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Vacuum therapy ameliorates erectile dysfunction in
bilateral cavernous nerve crush rats by inhibiting
apoptosis and activating autophagy

Chang-Jing Wu"’, Fu-Dong Fu'?>’, Feng Qin’, Ming Ma"?, Tao Li"?, Shan-Zun Wei"?, Bo-Tao Yu'?,
Xin-Zong Yang', Jiu-Hong Yuan'?

Postprostatectomy erectile dysfunction (pPED) remains a current problem despite improvements in surgical techniques. Vacuum
therapy is clinically confirmed as a type of pPED rehabilitation. However, its underlying mechanisms are incompletely understood.
Recently, autophagy and apoptosis were extensively studied in erectile dysfunction resulting from diabetes, senescence, and
androgen deprivation but not in the context of pPED and vacuum therapy. Therefore, this study was designed to investigate the
roles of autophagy and apoptosis in pPED and vacuum therapy. Twenty-four adult male Sprague-Dawley rats were randomly
divided into three groups: the control group, bilateral cavernous nerve crush (BCNC) group, and BCNC + vacuum group. After
4 weeks of treatment, intracavernosal pressure was used to evaluate erectile function. Real-time quantitative polymerase chain
reaction, western blot, and immunohistochemistry were used to measure the molecular expression. TdT-mediated dUTP nick-end
labeling staining was used to assess apoptosis. Transmission electron microscopy was used to observe autophagosomes. After
treatment, compared with those of the BCNC group, erectile function and cavernosal hypoxia had statistically significantly improved
(P < 0.05). Apoptosis and the relative protein expression of B-cell ymphoma-2-associated X and cleaved Caspase3 were decreased
(P < 0.05). Autophagy-related molecules such as phosphorylated unc-51-like autophagy-activating kinase 1 (Ser757) and p62
were decreased. Beclinl, microtubule-associated protein 1 light chain 3 A/B, and autophagosomes were increased (P < 0.05).
Besides, the phosphatidylinositol 3-kinase/AKT/mammalian target of rapamycin signaling pathway, as a negative regulator of
autophagy to some degree, was inhibited. This study revealed that vacuum therapy ameliorated pPED in BCNC rats by inhibiting

apoptosis and activating autophagy.
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INTRODUCTION

Radical prostatectomy (RP) remains the gold standard for clinically
localized prostate cancer, but urinary incontinence and erectile
dysfunction are other challenges associated with RP.»* With the
application of laparoscopic and robotic techniques, the incidence
of urinary incontinence has dramatically decreased; however,
approximately 14%-90% of patients still suffer postprostatectomy
erectile dysfunction (pPED).*> To improve the quality of life of
patients and their spouses, various strategies have been used for
penile rehabilitation. Phosphodiesterase type 5 inhibitors (PDE5Is)
have achieved great acceptance. However, some practices found that
orally administered selective PDE5Is were disappointing in pPED
patients.** In addition, intracavernosal injections of prostaglandin E,
or intraurethral suppositories have also been shown to be helpful for
penile rehabilitation, but painful injections and unpleasant erections
lead to poor patient compliance.®” Many years ago, vacuum therapy
had already been recommended for penile rehabilitation. Currently,

the effects of vacuum therapy on pPED have been clinically confirmed;
for example, the early use of vacuum therapy for pPED not only has
the potential to restore spontaneous erections but it can also maintain
penile length and increase penile hardness.* ' However, the underlying
molecular mechanisms are still incompletely understood.

Many studies have demonstrated that pPED results from
unavoidable cavernous nerve injury after RP, which subsequently
leads to the loss of spontaneous erection and the absence of cavernosal
oxygenation.' Therefore, some researchers hypothesized that vacuum
therapy exerted its effects through the nitric oxide/cyclic guanosine
monophosphate (NO/cGMP) signaling pathway to mediate corporal
smooth muscle relaxation.'>* In addition, cavernous nerves are the
main erection nerves and can regulate a variety of downstream cells,
such as corpus cavernosum smooth muscle cells, endothelial cells, and
mesenchymal cells."* Previous studies showed that cavernous nerve
damage could induce cavernosum smooth muscle cell apoptosis;
furthermore, the reduction in smooth muscle cells resulted in
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veno-occlusive dysfunction and pPED.”""” An increasing number of
studies showed that vacuum therapy could preserve erectile function
and penile length in bilateral cavernous nerve crush (BCNC) rats via
antihypoxic, antiapoptotic, and antifibrotic mechanisms."!

