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Simple Summary: Cancer biomarkers are biomolecules synthesized by the tumor cell and have a
role in early detection of cancer and determining its stage and progression. HSP27 and Menin are
biomolecules involved in tumorigenesis and cancer progression; they are overexpressed in many
cancers and could be useful as biomarkers. However, the overexpression of HSP27 and Menin in the
serum of prostate cancer (PCa) patients and the correlation they have with their tissue expression,
as well as their correlation with the clinical data, have not been explored yet. In this study, we first
investigated the correlations between HSP27 and Menin in PCa patients, and then we examined
the signification of HSP27/Menin in the diagnosis and prognosis of PCa using ROC analysis. Our
results suggest that HSP27/Menin are dependent biomarkers in aggressive PCa and are significantly
associated with poor prognosis; they could be used in the diagnosis and clinical decision making of
individual PCa patients.

Abstract: The screening of PCa is based on two tests, the total PSA test and the rectal examination.
However, PSA is not specific for PCa stage confirmation, leading in false positive result and involving
PCa over-diagnosis and over-treatment. HSP27 and Menin have been found to be overexpressed
in a wide range of human cancers. Recent studies showed how HSP27 interacts with and stabilizes
Menin to lead PCa progression and treatment resistance. The purpose of our study was to evaluate
the correlation of HSP27 and Menin molecular expression, and their prognosis value in PCa with
respect to clinicopathological features. Elisa was employed to measure serum HSP27 and Menin
concentrations in 73 PCa patients and 80 healthy individuals. Immunohistochemistry (IHC) was used
to determine HSP27 and Menin tissue expression in 57 tumors and 4 Benign Prostatic Hyperplasia
(BPH) tissues. Serum HSP27 expression correlated with its tissue expression in all PCa patients,
whereas serum Menin expression correlated only with tissue expression in aggressive PCa patients.
Moreover, the results showed a positive correlation between HSP27 and Menin either in serum
(r = 0.269; p = 0.021) or in tissue (r = 0.561; p < 0.0001). In aggressive PCa, serum expression of
HSP27 and Menin was positively correlated (r = 0.664; R = 0.441; p = 0.001). The correlation between
HSP27 and Menin expression in tissue was found only in patients with aggressive PCa (r = 0.606;
R = 0.367; p = 0.004). Statistical analysis showed that the expression of both biomarkers was positively
correlated with the hormone resistance or sensitivity, tumor aggressiveness, metastasis, Gleason Score,
death and did not significantly correlate with age and PSA. Survival was illustrated by Kaplan–Meier
curves; increased HSP27 and Menin expression correlated with shorter survival of PCa patients
(p = 0.001 and p < 0.0001, respectively). Accuracy in predicting aggressiveness was quantified by
the Area Under the Curve (AUC) of Receiver Operating Characteristic (ROC). We demonstrated
that the combination of HSP27/Menin was statistically greater than PSA; it achieved an AUC of
0.824 (95% CI, 0.730–0.918; p < 0.0001). However, HSP27/Menin/PSA combination decreased the
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diagnostic value with an AUC of 0.569 (95% CI, 0.428–0.710; p = 0.645). Our work suggests the
potential role of HSP27/Menin as diagnostic and prognostic biomarkers.

Keywords: prostate cancer; HSP27; Menin; Elisa; IHC; prognosis; tumor biomarkers

1. Introduction

In 2020, according to the World Health Organization (WHO), prostate cancer (PCa)
is the third most commonly diagnosed malignancy, preceded only by lung and colorectal
cancer. It is the most commonly diagnosed cancer in over 50% of countries in the world [1].
In Algeria, PCa is the fourth most common cancer; the incidence of PCa continues to
increase, with 3597 new cases diagnosed, including 1635 deaths in 2020 [2]. The detection
of PCa is worldwide based on the measurement of serum Prostate Specific Antigen (PSA),
digital rectal examination, clinical stage and/or prostate volume [3]. However, PSA, which
is used as tumor marker for the screening, diagnosis, monitoring, and prognosis of PCa, is
a specific prostate activity marker but not specific for PCa [4]. This procedure leads to a
high rate of needless biopsies and over-detection of insignificant PCa [5]. Frequently, the
diagnosis must be followed by transrectal ultrasound guided biopsies [6]. Thus, there is a
lack of reliable predictors of prognosis besides the Gleason Score and TNM stage. Hence,
research focus on the developing of tests that are more specific for discriminating PCa
stages and can enhance the selection of a diagnosis, treatment, prognosis evaluation, and
disease monitoring. Only a small number of candidate molecular markers are currently
used in clinical practice; however, many more have been reported over time and are being
evaluated [7,8].

Heat Shock Proteins (HSPs) are a large family of highly conserved homologous chaper-
one proteins that are induced in response to environmental, physical and chemical stresses,
and subsequently, they limit the consequences of damage and facilitate cellular recovery [9].
Some are constitutively expressed and associated with specific intracellular organelles, and
others are rapidly induced in response to cellular stress [10]. It is constitutively expressed
at low levels in the cytosol of most human cells [11], but upon certain stress conditions,
it is redistributed into the nucleus or in the cytoskeleton [12,13]. HSPs protect normal
cells against stress related injury but also increase the chances of survival of cancer cells
by antiapoptotic activity, as an example. Furthermore, HSPs are often overexpressed and
associated with increased tumorigenicity, metastatic potential, resistance to chemotherapy,
and poor prognosis in many cancers [14]. Clinically, HSP27 is highly expressed in many
cancers including breast [15], ovarian [13], gastric adenocarcinoma [16], lung cancer [17],
colorectal cancer [18], prostate [19,20], and hepatocellular carcinoma [21]. In breast cancer,
it has been shown that increased expression of HSP27 is a useful prognostic factor that
correlates with significantly shorter disease survival, increased cell proliferation, metastases
and resistance to chemotherapy [22]. In cervical neoplasia, association has been reported
between overexpression of HSP27 and grade [23].

Previously, Cherif et al. [24] demonstrate that HSP27 is highly overexpressed in
castration-resistant phenotype (CRPC) and acts as stress activated cytoprotective chaper-
one, supporting tumor cell survival and plasticity via various pathways [19,25]. Hence,
HSP27 have clinical relevance as potential therapeutic targets in PCa patients. Moreover,
the authors used a large scale proteomic approach which permitted them to identify Menin
as a novel highly regulated HSP27 protein in PCa.

Menin is a protein encoded by a Multiple Endocrine Neoplasia-type 1 gene (MEN1)
that is classified as a gatekeeper tumor suppressor gene and which directly controls cell
growth or death in selected tissues [26,27]. Interestingly, contrary to its role as a tumor sup-
pressor, MEN1 functions as an oncogenic partner in aggressive human acute leukemia and
in hepatocellular carcinogenesis [28,29]. Patients carrying the mutated MEN1 locus develop
tumors, most frequently, in the parathyroid glands, pituitary glands, adrenal cortical section
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and islet cells of the pancreas. A number of non-endocrine tumors can also occur [27,30].
This protein is located predominantly in the nucleus but also in the cytoplasm and cell
membrane during cell division [31]. The overexpression of Menin is often associated with
the removal of the tumor, which confirms its role as a tumor suppressor [32]. Otherwise,
it has an oncogenic function with poor prognosis in hepatocellular carcinoma [29], breast
cancer [33] and PCa [34].

A combination of biomarkers such as HSP27 and Menin may help to improve the
diagnosis, prognosis and overall therapeutical approach. The purpose of our study was
to evaluate the molecular expression value of HSP27/Menin in PCa with respect to clin-
icopathological features. Furthermore, HSP27/Menin has been investigated as possible
diagnostic and prognostic factors. We therefore sought to ascertain whether a correlation
would be inter-observed between these two proteins using Principal Component Analysis
(PCA), Factorial Correspondence Analysis (FAC) and Receiver Operating Curve (ROC)
to evaluate for the first time, to our knowledge, the potential value of HSP27/Menin as a
circulating biomarker.

2. Materials and Methods
2.1. Patient Population

This study was approved by the local Ethics Committee (number CEDUBMA-02-
12/21) from University of Badji Mokhtar, Annaba, and was conducted according to the
declaration of Helsinki; all patients and control subjects have provided written informed
consent before enrolment.

