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Prostatic artery occlusion: initial findings on pathophysiological
response in a canine prostate model
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Background: Prostatic artery embolization (PAE) is an alternative treatment for symptomatic benign
prostatic hyperplasia (BPH) in men. A technical modification of conventional PAE has been developed in a
canine prostate model consisting of prostatic artery occlusion (PAO) using Onyx® whose therapeutic effect is
prostate shrinkage. However, the underlying mechanisms are not well clarified. The purpose was to evaluate
the biological mechanisms responsible for therapeutic effects of PAO in the canine prostate.

Methods: Ten adult male beagles (5.0£0.82 years) underwent PAO with Onyx-18 (n=7) and prostatic artery
angiography as control (n=3). Blood samples were taken at different time points of follow-up (baseline,
1 week, 2 weeks, 1 month, 3 months and 6 months) to measure the serum canine prostate specific esterase
(CPSE). MRI examinations were also performed to document the prostate volume (PV) before and after
interventions at different time points of follow-up. Prostates were harvested at 2 weeks (n=2) in the PAO-
group, and the remaining ones (n=8) at 6 months for the determinations of intraprostatic testosterone and
dihydrotestosterone (DHT) by ELISA, apoptosis by TUNEL assay and histopathological study.

Results: The mean serum CPSE concentration started to decrease significantly from 2 weeks to 6 months
after PAO along with PV compared with baseline data. In addition, a moderate but significant correlation
was observed between CPSE and PV (r=0.655, P=0.000). Regarding intraprostatic androgens, testosterone
was significantly higher after PAO than control (19.70 vs. 4.87 ng/mL, P=0.002), whereas DHT was
lower but no significant (112.52 vs. 138.35 pg/mL, P=0.144). In histological study, PAO induced a severe
hemorrhagic necrosis in the whole prostates along with inflammatory cell infiltration at early 2 weeks, and
then diffuse interstitial fibrosis with atrophy of the glandular epithelium and intraprostatic cavity formation
at 6 months. Apoptosis was detected in all specimens with higher apoptotic index after PAO at 2 weeks (7.35%)
and at 6 months (4.38%) compared with control (2.64%), without statistically significant difference between

groups.
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Conclusions: PAO induces hemorrhagic ischemia predominantly resulting in necrosis rather than

apoptosis with prostate shrinkage. CPSE is a potential biomarker to assess the response to PAO in the canine

prostate.
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Introduction

Benign prostatic hyperplasia (BPH) is a common disease in
men with a reported prevalence at 50% of men in their 50s
and 80% in the seventh decade (1). BPH is characterized
by an increased number of epithelial and stromal cells
in the periurethral area of the prostate in men causing
lower urinary tract symptoms (LUTS). The etiology is
multifactorial owing to a disorder related to hormones,
growth factors, and programmed cell death leading to
cellular accumulation and then prostate growth (2). At
present, treatments for LUTS secondary to BPH (LUTS/
BPH) are targeted at different underlying mechanisms
involved in the BPH development.

Prostatic artery embolization (PAE) is an emerging
interventional technique that has recently gained in
popularity worldwide to treat moderate to severe LUTS/
BPH with improvements in urological symptoms and
relatively fewer adverse events (3,4). The rationale of PAE is
the shrinkage of the enlarged prostate by devascularization
of the gland tissue, which induces prostatic ischemia, and
consequently a prostate volume (PV) reduction. Apart
from ischemic injury, other proposed mechanisms behind
PAE included the deprivation of androgens by blockage
of the circulation and prostate apoptosis (5). Previous
animal experiments have demonstrated that the decrease
of androgens after castration or antiandrogen therapy may
induce a prostate shrinkage by apoptosis (6,7). Likewise,
medical treatment for BPH, such as the use of 5a-reductase
inhibitors (finasteride), has also shown the apoptosis of
prostatic epithelial cells leading to prostate size reduction
both in men and dogs (8,9). The depletion of androgen
effects by different targeted therapies has confirmed its
effectiveness on prostate involution. Based on this rationale,
a new technical modification of the conventional PAE has
been developed in a canine model, involving the prostatic
artery occlusion (PAO) at the level of its trunk and main
branches with a liquid embolic agent in an attempt to induce

