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Abstract

The chronic inflammation influences a microenvironment, where as a result of losing control
over tissue homeostatic mechanisms, the carcinogenesis process may be induced. Inflam-
matory response cells can secrete a number of factors that support both initiation and pro-
gression of cancer and also they may consequently induct an epithelial-mesenchymal
transition (EMT), the process responsible for development of distant metastasis. Macro-
phage migration inhibitory factor (MIF) acts as a pro-inflammatory cytokine that is consid-
ered as a link between chronic inflammation and tumor development. MIF can function as a
modulator of important cancer-related genes expression, as well as an activator of signaling
pathways that promotes the development of prostate cancer. The study was performed on
FFPE tissues resected from patients who underwent radical prostatectomy. To investigate
the relationship of studied proteins with involvement in tumor progression and initiation of
epithelial-to-mesenchymal transition (EMT) process, we selected clinicopathological param-
eters related to tumor progression. Immunohistochemical analyses of MIF, SOX-4, B-cate-
nin and E-cadherin were performed on TMA slides. We found a statistically significant
correlation of overall 3-catenin expression with the both lymph node metastasis (p<0.001)
and presence of angioinvasion (p = 0.012). Membrane 3-catenin expression was associated
with distant metastasis (p = 0.021). In turn, nuclear MIF was correlated with lymph node
metastasis (p = 0.003). The positive protein-protein correlations have been shown between
the total B-catenin protein expression level with level of nuclear SOX-4 protein expression (r
=0.27; p<0.05) as well as negative correlation of B-catenin expression with level of nuclear
MIF protein expression (r = -0.23; p<0.05). Our results seem promising and strongly high-
light the potential role of MIF in development of nodal metastases as well as may confirm an
involvement of B-catenin in disease spread in case of prostate cancer.
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Introduction

Prostate cancer (PCa) is the most common malignancy as well as the fifth cause of cancer-
related death among men worldwide [1]. In 2020, it was estimated approximately 191,930 of
PCa new cases and 33,330 of PCa-related deaths occurred in the United States [2]. The PCa
incidence rate varies depending on genetic, hormonal-dependent and environmental aspects.
Besides, the PCa prevalence and mortality rate are associated with elderly age and the average
age at the time of diagnosis is above 65 years [1].

PCa still remains a highly treatable neoplasm if it is diagnosed as localized disease at its an early
stage and constantly monitored [3]. These patients could be usually treated by radical prostatec-
tomy or radiotherapy, which guarantee a successful treatment outcome in most cases. However,
the National Cancer Institute indicated that the lymph node metastasis are observed in 12% of
PCa patients at the time of diagnosis [4]. Additionally, by the significant proportion of patients
the PCa undergo progression to a highly advanced, metastatic stage of disease for which treatment
options are limited and the prognosis is uncertain [5]. Based on the Surveillance, Epidemiology,
and End Results Program (SEER) database, the 5-year relative survival rate for PCa cases with
localized and regional stage is at 100%, whereas at the metastatic stage the level is only 29% [6].

Solid tumors, such as PCa grow in hypoxic conditions, which are characterized by inade-
quate blood flow and impaired tumor vessels [7]. These conditions and mutations in the
CTNNBI gene may lead to activation, accumulation and nuclear translocation of B-catenin
[8]. In the consequence there are activated or deactivated specific targets such as transcription
factors, cell-surface and cytoskeletal proteins, extracellular matrix degradation enzymes
(ECM-degrading enzymes) and specific microRNAs, leading to deregulation of cell prolifera-
tion management and inhibition of apoptosis [9]. Described process is called an epithelial-
mesenchymal transition (EMT), during which cells lose their epithelial features responsible for
cell-to-cell adhesion inter alia as a result of losing of epithelial markers and gain mesenchymal
properties. Consequently, initiation of the EMT process results in the cell phenotype changes.
The downregulation of epithelial markers, in particular E-cadherin, leads to destruction in cell
junction proteins and in consequence to loss of the stable epithelial polarized phenotype of the
involved cells. Moreover, they gain mesenchymal markers, like N-cadherin, Vimentin or
Fibronectin etc. and ability to migration from their origin place, through modulating signal
transduction pathways, such as Wnt/B-catenin and TGF-p pathway, as well as EMT transcrip-
tion factors: zinc finger E-box binding homeobox (Zeb 1/2) and Snail [10, 11]. The cells with
mesenchymal phenotype present invasive and metastatic potential as well as they acquire stem-
ness status (ability to self-renew and differentiate) or also chemoresistance properties [12, 13].

Critical point of the EMT constitutes Wnt/B-catenin signal transduction pathway, where -
catenin acts as a central effector of multiple running separately cellular processes [11]. B-cate-
nin forms catenin-cadherin complex due to binding to the major component of cell-cell adhe-
rens junctions (AJ), a membrane anchored E-cadherin, thus enabling modulation of localized
cytoskeletal remodeling [14-16]. Mechanism of forming catenin-cadherin communication in
AJ ensures B-catenin stabilization and protects it from proteasomal degradation [17, 18]. Loss
of E-cadherin leads to collapse of cell-cell connections through spontaneous disruption of AJ
and to B-catenin detachment from the cell adhesion complex [19]. Free membrane B-catenin
released into the cytoplasm may eventually be translocated to the cell nucleus [11, 19]. B-cate-
nin nuclear translocation is driven through Wnt/B-catenin pathway in cooperation with curly
receptors and LRP5/6 co-receptors [20], resulting in the repression of glycogen synthase kinase
3B (GSK3p), which is responsible for ubiquitination of B-catenin together with proteasomal
degradation through its phosphorylation and B-catenin stabilization [21]. Transport of B-cate-
nin to the cytoplasm area or nucleus can recruit and stimulate downstream transcription
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factors of TCF4, thus promoting cell proliferation and tumorigenesis [20, 22]. Stabilized -
catenin is accumulated in cell nucleus, where as a cofactor it interacts with the high-mobility-
group (HMG) box family of T-cell factor (TCF)/lymphoid enhancer factor (LEF) transcription
factors to modulate target genes of the Wnt pathway [23, 24].

Previous studies showed that transcription factor Sry-related HMG-BOX gene 4 (SOX-4)
interacts with members of TCF/LEF family via its HMB domain, which regulates stability of
these proteins and therefore indirectly also stability of nuclear translocated B-catenin, which is
in turn modulated via TCF/LEF complex [25]. Moreover, the study with gain- and loss-of-
function have demonstrated that the SOX-4 may be responsible for enhanced B-catenin/TCF
activity and the tumor cells proliferation of SW480 colon carcinoma cell lines [25].

Furthermore, the latest study confirmed that SOX-4 constitutes a crucial point in metastatic
progression. Under normal physiological conditions, SOX-4 belonging to sex-determining
region Y (SRY) box family with special DNA-binding domain (DBD) in HMG [26] functions
as a transcription factor, involved in maintenance of pluripotency in stem cells and wide range
of developmental processes, such as embryogenesis, development of the central as well as
peripheral nervous system, heart, osteoblastic, thymocytes and differentiation of lymphocytes
[27-30]. Moreover, SOX-4 is critical in directing cell fate [31]. Recent studies have also
reported that SOX-4 is associated with tumorigenesis and shows higher expression in human
malignant tumors, such as prostate cancer [32], colorectal cancer [25], breast cancer [33], lung
cancer [34], gastric cancer [35]. Nevertheless, in some tumors, like melanoma [36] or bladder
cancer [37] SOX-4 can behave as a tumor suppressor, promoting cell cycle arrest and apoptosis
[31]. Interestingly, there are some studies confirming the interactions between the canonical
Wnt/B-catenin signaling pathways and the both SOX-4 as well as a Macrophage migration
inhibitory factor (MIF). Currently, many researchers are focused on the inflammation-
induced EMT process in various types of cancers. Previous studies have shown MIF as a poten-
tial molecular link between chronic inflammation and cancer [38]. Additionally, in pancreatic
ductal adenocarcinoma, MIF was found to prompt the transition from epithelial phenotype to
mesenchymal state of cancer cells [39]. However, MIF-induced activation of EMT has not
been confirmed in prostate cancer patients.

