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G protein-coupled receptor kinase 2 inhibition
improves erectile function through amelioration of
endothelial dysfunction and oxidative stress in a rat
model of type 2 diabetes

Zhi-Hua Wan’, Yuan-Jie Zhang’, Lin Chen, Yong-Lian Guo, Guo-Hao Li, Ding Wu, Yong Wang

Type 2 diabetes mellitus (T2DM) is a common cause of erectile dysfunction (ED). It has been demonstrated that G protein-coupled
receptor kinase 2 (GRK2) overexpression contributes to diabetic endothelial dysfunction and oxidative stress, which also underlies ED
in T2DM. We hypothesized that GRK2 overexpressed and attenuated endothelial function of the cavernosal tissue in a rat model of
T2DM. T2DM rats were established by feeding with a high-fat diet (HFD) for 2 weeks and then administering two intraperitoneal (IP)
injections of a low dose of streptozotocin (STZ), followed by continuous feeding with a HFD for 6 weeks. GRK2 was inhibited by
IP injection of paroxetine, a selective GRK2 inhibitor, after STZ injection. Insulin challenge tests, intracavernous pressure (ICP),
GRK2 expression, the protein kinase B (Akt)/endothelial nitric oxide synthase (eNOS) pathway, nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase subunit gp91°"* nitric oxide (NO), reactive oxygen species (ROS) production, and apoptosis in
cavernosal tissue were examined. Less response to insulin injection was observed in T2DM rats 2 weeks after HFD. Markedly
increased GRK2 expression, along with impaired Akt/eNOS pathway, reduced NO production, increased gp91P' expression and
ROS generation, increased apoptosis and impaired erectile function were found in T2DM rats. Inhibition of GRK2 with paroxetine
ameliorated Akt/eNOS signaling, restored NO production, downregulated NADPH oxidase, subsequently inhibited ROS generation
and apoptosis, and ultimately preserved erectile function. These results indicated that GRK2 upregulation may be an important

mechanism underlying T2DM ED, and GRK2 inhibition may be a potential therapeutic strategy for T2DM ED.
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INTRODUCTION

Diabetes mellitus (DM) is one of the most common causes of erectile
dysfunction (ED). It has been estimated that 37.5% of men with
type 1 DM (T1DM) and 66.3% of men with type 2 DM (T2DM) have
ED.! Moreover, DM-associated ED tends to be more severe and less
responsive to phosphodiesterase type 5 (PDES5) inhibitor therapy than
nondiabetic ED.%*

The pathogenesis of ED in DM is not fully elucidated due to the
multifactorial and complicated nature of DM. The mechanisms that
prevail in the pathogenesis of TIDM ED and T2DM ED may differ due
to the different characteristics of TIDM and T2DM, such as insulin
resistance and body mass index status.* It has been demonstrated that
endothelial dysfunction and increased oxidative stress play crucial
roles for the development of T2DM ED.* Endothelial dysfunction is
often characterized by a decrease in nitric oxide (NO) bioavailability
resulting from decreased endothelial nitric oxide synthase (eNOS)
activity or expression, or increased NO scavenging. Reactive oxygen
species (ROS) reduce the availability of NO through direct or indirect

mechanisms, such as a reaction with NO to form the toxic nitrating
agent peroxynitrite, promoting eNOS uncoupling, and apoptosis.’*-*?
A recent study shows that eNOS uncoupling and increased oxidative
stress via nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase activation occur prior to carotid artery at the early stage of
T2DM in the penis, emphasizing the role of endothelial dysfunction in
the pathogenesis of T2DM ED." Therefore, new treatment strategies for
T2DM ED targeting endothelial function preservation are necessary.

