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Novel noninvasive quantification of penile corpus
cavernosum lesions in hyperlipidemia-induced
erectile dysfunction in rabbits by two-dimensional
shear-wave elastography

Jian-Lin Hu', Hui-Xing Chen?, Hui-Rong Chen?, Yu Wu!, Xiao-Wen Sun®, Zheng Li'?, Jin-Fang Xing*

Structural alterations in fibroelastic components of the penile corpus cavernousum (CC) may impair its compliance, resulting in venous
leakage and erectile dysfunction (ED). Our study evaluated the effectiveness of noninvasive two-dimensional shear-wave elastography
(2-D SWE) in quantifying penile CC lesions in rabbits with hyperlipidemia-induced ED. A total of 12 New Zealand white rabbits were
randomly divided into two groups. Six were fed a high-cholesterol diet containing 2% cholesterol and 8.5% lard for 10 weeks and the
other six were fed normal diet as controls. We measured the shear-wave elastic quantitative (SWQ) value of penile CC by 2-D SWE.
Erectile function was investigated by intracavernous injection of papaverine, and immunohistochemical (IHC) staining and the western
blot analysis to determine the penile CC lesions. After 10 weeks, the SWQ values obtained from penile CC were remarkably higher in
the high-cholesterol-fed compared with the control group, and the AICP (ICP plateau minus ICP baseline)/MAP (ICP: intracavernous
pressure, MAP: mean arterial pressure) was markedly decreased. The IHC staining and western blot revealed extracellular matrix
(ECM) accumulation in penile cavernous tissues, and the smooth muscle cell (SMC) phenotypic transition was affected, as indicated
by reduced alpha-smooth muscle actin and calponin-1 expression and increased phospho-myosin light chain,, (p-MLC,))/MLC,  and
osteopontin expression. Hyperlipidemia resulted in ECM accumulation accompanied with SMC phenotypic transition in penile CC
and impaired the erectile function eventually. These might, in turn, lead to variations in the SWQ values. It suggests that 2-D SWE
may be a novel, noninvasive and effective approach that distinguishes penile CC lesions secondary to hyperlipidemia from normal.
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INTRODUCTION demonstrated that the SMC phenotypic transition might also affect

Erectile dysfunction (ED) is defined as the persistent inability to attain or
maintain a penile erection sufficient for satisfactory sexual performance.
This is a worldwide health problem that is associated with broad
aspects of a man’s life beyond erectile function, including emotional
and psychological well-being, as well as their partner’s relationship.!
According to a recent meta-analysis, surveys found an overall ED
prevalence of 16% in Western countries and 27% to 68% in Asia.”
Compliance of the corpus cavernosum (CC) is essential throughout the
entire process of penile erection. In some pathological circumstances,
such as aging, diabetes mellitus, hyperlipidemia, and cavernosal nerve
damage, penile CC structural changes may impair smooth muscle cell
(SMC) relaxation, resulting in corporal veno-occlusive dysfunction
(CVOD) and ultimately an insufficient erection.® The most common
pathological change is known as penile CC fibrosis, which includes
loss of SMC content and collagen deposition.> Recent research also

cellular relaxation and be accompanied by extracellular matrix (ECM)
accumulation.*® Therefore, understanding penile CC structures is very
important for the diagnosis and further management of ED.

Current specialized testing, such as penile duplex ultrasonography,
cavernosometry, and cavernosography, can only predict the existence
of structural alterations in penile CC by identifying CVOD rather than
directly understanding the texture of penile CC.° Biopsy analysis was
once used to evaluate the smooth muscle composition of corporal tissue;
however, it is controversial and clinically unacceptable because of its
invasive and painful nature, and may exacerbate patient’s psychological
problems.® In previous studies, we tested two-dimensional shear-wave
elastography (2-D SWE, ShearWave™ Elastography) for the detection
of penile CC tissue stiffness, and found that the obtained values were
correlated with age and serum testosterone levels in male volunteers
aged from 19 to 81 years old.” These findings were supported by a
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recent study by Inci et al.,* and 2-D SWE showed future potential
for evaluating penile CC lesions. Two-dimensional SWE is a new
quantitative ultrasound technology that makes the target tissue
generate transverse shear waves by ultrasonic pulses. The collection
of shear-wave velocity information allows precise estimation of tissue
stiffness and quantitative analysis of tissue structural characteristics.’
Using a rat model, we discovered that 2-D SWE could differentiate
between the penile CC of aged compared with sexually immature
rats.'2 However, whether 2-D SWE also detects pathological changes
of CC during the diagnosis of ED remains unknown.