MIF generally functions as a multipotent cytokine involved in regulation of immune and
inflammatory responses as well as in certain pathological situations including atherosclerosis,
rheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel disease, psoriasis and
diabetes [40-42]. MIF expression was found in both extracellular and intracellular cell area.
The extracellularly MIF was found to be involved in cell proliferation, adhesion, invasion and
homeostasis control, while intracellularly MIF is associated with c-Jun activation domain
binding protein-1 (JAB1), the tumor suppressor protein p53 and thiol protein oxidoreductase
(TPOR) [43]. MIF is secreted upon inflammatory and stress stimulation by immune, paren-
chymal and tumor cells [40]. Furthermore, MIF affects the tumor microenvironment facilitat-
ing proliferation and growth through promotion of angiogenesis necessary for maintaining
tumor growth [26, 44]. Bando et al,, in their cohort study, have examined the upregulation of
nuclear MIF in breast [45], whereas Verjans and colleagues have shown that the intracellular
MIF is related to beneficial properties, while the extracellular MIF was involved in promoting
breast cancer cell-stroma interactions [43]. Aberrant expression of MIF protein was observed
also in many other types of cancers, such as colon [46, 47], melanoma [48], glioblastoma [49],
lung adenocarcinomas [50], renal cancer [51], urothelial cancer [52], pancreas carcinoid [39],
thyroid cancer [53] as well as prostate cancer [54].

Altered subcellular expression of MIF, SOX-4, B-catenin and E-cadherin may significantly
contribute to tumor aggressiveness. The associations between aforementioned proteins as well
as their clinicopathological significance in prostate cancer remains still not fully understood.
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This article focuses on the study of relationships between EMT related proteins and their clini-
copathological aspect.

Material and methods

The research was approved by the Bioethical Commission of Collegium Medicum in Bydgoszcz
of the Nicolaus Copernicus University in Torun, Poland (decision number: KB 248/2019). The
eighty five patients of the Department of General and Oncological Urology, Collegium Medi-
cum in Bydgoszcz, Nicolaus Copernicus University in Torun (Poland) with confirmed PCa
were enrolled in the current study. The participants underwent radical prostatectomy between
January 2017 and December 2019. All attendees have provided the written, signed and dated
informed consent form. The patients’ medical records have been completely anonymized to
protect the identity of participants, before including to the research.

Tissue specimens

The present study was concerned on immunohistochemical evaluation of protein levels per-
formed with Formalin-fixed paraffin embedded (FFPE) specimens of eighty five prostate can-
cers patients. The individual research stages have been conducted at the Department of
Clinical Pathomorphology, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus Univer-
sity in Torun, Poland.

Histological evaluation of resected tumors was performed with hematoxylin-eosin- (H&E-)
stained slides to confirm diagnosis and choose representative tumor areas containing no less
than 80% of tumor cells. All samples were assessed by two pathologists who independently per-
formed histological stage classifications according to the 8™ Edition American Joint Commit-
tee on Cancer (AJCC) Cancer Staging classification system [55], extending the current
research by defining a precise tumor location and Gleason pattern or score of extracapsular
tumor extension to show their significance in EMT. The tumor hallmarks noted in prostate
cancer areas were submitted to descriptive analysis.

Patients characteristics

The age of enrolled patients ranged from 52 to 81 and the median was 66 years. According to
the pathologic T stage, all patients was in advanced tumor stage following: pT3a was confirmed
in 40 individuals, pT3b in 39 and pT4 in 4. At the time of diagnosis, the positive lymph node
status was affirmed in 17 of cases, the positive distant metastasis occurred in approximately 9
of patients, whereas the presence of angioinvasion was found in 13 of tumor patients. Most
tumors manifested Gleason pattern 3+4 and 4+3 with frequency 36.5% and 23%, respectively.
Low proportion constituted specimens with Gleason pattern 5+4, 3+5, 3+3 and 4+4 at 3.5%,
5.9%, 8.2% and 9.4% level, sequentially. Samples with tumor invaded areas showing Gleason
score (GS) 7 were 59%, with GS8 were 15.3% and with GS9 were 16.5%. Differently, samples
with presence of cancer invasive foci that exceeded the capsule of prostate gland presented GS
8 with primary and secondary score of 4 (40%) and GS6 with primary and secondary score of
3 (28.2%). Detailed clinicopathological features of the patients with PCa that underwent the
study are summarized in Table 1.

Tissue microarray (TMA) construction and immunohistochemistry (IHC)
analysis

TMAs were produced by relocating of earlier marked representative tissue cores, obtained
from conventional paraffin block representing particular patient and arranged on a five-cores
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Table 1. Clinicopathological characteristics of identified participants.

Variables % of cases (N = 85)

Age <60 years 1.6

>60 years 82.4

Prostate weight <66 g 70.6
>66g 27

Unk 2.4

Stage pT according to TNM pT3a 47
pT3b 459

pT4 47

unk 1.2

Stage N according to TNM NO 80
N1 20
Stage M according to TNM MO 89.4
M1 10.6

Gleason Score 6 8.2
7 58.8

8 15.3

9 16.5

unk 1.2

Gleason pattern 343 8.2
3+4 36.5

3+5 5.9
4+3 22.4

4+4 9.4
4+5 12.9

5+4 3.5

unk 1.2
Angioinvasion Nos 15.3
neg 83.5

Unk 1.2

Area of tumor extension Top of the gland R 100
L 100

R+L 100
Right area <50% 76.5
>50% 21.2

unk 2.4
Left area <50% 62.4
>50% 353

unk 2.4
Extraprostatic extension R 95.3

L 87

R+L 87
Seminal vesicle invasion R 44.7
L 54.1
R+L 44.7

(Continued)
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Table 1. (Continued)

Gleason score of extraprostatic extension

Gleason score of extraprostatic extension

Variables % of cases (N = 85)
6 28.2
7 10.6
8 40
9 9.4
10 4.7

unk 7.1
343 28.2
3+4 59
4+3 4.7
4+4 40
4+5 8.2
5+4 1.2
5+5 4.7
unk 7.1

unk- unknown; pos- positive; neg- negative; R- right area; L-left area.

https://doi.org/10.1371/journal.pone.0253112.t001

Table 2. Primary antibody characteristics.

recipient paraffin block. Reflecting the fact that small cores from PCa with such high morpho-
logical heterogeneity might not be representative for the whole affected tumor area, we decided
to use core diameters of 5 mm, including one core per patient was extracted from tumor area
and one core per patient from tumor-free areas, representing tissue control. The Gleason grad-
ing and score assessment were done.