Autophagy and apoptosis play crucial roles in maintaining
intracellular homeostasis. When cells suffer prolonged nutrient
deprivation, oxidative stress, and aging, autophagy and apoptosis are
successively activated.'®" In general, mild autophagy protects cells
from death, whereas severe and rapid autophagy always induces cell
death.” Recently, an increasing number of studies have demonstrated
that autophagy is involved in erectile dysfunction caused by diabetes
mellitus, senescence, and androgen deprivation.?’** Regulating the
levels of autophagy and apoptosis through various therapies helped
improve erectile function.**** However, currently, no data have
been found on the roles of autophagy in pPED and vacuum therapy.
Therefore, this study was designed to investigate whether autophagy
plays a role in vacuum therapy-mediated effects on pPED.

MATERIALS AND METHODS

Animals

All the animal experiments in this study were approved by the
Animal Care and Animal Ethics Committee of West China Hospital,
Sichuan University, Chengdu, China (No. 2017057A). Twenty-four
male Sprague-Dawley rats (10 weeks old, 280-330 g) were purchased
from Chengdu Dossy Experimental Animals Co., Ltd. (Chengdu,
China) for this study. After 3 days of adaptive feeding, the rats were
randomly and equally divided into three groups: the control group
(cavernous nerve exposure surgery only), BCNC group (BCNC
surgery), and BCNC + vacuum group (BCNC surgery plus vacuum
therapy). The vacuum erection device was purchased from Chengdu
Xin Wei Cheng Technology Co., Ltd. (Chengdu, China). BCNC
surgery was performed as described in our previous study.? In short,
the rats were anesthetized, and then an ultrafine hemostat (12.5 cm,
nonserrated; RWD Life Science, Shenzhen, China) was utilized to crush
the cavernous nerves at a location 5 mm distal to the ganglion, with
full tip closure for 30 s, removal for 30 s, and further closure for 30 s.
In this study, the recommended vacuum pressure (-200 mmHg) was
selected, and therapy started at 1 week after BCNC surgery; treatment
was administered for 5 min twice daily with a 2-min interval from
Monday to Friday and lasted for 4 weeks.?” Subsequently, the rats were
sacrificed for further analysis.

In vivo erectile function assay

As in previous studies, the intracavernosal pressure (ICP), maximal
ICP/mean arterial pressure (max ICP/MAP) ratio, and area under the
curve (AUC) of ICP upon cavernous nerve electrostimulation were
used to evaluate erectile function in each group.'"* After the functional
experiments, all of the penile tissues were harvested for histological
staining and molecular examination.

Real-time quantitative polymerase chain reaction (RT-qPCR)

Total RNA of the corpus cavernosum was isolated using TRNzol
Universal (DP424, TITANGEN, Beijing, China) and reverse transcribed
to cDNA with a FastQuant RT kit with gDNase (KR106, TTANGEN).
Then, RT-qPCR was performed using 2x TSINGKE Master qPCR Mix
SYBR Green I (TSE201, TSINGKE, Beijing, China). All the procedures
were strictly performed according to the kit instructions. The level of
B-actin messenger RNA (mRNA) was used to standardize the target
genes, and the relative quantification of PCR products was calculated
using the 244" method. The associated gene primer sequences are
shown in Supplementary Table 1.
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Western blot (WB) analysis