We prospectively recruited, between 2017 and 2019, a total of 153 subjects, including
73 men in the age range of 51–91 years (74.210 ± 9.217 years) with histologically confirmed
PCa, and 80 healthy individuals in the age range of 29–80 years (61 ± 1.053 years) as
control group. None of the participants had a family history of PCa. Patients were followed
for 3 to 5 years. The diagnosis of PCa was based on serum PSA ≥ 4.0 ng/mL, presence
of a palpable nodule on prostate digital rectal examination and histological parameters.
Furthermore, all clinicopathological information from the patients with PCa was extracted
from clinical records and is summarized in Table 1.

Table 1. Clinicopathologic characteristics of individuals with and without PCa.

Characteristics Cases (n = 73)
N (%)

Controls (n = 80)
N (%) p Value

Age (years)
mean ± SE 73.26 ± 10.13 70.53 ± 8.38 0.018

PSA at diagnosis (ng/mL)
mean ± SE 80.72 ± 24.34 3.54 ± 0.72

≤10 7 (9.59) <0.0001
>10 66 (90.41)

Gleason score
≤6 (Low) 23 (31.51)

=7 intermediate 30 (41.09)
≥8 (High) 20 (27.40)

Hormone-sensitive 26 (35.62)
Hormone-resistant 31 (42.46)

Metastasis 29 (39.72)
Death 15 (20.54)

The histopathological grade was classified into Gleason Scores [35]: Score 6 (N = 17);
Score 7 = 3 + 4 (N = 7); Score 7 = 4 + 3 (N = 13); Score 8–10 (N = 20). In order to find
the possible relationship between the studied biomarkers and clinical prognosis, patients
were divided into three groups: non aggressive (Gleason Score ≤ 6; N = 17), moderately
aggressive (Gleason Score = 7; N = 20) and aggressive (Gleason Score 8–10; N = 20). A total
of 73 serums from PCa patients were sampled during the diagnostic or surgical act. Blood
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samples were collected in dry tubes then centrifuged at 1800 rpm/min for 15 min. Serum
was recovered in aliquots and stored at −20 ◦C until further use. We also collected the
matched biopsies from 73 related PCa patients and 4 Benign Prostatic Hyperplasia (BPH).
Tissue samples (needle biopsies) collected at initial diagnosis and before surgery were fixed
in formalin and embedded in paraffin then immediately stored at −20 ◦C.

Exclusion criteria for study participation were as follows: inability to actively con-
sent to the study; patients undergoing hormone therapy or radiotherapy at the time of
blood sample, because of the possible effects on protein expression and infections or other
cancer diseases.

2.2. Quantification of Serum HSP27 and Menin

Human HSP27 and Menin expression were detected in serum by a commercially avail-
able Elisa Kits (Enzo ADI-EKS-500-96, Villeurbanne, Fr) and (My BioSource MBS-942430-96,
San Diego, CA, USA), respectively, according to the manufacturer’s instructions. Briefly,
100 µL of standards and samples were dispensed into an immunoassay flat-bottomed
96-well plates and then incubated for 1 h, at 37 ◦C, for HSP27 and 2 h, at 37 ◦C, for Menin.
Plates were washed, and then 100 µL of Anti-HSP27 and 100 µL of Biotin antibody were
added into each well. The plates were incubated at room temperature for 1 h, at 37 ◦C. After
another washing step, 6 times for HSP27 and 3 times for Menin, 100 µL of Horseradish–
peroxidase conjugate were added to each well. The plate of HSP27 was incubated at room
temperature for 30 min, and the plate of Menin was incubated at room temperature for 1 h.
After a further washing step, 100 µL of TMB Substrate was applied to detect enzyme activ-
ity, and the plates were incubated at 37 ◦C for 15–30 min. The reaction was stopped with
the addition of 100 µL (for HSP27) and 50 µL (for Menin) of stop solution into each well. It
is important that all the blue color changes completely yellow in each well. Optical density
was measured by a microplate reader (Sunrise, Tecan, 69003 Lyon, France) at 450 nm within
5 min. Finally, HSP27 and Menin concentrations were calculated after plotting the standard
curves by professional software “CurveExpert”. Duplicates of each sample were measured.

2.3. Tissue HSP27 and Menin Expression

Only 57 out of 73 patients’ biopsies were included in the immunohistological analysis.
We excluded biopsies which have been embedded in paraffin and presented no available
result interpretation. Formalin-fixed paraffin blocks, 3–4 µm-thick sections were used for
IHC. The immunohistochemical staining was examined by two pathologists, blinded to
the evaluations.

For HSP27 detection, IHC staining was performed using Autostainer Link 48 from
Dako (Agilent, Santa Clara, CA, USA). After deparaffinization, antigens retrieval was
performed with Target Retrieval Solution pH9 (S2367, Agilent, Santa Clara, CA, USA) in
PT Link (Agilent, Santa Clara, CA, USA). The slides were incubated at room temperature
for 20 min with rabbit polyclonal antibody HSP27 (dilution 1:600, Enzo (ADI-SPA-803),
Lausen, Suisse) detecting multiple epitopes. Then, an Envision Flex system (K8000, Agilent,
Santa Clara, CA, USA) was used with DAB.

For Menin detection, IHC was carried out with mice monoclonal antibody Menin
E9 sc390345 (1:100, Santa Cruz Biotechnology, D-69115 Heidelberg, Germany) on the
Ventana Discovery XT (Roche, Paris, France). After deparaffinization, antigens retrieval
was performed with Cell Conditioning Solution CC1 (Tris-EDTA-based buffer pH 7.8,
ref. 950-124, Roche). The primary antibody was incubated for 6 h, at 37 ◦C, then the
secondary antibody, OmniMap anti-Mouse HRP Detection Kit (ref. 760-4310), was used and
followed by chromogen DAB. Finally, the counter staining was performed with hematoxylin
and slides were cleaned, dehydrated and cover-slipped with permanent mounting media.

The specificity of antibodies has been validated for positive and negative control by
the ICEP team prior to their use in IHC. Negative and positive controls were included in
each batch of IHC. Sections of skin known to express high levels of HSP27 and sections
of breast and prostate cancer who express high levels of Menin was included as positive
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control, while control without primary antibody was systematically included to rule out
non-specific staining. Images were captured using a microscope Nikon ECLIPSE Ni.

The intensity of cytoplasmic or nuclear immunostainings as well as the proportion of
stained cells were used to microscopically evaluate the expression of HSP27 and Menin.
Scores for the staining intensity were ranged from 0 (negative) to 1 (weak staining), 2 (mod-
erate staining), or 3 (strong staining). The percentage of positive tumor cells was scored as
0 (<1%), 1 (1–25%), 2 (25–50%), 3 (>50%). The intensity and percentage of marked cells was
evaluated in a semiquantitative manner by calculating the Medium Quick Score (MQS).
Thus, a MQS from 0 to 300 was obtained.

2.4. Statistical Analysis

The descriptive analysis and data were evaluated statistically using IBM SPSS Statis-
tics version 25 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 8 software (GraphPad
Software Inc., LA Jolla, CA, USA). The one-way analysis of variance (ANOVA) was used to
compare parametric variables and expressed as mean ± standard error (SE). The Pearson
correlation coefficient was calculated as a measure of linear association between continuous
variables, including HSP27 and Menin in serum and tissue. The overall global survival
analysis was performed by the Kaplan–Meier product limit method. Receiver Operating
Curve (ROC) was performed to evaluate the potential value of HSP27 and Menin as circu-
lating biomarkers in comparison with PSA. The Area Under the Curve (AUC) represented
the diagnostic performance of the studied molecules.

Principal Component Analysis (PCA) and Factorial Correspondence Analysis (FCA),
both descriptive multivariate statistical analysis methods for visualization and reduction in
data set dimension, were performed with IBM SPSS version 25 software (SPSS, Chicago, IL,
USA). In all comparisons, p-value < 0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

The baseline clinicopathologic characteristics of the participants enrolled in this study
are presented in Table 1. The study cohort included 153 men, among whom were 73 PCa
patients and 80 controls. There were significant differences in age (p = 0.018). There
were 66 (90.41%) participants with a PSA level > 10 ng/mL and 7 (9.59%) with a PSA
level ≤ 10 ng/mL. During the follow-up, 29 (39.72%) men developed hormone resistance
and 15 (20.54%) men died of PCa. Hence, with increasing age at diagnosis, cancer charac-
teristics generally worsened more among men.

