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reported that as many as 67% of men 70 years old are affected
with ED.4 Other significant causes of ED include diabetes
mellitus (DM), radical prostatectomy (RP), prostatic irradiation,

for the presence of lipi
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Abstract: Erectile dysfunction is a prevalent problem affecting

millions of men in the United States and around the world. There have

been no reports of the presence of lipids within the human penile

corporal bodies, whether in normal or diseased states. We present here a

case series of 9 patients who underwent penile corporal tissue biopsy

during penile prosthesis insertion with severe intracorporal fibrosis and

difficulties during insertion.

Oil Red O staining was done to identify lipids; LipidTOX and

phalloidin double staining was used to identify lipid location within the

corpora, and Masson’s trichrome staining was done to assess fibrosis.

We identified lipid accumulation in those 9 corporal tissue samples,

and further analysis showed the distribution to be 10% intramyocellular

lipids and 90% extramyocellular lipids. These 9 specimens contained

increased amount of collagen when compared with controls. In addition,

we analyzed corporal samples from 10 random erectile dysfunction

patients presenting for penile prosthesis insertion and identified no lipid

accumulation in those control patients.

This is the first report of lipid accumulation in the human corpus

cavernosum. Possible mechanisms of lipid accumulation include andro-

gen deficiency and dedifferentiation of corpus smooth muscle cells into

other phenotypes; however, the exact mechanism is unknown and

further research is needed.

(Medicine 94(6):e550)

Abbreviations: DM = diabetes mellitus, ED = erectile dysfunction,

EMCL = extramyocellular lipids, IMCL = intramyocellular lipid,

PD = Peyronie’s disease, RP = radical prostatectomy.

INTRODUCTION

E rectile dysfunction (ED) is a prevalent problem affecting
millions of men in the United States and around the world.1

It is defined as the inability to achieve or maintain an erection
satisfactory for sexual intercourse.2 There are several causes of
ED, aging representing the most important factor.3 It has been
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and Peyronie’s disease (PD).3,5 ED postpriapism represents a
unique form of ED. After a major priapism episode that could
last from several hours to several days, the normal corporal
tissue is replaced with a dense fibrous scar that could render the
patient impotent.6 ED management differs according to patient
characteristics, severity of disease, and etiology. It ranges from
lifestyle modifications such as diet control, exercise, and weight
loss to surgical intervention with a penile prosthesis. Prior to
surgical intervention, several treatment methods are available
and can be offered to the patient, such as oral type 5 phospho-
diesterase inhibitors, intracavernosal injections, intraurethral
alprostadil, and vacuum erection device.7

The human penis is composed of a corpus spongiosum and
2 corpora cavernosal bodies. The 2 spongy corpora cavernosa
are encased in a thick layer of fibrous tunica albuginea, which
forms part of a fibrous skeleton that supports the corpora
cavernosa. This also consists of an incomplete septum separ-
ating the 2 corporal bodies, fibrous intracavernosal pillars,
intracavernous fibrous framework, and periarterial and peri-
neural fibrous sheath. Within the corpora cavernosa, there is an
extensive network of interconnected sinusoids separated by
smooth muscle trabeculae and surrounded by collagen, elastic
fibers, and loose areolar tissue. The terminal cavernous nerve
fibers and helicine arteries are closely associated with the
smooth muscles.8,9

To our knowledge, there have been no reports of the
presence of lipids within the human penile corporal bodies,
both in normal or diseased states, and no mention in previous
studies of experiments done to look specifically for lipids in
human penile tissue. We present the first case series of 9 patients
who underwent penile corporal tissue biopsy during penile
prosthesis surgery due to severe intracorporal fibrosis. We
identified lipid accumulation in these 9 corporal tissue samples,
which represents the first report of its kind.

