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Abstract

Background: Prostate cancer (PC) incidence has risen
globally. As there are no current independent biomarkers
with high diagnostic efficiency to detect PC, this study
was performed to investigate the relative gene expression
levels of E2F3 and survivin in the whole blood of PC,
benign prostate hyperplasia (BPH), and normal control
individuals and to explore their diagnostic value.
Material and methods: Participants of the study were
divided into three groups; normal control group (n=25),
BPH patients (n=25), and PC patients (n=75). The E2F3 and
survivin gene expression levels were assessed using real-
time qPCR in addition to the measurement of free and total
levels of prostate-specific antigen (PSA) using electro-
chemiluminescence assays.
Results: Survivin relative gene expression was over-
expressed in PC and BPH patients compared to the
normal control group, whereas, E2F3 did not differ signif-
icantly among the studied groups. Compared to PSA, E2F3
and survivinmRNA expression levels had lower diagnostic
efficacy to differentiate PC from normal and BPH in-
dividuals with an area under curve (AUC) of 0.471 and
0.727, respectively. Further, survivin expression level was
associated with increased the risk of PC.

Conclusion: Survivin and E2F3 relative expression levels in
peripheral blood had low diagnostic performance to detect
PC and individuals with high survivin expression levels
may have higher risk to develop PC.

Keywords: E2F3; prostate cancer; prostate-specific antigen
(PSA); survivin.

Öz

Amaç: Prostat kanseri insidansı global olarak artmaktadır.
Prostat kanserini saptayacak yüksek tanısal etkinlikte
güncel bağımsız biyobelirteçler olmaması nedeniyle, bu
çalışma E2F3 ve survivin genlerinin göreceli ekspresyon
düzeylerinin tam kanda benign prostat hiperplazisi (BPH),
prostat kanseri (PC) ve normal kontrollerde incelenmesi
amacıyla yapılmıştır.
Gereç ve Yöntem: Katılımcılar normal kontrol (n=25), BPH
hastaları (n=25) ve PC hastalrı olarak üç gruba ayrılmıştır.
E2F3 ve surviving gen ekspresyonları gerçek zamanlı qPCR
yöntemiyle, serbest ve total prostat spesifik antijen (PSA)
düzeyleri ise elektrokemilüminesans yöntemi ile
ölçülmüştür.
Bulgular: Survivin geminin ekspresyonu PC ve BPH has-
talarında normal kontrollere göre artmış bulunup, E2F3
gen ekspresyonunda çalışma grupları arasında anlamlı
fark bulunamamıştır PSA ile kıyaslandığında, E2F3 ve
surviving mRNA ekspresyon düzeylerinin PC hastalarını
normal kontrol ve BPH hastalarından ayırıcılığının düşük
tanısal etkinliği olduğu sırasıyla AUC değerlerinin 0,727
ve 0,471 bulunması ile gösterilmiştir. Ayrıca, survivin
ekspresyon düzeyinin prostat kanseri riskini arttırdığı
gösterilmiştir.
Sonuç: Survivin ve E2F3 genlerinin periferik kandaki
göreceli ekspresyon düzeyleri prostat kanserinin saptan-
masında düşük tanısal performanslıdır ve yüksek survivin
ekspresyon düzeyleri olan bireylerde prostat kanseri gel-
işme riski daha yüksektir.
Anahtar kelimeler: E2F3; prostat kanseri; survivin.
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Introduction

Prostate cancer (PC) is ranked as the fifth leading cause of
cancer mortality in men; it is diagnosed in 1.6 million
subjects and causes the death of 366 thousand patients per
year [1, 2]. In Egypt, PC age-standardized incidence rate
(ASIR) was 9.5/100,000, while age-standardized mortality
rate (ASMR) was 4.3/100,000 [3, 4].

Prostate-specific antigen (PSA) seems to be a useful
marker for staging and monitoring PC, however, it lacks
specificity thus an invasive procedure involving multiple
biopsies examination is needed for histological confirma-
tion of the disease [5, 6]. Recent studies evaluated new
biomarkers to non-invasively detect PC including ghrelin-
O-acyl transferase (GOAT) which was elevated in PC urine
and plasma samples, and engrailed variant-2 (EN2) which,
compared to control samples, was found to be increased in
PC tissues and tumor cell lines. Additionally, neuroendo-
crine marker level was higher in serum samples of PC pa-
tients, while both homeobox C6 (HOXC6) and distal-less
homeobox1 (DLX1) were associated with PC grade [7–10].