TMA blocks were cut with a rotary microtome (Accu-Cut; Sakura, Torrance, CA, USA) to
4.0 um thick paraffin sections and mounted onto either special adhesive slides (SuperFrost-
Plus, Thermo Scientific) for subsequent analyses The highest quality of microscopic evaluation
process was ensure by simultaneously performing of IHC staining the both on TMA sections
(encompassing tumor and adjacent healthy tissue) and on a positive control material, recom-
mended by the producer or interactive database The Human Protein Atlas available from
https://www.proteinatlas.org [56]. Deparaffinization, rehydration and heat-mediated epitope
retrieval steps were done with a pH6 antigen retrieval solution in a PT-Link (Dako). The sec-
tions were subsequently incubated with the following primary antibodies;: rabbit monoclonal
antibody against B-catenin (clone [E247], ab32572, Abcam, Cambridge, UK), rabbit monoclo-
nal antibody against E-cadherin (clone [EP700Y], ab40772, Abcam, Cambridge, UK), rabbit
polyclonal antibody against MIF (HPA003868, Sigma-Aldrich) and rabbit polyclonal antibody
against SOX-4 (ab86809, Abcam, Cambridge, UK). The samples were incubated with mono-
clonal antibodies for 25 minutes in 37°C, whereas the incubation time with polyclonal anti-
bodies needed to be extended to 15 h at 4°C. Characteristics of primary antibodies implicated
in the current study was presented in Table 2. Immunohistochemical staining was performed

Antibody | Primary antibody Positive control according to antibody data sheet Cellular localization/expression in Catalog
dilution and Human Protein Atlas prostate cancer tissue number

B-catenin | 1:500 colon Membrane/cytoplasmic/nuclear ab32572

E- 1:500 colonic adenocarcinoma Membrane/cytoplasmic/nuclear ab40772

cadherin

MIF 1:500 kidney Cytoplasmic/nuclear HPA003868

SOX-4 1:100 testis Cytoplasmic/nuclear ab86809

https://doi.org/10.1371/journal.pone.0253112.t1002
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in a Benchmark GX Platform automated slide processing system (Ventana Medical Systems,
Tucson, AZ, USA) using the OptiView DAB IHC detection kit (Ventana Medical Systems)
according to the manufacturer’s instructions. EnVision FLEX-HRP (Dako) was used to detect
the antigen-antibody complexes. Finally, the sections were counterstained with Meyer’s hema-
toxylin, dehydrated in graded ethanols (80, 90, 96, 99.8%), cleared in series of xylenes (I-IV)
and sealed with a Dako Mounting Medium.

The immunohistochemical staining of MIF and SOX-4 was performed manually, using pri-
mary antibody against MIF as well as primary antibody against SOX-4 and independently
incubation overnight at 4°C. Additionally, the ZytoChem Plus (HRP) One-Step Polymer anti-
Mouse/Rabbit/Rat kit (Zytomed) was used to enhance detection signal of SOX-4/antibody
complexes. Proteins localization was visualized using DAB as a chromogen.

Criterion for positive immunohistochemical staining

The protein levels (B-catenin, E-cadherin, SOX-4 and MIF) were scored by protein localization
and intensity of IHC staining in malignant cellsusing light microscope ECLIPSE E800 (Nikon
Instruments Europe, Amsterdam, The Netherlands). The evaluation step was provided by two
independent, board-certified pathologist. Protein expressions were estimated, following the
Remmele and Stegner (1987) immunoreactive score (IRS), which is based on the ratio of
expression intensity and percentage of positively expressed cells. The staining intensity was
evaluated in 4-point scale (expression: negative-0, weak-1, moderate-2, strong-3) and 5-point
scale of percentage of positive tumor cells: 0, 1, 2, 3, 4 corresponded respectively to <10%, 10-
50%, 51-80% and >80% of positive cells and giving the maximum result of 12.

Statistical analysis

All statistical analyses were performed using GraphPad Prism version 8 (GraphPad Software
Inc.) and Microsoft Excel 2007. The expression values of analyzed proteins were presented
25t percentile (25p), the median (M) and the 75% percentile (75p). Our data does not fit a spe-
cific distribution and therefore we used nonparametric statistical tests. The comparative stud-
ies were analyzed statistically using the U Mann-Whitney (in case of two comparable groups)
and Kruskal-Wallis test (in case of three or more comparable groups). Spearman test were
used to investigate the relationship between protein levels and clinicopathological parameters:
age, tumor size, pathological tumor stage, Gleason pattern, total Gleason score, presence of
lymph node or distant metastases, presence of angioinvasion or plugs in the vessels as well as
invasion depth. The p-values below 0.05 were considered statistically significant.

Results

Cellular redistribution of immunohistochemically stained EMT-related
proteins in PCa

Immunohistochemical evaluation was provided considering protein subcellular localization
and IRS score.

The nuclear expression of B-catenin was exhibited in 61 (71.8%) of specimens, while in 82
(96.4%) specimens were displayed cytoplasmic expression of B-catenin. B-catenin membrane
staining was observed in 76 (89.4%) of cases. Membrane and cytoplasmic E-cadherin expres-
sion was confirmed in 98.8% (84) of specimens, in turn nuclear level of E-cadherin appeared
in 97.6% (83) of cases. Strong membrane expression of B-catenin and E-cadherin have been
found in normal glandular cells of adjacent healthy prostate tissues, and was treated as an
internal positive control. The positive cytoplasmic expression of MIF was detected in 83
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(97.6%) samples, and the positive nuclear MIF expression was assessed in 55 (64.6%) cases,
whereas in healthy adjacent prostate tissue the normal glandular and immune cells appeared a
strong cytoplasmic staining pattern of MIF protein and it was our internal IHC control.
Immunohistochemistry studies of 85 prostate cancer cases revealed also complete absence of
SOX-4 nuclear expression in 19 (22.4%) of specimens, weak SOX-4 nuclear expression in 61
(71.7%) and high nuclear expression of SOX-4 in 5 patients (5.9%). In contrast, the glandular
cells of adjacent healthy prostate areas showed lack or weak SOX-4 nuclear immunostaining
and they were accepted as a negative internal control (data of internal controls not shown;
instead of this, all proteins data was checked with interactive database of protein expression in
healthy tissue available from https://www.proteinatlas.org [56]).

The examples of all types of expression pattern of B-catenin and other EMT-related proteins
are presented in Fig 1. Microscopic samples analysis revealed the following: 1) The expression
pattern of B-catenin in tumor cells had mostly cytoplasmic character, what was associated with
a higher stage of PCa. 2) The reduced membrane B-catenin staining was related with higher
Gleason pattern and it mostly occurred with Gleason pattern 4+5 and 5+5. 4) The highest
membrane B-catenin expression occurred with Gleason pattern 3+3, primarily. 5) In extracap-
sular extension of PCa we noticed two mostly exhibited patterns, higher B-catenin expression
in relation with Gleason pattern 3+3 and lower B-catenin expression in relation with Gleason
pattern 4+4. 6) The highest membrane expression of E-cadherin in tumor glandular cells was
closely related to Gleason pattern 3+3 and to a lesser extent with Gleason pattern 4+5 and 5+4.
7) The decreased E-cadherin expression level in samples with the highest Gleason score. 8)
The nuclear-located E-cadherin expression was at the constant level.

The first aim of the current study was to determine the connection between investigated
EMT-related proteins and clinicopathological features of PCa. The clinicopathological associa-
tions of EMT-related proteins were presented in Figs 2-5.