METHODS

Case Series
We evaluated histological specimens from the corpus

cavernosa of 9 patients who underwent surgery between January
2007 and July 2013. Specimens were taken intraoperatively
during penile prosthesis insertion for ED. We specifically took
specimens from patients in whom we encountered severe
fibrotic changes in the corpora, which made penile prosthesis
insertion difficult and required carving out the fibrotic intra-
corporal tissue prior to prosthesis insertion. Those corporal
specimens were taken from the subtunical region near the
proximal tunical incision. We decided to analyze those speci-
mens and identify their histological changes, and examine them
ds due to their shiny whitish appearance.
niversity of California, San Francisco,
ard was obtained for the study.
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TABLE 1. Characteristics of Patients With Intracorporal Lipids

Case Number Age at Surgery, y Patient Clinical History

1 49 History of priapism, on trazodone
2 60 History of priapism, renal transplantation on immunosuppression, hypertension on

(lisinopril and carvedilol)
3 70 Previous RP, PD, hypertension on (quinapril)
4 61 DM type 2, hypertension on (enalapril), previous prosthesis placement, PD
5 46 DM type 2, hypertension on (enalapril), previous prosthesis placement, coronary artery disease
6 50 History of priapism, PD
7 49 Previous prosthesis placement complicated by extrusion of the device, dyslipidemia
8 59 Hypertension (no medications)

ecto
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The patients’ ages ranged from 43 to 70 years (mean
age 54.1 years), and their characteristics are listed in
Table 1. In summary, 5 patients had hypertension (55.6%),
4 patients had history of priapism (44.4%), 3 patients had
previously undergone failed penile prosthesis placement
(33.3%), 2 patients had DM (type 2) (22.2%), 2 patients had
PD (22.2%), 1 patient had undergone previous RP (11.1%),
1 patient had dyslipidemia (11.1%), and 1 patient had coronary
artery disease (11.1%).

Control specimens were taken from 10 random ED patients
who presented for penile prosthesis insertion but did not have
significant intracorporal fibrosis or difficulties during the pro-
cedure. Their characteristics are listed in Table 2. Briefly, 5
patients had hypertension (50%), 4 patients underwent previous
RP (40%), and one of them had adjuvant radiation therapy and is
on androgen deprivation therapy, 2 patients had history of
priapism (20%), 2 patients had dyslipidemia (20%), 1 patient
had PD (10%), and 1 patient had previous transurethral resec-
tion of the prostate and peripheral neuropathy (10%).

Histology
Tissue samples were prepared as we previously

described.10,11 Briefly, penile specimens were fixed for 4 hours

9 43 History of priapism

DM¼ diabetes mellitus, PD¼Peyronie disease, RP¼ radical prostat
in a 0.002% picric acid and cold 2% formaldehyde 0.1 M
phosphate buffer solution. They were then immersed overnight
in a 30% sucrose buffer, placed in optimum cutting temperature

TABLE 2. Control Patients’ Characteristics

Case Number Age at Surgery, y

1 63 History of priapism, hyperten
2 56 Hypertension on (accupril), d
3 68 Previous RP
4 68 Hypertension on (metoprolol
5 27 History of priapism
6 70 Benign prostatic hypertrophy
7 56 Previous RP, hypertension on
8 49 PD
9 63 Previous RP followed by adju

(bicalutamide and leuprolid
10 59 Previous RP, hypertension on

PD¼Peyronie disease, RP¼ radical prostatectomy.
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compound (Sakura Finetek USA, Inc, Torrance, CA), and stored
in �808C until they were used. The specimens were then cut at
5 mm thickness, fixed into SuperFrost-plus charged slides (Fisher
Scientific, Pittsburgh, PA), and allowed to air-dry for 5 minutes.
We performed Masson’s trichrome staining as previously
described.10 Briefly, the previously prepared sections were
immersed in warm (588C) Bouin solution for 45 minutes and
then rinsed. The samples were then stained with Weigert hema-
toxylin for 10 minutes and rinsed until only nuclei were visible.
Staining then was done with Biebrich scarlet-acid fuchsin for
3 minutes, rinsed, and soaked in phosphomolybdic acid for
45 minutes. Then, we stained the sections in Aniline blue for
3 minutes, rinsed in distilled water for 2 minutes, then immersed
them in 1% acetic acid for 2 minutes, and rinsed again in distilled
water twice for 2 minutes. We dehydrated the sections in ethanol
and allowed them to air-dry, and then mounted them. In order to
prevent variations in staining, all samples were stained simul-
taneously. We captured the tissue section images using a digital
camera, and used Plus 6.0 (Media Cybernetics, Inc, Bethesda,
MD) to process them.