G protein-coupled receptor kinase 2 (GRK2), a ubiquitously
expressed member of the GRKs family, has been widely investigated for its
function in the phosphorylation and desensitization of G protein-coupled
receptors (GPCRs) and modulation of the signal-transduction mediated
by GPCRs." Besides its typical role in GPCRs regulation, GRK2 might
play important roles in endothelial cell function and insulin resistance.
Liu et al.”> reported overexpression of GRK2 reduced NO release through
inhibition of the protein kinase B (Akt)/eNOS signal-transduction
pathway in injured liver sinusoidal endothelial cells. Increasing
evidence has demonstrated that GRK2 can modulate insulin-stimulated
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transduction cascades, and its upregulation plays a relevant role in
insulin resistance.'*"'® Inhibition of GRK2 could enhance insulin-induced
phosphorylation of Akt in tissues such as muscle, liver, and adipose
tissue."”*® In animal models of T2DM, Taguchi et al.*° demonstrated
that GRK2 is an important negative regulator of insulin-induced Akt/
eNOS signaling in vascular endothelial cells, implicating its role in diabetic
endothelial dysfunction. Moreover, excessive expression of GRK2 could
increase NAPDH oxidase expression and subsequent cellular oxidative
stress and apoptosis, all of which may further reduce the NO release and
contribute to endothelial dysfunction.?"*

The selective serotonin reuptake inhibitor paroxetine has been
demonstrated to efficiently inhibit GRK2 expression and activity
with selectivity over other GRKs.? Here, we hypothesized that
GRK2 overexpression during the development of T2DM may also
contribute to the impairment of the endothelial function of the penile
corpus cavernosum. We used a rat model of T2DM to investigate the
upregulation of GRK2 and the effects of GRK2 inhibition by paroxetine
in corpus cavernosum (CC).

MATERIALS AND METHODS

Animals and treatment

T2DM was induced in 6-month-old male Sprague-Dawley
rats (240-260 g) by feeding with a high-fat diet (HFD; 65% of total energy
from fat) for 2 weeks and then 2 intraperitoneal (IP) injections of a low
dose of streptozotocin (STZ; 20 mg per kg body weight; Sigma-Aldrich,
St. Louis, MO, USA) 3 days apart, followed by continuous feeding with
HED for 6 weeks, according to the method described previously.'***
The control rats (n = 20) were fed with a standard diet (LabDietR 5001;
PMI Nutrition International, St. Louis, MO, USA). T2DM rats were
randomly divided into two groups (n = 20 per group): (1) rats were
intraperitoneally injected with paroxetine (Sigma-Aldrich) dissolved
in phospho-buffered saline (PBS) at a dose of 10 mg kg™ day™! after
STZ injection. This dose was selected based on the published in vivo
study;? (2) rats were treated with saline vehicle alone. Experimental
protocols complied with the National Institutes of Health Guidelines
for the Care and Use of Laboratory Animals, and all procedures were
approved by the Committee for Animal Care and Use in Huazhong
University of Science and Technology (Wuhan, China).

Total body weight, and postprandial glucose levels from tail snip
capillary blood samples were tested once every 2 weeks, and insulin
resistance was tested at 2 and 8 weeks of dietary manipulation.
To determine the sensitivity to a challenge of insulin, rats were
intraperitoneally injected with 1 TU kg™ insulin in PBS, as described
previously.” Blood glucose levels were tested at 0, 15, 30, 60, 90, and
120 min post-injection, and the percentages of the baseline glucose
level before insulin administration were calculated.

Measurement of erectile responses
Intracavernous pressure (ICP) and mean arterial blood pressure (MAP)
were measured as previously described in our experiment.?
Electrostimulation of the cavernous nerve (CN) was applied as voltage
response to stimulation (2.5 V,5V;,and 7.5 V) at 15 Hz with a pulse width of
0.5 ms for 50 s. Three stimulations were conducted at each side of the CN.
Pressure curves were collected by a data-acquisition system (Powerlab,
Castle Hill, Australia). The maximal ICP/MAP, and total ICP which was
determined by the area under the curve (mmHg s™), were calculated.
After measurement, a small portion of the skin-denuded penile
shaft was fixed in 10% formalin and then embedded in paraffin for
histologic studies. The remaining tissue was harvested immediately
for enzyme activity assay or frozen and stored at —80°C.
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Histology

Adjacent sections (5 pm) were cut in a transverse direction. For
immunohistochemical examination, the sections were incubated with
rabbit anti-GRK2 antibody (1:100; Sigma-Aldrich) overnight at 4°C.
After being washed, the sections were incubated with the horseradish
peroxidase-conjugated secondary antibody. Finally, antigen-antibody
reactions were performed with 0.05% diaminobenzidine. Atleast three
matched sections per specimen and at least three fields in each section
were examined. Semi-quantitative analysis was performed using
Image-Pro plus software (Media Cybernetics, Silver Spring, MD, USA).

