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Abstract

Purpose We aimed to investigate if the type 5 phosphodiesterase (PDES), an enzyme with cardinal biological functions in
sexual and cardiovascular health, can be detected and quantited in human serum.

Methods Blood samples were collected from control male and female subjects. PDES levels were measured by a specific
ELISA kit. ROC curves weighted for age and serum levels of PSA (male subjects), or age (female subjects) were used to
identify the predictive ability in the detection of PCa. Sensitivity, specificity, PPV and NPV values were determined for cut-
off value determined during ROC curve analysis.

Results 41 control male subjects, 18 control female subjects, and 55 consecutive subjects, of which 25 were affected by
benign prostatic hypertrophy (BPH) and 30 with histologically confirmed prostate cancer (PCa), were studied. PDES serum
levels were detectable in all subjects (range: 5 to 65 ng/ml). Analysis by MANCOVA identified a significant difference in
serum PDES5 between control subjects or hyperplasia patients and PCa patients. Marginal means of serum PDES concentra-
tions showed a significant difference (p < 0.001). The ROC curve demonstrated that PDES serum levels can predict men with
or without PCa, with 0.806 AUC value (p <0.0001). Using a 12.705 ng/ml PDES serum cut-off yielded sensitivity, speci-
ficity, PPV, and NPV of 83.3%, 77.27%, 62.5%, and 91.1% in detecting men with histologically proven PCa, respectively.
Conclusions We demonstrated, for the first time, that PDES levels can be detected in human sera and that PCa patients
have significantly higher PDES concentration compared to BPH patients or male and female controls. While serum PDES
level measurement may open new research avenues, the clinical relevance of PDES levels in PCa patients deserves further
investigation.
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Interestingly, in human prostate gland, PDES expression
has been localized both in the fibromuscular stroma and in
the glandular structures [7]. This has been confirmed in rats,
where a lobe-specific expression of PDES has been identi-
fied, with the dorsal lobe expressing lower levels compared
to ventral or lateral lobes and with the predominant PDES
expression site being the acinar wall, and not the blood ves-
sel wall as in other tissues [8]. PDES expression has also
been identified in several cancer types such as colon adeno-
carcinoma, esophageal, bladder squamous carcinoma, met-
astatic breast, pancreatic, glioblastoma, lung, and prostate
(PCa) cancers as compared to adjacent normal tissues [4,
9-14] as well as in many cancer cells lines, including PCa
cell lines LNCaP and PC3 [15].

We demonstrated that PDES is highly expressed in BPH
stroma and in about 22% of prostatic adenocarcinomas, with
no direct correlation to tumor aggressivity [4]. Considering
the frequency of new cases and the death rate for prostate
cancer (0.112% and 0.02% per year, respectively, calculated
in the interval 2015-2020 [16]) it would be of great interest
to identify a molecular marker, apart from PSA, detectable
in human serum and positively correlating with PCa.

PDES subcellular localization has been shown to map to
centrosomes and to the endoplasmic reticulum/Golgi area
[2], suggesting that it could be potentially released in the
extracellular compartment.

Despite the pivotal role played by PDES in several car-
diovascular functions and despite its locoregional localiza-
tion in the tunica media of arterioles, data regarding the
possibility to dose this enzyme within the bloodstream are
currently not available. Hence, this study aimed to iden-
tify the presence of PDES in human sera. To this end, we
employed a commercially available specific ELISA KIT to
assay control subjects and BPH or PCa patients.

Materials and methods
Clinical samples

The 55 patients included in our study were recruited at the
urology center in Italy (Urological Clinic of the University
of Rome Tor Vergata, Italy). Clinical suspect of PCa was
based on abnormal PSA and/or suspect digital rectal exami-
nation (DRE). According to current guidelines, the serum
PSA concentration> 1 ng/mL or >2 ng/mL at 40 or 60
years, respectively, identified men at increased risk of hav-
ing clinically significant PCa. Diagnosis of PCa of various
Gleason scores was done in 30 according to the European
Urological Association guidelines [17], while in 25 subjects
the diagnosis, obtained according to the American Urologi-
cal Association guideline, was benign prostatic hyperplasia
(BPH) [18]. Forty-one male subjects attending the clinic for
various reasons but resulting negative for both BPH and PCa
after clinical, instrumental, and serological diagnosis, and
apparently healthy for other endocrine, urological and car-
diovascular diseases, were considered as controls. In detail,
none of the male participants had serum testosterone below
12.0 nmol/l, the threshold suggestive of hypogonadism, or
signs or symptoms usually associated with hypogonadism
[19]. To further reduce possible confounding factors, study
participants were also asked to abstain from using PDES5
inhibitors (PDES5i) in the two weeks prior to serum collec-
tion, although a down-regulation of PDES expression might
occur only following exposure to a remarkably high dos-
age of such drugs [20, 21]. Table 1 lists the demographic
characteristics of the three subsets of patients. Finally, blood
samples from 18 female subjects attending the clinic for
various, non-vascular reasons were used as control. This
study was approved by the local ethical committee. Written
informed consent was obtained from all patients.