© Translational Andrology and Urology. All rights reserved.

ischemia and then prostate shrinkage. The CIRSE standard
of practice on PAE recommends imaging examination to
evaluate prostate shrinkage (10). However, there are other
tools, such as prostate-specific antigen (PSA) which has
demonstrated to be an effective biomarker to predict and
assess the PV reduction after PAE (11). Its counterpart in
dogs is canine prostatic specific esterase (CPSE) whose
level is related with PV, and then is used as biomarker in
the veterinary diagnosis of canine BPH and other prostatic
diseases (12-14).

To elucidate the likely underlying mechanism of PAO,
the assessment of intraprostatic hormones, biomarker, and
apoptosis was performed in the canine prostate with the
purpose to evaluate the pathophysiological changes induced
by PAO. The following article was presented in accordance
with the ARRIVE reporting checklist (available at https://
tau.amegroups.com/article/view/10.21037/tau-22-423/rc).

Methods
Animals

Experiments were performed under a project license
(No. 2019209010000930) granted by Regional Ethics
Committee of Junta de Extremadura, in compliance with
Spanish national guidelines for the care and use of animals.
Ten adult male Beagle dogs were enrolled in this study
(15.50+4.09 kg; 5.00+0.82 years) with at least a prostate size
larger than 12 mL. Three dogs underwent prostatic artery
angiography as sham procedure in the control group, and 7
dogs underwent PAO in the experimental group, in which
2 dogs were euthanized at 2 weeks after PAO, and the
remaining animals at 6 months after procedures.

PAO procedure

Under general anesthesia and sterile conditions, vascular
access in the femoral artery was established percutaneously.
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The prostatic artery was catheterized using a coaxial
system with a 2.4 Fr microcatheter (Progreat, Terumo
Medical, Somerset, NJ, USA) with a 0.016" microwire (GT,
Terumo Medical, Somerset, NJ, USA). The microcatheter
tip was placed inside of the main trunk of the prostatic
artery, and superselective angiography was performed by
manual injection of diluted contrast medium (Omnipaque
240 ng I/mL, GE Healthcare, Madrid, Spain) in all
animals. In the experimental group, ethylene-vinyl alcohol
copolymer (EVOH) (Onyx®-18 /ev3 Micro Therapeutic
Inc., Irvine, CA, USA) was then administrated according
to manufacturer’s instruction until achieving the occlusion
of the prostatic artery and its main branches. Control
angiography in the internal iliac artery was conducted
to document the technical success of complete occlusion
of the targeted arteries in PAO-group. The procedure
was repeated subsequently on the contralateral side with
the same protocol in both groups. At the end of the
intervention, the animals were recovered and maintained
in animal housing with analgesic (buprenorphine) for
3 days, and antibiotic (amoxicillin) and anti-inflammatory
(meloxicam) for 1 week.

In addition, follow-up angiography was performed at
the end of study following the protocol described above to
document the recanalization of occluded prostatic arteries
in all dogs.

Image evaluation

All dogs under general anesthesia underwent MRI
evaluation with a 1.5T system (Intera; Philips Medical
Systems, Best, The Netherlands) at different time points,
including before the angiographic procedure as baseline
data, and at 1 week, 2 weeks, 1 month, 3 months and
6 months after the procedure as the endpoint of study.
MRI examination included T1-weighted turbo spin-echo
and T2-weighted turbo spin-echo images in axial, coronal
and sagittal planes. The PV was measured on T2-weighted
images with OsiriX 64-bit software (Pixmeo, Bernex,
Switzerland).

Blood extraction

Blood samples were collected from the saphenous vein
into vacuum tubes without anticoagulant at 9-10 a.m.
at the same different time points of follow-up (baseline,
1 week, 2 weeks, 1 month, 3 months and 6 months). Blood
samples were allowed to clot at room temperature and
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then centrifuged for serum separation at 3,500 rpm for
15 minutes. The serum was stored in a freezer at -80 °C
until analysis.