Real-time quantitative polymerase chain reaction

Total RNA of cavernosal tissue was isolated using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). As described in our previous
experiment,” the cDNA was synthesized using the PrimeScriptTM RT
reagent Kit (TaKaRa, Dalian, China) and real-time polymerase chain
reaction (PCR) was performed using SYBR Premix Ex Taq (TaKaRa)
with ABI PRISM 7900HT Sequence Detection System (Applied
Biosystems, Los Angeles, CA, USA). GRK2, Akt, eNOS, gp91rhex,
and caspase-3 mRNA were measured. PCR was performed in at least
three replicates. The 274t method was used for quantification (fold
difference) of the expression level.?® S-actin was used as an endogenous
reference gene. The PCR primers are presented in Table 1.

Western blot analysis

As described previously,*® briefly, 40 pg of total protein was
transferred onto a nitrocellulose membrane (Pierce, Rocford,
IL, USA) and incubated with appropriate dilutions of the
primary specific antibody, including anti-Akt, anti-phospho-Akt
(Thr308), anti-phospho-Akt (Ser473), anti-eNOS,
anti-phospho-eNOS (Thr495), anti-phospho-eNOS (Ser1177)
(1:1000, CST, Danvers, MA, USA), anti-GRK2, anti-gp91P“°",
anti-caspase-3, anti-active (cleaved) caspase-3 antibody (1:1000,
Abcam, Cambridge, MA, USA), followed by incubation with
horseradish peroxidase (HRP) conjugated secondary antibody. The
membranes were then analyzed using a chemiluminescence detection
system. Experiments were independently performed at least three
times. The relative signal intensity was quantified by densitometry and
normalized to the -actin expression level.

NOS activity, NO level, and caspase-3 activity assay

NOS activity, NO level, and caspase-3 activity in rat cavernosal
tissue were measured using a NOS Activity Assay Kit (Fluorometric;
Biovision, Milpitas, CA, USA), a Nitric Oxide Colorimetric Assay
Kit (Biovision) and a Caspase-3 Assay Kit (Fluorometric; Abcam)
according to the manufacturer’s instructions, respectively. The assay

Table 1: The sequences of PCR primers

Primer Sequence

GRK2 Forward: 5'-TGGGATCACAGGAATTGTCA-3’
Reverse: 5’-TAGGGTACAAATGACCTCAGC-3’

Akt Forward: 5’-TTTGGGAAGGTGATCCTGGTG-3’
Reverse: 5'-GGTCGTGGGTCTGGAATGAGT-3’

eNOS Forward: 5'-GATCCTAACTTGCCTTGCATCCT-3’
Reverse: 5'-TGTAATCGGTCTTGCCAGAATCC-3’

gp91phox Forward: 5'-TGGGATCACAGGAATTGTCA-3’
Reverse: 5'-CTTCCAAACTCTCCGCAGTC-3’

B-actin Forward: 5’-GGAGATTACTGCCCTGGCTCCTA-3’

5'-GACTCATCGTACTCCTGCTTGCTG-3’

GRK2: G protein-coupled receptor kinase 2; Akt: protein kinase B; eNOS: endothelial
nitric oxide synthase

Reverse:
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for each specimen was performed at least three times. The results were
normalized for total protein in each sample.

