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The aim of our study was to investigate the plasma NGF concentration and TrkA/p75NTR
receptor expression on white blood cells (WBCs), in peripheral and corpus cavernosum
blood isolated from patients with erectile dysfunction and metabolic syndrome (ED/MetS).
This was a pilot case–control study. Inclusion criteria were as follows: men 18–65 years with
ED and MetS and healthy subjects. The first sampling was performed at the level of the
cubital vein (VC). Subsequently, 20 mg of intracavernous alprostadil was administered, and a
second blood draw from the corpora cavernosa (CC) was performed once erection was
achieved. Subsequently, the third blood sample was repeated at the level of the VC. We
enrolled 8 cases with ED/MetS and 8 controls. There was no significant difference between
the case and control group in terms of mean age (49.3 ± 5.9 and 53.13 ± 8.9, respectively).
The case group had a lower IIEF score compared to the control group (14 ± 3.2 versus
27.3 ± 2.1; p < 0.05). Decreased NGF and TrKA expression on WBC and thiols were found
in the plasma of ED/MetS patients compared to control. The study showed that patients
with ED/MetS had a decrease in plasma NGF and thiol concentration, and they had a
decrease in TrKA expression on WBCs.

Keywords: erectile dysfunction, metabolic syndrome, NGF, TrKA, thiols
INTRODUCTION

Erectile dysfunction (ED) is one of the most prevalent pathological conditions in adult male
patients. It is defined as the “inability to achieve and/or maintain an erection sufficient to achieve
satisfactory sexual intercourse” (1). ED is reported in 15% of men 40–50 years old, 45% of men in
their 60s, and 70% of men over 70 years old (2). ED has many risk factors including increased body
weight, hypertension, diabetes, insulin resistance, and dyslipidemia (3). The association of these risk
factors determines a picture of metabolic syndrome (MetS).

MetS, in fact, is characterized by abdominal obesity, dyslipidemia [elevated triglycerides and low
high-density lipoproteins (HDL)], elevation of arterial blood pressure, and dysregulated glucose
homeostasis (4). The above conditions may cause endothelial dysfunction, arteriolosclerosis, and
fibrous tissue, resulting in altered blood flow to the penis and therefore generate ED (5).
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It is now known that diseases such as atherosclerosis, obesity,
type 2 diabetes, and MetS are associated with an alteration in the
levels of nerve growth factor (NGF) (6).

NGF belongs to the neurotrophin family, and it was first
discovered for its effects on neuronal survival and differentiation
(7). NGF exerts its biological functions by binding the high-
affinity tyrosine kinase A receptor (TrKA) and the low-affinity
pan-neurotrophin receptor p75 (p75NTR). Besides its classical
role in neuronal growth and survival, NGF has shown pleiotropic
effects on various populations of non-neuronal cells, including
cancer and immune cells (8–10). NGF is well recognized to
mediate multiple biological phenomena, ranging from
neurotrophic through immunotrophic and epitheliotrophic to
metabotropic effects (6).

Some studies explored the relationship between NGF and
ED and are mostly done on animals (11–13). In fact, they are
mostly dependent on rat models and lack large sample sizes,
which has restricted further clinical application of cytokines
such as NGF. However, it has been shown that the NGF/TrkA
signaling pathway contributes to the erectile function and a
downregulation in this signaling pathway may contribute to the
pathogenesis of diabetic ED (11). Young and old rat penile
tissues expressed mRNA transcripts for various NGFs (12).
Furthermore, NGF treatment effectively improves type 2
diabetes-induced hypotestosterone and ED outcome through
a mechanism that includes upregulation of key enzymes in
testosterone biosynthesis. On the other hand, there are no
studies on NGF and its receptors in patients with ED and MetS.
MATERIALS AND METHODS

Study Participants
This is a case–control study. We included in the case group
patients (age 18–65 years) with erectile dysfunction and
metabolic syndrome (MetS/ED) evaluated at our Urology Clinic.
ED was defined according to the terminology (1); the MetS was
defined and diagnosed according to the Adult treatment Panel III
criteria (14) [waist circumference (WC) >102 cm, elevated
triglycerides (TGs) >150 mg/dl, reduced levels of high-density
lipoprotein cholesterol (HDL) <40 mg/dl, high blood pressure
(blood pressure >130/85 mmHg), and high fasting blood sugar
(FBS) >110 mg/dl].

