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Abstract

Background: Erectile dysfunction (ED) has been shown to be related with inflammatory
markers in humans. Chronic infusion of TNF-a caused ED in mice while TNF-a knockout mice
exhibited improvement in the relaxation of the corpus cavernosum (CC).

Aim: Since obesity triggers an inflammatory process, we aimed to investigate the hypothesis that
in obesity, Toll-like receptor 9 (TLR9) activation leads to increased TNF-a levels and an
impairment in CC reactivity.

Methods: Four-week old male C57BL6 (WT) and TLR9 mutant (TLR9\yT) mice were fed a
standard chow or high fat diet (HFD) for 12 weeks. Body weight and non-fasting blood glucose
were analyzed. Contractile and relaxation responses of the CC were evaluated by electrical field
stimulation (EFS) and concentration response curves to phenylephrine (PE) and acetylcholine
(ACh). Protein expression of NNOS, TNF-a, TNF-R1, TLR9 and MyD88 were measured by
western blot. Plasma levels of TNF-a were measured by ELISA.

Outcome: In obesity, impaired cavernosal relaxation is associated with the activation of the
innate immune system, by increasing the production of TNF- a through the activation of TLR9 in
the macrophages.
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Results: After 12 weeks of HFD both WT and TLR9yyT mice had increased body weight and
non-fasting blood glucose compared to standard chow. In the CC, ACh-induced relaxation was not
changed. A trend to increased contraction to PE and KCI was seen in WT HFD only. EFS-induced
relaxation of the CC was decreased in WT HFD as well as nNOS expression in the CC of WT
HFD, but not in TLR9y,yT HFD. In the CC, protein expression of TLR9 and MyD88 was similar
in all groups. While circulating levels of TNF-a presented only a trend to increase in mice fed
HFD, the CC expression of TNF-a was increased only in WT HFD mice.

Clinical Translation: The innate immune system can be a target for the treatment of erectile
complications in obesity.

Strengths and limitations: This is the first study demonstrating that activation of TLR9
expressed in macrophages leads to impaired cavernosal relaxation. The main limitation of the
study is the lack of understanding about the source/expression of the macrophages in the
cavernous tissue. Further, herein, the experiments were performed only in isolated cavernous
tissue (/n vitro), thus the lack of knowledge on how the TLR9 modulates the /n vivo response of
the erectile tissue is another limitation of this study.

Conclusion: Our findings indicate that CC dysfunction observed in obesity is at least in part
mediated by the production of TNF-a upon activation of TLR9 expressed in the macrophages.

Keywords
obesity; innate immune system; macrophages; erectile dysfunction

Introduction

Erectile dysfunction (ED) has been associated with increased inflammation, independent of
overt cardiovascular disease. For example, increased levels of inflammatory markers,
including interleukin 1-B (IL-1B) and tumor necrosis factor alpha (TNF-a) were found in
ED patients with or without coronary artery disease (CAD).() In addition, several studies
are demonstrating that TNF-a plays an important role in the development of sexual
dysfunction elicited by different etiological processes such as hormonal imbalance, neuronal
damage, psychological or vasculogenic ED.(2-3) Indeed, it was earlier demonstrated that
mice infused with TNF-a exhibited increased contraction and decreased relaxation of the
corpus cavernosum (CC) whereas erectile function was significantly improved in TNF-a
knockout mice.®: 7) Moreover, treatment with the TNF receptor antagonist improved erectile
function in aged and depressed rats.(3 8)

Obesity is related with several cardiovascular disorders and organ damage, including ED. In
this context, inflammation could be the link between obesity and ED since obesity is
considered a low-grade, chronic inflammatory condition.(®) Inflammation can be triggered
by activation of Toll like receptors (TLRs), which are pattern-recognition receptors of the
innate immune system, by sensing pathogen- and damage-associated molecular patterns
(PAMPs and DAMPS, respectively). DAMPS and PAMPs could arise as a consequence of
the cellular and molecular changes in obesity and trigger the activation of TLRs. Among
them, TLR9 expression seems to be increased in overweight and obese individuals with non-
alcoholic steatohepatitis (NASH) and animals.(19) Liver samples of human subjects that

J Sex Med. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Priviero et al.