In this study, we used rabbits with hyperlipidemia-induced ED as
our experimental model. Hyperlipidemia is one of the risk factors for
ED" and cholesterol feeding is an established model for examining
aspects of organic ED."*7 Our study aimed to illustrate the relationship
between 2-D SWE obtained values and penile CC structural alterations,
which may be secondary to hyperlipidemia and lead to organic ED.
Our future goal is to assess whether 2-D SWE would be an effective,
convenient, repeatable, and noninvasive technique to evaluate penile
CC lesions in the clinical management of ED.

MATERIALS AND METHODS

Animal model

A total of 12 male New Zealand white rabbits (aged 14-16 weeks
old) were used in this study. After one week of feeding a normal diet,
rabbits were divided randomly into two groups. Hyperlipidemia
group rabbits (n = 6) were treated by feeding a high-cholesterol diet
containing 2% cholesterol and 8.5% lard. Control group rabbits (n = 6)
were fed a standard chow for 10 weeks. All protocols and procedures
were approved by the Institutional Animal Care and Use Committee
of the Shanghai University of Traditional Chinese Medicine, Shanghai,
China (IRB No.: SZY2-1706018).

Serum lipid profile analysis

At the start of the study and after feeding for 10 weeks, blood samples
were drawn from the rear leg vein of all rabbits the morning after 12 h
of fasting. All blood samples were placed at room temperature until
clotted, then centrifuged at 2000 g for 15 min to separate the serum.
Fasting plasma glucose (FPG) and lipid profile analyses, including
triglyceride (Tg), total cholesterol (Tc), and low-density lipoprotein
cholesterol (LDL), were conducted by immunoturbidometric assay
on a Beckman Coulter AU5800 system (Beckman Coulter, Inc., Brea,
CA, USA) according to the manufacturer’s instructions.

2-D SWE scanning

At the end of 10 weeks, all rabbits were injected with a dose of 0.8 ml kg™
1% pentobarbital sodium (Shanghai Westang Biotech Co. Ltd., Shanghai,
China) via the ear vein. After sedation, rabbits were placed in the supine
position with all limbs fixed, and at 20°C-24°C room temperature.
A single dose of 0.5-1 ml 1% pentobarbital was used to maintain
sedation. All 2-D SWE imaging was performed by the same doctor in
the ultrasound department, who was blind to the animal grouping, with
over 20 years of academic and clinical experience in ultrasound imaging.
With the probe SuperLinear SL 15-4, the ultrafast ultrasound device
Aixplorer (SuperSonic Imagine Co. Ltd., Aix-en-Provence, France)
was used for 2-D SWE imaging. A transverse section of the penis at
the borderline of skin and hair was chosen for scanning. The 2-D SWE
was started when the penile CC and urethral sponge structures were
recognized by 2-D ultrasound. The selected 2-D SWE imaging box was
larger than the transverse section of the penis and the penetration mode
selected for 2-D SWE imaging was “Pen”. The recording system stored
video data of the 2-D SWE imaging process.
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The sonographer played back and reviewed the whole recording
of the 2-D SWE images to select suitable images. The criteria for a
selected 2-D SWE image was that each area of penile CC was filled with
color and had no mosaic-like colored points. The shear-wave elastic
quantitative (SWQ) value (in kPa) of penile CC was measured using
the selected 2-D SWE images. The region of measurement (circle) was
delineated within the tunica albuginea of the penile CC, which was
included as completely as possible. Each rabbit was analyzed three
times, using one SWQ value from the left CC (SWQ-L) and one from
the right CC (SWQ-R) each time.