Penile tissues were cutand homogenized in the radio immunoprecipitation
assay (RIPA) lysis buffer (MA0151, Meilunbio, Dalian, China) containing
a protease inhibitor and phosphatase inhibitor cocktail (Millipore
Corporation, Billerica, MA, USA). Protein concentrations were
subsequently determined by a Pierce BCA protein assay kit (23227,
Thermo Fisher Scientific Inc., Waltham, MA, USA), and bovine serum
albumin was used as a standard. After adjustments, equal amounts
(40 pg per lane) of protein were separated by 10% and 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (BAIHE Science and
Technology, Chengdu, China) and transferred to polyvinylidene fluoride
membranes (Millipore Corporation). Nonfat milk (5%) was used to
block nonspecific binding sites. Then, the membranes were incubated
overnight at 4°C with primary antibodies, the related information of
which is listed in Supplementary Table 2. The next day, the membranes
were incubated with anti-rabbit or anti-mouse secondary antibodies.
Finally, Immobilon Western Chemiluminescent Substrate (WBKLS0500,
Millipore Corporation) was used to visualize the proteins. The images
were captured using the ChemiDoc MP imaging system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA), and the relative quantification
of each protein to B-actin was performed using Image] 1.46r (National
Institutes of Health, Wayne Rasband, MD, USA).

Histological studies

The middle part of the penis was selected for histological studies.
After these tissues were rinsed using phosphate-buffered solution and
fixed in 4.0% paraformaldehyde overnight, they were delivered to the
pathological laboratory of West China Hospital (Sichuan University)
for standard processing, such as dehydration, embedding, and
sectioning. The penile tissues were cut into 5-um sections for further
immunohistochemical and apoptosis staining.

Immunohistochemistry (IHC)

IHC was performed by the streptavidin-peroxidase method by strictly
following the manufacturer’s instructions (SP-9000, Beijing ZSbio,
Beijing, China). Briefly, 3% hydrogen peroxide was used to eliminate
intracellular catalase. Normal horse serum (10%) was used to block
nonspecific binding sites. Then, the samples were incubated with
primary antibodies as listed in Supplementary Table 2 overnight at
4°C. Meanwhile, the negative control was incubated with normal serum
from the host species instead of primary antibodies. The next day, after
being rinsed with phosphate buffer, the samples were incubated with
anti-rabbit or anti-mouse IgG-conjugated biotin and further incubated
with streptavidin-conjugated horseradish peroxidase. Finally, the
samples were reacted with 3,3’-diaminobenzidine (DAB; ZLI-9018,
Beijing ZSbio) to visualize the positive signal (brown) and stained
with hematoxylin to visualize the cell nuclei. Then, the samples were
imaged under x100, x200, and x400 magnifications by a Zeiss Ax10
Imager (ZEISS, Oberkochen, Germany) and qualified using Image-Pro
Plus version 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). Three
sections from each rat were analyzed, and there were five rats per group.

Apoptosis evaluation

The DeadEnd Fluorometric TUNEL System (G3250, Promega,
Madison, W1, USA) was used for apoptosis evaluation and was strictly
performed following the manufacturer’s instructions. Apoptotic cells in
the cavernosum were marked by green fluorescein, and all cell nuclei
were stained with 4',6'-diamidino-2-phenylindole (DAPI; C0065,
Solarbio, Beijing, China) and marked by blue fluorescein. The ratios
of the percentage of apoptotic cells to total cells in each group of rats
(n = 5) were recorded as the apoptosis index.



Electron microscopy

Freshly dissected cavernosum tissues were carefully cut into 1-mm?®
sections and fixed in 3% glutaraldehyde overnight at 4°C. Then, the
samples were sent to Chengdu LILAI Biotechnology Co. (Chengdu, China)
for further dehydration, embedding, and sectioning. The samples were
adhered to copper grids and imaged using an H-600IV transmission
electron microscope (TEM; Hitachi group, Tokyo, Japan). Observations of
subcellular structures, such as mitochondria, the endoplasmic reticulum,
and autophagosomes, were used to assess cell damage and autophagy levels.

Statistical analyses

All data were expressed as the mean + standard deviation. Related analyses
and statistical charts were obtained using GraphPad Prism 5.0 software
(GraphPad Software, San Diego, CA, USA). One-way analysis of variance
followed by a Tukey test was used to analyze the differences between the
three groups. Student’s ¢-test was used to evaluate the difference between
two groups. P < 0.05 was considered statistically significant.