Methods

Animals

Page 3

underwent bariatric surgery, as well as liver samples from mice fed atherogenic diet,
exhibited increased gene and protein expression of TLR9. In mice, this increase was
accompanied by increased expression of p65 subunit of NFxB, macrophages and Kupffer
cells marker (F4/80) and myeloperoxidase producing neutrophils (MPO) and these changes
were, at least in part, suppressed in mouse lacking TLR9.(19) TLR9 is mainly expressed in
immune system cells such as dendritic cells and macrophages, although it can be also
expressed in other non-immune cells including muscle and epithelial cells. TLR9 recognizes
unmethylated CpG DNA, such as fragments of mitochondrial DNA derived from cellular
injury and necrosis. After activation, it will recruit the adaptor protein myeloid
differentiation primary response protein 88 (MyD88) which in turn activates the mitogen-
activated protein kinases (MAPK) and NFxB to increase the production of proinflammatory
cytokines, including TNF-a.(11) Therefore, TLR9 has been related to cardiovascular diseases
associated with inflammatory states and it has been shown to lead to vascular and non-
vascular organ damage in hypertension and obesity.(12: 13) However, only a few studies have
addressed whether TLRs might be involved in the physiopathology of ED. Previously, our
group was the first to show that activation of TLR1/2 led to the impairment of the
contraction and relaxation of the CC and this was the first evidence that TLRs activation
could contribute to ED.(4) Similarly, in angiotensin Il-induced hypertension in mice and
rats, as well as in diabetic rats, ED was demonstrated to be associated with the activation of
TLR4 and its downstream protein MyD88 overexpression.(15-17) The evidence that TLR9
may play a role in the ED was proposed by Rodrigues et al., when it was shown that the CC
of rats with heart failure had increased protein expression of TLR9 and TLR9 knockout mice
exhibited decreased contractile profile, which favors penile erection.(8) There are
convincing data in the literature that TNF-a contributes to the impaired function of the CC
and plays a role in the development of ED. However, whether TLR9 is involved in obesity-
induced ED is not yet established. We hypothesize that, in obesity, activation of TLR9 of the
macrophages will increase the levels of TNF-a in the CC. Hence, this work aimed to
investigate the cavernosal reactivity in a TLR9 mutant mice fed HFD. In this model of TLR9
mutant mice, macrophages do not produce TNF-a. upon stimulation of TLR9. The
improvement of the cavernosal reactivity in TLR9 mutant mice fed HFD is proof of concept
of the contribution of TLR9 for the development of ED. Therefore, TLR9 might be a
potential target for the development of new therapies for the treatment of ED.

All experimental procedures were conducted in accordance with the Guide for the Care and
Use of Laboratory Animals of the National Institutes of Health (NIH) and ethical standards
of Institutional Animal Care and Use Committee of Augusta University. Male 4-week-old
C57BL/6J (WT) and C57BL/6J- TIroV7BtiMmijax mice (TLR9yuT), Were purchased from
Jackson Laboratories (Bar Harbor, ME, USA) and used in all experiments. Animals were
housed 3-4 per cage, in temperature-controlled facilities on a 12-hour light-dark cycle, fed
ad libitum either a regular diet (carbohydrate; 70%; protein: 20%; fat; 10%) or a HFD to
induce obesity (HFD: carbohydrate; 20%; protein: 20%; fat: 60%; Research Diets, New
Brunswick, NJ, USA) for 12 weeks.
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Functional studies

The mice were anesthetized with isoflurane (5% in 100% O») and tail blood samples were
collected for non-fasting glucose measurements using a glucometer (Freestyle Lite, Abbott,
Alameda, CA, USA). The penises were surgically removed and placed in chilled
physiological buffer of the following composition (mmol/L): NaCl, 130; NaHCOs3, 14.9;
dextrose, 5.5; KClI, 4.7; KHyPQy, 1.18; MgSO47H50, 1.17 and CaCl,2H,0, 1.6. Following
removal of the glans penis and urethra, the penile tissue was cleaned from connective and
adventitial tissues and the fibrous septum separating the corpora cavernosa was opened from
its proximal extremity towards the penile shaft. A slit was made in the tunica albuginea
along the shaft to obtain two strips (11x1x1 mm) of CC from each mouse. Each strip was
mounted in a myograph for isometric force recording (Danish Myograph Technology,
Aarhus, Denmark) coupled to a PowerLab 8/SP™ data acquisition system (software Chart
5.0, ADInstruments, Colorado Springs, USA). The bathing solution was maintained at 37°C
and continuously aerated with 95% O, and 5% CO,. Tissues were allowed to equilibrate for
45 min under a resting tension of 5 mN.