Erectile function evaluation

On the next day of 2-D SWE scanning, we examined intracavernous
pressure (ICP) according to the protocols described by Lin YM and
Lin JS."® A dose of 1.5 ml kg™' 1% pentobarbital sodium was injected
via the ear vein for anesthetization. Rabbits were placed in the supine
position at 20°C-24°C room temperature, and a single bulk of 1-2 ml
1% pentobarbital was used to maintain anesthesia. We incised the
anterior midline skin of the neck, and the exposed right carotid artery
was cannulated with a Gould 23 ID pressure transducer (Bridge AMP,
ADInstruments Pty. Ltd., Sydney, Australia) for continuous monitoring
of mean arterial pressure (MAP). Then, we denuded the penile skin
and fascia, and exposed the penile CC back to the root at the symphysis
pubis. A 25G needle (Changzhou Yuekang Medical Equipment Co.
Ltd., Changzhou, China) was inserted into the penile CC for recording
pressure by a separate monitoring set, and connected to a three-way
stopcock, thus permitting the intracavernous injection (ICI) of drugs.
All connecting tubes were filled with heparinized saline (200 IU ml™;
SPH No.1 Biochemical and Pharmaceutical Co. Ltd., Shanghai, China)
to prevent clotting.

At the start of recording measurements, stable baseline ICP values
were recorded and analyzed by LabChart 7 software (Bridging amplifier
mode, ADInstruments Pty. Ltd.). We then injected 1 mgkg™' papaverine
hydrochloride (PAP; Shenyang No.1 Pharmaceutical Co. Ltd.,
Shenyang, China) into the penile CC with a sealing dose of 4.5 mg.
We observed the penile response for at least 10 min, and the plateau
ICP value and MAP were recorded. The AICP (ICP plateau minus
ICP baseline)/MAP were calculated as the evaluation of the erectile
function.

Histological examination

When ICP evaluation was finished, the penile CC was washed with saline
for 30 min via the same 25G needle. The animal was then sacrificed and
the penis detached at the root. After quickly removing the skin, mucosa,
and corpus spongiosum, a penile transverse section of 1-2 mm thickness
was cut off near the borderline between the skin and hair. We selected
this region for histological examination because it corresponded to
the location used for 2-D SWE scanning. Penile specimens were then
fixed in 10% formalin, and embedded in paraffin (Sinopharm Chemical
Reagent Co. Ltd., Shanghai, China), for hematoxylin and eosin (H and
E) and immunohistochemical (IHC) staining (IHC kit purchased from
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China). Remaining penile tissues were cut open, and penile CC was
carefully dissected from the surrounding tunica albuginea. Specimens
were cut into small pieces and quickly immersed in liquid nitrogen for
storage at —80°C before further protein analysis.

For THC, sections (6 um) were incubated overnight at 4°C with
primary antibodies (Abcam plc., Cambridge, MA, USA), and the
dilutions of these antibodies were as follows: anti-transforming
growth factor-beta (TGF-p, Catalog No. ab179695), 1:500; anti-



collagen I (Catalog No. ab138492), 1:1500; anti-collagen III (Catalog
No. ab7778), 1:1000; anti-alpha-smooth muscle actin (a-SMA, Catalog
No. ab32575), 1:200; anti-calponin-1 (Catalog No. ab46794), 1:200;
anti-osteopontin (OPN, Catalog No. ab166709), 1:500. After the slides
were washed, a biotinylated secondary antibody in the IHC kit was
added and incubated. Finally, antigen detection was visualized using
diaminobenzidine (DAB) in the IHCKkit. The slides were photographed
using a Nikon Microphot-FXA microscope (Nikon Co. Ltd., Kogaku,
Tokyo, Japan).