RESULTS

Vacuum therapy improved erectile dysfunction

In this study, cavernous nerve electrostimulation at 5 V for 50 s was
performed to evaluate erectile function. The ICP, max ICP/MAP,
and AUC of the three groups were used to analyze the erection
ability. Compared with those of the BCNC group, the values of ICP,
max ICP/MAP, and AUC in the vacuum therapy group had statistically
significantly increased (all P < 0.05). However, compared to those of
the control group, the results of the vacuum therapy group suggested
that only partial recovery was obtained (P < 0.05; Figure 1).

Vacuum therapy increased cavernosal oxygenation

The underlying pathological mechanisms of pPED are described in
the introduction section. Therefore, some molecules, such as neuronal
nitric oxide synthesis (nNOS), endothelial nitric oxide synthase
(eNOS), and hypoxia-inducible factor-1a (HIF-1a), which are closely
related to cavernosal oxygenation, were measured. RT-qPCR, WB,
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and THC results showed that compared with that of the BCNC group,
the protein expression of HIF-1a in the vacuum therapy group had
significantly decreased (P < 0.05), but not in the control group.
Similar to the findings of previous studies, under normal oxygen
conditions, the intracellular protein level of HIF-1a was dependent on
its ubiquitination-mediated degradation rather than its transcriptional
level.?® It was these consequences that explained the RT-qPCR results
in which no significant differences were found (P=0.46) among the
control group, BCNC group, and vacuum therapy group. For eNOS
and nNOS, the protein measurement results were consistent with the
mRNA quantifications. The expression of eNOS and nNOS in the BCNC
group was much lower than that in the control group (both P < 0.05).
However, after one month of therapy, eNOS and nNOS had significantly
upregulated (both P < 0.05). These data suggested that vacuum therapy
improved pPED by increasing cavernosal oxygenation (Figure 2).

Vacuum therapy inhibited apoptosis

TdT-mediated dUTP nick-end labeling staining labeled apoptotic
cells with green fluorescein, and DAPI marked cell nuclei with blue
fluorescein. The ratio of apoptotic to total cells in the BCNC group had
increased significantly in comparison with that of the control group,
P < 0.05. However, after vacuum therapy, apoptosis had significantly
inhibited (P < 0.05; Figure 3).

In addition, BCL family members (B-cell lymphoma-2 [Bcl2]
and B-cell lymphoma-2-associated X [Bax]) and caspase proteins
(caspase3 and cleaved caspase3) were further analyzed. The expression
of Bax/Bcl2 and cleaved caspase3/caspase3 in the BCNC group was
much higher than that in the control group. However, vacuum therapy
decreased the expression of Bax/Bcl2 and cleaved caspase3/caspase3
(all P<0.05), which suggested that vacuum therapy could downregulate
apoptosis-related proteins and improve ED (Figure 4).

Vacuum therapy induced autophagy
TEM showed that compared with those of the control and therapy
groups, pathological changes, such as mitochondrial turgescence,
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Figure 1: Vacuum therapy improved erectile dysfunction. Erectile function was evaluated by the max ICP, max ICP/MAP, and AUC in each group upon the
same cavernous nerve electrical stimulation. Representative traces of (a) MAP and (bh) ICP in the control, BCNC, and BCNC + vacuum groups. (c) The
statistical analysis of max ICP, max ICP/MAP, and AUC in each group (n = 8). The data are expressed as the mean =+ standard deviation. "P < 0.05 indicates a
significant difference between the two groups. AUC: area under the curve; BCNC: bilateral cavernous nerve crush; ICP: intracavernosal pressure; MAP: mean