3.2. Quantification of Serum HSP27 and Menin

The expression levels of HSP27 in PCa patients serum were significantly elevated
(9.883 ± 0.853 ng/mL) when compared with that of healthy controls (2.657 ± 0.214 ng/mL)
(p < 0.0001). The mean concentrations of HSP27 in PCa patients according to the Glea-
son Score were: (Score 6(3 + 3): (6.614 ± 1.202 ng/mL; p < 0.001)), (Score 7(3 + 4):
(7.604 ± 1.205 ng/mL; p < 0.001)), (Score 7(4 + 3): (8.741 ± 1.630 ng/mL; p < 0.0001))
and (Score 8–10: (16.208 ± 1.695 ng/mL; p < 0.0001)). There were statistically significant
differences in the HSP27 expression between the healthy individuals and the different
Gleason scores among the PCa patients (Figure 1a). HSP27 level in aggressive PCa was
6.10-fold higher than that found in healthy controls.
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a b

Figure 1

Figure 1. Serum HSP27 and Menin concentrations. (a) HSP27 expression in PCa patients according to
the Gleason Score; (b) Menin expression in PCa patients according to the Gleason Score. Significant
difference between different patients’ groups: * p-value ≤ 0.05, ** p-value ≤ 0.01, *** p-value ≤ 0.001.

Menin is overexpressed in PCa patients (0.375 ± 0.045 ng/mL) compared to healthy
controls (0.221 ± 0.013 ng/mL) (p < 0.0001). The mean concentrations of Menin according
to Gleason Score were: Score 6(3 + 3): (0.236 ± 0.043 ng/mL; p > 0.05), Score 7(3 + 4):
(0.349 ± 0.079 ng/mL; p > 0.05), Score 7(4 + 3): (0.442 ± 0.135 ng/mL; p < 0.05) and Scores
8–10: (0.505 ± 0.102 ng/mL; p < 0.0001). There were statistically significant differences
in the Menin expression between the healthy individuals and Gleason scores 7 and 8–10
among the PCa patients (Figure 1b). Menin level in aggressive PCa was 2.28-fold higher
than that found in healthy controls.

Our results suggest that HSP27 and Menin could be useful biomarkers for predicting
prognosis at level threshold between 6.614 and 16.208 ng/mL for HSP27 and 0.236 and
0.505 ng/mL for Menin.

3.3. Tissue HSP27 and Menin Expression

The IHC analysis of 57 out of 73 blocks of human PCa tissue permitted us to identify the
cytoplasmic localization of HSP27 and the nuclear localization of Menin. Figures 2 and 3
clearly illustrate the expression of HSP27 and Menin according to the aggressiveness of the
tumor. HSP27 and Menin expression was stronger in PCa than in BPH prostate tissue.

The MQS of HSP27 was significantly higher (182.543 ± 9.063) in PCa tissues than in
control BPH ones (16.750 ± 6.485) (p < 0.0001). According to the Gleason Score, the MQS of
HSP27 in PCa patients was: (Score 6(3 + 3): (153.676 ± 22.090; p < 0.001)), (Score 7(3 + 4):
(167.857 ± 27.257; p < 0.001)), (Score 7(4 + 3): (178.269 ± 17.365; p < 0.0001)) and (Scores
8–10: (215.00 ± 6.123; p < 0.0001)).

Menin MQS in PCa patients was significantly higher (168.236 ± 9.042) than in BPH
(75 ± 53.033) (p < 0.0001). Nuclear Menin immunoreactivity was present in all PCa as-
sociated tissues. The MQS of Menin was significantly higher in Scores 8–10 (202.500 ± 7.884;
p < 0.001) than in Score 6(3 + 3): (115.558 ± 19.423; p > 0.05), Score 7(3 + 4): (176.785 ± 26.785;
p < 0.05) and Score 7(4 + 3): (179.807 ± 14.261; p < 0.05).
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a b c d

a’ b‘ c‘ d‘

Figure 2

Figure 2. HSP27 expression is associated with aggressive human PCa. Representative tissue sections
of PCa tumors from needle biopsies were stained for IHC specific for HSP27. (a,a’) BPH, (b,b’) weakly
positive (non-aggressive PCa), (c,c’) moderately positive (moderate PCa) and (d,d’) strongly positive
(aggressive PCa). (a–d) ×200 and (a’–d’) ×400 magnification.

a b c d

a’ b‘ c‘ d‘

Figure 3

Figure 3. Menin expression is associated with aggressive human PCa. Representative tissue sections
of PCa tumors from needle biopsies were stained for IHC specific for Menin. (a,a’) BPH, (b,b’) weakly
positive (non-aggressive PCa), (c,c’) moderately positive (moderate PCa) and (d,d’) strongly positive
(aggressive PCa). (a–d) ×200 and (a’–d’) ×400 magnification.

3.4. Correlation between Serum and Tissue HSP27 and Menin Expression

The linear correlation coefficient showed that the expression of HSP27 in the serum of
patients with non-aggressive PCa is significantly positively correlated with its expression
in tissue (r = 0.541; R = 0.292; p = 0.024). In moderately aggressive PCa, the correlation
of serum HSP27 with its expression in tissue is positively significant (r = 0.654; R = 0.428;
p = 0.001). In aggressive PCa, there is a significant and positive correlation between the
expression of HSP27 in serum and tissue (r = 0.445; R = 0.198; p < 0.05).

There was no statistically significant difference in non-aggressive and moderately
aggressive PCa between Menin expression in serum and tissue, (r = −0.328; R = 0.108;
p = 0.197) and (r = 0.076; R = 0.005; p = 0.749), respectively. However, in aggressive PCa,
Menin serum expression was significantly positively correlated with its expression in tissue
(r = 0.530; R = 0.281; p = 0.01).
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3.5. Correlation between HSP27 and Menin

We performed univariate analysis using Pearson test to investigate whether our
biomarkers were clinically independent prognostic factors for PCa patients. Results showed
that HSP27 and Menin in healthy control were neither correlated in the serum (r = −0.125;
R = 0.015; p = 0.266) nor in the tissue (r = 0.500; R = 0.258; p = 0.49).

We did not observe a linear correlation between HSP27 and Menin levels in serum
of patients with non-aggressive PCa (r = −0.108; R = 0.011; p = 0.677); contrariwise, there
was a significant inverse correlation between HSP27 and Menin in serum of patients with
moderately aggressive PCa (r = −0.497; R = 0.247; p = 0.025). In aggressive PCa, HSP27
expression is significantly positively correlated with Menin expression in serum (r = 0.664;
R = 0.441; p = 0.001) (Figure 4a).

Figure 4

0.0 0.5 1.0 1.5 2.0
0

10

20

30

Menin (ng/mL)

r = 0.664 ; p = 0.001

a b

c

Figure 4. (a) Correlation between HSP27 and Menin serum expression in PCa aggressive patients;
(b) Correlation between HSP27 and Menin tissue expression in PCa aggressive patients; (c) PCA
of biological parameters (HSP27_QSM, MENIN_QSM: expression of HSP27 and Menin in tissue;
HSP27_ELISA, MENIN_ELISA: expression of HSP27 and Menin in serum).

The correlation between HSP27 and Menin expression in tissue showed that these
biomarkers are not correlated in non-aggressive and moderately aggressive, PCa (r = 0.143;
R = 0.020; p = 0.582) and (r = 0.245; R = 0.060; p = 0.294), respectively, but are signifi-
cantly positively correlated in tissue of patients with aggressive PCa (r = 0.606; R = 0.367;
p = 0.004) (Figure 4b). These findings suggest that HSP27 and Menin might be dependent
biomolecules for the diagnosis and prognostic of aggressive PCa.

Multivariate analysis using PCA in all PCa patients showed a positive correlation
between HSP27 and Menin either in serum (r = 0.269; p = 0.021) or in tissue (r = 0.561;
p < 0.0001). In the serum, HSP27 and Menin were positively correlated with their tissue
expression (r = 0.522, p < 0.0001) and (r = 0.288; p = 0.015), respectively. Significant
correlation was obtained between HSP27 (r = 0.452; p < 0.001) and Menin (r = 0.335;
p < 0.001) for Gleason Score; however, no association was found between HSP27 and Menin
with age, (r = −0.170; p = 0.103) and (r = −0.087; p = 0.261), and with PSA, (r = −0.084;
p = 0.267) and (r = 0.005; p = 0.486), respectively.
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In the tissue, Gleason Score was correlated with the expression of HSP27 (r = 0.687;
p < 0.0001) and Menin (r = 0.506; p < 0.001); no correlation was obtained with age (r = −0.057;
p = 0.337) and PSA (r = −0.128; p = 0.185).