PC stages are correlated with various molecular mecha-
nisms [11]. Much attempt has recently beenmade to find new
genes that could serve as crediblemarkers for early diagnosis
and prognosis as well as prospective therapeutic targets.

E2F3 is a transcriptional activator belonging to the E2F
family, which activates the growth-promoting genes
necessary for the progression of the cell cycle. During
normal cell division, cyclin-dependent kinases (CDKs)
phosphorylates retinoblastoma protein (pRB) and prevent
its binding to E2F, therefore, the mutation of RB1 gene re-
sults in non-functional pRB which leads in turn to an in-
crease in the free E2F throughout the cell cycle causing
constitutive expression of growth-promoting genes. Any
down-regulation of the E2F pathway surveillance is thus
considered an essential step in the development of cancer,
illustrating why E2F appears to be a main regulator of a
normal cell cycle [12, 13].

Over-expression of E2F3was found in about two-thirds
of human PC samples with a worse overall survival rate in
patients with high E2F3 expression than those with lower
expression levels [14, 15].

E2F3 could bind to the promoter of survivin causing its
transcription [16]. Survivin is a member of the family of
apoptosis inhibitors (IAP) that is found in most human tu-
mors and has many roles in malignancy, immunity, and
differentiation, and is essential for homeostasis, and T-cell
maturation and proliferation at different development
stages [16–19]. Moreover, survivin induces molecular pro-
cesses concerning the inflammation process in extracellular

fluids by binding to leukocytes where it contributes to the
activation of the latter [20]. Further, survivin has roles in
cancer immunity as it can act as a tumor-associated antigen
or modulate the immune environment to permit tumor
growth [17]. In addition, survivin was suggested to have a
major role in cell cycle stimulation [21]. Thus, survivin was
viewed as a possibly significant therapeutic target because
of its elevated expression in most human cancers and its
roles in promoting cell proliferation [22].

Since E2F3 and survivin gene expression in the pe-
ripheral blood of PC patients had not been systematically
studied before, this study was performed to evaluate the
relative expression of these genes in peripheral blood of PC
patients as well as their diagnostic efficacy to detect the
presence of the disease.

Material and methods

Patients

Seventy-five patients suffered froma histologically, and radiologically
proven PC and did not receive any medical or surgical therapeutic
intervention, in addition to 25 patients with benign prostate hyper-
plasia (BPH) were recruited from the medical oncology clinic at the
National Cancer Institute (NCI), Cairo University from December 2017
to September 2018. Twenty-five volunteers were included as a normal
control group. Patients who received any line of treatment, and those
with pathologies other than adenocarcinoma were excluded.

Informed written consent was obtained from all participants
included in the study. This work was performed according to the
declaration of Helsinki for experiments involving humans, and the
study protocol was approved by the institutional review board of NCI
(Organization no. IORG0003381) under IRB number of IRB00004025
with a Federal Wide Assurance (FWA) number of FWA00007284 and
approval number of 201617029.4

Seven milliliters of 12 h fasting venous blood samples were
collected from all subjects andwere aseptically divided into two parts;
the first was collected on EDTA contained tubes and was used for
molecular analyses while the second was collected on plain vacu-
tainer tubes, left to clot and centrifuged at 1000×g for 5 min to obtain
sera for biochemical analyses.

Biochemical analyses

Total and free PSA were quantitatively determined by Elecsys dual
monoclonal antibody Sandwich assays (Roche Diagnostics) based
on electrochemiluminescence technology. Low detection limits were
0.011 ng/mL and 0.018 ng/mL for total and free PSA, respectively.
The intra- and inter-assay coefficient of variation (CV) for total PSA
assay were 2.62 and 2.94% respectively while they were 1.38 and
4.1% for free PSA assay. The reactions were performed on Cobas
e411 analyzer (Roche Diagnostics, IN, USA). PSA ratio was then
calculated as free PSA/total PSA.
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Molecular analyses

Mononuclear cells including lymphocytes, andmonocytes in addition
to circulating tumor cells were isolated from the whole blood using
Ficoll-Paque™ density gradient media (GE Healthcare UK Ltd, Buck-
inghamshire, UK), cells were resuspended in phosphate buffered sa-
line (pH 7.4), and finally, RNA was extracted from the cell suspension
usingQIAampRNABloodMiniKit (Cat no. 52304,Qiagen) according to
manufacturer’s instructions. Spectrophotometric determination of
RNA purity and concentration was made at 260 and 280 nm.