Immunohistochemical analysis of overall B-catenin expression in PCa:
Clinicopathological associations

The U Mann-Whitney analysis revealed statistically significant correlation of overall B-catenin
expression with the presence of lymphovascular metastasis and angioinvasion, affirming its
participation in metastasis formation. The overall expression of B-catenin level was higher in
samples without infiltration of lymph nodes compared with samples with it (p<0.001; Fig 2A).
We marked an involvement of overall B-catenin expression in vascular invasion. PCa cells
showed the higher overall B-catenin expression in tumors with the presence of angioinvasion
in regard to the tumors without it(p = 0.012; Fig 2B). Similarly, we noticed elevated overall -
catenin expression in tumor samples with plugs of cancer cells in blood vessels compared to
samples without it(p = 0.027; Fig 2C).

Immunohistochemical analysis of membrane, cytoplasmic and nuclear -
catenin expression in PCa: Clinicopathological associations

Our study revealed the participation of membranous B-catenin expression of tumor cells in
formation of distant metastasis. Statistical analysis showed significant correlation of membra-
nous B-catenin expression with the presence of distant metastasis. The membranous B-catenin
expression was higher in samples without metastasis(p = 0.021; Fig 1E).

The cytoplasmic expression of B-catenin showed dependence neither with Gleason pattern
and Gleason score nor with the presence of lymph node and distant metastasis and angioinva-
sion. The nuclear B-catenin expression remained at the constant level without any correlation
with clinicopathological features. We observed that the nuclear B-catenin expression appeared
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Fig 1. Microphotograph presenting the EMT-related proteins expression in prostate cancer tissue. Representative
immunohistochemistry images presenting EMT-related proteins in TMA sections of prostate cancer tissue. A-white arrow
demonstrates membrane and nuclear B-catenin expression; B-white arrow demonstrates partially reduced membrane B-
catenin expression; C-white arrow demonstrates completely reduced membrane B-catenin expression; D-white arrow
demonstrates completely reduced membrane E-cadherin expression; E-white arrow demonstrates the nuclear E-cadherin
expression; F-white arrow demonstrates the cytoplasmic E-cadherin expression; G-white arrow demonstrates the nuclear
SOX-4 expression; H-white arrow demonstrates the nuclear MIF expression. Original magnification was x10 for A-H
figures. Nucleus counterstained with hematoxylin. Scale bar: 100 um.

https://doi.org/10.1371/journal.pone.0253112.9001

in tumor areas related to Gleason pattern 4+4, primarily. Moreover, we found that tumor infil-
tration of left prostate gland area shows weak negative correlation with the membrane-located
B-catenin (r = -0.36, p<0.05), the cytoplasm-located B-catenin (r = -0.30, p<0.05) as well as
overall B-catenin expression (r = -0.33, p<0.05).

Data concerning correlations between B-catenin as well as other EMT-related proteins and
main clinicopathological features was presented in two parts: Tables 3 and 4. Additionally, the
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Fig 2. The graphic representation of results for general expression of B-catenin examined by IHC technique. The x-
axis shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-value
<0.05 was considered as a statistically significant. Correlation between general B-catenin immunoexpression of PCa and
presence of lymph node metastasis (A); angioinvasion (B) and presence of plugs of tumor cells in the vessel (C).

https://doi.org/10.1371/journal.pone.0253112.g002

data of correlations between investigated proteins and histological grading of tumor tissue
which has grown through the prostate contain Tables 5 and 6.

Immunohistochemical analysis of membrane and cytoplasm E-cadherin
expression in PCa: Clinicopathological associations

The analysis of protein expression and clinicopathological features showed that the cancer
invasion of the right surface of prostate gland negatively corresponded with cytoplasm-located

14
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Fig 3. The graphic representation of results for membrane expression of B-catenin examined by IHC technique.
The x-axis shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-
value <0.05 was considered as a statistically significant. Correlation between membrane expression of B-catenin and
distant metastasis (A) and infiltration of prostate capsule on the left side (B).

https://doi.org/10.1371/journal.pone.0253112.9003
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Fig 4. The graphic representation of results for membrane expression of E-cadherin examined by THC technique.
The x-axis shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-
value <0.05 was considered as a statistically significant. Correlation between membrane expression of E-cadherin and
both sides infiltration of the prostate capsule (A).

https://doi.org/10.1371/journal.pone.0253112.9004

E-cadherin expression (r = -0.25, p<0.05) at low level, whereas tumor invasion of the left sur-
face of the prostate gland was negatively associated with the membrane-located expression of
E-cadherin (r = -0.26, p<0.05) at low level. Membrane expression of E-cadherin negatively cor-
responded with prostate weight (r = -0.23, p<0.05) at low level. In the specimens where tumor
infiltrated the both, right and left side of the gland, we observed significant decrease of mem-
brane E-cadherin expression level, than in specimens where tumor infiltrate only one side of
gland (p = 0.019; Fig 1F). Furthermore, the cancer cells invasion of the prostate gland left area
corresponded with the overall B-catenin expression at poor negative level (r = -0.33, p<0.05).

Immunohistochemical analysis of MIF and SOX-4 expression in PCa:
Clinicopathological associations

We found a statistically significant increase in nuclear expression of MIF between Gleason
score 7 and 8 (p = 0.039; Fig 1G). Moreover, we noted higher expression of nuclear MIF in
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Fig 5. The graphic representation of results for nuclear expression of MIF examined by IHC technique. The x-axis
shows individual clinicopathological features and the y-axis shows IRS score values for IHC staining. The p-value
<0.05 was considered as a statistically significant. Correlation between nuclear expression of MIF and Gleason score
(A) and presence of the lymph node metastasis (B).

https://doi.org/10.1371/journal.pone.0253112.9005
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Table 3. Correlation between expression of B-catenin and SOX4 and clinicopathological features of prostate cancer.

C.F. B-catenin SOX4
gen cyt mem nuc nuc
Q M Qs Q M Qs Q M Qs Q M Qs Q M Qs
G.p. 3+3 8 12 12 4 6 9 6 9 12 2 4 4 0 0 2
3+4 12 12 12 4 6 9 6 6 9 3 4 4 2 3 4
3+5 6 8 12 3 3 6 3 6 6 1 4 4 2 2 2
4+3 8 8 12 3 3 6 6 6 6 2 4 4 2 2 4
4+4 4 7 10.5 4 6 6 5 6 6 3 4 4 1 2 3
4+5 8 12 12 4 6 6 4 6 8 1 4 4 2 2 4
5+4 6 8 12 4 4 12 6 6 9 2 5 6 2 2 2
p* ns ns ns ns ns
Gs. 6 8 12 12 4 6 9 6 9 12 2 4 4 0 0 2
7 8 12 12 4 6 8 6 6 9 2 4 2 4
8 6 8 12 3 6 6 4 6 6 2 4 2 3
9 8 12 12 4 6 6 4 6 8 2 4 2 3
p* ns ns ns ns ns
T 3 12 12 12 6 6 6 8 8 8 4 4 2 3 4
3a 8 12 12 6 8 6 6 9 2 4 0
3b 8 12 12 6 6 6 6 8 2 4 2 3 4
4 7 10 12 4.5 6 9 6 7.5 9 1.5 5 2 2.5 3.5
p* ns ns ns ns ns
N 0 8 12 12 4 6 6 6 6 9 2 4 2 2 4
1 6 8 9 4 4 6 6 2
p** 0.0004 ns ns ns ns
M 0 8 12 12 6 6 6 9 2 2 4
8 9 12 6 6 1
p** ns ns 0.021 ns ns
Ang ) 8 12 12 4 6 6 6 9 2 2 4
(+) 6 8 12 6 6 9 2
p** 0.012 ns ns ns ns
Plu (-) 12 12 3 6 6 6 6 9 2 2 4
(+) 8 12 5 6 6 9 2
P 0.027 ns ns ns ns