Based on PCA results, PSA did not correlate with Gleason Score (r = −0.128; p = 0.185),
HSP27, either in serum (r = −0.083; p = 0.269) or tissue (r = 0.039; p = 0.387), Menin, either
in serum (r = 0.005; p = 0.486) or tissue (r = −0.022; p = 0.436), Age (r = 0.113; p = 0.202) and
progression of disease (Figure 4c).

3.6. FCA of Clinical Parameters of Studied Population

FCA is an extension of PCA to analyze the association between two or more qualitative
variables based on the average proper value of the coefficient alpha of Cronbach ≥0.7 (0.814
in our study) and on the total proper value of the dimensions ≥50% (75% in our study).
The analysis of HSP27 by multifactorial FCA showed a positive correlation with Menin
either in the serum or in tissue. The overexpression of HSP27 and Menin in serum and
tissue was correlated with HR, tumor aggressiveness, metastasis, Gleason Score and death.
Low levels of HSP27 and Menin were correlated with HS, non-aggressive tumor, Gleason
Score and survival (Figure 5).
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3.7. ROC and Survival Analysis

To further understand the diagnostic and prognostic role of HSP27, Menin and PSA in
PCa, ROC analysis was performed. The ROC curves show the relationship between true
positive and false-positive rates as well as the AUC. HSP27, Menin and PSA with AUC
values higher or equal than 0.7 were validated. Quantification of predicting death was
assessed by AUC. ROC curve could derive optimal statistically significant cut-offs that
represent the most discriminative value, associated with the best sensitivity/specificity
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couple: (i) 9.310 ng/mL for serum HSP27 with a sensitivity of 80% but at a low specificity
of 37%, (ii) 0.304 ng/mL for serum Menin with a sensitivity of 80% but at a low specificity
of 20%, and (iii) 21.655 ng/mL for serum PSA with a sensitivity of 66% and specificity of
81%. The higher cut-off value of biomarkers HSP27 and Menin would result in an increase
in true positive but PSA would result in an increase in false positive. However, the cut-offs
value of serum HSP27 and Menin can be used for identifying patients with a high risk
of death. As depicted in Figure 6a, the ROC curve analysis for death showed that PSA
had the lowest AUC value 0.328 (95% CI: 0.182–0.473, p = 0.041); however, the AUC value
for HSP27 and Menin serum concentration was 0.751 (95% CI: 0.588–0.914, p = 0.003) and
0.796 (95% CI: 0.642–0.950, p < 0.0001), respectively. We applied the optimal cut-offs to the
validation of combined biomarkers HSP27, Menin and PSA (Figure 6b) and achieved the
same AUC as that for HSP27.

a b

c d

Figure 6

Figure 6. ROC analysis. (a,b) HSP27, Menin, PSA compared to death; (c,d) HSP27, Menin, PSA
compared to aggressivity. HSP27: heat shock protein, PSA: prostate specific antigen, ROC: receiver
operating characteristic, AUC: area under curve.

The accuracy in predicting aggressiveness was also quantified by the ROC curve. The
results showed the following: (i) 75% sensitivity and 13% specificity at the optimal cut-off
value 17.985 ng/mL for serum HSP27, (ii) 75% sensitivity and 15% specificity at the optimal
cut-off value 0.636 ng/mL for serum Menin, and (iii) 26% sensitivity and 60% specificity
at the optimal cut-off value 60 ng/mL for serum PSA. Both HSP27 and Menin cut-offs
were increased two-fold in comparison to cut-offs obtained with ROC predicting death.
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The highest AUC of 0.906 (95% CI: 0.833–0.979; p = 0.007) was obtained for HSP27, an
intermediate AUC of 0.862 (95% CI: 0.756–0.968; p = 0.015) was obtained for Menin, and
the lowest AUC of 0.591 (95% CI: 0.267–0.915; p = 0.545) was obtained for PSA.

The combination of HSP27/Menin was statistically greater than PSA and significantly
improved the diagnostic and prognostic values; it had the best performance with an AUC
of 0.824 (95% CI, 0.730–0.918; p < 0.0001) (Figure 6c). However, HSP27/Menin/PSA combi-
nation decreased the diagnostic value with an AUC of 0.569 (95% CI, 0.428–0.710; p = 0.645)
(Figure 6d). ROC analysis results suggest that HSP27 and Menin are associated with death
and aggressiveness but not PSA. Hence, HSP27 and Menin could be useful biomarkers to
highlight at values greater than or equal to 9.310 and 0.304 ng/mL, respectively; however,
PSA cannot be used as a prognostic factor in PCa patients.

To evaluate the chance of survival and risk of death, we used the Kaplan–Meier method
of survival analysis. Men were followed up for 3–5 years from the date of diagnosis. Patient
groups were defined by the HSP27, Menin and PSA cut-offs determined through ROC
analysis. Patients alive at the last follow-up were censored, since death was considered
an event. During the follow-up of 73 patients, PCa metastasis was found in 29 (39.72%)
patients; 15 (20.54%) men died of PCa. With increasing age at diagnosis, men had more
comorbidity. Survival curves are shown in Figure 7.

Figure 7

Figure 7. Overall survival according to death: impact of (a) HSP27, (b) Menin and (c) PSA on
concentrations (ng/mL) PCa-specific survival. Overall survival according to metastasis: impact of
(d) HSP27, (e) Menin and (f) PSA concentrations (ng/mL) on PCa-specific survival. Cut-offs HSP27,
Menin and PSA were 9.310, 0.304 and 21.655 ng/mL, respectively. p-values were calculated by using
the Log Rank test.

The median ages of patients with low HSP27 and Menin concentration were higher
than those of patients with high HSP27 and Menin concentration. Kaplan–Meier curve anal-
ysis related to death showed that the overall survival of patients with HSP27 < 9.310 ng/mL
(94.9%) was significantly better than that of patients with HSP27 > 9.310 ng/mL (61.8%;
Log Rank p = 0.008) (Figure 7a). The median survival of HSP27 > 9.310 ng/mL patients
was 53.000 ± 1.805 (95% CI, 49.462–56.538). PCa survival diminished markedly in peo-
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ple with Menin value > 0.304 ng/mL (50.0%) compared to Menin value < 0.304 ng/mL
(93.9%; Log Rank p < 0.0001) (Figure 7b). The median survival of Menin > 0.304 ng/mL
patients was 48.000 ± 2.629 (95% CI, 42.848–53.152). Lower survival rates were ob-
tained for PSA > 21.655 ng/mL (68.86%) than PSA < 21.655 ng/mL (82.5%) (Log Rank
p = 0.109) (Figure 7c); no significant difference was observed. The median survival of
PSA < 21.655 ng/mL patients was 53.000 ± 3.640 (95% CI, 45.866–60.134).

These results revealed that elevated HSP27 and Menin expression levels was associated
with poorer prognosis in PCa patients and might predict cancer related death. However,
PSA expression was not significantly associated with PCa survival (Log Rank p = 0.055).

Recurrence rates of the patients according to PCa metastasis status HSP27, Menin
and PSA expression were also evaluated by the Kaplan–Meier method, which achieved
for HSP27 > 9.310 ng/mL an overall survival-free metastasis of 38.2% (Log Rank p = 0.018)
(Figure 7d) with a median survival of 50.000 ± 1.688 (95% CI, 46.691–53.309). The overall
survival-free metastasis for Menin > 0.304 ng/mL was statistically significant (20.8%;
Log Rank p < 0.0001) with a median survival of 46.000 ± 5.296 (95% CI, 35.620–56.380).
Considering Menin < 0.304 ng/mL, the overall survival-free metastasis was statistically
significant (79.6%; Log Rank p < 0.0001) (Figure 7e) with a median survival of 53.000 ± 0.609
(95% CI, 51.806–54.194). There was no significant difference for PSA. Lower survival rates
were obtained for PSA > 21.655 ng/mL (56.3%) with a median survival of 50.000 ± 2.627
(95% CI, 44.852–55.148) than PSA < 21.655 ng/mL (61.4%) (Log Rank p = 0.232) with a
median survival of 53.000 ± 0.870 (95% CI, 51.294–54.706) (Figure 7f).