arterial blood pressure.
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Figure 2: Vacuum therapy increased cavernosal oxygenation. (a) Representative WB protein bands of eNOS, HIF-1a, and B-actin and (b) the statistical analysis
of the WB results (n = 8). (c) RT-gPCR was used to analyze the mRNA expression of nNOS, eNOS, and HIF-1a in each group (n = 5). (d) Representative
immunochemistry images of nNOS, eNOS, and HIF-1a in each group; original magnification x400 (scale bars = 50 pm). (e) Statistical analysis of the
immunochemistry results (n = 5). All data are expressed as the mean + standard deviation. *P < 0.05 indicates a significant difference between the two
groups. BCNC: bilateral cavernous nerve crush; eNOS: endothelial nitric oxide synthase; HIF-1a: hypoxia-inducible factor-1 alpha; nNOS: neuronal nitric
oxide synthase; RT-gPCR: real-time quantitative polymerase chain reaction; WB: western blot.
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Figure 3: Vacuum therapy inhibited apoptosis. (a) TUNEL staining images of each group at x200 (scale bars = 100 um) and x400 (scale bars = 50 ym)
magnification. (b) The apoptotic index represents the percentage of apoptotic cells (green fluorescence) to total cells (blue fluorescence) within each
section from each group of rats (n = 5). *P < 0.05 indicates a significant difference between the two groups. BCNC: bilateral cavernous nerve crush;
TUNEL: TdT-mediated dUTP nick-end labeling; DAPI: 4',6'-diamidino-2-phenylindole.

endoplasmic reticulum distention, autophagosome deficiency, and
endothelial dysfunction, were more serious in the BCNC group. These
abnormalities were hypothesized to be associated with a prolonged
absence of cavernosal oxygenation (Figure 5a).
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To better understand the roles of autophagy in pPED and vacuum
therapy, autophagy-related genes or proteins, including p62, Beclinl,
and microtubule-associated protein 1 light chain 3B (LC3B)/
microtubule-associated protein 1 light chain 3A (LC3A), were
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Figure 4: Vacuum therapy downregulated apoptosis-related proteins. (a) Representative WB bands of Bax, Bcl2, cleaved caspase3, caspase3, and B-actin and
(b) the statistical analysis of Bax/Bcl2 and cleaved caspase3/caspase3 expression (n = 8). (¢) Representative mRNA level of Bcl-XL, Bcl2, and Bax (n = 5).
(d) Immunochemistry images of Bax, Bcl2, and cleaved caspase3 protein in each group, original magnification x400 (scale bars = 50 pm). (e) Statistical
analysis of the immunochemistry results (n = 5). The data are expressed as the mean + standard deviation. *P < 0.05 indicates a significant difference
between the two groups. Bax: BCL2-associated X; Bcl2: B-cell lymphoma-2; Bcl-XL: B-cell leukemia/lymphoma-xl; BCNC: bilateral cavernous nerve crush;

WB: western blot.

measured. Compared with that of the control group and therapy
group, the autophagy substrate p62 accumulated in the BCNC group
(P < 0.05). Moreover, compared with the control and therapy groups,
Beclinl and LC3B/LC3A were significantly downregulated in the
BCNC group (both P < 0.05). These results suggested that vacuum
therapy improved ED by inducing autophagy (Figure 5b-5f).

Vacuum therapy activated autophagy via the phosphatidylinositol
3-kinase/AKT/mammalian target of rapamycin (PI3K/AKT/mTOR)
signaling pathway

The PI3K/AKT/mTOR signaling pathway regulates autophagy by up- or
downregulating unc-51-like autophagy-activating kinase 1 (ULK1)
phosphorylation, which is responsible for autophagy initiation. In
this study, the results showed that compared with those of the BCNC
group, the expression of PI3K, phosphorylated AKT (pAKT)/AKT,
phosphorylated mTOR (p-mTOR)/mTOR, and phosphorylated ULK1
(pULK1) (Ser757)/ULK1 was much lower in the control and therapy
groups (all P < 0.05). These results revealed that vacuum therapy
ameliorated ED through the PI3K/AKT/mTOR signaling pathway to
induce autophagy (Figure 6).