QuantiTect® Reverse Transcription Kit (Cat no. 205311, Qia-
gen) was used to reversely transcribe total RNA and to synthesize
the first cDNA strand. Firstly, genomic DNA was removed by using
entire genomic DNA elimination mixture that consisted of 2 μL of
7x genomic DNA Wipeout Buffer and one μg of template RNA; the
volume was then completed to 14 μL with RNase-free water. The
mixture was incubated at 42 °C for 10 min then the reverse tran-
scription was carried out in a reaction mixture (20 μL) containing
the elimination mixture, 4 μL of 5x Quantiscript RT Buffer, 1 μL of
RT Primer Mix, and 1 μL of Quantiscript Reverse Transcriptase.

QuantiTect® Primer Assays for E2F3, and survivin (Cat no.
QT00081186, and QT02451946, respectively; Qiagen) were used for
real-time reactions in a final volume of 25 μL with 2 μL of cDNA as a
template, 2.5 μL 10x QuantiTect® primer assay, 12.5 μL 2x Quanti-
Tect SYBR ® green PCR master mix (Qiagen) and 8 μL of RNase-free
water. The PCR cycles were as follows: 15 min for initial denatur-
ation at 95 °C, followed by 45 amplification cycles of 15 s for
denaturation at 95 °C, 30 s for annealing at 55 °C and 30 s for
extension at 72 °C. MicroAmp® fast optical plate with MicroAmp®
optical adhesive film (Applied Biosystems) was used for PCR reac-
tion. The plate was loaded into the PCR system in Step One Real-
Time device (Applied Biosystems, CA, USA). The melting curve an-
alyses of all real-time PCR yields were conducted and shown to
produce a single DNA duplex. 2−ΔΔCt method was used for quantitative
calculations [23]. The expression of mRNAs was normalized to the
expression of β-actin (Cat no. QT00095431) purchased from Qiagen
(Hilden, Germany).

Statistical analysis

Data analysis was implemented by using IBM SPSS advanced statistics
version 25 (IBM Corp, NY, US). For categorical data, the descriptive
measures were presented in frequencies and percentages. For quanti-
tative data, Shapiro-Wilk test was performed to identify the type of data
distribution, normally distributed data were presented as mean ± SD
and non-normally distributed data as median and interquartile ranges
(25th and 75th percentile). Continuous variables were compared be-
tween groups using ANOVA followed by Tukey’s post hoc for multiple
comparisons or Kruskal-Wallis test followed byMann-WhitneyU test as
a post hoc formultiple comparisons as appropriate. Chi-square test was
performed to compare the differences between categorical variables.
Correlation between two variables was evaluated with Spearman’s rho
correlation analysis. Unconditional logistic regression analysis was
used to evaluate the strength of the association between E2F3, and
survivin relative expression levels and the susceptibility to PC. To
determine the diagnostic value of E2F3 as well as survivin relative
expression, receiver operating characteristic (ROC) curve analysis was
performed. Significant difference was considered when p-value <0.05.

Results

Basic features of the studied groups

Basic characteristics of the studied groups are shown in
Table 1. Compared to the control group,BPHandPCpatients
were older (p<0.001) with considerably high serum con-
centrations of total PSA (p=0.001, and p<0.001; respec-
tively) and free PSA (p<0.001) with a significant decreased
PSA ratio in cancer patients only (p=0.014). With respect to
gene expression levels, survivin showed a significant up-
regulation in peripheral blood of BPH and PC patients

Table : General characteristics of study population.

Control (n=) BPH (n=) PC (n=) p-Value between groups

Age, years . ± . . ± .a
. ± .a <.