PDE 5 and PSA serum measurement

Fresh blood samples were allowed to clot for two hours
at room temperature before centrifugation for 20 min at

Table 1 Characteristics of the studied population (males only). BPH: benign prostatic hyperplasia. PCa: prostatic cancer. G: Gleason score. *Bon-

ferroni corrected

Variable Controls BPH PCa P*
(N=41) (N=25) (N=30)

Age, year 63,2+/-13,2 64,7+/-8,9 71,2+/-8,5 0,009
(mean+/- SD)
PSA (ng/ml) 3,3+/-1,9 8,3+/-4,7 10,3+/-5,1 <0,001
(median+/- SD)
Gleason score G6: 10

G7: 11

G8:4

G9:3

G10:2
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approximately 1000 x g. Serum samples were aliquoted
and stored at -20 °C until the analysis. Serum PDE5 was
measured using the enzyme-linked immunoadsorbent assay
kit (ELISA) according to the manufacturer’s instruction
(Cloud-Clone Corp, Houston, TX, USA). The kit reportedly
has no significant cross-reactivity or interference between
PDES and its analogues, and has good coefficients of varia-
tion (CV) both for intra-assay and inter-assay (CV <10%
and CV < 12%, respectively). Briefly, 100 ul samples were
added per well in triplicate, and after having covered the
plate with the special slide, it was incubated for 2 h at 37 °C.
After three washes, avidin conjugated to horseradish per-
oxidase (HRP) was added to each well, and the plate was
incubated for 1 h at 37 °C. After a new cycle of washes,
TMB substrate solution was added to each well; only wells
containing PDES, biotin-conjugated antibody, and enzyme-
conjugated avidin exhibited a change in color. The enzyme-
substrate reaction was terminated by adding sulphuric acid
solution; the color change was measured using a microplate
reader set to 450 nm. Optical density values from the tripli-
cate readings were used to calculate, through interpolation
in a standard curve, PDES concentrations for each sample.

Statistical analysis

Because some of the variables we examined were positively
skewed and did not satisfy the criteria for normal distribu-
tion according to the Shapiro-Wilk test, continuous variables
were logarithmically transformed before all statistical tests
and then presented as mean and 95% Confidence Interval
(CI). Accordingly, continuous variable comparisons were
performed by multivariate analysis of covariance (MAN-
COVA) with age and PSA used as weighting variables. Dif-
ferences in categorical variables were compared with the
chi-square or Fisher’s exact test when appropriate. Pearson
correlation was used to measure the associations between
PDES5 serum values and PSA, Gleason Score, or age.
Receiver operating characteristic (ROC) curves weighted
for covariates were generated for PDES serum values to
determine the predictive ability of this marker in detecting
PCa. DeLong’s method for the calculation of the Standard
Error of the Area Under the Curve (AUC) was used. Sen-
sitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) values were determined
for a cut-off value determined during ROC curve analysis.
The area under a ROC curve represents the probability that
a randomly chosen diseased subject is (correctly) rated or
ranked with greater suspicion than a randomly chosen non-
diseased subject. A p value <0.05 was considered statisti-
cally significant.

Results

Type 5 phosphodiesterase was detected in the sera of all
the 114 subjects in this study (30 with histologically con-
firmed PCa, 25 with BPH, 41 control males, and 18 control
females).

Serum level of PDES was not statistically different
according to sex between the control subjects (Fig. 1). On the
contrary, in the male subset, the PDES5 serum level increased
in subjects with prostatic diseases (Fig. 2): the Scheffé test
for all pairwise comparisons showed statistically signifi-
cantly higher PDES levels only for PCa compared to both
BPH and male controls. A comparison between the group
without malignancy (No-PCa: male controls+BPH group)
and that of the group with PCa showed that the latter was
characterized by significantly higher serum levels of PDES
(Fig. 3). Interestingly, no correlation was found between
PDES serum values and age (r=-0.034 CI95% -0.307 to
0.24; p=0.81), serum PSA values (r=0.017; 95%CI -0.26
to 0.29; p=0.9) and Gleason score (-0.04; CI95% -0.41 to
0.34; p=0.84). Finally, the ROC curve analysis weighted for
age and serum PSA levels demonstrated a significant diag-
nostic ability of PDES in detecting men with PCa (Fig. 4A),
with a 0.806 AUC (95% CI: 0.712-0.879, p <0.0001). The
sensitivity analysis showed that for a PDES serum cut-off
value greater than 12.705 ng/mL an associate sensitivity,
specificity, PPV and NPV of 83.3%, 77.27%, 62.5%, and
91.1%, were observed in detecting men with histologically
proved PCa (Fig. 4B).