SOX4- Transcription factor SOX-4; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; C.F.- Clinical Feature;

G.p.- Gleason pattern; G.s.- Gleason score; T- T stage according to TNM classification; N- N stage according to TNM classification; M- M stage according to TNM

classification; Ang- Presence of the angioinvasion; Plu- Presence of plugs of cancer cells in vessel, p-v- p-value; (+) -present; (-)-absent. Q1—the first quartile; M-

Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test

** Mann-Whitney U test.

https:/doi.org/10.1371/journal.pone.0253112.t003

samples with the presence of lymphovascular metastasis-N1 in comparison to samples without
lymphovascular metastasis-NO (p = 0.003; Fig 1H). We displayed that age has a negative associ-
ation with nuclear expression of MIF (r = -0.24, p<0.05) at weak level. Also, in PCa with infil-

tration both right and left area of the gland, we revealed a significant increase in the

cytoplasm-located MIF (p = 0.011) and nuclear-located MIF (p = 0.044), than in samples
where tumor infiltrate only one side of the gland.

Additionally, we showed that SOX-4 has no correlation with any clinicopathological fea-
tures and it is our unexpected result.
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Table 4. Correlation between expression of MIF and E-cadherin and clinicopathological features of prostate cancer.

C.F. MIF E-cadherin
cyt nuc gen mem Cyt nuc
Q M QB | Q M QB | M QB | Q M Qs Q M Qs Q M | Q
G.p. 3+3 8 8 8 0 0 6 12 12 12 6 9 12 8 12 4 4 6
3+4 8 12 12 0 4 6 12 12 12 6 9 9 12 12 6 6 6
3+5 12 12 12 9 9 12 12 12 12 6 9 9 12 12 12 6 8 9
4+3 8 12 12 0 4 6 8 12 12 6 9 9 8 12 12 4 6 6
4+4 6 10 12 3 5 9 8 8 12 5 6 9 8.5 10.5 12 6 6 7.5
445 8 12 12 0 6 9 12 12 12 6 6 9 8 8 9 4 6 8
5+4 3 12 12 0 6 12 12 12 12 6 9 9 12 12 12 6 6 9
p* ns ns ns ns ns ns
Ges. 6 8 8 8 0 6 6 12 12 12 6 9 9 8 12 12 4 6 6
7 8 12 12 0 4 6 12 12 12 6 9 8 12 12 4 6
8 8 12 12 4 6 12 8 12 12 6 9 9 12 12 6 9
9 8 12 12 0 6 9 12 12 12 6 9 8 9 12 6 8
p* ns 0.039 ns ns ns ns
T 3 8 8 8 0 0 12 12 12 9 10.5 12 6 7.5 9 6 6
3a 8 10 12 0 4 6 12 12 12 6 8 9 8 12 12 4 8
3b 8 12 12 0 9 9 12 12 6 9 9 8 12 12 4 6
4 12 12 12 0 3 9 12 12 12 6 7.5 9 9 10.5 12 5 7
p* ns ns ns ns ns ns
N 0 8 12 12 0 3.5 6 12 12 12 6 9 8 12 12 4 6
1 8 12 12 6 6 12 8 12 12 6 6 9 8 9 12 4
p** ns 0.003 ns ns ns ns
M 0 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 6
1 6 12 12 3 6 9 8 12 12 6 6 9 8 9 9 4
p** ns ns ns ns ns ns
Ang ) 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 4
(+) 6 8 12 0 6 9 8 12 12 6 9 9 8 12 12 6
p** ns ns ns ns ns ns
Plu (-) 6 12 12 0 4 6 8 12 12 6 9 9 8 12 12 6
(+) 6 10 12 0 6 9 8 12 12 6 9 9 8 12 12 6
p** ns ns ns ns ns ns

MIF- Macrophage migration inhibitory factor; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; C.F.-
Clinical Feature; G.p.- Gleason pattern; G.s.- Gleason score; T- T stage according to TNM classification; N- N stage according to TNM classification; M- M stage
according to TNM classification; Ang- Presence of the angioinvasion; Plu- Presence of plugs of cancer cells in vessel, p-v- p-value; (+) -present; (-)-absent. Q1—the first
quartile; M- Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test

** Mann-Whitney U test.

https://doi.org/10.1371/journal.pone.0253112.t004

The co-expressions between p-catenin, E-cadherin, SOX-4 and MIF
proteins

The interactions between investigated proteins provide valuable information about the natures
of the interacting proteins. Our protein co-expression analysis suggests novel insight into -
catenin-E-cadherin-SOX-4-MIF inter-factor dependence. Correlations between individual
proteins were measured based on increasing or decreasing levels in various cell locations. The
correlations between studied proteins were included in Fig 6.
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Table 5. Correlations between B-catenin, SOX-4 and invasion area and histological grading of tumor tissue which has grown through the prostate.

C.F. B-catenin SOX4
gen cyt mem nuc nuc
Q M Qs Q M Qs Q M Qs Q M Qs Q M Qs
oPC R (+) 8 12 12 4 6 6 6 4 2 3
@) 8 12 12 3 6 6 3
p* ns ns ns ns ns
L (+) 8 12 12 3 6 6 6 6 9 2 4 4 2 2 3
(-) 8 12 12 4 6 7 6 8 9 2 4 4 0 2 4
p* ns ns 0.028 ns ns
B (+) 8 12 12 4 6 6 4 6 9 4 4 4 2 2 3
(-) 8 12 12 3 6 8 6 6 9 2 4 4 0 2 3
p* ns ns ns ns ns
PA R (+) 8 12 12 4 6 6 6 6 9 3 4 4 2 2 4
(-) 8 8 12 3 4 6 6 6 6 2 4 4 0 2 3
p* ns ns ns ns ns
L (+) 12 8 12 6 3 6 6 6 9 4 2 4 2 2 3
() 12 12 12 6 4 8 8 6 9 4 4 4 2 2 4
p* ns ns ns ss ns
B (+) 8 12 12 3 6 6 6 6 9 2 4 4 2 2 3
(-) 8 12 12 4 6 6 6 9 4
p* ns ns ns ns ns
NY% R (+) 8 12 12 3 6 6 6 8 2.5 4
(-) 8 12 12 4 6 6 6 9 2 3
p* ns ns ns 8 ns ns
L (+) 8 12 12 3 6 6 6 9 3 4
(-) 8 12 12 4 6 8 6 6 2 4 4 0 2 3
p* ns ns ns ns ns
B (+) 12 12 6 3 6 3 4
) 12 3 12 6 4 6 6 4 3 4 2 3
p* ns ns ns ns ns
G.p.* 3+3 8 12 12 4 6 8.5 6 8 10.5 2 4 4 2
3+4 12 12 12 6 9 9 6 6 9 4 4 6 3 4 4
4+3 10 12 12 4 5 7.5 6 6 7.5 3 4 4 0 1.5 5.5
4+4 8 10.5 12 3 6 6 6 6 2 4 4 2 2 3
445 8 12 12 3 6 2 4 8 0 4 4 0 2 3
5+4 12 12 12 4 4 6 6 6 4 4 4 2 2 2
5+5 8 8 10 3.5 4 6.5 4 6 6 1 3 4 1 2 3
p* ns ns ns ns ns
G.s.* 6 8 12 12 4 6 8.5 6 8 10.5 2 4 4 2 2 4
7 12 12 12 6 6 6 6 9 4 4 4 0 3
8 8 10.5 12 3 6 6 6 6 2 4 4 2 2 3
9 8 12 12 3.5 5 3 5 7 2 4 4 1 2 2.5
10 8 8 10 3.5 4 6.5 4 6 6 1 3 4 1 2 3
p* ns ns ns ns ns

