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The blood-prostate barrier could be the major factor that preventing delivery of drugs to prostate tissue and
leads to the failure of treatment. Studies indicate that ultrasonic sonoporation can break the blood-prostate
barrier and increase the concentration of drugs, but the mechanism is still unclear. Tight junctions exist widely
in the endothelial and epithelial cells of mammalians, and form the biological barrier, along with other factors.
Through studies on the mechanism of ultrasound microbubbles opening the blood-brain barrier, researchers
found that the main mechanism is to change the expression level of TJs proteins. Since there might be some
similarities between the blood-brain barrier and the blood-prostate barrier, changing the expression level of TJs
proteins may also be the main mechanism by which ultrasound microbubbles opens the blood-prostate barri-
er, which is worth further study.
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Background

Chronic prostatitis is a common disease among men [1], and
the incidence is gradually increasing. Due to the complicat-
ed condition of patients, the suboptimal effect of treatment,
and the high rate of relapse, it seriously influences the physi-
cal and mental health of men. Although a many studies have
been done on this topic, the pathogenesis and pathophysi-
ologic alterations and the best treatment are still unknown.

Recent studies have shown that the main problem of chron-
ic prostatitis is that medicine cannot fully enter the prostate
tissue, which limits the efficiency of the treatment. What is it
that impedes the permeability of medicine into the prostate?
Some researchers put forward the concept of a “blood-prostate
barrier” [2]. Similar to the blood-brain barrier, the blood-pros-
tate barrier protects the prostate tissue and has the function
of permselectivity. In multicellular organisms, tight junctions
(TJs) are intercellular junctions adjacent to the apical end of
the lateral membrane surface [3]. They have a barrier func-
tion and a fence function. The changes of the TJs proteins
can affect the blood-brain barrier permeability [4]. In studies
on ultrasound microbubbles changing the blood-brain barri-
er, researchers found that the main mechanism of ultrasound
microbubbles affecting the blood-brain barrier permeability is
changing the expression level of TJs proteins. We hypothesize
that this is also the main mechanism by which ultrasound mi-
crobubbles change the blood-prostate barrier permeability. At
present, there are few relevant research reports and the top-
ic deserves further study.

Hypothesis: Opening the Tight Junctions (T)s)
may be Key Point to Enhancing Permeability
of the Blood-Prostate Barrier

Tight junctions are intercellular junctions adjacent to the api-
cal ends of paracellular spaces [3]. TJs are responsible for
the regulation of transmembrane transport of ions and sol-
utes (the fence function) and maintenance of cell polarity
(the barrier function) [5]. Studies have shown that the TJs are
ubiquitous in the blood-brain barrier [6], the enteric epitheli-
al barrier [7], and the blood-testis barrier [8], and significant-
ly regulate the barriers’ functions. An experiment has shown
that the TJs also exit in prostate tissue, but did not indicate
the relationship between the TJs and the blood-prostate bar-
rier [9]. A recent study has shown that ultrasound microbub-
bles may enhance blood-prostate barrier permeability through
opening the TJs [10].

The tight junction is a fundamental junctional complex, com-
posed of transmembrane proteins, cytosolic proteins, and cy-
toskeletal proteins. The transmembrane proteins include 3
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kinds of integral membrane proteins: occludin [11], claudins
[12], and junctional adhesive molecule (JAM) [13]. Occludin and
claudin may play a primary role in regulating the barrier func-
tion and claudins are even more important [14].

The claudins are the essential component of TJs, and they are
prevalent in the epithelia and endothelia. Some claudins cre-
ate paracellular pores that are the basis for paracellular per-
meability, allowing small ions and molecules to pass through.
However, others decrease the paracellular permeability [15].
This function is achieved by the protein kinase pathway — PKA
or PKC acts on the specific amino acid sites of claudins. T) func-
tion is decreased by closed phosphorylation [16], indicating
that various physiological or pathological factors may influ-
ence the permeability of TJs by changing the expression level
of the claudins. Furuse et al. identified claudin-1 and claudin-2
from chicken liver and found that over-expression of these 2
proteins also creates a tight junction between the fibroblasts
[17], demonstrating their importance in the assembly of TJs. In
recent years, many tests have indicated that claudins are very
important to the blood-brain barrier. Morita et al. confirmed
that there is rich expression of claudin-3 and claudin-5 in the
brain microvascular endothelial circulation system and that
claudin-5 is the major transmembrane protein of the blood-
brain barrier [18]. A study using a C6 glioma model indicat-
ed that the dysfunction of TJs enhances the permeability of
the blood-tumor barrier, probably by the direct invasion of C6
glioma cells, which reduces the expression level of claudin-5
in the endothelial cells [19]. It has been proposed that both
over-expressing and ablating expression of claudins improve
biofilm barrier permeability [20]. All of these studies suggest
that it is possible to regulate biofilm barrier permeability by
changing the expression level of claudins.

Tls exist in rat prostatic epithelial cells, and the expression lev-
els of claudin-1,-3,-4,-5,-7,-8,-10 in the prostate are significantly
higher than in the kidney [17]. It was previously demonstrated
that claudin-1, -3, -4, -7 are expressed in rat and human pros-
tate tissue [21], indicating that these claudins may play the
same role in the rat and human prostate barrier. The barrier
function of TJs may limit drugs permeability [22]. Therefore,
it may be the key to treatment of chronic prostatitis, solv-
ing the problem of how to overcome the barrier properties of
tight junctions and help move drugs into the prostate tissue.