To measure the effects of several potential confounding
variables, all statistical tests investigating the difference in
the PDES serum value among the study groups (PCa, BPH,
normal males, normal females) were weighted for age, and
the same calculation was performed among males, includ-
ing serum PSA. When considering female samples, age was
the only variable included, while sexual hormones were not
evaluated due to the subjects’ postmenopausal age. Since
PDES serum values were positively skewed in both groups,
a logarithmic transformation was used to approximate the
distribution of this continuous variable to a normal distri-
bution. The MANCOVA weighted for the above-mentioned
variables demonstrated a significant difference between the
two groups with respect to PDES serum values (Table 2)
(»<0.001). Specifically, in the No-PCa group, the mean
PDES value was 12.01 +7.63 ng/ml, whereas in the PCa
group, the mean value was 22.63+15.03 ng/ml (95%CI
17.31 to 27.64).
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Discussion

To date, PDES5 expression studies have been concentrated
on identifying its cellular origin and its role within the tis-
sues in which it is expressed, and no attempts have been
made to ascertain the presence and role of this enzyme, if
any, in systemic blood flow. This work shows for the first
time that PDES protein levels can be detected and measured
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BPH PCa

in human serum of male and female subjects, either in phys-
iological or pathological conditions, offering the possibility
to investigate a potential link between elevated PDES levels
and disease.

For this purpose, since PDES is expressed in the stro-
mal compartment of the prostate [3, 7, 8], and it is targeted
by PDESi [22], we measured and compared its serum lev-
els in benign and malignant neoplastic conditions vs. male
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Fig.4 A: ROC Curve analysis with AUC value for discriminating men with (z=30) or without (n =66) prostate cancer. B: Sensitivity/specificity
analysis to identify the optimal cut-off for PCa diagnosis

Table 2 Results of MANCOVA analysis for serum PDES levels between prostate Cancer (PCa) patients and control subjects (No-PCa) weighted

on age and total PSA

Tests of Between-Subjects Effects

Source Sum of Squares DF F p
Age 5,005 1 0,0461 0,830
Total PSA 121,262 1 1,117 0,293
Coefficient Of Determination R? 0,2196 R2-Adjusted 0,1853

Estimated Marginal Means

Groups Mean Std. Error 95% Confidence interval

No-PCa 117,263 13,597 9,0255 to 14,4271

PCa 232,671 21,460 19,0043 to 27,5298

Pairwise Comparisons

Groups Mean difference Std. Error 95% CI? p*
No-PCa Vs PCa -115,408 27,112 -16,9263 to -6,1553 0,0001

“Bonferroni corrected
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controls, finding preliminary pieces of evidence suggesting
this protein as a new serum marker to potentially monitor
disease occurrence and progression. While we did not find
cut-off values that identified a class of subjects or patients
among female and male with BPH, we found that PDES lev-
els were significantly higher in PCa patients than in the No-
PCa group, with a cut-off value of 12.705 ng/ml. We found
that men with PCa, irrespectively of the severity of the dis-
ease, have higher levels of serum PDE5 when compared to
men without this tumoral condition. However, PDES serum
levels cannot be considered, as PSA, a neoplastic or a tissue
marker of prostate disease. In fact, while PSA is a specific
marker of the prostatic tissue and mirrors both the dimen-
sion and health of this gland, this is not the case for the
serum PDES, which is, on the contrary, largely distributed
in several tissues. Moreover, the absence of measurable dif-
ferences between male and female PDES serum levels sug-
gests that steroid hormones do not play a significant role in
the modulation of these levels. This hypothesis should be
considered cautiously because our subset of women used
here as controls were in menopause. However, preliminary
data, not shown here for lack of completeness, confirmed
also in males a lack of correlation between sexual hormones
(androgens) and circulating PDES levels. Dedicated stud-
ies are needed to ascertain this important point, which was
outside our aim.