After equilibration, the ability of the preparations to develop contraction was assessed in 120
mmol/L K*-substituted physiological buffer. Contractile and relaxation responses were
performed in separated strips. Contraction obtained by transmural electrical field stimulation
(EFS) was performed in the presence of the nitric oxidase synthase (NOS) inhibitor Ncw-
Nitro-L-arginine methyl ester hydrochloride (L-NAME; 100 umol/L) and in the presence of
the muscarinic receptor antagonist, atropine (1 umol/L). Frequency-response curve was
acquired by placing the strips between two platinum ring electrodes connected to a Grass
S88 stimulator (Astro-Med Industrial Park, RI, USA). EFS was conducted at 50 V, 1 ms
pulse width and trains of stimuli lasting 10 sec for each frequency at the frequencies of 1, 2,
4, 8 and 16 Hz. An interval of 2 minutes was given between stimuli. After the last stimulus,
concentration response curves to phenylephrine (PE) were obtained (10 nmol/L — 30
umol/L). For relaxation responses, strips were contracted with PE (10 umol/L) and
concentration response curves to acetylcholine (ACh 1 nmol/L — 10 umol/L) were obtained.
EFS-induced relaxation was performed using the same settings as for the contraction, in the
absence of L-NAME and atropine. Contractions were analyzed as force (mN) and relaxation
was taken as the percentage of the contraction induced by PE.

Determination of TNF-a serum levels

Blood collected from the abdominal aorta was used to obtain serum samples for
determination of systemic TNF-a levels. After arterial blood collection without
anticoagulant, samples were centrifuged (1,000g) for 10 min at 4°C. The top yellow serum
layer was collected without disturbing the white buffy layer and frozen at —80°C until the
experiment was performed. On the day of the experiment, serum was processed according
the manufacturer’s instructions and the assays were performed in duplicates. A high-
sensitivity TNF-a mouse ELISA kit (Invitrogen, Vienna, Austria) was used for this assay. A
microplate covered with biotin-conjugated anti-mouse TNF-a antibody was used to bind to
TNF-a from samples and standards. Streptavidin-HRP was used to bind to the biotin-
conjugated anti-mouse TNF-a antibody and biotinyltyramide was used to amplify the
reaction. Reaction was terminated by addition of phosphoric acid. The final reaction formed
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a colored product proportional to the amount of TNF-a. in the sample, and absorbance was
read at 450 nm.

Corpora cavernosa protein extraction and western blot analysis

The CC was obtained after excising and cleaning the penises as described above. Samples
were immediately frozen at —80°C. Briefly, CC tissues were pulverized, homogenized in
lysis extraction buffer (100 mmol/L Tris—HCI, 1 mmol/L EDTA and 1 mmol/L EGTA
containing phenylmethylsulphonyl fluoride (PMSF), protease inhibitor and phosphatase
inhibitors), and centrifuged at 10,000¢ for 20 min at 4°C. Supernatant was collected as
cytosolic fraction, and pellet was suspended in extraction buffer containing 1% Triton X-100
to obtain the membrane fraction. Protein was estimated using a commercially available kit
from Bio Rad (Hercules, CA), and 40 ug of cytosolic protein was loaded for western blot,
Samples were resolved by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) under
reducing conditions. Proteins were subsequently transferred onto nitrocellulose membranes
(BioRad, Hercules, U.S.A.). Membranes were blocked by treatment with 5% milk in Tris-
buffered saline containing 0.05% tween 20, and probed with antibodies against the protein of
interest as follow: TLR9 (1:1000), nNOS (1:1000), TNF-a (1:1000), TNF-R1 (1:1000),
MyD88 (1:1000). HSP90 (1:1000) and pB-actin (1:50,000) were used as housekeeping
proteins for loading normalization. Next, membranes were incubated with a horseradish
peroxidase-conjugated secondary antibody. Immunoreactivity was detected by enhanced
chemiluminescence and the protein expression was normalized to p-actin or HSP90
expression. The representative blot was shown as cropped images of the membrane bands.
The full membrane of each protein is presented in the supplement file 1.