Postmortem study

At the end of the study, all animals were euthanized under
general anesthesia with an overdose of potassium chloride
and subjected to necropsy. The prostate and surrounding
organs such as urinary bladder, rectum, and vas deferens
were carefully inspected. The prostate was harvested and
sectioned axially into four blocks, two of which were fixed
in 4% paraformaldehyde for 48-72 h at 4 °C for microscopy
study, and the other two were stored in a freezer at -80 °C
for the determination of androgen concentration in tissue.
The prostate specimens were dehydrated in a graded series
of ethanol and embedded in paraffin. Sections were cut
into 7 pm thickness for hematoxylin and eosin (H&E) and
immunohistochemical staining.

Hormone and biomarker assays

Canine testosterone was measured using a solid phase
sandwich ELISA method [Canine Testosterone (T)
ELISAN Kit, CUSABIO, Wuhan Hi-tech Medical Devices
Park, Wuhan, Hubei Province, China]. The sensitivity
of the testosterone kit was 0.05 ng/mL. For canine DTH
measurement, a solid phase sandwich ELISA method was
used [Canine Dihydrotestosterone (DHT) ELISAN Kit,
CUSABIO, Wuhan Hi-tech Medical Devices Park, Wuhan,
Hubei Province, China]. The sensitivity of the DHT kit
was 20 pg/mL. Both ELISA kits were used to analyze
intraprostatic canine testosterone and DH'T concentrations.
Prostates were defrosted at room temperature and then cut
into 100 mg which was homogenized manually in 1 mL
PBS 1X. The homogenates were centrifuged at 5,000 g
for 5 minutes. The supernatant was removed and assayed
immediately for intraprostatic androgen determination.
Both procedures were the same where the standards and
samples were added to the appropriate microtiter plate wells
in duplicate with an antibody specific for each androgen
and horseradish peroxidase (HRP) conjugated, then were
incubated at 37 °C for 1 h. After washing, a substrate
solution was added to the wells and incubated at 37 °C for
15 minutes in dark. The reaction was stopped, and the
optical density of each sample was read at 450 nm. The
color was developed in opposite to the amount of androgen
concentration in the sample. Testosterone and DHT
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concentrations were calculated based on the standard curve
plotted with standard concentrations using CurveExpert 1.4
software.

CPSE was measured by a quantitative enzyme-linked
immunosorbent assay (ELISA) type immunoassay on
microwell using a commercial dog-specific kit (Odelis
CPSE, Virbac BVT, France). Briefly, various calibrator
solutions (20, 10, 5.0, 2.5 and 0.0 ng/mL) and control
(5.4 ng/mL) were prepared to define the standard curve. All
samples were diluted at 1:10 and incubated in duplicate at
37 °C for 1 h. After washing, the bound proteins are
recognized by HRP conjugate, and incubated again at 37 °C
for 1 h. After another washing cycle, the colorimetric
reaction is generated by the addition of a substrate of
HRP for 10 min at room temperature in dark, and then
the reaction was stopped. The optical density of each
sample was read at 450 nm, and CPSE concentrations
were calculated based on the standard curve plotted with
calibrator concentrations.

Apoptosis assay

Formalin-fixed paraffin-embedded prostates were used to
detect apoptotic cells by TUNEL (TdT-mediated dUTP
Nick End Labeling) using the ApopTag Plus Peroxidase
In Situ Apoptosis Detection Kit (Millipore Corporation-
California). The assays were conducted following the
manufacturer’s instructions. Briefly, the prostate sections
were dewaxed, hydrated, and treated with proteinase K
(20 pg/mL) at room temperature for 15 min. After washing,
endogenous peroxidase activity was quenched with a 3%
hydrogen peroxide solution for 5 min. Each section was
incubated with equilibration buffer, and then with working
strength terminal deoxynucleotidyl transferase (T'dT)
enzyme diluted 30% in reaction buffer at 37 °C for 1 hin a
humidified chamber. The sections were agitated in strength
stop/wash buffer in a jar for 15 sec, and then incubated for
10 min at room temperature. Slides were washed in PBS
and incubated with antidigoxigenin peroxidase conjugate
for 30 min in a humidified chamber at room temperature.
After washing, reaction occurred by addition of substrate
with diaminobenzidine (DAB) diluted 1:50 in DAB dilution
buffer with development of color for 3 minutes at room
temperature. After washing in distilled water, sections were
counterstained with hematoxylin. Apoptosis was measured
by the apoptotic index calculated as the mean percentage
of TUNEL-positive cells divided by the total number of
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prostatic cells in ten random and non-contiguous sections at
1,000x of magnification.