SOX4- Transcription factor SOX-4; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; Q1—the first quartile;
M- Median; Q3—the third quartile, iA- invaded Area; oPC- outside the prostate capsule, PA- the apex of prostatic gland; SV- seminal vesicles; R- on the right side, L- on
the left side; B- on the both sides p-v- p-value; (+) -invasion; (-)-without invasion.; ns- non significant; G.p.- Gleason pattern; G.s.- Gleason score; p-v- p-value; Q1—the
first quartile; M- Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test.

https://doi.org/10.1371/journal.pone.0253112.1005
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Table 6. Correlations between MIF and E-cadherin and invasion area and histological grading of tumor tissue which has grown through the prostate.

Features MIF E-cadherin
cyt nuc Gen Mem cyt nuc
Q | M| Q | & M | QG | QG M| Q | Q M QG | QU M Qs Q | M| Q
oPC R (+) 8 12 12 4 6 12 12 12 6 8.5 9 8 9 12 6
(-) 8 8 12 0 3 9 12 12 12 6 9 9 8 12 12
p* ns ns ns ns ns ns
L (+) 8 12 12 0 4 9 12 12 12 6 9 9 8 12 12
-) 8 8 12 0 1.5 5 12 12 12 6 9 9 8 12 12
p* ns ns ns ns ns ns
B (+) 12 12 12 3 5 9 8 12 12 6 6 9 8 9 12
-) 8 8 12 0 3 6 12 12 12 6 9 9 8 12 12
p* 0.022 ns ns 0.027 ns ns
PA R (+) 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 4 6 6
(-) 4 8 12 0 4 9 12 12 12 6 9 9 8 12 12
p* ns ns ns ns ns ns
L (+) 12 8 12 4 0 6 12 8 12 9 6 9 12 8 12
(-) 8 8 12 3.5 0 9 12 12 12 9 6 12 12 8 12
p* ns ns ns ns ns ns
B (+) 8 12 12 0 4 6 8 12 12 6 9 9 8 12 12
(-) 8 8 12 0 4 9 12 12 12 6 9 9 8 12 12
p* ns ns ns ns ns ns
N R (+) 8 12 12 0 5 9 8 12 12 6 9 9 8 10,5 12
(-) 8 12 12 0 4 6 12 12 12 6 8 9 8 12 12
p* ns ns ns ns ns ns
L (+) 8 12 12 0 4 6 9 12 12 6 9 9 9 9 12
(-) 8 12 12 0 4 6 12 12 12 6 9 9 8 12 12 6 6
p* ns ns ns ns ns ns
B (+) 12 8 12 4 0 9 12 8 12 9 6 9 9 8 12
(-) 12 8 12 4 6 12 12 12 9 6 12 12 4 6 6
p* ns ns ns ns ns ns
G.p.* 3+3 8 10 12 0 3.5 5 12 12 12 6 9 9 8 12 12 5 6 6
3+4 8 12 12 0 0 4 12 12 12 8 9 12 8 12 12 4 6 6
4+3 3 4 6 0 4.5 9 8 10 12 6 7.5 9 8 10 12 5 6 6
4+4 8 12 12 3 5 9 8 12 12 6 9 9 8 12 12 4 6 6
4+5 8 12 12 0 6 9 12 12 12 4 6 9 8 8 9 4 6 9
5+4 12 12 12 6 6 6 12 12 12 6 6 6 12 12 12 9 9 9
5+5 3.5 6 8 0 0 0 8 10 12 4.5 7 8.5 9 12 12 5 9 12
p* ns ns ns ns ns ns
G.s.* 6 8 10 12 0 3.5 5 12 12 12 6 9 9 8 12 12 5 6 6
7 4 8 12 0 0 9 12 12 12 6 9 9 8 12 12 4 6 6
8 8 12 12 3 5 9 8 12 12 6 9 9 8 12 12 4 6 6
9 8 12 12 0 6 9 12 12 12 5 6 9 8 8 10.5 5 6 9
10 3.5 6 8 0 0 0 8 10 12 4.5 7 8.5 9 12 12 5 9 12
p* ns ns ns ns ns ns

MIF- Macrophage migration inhibitory factor; gen- general expression; cyt- cytoplasmic expression; mem- membrane expression; nuc- nuclear expression; Q1—the
first quartile; M- Median; Q3—the third quartile, iA- invaded Area; oPC- outside the prostate capsule, PA- the apex of prostatic gland; SV- seminal vesicles; R- on the
right side, L- on the left side; B- on the both sides p-v- p-value; (+) -invasion; (-)-without invasion.; ns- non significant; G.p.- Gleason pattern; G.s.- Gleason score; p-v-
p-value; Ql—the first quartile; M- Median; Q3—the third quartile; ns- non significant

* Kruskal-Wallis Test.

https://doi.org/10.1371/journal.pone.0253112.1006
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Fig 6. Correlation heat map of proteins expression data measured by immunohistochemistry. Spearman’s rank
correlation coefficient was calculated among 110 compilations of protein expression levels. The degrees of correlation
are color-coded. The color key designates the correlation was statistically significant. As a statistically significant was
considered p-value < 0.05. Red color shades indicate a positive proteins correlation, whereas blue color shades indicate
negative proteins correlation. -catenin, Transcription factor SOX-4, Macrophage migration inhibitory factor and E-
cadherin were designated Beta-catenin, SOX-4, MIF, E-cadherin, respectively. Protein correlations are presented
taking into account cellular localization. General, cytoplasmic, membrane and nuclear expressions were signed as gen,
cyt, mem, nun, respectively.

https://doi.org/10.1371/journal.pone.0253112.9006

Regarding to the Spearman rank coefficient, the positive association was detected between
the both overall B-catenin and E-cadherin expression (r = 0.28, p<0.05) and also between the
both membrane expression level of B-catenin and E-cadherin (r = 0.36, p<0.05).

Next, we focused on checking the relation of SOX-4 transcription factor as well as MIF
cytokine with other EMT-related proteins to show their possible impact on metastasis initia-
tion. Consequently, we displayed a weak positive correlation between total B-catenin protein
expression with level of nuclear SOX-4 protein (r = 0.27; p<0.05) and weak negative correla-
tion of total B-catenin expression with level of nuclear MIF protein expression (r = -0.23),
p<0.05). Accordingly, we supposed that MIF and SOX-4 factors may cooperate in acquiring
invasive properties by tumor cells in prostate malignancies. However, we were unable to con-
firm immunohistochemically this relationship.