Drugs, solutions and antibodies

Acetylcholine, atropine, L-NAME and PE were purchased from Millipore-Sigma (St. Louis,
MO, USA). The antibodies against HSP90 (sc-515081), TNF-R1 (sc-8436) and TNF-a
(sc-52746) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A.). The
antibodies against TLR9 (ab134368), and MyD88 (ab36076) were obtained from Abcam
(San Francisco, CA, U.S.A.) and nNOS (07-571) from Millipore.

All other reagents used were of analytical grade. Stock solutions were prepared in deionized
water and stored in aliquots at —20°C; dilutions were made immediately before use.

Data analysis

Relaxation responses are expressed as percentage of PE-induced maximum contraction.
Curves were fitted to all the data using non-linear regression and halfmaximum response
(pECs5p) to each drug, expressed as —log molar (mol/L), was used to compare potency. All
data were expressed as means + S.E.M. of nexperiments. The statistical significance of all
differences between mean values was calculated using student’s t test or ANOVA followed
by Bonferroni’s post hoc test as applicable. (GraphPAD Software, version 8.1.2, San Diego,
USA). To reject the null hypothesis a level of p<0.05 was considered to be statistically
significant.
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Results

Body weight and non-fasting blood glucose.

At the end of the study, WT mice fed HFD presented a significant higher body weight
compared to WT mice fed standard chow. Body weight gain in TLROy,1 mice followed the
same pattern of WT mice, according with the type of diet they were receiving. Non-fasting
blood glucose at 12 weeks of study was similar in mice fed standard chow or fed HFD.
These data are summarized at table 1.

Cavernosal reactivity

PE induced maximal contraction of the CC with a force of 1.66 £ 0.25 mN in WT mice fed
standard chow (n=6), compared to 2.06 + 0.22 mN in WT fed HFD (n=9). In TLRO\uT,
maximal contraction to PE was 1.51 + 0.26 vs 1.18 + 0.15 mN, in standard chow vs HFD,
respectively. In mice fed HFD, the maximal contraction to PE was significantly lower in
TLR9\uT compared to WT. No differences in the potency of PE were observed in both
standard chow (pECsp: 5.58 + 0.05 WT vs 5.70 £ 0.05 TLR9yy1) or HFD (pECsg: 5.53 +
0.07 WT vs 5.58 = 0.07 TLR9\yyT; Fig 1A). Electrical field stimulation in the presence of
L-NAME and atropine caused contraction of the CC in a similar magnitude for all the
groups studied (Fig 1B). KCI (120 mM) induced similar contraction of the CC in all groups
with a force of 1.32 £ 0.25 mN in WT, 1.18 £ 0.15 mN in TLR9pyyT, 1.83 £ 0.21 mN in WT
HFD and 1.14 + 0.16 mN in TLR9yuT HFD (P > 0.05; Fig 1C).

Endothelium-dependent relaxation of the CC was obtained by concentration responses
curves to ACh. Maximal response to ACh was not significantly changed in the CC of the
studied groups (WT: 84 £ 6%; n=6 vs WT HFD: 75 £ 2%; n=7 and TLRO\yT: 78 £ 6%;
n=6 vs TLR9yut HFD: 71 £ 6%, n=9). Likewise, no differences were observed in the
potency of ACh in the CC of mice fed standard chow or HFD, in any strain (pECsgq: 7.11 £
0.11 WT; 7.06 £ 0.12 HFD; 7.03 £ 0.09 TLR9pyT; 7.00 £ 012 TLR9\uT HFD; Fig 2A).
On the other hand, EFS caused relaxation of the CC of WT mice (at 16 Hz: 84 + 5%, n=6),
which was significantly reduced at all frequencies when mice were fed HFD (at 16 Hz: 59 +
7.5%, n = 8). This reduced relaxation was not observed when TLR9y,yt mice were fed HFD
(at 16 Hz: 97 £ 7%, n=8; Fig 2B). In a similar fashion, nNOS expression was significantly
decreased in the CC when WT mice were fed HFD. However, this reduction was not
observed in the CC of TLR9yyyT fed HFD (Fig 2C).