Statistical analysis

The statistical analysis was conducted with SPSS version
24. The descriptive analysis was performed in all variables
and expressed as means = standard deviation. The
normality study was checked using the Shapiro-Wilk test.
The independent sample #-test was used to compare the
differences between groups, and paired sample #-test for
differences at different time points of follow-up. Pearson’s
rank correlation was used to estimate the relationship
between PV and CPSE concentration. P<0.05 was
considered to indicate a statistically significant difference.

Results
Image evaluation

There was no significant difference concerning the mean
PV at baseline between groups (control, 17.16 mL vs. PAO,
17.00 mL). In animals of PAO group, the mean PV started
to decrease significantly at 2 weeks compared to baseline
data with a mean reduction rate of 50.47% at 6 months
of follow-up (8.42 mL, P=0.001). However, in animals
of control group, decrease in PV was also detected with
a mean PV reduction rate of 20.10% during 6 months
follow-up but no significant regarding baseline data
(13.71 mL, P=0.72). On the other hand, significant
differences in the mean PV were noticed at 1 week
(P=0.007), 1 month (P=0.019), 3 months (P=0.018) and
6 months (P=0.05) of follow-up between groups (Zable I).

In follow-up angiography, all animals showed
recanalization at least one of occluded prostatic artery at
6 months after PAO, where 3 out of 5 dogs had one
reopened prostatic artery whereas the remaining two dogs
had both recanalized prostate sides.

Intraprostatic hormone analysis

The mean concentration of intraprostatic testosterone
showed a substantial change between groups at the end
of the study with higher concentration in PAO-group
in comparison with control-group (19.70 vs. 4.87 ng/g,
P=0.002) respectively. However, the mean concentration
of intraprostatic DHT was slightly lower after PAO but

without statistically significant difference between groups
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Table 1 Comparative analysis between prostate volume and serum CPSE concentrations at different time points of follow-up

PV (mL) CPSE (ng/mL)
Follow-up P value P value
Control PAO Control PAO
Baseline 17.16+0.13 17.00+£3.42 0.566 73.86+46.69 57.90+7.19 0.615
1 week 17.76+0.06 29.02+4.90*** 0.007 80.62+71.09 39.6+12.76 0.442
2 weeks 17.05+1.98 11.78+5.17* 0.134 67.22+59.98 14.96+9.86** 0.266
1 month 14.16+3.34 7.41£3.26" 0.019 57.09+8.93 8.93+4.30* 0.134
3 months 15.30+3.03 7.83+3.86™" 0.018 46.71+44.13" 14.20+£3.11™ 0.317
6 months 13.71+0.55 8.42+3.75"* 0.050 44.46+41.57* 10.87+3.47* 0.296

*, P value <0.05, **, P value <0.01, ***, P value <0.001 regarding baseline data in each group. P value column corresponds to differences

between groups (control vs. PAO). CPSE, canine prostate specific esterase; PV, prostate volume; PAO, prostatic artery occlusion.

Table 2 Data of intraprostatic hormone concentrations and apoptosis induced by PAO compared with control at 6-month of follow-up

Measure Control (n=3) PAO (n=5) P value
Testosterone (ng/g) 4.87+1.76 19.70+0.83 0.002
DHT (pg/g) 138.35+18.93 112.52+22.97 0.144
TUNEL index (%) 2.64+0.97 4.38+2.77 (7.35+4.73) 0.253

Data between parentheses is the TUNEL index at 2 weeks of follow-up in PAO-group. PAO, prostatic artery occlusion; DHT,

dihydrotestonerone.

(PAO-group, 112.52 pg/g vs. Control-group, 138.35 pg/g,
P=0.144) (Table 2).