Total PSA, ng/mL . (.–.) . (.–.)a .(.–)a, b <.
Free PSA, ng/mL . ± . . (.–.)a . (.–.)a, b <.
PSA ratio . (.–.) . ± . . (.–.)a, b <.
Relative gene expression of EF . (.–.) . (.–.) . (.–.) .
Relative gene expression of survivin . ± . . (.–.)a . (.–.)a, b <.
Gleason score
<  (.%)
≥  (.%)
Tumor’s localization
Localized  (%)
metastatic  (%)

Data are expressed as mean ± SD for Gaussian data, median (interquartile range) for non-Gaussian data, and frequency (percentage) for
categorical data.
BPH,Benignprostate hyperplasia; PC, Prostate cancer; PSA, Prostate-specific antigen. Inmultiple comparisons, ap<. vs. control, and bp<.
vs. BPH.
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compared to controls (p=0.016, and p<0.001; respectively).
On the other hand, E2F3 showed only a borderline signifi-
cant down-regulation in BPH patients (p=0.05) with no
significant difference in cancer patients (p=0.247).

PC patients exhibited significantly elevated levels of
serum total PSA and free PSA (p<0.001) with a significant
decrease in the PSA ratio (p<0.001) in comparison with BPH
patients. In contrast, they were age-matched with BPH pa-
tients and showed no significant difference regarding gene
expression levels of E2F3 (p=0.765), and survivin (p=0.086).
Almost half of the cancer patients suffered frommetastasized
tumors, and more than 70% had a high Gleason score (≥7).

Correlation between relative expression of
E2F3, survivin, and the studied parameters

In BPH group, positive significant correlations were found
between relative expression level of survivin and circu-
lating levels of both total and free PSA. In PC patients, a
positive significant correlation was observed between the
relative expression levels of E2F3 and survivin (Table 2).

Association of E2F3 and survivin mRNA
expression levels with the studied
parameters

PC patients were divided into two sub-groups (high vs low)
according to the median value of the relative gene
expression level. E2F3 gene expression did not associate

with any of the studied parameter. In contrast, PC patients
in the low survivin expression sub-group had lower free
PSA level and higher Gleason score than those in the high
expression sub-group (Table 3).

Potential relative risk factors among the
studied markers

Logistic regression analysis showed that older age,
elevated levels of both total and free PSA, high expression
of survivin in the peripheral blood, in addition to decreased
PSA ratio were associated with increasing the risk of PC
development, whereas expression level of E2F3 showed no
association (Table 4).

Efficacy of E2F3 and survivin gene expression
as potential diagnostic biomarkers for PC

Figure 1 illustrates the ROC curves of E2F3 and survivin
relative expression levels in addition to the concentrations
of total PSA, free PSA and PSA ratio. Survivin showed a
diagnostic value for PC with an area under curve (AUC) of
0.727 (95%CI: 0.639–0.815, p<0.001) at an optimum cut-off
point of 1.38 which could yield sensitivity and specificity of
65.30 and 62%, respectively. However, this ability was
lower than the diagnostic efficacy of PSA. On the other
hand, E2F3 relative expression in peripheral blood failed to
discriminate between patients with PC and those with BPH
and healthy individuals.

Table : Correlation analysis of the studied parameters with relative expression of EF and survivin genes in different groups.

Relative expression of EF gene

Control BPH PC

r p-Value r p-Value R p-Value

Age, years −. . −. . −. .
Total PSA, ng/mL . . . . −. .
Free PSA, ng/mL −. . . . −. .
PSA ratio −. . . . . .
Relative expression of survivin gene . . . . . .

Relative expression of survivin gene

Control BPH PC

r p-Value r p-Value R p-Value

Age, years . . . . . .
Total PSA, ng/mL . . . . −. .
Free PSA, ng/mL −. . . . −. .
PSA ratio −. . −. . −. .
Relative expression of EF gene . . . . . .

BPH, Benign prostate hyperplasia; PC, Prostate cancer; PSA, Prostate-specific antigen.
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Discussion

Because PC is considered as one of the most common non-
cutaneous malignancies, represents a major cause of cancer
fatality inmen, and is rarely symptomatic early in its course,
it is extremely critical to detect anddiagnose PC in its earliest
stages [24, 25]. Therefore, this study was designed to
examine the relative expression levels ofE2F3 and survivin in
the peripheral blood of PC patients and to test their diag-
nostic abilities as non-invasive biomarkers of PC occurrence.