TNF-a and TNF-R1 expression.
Next, we measured the expression of TNF-a and TNF-R1 in the CC (Fig 3A and 3B,
respectively). Expression of TNF-R1 was similar in the CC of all groups, whereas a higher
expression of TNF-a was observed in the CC of WT mice fed HFD (TNF-a/p-actin ratio of
1.25 + 0.19) compared to WT fed standard chow (TNF-a/p-actin ratio of 0.62 + 0.20). On
the other hand, this increased expression of TNF-a was not seen in the CC of TLR9yuT
mice fed HFD (TNF-a/p-actin ratio of 0.92 + 0.25) compared to TLR9yyT fed standard
chow (TNF-a/p-actin ratio of 0.75 + 0.12). Plasma levels of TNF-a were not changed in
any of the groups (Fig 3C).
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TLR9 signaling in the CC

Western blot analysis revealed that TLR9 as well as its downstream adaptor protein MyD88
are expressed in the CC of mice (Fig 4A and 4B, respectively). Both proteins expression was
not changed by HFD or in TLR9y,yt mice. This suggests that TLR9 activation in
macrophages, and not in the CC, is responsible to cause the increase in the levels of TNF-a
in the CC.

Discussion

Currently, the role of the innate immune system for the development of ED has been under-
investigated and in obesity it has not been addressed. The innate immune system is a host
defense mechanism formed by pattern recognition receptors (PRRs) located on the
endosome and cell surface that recognize specific motifs to activate the downstream
signaling cascades, increasing proinflammatory cells and recruiting immune cells to
eliminate the perceived danger(1%). TLRs are PRRs that recognizes DAMPs and PAMPs, and
their activation has been reported in several chronic diseases. Indeed, evidence supports the
idea that activation of the innate immune system could play a role in the development of
sexual dysfunction in males and females(29). Since obesity is considered a low grade of
chronic inflammation, herein we tested the hypothesis that ED caused by a HFD could be
triggered by the release of TNF-a produced by TLR9 on macrophages, since it is believed
that macrophage infiltration into end organ tissues contributes to the pro-inflammatory state.
(21) TNF-a can be produced upon activation of TLR9(?2) and previous studies have shown
that TNF-a. impairs the cavernosal reactivity.(®: 7) It has also been proposed that TNF-a
induces hypercontractility of the CC by stimulation of sympathetic nerves and calcium
sensitization. In this study, we observed a trend of higher contraction to PE, EFS and KClI in
the CC of WT mice fed HFD, but not in TLR9y\yT HFD mice, which exhibited a significant
smaller contraction to PE.(23) However, because these changes were not significant, we did
not focus on the contractile mechanisms, although it can be speculated that a prolonged time
course of HFD would favor the calcium sensitization and the contractile mechanisms related
to the flacid state of the CC. Endothelium-dependent and neurogenic relaxation of the CC
were performed. Contrary to previous studies investigating cavernosal/erectile dysfunction
in diabetic mice(?4) or mice fed HFD,(25-27) in our study it was not observed a significant
impairment in the endothelium-dependent relaxation induced by ACh. Although all studies
led to increased body weight, the diet composition, age of the animals and/or duration of the
studies differed slightly, which could be leading to a different profile of metabolic changes
and thus, a different pattern for the development of endothelial dysfunction. Indeed, a recent
study showed that 12 weeks of cafeteria diet was more effective than 12 weeks of HFD to
induce vascular dysfunction and changes in the perivascular adipose tissue, despite of
similar body weight gain, blood glucose levels and fat pad mass.(28) This corroborates the
idea that even the small differences on the diet composition can cause a different pattern for
the development of endothelial dysfunction. Therefore, we believe that a prolonged intake of
the HFD used herein would result in impairment of endothelial-dependent relaxation in the
corpus cavernosum. However, in this study we only observed that WT mice fed HFD had
impaired cavernosal relaxation induced by neuronal release of NO and it was accompanied
by decreased expression of nNOS in the CC. On the other hand, the neuronal NO induced
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relaxation of the CC as well as expression of nNOS were not reduced in TLR9yyt mice fed
HFD. Since TLR9yyT mice do not produce TNF-a upon activation of TLR9 expressed in
macrophages, it suggests that lack of TNF-a had a protective role for the cavernosal
function. This corroborates the previous finding that TNF-a infusion impairs the CC
reactivity whereas TNF-a knockout or its antagonism led to improved CC reactivity and
NOS expression in mice.(6-8) Furthermore, enhanced TNF-a causes suppression of
testosterone release, decrease in nNNOS expression and structural changes in the CC, leading
to ED.(? TNF-a also increases reactive oxygen species (ROS) production and leads to ED
in TLDM rats, which is prevented by the treatment with the TNF-a antibody, infliximab. (9
In this study, we did not measure ROS in the CC, however, in similar fashion, enhanced