ROS assay

ROS production in CC was measured as described previously.?’
Briefly, CC homogenate (100 ug) was added to sample wells sealed
with Topseal-A (Perkin Elmer, Oak Brook, IL, USA) or background
wells and then lucigenin (Sigma-Aldrich) was added at a concentration
of 5 mmol 1"'. Plates were counted on a scintillation counter
(Perkin Elmer) set to single-photon counting mode. The assay for
each specimen was performed at least three times. The results were
expressed as counts per min (CPM) per mg of protein.

TUNEL assay

Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end-labeling (TUNEL) assay in CC was performed using a Fluorescein
DNA Fragmentation Detection Kit (Oncogene, Boston, MA, USA)
according to the manufacturer’s instructions. The nuclei were stained
with 4,6-diamidino-2-phenylindole (DAPI). The number of apoptotic
cells in the cross section were counted in five randomly selected
microscopic fields at a final magnification of X200, and the average of
apoptotic cell number in five fields per sample were calculated.

Statistical analysis

Data are analyzed by ANOVA with Student-Newman-Keuls post-hoc
analysis with PASW Statistics18 software (SPSS Inc., Chicago, IL, USA)
and expressed as mean + standard deviation (s.d.). Differences were
considered statistically significant when P < 0.05.

RESULTS

HEFD plus STZ injection induced establishment of T2DM

After 4 weeks of HFD (1 week after STZ injection), markedly increased
blood glucose and body weight were found in the T2DM rats
(P < 0.05, Figure 1a and 1b). Insulin resistance was tested at 2 and 8
weeks after HFD (Figure 1cand 1d). Less response to insulin injection
was observed in T2DM rats 2 weeks after HFD (P < 0.05, Figure 1c),
although there was no marked difference in blood glucose (P =0.071)
and body weight (P = 0.122) at this time point, indicating the onset of
insulin resistance at the early stage of T2DM.
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Figure 1: (a) Postprandial blood glucose was tested once every 2 weeks. (h)
Body weight was tested once every 2 weeks. (¢) An insulin challenge test
was performed at 2 weeks of dietary manipulation. (d) An insulin challenge
test was performed at 8 weeks of dietary manipulation. Results were reported
as mean + standard deviation (s.d.). "P < 0.05, the indicated group versus
control group, n = 20 per group. T2DM: type 2 diabetes mellitus.
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T2DM induced overexpression of GRK2 in the CC of T2DM rats
Localization of GRK2 in CC was determined by immunohistochemical
examination (Figure 2a). GRK2 expression in CC was measured
by real-time quantitative PCR (Figure 2c¢) and western blot
analysis (Figure 2d). Compared with the control rats, T2DM rats
showed markedly higher GRK2 immunoreactivity (P < 0.05, Figure 2b).
Compared with the control rats, T2DM led to an approximately
3.5-fold and 2.2-fold increase in GRK2 mRNA and protein expression,
respectively, whereas this increase was prevented by paroxetine
treatment (P < 0.05, Figure 2c and 2e).

Chronic paroxetine treatment preserved erectile function of T2DM
rats

The functional consequence of GRK2 inhibition was evaluated by CN
stimulation (Figure 3). Both ICP/MAP and total ICP in T2DM rats
were lower in contrast to nondiabetic control rats at all levels of settings
(2.5V,5V,and 7.5V) (P < 0.05). GRK2 inhibition with paroxetine had
partially but markedly increased ICP/MAP and total ICP in response
to CN stimulation at the 5 V and 7.5 V settings (P < 0.05), whereas
no marked difference in ICP/MAP and total ICP were found between
T2DM rats and the paroxetine treatment group at low-voltage (2.5 V)
stimulation (P = 0.232 and P = 0.262, respectively).