Discussion

Loss of cell-cell adhesion capacity permits the malignant cells to detach and leave the primary
tumor location. In turn, changes in cell-matrix interaction allow the tumor cells to occupy the
neighbouring stroma. Saha et al., have detected homogenous membrane expression of E-cad-
herin and B-catenin in benign prostatic hyperplasia (BPH) at similar frequency pattern,
whereas in primary PCa, it was significantly reduced. Interestingly, a similar expression and
frequency pattern of E-cadherin and B-catenin as in BPH was presented in invasive cells of
PCa with bone metastasis [57]. Likewise, in our study we observed a particularly reduced E-
cadherin and B-catenin membrane pattern in relation to Gleason pattern 4+5 or 5+4 and 4+5
or 5+5, respectively. Invasive cells that exceeded the capsule of the prostate gland exhibited
higher membrane B-catenin pattern in areas with Gleason pattern 3+3 and lower expression in
areas with Gleason pattern 4+4. The invasive potential of malignant cells is required to dissoci-
ate from the primary tumor cluster. Next, displaced tumor cells may invade surrounding or
distant stroma and no longer require invasive phenotype. The enhanced B-catenin nuclear
translocation may activate or deactivate specific targets and stimulate a transcription factors
changing cell phenotype from epithelial into mesenchymal [9, 12]. In current study, the
nuclear B-catenin expression remained at the constant level without any correlation with clini-
copathological features. Interestingly, we observed that translocation of B-catenin to the
nucleus was present primarily in tumor areas related to Gleason pattern 4+4. The increasing
aggressiveness of tumors seems to be connected with the redistribution of beta-catenin in
tumor cells. This event was related to the passage of membrane-located B-catenin to the
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intracellular area of the tumor cells. We revealed that in our tumor samples there were only
hotspots showing the transition of B-catenin from cell to cell boundaries to the cytoplasm.
Probably, during the assessment of protein expression in individual sample we should focus
on evaluating the several specific hotspots to standardize the results.

In most epithelial cancers the both E-cadherin and B-catenin repression is followed by tran-
scriptional silencing provided by cooperating with EMT transcription factors (EMT-TFs). The
SOX-4 may be one of the numerous EMT-TFs necessary for initiation of cytoskeletal rear-
rangements and supporting the multi-step metastasis process. Here, we report a weak correla-
tion between the total expression of B-catenin and nuclear expression of SOX-4 protein
(r =0.27; p<0.05). Indeed, it appeared in evidence that B-catenin level was weak negative cor-
related with the nuclear MIF (r = -0.23, p<0.05). It demonstrated that MIF as a proinflamma-
tory cytokine may actively participate in stimulating signal transduction pathways involved in
EMT, controlling the acquisition of invasiveness features by tumor cells and facilitating metas-
tasis processes. Previous studies have provided that E-cadherin, as same as B-catenin, effec-
tively influences on enhancing tumor progression and has effect on converting to its
metastatic form [58-60]. Chang et al. showed that metastasis of prostate cancer cells to lymph
nodes expressed less E-cadherin level than primary PCa [61]. Multiple studies have linked loss
of membrane E-cadherin in PCa associated with the acquisition of invasive properties [62].
Jaggi et al., in their semi-quantitative immunohistochemistry analysis, have shown the reduc-
tion of immunostaining for the both B-catenin and E-cadherin in PCa compared to normal
glandular epithelium. The decrease of B-catenin and E-cadherin expressions were accompa-
nied by rising tumor invasiveness [63, 64]. Moreover, Horvath et al. demonstrated that low
level of nuclear B-catenin expression of the tumor cells in the early diagnosed PCa is a marker
related with highly poor prognosis in patients, among who the prognosis seemed to be promis-
ing and those patients were classified into radical prostatectomy [65]. Admittedly, we did not
find any correlations between E-cadherin and the presence of lymph nodes or distant metasta-
sis, however it is indisputable that loss of E-cadherin is highly associated with metastasis capa-
bility in PCa. Otherwise, we revealed that reducing of the membranous E-cadherin in prostate
epithelium may influence the enlargement of gland neoplasm. Some studies have demon-
strated a direct interaction between SOX-4 and B-catenin [25, 66]. The SOX-4 transcription
factor has been shown to enhance the cell proliferation in SW480 colon cancer cell lines
through stabilization of B-catenin activated aberrant Wnt signaling pathways [25]. Our study
suggested the expression level of B-catenin was probably activated by a transcription factor
SOX-4, leading to changes in subcellular localization of B-catenin in PCa. Stimulation of -
catenin located in cell membrane via SOX-4 transcription factor may lead to translocation of
B-catenin to cytoplasm or partially to the nucleus, initiating the cell phenotype transformation
from epithelial to mesenchymal state. Hence, knockdown of endogenous SOX-4 notably
decreases the migration and invasion ability of tumor cells in vitro, thereby leads to reverse of
the EMT cascade by increasing E-cadherin [67]. Birdal et al. have demonstrated in the in vivo
study that Sox4 deletion affects on decreasing of active B-catenin level [68]. It is consistent
with our findings confirming that SOX-4 may be responsible for regulation of the B-catenin
signaling pathway, by influencing on B-catenin in tumor cells. Makoto and colleagues have
shown that SOX-4 has a positive impact on the B-catenin signal transduction through changes
in TCF4 expression during the morular differentiation of endometrial carcinoma cells, thus
providing the proliferation arrest [69]. There are a lot of publications showing the role of SOX-
4 in promotion of EMT and confirming its strong involvement in acquisition of aggressiveness
and invasiveness. Moreover, the SOX-4 transcription factor may be involved in controlling
many issues of tumor expansion in different types of cancer. Many scholars have confirmed
the participation of SOX-4 transcriptional factor in the PCa progression showing its
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relationship with high Gleason score (p = 0.009) and the presence of distant metastasis

(p = 0.023) [70]. The study on colon cancer, where the nuclear SOX-4 overexpression was
closely corresponded with tumor invasion and distant metastasis [71], has been proved the
crucial role of SOX-4 protein in tumor development and EMT initiation. Consequently, Liu P.
et al. in their study on PCa cells also have shown that the both at the mRNA and protein level,
SOX-4 was highly correlated with Gleason score [72]. Unexpectedly, our Spearman correlation
analysis revealed no association between the SOX-4 protein and any clinicopathological fea-
tures. We considered the discrepancies between results of current and previous studies as a
consequence of dissimilarity of applied protein detection techniques, different antibody clones
available to protein detection, IHC visualization kits and multifocal character of PCa. The high
genomic diversity degree and morphological heterogeneity of prostate neoplasm make it diffi-
cult to obtain a repeatable results of immunohistochemical staining and microscopic analysis.
A thin tissue cores may not be representative for whole cancer areas.

Our next aim was to investigate the role of inflammation in promotion of EMT in prostate
adenocarcinoma. Recent studies focused on inflammation-induced epithelial cell injury have
shown the fundamental role of inflammation in initiation and progression of prostate cancer
[73]. MIF is one cytokine with T lymphocyte origin that presumably participates in an
immune mechanism related to cancer microenvironment [74]. Activated T cells secrete a MIF
factor that has impact on cell mitosis and initiate transformation of cells to malignant pheno-
type, thereby facilitating tumor progression [74, 75]. Meyer-Siegler and Hudson in their study
have indicated that MIF excreted by metastatic cells may manage functioning of macrophages
and secretion of cytokines [76]. Also, MIF molecules may participate in accumulation of mac-
rophages related to PCa and affect on tumor maintenance [76]. MIF manifests its pro-inflam-
matory nature, showing high expression levels in tissues with chronic inflammation areas,
such as hepatitis, gastritis and pancreatic [77]. It is worth to notice that many previous studies
have shown increased MIF expression levels associated with benign prostate hyperplasia,
induced by chronic conditions [78]. Nevertheless MIF has been found as a cytokine, strongly
corresponded with prostate adenocarcinoma and disease progression.