CPSE

No statistically significant difference was found in the mean
CPSE concentration at baseline between the control and
PAO groups (73.86 vs. 57.90 ng/mL, P=0.615) respectively.
After PAQO, the mean CPSE concentration decreased
significantly from 2 weeks to 6 months compared with
baseline data (Zable I). In addition, the comparative analysis
between PV and serum CPSE (Figure 14) demonstrated a
moderate correlation (r=0.655, P=0.000) (Figure 1B).

Postmortem study

In the macroscopic study, the prostate and surrounding
organs were visually normal in the control group without
changes in the appearance, with a soft consistency due to
the glandular content. However, hemorrhage was observed
in the rectum wall in one dog, and in the bladder wall with
fat adherences in another one at 2 weeks after PAO. In these
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animals, the prostates also showed extensive bright and dark
areas corresponding to hemorrhagic infarcts with a friable
consistency; whereas at 6 months after PAO, prostates
displayed a smaller size with cavity formation on one or
both lobes along with small areas of glandular tissue of
soft consistency mixed with non-glandular zones of fibrous
consistency (Figure 24). These findings were histologically
observed (Figure 2B,2C) where the prostates showed
mainly diffuse interstitial fibrosis with lack of glandular
architecture and surrogated by connective tissue mixed
with foci of atrophic glandular epithelium. The EVOH
cast was found in capsular arteries along the lateral border
of the prostate without penetration inside the prostate
gland (Figure 2D,2E); whereas at 2 weeks, PAO induced
extensive hemorrhagic necrosis areas (Figure 34,3B) with
inflammatory cell (neutrophils) infiltration at 2 weeks
of follow-up (Figure 3C). In the control group, prostates
displayed the typical histopathological features of BPH,
including glandular hyperplasia with an increased amount of
secretory epithelium mixed with variable amount of stromal
tissue (Figure 44,4B). In addition, a complex hyperplasia
pattern was also identified with dilated and cystic alveoli
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Figure 1 Comparative analysis between prostate volume and serum CPSE concentrations at different time points of follow-up. (A) Changes

in PV and CPSE at different time points of follow-up after PAO. Note the statistically significant direct relationship between PV and

serum CPSE from 2 weeks to 6 months after PAO except at 1 week due to an increase of PV induced by prostate ischemia along with severe
inflammation. (B) The moderate correlation between PV and CPSE (r=0.655, P=0.000). **, P<0.01; ***, P<0.001. PV, prostate volume;

CPSE, canine prostate specific esterase; PAO, prostatic artery occlusion.

mixed with multifocal foci of atrophic epithelium and
increased stroma (Figure 4C).

Apoptosis assay

TUNEL-positive cells were identified based on their
brown-stained nuclei, and detected in all dogs. The
apoptotic index was higher after PAO in comparison with
the control group at 6 months follow-up (4.38% vs. 2.64%)
respectively; similarly, an increase of TUNEL-positive cells
at 2 weeks after PAO was noticed with the highest apoptotic
index of 10.69%. No statistically significant differences
were identified either between groups or at different time
points at follow-up (Figure 5A-5C).