Paroxetine treatment ameliorated the Akt-eNOS pathway in CC of
T2DM rats

There was no marked difference of Akt mRNA (P = 0.422) and
protein expression (P = 0.354) and the phosphorylation of Akt
at Ser473 (P = 0.829) among the three groups, whereas the
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Figure 2: GRK2 activiation in cavernosal tissue. (a) GRK2 localization was assessed
by immunohistochemistry (magnification x200, scale bars = 50 um). (b) Bar
graphs represent quantitative image analysis for immunohistochemistry. (¢) The
expression of GRK2 mRNA was measured by real-time quantitative PCR. The
data were presented as the fold change relative to the non-diabetic control. (d)
GRK2 protein expression was measure by western blot analysis. B-actin was used
as a loading control. (e) Expression levels of GRK2 protein were normalized to
B-actin. Results were reported as mean + standard deviation (s.d.). “P < 0.05,
the indicated group versus control group; #P < 0.05, the indicated group versus
T2DM-+vehicle group, n = 20 per group. All results are representative of three
independent experiments. GRK2: G protein-coupled receptor kinase 2; T2DM:
type 2 diabetes mellitus, PCR: polymerase chain reaction.
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Figure 3: Effects of GRK2 inhibition on erectile responses to electrical
stimulation. Electrostimulation of the cavernous nerve was applied as voltage
response (2.5 V, 5V, and 7.5 V) at 15 Hz with a pulse width of 0.5 ms
for 50 s. Erectile response is expressed as (a) ICP/MAP and (b) total ICP.
Results were reported as mean + standard deviation (s.d.). P < 0.05, the
indicated group versus control group; #*P < 0.05, the indicated group versus
T2DM+vehicle group; n = 20 per group. All results are representative of
three independent experiments. GRK2: G protein-coupled receptor kinase 2;
T2DM: type 2 diabetes mellitus; ICP: intracavernous pressure; MAP: mean
arterial blood pressure.

phosphorylation of Akt at Thr308 markedly decreased in T2DM
rats, and paroxetine markedly inhibited this decrease (P < 0.05,
Figure 4a-4d). Markedly decreased eNOS mRNA and protein
expression and the phosphorylation of eNOS at Ser1177, along
with markedly elevated phosphorylation of eNOS at Thr495, were
found in CC of T2DM rats (P < 0.05). Paroxetine increased at least
partially eNOS transcriptional level, protein expression, and the
phosphorylation of eNOS at Ser1177, and partially inhibited the
phosphorylation of eNOS at Thr495 (P < 0.05). Furthermore, NOS
activity and total NO production were markedly attenuated in T2DM
rats, and this impairment was prevented by chronic treatment with
paroxetin (P < 0.05, Figure 4e and 4f).

Paroxetine treatment inhibited oxidative stress in CC of T2DM rats
The mRNA and protein expression level of NADPH oxidase
subunit gp917">* were markedly increased in CC of T2DM rats to
4.2-fold and 5.5-fold those of the control rats, respectively (P < 0.05,
Figure 5a-5c¢), and this increase was partially prevented by paroxetine
treatment (P < 0.05). Markedly elevated ROS generation was also found
in CC of T2DM rats (P < 0.05, Figure 5d), and paroxetine treatment
markedly prevented the increase (P < 0.05), although, it remained
higher than that of the control rats.

Paroxetine treatment reduced apoptotic cells in CC of T2DM rats

A markedly increased number of TUNEL-positive cells was found
in T2DM rats (27 + 4 per field) compared with the control rats
(2+ 1 per field) (P < 0.05), and the number was decreased in tissues from
paroxetine-treated rats (10 + 2 per field) (P < 0.05, Figure 6a and 6b).
Compared with the control rats, both caspase-3 and cleaved caspase-3
protein level were markedly increased in CC of T2DM rats (P < 0.05),
and paroxetine treatment reduced the increased production
partially (P < 0.05, Figure 6¢ and 6d). Likewise, caspase-3 activity in
T2DM rats was higher than that in control rats, and paroxetine could
partially reduce caspase-3 activity in T2DM rats (P < 0.05, Figure 6e).