DISCUSSION

According to previous research, there are mainly two types of pPED
animal model: BCNC or bilateral cavernous nerve ablation (BCNA).'**
Considering ICP tracing under cavernous nerve stimulation, BCNC
rather than BCNA was selected for this study. After 4 weeks of vacuum
therapy, ICP, max ICP/MAP, and AUC had increased in comparison

with those of the BCNC group. These outcomes agreed with those
of our previous studies.”* Further examination showed that vacuum
therapy ameliorated cavernosal hypoxia by upregulating nNOS and
eNOS expression and, as a result, decreased HIF-1a levels. In addition,
according to previous studies, apoptosis, especially that of cavernosum
smooth muscle cells, plays an important role in ED."” Our results
showed that the apoptosis index had significantly increased after
cavernous nerves were injured. However, vacuum therapy not only
decreased apoptosis but also induced autophagy by activating the
PI3K/AKT/mTOR signaling pathway.

The loss of spontaneous erection and nocturnal tumescence
resulting from cavernous nerve injury after RP is considered to be the
initiating event for pPED. This subsequently leads to penile fibrosis
and cavernosum cell apoptosis due to cavernosal hypoxia. Therefore,
a variety of therapeutic strategies, including vacuum therapy, are
practiced to recover from cavernous nerve injury or increase NO
production.’**NO is an important neurotransmitter that can mediate
the NO/cGMP pathway, inducing smooth muscle relaxation and
improving cavernosal hypoxia. In this study, after daily use of vacuum
therapy on pPED, the expressions of nNOS and eNOS, two key enzymes
associated with NO synthesis,>*® had significantly upregulated in
comparison with that of the BCNC group. In addition, HIF-1a, an
important oxygen sensor in vivo whose degradation depends on the
oxygen concentration, had decreased after therapy. These outcomes
suggested that vacuum therapy-mediated improvements in pPED were
associated with increased cavernosal oxygen.
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Figure 5: Vacuum therapy induced autophagy. (a) Electron microscopy was used to assess the autophagy level in each group at x10 000 (scale bars = 2 pm)
and x12 000 (scale bars = 1 pm) magnification (n = 3). Mitochondria (blue arrow) and autophagosomes (red circle) were observed. (h) Representative mRNA
level of Beclinl and LC3 (n = 5). (c) Representative WB bands of the autophagy-related proteins such as Beclinl, p62, and LC3A/B and the reference
protein B-actin. (d) Statistical analysis of Beclinl, p62, and LC3B/LC3A expression (n = 8). (e) Immunochemistry images of p62 and LC3A/B at x400
magnification (scale bars = 50 pm). (f) Statistical analysis of the immunochemistry results (n = 5). All data are expressed as the mean + standard deviation.
"P < 0.05 indicates a significant difference between the two groups. BCNC: bilateral cavernous nerve crush; LC3: microtubule-associated protein 1 light

chain 3; WB: western blot.

Apoptosis occurs extensively by activating an internally encoded
suicide program, which refers to a cascade reaction of caspase proteins,
cytochrome C, and calcium ions. Accumulating evidence has indicated
that apoptosis, especially that of cavernosum smooth muscle cells, plays
a crucial role in decreasing penile weight, veno-occlusive function,
and ED."*” Moreover, in this study, TUNEL analysis showed that
the apoptotic index in the BCNC group was much higher than that
in the control group, and vacuum therapy inhibited apoptosis by
downregulating apoptotic proteins. The relative expression of Bax/Bcl2
and cleaved caspase3/caspase3 in the therapy group had significantly
decreased compared with that in the BCNC group. Furthermore,
previous studies showed that decreased penile oxygen saturation
resulting from denervation could lead to cell death.”® However, it is well
known that vacuum therapy utilizes negative pressure to increase penile
arterial inflow and improve cavernosal hypoxia. Therefore, inhibiting
hypoxia might be the most direct antiapoptotic mechanism of vacuum
therapy. In addition, our previous study also showed that oxidative
stress was upregulated in pPED. Oxidative stress was also reported
to induce apoptosis.” Thus, we hypothesized that antioxidative stress
might be another mechanism by which vacuum therapy affects pPED.
However, oxidative stress markers were not examined in this study.