4. Discussion

Despite the development of PCa screening in the late 1980s based on the measurement
of PSA in serum, current PCa diagnosis and therapy approaches still have a number of
limitations. Aside from Gleason score and TNM stage, there are few accurate markers
of prognosis. The ability to differentiate between indolent and clinically aggressive PCa
remains a challenge. Currently, when PSA levels exceed 4.0 ng/mL, most men undergo
needle biopsy, but only about half of these biopsies results in a PCa diagnosis [36]. Subse-
quently, the difficulty to discern aggressive cancer from non-aggressive cancer contributes
to the problem of over-treating men with non-aggressive disease. Accurate PCa assessment
is crucial for selecting appropriate treatment in men with aggressive prostate cancer, while
avoiding the disadvantages of aggressive treatment in men with non-aggressive tumors
and improving quality of life [37]. PSA has merits as a screening biomarker with a positive
impact on PCa diagnosis; however, PSA is unable to detect aggressive PCa, which has
clinical implications for treatment. As a result, the wide use of PSA to detect PCa has
raised concerns regarding over-diagnosis and over-therapy of low grade non-clinically
significant disease [38,39]. This leads to the question of how to deal with PCa patients in an
individualized therapeutic setting. Research is ongoing in the hopes of generating tests that
are not only sensitive and specific for PCa, but also improve treatment choice, prognosis
evaluation, and disease monitoring [7,10].

Biomarkers play a significant role in the diagnosis and prognosis of a majority of
diseases such as cancers in today’s clinical field, and may provide guidance on therapy
strategy and follow-up [40]. The main concern in our present study was an effort to
investigate the diagnosis and prognosis value of HSP27 and Menin in comparison with
PSA in PCa, depending on the aggressiveness status within the tumor. We believe that
the present work is the first case–control study that proves that HSP27 and Menin are
dependent predictors and potential discriminators of advanced PCa patients. Moreover,
our results support that HSP27/Menin combination could represent a potential therapeutic
opportunity for PCa treatment and improve patients survival. To the best of our knowledge,
this is the first report that has determined the serum concentration of human Menin. In fact,
in the literature, the evaluation of Menin expression has been carried out using techniques
including IHC, Western blotting, and RT-qPCR [24,41]. Moreover, this study investigates,
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for the first time, the value of HSP27/Menin/PSA combination for the evaluation of PCa
diagnosis and prognosis.

An association between over- or underexpression of HSPs and prognosis has been
seen for some cancers, but the prognostic impact of HSPs expression varies between tumor
types, either resulting in prolonged or shortened survival [8]. Concerning Menin, its
overexpression is associated with removal of the tumor, which enhances its role of tumor
suppressor [32,42], but it has also an oncogenic function. In fact, Menin have a poor
prognosis in hepatocellular carcinoma, breast cancer [21,42] and prostate cancer [24].

Consistent with previous studies [8,20,33,43], our data underline the overexpression
of HSP27 and Menin. More interestingly, our study demonstrates for the first time the
correlation between tissue and serum HSP27 and Menin expression in PCa. In fact, the
HSP27 serum concentrations were correlated positively with HSP27 expression in PCa
tissues of all PCa patients. The Menin serum concentrations were correlated positively with
Menin expression in aggressive PCa tissues. Overexpression of Menin was a significant
prognostic factor for poor prognosis in aggressive PCa (r = 0.530; R = 0.281; p = 0.01). In
addition, HSP27 and Menin were significantly correlated with early and advanced PCa
showing a stage-dependent increase. Furthermore, HSP27 and Menin serum overexpression
were significantly indicative for aggressive PCa, and could act as predictors of prognosis in
PCa. Otherwise, we showed that HSP27 and Menin are dependent markers in aggressive
cancer, which means that Menin leaves the nucleus to the cytoplasm, binds to HSP27 and
then leaves the cell to the serum. Further research needs to be conducted to understand
how Menin could leave the nucleus and bind with HSP27 in the cytoplasm and end up
outside the cell in the serum.

To further explore and improve the diagnostic and prognostic efficiency of the studied
biomarkers, we focused on a combined HSP27/Menin plus PSA model. To this end, we
selected for HSP27, Menin and PSA cut-offs of 9.310, 0.304 and 21.655 ng/mL, respectively,
defined by the ROC analysis. ROC curves are a useful tool for comparing the diagnostic
ability of two or more screening tests or for assessing the predictive ability of two or more
biomarkers for the same disease. The area under an ROC curve provides a measure of
discrimination and allows investigators to compare the performance of two or more diag-
nostic tests. In general, the test with the higher AUC may be considered better [44]. Our
results showed that ROC analysis provided an overall net benefit when compared with the
correlation analysis. This was further demonstrated in the AUC area achievement, which
clearly revealed that high HSP27/Menin expression predicted a worse prognosis, while
low HSP27/Menin expression was correlated with better survival, indicating that these
biomolecules are prone to serve as possible diagnostic and prognostic markers for PCa
progression. Otherwise, this test could discriminate non-aggressive from aggressive PCa
independent of PSA. HSP27/Menin were better able to distinguish aggressive (≥8) from
clinically indolent PCa. In fact, cut-offs in the aggressive PCa were increased two-fold in
comparison to that of non-aggressive PCa. This result corroborates data obtained in the
correlation analysis showing a positive correlation of HSP27 and Menin. When compared
with PSA, the studied markers HSP27 and Menin had a significantly higher diagnostic per-
formance than PSA alone for patients with elevated PSA levels. Moreover, the combination
of HSP27/Menin revealed a better AUC (0.824) than that of HSP27/Menin/PSA (0.569)
and PSA (0.591). Previous report showed that in non-small cell lung cancer (NSCLC),
HSP27 serum mean levels were 5.364 ± 2.679 ng/mL in patients with advanced stage
NSCLC; AUC was 0.870 (95% CI; 0.817–0.923; p < 0.0001) [45]. In severely injured patients,
Haider et al. [46] found significantly increased HSP27 serum concentrations in deceased
patients (9.261 ± 2.817 ng/mL; p < 0.01) with AUC equal to 0.911 (95% CI: 0.818–1.000;
p < 0.0001). Furthermore, Wang et al. [47] depicted an AUC of 0.720 (95% CI = 0.64–0.80;
p = 0.0065) for predicting subclinical atherosclerosis in type 2 diabetes; the optimal cut-off
value of HSP27 was 7.16 ng/mL.

Our PSA results corroborate previous studies [38,48] that showed for PSA ≥ 4 ng/mL
an AUC of 0.560 and 0.570, respectively. For PCa with Gleason score ≥ 7, Kim et al. [37]
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obtained for PSA an AUC of 0.58. Moreover, van Gils et al. [48] determined a PSA cut-off
value of 58 ng/mL (sensitivity 48% and specificity 62%). A recent study [49] reported that
the percentage of patients with GS ≥ 8 or metastases increased as PSA levels increased
up to approximately 70 ng/mL; however, PSA cannot be used as a prognostic factor in
patients with PSA levels ≥ 70 ng/mL. Hence, PSA, which is widely used for PCa diagnosis,
is not an indicator of malignancy it is a biological parameter that can only tell the presence
of a problem. Previous study has shown that PSA testing has low sensitivity when the PSA
cut-off value is set at ≥4 ng/mL, and the diagnostic rate among patients with a PSA level of
4–10 ng/mL was much lower [6]. PSA alone is no longer useful as a prognostic marker. We
strongly believe that our findings may enable clinicians in determining whether prostate
biopsies should be performed, particularly for patients who had no other symptoms other
than increased PSA.

In our cohort, the risk of prostate cancer death increased step wise with increas-
ing HSP27 and Menin concentration. Hence, increased expression of HSP27 and Menin
correlates with poor patient survival. Old age at diagnosis was also associated with
higher risk of PCa death. Patients with HSP27 > 9.310 ng/mL could develop a metasta-
sis within 50 months, with an overall survival percentage of 60.3%, while patients with
HSP27 < 9.310 ng/mL did not develop a metastasis until the end of our study (79.5%; Log
Rank p = 0.018). Otherwise, we noticed that patients with Menin levels > 0.304 ng/mL
could develop metastasis in a shorter time (46.000 ± 5.296) with an overall survival-free
metastasis corresponding to 20.8% compared to that of Menin < 0.304 ng/mL presenting
an overall survival-free metastasis equivalent to 97.6%. Bechis et al. [50] observed a poorer
prognosis with advancing age at diagnosis in males treated for localized PCa with radical
prostatectomy, radiation, or primary androgen deprivation therapy. The increased risk of
upstaging and upgrading upon radical prostatectomy has also been linked to older age at
diagnosis, showing that PCa in older men is more aggressive [51].