production of ROS in the prostate of mice fed HFD was prevented in TLR9 mutant mice.(13)
Because of the lack of changes in ACh-induced relaxation of the CC, the expression of
eNOS was not evaluated herein. Indeed, increased ROS in T2DM impairs the relaxation of
the CC to ACh by decreasing NO bioavailability, independent of changes in the expression
of eNOS and nNOS.(30:31) However, studies demonstrate that the inhibition of TNF-a
improves eNOS expression in different models of ED.(: 8) Therefore, our data bring the
novel insight that in obesity, increased TNF-a is being released from the macrophages upon
activation of TLR9 and contributing for the development of ED. Hence, TNF-a and TNF-R1
expression was measured in the CC. It was found increased expression of TNF-a in the CC
of WT mice fed HFD. However, in TLR9yy1 mice fed HFD, TNF-a expression was similar
to that observed in WT mice fed standard chow, reinforcing the evidence that the impaired
cavernosal reactivity is associated with the higher levels of TNF-a produced by TLR9
stimulation in the macrophages. It is important to highlight that the expression of TLR9 and
its downstream protein cascade were not changed in the CC of both strains of mice fed HFD.
This reinforces the idea that the activation of TLR9 expressed in the macrophages (and not
in the CC) is responsible to cause the increase in the levels of TNF-a in the CC. Contrary to
our findings, expression of TLR9 in the CC had been previously described and it was
demonstrated to be augmented in the CC of rats with heart failure.(28) Nonetheless, no other
studies have studied TLR9 in the CC and ED, and the differences may be due to the different
species and/or pathology, since heart failure may cause a more aggressive and rapid impact
on the activation of the innate immune system. Obesity is also correlated with increased
levels of macrophages and thus, migration of macrophages to the CC in obesity cannot be
ruled out. In a traumatic model of arteriogenic ED, the decreased vascularization of the penis
led to augmented deposition of fat in the cavernous smooth muscle.(32) The source of
macrophages releasing TNF-a to the CC could be either from the fat infiltrated in the
cavernous tissue or from the adipose cells in the surrounding area releasing TNF-a for the
adjacent tissues. It has been proposed that a vicious cycle between adipocytes and
macrophages aggravates the inflammatory state in obesity, through a paracrine loop that
involves TNF-a and free fatty acids, where TNF-a induces the release of free fatty acids
from the adipocytes, which in turn will induce inflammatory changes by stimulating TNF-a
production by macrophages in the adipocytes.(33) Although the source of the TNF-a in our
study is unknown, it could be suggested that it is through the activation of TLR9 since a
recent study revealed that in obesity there is an increased expression of TLR9 in the
macrophages extracted from the epididymal fat pad accompanied by enhanced levels of
DNA fragments in the circulation and in the adipose tissue that might be activating TLR9.
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(34) Furthermore, HFD could be inducing macrophage polarization to the proinflammatory
state in the CC or increasing the levels of TNF-a in the CC by paracrine release of TNF-a
from the adjacent adipose tissue after activation of TLR9 in the infiltrated macrophages.
Indeed, paracrine stimulation of TNF-a and other cytokines production has been previously
proposed in an /n vitro assay mimicking cell-to-cell communication.(3® Therefore, TNF-a
could be derived from the adipose tissue in the surrounding area of the penis, since in
obesity, an increase in the inguinal and epididymal adipose tissue is observed.(36)
Additionally, deposition of lipids is observed under the tunica albuginea and in the CC, and
increased lipid accumulations is correlated with ED.(37: 38) However, neither macrophage
migration/polarization nor TLR9 activation in the adjacent adipose tissue were investigated
in this study and it will be addressed in future studies. Another possible explanation for the
prevention of CC dysfunction in this study is associated with decreased systemic
inflammation in TLR9y,yt mice. We have concomitantly studied benign prostatic
hyperplasia in these animals, and we have shown that despite similar body weight gain, WT
but not TLR9pyt HFD mice had increased epididymal deposition and higher fasting blood
glucose and triglyceride levels. Further, in WT mice, a HFD enhanced circulating levels of
nuclear protein HMGB1, a well-established DAMP.(33) However, in TLR9yut HFD, levels
of HMGB1 were similar to the WT standard chow.(13) This is suggestive that lack of
production of TNF-a. by activation of macrophage-derived TLR9 decreased the cellular
damage and thus attenuated the systemic inflammation, which might have contributed to the
improved CC reactivity. In agreement with this idea, a recent study showed that in mice fed
HFD, lack of TLR9 decreased macrophages in the visceral adipose tissue as well as the
levels of TNF-a and IL-1p produced by the macrophages and improved insulin resistance.
(35) Indeed, restoration of glucose levels and improvement in insulin resistance and blood
lipids are also correlated with better erectile outcomes.(25:39)