Autophagy and apoptosis play important roles in maintaining
intracellular homeostasis. Macroautophagy, ubiquitously referred to
as autophagy, is so complex that it includes multiple phases, among
which autophagosome formation is considered the most critical
event. Therefore, observing autophagosomes by transmission electron
microscopy is considered the gold standard to assess autophagic
activity.®® Our study showed that compared with that of the control

Asia
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and vacuum therapy groups, the number of autophagosomes in
corpus cavernosum cells had reduced in the BCNC group, whereas
mitochondrial turgescence and endoplasmic reticulum distention
were more severe. Based on the absence of a related reference on
pPED and autophagy, we hypothesized that apoptosis might be more
important than autophagy in prolonged hypoxia in the penis. In
addition, the occurrence of autophagy depends on a series of proteins.
The autophagic substrate p62 has negative autophagic activity. Beclin1l
and LC3A/B are essential molecules that mediate the elongation and
completion of autophagosomes. Therefore, the expression of these
proteins was a positive indicator of autophagic activity.***! In this study,
the analysis of p62, Beclinl, and LC3B/LC3A revealed that autophagy
was upregulated in the therapy group compared with that of the BCNC
group. However, no significant difference was detected in the therapy
and control groups, which might be related to mild autophagy being
activated in normal penile tissue due to mild hypoxia.

Autophagy is regulated by many signaling pathways, such as
5’-adenosine monophosphate-activated protein kinase (AMPK)/mTOR,
PI3K/AKT/mTOR, or mTOR (raptor)/p70S6K. However, almost all of
these pathways eventually converge at the mTOR protein. mTOR is a
key negative modulator of autophagy, whose activation phosphorylates
downstream ULK1 to regulate autophagy.” Some studies have indicated
that the AMPK/mTOR and PI3K/AKT/mTOR signaling pathways
play essential roles in pathological angiogenesis, such as in diabetic
retinopathy or tumorigenesis. In fact, AMPK has a dual effect on
angiogenesis. On the one hand, in metabolic syndrome, ischemia,
or hypoxia, AMPK is activated, and mTOR is suppressed, inducing
autophagy and stabilizing HIF-1a. Furthermore, HIF-1a, as a critical
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Figure 6: Vacuum therapy activated autophagy via the PI3K/AKT/mTOR signaling pathway. (a) Representative WB bands of PI3K, pAKT, AKT, pULK1 (Ser757),
ULK1, p-mTOR, mTOR, and B-actin. (b) Statistical analysis of the WB results (n = 8). (¢) Representative immunochemistry images of PI3K, pAKT, p-mTOR,
and pULK1 (Ser757) at x400 magnification (scale bars = 50 pm). (d) Statistical analysis of the immunochemistry results (n = 5). The data are expressed as
the mean + standard deviation. *P < 0.05 indicates a significant difference between the two groups. AKT: protein kinase B (PKB); BCNC: bilateral cavernous

nerve crush; p-mTOR: phosphorylated mammalian target of rapamycin; pULK1: phosphorylated unc-51-like autophagy-activating kinase; WB: western blot;
PI3K: phosphatidylinositol 3-kinase.

transcriptional activator of vascular endothelial growth factor (VEGE),
upregulates VEGF expression to promote angiogenesis.* On the other
hand, AMPK can attenuate angiogenesis through the PI3K/AKT/mTOR
pathway. Generally, PI3K/AKT is activated by mutations in PI3K or
phosphatase and tensin homolog, the overexpression of growth factors,
and cytokines. When PI3K/AKT is activated, mTOR is activated to
increase HIF-1a and VEGE* In addition, it has been reported that the
activation of PI3K/AKT may inhibit the tuberous sclerosis complex
(TSC) by phosphorylating TSC2, which eventually activates mTOR.*>
As noted above, mTOR is the key to multiple signaling pathways. In this
study, we found that the mTOR and PI3K/AKT pathways were activated
in the BCNC group, which might be associated with serious hypoxia

was induced. These findings revealed that the PI3K/AKT/mTOR
signaling pathway mediated the effects of vacuum therapy on pPED by
inhibiting apoptosis and activating autophagy. However, more detailed
mechanisms need to be investigated in future.