Lipid was visualized on frozen sections with the use of Oil
Red O histochemical staining. After 2 minutes of incubation in
propylene glycol, sections were stained in 0.5% Oil Red O in

my.
propylene glycol for 10 minutes at 608C. Sections were differ-
entiated in 85% propylene glycol, rinsed in distilled water, and
stained in hematoxylin for 30 seconds.

Patient Clinical History

sion on (hydrochlorothiazide)
yslipidemia

and olmesartan), dyslipidemia

after transurethral resection of the prostate, peripheral neuropathy
(amlodipine, benazepril, and labetalol)

vant radiation therapy, metastatic prostate cancer on
e)
(ramipril)

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



ren

Medicine � Volume 94, Number 6, February 2015 Lipid Accumulation in the Human Corpus Cavernosum
For identifying the location of lipid deposition in the corpus
cavernosum, we utilized LipidTOX and phalloidin double stain-
ing, which we previously described.11 Briefly, after washing with
Phosphate buffered saline, the slides were incubated with Alexa
Fluor 488 phalloidin (1:500, Invitrogen; Life Technologies, NY)
followed by staining with LipidTOX neutral lipid stain (1:1000,
Invitrogen; Life Technologies) at room temperature for
30 minutes. Nuclear staining was done by incubation with
4’,6-diamidino-2-phenylindole (DAPI, 1 mg/mL; Sigma-Aldrich,
St. Louis, MO). For evaluation of cavernous lipid accumulation,
5 fields at 200� magnification on each tissue section were
photographed. In each of these photographic recordings, the
images were generated in green, red, and blue channels, and
these single-color images were then superimposed to generate the
multicolor figures. For quantification, the single-color images
were analyzed with Image J software (National Institutes of

40X

FIGURE 1. Oil Red O staining of corpus cavernosum from 3 diffe
conspicuous.
Health, Bethesda, MD). To quantify lipid accumulation, the
LipidTOX-stained area (in red) was measured and expressed
as percentage of stained area per total area.

FIGURE 2. Lipid accumulation in human penis. In the control human p
were distributed in 2 areas: without penile smooth muscle (middle pan
IMCL, respectively (5.2�1.3%) (original �200). EMCL¼ extramyoce
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For image analysis, 5 randomly selected fields per tissue
per patient were photographed and recorded using a Retiga Q
Image digital still camera and ACT-1 software (Nikon Instru-
ments Inc, Melville, NY).

Statistical Analysis
The results were expressed as mean�SD. Student t test

was used for comparisons using Prism 5 software (GraphPad
Software Inc, San Diego, CA). Values of P< 0.05 were con-
sidered statistically significant.

RESULTS
To our knowledge, no reports exist on the accumulation of

lipids in human corpus cavernosum (whether normal or dis-
eased). In our cohort of 9 patients, we demonstrate significant

100X 400X

t patients. The lipid droplets within the corpus cavernosum were
lipid content, which was visualized on Oil Red O staining.
Figure 1 demonstrates the lipids in 3 different patients. Immu-
nohistochemistry with LipidTOX and phalloidin double

enile tissue, there is no lipid (upper panel). The lipids (red, LipTOX)
el) and with penile muscle (lower panel), represented as EMCL and
llular lipid, IMCL¼ intramyocellular lipid.
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FIGURE 3. Localization of lipid within the corpus cavernosum. No lipids are seen in the control corpus cavernosum tissue (left panel). Lipid
os

e
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staining demonstrated accumulation of intramyocellular lipids
(IMCLs) and extramyocellular lipids (EMCL) (5.2� 1.3%).
Figure 2 compares patients with severe corporal fibrosis to
control penile tissue. Further analysis of patients with severe
corporal fibrosis demonstrated 90% EMCLs and 10% IMCLs
(Figure 3). Masson’s trichrome staining confirmed the presence
of increased collagen in those 9 patients (52.8� 9.6%) when
compared with control patients (5.8� 0.67%) (P< 0.0001)
(Figure 4).

DISCUSSION

droplets were readily identified in our patients’ sections. Although m
penile smooth muscle cells (EMCLs) (90%) (middle panel), som
EMCL¼ extramyocellular lipid, IMCL¼ intramyocellular lipid.
There are no previously published reports of lipid accumu-
lation in human corpus cavernosum, and therefore this case
series is the first report about this finding. To our knowledge,

Control

FIGURE 4. Smooth muscle contents in corpus cavernosum assayed w
connective tissue was green. The amount of collagen is higher in the
control group (5.8�0.67%) (P<0.0001) (original �100).