We excluded patients who received any treatment for ED in
the last 6 months, patients with genital deformities, patients who
have undergone pelvic surgery, patients with IIEF-5 score >21,
and patients who did not adhere to the Adult treatment Panel III
criteria. In the control group (CTRL), we included healthy
subjects whose blood is present in our biobank.

Erectile function of patients was evaluated using the
International Index of Erectile Function scoring system short
form (IIEF-5) (15). All patients were evaluated with a detailed
history, physical, and rectal examination. Height (cm), waist
circumference (WC, cm), weight (kg), arterial blood pressure
(ABP), and BMI of the patients were measured. WC was
measured at the level of the umbilicus. In addition, patients
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had HDL cholesterol, triglycerides, and blood glucose measured
within 48 h before study enrollment.

Their informed consent was obtained in accordance with the
Declaration of Helsinki and as part of the protocol approved by
our institutional ethical committee (CEAS Umbria 14373/
18/AV).

Materials
In the description of the experimental phase if not otherwise
specified, all chemicals were purchased from Sigma
Aldrich (USA).

Blood Withdrawal and Plasma Collection
Three types of blood withdrawal were done: from the cubital vein
(CV), from cubital vein after alprostadil (ALP) injection (CV+ALP),
and from corpus cavernosum (CC) after ALP (CC+ALP).

The participants were placed in a supine position and blood
sample from CV was withdrawn in vacuum tubes (Vacutainer)
containing EDTA. Subsequently, an intracavernosal injection
(ICI) with ALP 20 mg was performed using a 29-gauge, ½”
needle on a 50-unit syringe. The clinician grasps the glans and
gently stretches the penis away from the patient’s body so it is taut.
The area to be injected is then cleansed with an alcohol pad. The
prescribed dose is injected into the penile shaft at 2 o’clock or 10
o’clock with the needle injected up to the hub. Subsequently, there
was a 10- to 15-min waiting period until there was >60% stiffness
reported by the patient using the Erectile Hardness Scale (EHS) by
making a score of 3 or 4. Patients who did not achieve a score of 3
or 4 were excluded from the study (16). Blood CV+ALP sampling
was performed as previously described, and endocavernous
venous sampling was performed using a 19-G × ¾” butterfly
needle on a 10-ml sterile syringe.

Plasma was obtained after centrifugation at 4°C, 400 g, for 10
min and stored at −80°C until analysis.

In Vivo Study: Blood Cells Isolation
After lysis of erythrocytes in isotonic NH4Cl solution (155 mM
NH4Cl, 10 mM KHCO3, and 0.1 mM EDTA, pH 7.4) for 10 min
on ice, blood samples obtained from different withdrawals were
centrifuged at 400 g for 5 min. Supernatant was discarded and
cells were suspended and washed three times in Dulbecco’s
phosphate-buffered saline (PBS) (Gibco BRL) and similarly
centrifuged. Finally, supernatant was discarded and cells were
resuspended in PBS supplemented with 0.5% BSA (PBS/BSA).

In Vitro Study: PMBC Isolation and
Alprostadil Treatments
Peripheral mononuclear blood cells (PBMCs) were isolated from
buffy coats by density-gradient centrifugation. Briefly, 10 ml of
blood was layered on 5 ml of Ficoll and centrifuged for 25 min at
400 g. PBMCs were collected, washed two times with RPMI
(Invitrogen) supplemented with 5% fetal bovine serum (FBS)
(Invitrogen), and resuspended in the medium at a final
concentration of 1.5×106 cells/ml.

ALP (Cayman) stock solution was prepared by dissolving
ALP in ethanol (EtOH) and diluting the solution in medium to a
final concentration of 20 mg/ml and 20 pg/ml.
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For all experiments, PMBCs were seeded in duplicates in 24-
multiwells (Corning), at a density of 1.5×106 cells/ml. ALP, or its
vehicle ethanol, was then added to the culture medium at the
indicated concentrations, and cells were further incubated for 5,
15, 30, 45, and 60 min at 37°C in a humidified 5% CO2

atmosphere. The EtOH concentration in the culture medium
never exceeded 0.1%.

TrKA and p75NTR Flow Cytometry
Immunofluorescent Staining
FreshPBMCs treatedornotwithALPandcells isolated frombloodof
CV and CC before or after ALP administration were resuspended in
PBS/BSA at a final concentration of 1×106 cells/ml. All procedures
were performed at 4°C. The following fluorochrome-labeled mAbs
were used to identify TrKA and p75NTR receptors onWBCs: FITC-
labeled rabbit anti-human p75NTR extracellular domain (#ANT-
007-F, Alomone Labs) and PE-labeled mouse anti-human TrKA
(FAB1751P, R&D Systems). All FACS reagents were used at the
concentration recommended by the manufacturers. Cells were then
washed, resuspended in staining buffer (PBS +2% FBS +1%
paraformaldehyde), and analyzed by FACS.