In conclusion, it was determined that the expression of TNF-a in the CC of WT mice fed
HFD was increased at least in part mediated by the activation of TLR9 expressed in the
macrophages and possibly associated with the increased systemic inflammation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Contractile responses to phenylephrine (panel A), electrical field stimulation (EFS; panel B)

and potassium chloride (KCI 120 mM; C) in the corpus cavernosum of WT and TLROyuT
mice fed standard chow or high fat diet (HFD). Data are mean + S.E.M of 6-9 mice.
#P<0.05 compared to WT HFD.
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Relaxation induced by acetylcholine (panel A; n=6-9) and electrical field stimulation (EFS;
panel B; n=6-9) and expression of neuronal nitric oxide synthase (nNOS; panel C; n=4) in
the corpus cavernosum of WT and TLR9y,yT mice fed standard chow or high fat diet
(HFD). Data are mean + S.E.M of n mice. *P<0.05 compared to WT mice. The full image of
the membranes is available in the supplementary file 1.

J Sex Med. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Priviero et al.

TNF-a/B-actin (arbitrary units)

Page 14

55 kDa

42 kDa

TNF- - 17 kDa . B rri|
[1/]
1 B-actin i —— e 42 kDa .g 1.54 B'actin die = i —

2
g

* = i
5 1.0
&
£
S 0.5
=
i
w 0.0-
=
=

E

B 0%

S 25

o
C T 2

5 15-

-

kS

© 10-

2

o 37

1]

£ oA

wn

b

o

Figure 3.
Expression of TNF-a (panel A; n=4) and TNF receptor 1 (TNF-R1; panel B; n=8) in the

corpus cavernosum of WT and TLR9yyT mice fed standard chow or high fat diet (HFD).
Graph C represents the circulating levels of TNF-a (n=5-6). Data are mean + S.E.M of n
mice.

*P<0.05 compared to WT mice. The full image of the membranes is available in the
supplementary file 1.
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Figure 4.

Figures A and B are the representative blot and graph of the expression of TLR9 (panel A;
n=4) and its downstream adaptor protein MyD88 (panel B; n=6) in the corpus cavernosum

of WT and TLR9y,yt mice fed standard chow or high fat diet (HFD).
Data are mean + S.E.M of n mice. The full image of the membranes is available in the
supplementary file 1.
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Body weight and non-fasting blood glucose (NFBG) at the end of the study from WT mice fed standard chow

(WT) or high fat diet (WT HFD) and TLR9 mutant mice fed standard chow (TLR9yyT) or high fat diet

(TLR9puT HFD) for 12 weeks. Data are mean = S.E.M of 6 animals.

Group Body Weight (g) NFBG (mg/dl)
WT (n=6) 29+1 149 +35
WT HFD (n=6) 47+4% 174+11
TLR9yur (n=6) 28+2 157 £5.6
TLR9yut HFD (n=6) 8+4" 174 £13

*
indicates P<0.05 compared to the respective group fed standard chow diet.
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