream, and metastasis,
but also mediates resistance to conventional therapies and small molecules inhibitors (SMls) in
targeted cancer therapy [20-22]. Previous studies performed using cancer cell lines confirm the effect
of the EMT process on resistance induced by radiotherapy or chemotherapy [23,24]. It is also worth
to mention that in the primary cancer foci (in tumors), sub-populations of cells with an intermediate
epithelial/mesenchymal phenotype (Hybrid Epithelial/Mesenchymal Phenotype, E/M), ie. an
incomplete epithelial phenotype or an incomplete mesenchymal phenotype, are formed, resulting in
the simultaneous presence of different sub-populations of the cancer cells, enhancing the potential
level of plasticity and aggressiveness within the tumor [22]. Subpopulations of cancer cells with an
intermediate E/M phenotype, also known as quasi-mesenchymal or a hybrid cell subpopulation,
exhibit the morphological, transcriptional, epigenetic features that are within the range of
intermediate phenotypic states, further manifesting incomplete expression of epithelial markers and
incomplete expression of mesenchymal markers [13,25-27].

A model of the process of epithelial-mesenchymal transition for prostate cancer

The conventional model of tumor progression indicates that a pivotal role in the process belongs
to transcription factors, which possess the ability to re-program prostate cancer cells, giving them the
capacity to develop cancer metastases. According to this model, EMT phenomenon is only activated
in occasional cancer cells. The expression profile of ECM proteins and cytoskeleton proteins is also
altered as the disease progresses. An alternative model of prostate cancer progression was proposed
by Sanchez-Garcia in 2009, stating that pathological activation of EMT-related proteins can
continuously drive the spread of metastasis in the body from the primary cancer focus [28].
Nowadays, we understand that the process of epithelial-mesenchymal transition is influenced
directly or indirectly by many regulatory factors, that can be classified as the inductors, regulators
and effectors of EMT process, as a consequence leading to the progression of the disease.

The findings of latest research on the effects of some selected tissue biomarkers on the epithelial-
mesenchymal transition process for prostate cancer are somewhat consistent with the Sanchez-
Garcia's proposed model of the EMT phenomenon. In the published scientific papers, it has been
shown that the altered levels of expression of specific tissue mediators at the level of miRNA and/or
mRNA/protein can affect chosen prostate cancer cells, resulting in pathological activation of the EMT
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program. It is also well known that throughout the tumor progression of the prostate cancer, the
levels of expression of these specific tissue mediators gradually change, while the Sdnchez-Garcla
model does not consider this. Diagnosed patients with primary prostate cancer, whose disease is
characterized by cellular plasticity, manifest a significantly worse prognosis. Thus, one cannot
approach the theme of tumor progression in prostate cancer and other cancers with the unequivocal
thesis that the EMT process in a cancer cell involves a complete transition from an epithelial
phenotype to a pure mesenchymal phenotype, with no intermediate states, as in human embryonic
development. This EMT meta-state, which is also known as partial EMT, is characterized by the co-
existence of cancer cells with both an incompletely suppressed epithelial phenotype and not fully
achieved mesenchymal phenotype. In 2011, Dieter and co-authors demonstrated that cancer cells
from a xenograft model of human colon cancer, only under conditions in which stem cells are present
and then when they show the capacity for self-renewal, are able to form liver metastases [29]. A
further example of phenotypic plasticity is the budding type of early-stage colorectal cancer which
positively correlates with a poorer patient prognosis, compared to those colon cancers exhibiting a
non-budding type, due to the fact that the cancer cells manifest an EMT phenotype and possess stem
cell properties [30]. Furthermore, a poorer prognosis amongst those patients with diagnosed tumor
budding in colorectal cancer has been demonstrated by the formation of lymph node metastases, and
distant metastases into the liver and lungs [30]. The results obtained during our scientific study are
also consistent with the phenotypic plasticity of cancer cells undergoing EMT. The tumor-initiating
cancer cells of early-stage prostate cancer may form lymph node metastases or distant metastases to
the lungs or skeletal system; however, at each stage of tumor progression, a specific group of tissue
factors with symptomatic expression will be involved, from which it will be possible to determine
the type of tumor metastasis forming.

Drivers associated with epithelial-mesenchymal transition and progression to the lethal stage of
prostate cancer based on latest research

Over the last decade, scientific research in the area of cancer development has been focused on
finding 'target proteins' which mediate both the tumor transformation process and the metastasis
process of prostate cancer patients and other malignant tumors. Indeed, the strongest diagnostic,
prognostic, and therapeutic potential, therefore, belong to factors that stimulate systemic progression
already at an early stage of the disease.