MIF can activate EMT cascade through E-cadherin downregulation and N-cadherin over-
expression, leading to form secondary site tumors [79]. Our study revealed that translocation
of the MIF factor to the nucleus could enable B-catenin upregulation and activate the EMT
process. Probably, stimulated and altered B-catenin expression, both total and membrane,
inversely interacts with E-cadherin accumulated in the nucleus and consequently leads to a
reduction in tumor cell-to-cell adhesion.

Funamizu et al. have used mice cells to show significant overexpressed MIF in progressive
tumor growth compared to the control cells and thus highlighted the role of MIF in accelerat-
ing progression and metastasis of pancreatic ductal adenocarcinomas [39]. Our study exhib-
ited that nuclear MIF expression is a strong predictor of lymph node metastasis, therefore MIF
may act as a mediator, modulated to accelerate the tumor progression to its aggressive state.
To the best of our knowledge, only present study focused the attention on examination of the
both cytoplasmic and nuclear expression of MIF in PCa. Contrary to our results, suggesting
that PCa patients with high nuclear MIF expression may be assigned a poor prognosis, Kami-
mura et al. have discovered that patients with lung cancer, without confirmed nuclear expres-
sion of MIF factor in tumor cells, had poorer prognosis than cases with confirmed MIF
nuclear expression [50]. Similarly to our findings, Ren et al. have revealed that rMIF fraction
contributes the invasion and migration of HCC cells by an in vitro cell migration assay [80].
Additionally, in prostate neoplasm, MIF factor has been found precisely corresponding with
tumor progression and metastasis [76]. Lately, MIF has been described as a novel therapeutic
target against metastatic triple-negative breast cancer (TNBC). MIF inhibitor CPSI-1306 may
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silence TNBC growth and metastasis through activating apoptosis [81]. Taken as a whole, cur-
rent and previous results seem to indicate that MIF molecule might be an important check-
point inducing transformation into an aggressive and metastatic form of cancer. Interestingly,
MIF is a part of several clinical trials. One of this trials was phase III interventional study with
attendance of 60 PCa participants, titled “A Double-Blind, Randomised, Placebo-Controlled
Study of the Effect of Transdermal Nitroglycerin (Glyceryl Trinitrate; GTN) Therapy on Bio-
markers of Immune Escape in Men With Biochemical Recurrence of Prostate Cancer After
Primary Therapy” (ClinicalTrials.gov Identifier: NCT01704274). For evaluating the effect of
intervention with Glyceryl Trinitrate doses as a primary outcome measures was applied inter
alia changes of MIF biomarker level.

Vecchio and colleagues have indicated the existence of association between level of MIF fac-
tor and cellular differentiation in untreated PCa, showing that MIF expression was stronger in
low-grade adenocarcinoma (GS<6) than in high-grade adenocarcinoma (GS>7) [82]. In
another study by Chen et al., specimens with a Gleason score of 7 was more frequently present
enhanced MIF expression than the specimens with a Gleason score of 6 [83]. We showed that
high expression of nuclear MIF was more likely associated in prostate tumor areas with a Glea-
son score of 8 than in those with a Gleason score of 7. Thus, our results support the hypothesis
that nuclear MIF overexpression may predict poor prognosis for PCa patients.

Moreover, we found that upregulation of the cytoplasmic MIF, produced by the prostatic
cancer epithelium, participates in the infiltrating of both the right and left zone of prostate can-
cer gland. Verjans et al., have shown MIF expression as significantly associated with tumor
size in breast cancer (p = 0.007), where size of tumor above 2 cm corresponded with cancer
progression and manifested in low MIF expression with IRS score less than 4 [43]. Admittedly,
we did not confirm association between tumor size and MIF deregulation, however we
highlighted its role in tumor growth. Meyer-Siegler et al. using more advanced molecular tech-
niques, like Slot blot analysis of RNA in PCa, have demonstrated that elevated MIF expression
is strongly corresponded with mesenchymal phenotype of prostate disease. They have shown
that MIF secretes by PCa cells may play an important role in the multi-step process of meta-
static cascade [76]. The enhanced immunostaining of MIF protein in prostate malignancies
and its correlation with lymphovascular metastases suggested that MIF may contribute to the
acceleration of PCa progression through involvement in the initiation of lymph node metasta-
ses. Bando et al., have found significant negative dependence between deregulation of MIF fac-
tor related to tumor microenvironment, detected by ELISA test and presence of nodal
metastasis in breast cancer [45]. Our results are also consistent with Pei et al.” study of MIF
and DJ-1 protein in Nasopharyngeal Carcinoma (NPC). They have shown that high expression
of MIF protein was significantly correlated with advanced clinical stage, nodal metastasis and
poor prognosis, thus had influence on initiation of cell invasion and metastasis in NPC [84].

Translocation of MIF from cytoplasm to the nucleus may play a critical role in PCa progres-
sion and seems to be important for tumor cell growth and invasion. Nuclear redistribution of
MIF factors may interact with deregulation of transcription factors, such as SOX-4 leading to
facilitate the process of EMT. In our study, we did not find any correlations between SOX-4
and MIF proteins, that is inconsistent with our hypothesis, in which we assumed that SOX-4
activity could be controlled by upregulation of MIF during prostate tumor progression. How-
ever, the immunohistochemical analysis in this study is insufficient to confirm this relation-
ship. Using more advanced molecular tools, we could get satisfying results. A study on
correlation between MIF and SOX-4 to check the potential role of SOX-4 as a downstream tar-
get of MIF overexpression in PCa has not been performed yet. Nevertheless, we have found
the study with other SOX family members and MIF factors. In the study performed by Yuan
et al., using among others the luciferase reporter assay in a 293T cell line and chromatin
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immunoprecipitation (ChIP)-PCR assay, it has shown that overexpression of MIF is responsi-
ble for transcriptional activity of SOX-9 during the chondrogenesis and osteogenesis, [85].
Moreover, Shigeki et al. have shown that MIF molecules regulate the Sox6 expression in
mouse NSPCs via the interaction with STAT3 molecules [86]. However, our study did not con-
firm that MIF factor may impact on the activity of SOX-4 protein. We did not find any signifi-
cant association between the both nuclear or cytoplasmic MIF expression and nuclear
expression of SOX-4 protein. We want to point out that the study at alterations in protein lev-
els using immunohistochemistry method do not always correlate with the results reached by
other techniques such as cell culture or molecular techniques.

Conclusion

Many previously carried out studies as well as the current research emphasize the significant
role of B-catenin, SOX-4, MIF and E-cadherin in malignant transformation of prostate tumor
cells and confirmed their attendance in one of the initial metastasis steps—epithelial-mesen-
chymal transition (EMT). Immunohistochemical study may not provide the final evidence
that SOX-4 is not a downstream target of MIF, therefore definitive conclusions cannot be
drawn due to insufficient knowledge. Advanced studies using molecular biology techniques
are required to confirm the direct or indirect protein-protein interactions. At this stage, we
can corroborate protein inter-relationships based on expression patterns of studied factors
and outline the direction for further research. However, our results seem promising and
strongly highlight the potential role of MIF as a treatment option in metastatic PCa. The MIF
targeting could help to reverse disease progression at both early and advanced stages in future.
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