Western blot analysis

Frozen samples were washed three times in PBS (Beyotime Biotechnology
Co. Ltd., Shanghai, China), cut into small pieces, then suspended in
1 mmol 1! phenylmethanesulfonyl fluoride (PMSF; Amresco Inc.,
Huston, TX, USA) and radioimmunoprecipitation (RIPA) buffer
(Beyotime Biotechnology Co. Ltd.) on ice. Thirty minutes later, the
lysed homogenate was centrifuged at 10 000 g for 5 min and the
supernatant was collected for protein measurement using a BCA kit
(Beyotime Biotechnology Co. Ltd.). A total of 30 pg protein from each
sample was loaded onto 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE; Bio-Rad Laboratories, Inc., Hercules,
CA, USA) for protein separation. After transfer to nitrocellulose
membranes (Millipore Corp., Bedford, MA, USA), the membranes
were blocked in PBS and 5% nonfat dry milk for 1 h at room
temperature, followed by incubation with primary antibody at 4°C
overnight. After washing three times with the blocking buffer, specific
proteins were revealed by peroxidase-conjugated secondary IgG
(Amersham Pharmacia Biotech, Inc., Buckinghamshire, UK) at a final
dilution of 1:5000 for 1 h at room temperature. The primary antibodies
of anti-phospho-myosin light chain, (p-MLC, , Catalog No.3675) and
anti-MLC, (Catalog No.3672) were purchased from Cell Signaling
Technology (CST, Inc., Danvers, MA, USA), and the dilutions were
both 1:1000. Other primary antibodies were the same as that of IHC
staining, with the adjusted dilutions as follows: anti-TGF-{3, 1:1000;
anti-collagen I, 1:1000; anti-collagen III, 1:5000; anti-a-SMA, 1:1000;
anti-calponin-1, 1:15 000; anti-OPN, 1:1000; anti-p-actin (Catalog No.
ab8227; Abcam plc.), 1:1000.

Statistical analyses

All data were examined for normal distribution and expressed as the
mean + standard deviation (s.d.). Statistical analysis was performed
by SPSS 24.0 software (IBM Corp., Armonk, NY, USA). Distribution
of variables was evaluated using the Kolmogorov-Smirnov test. The
paired t-test was used to compare SWQ values between the left side and
the right side penile CC of each rabbit. The ¢-test was performed on
the remaining data to compare differences between the hyperlipidemia
group and control group rabbits. A value of P < 0.05 was considered
statistically significant.
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RESULTS

Serum lipid profiles

The baseline values of FPG, lipid profile, and weight were equivalent
in the two groups. However, after 10 weeks, the levels of Tc, Tg, and
LDL in the high-cholesterol diet fed rabbits were markedly increased
compared with levels from the normal diet rabbits (Table 1).

2-D SWE scanning

Clear 2-D SWE images of penile transverse sections were obtained
using the 2-D SWE scanning technique. The imaging box
covered with color displayed the penile CC structures with a clear
boundary, complete capsule, and homogeneous hypoechoic interior.
When the SWQ values were calculated, a paired t-test showed
no difference between the left and right side of the penile CC
(SWQ-L-SWQ-R: —1.33 + 0.87 kPa, P = 0.154, n = 12). The mean
SWQ values [(SWQ-L+SWQ-R)/2] from hyperlipidemia group were
significantly higher than those of the control group (24.53 + 2.64 kPa
v$9.97 + 0.54 kPa, P < 0.01) (Figure 1).

Erectile function evaluation

Figure 2 illustrates the differences in erectile function between the
two groups. After PAP injection, the ICP in the control group was
increased from the baseline and maintained at a high plateau. On the
contrary, the ICP of hyperlipidemia group was increased at first but
decreased quickly and dramatically later. The mean AICP/MAP of
hyperlipidemia group was remarkably lower than the control group
(0.17 £ 0.02 vs 0.40 £ 0.04, P < 0.01) (Figure 2).