When examined in relation to clinicopathological features, data of this study suggests
that the level expression of HSP27 and Menin in patients with PCa is not correlated with age
and PSA, but is correlated with HR, HS, Metastasis, Gleason Score, tumor aggressiveness,
tumor progression and death. Moreover, in patients with non-aggressive PCa, HSP27 and
Menin have a good prognosis, whereas in patients with aggressive PCa, these biomarkers
have a poor prognosis. Overall, our data therefore highlight the fact that HSP27/Menin
are dependent markers in serum; so, it is a question of inhibiting one of the two markers
in order to block the expression of the other and eventually stop the disease. In this
perspective, Palmas’ team suggests that Menin interacts with HSP27 and its inhibition
with ASO blocs the expression of HSP27 that protects Menin from degradation. Menin
is overexpressed in high-grade PCa and CRPC plays a role in PCa therapy resistance by
activating the PI3K/AKT pathway. Chemotherapeutic sensitivity is recovered by Menin
inhibition. Menin is silenced by ASO technology, which also decreases tumor growth
and CRPC cell proliferation while restoring chemotherapeutic sensitivity. These findings
support the idea of targeting Menin to enhance the therapeutic effects for CRPC patients [24].
A second-generation antisense oligonucleotide (ASO) called OGX-427 (Apatorsen), which
Rocchi et al. [19,52] created to target the HSP27 protein’s overexpressed mRNA in the
CRPC, is currently undergoing a Phase II clinical trial in the United States and Canada.

In addition, HSP27 and Menin can serve as liquid biopsies that could be a guide in
the choice of personalized therapy as well as useful in the definition of inclusion criteria
and stratification of patients in other clinical studies. The PSA assay has little potential
to detect PCa at an early stage, the biomarkers HSP27 and Menin have the potential not
only to detect the disease at an early stage to reduce cancer mortality and increase patient
survival but also to differentiate true and false positive PCa screens. Based on our results,
we find highlighted interest of the liquid biopsy in the detection of HSP27 and Menin high
concentrations; these biomarkers would be useful as a screening tool for PCa and would
differentiate patients with cancer from those with benign or healthy lesions. HSP27/Menin
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are useful for monitoring patients during treatment and measuring each patient’s response
to treatment.

The population-based sample and inclusion of all risk factors make this study effective.
For a period of three to five years, we could follow the PCa cases. However, there are
certain limitations on this study. It was carried out in a single-center investigation and
requires validation with larger sample sizes at more independent research centers. Second,
this study included only patients who underwent biopsy and had results available in our
institutional patient records. We excluded patients who underwent radical prostatectomy.
In addition, we did not inspect the percentage of tumor involvement in each biopsy core
and tumor size.

5. Conclusions

This study demonstrates that HSP27 and Menin achieved superior performance for
patient level detection of higher grade PCa than that of conventional PSA. Subsequently,
the overexpression of HSP27 and Menin plays an important role in PCa patient’s survival.
Elisa measurement of serum HSP27 and Menin concentrations may be useful for screening
for PCa stage and offer a prospective use for these proteins as a prognostic molecular
marker. Our results are biologically significant not only for investigating the onset and
progression of PCa, but also for clinically detecting individuals who require prompt ag-
gressive treatment to control the potentially lethal disease. Of utmost interest to us was
the finding that our results also suggest that the diagnostic performance of combined
HSP27/Menin to predict the presence and aggressiveness of PCa performed better than
either PSA alone or HSP27/Menin/PSA combination. The data reported here may have
important clinical relevance, having the potential to impact treatment decisions for patients.
Further multicenter prospective studies are needed to support these results.

Author Contributions: Conceptualization, P.R. and H.B.; methodology, A.B., P.R. and H.B.; software,
A.B.; performed the experiments, A.B.; IHC experiments, S.G. and T.K.L.; clinical investigations, O.D.;
writing—original draft preparation, A.B. and H.B.; review and editing, H.B. and P.R.; project adminis-
tration, H.B. and P.R. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Algerian Ministry of High Education and Scientific
Research, under the National Research Projects CNEPRU: D01N01UN201320150015 and the Cancer
Research Center of Marseille, INSERM, Institute Paoli-Calmettes, France.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Badji Mokhtar University-Annaba
(ref N◦ CEDUBMA-02-12/21; date of approval: 9 February 2017 and 8 December 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: We would like to thank Belgharsa Mohamed Lamine, who kindly performed
anatomopathological investigations and Agavnian Emelie for his technical expertise and help in IHC
experiments. We are grateful to the patients who participated in the study. Special thanks to the
Editors/Reviewers for their insightful comments and valuable improvements to our paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Giona, S. The Epidemiology of Prostate Cancer. In Prostate Cancer; Bott, S.R.J., Ng, K.L., Eds.; Exon Publications: Brisbane,

Australia, 2021; pp. 1–15. [CrossRef]
2. Globocan. 2020. Available online: https://gco.iarc.fr/today/data/factsheets/populations/12-algeria-fact-sheets.pdf (accessed

on 26 April 2022).
3. Moyer, V.A. Screening for prostate cancer: U.S. Preventive Services Task Force recommendation statement. Ann. Inter. Med. 2012,

157, 120–134. [CrossRef] [PubMed]
4. Saini, S. PSA and beyond: Alternative prostate cancer biomarkers. Cell Oncol. 2016, 39, 97–106. [CrossRef] [PubMed]

http://doi.org/10.36255/exonpublications.prostatecancer.2021
https://gco.iarc.fr/today/data/factsheets/populations/12-algeria-fact-sheets.pdf
http://doi.org/10.7326/0003-4819-157-2-201207170-00459
http://www.ncbi.nlm.nih.gov/pubmed/22801674
http://doi.org/10.1007/s13402-016-0268-6
http://www.ncbi.nlm.nih.gov/pubmed/26790878


Cancers 2022, 14, 4773 16 of 17

5. Hugosson, J.; Roobol, M.J.; Månsson, M.; Tammela, T.L.J.; Zappa, M.; Nelen, V.; Nalen, V.; Kwiatkowski, M.; Luja, M.; Carlsson,
S.V.; et al. A 16-yr follow-up of the European Randomized Study of Screening for Prostate Cancer. Eur. Urol. 2019, 76, 43–51.
[CrossRef] [PubMed]

6. Descotes, J.L. Diagnosis of prostate cancer. Asian J. Urol. 2019, 6, 129–136. [CrossRef]
7. Ross, J.S.; Sheehan, C.E.; Dolen, E.M.; Kallakury, B.V. Morphologic and molecular prognostic markers in prostate cancer. Adv.

Anat. Pathol. 2002, 9, 115–128. [CrossRef]
8. Glaessgen, A.; Jonmarker, S.; Lindberg, A.; Nilsson, B.; Lewensohn, R.; Ekman, P.; Valdman, A.; Egevad, V.L. Heat shock proteins

27, 60 and 70 as prognostic markers of prostate cancer. APMIS 2008, 116, 888–895. [CrossRef]
9. Beere, H.M. The stress of dying: The role of heat shock proteins in the regulation of apoptosis. J. Cell Sci. 2004, 117, 2641–2651. [CrossRef]
10. Beere, H.M. Stressed to Death: Regulation of Apoptotic Signaling Pathways by the Heat Shock Proteins. Sci. Signal. 2001,

93, re1. [CrossRef]
11. Lindquist, S.; Craig, E.A. The heat shock proteins. Annu. Rev. Genet. 1988, 22, 631–677. [CrossRef]
12. Mc Claren, M.; Isseroff, R.R. Dynamic changes in intracellular localization and isoforms of the 27-kD stress protein in human

keratinocytes. J. Investig. Dermatol. 1994, 102, 375–381. [CrossRef]
13. Arts, H.J.G.; Hollema, H.; Lemstra, W.; Willemse, P.H.B.; De Vries, E.G.; Kampinga, H.H.; Van der Zee, A.G.J. Heat-shock-

protein-27 (hsp27) expression in ovarian carcinoma: Relation in response to chemotherapy and prognosis. Int. J. Cancer 1999,
84, 234–238. [CrossRef]