Discussion

PAO in the present study led to shrinkage of the treated
prostate with two major proposed mechanisms, creation
of the global ischemia and blockage of the androgens
circulation to the prostate. PAE-induced ischemia with
subsequent necrosis and the secondary prostate shrinkage
has been well described in clinical practice and animal
experiments (5,15,16). In the recent years, some technical
modifications of the original PAE have been developed in an
attempt to improve its effectiveness and safety in patients,
such as the PErFecTED technique (Proximal Embolization
First, Then Embolize Distal) which led to greater infarcts
in prostates attributable to a better distribution and delivery
of embolic agent in the targeted prostatic arteries (17); but
no significant difference regarding PV reduction was found
between both techniques (18). The use of coil as adjunctive
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treatment in PAE has been also developed with aiming
to increase the effectiveness in PAE delivering a coil into
the main prostatic arteries after PAE (19); and its safety
occluding anastomosis between the prostatic artery and
adjacent organs (bladder, penis or rectum) avoiding non-
target embolization during the particle embolization (20).
Even liquid embolic agent (glue) has been described in PAE
without significant differences in International Prostate
Symptoms Score, quality of life and PV compared with
microparticles in patients (21,22). The conventional PAE
using microparticles achieves a peripheral embolization of
intraprostatic vasculature inducing a local prostate ischemia,
whereas PAO involves the occlusion of the prostatic artery
and its main branches with a liquid embolic agent, resulting
in the global prostate ischemia in canine model (23).
However, the underlying mechanisms to the PAO-induced
ischemia are unknown. In addition, the complete occlusion
of the prostatic artery might have more benefits in blockage
of the androgens circulation to the prostate compared with
PAE, thus inducing the hormone-related prostate apoptosis
with an enhanced effect on the prostate shrinkage. So, the
evaluation of the pathological response to PAO may lend
weight to the assumption of the mechanisms behind PAE.
Our findings indicated that PAO substantially reduced PV
from 2 weeks when compared with baseline data (11.78 mL
vs. baseline 17.00 mL, P<0.05), with the maximal reduction
rate at 1 month (7.41+3.26, P<0.01), and this PV reduction
was still significant at 3 months (7.83+3.86, P<0.01) and
6 months (8.42+3.75, P<0.01), highlighting the durability
of therapeutic effect after PAO. The PV reduction was
significant at 1, 3 and 6 months after PAO compared
with control group; although these animals also showed a
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Figure 2 Histopathological findings in the prostate at 6 months after PAO (Hematoxilin & Eosin staining). Macroscopy study (A) shows

cavity formation in both prostate sides. Note the cast of EVOH in the peripheral gland (red arrow). Microscopy study (B-E) reveals

intraprostatic cavity formation (asterisk in B) and diffuse interstitial fibrosis with foci of the glandular epithelium (magnified view 40x in

C). Note EVOH cast was found in the prostate capsular artery (square portion in D and its magnified view 40x in E). PAO, prostatic artery

occlusion; EVOH, ethylene-vinyl alcohol copolymer.

decrease in PV but no significant at the same time points of
follow-up, perhaps due to the prostatic artery catheterization
during the follow-up angiography which would have been
able to induce a little spasm, and subsequent a little decrease
of PV. However, it is worth noting that the mean PV at one
week after PAO significantly increased (+70.71%) compared
with the baseline data due to hemorrhagic infarct along
with severe inflammation induced by PAO which caused
tissue swelling at this stage. Of note, previous studies on
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PAE in dogs by Lucas-Cava ez 4l. (16,24) demonstrated that
there was a slight decrease in the mean PV at 1 week after
PAE, from -2.4% to -9.07%. The inconsistency suggested
that PAO induced a global ischemia of the prostate with
severe secondary inflammatory reaction and massive edema
increasing the PV in the acute phase; whereas PAE led
to local ischemia with less inflammatory reaction. Our
histopathological study revealed extensive hemorrhagic
necrosis lesions with intensive inflammatory cell infiltration
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Figure 3 Histopathological findings in the prostate at 2 weeks after PAO (Hematoxilin & Eosin staining). Haemorrhagic necrosis mixed

with glandular epithelium (A) was found inflammatory cell infiltration (magnified view 40x in B and C, respectively). PAO, prostatic artery

occlusion.

3,

Figure 4 Histopathological findings in the prostate at 6 months after the sham procedure (Hematoxilin & Eosin staining). In the prostates

form of the control group, the histopathological features of BPH were observed (A), consisting of glandular epithelium hyperplasia with

an increase of alveoli and stromal tissue (magnified view 40x in B). Note dilated and cystic alveoli mixed with multifocal foci of atrophic

epithelium typical in the complex form of canine BPH (magnified view 4x in C). BPH, benign prostatic hyperplasia.

Figure 5 TUNEL assay. Apoptotic cells were identified as brown-stained cells in all specimens mainly in the glandular epithelium
counterstained with hematoxylin (magnification view 1,000x). Note the higher TUNEL-positive cells at 2 weeks after PAO (A) regarding 6
months in the PAO-group (B) and the control-group (C). PAO, prostatic artery occlusion.

in the prostates at 2 weeks after PAO, supporting the above
assumption. Furthermore, the histopathological study
on the specimens at 6 months showed that the scarring
of the prostate infarction resulted in the shrinkage of the
treated prostate, where the ischemic necrosis was replaced

by interstitial fibrosis with presence of glandular cysts and
epithelial atrophy or cavity lesions.