Factors of the inflammation-cancer-epithelial-mesenchymal transition axis

Chronic inflammation can trigger the process of carcinogenesis. The inflammatory response cells
can secrete a number of factors that promote both the initiation and progression of cancer and can
also induce the epithelial-mesenchymal transition. Well-developed tumors stimulate the
inflammatory response by secreting cytokines, chemokines and growth factors that recruit
populations of infiltrating immune cells directly into the tumor microenvironment (TME). The
inflammatory response potentially exerts control over the tumor, but may instead be intercepted by
the tumor to stimulate its own growth towards a metastatic form.

Macrophage migration inhibitory factor

One of the pro-inflammatory cytokines considered to be the link between chronic inflammation
and the tumor progression is macrophage migration inhibitory factor (MIF). MIF leads to the
activation of the metastatic process of tumor cells by affecting the reduction of E-cadherin expression
and the increase of N-cadherin levels [31]. In addition, our own studies have shown that an important
role in the process of tumor progression of prostate cancer is displayed by the nuclear fraction of the
MIF protein. It has been proven that nuclear MIF negatively correlates with the overall expression of
[-catenin, so it is likely that the MIF factor affects the abnormal activation of the Wnt/p-catenin
signaling pathway, stimulating the translocation of the active form of -catenin into the cell nucleus
to function as an activator of transcription [32]. Moreover, the nuclear fraction of the MIF protein is


https://doi.org/10.20944/preprints202307.1026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 July 2023 do0i:10.20944/preprints202307.1026.v1

responsible for participating in the process of lymph node metastasis formation in prostate cancer.
Previous study confirmed significantly higher expression of the nuclear fraction of MIF protein in
patients with lymph node metastasis, compared to prostate cancer patients without lymph node
metastasis (p<0.05). The same study also found that pathological activation of the Wnt/f-catenin
pathway affects the progression of prostate cancer to the systemic stage, through the formation of
both lymph node and distant metastases [33]. The effect of MIF factor on accelerating tumor growth
and metastasis in pancreatic cancer was also confirmed by Funamizu and his co-authors. Performing
studies on mouse models overexpressing MIF, they proved, significant tumor growth (p<0.001) in
mice with MIF overexpression, compared to control mouse cells [34].

Stromal Cell-Derived Factor-1 and its binding receptors

The interaction of stromal cell-derived factor-1 (SDF-1) with C-X-C motif chemokine receptor
type 4 (CXCR4) or C-X-C motif chemokine receptor type 7 (CXCR7) affects the regulation of many
physiological and pathological processes. CXCR7 affect the regulation of many physiological and
pathological processes, such as cell proliferation and differentiation, adhesion, migration, and cancer
cell metastasis. The binding receptors, CXCR4 and CXCR?7, are metabotropic receptors present on the
surface of human tumor cells [35] that interact with the G protein-coupled receptor (GPCR) and can
be activated by the common ligand SDF-1. These molecules play a key role in TME by promoting
tumor progression, and they also manage tumor cell proliferation and migration and the recruitment
of immune and stromal cells in TME. SDF-1 eliminates T cells from the TME through a concentration
gradient that inhibits access of immunoactive cells and promotes blood vessel formation within the
tumor [36]. The presence of CXCR4 and CXCR?7 binding receptors, among others, was detected on
human rhabdomyosarcoma (RMS) cells. In this study, the binding receptors were shown to be
involved in conferring metastatic potential to RMS cells through CXCR7's effect on tumor cell
adhesion and CXCR4's mediation of migration-related signals [35,37]. Blocking of CXCR4 and CXCR?7
signaling pathways may therefore prevent prostate cancer progression to the metastatic stage in a
dualistic manner, by inhibiting the growth, migration and chemotaxis of tumor cells and by
promoting the presence of T cells in the TME. In studies on human prostate cancer tissues, authors
proved that both SDF-1 factor and its binding receptors CXCR4 and CXCR? are involved in lymph
node metastasis. A decrease in the expression of the SDF-1 protein subfraction was noted in patients
with current lymph node metastases, compared to patients without metastases. A similar
phenomenon was noted for binding receptors: the nuclear-cytoplasmic fraction of CXCR4 protein
and the cytoplasmic fraction of CXCR?7 protein - a decrease in the expression of these proteins was
evident in tissues from patients with lymph node metastases present [38]. Previous studies have
shown that human prostate cancer cells producing CXCR7 have the ability to proliferate faster, form
metastases and develop blood vessels [35]. Modern approaches to targeted therapy for prostate
cancer indicate targeting the approach simultaneously to immune checkpoints and the SDEF-
1/CXCR4/CXC7 axis.