Histological examination

The H and E staining showed the structures involved in transverse
sections of penile CC, which was cut at the borderline between the
skin and hair. Compared with the control group, the sinusoid lacunae
were larger, and the arrangements of SMCs and fibrocytes were looser
in the hyperlipidemia group. Numerous empty cellular structures
(probably adipocytes) were observed under the tunica albuginea in the
hyperlipidemia group rabbits (Figure 3). Photomicrographs of corpus
cavernosum smooth muscle (CCSM) cells stained by THC showed
SMC phenotypic transition and ECM accumulation. Cavernous tissues
from hyperlipidemic rabbits had reduced staining for a-SMA and
calponin-1 compared with controls. On the contrary, the cavernous
tissues showed stronger staining for collagen I, collagen III, OPN, and
TGE-B, in endothelial cells and/or SMCs of the vessels and sinusoid
lacunar spaces found in the hyperlipidemia group compared with the
control group (Figure 4 and 5).

Western blot assessment

Western blot examined the SMC phenotypic transition and ECM
accumulation. Similar to the IHC results, the phenotypic transition of
CCSM cells was found in the hyperlipidemia group. Reduced a-SMA

Table 1: Weight, fasting plasma glucose, serum total cholesterol, triglyceride, and low-density-lipoprotein cholesterol in hyperlipidemia and

control group rabbits (meanzstandard deviation)

Group Weight (g) FPG (mmol I-) Te (mmol 1) Tg (mmol 1) LDL (mmol 1)
CO (n=6)
Baseline 1853.33+£54.19 5.94+0.84 1.55+0.67 1.22+0.23 0.89+0.55
10t week 3052.17+115.18° 5.39+0.92 1.12+0.27 1.13+0.22 0.60+0.24
HL (n=6)
Baseline 1862.50+37.25 4.49+1.68 1.17+0.25 1.28+0.61 0.62+0.15
10t week 2974.83+144.53" 4.70+1.46 33.51+6.17* 4.26+2.87 13.51+4.97*

“P<0.01, baseline versus 10" week of diet for the same group. #P<0.01, HL versus CO group at 10" week of diet. FPG: fasting plasma glucose; Tc: total cholesterol; Tg: triglyceride;

LDL: low-density-lipoprotein; HL: hyperlipidemia; CO: control
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Figure 1: 2-D SWE images of the penile CC. (a) The 2-D image displayed the
transverse section with a clear boundary, complete capsule and homogeneous
hypo-echoic interior. (h) SWQ values were calculated. Paired t-test showed no
difference between the left (SWQ-L) and the right side (SWQ-R) of penile CC
(n=12). () SWQ values of hyperlipidemia group were significantly higher
than those of control group (n =6 in each group). #P < 0.01, hyperlipidemia
group versus control group. Q-Box™: measurement results of SWQ; 2-D SWE:
two-dimensional shear wave elastography; CC: corpus cavernousum; SWQ:
shear wave elastic quantitative.

swa-L

Figure 3: The H and E staining of penile corpus cavernousum. Transverse
sections of penile tissues at the borderline between skin and hair was
fixed in 10% formalin buffer solution, embedded in paraffin, sectioned
(6 pm) and stained with H and E. Compared with (a) control rabbits,
the sinusoid lacunae of (b) hyperlipidemic rabbits were larger, and the
arrangements of smooth muscle cells and fibrocytes were looser. Numerous
empty cellular structures, probably adipocytes (arrow) were seen under
the tunica albuginea in hyperlipidemia samples. Magnification x100;
scale bars = 100 ym.

and calponin-1 and overexpression of OPN and p-MLC, /MLC, were
observed in the hyperlipidemia group compared with the control
group (a-SMA/B-actin: 0.80 + 0.05 vs 1.06 £ 0.10, P < 0.01; calponin-
1/B-actin: 0.73 + 0.03 vs 0.98 + 0.04, P < 0.01; p-MLC, /MLC, : 0.86 +
0.04 vs 0.61 + 0.02, P < 0.01; OPN/[B-actin: 0.84 £ 0.02 vs 0.64 + 0.02,
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Figure 2: Evaluation of erectile function induced by ICI. (a) Representative of
ICP and MAP tracings were obtained for 10 min at plateau in control (n = 6)
and hyperlipidemia (n = 6) group rabbits. (b) The AICP/MAP was calculated
for each group. *P < 0.01, hyperlipidemia group versus control group. ICI:
intracavernous injection; ICP: intracavernous pressure; MAP: mean arterial
pressure.