Besides necrosis after PAO, apoptosis might be another
important pathway resulting in atrophy and prostate
shrinkage. Current evidence indicates that the pathway
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of cell death (necrosis or apoptosis) induced by hypoxia/
ischemia depends on its degree and duration. Persistent or
severe ischemia lead to depletion of generation of cellular
energy in ATP, and consequently leading to failure of many
energy-dependent metabolic pathways, and cell death occurs
by necrosis (25). By contrast, when ischemia is less severe and
more gradual, cells die by apoptosis with DNA fragmentation
and formation of apoptotic bodies as the last step (26). In a
transient ischemia study of the rat prostate (27), a threefold
increase in the volume density of apoptotic epithelial cells
was detected; furthermore, the relative increase in apoptosis
was not abolished by the administration of testosterone,
suggesting the underlying androgen-independent mechanism
of ischemia was partly involved.

Androgen-related prostate apoptosis is another issue of
interest in both preliminary studies and clinical trials. It
is well known that the hormonal regulation of androgens
plays a critical role in the homeostasis of the prostate.
When the supply of circulating androgens is depleted
by castration therapies, or androgen action is blocked
by the 5a-reductase inhibitors, the prostatic cells die by
apoptosis (5,28-30). The decrease of the growth potential
of prostatic cells caused by the lack of androgens along with
the extensive loss of cells by apoptotic pathway contributes
to the shrinkage or regression of prostatic tissue (29). It
should be noted that ischemia-induced prostate apoptosis
occurs at the early phase of hypoxic insult, which was
observed at its peak on days 36 and lasted until days 10-15
in rodent castrated models (6,28), whereas androgen-
related prostate apoptosis was a relatively longer-term
effect, with a significant shrinkage of the enlarged prostate
typically observed at 6 months after finasteride therapy in
patients with BPH (8,30). Therefore, the timing for the
TUNEL assay to detect apoptotic cells is critical. In our
study, the TUNEL assay was conducted in animals at 2
weeks and 6 months after PAO. In animals of the control-
group, the mean apoptosis index was identified as 2.64%;
whereas a higher apoptosis index was observed at 2 weeks
(7.35%) and 6 months (4.38%) in animals after PAO.
Although no statistically significant difference was found
between groups and at different time points possibly due
to the small sample size in this study, the data suggested
that more apoptotic cells were induced at 2 weeks caused
by ischemia and the relatively more apoptosis could be
attributable to the decrease in the intraprostatic DHT levels
at 6 months after PAO. It has been reported that up to
40% of apoptotic cells in the canine prostate were induced
by surgical castration from day 7 to 14 (31,32), which was
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much higher than our findings at 2 weeks. This was because
in the castrated prostate the only cell death observed was in
the form of apoptosis and oncosis; whereas, in our animals,
substantial necrosis occurred in the prostate with small areas
of the residual gland tissue where the apoptotic cells were
identified. Therefore, the pathological findings at 2 weeks
after PAO in the present study demonstrated that PAO in the
canine prostate predominantly resulted in extensive necrosis
rather than prostate apoptosis, which is mainly observed in
the residual gland tissue nearby the necrosis lesions.