4 | www.md-journal.com
there are also no reports of accumulation of fat in severe fibrotic
states in other organs. Traish et al12 identified accumulation of
fat-containing cells in the corpus cavernosum of castrated
rabbits. They suggested that this is likely the result of androgen
deficiency, and that androgen deficiency promotes differen-
tiation of stromal progenitor cells into an adipogenic cell line-
age instead of the anticipated myogenic cell lineage. They also
suggested that the presence of fat-containing cells in the corpus
cavernosum further impairs the veno-occlusive mechanism
needed for erection, thus enhancing the negative effects of
androgen deficiency. Another study showed that the adminis-
tration of the endocrine disrupters bisphenol A and tetrachlor-

t lipid droplets were EMCLs located in the interstitium outside the
lipid droplets were IMCLs (10%) (right panel) (original �800).
odibenzodioxin in intact rabbits resulted in fat accumulation in
the corpora,13,14 although other simultaneous histological find-
ings such as thickened tunica albuginea and increased content of

Patient

ith Masson trichrome staining. Smooth muscle manifested as red,
patient group with lipid accumulation (52.8�9.6%) than in the
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smooth muscle are different between those described by Traish
et al,12,15 suggesting possibly a different mechanism for fat
accumulation.

Another possible explanation for lipid accumulation is
the dedifferentiation of corpus smooth muscle cells into
other phenotypes. Several reports in the literature have demon-
strated the dedifferentiation of vascular smooth cells to other
phenotypes.16,17 Corradi et al18 demonstrated that 5-a reductase
inhibition resulted in prostate smooth muscle differentiation to
other phenotypes. However, there are no studies directly exam-
ining trabecular smooth muscle dedifferentiation.

Our center is a tertiary care center for ED, and most of
those patients represented challenging surgical cases that were
referred to us, and we did not see them at their initial presen-
tation. The primary surgeon in this study (T.F.L.) has been
performing penile prosthesis surgery for over 30 years in a high-
volume center. These 9 cases represented unusual cases in his
practice in which a great difficulty was encountered during the
procedure due to extensive fibrosis, and while carving out the
corporal tissue it was noted to have a shiny whitish appearance
suggestive of the presence of lipids, prompting us to examine
these tissues specifically for fat. In order to validate these
results, control corporal tissues (totaled 10 in number) from
random ED patients going for penile prosthesis insertion were
also examined for lipids, and they all were negative. The lipid
accumulation in this study seems to be unrelated to metabolic
syndrome because only 2 patients had DM, and 1 patient had
dyslipidemia. Another fact to support that conclusion is that the
majority (90%) of the lipids were EMCL, and it has been
established previously that high IMCL rather than EMCL
was associated with insulin resistance and metabolic syn-
drome.19 In addition, DM and dyslipidemia were well con-
trolled for these patients. It remains however that this is a small
sample to rule out an association with metabolic syndrome.

There are limitations in our study. Given that we were not
the primary treating urologists for many of these patients, we
did not see them at their initial presentation. Their serum
testosterone levels were not measured; therefore, a link between
androgen deficiency and lipid accumulation cannot be estab-
lished. However, they did not experience fatigue, low libido, or
other symptoms suggestive of hypogonadism to warrant their
testosterone measurement clinically. Given the extensive fibro-
sis noted in those specimens, no biomarker profiling or endo-
thelial dysfunction experiments were done. It remains however
that this is the first report on the presence of lipid in human
corpus tissue of patients with ED.

CONCLUSIONS
This is the first report of lipid accumulation in the human

corpus cavernosum. The exact mechanism of its accumulation
is unknown and further research is needed. We encourage other
urologists who encounter such a phenomenon during penile
prosthesis insertion to examine these tissues for lipids and report
their findings as well. It could also be beneficial to analyze this
subset of corporal tissues for muscle biochemical markers and
changes in the ultrastructure using electron microscopy, looking
for evidence of smooth muscle dedifferentiation. Given the lack
of reports of fat accumulation in other organs, it is our hope that

Medicine � Volume 94, Number 6, February 2015
in different disorders associated with severe fibrotic states in
order to understand this phenomenon.
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