Hyperlipidemia

P< 0.01; Figure 4). Furthermore, ECM accumulation was shown by
overexpression of TGF-p and collagen I/II1 ratio in the hyperlipidemia
group compared with the control group (TGF-B/B-actin: 1.02 + 0.11
vs 0.74 + 0.08, P < 0.01; collagen I/III: 1.56 + 0.12 vs 1.22 + 0.74,
P <0.01; Figure 5).

DISCUSSION

The present study revealed that the SWQ values of penile CC tissue
were very different between hyperlipidemic and normal diet fed rabbits.
After 10 weeks of cholesterol feeding, the SWQ values obtained by 2-D
SWE scanning were significantly higher compared with those of the
control group. Shear-wave imaging is currently the most approved
state-of-the-art ultrasound scanner by the USA FDA for diagnostic
imaging of the musculoskeletal system." Shear waves are generated
using acoustic radiation force from a linear ultrasound array, which
by itself provides local stress and generates local displacement in the
tissue. On the ultrasound screen, quantitative shear modulus maps are
represented in a color-coded elastogram that display the shear-wave
velocities in ms™ or tissue elasticity in kPa. Shear waves propagate faster
in stiffer and contracted tissues, allowing quantification of mechanical
and elastic tissue properties. This technique can recognize various
musculoskeletal soft-tissue injuries and diseases.”

Our results suggested that cholesterol feeding had induced the
penile CC lesions, including SMC phenotypic transition and/or
structural alterations. These changes in SMCs elasticity, and/or the
SMC/collagen content may lead to different shear wave responses,
which could be easily recognized by the ultrasound scanners. Currently,
the 2-D SWE technique is widely used in diagnosing liver fibrosis, focal
breast lesions, thyroid nodules, focal renal masses, lymph nodes, and
grading renal fibrosis with good sensitivity and specificity, as well as
transrectal ultrasound (TRUS)-guided prostate biopsies.”" In the field
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Figure 4: (a) Immunohistochemical staining of penile cavernous tissues for a-SMA, calponin-1 and OPN in control and hyperlipidemia groups (magnification
x100, scale bars = 100 pm; x200, scale bars = 50 pm). (b) Western blot analysis showed phenotypic transition in SMCs. Lanes 1-3: control; lanes 4-6:
hyperlipidemia. Reduced expression of o-SMA and calponin-1 was demonstrated in hyperlipidemia samples. On the contrary, OPN and p-MLC,, were
overexpressed in hyperlipidemia compared with control samples (n = 6 per group). *P < 0.01, hyperlipidemia group versus control group. a-SMA: smooth
muscle a-actin; OPN: osteopontin; SMC: smooth muscle cell; p-MLC,: phospho-myosin light chain,.

of andrology, Riversi et al.**and Richards et al.*' studied its application
in the evaluation of Peyronie’s disease, and concluded that lesions in
the tunica albuginea could be recognized by higher stiffness compared
with the surrounding tissues by real-time elastosonography, no matter
if the plaque existed or not. In our previous research of the rat penis,
we found that 2-D SWE values could differentiate the penile CC in
aged compared with sexually immature rats.’* The under-developed
penis of younger rats showed a higher density of collagen IIT by IHC
and higher SWQ values compared with the developed penis of aged
rats.!”!! We also found that the SWQ values were negatively correlated
with the content of SMCs."? Thus, we concluded that the 2-D SWE
technique was useful in recognizing differences in tissue stiffness
because of the altered penile structures. Our clinical study also found
a negative correlation between the SWQ values and age in 40 men
ranging from 19 to 81 years of age.” However, Inci et al.” had drawn
a different conclusion, finding a positive correlation between SWQ
values and age. This difference may be due to small sample size, and
most probably, the erectile function may not be well characterized in
patients of the earlier study (sexually healthy men and those with ED
were both included in the study). Therefore, we designed our study to
investigate if the 2-D SWE technique could distinguish ED penile CC
lesions from normal tissue, and our results are promising.