It is interesting to note that the findings of the high
intraprostatic levels of androgens at 6 months were out of
expectation. It was hypothesized that PAO in the present
study might block the circulation of testosterone and DH'T
in the treated prostate by occlusion of the prostatic artery
with a liquid permanent embolic agent, thus achieving an
“intraprostatic castration effect” to enhance the prostate
apoptosis (33). However, the mean intraprostatic DHT level
was lower but not significant at 6 months after PAO (PAO,
112.52+22.97 pg/mL, vs. Control, 138.35£18.93 pg/mL,
P=0.144); conversely, the mean intraprostatic testosterone
level significantly increased (PAO, 19.70+0.83 ng/mL vs.
Control, 4.87+1.76 ng/mL, P=0.002) in comparison to
animals in control-group. One possible reason was the
recanalization of the occluded prostatic arteries, since in the
follow-up angiography at 6 months after PAO, at least one
of the treated prostatic arteries were identified with partial
or complete recanalization in all dogs. Despite Onyx® is
considered as permanent embolic agent; the presence of
recanalization is related with the incomplete filled of the
embolized vessels leading to spaces inside of the lumen
where recanalization started (34). Another reason might be
that PAO resulted in the destruction of most gland tissue
with massive fibrosis, cavity formation, and atrophy in the
prostate, and therefore the enzyme activity of So-reductase
greatly decreased in the residual epithelium and stroma
tissue in the prostate. In a report by Zhao et 4. was observed
an increase in serum and intra-prostatic testosterone levels
accompanied by a decrease in DHT levels after treatment
with two different kinds of 5o reductase inhibitors. In
both cases, there was no conversion of testosterone into
DHT with an accumulation of testosterone in blood and
tissue (35). Similarly, this might partially explain the
significant higher testosterone level by accumulation
inside of prostate at 6 months after PAO due to a prostate
recanalization along with relatively lower intraprostatic
DHT level by destruction of prostate tissue.

PSA is a commonly used biomarker for BPH patients.
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Ever since Roehrborn et #/. reported a strong age-
dependent relationship between serum PSA level and
PV in a large cohort of men with BPH (36), PSA as a
surrogate of PV has been investigated and confirmed its
predictive role for assessing future prostate growth, risk
of BPH progression, and monitoring the response to
therapy (37). In clinical practice of PAE, PSA is tested as
a parameter to evaluate clinical response. A significant
relationship between the serum PSA level at 24 hours after
PAE and subsequent relief in LUTS has been validated,
indicating that PSA is a potential clinical predictor (38).
However, PSA is not detected in canine blood or seminal
fluid; instead, CPSE as its counterpart is identified in
canine serum and seminal fluid (12). CPSE is a trypsin-
like enzyme secreted by the prostatic epithelial cells mainly
in the apical region of the canine prostate, which can be
inhibited by antiandrogen treatment or surgical castration
(13,39). Currently, CPSE has been used in the veterinary
diagnosis of canine BPH and other prostatic diseases, with
a significant positive correlation between CPSE level and
PV (r=0.448, P<0.001) (13,14). This is in agreement with
our findings of a moderate correlation between CPSE level
and PV (r=0.655, P=0.00). More importantly, our findings
showed a significant decrease in the mean CPSE levels at
2 weeks, 1, 3 and 6 months after PAO when compared with
baseline data, which was in accordance with the reduction
in PV observed at each time point. Similar to PSA in PAE
in human patients, the decrease in CPSE after PAO can be
explained by the destruction of the prostate glandular tissue
induced by intervention, suggesting CPSE can be used as a
new measure to evaluate therapeutic response in preclinical
studies on both PAO and PAE in dogs.

The main limitations in this study were the small sample
size between groups and prostate recanalization. The former,
a greater number of animals in the different groups could
achieve to detect statistically significant differences at long-
term. The latter, the new inflow of blood into the prostate
might have mimicked the effect of PAO on prostate.
Additionally, the testing of CPSE levels at 24-48 hours
after PAO would have been interesting in an attempt
to evaluate its predictive role of subsequent technical
effectiveness of PAO.

Conclusions

PAO with Onyx® successfully results in the prostate
shrinkage mainly through ischemia-induced tissue necrosis
and consequent gland fibrosis and atrophy with less

© Translational Andrology and Urology. All rights reserved.

effect on apoptosis in a canine model. Due to the high
rate of recanalization of the occluded arteries, androgen-
related prostate apoptosis at the late stage was minimal
in comparison with the acute ischemic apoptosis. CPSE
is a promising biomarker in future preclinical studies for
monitoring the PV changes in response to new minimally
invasive techniques in canine models. Further studies with
a large sample size are needed, as well as elucidating the
underlying mechanism behind prostate recanalization and

how might affect the therapeutic effect of PAO.
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