Flow Cytometry Analysis
A FACS Calibur (Becton Dickinson, Italy) equipped with a single
15-mWargon ion laser operating at 488 and 633 nmand interfaced
with CellQuest Software (Becton Dickinson) was used. Samples
were run using isotype controls or single fluorochrome-stained
preparations for color compensation. The results were expressed as
a percentage of positive cells/antibody used for staining (% positive
cells) and as mean fluorescent intensity (MFI).

NGF ELISA Assay
Plasma and culture medium NGF levels were detected by a
specific ELISA Kit (R&D Systems), according to the
manufacturer’s instructions. The amount of NGF in each
plasma and culture medium sample was determined from the
standard curve supplied by the manufacturer. All samples were
run in triplicate and the values were averaged. Plasma or culture
medium-NGF concentration was expressed in pg/ml (detection
limit, 7.8 pg/ml) or pg/106 cells, respectively.

Total Thiol Analysis
Colorimetric analysis of total thiol was carried out with Ellman’s
assay; briefly, 0.5 mg of test sample proteins in triplicate was
mixed with the Ellman reagent [5,5′-dithiobis (2-nitrobenzoic
acid)] suspended in PBS, pH 7.5, to a final concentration of 200
mM. After incubation for 5 min at 37°C, the absorbance was
measured at 412 nm and the final concentration of thiols was
calculated against a calibration curve of glutathione.

Statistical Analysis
Results were expressed as means ± standard deviation (SD). The
normality of the variables was checked by Kolmogorov–Smirnov
tests. The comparison of the two experimental groups was done
using Student’s t-test. Multiple group comparisons were
performed using one-way analysis of variance (ANOVA)
followed by Bonferroni multiple comparison tests. Statistical
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significance was set at p < 0.05. Statistical analysis was
performed using GraphPad Prism 5 software.
RESULTS

This section may be divided by subheadings. It should provide a
concise and precise description of the experimental results, their
interpretation, as well as the experimental conclusions that can
be drawn.

Subjects
In this study, the blood samples of 8 patients with ED have been
analyzed and the samples of 8 healthy subjects were preserved in
our biobank.

There was no significant difference between the control and
ED/MetS groups in terms of mean age (49.3 ± 5.9 and 53.13 ±
8.9, p = 0.08). Table 1 shows the clinical and demographic data of
the cases.

Alprostadil Did Not Modify NGF Release
and Expression of Its Receptor in PBMC
ELISA and FACS analysis showed that the two ALP
concentrations (20 mg/ml and 20 pg/ml) did not induce any
significant differences in medium NGF levels and in the
percentage of TrKA+- and p75NTR+-PBMC compared to
untreated cells, at all times investigated (Figures 1A–C).

Plasma NGF Concentration Decreased in
ED Patients
Decreased NGF levels were found in the plasma of ED patients
compared to CTRL. Subgrouping the ED patients by blood
withdrawal, we found a decreased NGF levels in CV-ED (36.77 ±
10.80 pg/ml) in CV-ED+ALP (36.58 ± 11.17 pg/ml), and in CC-ED
(44.47 ± 19.07 pg/ml) compared to CV-CTRL (78.02 ± 9.54 pg/ml)
(p > 0.001). No significant difference was found between the ED
blood withdrawals (Figure 2).

TrKA+ Cells, But Not p75NTR+ Cells
Decreased in ED Patients
In CV and CC blood of ED patients, we found a significant
decrease in the percentage of TrKA+ cells compared to CTRL. In
particular, subgrouping the ED patients by blood withdrawal, we
found a significant decrease in the percentage of TrKA+ cells and
TABLE 1 | Clinical and demographical data.