CONCLUSIONS

In this study, autophagy was investigated for the first time in pPED
and vacuum therapy. Vacuum therapy could ameliorate ED in bilateral
cavernous nerve crush rats, and the mechanism may be related to
inhibiting apoptosis and increasing autophagy.
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Supplementary Table 1: The primer sequences of real-time quantitative polymerase chain reaction

Genes Primer sequence (5-3') Genes Primer sequence (5-3")
nNOS F: CCTATGCCAAGACCCTGTGTGA Bel-XL F: AACTGGGGTCGATTGTG
R: CATTGCCAAAGGTGCTGGTG R: GATCCAAGGCTCTAGGTGGTC
eNOS F: ACAGGCATCACCAGGAAGAAG Bcel-2 F: TTGAGTTCGGTGGGGTCATG
R: CAGAGCCATACAGGATAGTCG R: GATCCAGGTGTGCAGATGCC
HIF-1a F: TCAAGTCAGCAACGTGGAAG Bax F: CCAAGAAGCTGAGCGAGTGTC
R: TTCACAAATCAGCACCAAGC R: TGAGGACTCCAGCCACAAAGA
Beclin 1 F: CGGCTCCTATTCCATCAAAA B-actin F: AAGAGCTATGAGCTGCCTGA
R: AACTGTGAGGACACCCAAGC R: TACGGATGTCAACGTCACAC
LC3 F: CCAAGCCTTCTTCCTCCTGG
R: TCTCCTGGGAGGCATAGACC

nNOS, neuronal nitric oxide synthesis; eNOS, endothelial nitric oxide synthesis; HIF-1a, hypoxia-inducible factor 1 alpha; LC3, microtubule associated protein 1 light chain 3; Bc/-XL, B-cell

leukemia/lymphoma-xl; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein; F, forward; R, reverse.

Supplementary Table 2: Antibodies used in Western blot and immunohistochemistry

Antibodies wWB IHC Product information

HIF-1a 1:1000 1:100 ab2185, Abcam, Cambridge, MA, USA
eNOS 1:1000 1:100 ab76198, Abcam

nNOS 1:100 Ab5586, Abcam

Bcl-2 1:800 1:80 AF6139, Affinity Bioscience, Wuhan, China
Bax 1:800 1:80 AF0120, Affinity Bioscience

Caspase3 1:1000 - 96628, Cell Signaling Technology, Framingham, MA, USA
Cleaved-caspase3 1:800 1:80 AF7022, Affinity Bioscience

PI3K 1:1000 R 42558, Cell Signaling Technology

AKT 1:1000 - 92728, Cell Signaling Technology
Phospho-AKT 1:1000 - 92718, Cell Signaling Technology

mTOR 1:1000 - 29838, Cell Signaling Technology
Phospho-mTOR 1:1000 1:80 55368, Cell Signaling Technology

ULK1 1:800 - ET1704-63, HuaAn Biotechnology, Hangzhou, China
Phospho-ULK1 1:800 1:80 AF7022, Affinity Bioscience

Beclinl 1:1000 1:80 AF5128, Affinity Bioscience

p62 1:1000 1:80 AF5384, Affinity Bioscience

LC3A/B 1:1000 1:100 127418, Cell Signaling Technology

B-actin 1:2000 - M1210-2, HuaAn Biotechnology

Goat anti-rabbit 1gG 1:10000 S0001, Affinity Bioscience

Goat anti-mouse IgG 1:10000 - S0002, Affinity Bioscience

PI3K: phosphatidylinositol 3-kinase; mTOR: mammalian target of rapamycin; ULK1: unc-51-like autophagy-activating kinase 1;

----, no relevant measurement; WB: western

blot; IHC: immunohistochemistry; HIF-1a: hypoxia-inducible factor-1a; eNOS: endothelial nitric oxide synthesis; nnos: neuronal nitric oxide synthesis; Bcl-2: B-cell lymphoma-2;
Bax: Bcl-2-associated X protein; AKT: protein kinase B.