Therefore, we suggest that: 1) Claudins are important regula-
tors of the barrier function of TJs; and 2) Claudins not only ex-
pressed in the blood-brain barrier, but also in rat and human
prostate tissue. We propose this hypothesis: Opening the tight
junctions (TJs) may be a key to enhancing the permeability of
the blood-prostate barrier. We plan to observe the expression
of claudins in rat prostate to determine the changes occurring
in blood-prostate permeability in future studies.
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Discussion

As mentioned above, the blood-prostate barrier could be the
major factor leading to the failure of treatment of chronic
prostatitis, but the active component of the blood-prostate
is still unknown. Some researchers consider that vascular en-
dothelial cells and basement membrane comprise the barrier,
but epithelial cells are deemed essential by others. It is cer-
tain that, similar to the blood-brain barrier, the blood-prostate
barrier may be a key point in treatment of chronic prostatitis.

The ultrasonic contrast agent microbubble is a new kind of con-
trast agent; it not only enhances ultrasound imaging, but also
increases the permeability of local organizations, thus improv-
ing the effective drug concentration [23,24]. Some research-
ers [10,25] have used ultrasound microbubble to enhance the
blood-prostate barrier permeability, and indicated the possible
mechanism — the ultrasound microbubble opens the tight junc-
tions of vascular endothelial cells and epithelial cells of pros-
tate tissue, then leads Evans blue (EB) dye into the glandular
epithelium cells. Therefore, we consider that the tight junc-
tions may be the main regulator of blood-prostate permeability.

To elucidate the molecular biology basis of the prostate tissue
that limits the penetration of drugs into the prostate, and fur-
ther understand the mechanism by which ultrasound microbub-
ble enhances the prostate permeability, we plan to start with
the expression level of tight junctions proteins, and observe
changes in the expression of TJs proteins after the ultrasound
microbubble acts on the prostate. This will show how the ul-
trasound microbubble affects the blood-prostate barrier. We
propose to intravenously inject the ultrasound contrast agent
microbubbles, and then make use of sonoporation induced by
ultrasonic cavitation to open the blood-prostate barrier, and
observe the relationship of the expression level of tight junc-
tion proteins and the level of the opening of the blood-pros-
tate barrier. To achieve this aim, we will establish a rat model
with CP in future studies, including a normal control group (NC
group), chronic prostatitis model group (CP group), microbub-
ble-only group (MB group), ultrasound-only group (US group),
and microbubble-enhanced therapeutic ultrasound group (MEUS
group, and different intensity ultrasound subgroups), and in-
ject the microbubbles and Evans blue (EB), then observe the
prostate tissue ultrastructure (e.g., vascular endothelial cells,
basement membrane, basal cells, epithelial cells) after ultra-
sonic irradiation, and then test the concentration of EB in the
prostate tissue by fluorescence spectrophotometry and ana-
lyze the expression level of the TJs proteins by immunohisto-
chemistry and Western blot. Then we will make the following
comparisons: 1) Compare the expression level of the TJ pro-
teins between the NC group and CP group; 2) Compare the
concentration of EB in the prostate tissue and the expression
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level of the TJs proteins underlying the different intensity ul-
trasound; and 3) Compare the expression level of the TJs pro-
teins between the MB group, US group, and the MEUS group.
If the difference in expression level of T) proteins in the NC
group and CP group are statistically significant, it suggests that
chronic inflammation could alter the blood-prostate barrier. If
the degree of changes of the concentration of EB is consistent
with the expression level of Ts proteins, then it indicates that
the change of the blood-prostate is consistent with TJs. If the
differences in expression level of the TJs proteins in the MB
group, US group, and MEUS group are statistically significant,
together with the result of the EB in the prostate tissue and
the expression level of the TJs proteins underlying the differ-
ent intensity ultrasound, it would suggest that the ultrasound
microbubble enhances the permeability of the blood-prostate
barrier by changing the expression level of the TJs proteins.
Moreover, it is known that the TJs proteins could regulate the
permeability of the TJs, which means the ultrasound micro-
bubble opens the blood-prostate barrier by opening the tight
junctions. We hope to prove our hypothesis that opening the
tight junctions may be a key to enhancing the permeability of
the blood-prostate barrier.

Conclusions

Chronic prostatitis is an intractable problem in urology. It is
difficult to completely cure chronic prostatitis, mostly because
the blood-prostate barrier limits the passage of drugs into the
prostate tissue, which therefore fails to form an effective drug
concentration in the prostate [25]. However, ultrasound micro-
bubble technology can increase blood-prostate barrier perme-
ability, and at the same time improve the effective drug con-
centration. This may become a new method for treatment of
chronic prostatitis.

However, at present the mechanism of this method is still un-
clear. Therefore, we plan to start with the expression level of
tight junctions proteins to explore the mechanism, and study it
through the above experimental procedure and method, which
may elucidate the mechanism of enhancing the blood-prostate
barrier permeability and determine the composition of blood-
prostate barrier. This will provide theoretical and methodolog-
ical foundations to guide development of a new treatment for
chronic prostatitis. At present, much research has been de-
voted to investigating tight junction protein regulation of the
blood-brain barrier, but few have studied the blood-prostate
barrier, which is a topic deserving further study.
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