The diagnostic accuracy of PDES5 measured by ROC
curve aligns with the diagnostic accuracy of other well-
known markers of malignancy in PCa. In fact, in a large
series of 820 subjects undergoing prostate biopsy, the diag-
nostic accuracy of PSA ratio (F/T PSA) was 0.745, 0.603
for total PSA, 0.618 for PSA density (PSAD), and 0.691 for
PSA of transition zone (TZ) [23]. The newer PCA3 urinary
test, recently approved for use in men at high risk of PCa,
has a ROC curve of 0.678 [24]. In a study of 1.072 subjects
scheduled for prostate biopsy, PCA3 presented a ROC AUC
of 0.693 for overall cancer detection [25]. More recently,
the precursor of PSA ([-2]proPSA) was tested in its ability
for cancer detection, showing a ROC curve with an AUC of
0.70 in a population of men with a PSA ranging from 2 to 10
ng/mL [26]. The ROC curve values for other PCa markers
are, thus, of the same range as those here found for PDES
serum levels. A further interesting finding of our study is
that a serum PDES cut-off greater than 12.705 ng/ml is
associated with 83.3% specificity in identifying men with
histologically proven PCa. In this regard, the performance
of this possible marker in terms of specificity is interesting
when considered in the wider context of PCa-specific tumor
markers, although our finding should be confirmed in future
studies.

We and others have previously demonstrated that PDES
is highly expressed in the stromal compartment of BPH

@ Springer

Sect. [27]. We also found in a low but significant number of
PCa samples (22%) that PDES is expressed in cancer cells,
but not in the surrounding stromal cells, and such expression
did not correlate with the tumor aggressiveness, according
to their Gleason score [4]. This evidence only partially fits
with the results presented here, but it can suggest that the
cellular origin of circulating PDES could not only be in the
tumoral area but also in the neighboring tissue, including
tumor-infiltrating immune cells, or even in more distant
sites.

So far, the studies on PDES5 have concentrated on the
local expression and role in peripheral tissues, and no
attempts have been made to ascertain the level and action of
this enzyme in the systemic blood flow. The role of serum
PDES could be different from that in the cell. In fact, the
enzyme is localized, in human and experimental animals, in
the centrosomes and its intracellular levels are regulated by
the mitotic activity of the SMCs, being higher in quiescent,
contractile myometrial cultures when proliferation is inhib-
ited [2]. On the contrary, we report here that serum levels of
PDES are higher in proliferating conditions, such as BPH
and PCa. This result could be explained by the release of the
enzyme from SMCs and stromal cells of the prostate under
inflammatory conditions. However, dedicated experimental
protocols are needed to evaluate this speculative hypothesis.

Similarly, monitoring serum PDES5 in PDES5i-treated
patients could be helpful in several situations. For example,
patients undergoing radical prostatectomy (RP) for PCa are
currently treated with PDES5i [28] to restore sexual activity.
This treatment has recently raised concerns for biochemical
recurrence (BCR) [29]. However, a recent study on 4630
patients ruled out this risk [30] and another study showed
that PDESi may have a protective effect on BCR, as fully
acknowledged by the American Urological Association
guidelines [31, 32]. Monitoring serum PDES5 levels in such
patients will help in understanding if PDES5i can potentially
affect PDES levels and/or if the PDES assay is sensitive
enough to reveal any tumor recurrence. Further research are
required to provide the necessary evidence.

We previously demonstrated that high levels of PDES
are immunodetected in quiescent, differentiated myometrial
cells [2]; it will then be interesting to monitor PDES lev-
els also in patients affected by uterine adenocarcinomas or
leiomyomas.

Our findings may have further implications since cor-
relative studies between serum PDES5 levels and erectile
dysfunction (ED) or other conditions, such as pulmonary
hypertension, may be planned. As our study successfully
proved that PDES can be measured in human serum, we
believe that age-, gender-, and disease- specific threshold
for PDES measurement could be hypothesized in the near
future.
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This study has some limitations. Firstly, the relatively
low number of studied subjects and the observational nature
of the study design may have introduced significant bias.
Secondly, as already discussed, we are, at present, unable
to demonstrate that the increased PDES levels, measured in
the sera of men with PCa, are due to the activity of the pros-
tate cancer tissue. Finally, although the three groups differed
in the presence or absence of PCa, physiological or unrec-
ognized pathological conditions may have significantly
affected the PDES production in our subjects. Of note, we
believe that the primary outcome of this study, represented
by the first proof-of-concept of the measurability of PDES
in the human sera, was not affected by any of the aforemen-
tioned limitations and maintains its importance in novelty
and potential clinical application.

Conclusions

In summary, our study demonstrated, for the first time,
that PDES is measurable in human sera. Additionally, we
provided preliminary evidence that serum PDES levels are
significantly higher in men suffering from PCa, a promis-
ing, novel finding which should be confirmed by further
research. The prognostic significance of blood PDES levels
in benign and malignant prostatic neoplasia remains elusive
and will require further investigational assessment.
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