DISCUSSION

In the present study, we found that there was an increased penile GRK2
expression along with impaired endothelial function and erectile
function in T2DM rats. We also demonstrated that inhibition of
GRK2 with paroxetine ameliorated the Akt/eNOS signaling pathway,
inhibited oxidative stress and cell apoptosis in CC, thus improving
endothelial function and erectile function in a rat model of T2DM,
indicating that GRK2 upregulation might be an important mechanism
underlying T2DM ED.
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Figure 4: Effect of GRK2 inhibition on the Akt-NOS-NO signaling pathway.
(a) The expression levels of Akt and eNOS mRNA were measured by
real-time quantitative quantitative polymerase chain reaction (PCR).
The data were presented as the fold change relative to the non-diabetic
controls. (h) Akt, p-Akt (Thr308), p-Akt (Ser473), eNOS, p-eNOS (Thr495),
and p-eNOS (Ser1177) protein expression were measured by western
blot analysis. B-actin was used as a loading control. (¢) Expression levels
of eNOS and Akt protein were normalized to B-actin. (d) Densitometric
ratios of phosphorylated Akt to total Akt and phosphorylated eNOS to total
eNOS. (e) NOS activity was measured by fluorometric analysis. (f) Total NO
level was measured by the colorimetric method. Results were reported as
mean + standard deviation (s.d.). “P< 0.05, the indicated group versus control
group; *P < 0.05, the indicated group versus T2DM+vehicle group; n = 20
per group. All results are representative of three independent experiments.
GRK2: G protein-coupled receptor kinase 2; T2DM: type 2 diabetes
mellitus; Akt: protein kinase B; eNOS: endothelial nitric oxide synthase;
p-eNOS: phospho-eNOS; p-Akt: phospho-Akt; NO: nitric oxide.

In the context of T2DM, it has been demonstrated that endothelial
dysfunction plays an important role in the development of ED. Reduced
eNOS mRNA and protein expression, decreased phosphorylation of
eNOS at Ser-1177 by serine-threonine protein kinase Akt, increased
dissociation of functional eNOS dimers into nonfunctional monomers,
and reduced NOS activity have been noticed in CC of rat or mouse models
of T2DM, all of which would lead to decreased NO production.®* !>
Consistent with previous reports, we also found an impaired Akt-eNOS
pathway in CC of T2DM rats, including reduced eNOS expression at
both transcription and protein level, decreased phosphorylation of Akt at
Thr308 and phosphorylation of eNOS at Ser-1177, as well as subsequent
reduced total NOS activity and NO production.

In addition to the negative modulation of GPCR, GRK2
has been stressed as a nodal point of many intracellular signal
transduction pathways.'**=! In sinusoidal endothelial cells of
injured liver, GRK2 overexpression inhibited Akt and eNOS
phosphorylation and substantially reduced production of NO, whereas
knockdown of GRK2 ameliorated Akt-eNOS-NO transduction,
restored endothelial function, and normalized portal pressure; this
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Figure 5: Effect of GRK2 inhibition on oxidative stress. (a) The expression
of gp91r"™ mRNA was measured by real-time quantitative polymerase chain
reaction (PCR). The data were presented as the fold change relative to the
non-diabetic controls. (b) gp91°P"* protein expression was measured by
western blot analysis. B-actin was used as a loading control. (¢) Expression
levels of gp91rh protein were normalized to B-actin. (d) ROS production in
cavernosal tissue was expressed as CPM mg* protein. Results were reported as
mean + standard deviation (s.d.). “P< 0.05, the indicated group versus control
group; *P< 0.05, the indicated group versus T2DM-+vehicle group; n= 20 per
group. All results are representative of three independent experiments. CPM:
counts per min; GRK2: G protein-coupled receptor kinase 2; T2DM: type 2
diabetes mellitus; ROS: reactive oxygen species.

suggests that overexpression of GRK2 is an important mechanism
underlying endothelial dysfunction.”® Under conditions of insulin
resistance, elevated GRK2 expression or activity, possibly triggered
by hyperinsulinemia or altered cytokine expression, impairs
insulin-mediated Akt activation in endothelial cells in a kinase-activity
independent way and attenuates endothelial function.'*** Consistent
with studies on these pathologies, we observed a marked increase in
GRK2 expression, along with an impaired Akt/eNOS pathway, in CC of
T2DM and GRK2 inhibition with paroxetine-restored phosphorylation
of Akt and eNOS, normalized eNOS activity, and NO production.