14. Lebret, T.; Watson, R.W.; Fitzpatrick, J.M. Heat shock proteins: Their role in urological tumors. J. Urol. 2003, 169, 338–346. [CrossRef]
15. Wei, L.; Liu, T.T.; Wang, H.H.; Hong, H.M.; Yu, A.L.; Feng, H.P.; Chang, W.W. Hsp27 participates in the maintenance of

breast cancer stem cells through regulation of epithelial–mesenchymal transition and nuclear factor-κB. Breast Cancer Res. 2011,
13, R101. [CrossRef]

16. Huang, Q.; Ye, J.; Huang, Q.; Chen, W.; Wang, L.; Lin, W.; Lin, J.; Lin, X. Heat shock protein 27 is over-expressed in tumor tissues
and increased in sera of patients with gastric adenocarcinoma. Clin. Chem. Lab. Med. 2010, 48, 263–269. [CrossRef]

17. Mizutani, H.; Okano, T.; Minegishi, Y.; Matsuda, K.; Sudoh, J.; Kitamura, K.; Noro, R.; Soeno, C.; Yoshimura, A.; Seike, M.; et al.
HSP27 modulates epithelial to mesenchymal transition of lung cancer cells in a Smad-independent manner. Oncol. Lett. 2010,
1, 1011–1016. [CrossRef]

18. Tweedle, E.M.; Khattak, I.; Wee Ang, C.; Nedjadi, T.; Jenkins, R.; Park, B.K.; Kalirai, H.; Dodson, A.; Azadeh, B.; Terlizzo,
M.; et al. Low molecular weight heat shock protein HSP27 is a prognostic indicator in rectal cancer but not colon cancer. Gut 2010,
59, 1501–1510. [CrossRef]

19. Rocchi, P.; So, A.; Kojima, S.; Signaevsky, M.; Beraldi, E.; Fazli, L.; Hurtado-Coll, A.; Yamanka, K.; Gleave, M.E. Heat shock protein
27 increases after androgen ablation and plays a cytoprotective role in hormone refractory prostate cancer. Cancer Res. 2004,
64, 6595–6602. [CrossRef]

20. Shiota, M.; Bishop, J.L.; Nip, K.M.; Zardan, A.; Takeuchi, A.; Cordonnier, T.; Beraldi, E.; Bazov, J.; Fazli, L.; Chi, K.; et al.
Hsp27 regulates epithelial mesenchymal transition, metastasis, and circulating tumor cells in prostate cancer. Cancer Res. 2013,
73, 3109–3119. [CrossRef]

21. Zhang, Y.; Tao, X.; Jin, G.; Jin, H.; Wang, N.; Hu, F.; Luo, Q.; Shu, H.; Zhao, F.; Yao, M.; et al. Targetable Molecular Chaperone
Hsp27 Confers Aggressiveness in Hepatocellular Carcinoma. Theranostics 2016, 6, 558–570. [CrossRef]

22. Vargas-Roig, L.M.; Fanelli, M.A.; Lopez, L.A.; Gago, F.E.; Tello, O.; Aznar, J.C.; Ciocca, D.R. Heat shock proteins and cell
proliferation in human breast cancer biopsy samples. Cancer Detect. Prev. 1997, 21, 441–451.

23. Ono, A.; Kumai, T.; Koizumi, H.; Nishikawa, H.; Kobayashi, S.; Tadokoro, M. Overexpression of heat shock protein 27 in
squamous cell carcinoma of the uterine cervix: A proteomic analysis using archival formalin-fixed, paraffin-embedded tissues.
Hum. Pathol. 2009, 40, 41–49. [CrossRef]

24. Cherif, C.; Nguyen, D.T.; Paris, C.; Le, K.T.; Thibaud, S.; Carbuccia, N.; Finetti, P.; Chaffanet, M.; El Kaoutari, A.; Vernerey,
J.; et al. Menin inhibition suppresses castration-resistant prostate cancer and enhances chemosensitivity. Oncogene 2022,
41, 125–137. [CrossRef]

25. Rocchi, P.; Jugpal, P.; So, A.; Sinneman, S.; Ettinger, S.; Fazli, L.; Nelson, C.; Gleave, M. Small interference RNA targeting
heat-shock protein 27 inhibits the growth of prostatic cell lines and induces apoptosis via caspase-3 activation in vitro. BJU Int.
2006, 98, 1082–1089. [CrossRef]

26. Chandrasekharappa, S.C. Positional Cloning of the Gene for Multiple Endocrine Neoplasia-Type 1. Science 1997, 276, 404–407. [CrossRef]
27. Balogh, K.; Rácz, K.; Patócs, A.; Hunyady, L. Menin and its interacting proteins: Elucidation of menin function. Trends Endocrinol.

Metab. 2006, 17, 357–364. [CrossRef]
28. Yokoyama, A.; Somervaille, T.C.P.; Smith, K.S.; Rozenblatt-Rosen, O.; Meyerson, M.; Cleary, M.L. The Menin Tumor Suppressor

Protein Is an Essential Oncogenic Cofactor for MLL-Associated Leukemogenesis. Cell 2005, 123, 207–218. [CrossRef]
29. Xu, B.; Li, S.H.; Zheng, R.; Gao, S.B.; Ding, L.H.; Yin, Z.Y.; Jin, G.H. Menin promotes hepatocellular carcinogenesis and

epigenetically up-regulates Yap1 transcription. Proc. Natl. Acad. Sci. USA 2013, 110, 17480–17485. [CrossRef]
30. Busygina, V.; Bale, A.E. Multiple endocrine neoplasia type 1 (MEN1) as a cancer predisposition syndrome: Clues into the

mechanisms of MEN1-related carcinogenesis. Yale. J. Biol. Med. 2006, 79, 105–114.

http://doi.org/10.1016/j.eururo.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/30824296
http://doi.org/10.1016/j.ajur.2018.11.007
http://doi.org/10.1097/00125480-200203000-00003
http://doi.org/10.1111/j.1600-0463.2008.01051.x
http://doi.org/10.1242/jcs.01284
http://doi.org/10.1126/stke.2001.93.re1
http://doi.org/10.1146/annurev.ge.22.120188.003215
http://doi.org/10.1111/1523-1747.ep12371798
http://doi.org/10.1002/(SICI)1097-0215(19990621)84:3&lt;234::AID-IJC6&gt;3.0.CO;2-9
http://doi.org/10.1016/S0022-5347(05)64123-7
http://doi.org/10.1186/bcr3042
http://doi.org/10.1515/CCLM.2010.043
http://doi.org/10.3892/ol.2010.190
http://doi.org/10.1136/gut.2009.196626
http://doi.org/10.1158/0008-5472.CAN-03-3998
http://doi.org/10.1158/0008-5472.CAN-12-3979
http://doi.org/10.7150/thno.14693
http://doi.org/10.1016/j.humpath.2008.06.010
http://doi.org/10.1038/s41388-021-02039-2
http://doi.org/10.1111/j.1464-410X.2006.06425.x
http://doi.org/10.1126/science.276.5311.404
http://doi.org/10.1016/j.tem.2006.09.004
http://doi.org/10.1016/j.cell.2005.09.025
http://doi.org/10.1073/pnas.1312022110


Cancers 2022, 14, 4773 17 of 17

31. Keo, Y.; Sakurai, A.; Suzuki, R.; Zhang, M.X.; Koizumi, S.; Takeuchi, Y.; Yumita, W.; Nakayama, J.; Hachisume, K. Proliferation-
Associated Expression of the MEN1 Gene as Revealed by In Situ Hybridization: Possible Role of the Menin as a Negative
Regulator of Cell Proliferation under DNA Damage. Lab. Investig. 2000, 80, 797–804. [CrossRef]

32. Kim, Y.S.; Burns, A.L.; Goldsmith, P.K.; Heppner, C.; Park, S.Y.; Chandrasekharappa, S.C.; Collins, F.S.; Spiegel, A.M.; Marx, S.J.
Stable overexpression of MEN1 suppresses tumorigenicity of RAS. Oncogene 1999, 18, 5936–5942. [CrossRef]

33. Brennan, P. Breast cancer risk in MEN1-a cancer genetics perspective. Clin. Endocrinol. 2014, 82, 327–229. [CrossRef] [PubMed]
34. Paris, P.L.; Sridharan, S.; Hittelman, A.B.; Kobayashi, Y.; Perner, S.; Huang, G.; Simko, J.; Carroll, P.; Rubin, M.A.; Collins, C. An

oncogenic role for the multiple endocrine neoplasia type 1 gene in prostate cancer. Prost Cancer Prostat. Dis. 2008, 12, 184–191.
[CrossRef] [PubMed]