MicroRNAs modulating the epithelial-mesenchymal transition process

An important mechanism regulating the expression of genes associated with tumor progression
in prostate cancer is represented by miRNA molecules. These constitute a group of short, single-
stranded, non-coding RNA molecules. Mature miRNA molecules, approximately 19-23 nucleotides
in length, are synthesized from double-stranded precursors, with the participation of polymerase II,
and are incorporated into RNA-induced silencing complexes (miRISC). They thus have the ability to
post-transcriptionally silence target genes by attaching to the 3' untranslated regions (3'UTR) of the
target gene's mRNA, thereby inducing mRNA degradation or inhibition of translation. MiRNA
molecules are also involved in regulating important cellular processes, such as those of cell
differentiation or proliferation, and modulate epigenetic regulatory processes. Depending on the
target genes on which miRNA molecules affect, they can function as oncogenes or suppressor genes.

A major regulatory role in the EMT process is attributed to miRNA-200 and miRNA-205
molecules, which have the ability to repress transcription factors associated with E-cadherin activity,
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namely ZEB1 and ZEB2, and inhibit the activity of other transcription factors associated with the
EMT process, such as TWIST1. In contrast, miRNA-132 and miRNA-212 molecules inhibit the activity
of the transforming growth factor beta (TGF-P) protein, which, by blocking the SOX4 factor,
modulates the EMT process, and, in addition, miRNA-132 has a silencing effect on the activity of the
ZEB2 protein [39].

MiRNAs exhibit highly tissue-specific expression, which makes it possible to differentiate
between normal and diseased tissue on the basis of changes in their expression levels, but also to
distinguish between different types of cancer. It appears that by using miRNA molecule profiles
specific for prostate cancer, on the basis of changes in the expression level of these molecules, it is
possible to predict the level of aggressiveness of the tumor, predict disease progression and classify
tumor stage. Latest research has detailed nine miRNA molecules closely associated with the
metastatic process in prostate cancer patients. Among others, overexpression of miR-210-3p and
deregulation of miR-141-3p have been shown to be associated with the presence of metastasis in
prostate cancer patients, particularly distant metastasis and bone metastasis [40]. Furthermore, based
on the performed meta-analysis, the distinctive miRNA signatures for individual types of metastasis
in prostate cancer patients were distinguished. The results of our own study were synthesized and
are shown in Figure 1.

The abnormal expression profile of miRNA molecules can be a plausible diagnostic and
prognostic biomarker for prostate cancer patients, including being used to evaluate the stage of the
disease, estimate survival time, predict disease progression, and typify the kind of metastasis.
Moreover, the assessment of disease progression on the basis of an abnormal profile of miRNA
molecules may prove to be a helpful tool in the selection of targeted or patient-specific treatment.
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Figure 1. Proposed models of the epithelial-mesenchymal transition in prostate cancer based on
the latest scientific evidence. The diagram shows the influence of important factors involved in the
epithelial-mesenchymal transition in prostate cancer on the metastatic process. Abbreviations used:
EMT=epithelial-mesenchymal transition; MET=mesenchymal-epithelial transition; LM=lymph node
metastasis; DM=distant metastasis; BM=bone metastasis; Figure prepared at BioRender.com.

Relationships between particular miRNA molecules and the proteins in the epithelial-mesenchymal transition
process

Indeed, an unexplained issue in this dissertation remains the identification of correlations
between the individual factors involved in the EMT process, in the miRNA-protein profiles extracted,
in the course of our own research, that characterize the different types of metastasis in patients with
prostate cancer (Figure 1). Information about such correlations, to an incomplete extent, is provided
from scientific studies performed to date. Wenjing and co-authors showed that the mir-503 molecule
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is responsible for suppressing the Wnt/p-catenin signaling pathway by leading to an increase in the
expression of the glycogen synthase kinase-3 beta (GSK-3[3) and p-p-catenin, while reducing the
levels of both factors in gastric cancer cells [41]. In contrast, Pengbo and co-workers showed that
inhibition of mir-212 leads to activation of the forkhead box M1 (FOXM1) factor, but has an inhibitory
effect on the canonical Wnt/B-catenin pathway by suppressing factors such as wingless-type like
signaling (Wnt), lymphoid enhancer binding factor 1 (LEF-1), myelocytomatosis (c-Myc) and the
nuclear fraction of 3-catenin in hepatocellular carcinoma [42]. In contrast, Lun-Qing and the other co-
authors of the research paper demonstrated that overexpression of miR-802 leads to activation of the
Wnt/B-catenin and nuclear factor kappa-light-chain-enhancer of activated B cells/p65 (NF-1/p65)
signaling pathway in lung cancer cells, showing an increase in nuclear [3-catenin fraction and p65
protein levels [43].