In addition to an impaired Akt/eNOS pathway, increased oxidative
stress also underlies the endothelial dysfunction in DM.*!** Chronic
hyperglycemia leads to excessive ROS production, in particular
superoxide anion, which increases NO scavenging through reaction
with NO to form the toxic nitrating agent peroxynitrite (ONOO").?*?
Peroxynitrite further causes eNOS uncoupling, resulting in the
production of superoxide rather than NO.* In addition, ROS induces
endothelial cell death through DNA damage, and thus amplifies the
decrease in NO.**> NADPH oxidase is a major source of ROS in the
development of vascular diseases including DM and ED. Elevated
expression of NADPH oxidase subunits, such as gp91P"* and p47°hex,
has been demonstrated in the penis of T1IDM or T2DM animals.>!**

Overexpression of GRK2 could lead to the increase in NADPH
oxidase expression, ROS production, and oxidative-induced cell death
in cardiac myocytes.?*> GRK2 inhibition exerts the anti-oxidative
stress and anti-apoptosis effects through downregulation of NADPH
oxidase and upregulation of pro-survival B cell leukemia/lymphoma
2 (Bcl-2)/Bcl-xL expression.”*? In the present study, as consistent with
previous reports, we also found upregulated expression of gp917hex,
along with enhanced ROS level and increased apoptosis cells, in the
cavernosal tissue from T2DM rats, whereas paroxetine ameliorated
these deficits markedly.
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Figure 6: Effect of GRK2 inhibition on apoptosis. (a) The corpus cavernosum
was stained with terminal deoxynucleotidyl transferase (TdT)-mediated dUTP
nick end-labeling (TUNEL, red) and 4,6-diamidino-2-phenylindole (DAPI,
blue) for apoptotic cells and cell nuclei, respectively (magnification x200,
scale bars = 50 um). (b) Bar graphs represent quantitative image analysis
for TUNEL assay. (¢) Caspase-3 and cleaved caspase-3 protein expression
was measured by western blot analysis. B-actin was used as a loading
control. (d) Expression levels of caspase-3 and cleaved caspase-3 protein
were normalized to B-actin. (e) Caspase-3 activity was presented as the
fold change relative to the non-diabetic controls. Results were reported as
mean + standard deviation (s.d.). "P < 0.05, the indicated group versus
control group; #*P < 0.05, the indicated group versus T2DM+vehicle group;
n = 20 per group. All results are representative of three independent
experiments. GRK2: G protein-coupled receptor kinase 2; T2DM: type 2
diabetes mellitus.

There are several limitations in our study. First, it has been reported
that paroxetine binds directly to GRK2 and inhibits kinase activity,”
while the mechanism by which paroxetine decreases GRK2 expression
remains unknown and requires further investigation. Second, the
mechanism underlying how the upregulated GRK2 in CC affects
Akt activation needs to be further elucidated. Recent data highlight
a potential mechanism by which enhanced GRK2 can antagonize
the action of B-arrestin 2, which acts as a scaffold for the interface
of Akt and the insulin receptor and facilitates insulin signaling, thus
attenuating Akt/eNOS phosphorylation and NO production.” Third,
considering the selective serotonin reuptake inhibitor (SSRI) activity
of paroxetine, it is probable that chronic paroxetine treatment in
nondepressed T2DM patients would not be practical. However,
observations of this study shed some light on the hypothesis that
overexpressed GRK2 correlates with T2DM ED and novel drugs for
GRK2-specific targeting might be promising therapies.



In conclusion, this study provides evidence for the role of GRK2
activation in the pathogenesis of T2DM ED, whereas a GRK2 inhibitor
ameliorated the Akt/eNOS pathway, restored NO production,
downregulated NADPH oxidase, subsequently inhibited ROS
generation and apoptosis, and ultimately preserved erectile function.
GRK?2 inhibition may be a potential therapeutic strategy for T2DM
ED by preserving endothelial function and preventing oxidative stress
in cavernosal tissue.
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