35. Rozet, F.; Mongiat-Artus, P.; Beauval, J.B.; Beuzeboc, P.; Cormier, L.; Fromont-Hankard, G.; Mathieu, R.; Ploussard, G.;
Renard-Penna, R.; Brenot-Rossi, I.; et al. French ccAFU guidelines-update 2020–2022: Prostate cancer. Prog. Urol. 2020,
30, S136–S251. [CrossRef]

36. Schroder, F.H.; Hugosson, M.J.; Roobol, T.L.; Tammela, S.; Ciatto, V.; Nelen, M.; Kwiatkowski, M.; Lujan, H.; Lilja, M.; Zappa,
L.J.; et al. ERSPC Investigators, Screening and prostate-cancer mortality in a randomized European study. N. Engl. J. Med. 2009,
360, 1320–1328. [CrossRef]

37. Kim, J.Y.; Yu, J.H.; Sung, L.H.; Cho, D.Y.; Kim, H.J.; Yoo, S.J. Usefulness of the prostate health index in predicting the presence and
aggressiveness of prostate cancer among Korean men: A prospective observational study. BMC Urol. 2021, 21, 131–141. [CrossRef]

38. Margolis, E.; Brown, G.; Partin, A.; Carter, B.; Mc Kiernan, J.; Tutrone, R.; Torkler, P.; Fischer, C.; Tadigotla, V.; Noerholm, M.; et al.
Predicting high-grade prostate cancer at initial biopsy: Clinical performance of the ExoDx (EPI) Prostate Intelliscore test in three
independent prospective studies. Prostate Cancer Prostatic Dis. 2021, 25, 296–301. [CrossRef]

39. Ujike, T.; Uemura, M.; Kawashima, A.; Nagahara, A.; Fujita, K.; Miyagawa, Y.; Nonomura, N.A. Novel model to predict positive
prostate biopsy based on serum androgen level. Endocr.-Relat. Cancer 2018, 25, 59–67. [CrossRef]

40. Zhenrong, Z.; Bai, H.; Hu, L.; Kong, D.; Li, G.; Zhao, C.; Feng, L.; Cheng, S.; Shou, J.; Zhang, W.; et al. Improving the diagnosis of
prostate cancer by telomerase-positive circulating tumor cells: A prospective pilot study. E Clin. Med. 2022, 43, 101161. [CrossRef]

41. Grolmusz, V.K.; Borka, K.; Kövesdi, A.; Németh, K.; Balogh, K.; Dékány, C.; Kiss, A.; Szentpéteri, A.; Sármán, B.; Somogyi,
A.; et al. MEN1 mutations and potentially MEN1-targeting miRNAs are responsible for menin deficiency in sporadic and MEN1
syndrome-associated primary hyperparathyroidism. Virchows Arch. 2017, 471, 401–411. [CrossRef]

42. Dreijerink, K.M.A.; Goudet, P.; Burgess, J.R.; Valk, G.D. Breast-Cancer Predisposition in Multiple Endocrine Neoplasia Type 1. N.
Engl. J. Med. 2014, 371, 583–584. [CrossRef]

43. Lexander, H.; Palmberg, C.; Auer, G.; Hellstrom, M.; Franzen, B.; Jornvall, H.; Ejovad, L. Proteomic analysis of protein expression
in prostate cancer. Anal. Quant. Cytol. Histol. 2005, 27, 263–272.

44. Mandrekar, J.N. Receiver Operating Characteristic Curve in Diagnostic Test Assessment. J. Thorac. Oncol. 2010, 5, 1315–1316. [CrossRef]
45. Zimmermann, M.; Nickl, S.; Lambers, C.; Hacker, S.; Mitterbauer, A.; Hoetzenecker, K.; Rozsas, A.; Ostoros, G.; Laszlo, V.;

Hofbauer, H. Discrimination of clinical stages in non-small cell lung cancer patients by serum HSP27 and HSP70: A multi-
institutional case–control study. Clin. Chim. Acta 2012, 413, 1115–1120. [CrossRef]

46. Haider, T.; Simader, E.; Glück, O.; Ankersmit, H.J.; Heinz, T.; Hajdu, S.; Negrin, L.L. Systemic release of heat-shock protein 27 and
70 following severe trauma. Sci. Rep. 2019, 9, 9595–9602. [CrossRef]

47. Wang, X.; Shi, J.; Lu, B.; Zhang, W.; Yang, Y.; Wen, J.; Hu, R.; Zhen Yang, Z.; Wang, X. Circulating heat shock protein 27 as a novel
marker of subclinical atherosclerosis in type 2 diabetes: A cross-sectional community-based study. BMC Cardiovas. Disord. 2020,
20, 198–206. [CrossRef]

48. van Gils, M.P.M.Q.; Hessels, D.; van Hooij, O.; Jannink, S.A.; Peelen, W.P.; Hanssen, S.L.J.; Witjes, J.A.; Cornel, E.B.; Karthaus,
H.F.M.; Smits, G.A.H.J.; et al. TheTime-Resolved Fluorescence-Based PCA3 Test on Urinary Sediments after Digital Rectal
Examination; a Dutch Multicenter Validation of the Diagnostic Performance. Clin. Cancer Res. 2007, 13, 939–943. [CrossRef]

49. Iwamoto, H.; Izumi, K.; Kadono, Y.; Mizokami, A. Prognosis of patients with prostate cancer and middle range prostate—Specifi
c antigen levels of 20–100 ng/mL. Int. Braz. J. Urol. 2019, 45, 61–67. [CrossRef]

50. Bechis, S.K.; Carroll, P.R.; Cooperberg, M.R. Impact of age at diagnosis on prostate cancer treatment and survival. J. Clin. Oncol.
2011, 29, 235–241. [CrossRef]

51. Brassell, S.A.; Rice, K.R.; Parker, P.M.; Chen, Y.; Farrell, J.S.; Cullen, J.; McLeod, D.G. Prostate cancer in men 70 years old or older,
indolent or aggressive: Clinicopathological analysis and outcomes. J. Urol. 2011, 185, 132–137. [CrossRef]

52. Rocchi, P.; Beraldi, E.; Ettinger, S.; Fazli, L.; Vessella, R.L.; Nelson, C.; Gleave, M. Increased Hsp27 after Androgen Ablation
Facilitates Androgen Independent Progression in Prostate Cancer via Signal Transducers and Activators of Transcription
3–Mediated Suppression of Apoptosis. Cancer Res. 2005, 65, 11083–11093. [CrossRef]

http://doi.org/10.1038/labinvest.3780084
http://doi.org/10.1038/sj.onc.1203005
http://doi.org/10.1111/cen.12614
http://www.ncbi.nlm.nih.gov/pubmed/25279812
http://doi.org/10.1038/pcan.2008.45
http://www.ncbi.nlm.nih.gov/pubmed/18779856
http://doi.org/10.1016/S1166-7087(20)30752-1
http://doi.org/10.1056/NEJMoa0810084
http://doi.org/10.1186/s12894-021-00897-2
http://doi.org/10.1038/s41391-021-00456-8
http://doi.org/10.1530/ERC-17-0134
http://doi.org/10.1016/j.eclinm.2021.101161
http://doi.org/10.1007/s00428-017-2158-3
http://doi.org/10.1056/NEJMc1406028
http://doi.org/10.1097/JTO.0b013e3181ec173d
http://doi.org/10.1016/j.cca.2012.03.008
http://doi.org/10.1038/s41598-019-46034-w
http://doi.org/10.1186/s12872-020-01456-7
http://doi.org/10.1158/1078-0432.CCR-06-2679
http://doi.org/10.1590/s1677-5538.ibju.2018.0143
http://doi.org/10.1200/JCO.2010.30.2075
http://doi.org/10.1016/j.juro.2010.09.014
http://doi.org/10.1158/0008-5472.CAN-05-1840

	Introduction 
	Materials and Methods 
	Patient Population 
	Quantification of Serum HSP27 and Menin 
	Tissue HSP27 and Menin Expression 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Quantification of Serum HSP27 and Menin 
	Tissue HSP27 and Menin Expression 
	Correlation between Serum and Tissue HSP27 and Menin Expression 
	Correlation between HSP27 and Menin 
	FCA of Clinical Parameters of Studied Population 
	ROC and Survival Analysis 

	Discussion 
	Conclusions 
	References