Determining the reciprocal effects of the miRNA molecules and proteins studied may lead to the
delineation of new signalling pathways associated with tumour progression in prostate cancer.
Indeed, there are literature reports of a possible regulatory effect of the chemokine SDF-1 on selected
miRNA molecules. Potter and his co-authors in their study on bone marrow stromal cells (BMSCs)
indicated that SDF-1, by interacting with certain miRN A molecules, modulates the migration process
of BMSCs [44]. Cytokines and mediators of the inflammatory process can regulate the expression of
miRNA molecules,

through which they also indirectly affect the regulation of many genes [45,46]. Yang and the
other co-authors of this paper demonstrated that the factor MIF stimulated an increase in miR-301b
expression thereby having an inhibitory effect on nuclear receptor subfamily 3 group C member 2
(NR3C2) in pancreatic cancer patients. Functional studies showed that reduced NR3C2 expression
levels correlated with a worse prognosis in these patients. Furthermore, the same study showed that
genetic deletion of MIF disrupted the MIF-miR-301b-NR3C2 signaling axis, inhibiting metastatic
spread and formation and prolonging survival in a genetically engineered mouse model [47].
Confirmation of such relationships between proteins and miRNA molecules in prostate cancer
patients could suggest that inflammation plays a key role in tumor initiation and progression in
prostate cancer patients, and that the chemokine SDF-1 and the pro-inflammatory cytokine MIF could
be early markers of disease progression and a starting point for individualized treatment selection.
The use of miRNA-protein profiles in the oncological diagnosis of prostate cancer patients as a tool
to help classify the stage of patients diagnosed with this cancer seems to be future-oriented.

Summary

The EMT phenomenon is a multi-pathway programme with numerous regulatory factors
responsible for specific cellular signaling pathways. These factors interact to form a communication
network through which cancer progression occurs. A modern model of tumor cells spreading to
lymph nodes or distant organs shows that metastatic pathologies are defined by a unique set of
altered tissue-specific factors leading to activation of the EMT process and initiation of the invasive-
metastatic cascade in prostate cancer patients. In secondary foci, tumor cells change their phenotype
to epithelial as a result of the reverse process, MET. Deregulation of specific factors determining the
mesenchymal phenotype of migrating cells is a transitional process until these cells return to their
original state to form metastatic foci. This demonstrates that changes in the expression of factors
involved in the epithelial-mesenchymal transition are variable, and from these alterations, it is
possible to determine the stage of the disease and assess the prognosis of patients. The quest for
effective treatment of metastatic prostate cancer should therefore focus on silencing or balancing the
deregulated expression of EMT-related factors to reverse its function to baseline. Further research
should therefore be directed towards a multifaceted analysis of the factors responsible for regulating
the EMT process, the importance of which is already crucial in the first stages of tumor initiation.
Further progress in the area of epithelial-to-mesenchymal cell transformation in prostate cancer
patients will facilitate the translation of this achievement into the possibility of implementing
advanced oncological diagnosis, early disease prognosis and treatment directed at stabilizing miRNA
and mRNA/protein levels. The use of miRNAs or mRNAs/proteins as biomarkers or direct
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pharmacological targets has the potential to change the approach to treating patients with metastatic
prostate cancer and provide tangible therapeutic benefits.

Conclusions

1. Altered expression levels of specific sets of miRNA molecules may be potential predictors of
prostate cancer progression to the systemic stage and may be useful in differentiating types of
metastasis.

2. High expression levels of the nuclear fraction of the MFI protein may be a potential predictor
of disease progression in patients with prostate cancer.

3. Low levels of expression of the sub-endothelial fraction of SDF-1 protein and its binding
receptors: the membrane fraction of CXCR4 protein and the nuclear-cytoplasmic fraction of CXCR7
protein may be independent predictors of disease progression to the systemic stage in patients with
prostate cancer.

4. The determination of expression levels of miRNA molecules and proteins in prostate cancer
patients, in combination with standard tumor markers, may provide a valuable prognostic tool or
serve to improve disease staging classification.
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