Hyperlipidemia is an important risk factor of ED."* Epidemiological
studies showed a 42.4% comorbidity in ED patients.”*** Circulating
levels of high-density lipoprotein (HDL) and LDL, and Tc/HDL ratios
were found to be good predictors of ED.?* Hyperlipidemia animal
models could also induce ED;'**"*” however, the mechanism remains
unclear. It is well accepted that endothelial dysfunction and nitric
oxide (NO) suppression plays an important role in the impairment of
CCSM relaxation.”'* However, the pathological changes of penile CC
remain controversial. Li et al.”” revealed that the effect of hyperlipidemia
on corporal fibrosis includes SMC apoptosis followed by collagen
replacement. However, Qiu et al.¥’ demonstrated hyperplasia of
CCSM cells with disordered arrangements that restrict relaxation.
In our study, we used cholesterol-fed rabbits as the experimental
model. After 10 weeks of the high-cholesterol diet, hyperlipidemia
models were successfully established, and erectile function had
markedly degenerated. Analyses by IHC and western blot revealed the
phenotypic transition of CCSM cells. Reduced expression of a-SMA
and calponin-1 proteins and overexpression of OPN and p-MLC,
proteins indicated a shift from a contractile to synthetic phenotype.
Although no significant difference in collagen and SMC content was
observed by H and E staining, ECM accumulation was determined
by the increased expression of collagen I/IIT and TGF-P. We propose
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Figure 5: (a) Immunohistochemical staining of penile cavernous tissues for collagen |, collagen Il and TGF-B, from control and hyperlipidemia group
rabbits (magnification x100, scale bars = 100 ym; x200, scale bars = 50 pm). (h) Western blot analysis showed ECM in the CCSM cells. Lanes 1-3:
control; lanes 4-6: hyperlipidemia. Collagen /Il and TGF-3 were over expressed in hyperlipidemia compared with control (n = 6 per group). *P <
0.01, hyperlipidemia group versus control group. TGF-f: transforming growth factor-beta; CCSM: corpus cavernosum smooth muscle; ECM: extracellular matrix.

this finding indicates the early stage of penile CC lesions, and it may
lead to fibrosis with the development of ECM accumulation and an
irreversible penile CC condition.

The limitation of our research is that the rabbit’s penis is too small
to collect data from multiple positions for 2-D SWE scanning. To solve
this problem, we selected the same penile transverse section using the
skin and hair borderline to minimize sampling error among different
rabbits. The 2-D imaging was able to display a clear CC structure so that
measurements were able to avoid the tunica albuginea and fat or other
tissues. This technique is more noninvasive and convenient compared
with the biopsy method. Furthermore, this technique repeatedly
selected the equivalent sample in the interested area and calculated the
mean value to make the results more representative. In theory, 2-D SWE
scanning is dependent on tissue anisotropy. However, our previous
studies found no differences between transverse and longitudinal
scanning.”'%'? Therefore, we used unified transverse sections, so all
rabbits were examined using a single criterion. Other limitations were
the small sample size, and no protein agonists were used to investigate
the effect that ameliorates the penile CClesions. Further studies should
address these problems and clarify the relationship between SWQ
values and penile CC lesions.

CONCLUSION
Hyperlipidemia may result in ECM accumulation accompanied with SMC
phenotypic transition in penile CC, which may impair tissue compliance
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and eventually lead to ED. Such pathological changes may give rise to
variations in a certain aspect of SWQ values. Therefore, 2-D SWE may
distinguish penile CC lesions that are secondary to hyperlipidemia,
compared with normal tissue, by quantifying SWQ values. In conclusion,
2-D SWE scanning is a novel, convenient, noninvasive and effective
approach that we expect will be applied as a complementary approach to
current specialized testing and may allow detection of penile CC lesions
to guide ED management in the near future.
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