In the current study, survivin was over-expressed in
peripheral blood of PCpatients in comparisonwith BPH and
control individualswhich seems tobe in linewith the results
of previous studies which reported an over-expression of
survivin in lung, colorectal, esophageal, and gastric

carcinomas peripheral blood [26–29]. Survivin has high
potential to be expressed in most types of human cancers
[21]. It is expressed and up-regulated in PC to protect the
tumor microenvironment against apoptosis and oxidative
stress-induced damage [30]. A gradual, but consistent, up-
surge of survivin expression from normal control prostate
samples to PC was observed when its expression was
compared between healthy, malignant prostate and lymph
node tissues using immunohistochemistry with the highest
expression found in metastatic lymph nodes [31, 32].

Survivin and E2F3 relative expression were positively
correlated in the PC group of this study. This could be
ascribed for the molecular link between survivin tran-
scription regulation and RB/E2F protein family that can be
proved by the interaction of both RB1 and retinoblastoma-
like protein 2 (p130) with the survivin promoter suppressing
the latter’s transcription. Moreover, E2F3 could stimulate
the transcription of survivin by binding to its promoter [16].

Additionally, this work showed that survivin expression
might be a risk factor for the occurrence of PCwhich appears to
be consistent with the results of Gunaldi et al., who revealed
that individuals with high survivin expression in serum are 4.2
times more susceptible to develop cancer [29]. Moreover, the
results of the present study shows that survivin relative
expression had diagnostic value for PC consistent with the re-
sults of previous studieswhich showed that survivin levelswere
higher in malignant pleural effusion (MPE) patients than non-
MPE patients with a sensitivity of 57.5% and using its level in
urine to detect bladder cancer yielded 64% sensitivity [33, 34].

Regarding E2F3, there was no significant difference in
its relative expression level in peripheral blood between the

Table : Association of EF and survivin expression levels with the studied parameters in PC group.

EF expression Survivin expression

High expression (n=) Low expression (n=) p-Value High expression (n=) Low expression (n=) p-Value

Total PSA, ng/mL
<  (.)  (.) .  (.)  (.) .
–  (.)  (.)  (.)  (.)
>  ()  (.)  (.)  (.)
Free PSA, ng/mL
>.  (.)  (.) .  (.)  (.) .
<.  (.)  (.)  (.)  (.)
PSA ratio
>.  ()  (.) .  (.)  (.) .
<.  ()  (.)  (.)  (.)
Gleason score
<  (.)  (.) .  (.)  (.) .
≥  (.)  (.)  (.)  (.)
Distant metastasis
Present  (.)  (.) .  (.)  (.) .
Absent  (.)  (.)  (.)  (.)

Data are expressed as frequency (percentage). PC, Prostate cancer; PSA, Prostate-specific antigen.

Table : Logistic regression analysis for potential relative risk fac-
tors for prostate cancer (PC).

OR % CI p-Value

Lower
bound

Upper
bound

Age, Years . . . <.
Total PSA, ng/mL . . . <.
Free PSA, ng/mL . . . <.
PSA ratio .  . .
Relative gene expression

of EF
. . . .

Relative gene expression
of survivin

. . . .

OR, Odds ratio; %CI, % Confidence interval; PSA, Prostate-
specific antigen.
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groups. In contrast, Foster et al. [14] detected high levels of
E2F3 in 67%of human PC tissues. Additionally, Olsson et al.
[35] showed that E2F3 was over-expressed in prostate and
bladder tissues. This contradiction may be due to different
sample types, demographic characteristics or techniques
used in the gene measurement. Furthermore, the current
work disclosed that the expression of E2F3 in the peripheral
blood was not related with PC predisposition.

There is a debate about the diagnostic efficiency of
total PSA in detecting PC, although several studies
revealed that total PSA has high sensitivity but lacks
specificity [36–38], Holmström et al. [39] revealed that total
PSA have low sensitivity and high specificity. Furthermore,
there is an argument about the diagnostic efficiency of PSA
ratio; some studies revealed that PSA ratio enhance
sensitivity and specificity for PC diagnosis than that of total
PSA [40, 41], on the other hand, Huang et al. [42] and
Thakur et al. [43] suggested that PSA ratio lacks the effi-
ciency to diagnose PC. This concurs with results of the
present study which showed that PSA ratio had the lowest
diagnostic efficacy compared to total and free PSA levels.

In conclusion, survivin expressionmight be considered
as a risk factor for the development of PC. Moreover, both

survivin and E2F3 have lower diagnostic efficiency than
PSA in discriminating patientswith PC. PSA is still themost
sensitive and specific non-invasive biomarker to detect PC
compared to the studied markers.
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