Clinical and demographic data ED/MetS group

Age (mean ± SD) 53.13 ± 8.9
IIEF1 t score (median, range) 15 (9–17)
BMI, kg/m (median, range) 35 (33.5–37.1)
Triglycerides (mg/dl) (mean ± SD) 175.3 ± 1.5
High-density lipoprotein cholesterol (mg/dl) (mean ± SD) 23 ± 2.1
Waist circumference (cm) (mean ± SD) 111 ± 2.3
Arterial blood pressure (mmHg) (mean ± SD) 160/94 ± 3.4
Fasting blood sugar (mg/dl) (mean ± SD) 175 ± 2.7
May 2022 | Volume 2
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MFI in CV-ED (36.56 ± 4.46%, MFI 13.94 ± 6.8) in CV-ED+ALP
(33.60 ± 7.17%; MFI 12.07 ± 1.22), and in CC-ED (30.19 ±
8.47%; MFI 11.27 ± 3.27) compared to CV-CTRL (53.57 ±
2.14%; MFI 21.54 ± 6.82 pg/ml) (p > 0.001) (Figures 3A, B).
No significant difference was found between the ED
blood withdrawals.

Furthermore, no significant difference was found in the
percentage and in MFI p75NTR in all blood withdrawals
examined (data not shown).
Thiol Levels Decreased in ED Patients
Decreased thiol levels were found in the plasma of ED patients
compared to CTRL. Subgrouping the ED patients by blood
withdrawal, we found decreased thiol levels in CV-ED (54.58 ±
21.67 mM/mg protein), in CV-ED+ALP (45.99 ± 27.61 mM/mg
protein), and in CC-ED (49.73 ± 21.68 mM/mg protein)
compared to CV-CTRL (178.40 ± 24.16 mM/mg protein) (p >
0.001). No significant difference was found between the ED
blood withdrawals (Figure 4A).

Linear regression analysis showed a positive correlation between
plasma thiol concentrations and the percentage of TrKA+ cells in
CC blood (r = 0.72, r2 = 0.52; p = 0.01) (Figure 4B).
Frontiers in Urology | www.frontiersin.org 4
DISCUSSION

This study showed that in men with ED, there was a decrease in
plasma of NGF concentration, a decrease of TrKA expression on
CV and CC blood cells, and a decrease in plasma of thiol levels,
compared to healthy subjects. Furthermore, for the first time, we
report an important correlation in ED patients between thiol
levels and an increase in the percentage of TrKA+ CC cells. No
differences were found in p75NTR expression in all blood
withdrawal examined. To exclude possible interference by
alprostadil injection during withdrawal from corpus
cavernosum blood, we treated, in an in vitro study, PMBCs
with different concentrations of alprostadil: 20 mg/ml was the
injection concentration and 20 pg/ml was the maximum
concentration revealed in the blood of corpus cavernosum
after the administration of 20 mg/ml (17). At all times
investigated, no differences were found in NGF medium level
and in TrKA and p75NTR expression in PBMCs at all
concentrations used.

The role of NGF in patients with MetS is well known.
Chaldakov et al. found that the circulating plasma levels of
NGF were lower in patients with MetS compared to the levels
found in the controls (p < 0.05). This result could be explained by
A B C

FIGURE 1 | (A) Medium NGF levels in PBMC-treated (20 mg/ml or 20 pg/ml of ALP) or untreated cells. Description of what is contained in the first panel; (B) TrKA
and (C) p75NTR Facs analysis of PBMC-treated (20 mg/ml or 20 pg/ml of ALP) or untreated cells. CTR, control; EtOH, alprostadil in ethanol; ALP, alprostadil.
FIGURE 2 | Plasma NGF levels in blood withdrawals of ED patients. Cubital vein of healthy subjects (CV-CTRL), cubital vein (CV) or corpus cavernosum (CC) of ED
patients after Alprostadil (ALP) injection (CV+ALP), and CC after ALP (CC+ALP). Horizontal bars indicate mean values. ∗∗p < 0.001. Comparisons between the groups
were made using one-way ANOVA followed by Bonferroni multiple comparison tests.
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the metabotrophic role of the NGF and by the reduction of
synthesis/accelerated degradation of NGF vascular tissue (6).

In literature, many studies investigated the role of the TrKA/
NGF pathway in diabetic ED, above all in ED diabetic rats and
not always with plasma investigations; the results of which,
however, can be taken into consideration given the common
pathophysiology between ED/MetS and diabetic ED (11, 18–20).

Bleustein et al. reported that in diabetic patients, the
dysfunction of the penile nerves was observed earlier than
other peripheral nerves (20). Dai et al. investigated, instead, the
content of NGF in vitro, in penis of rats with diabetic ED (18).
They report that in the advanced stage of diabetes, the injury of
pelvic splanchnic nerves could raise the levels of NGF and NGF
receptors. However, these levels were not sufficient to regenerate
the nerve fibers, and the ability of combination of NGF with NGF
receptor may also be compromised (12). Wu et al., in a
randomized clinical study and in vitro cell line experiments,
confirmed these results, proving that the treatment by NGF
could significantly improve the erectile function and the IIEF-5
score in diabet ic male pat ients with sensorimotor
polyneuropathy and ED (21). Probably the improvement of
Frontiers in Urology | www.frontiersin.org 5
ED following intramuscular administration of NGF could
indirectly testify to a decrease in plasma NGF levels. This may
explain why our ED/MetS patients have lower plasma NGF levels
compared to the control group.

Yi Hou et al. also evaluated also the role of TrkA in rat penile
corpus cavernosum with diabetic ED, demonstrating that the
TrkA and NGF levels were low and the activation of the NGF/
TrkA signaling pathway becomes a key role to improve the
erectile function (11).

NGF can influence the nitric oxide synthase (NOS)
expression and the nitric oxide (NO) production, the principal
mediator of penile erection; in turn, the NO can modulate NGF-
mediated neurotrophic action (11, 22, 23). NOS induces the
relaxation of cavernous and vascular tissue, while the endothelial
nitric oxide synthase (eNOS) promotes the blood flow into
erectile tissue and maintains erection (24). The lack of NO
causes the constriction of the corpus cavernosum smooth
muscle. The balance between relaxation and constriction is
crucial to maintain erectile function.

Some previous studies found decreased total thiol levels in
patients with ED, which indicates that thiols may play a role in
A B

FIGURE 4 | (A) Colorimetric analysis of total thiol in plasma of ED patients. Cubital vein of healthy subjects (CV-CTRL), cubital vein (CV) or corpus cavernosum (CC)
of ED patients after alprostadil (ALP) injection (CV+ALP), and CC after ALP (CC+ALP). Horizontal bars indicate mean values. ***p < 0.0001. Comparisons between
the groups were made using one-way ANOVA followed by Bonferroni multiple comparison tests. (B) Correlation between TrKA+ cells and thiol levels in CC-ED. r,
Pearson index; r2, coefficient of determination.
A B

FIGURE 3 | FACS analysis of TrKA in blood withdrawals of ED patients. (A) Percentage of TrKA+ cells; (B) MFI: mean fluorescent intensity. Cubital vein of healthy
subjects (CV-CTRL), cubital vein (CV) or corpus cavernosum (CC) of ED patients after Alprostadil (ALP) injection (CV+ALP), and CC after ALP (CC+ALP). Horizontal
bars indicate mean values. ***p < 0.0001; **p < 0.001; *p < 0.01. Comparisons between the groups were made using one-way ANOVA followed by Bonferroni
multiple comparison tests. CV-CTRL.
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ED (25). However, in the literature, there were no studies on thiol
levels in blood of corpus cavernosum in patients with ED
and MetS.

Oxidative stress is induced by imbalance between antioxidant
molecules and reactive oxygen species (ROS) in favor of ROS
(26). ROS causes a redox reaction oxidation, and it transforms a
sulfur atom into disulfide (27). The increase in disulfides
compared to thiols is the first stage of the oxidative damage.
Thiol/disulfide homeostasis is important for antioxidant defense,
apoptosis, and stabilization of protein chemical structures. The
excess of disulfide is related with diabetes, cardiovascular disease
(28), and MetS (29–32). Micoogullari et al. reported that thiol/
disulfide homeostasis is altered also in ED, and this may be a
factor in its pathophysiology. Our study, in accordance with
Micoogullari, shows that the thiol levels decreased in patients
with ED (25).

The strengths of our work were that the evaluations were
made both on penile and peripheral blood; our patients were
compared with a control group; the research was divided into
two phases: an in vitro and an in vivo study. Furthermore, to our
knowledge, this is the only study that evaluates NGF/TrkA,
p75NTR and thiol levels in patients with ED and MetS.

The main limitations of our study were the reduced size of the
sample and the lack of an evaluation of NGF/TrkA levels based
on the severity of ED. Furthermore, another limitation of the
study is the lack of blood sampling from the corpora cavernosa in
the control group. It may be the subject of further studies in the
future. Unfortunately, the limited sample is attributable to the
difficulty of recruiting subjects willing to perform a
cavernous sampling.

CONCLUSIONS

In conclusion, the patients with ED and MetS had low NGF/
TrkA and thiol levels, as it happens in other diseases such as
diabetes. These results suggest a promising perspective in the
Frontiers in Urology | www.frontiersin.org 6
future urological practice, in particular by creating target
therapies that could activate the deficient pathways.
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