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Disabling and permanent hearing loss affects more than 5% of
the world’s population as reviewed by a 2015 report by the World
Health Organization (https://www.who.int/news-room/fact-sheets/
detail/deafnessand-hearing-loss). Hearing loss, mostly involving
irreversible loss of sensory cells in the cochlea or loss of auditory
neurons, is classified as sensorineural in more than 90 % of cases.
Hereby, the main external events leading to acquired hearing loss
are noise trauma (noise-induced hearing loss NIHL) and ototoxic
treatments as radiation therapy, aminoglycoside antibiotic treatment
or platinum-based chemotherapy. Moreover, about 50% of cases have
been identified to be caused by congenital deafness through more than
500 genetic mutations [1-3].

No FDA-approved drug therapies are available to protect or restore
hearing. The main FDA-approved treatment for debilitating hearing
loss is the cochlear implant, which, for an insertion of the electrode
array into the cochlea, requires invasive surgery [4].

Ion homeostasis, transport of nutrients and systemic hormones
to the inner ear is maintained by the blood-labyrinth barrier (BLB)
in the cochlear lateral wall [1]. While these blood vessels of the inner
ear are critical for normal function, they are however in the same
time highly vulnerable to pathologic events that result in hearing and
vestibular dysfunction. Despite these numerous critical roles of inner
ear vasculature to enable and facilitate hearing, little is known of its
normal homeostatic functions and how these are altered in disease.

As demonstrated for the blood-brain barrier (BBB) [5-8],
maintaining the homeostasis of the central nervous system, different
disease states can alter BLB physiology and increase its permeability to
specific compounds; for example, inflammation caused by either local
(acoustic trauma) [9] or systemic immunogenic stimuli alters uptake of
aminoglycoside antibiotics [10] and diuretics.

Inflammation has been extensively demonstrated to generally
lead to vasodilation, facilitating paracellular flux into the interstitial
extracellular space. In the BLB, cells being tightly coupled by
tight junctions, vasodilation apparently occurs without increased
paracellular flux but does result in increased cochlear uptake of
ototoxic aminoglycosides into the stria vascularis or of fluorophores
into the perilymph [11-13].

Acoustic trauma may correspondingly affect the permeability of the
BLB and through this subsequent influence drug uptake indirectly by
inducing inflammation. Loud sounds hereby affect virtually all cochlear
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cell types and induce cochlear inflammation and through this, in turn,
drug-induced cochleotoxicity [14-16]. Intriguingly, the synergistic
ototoxicity of loud sound exposure and aminoglycosides appears
not to be limited to simultaneous exposure. Acoustic trauma, even
experienced days or weeks before aminoglycoside treatment, can even
potentiate drug-induced hearing loss [10,14], suggesting that cochlear
inflammation persists for days after induction. Furthermore, although
limited data exist, hypoxia also appears to induce inflammatory
signaling cascades as it has been described for the BBB [17].

Age-related hearing loss (ARHL), also referred to as presbycusis,
is the most common sensory loss in the aging individuum. Bilateral
hearing loss occurrence doubles every 10 years over the age of 50
[18]. The future management of ARHL is thus a major social and
socioeconomic challenge through the increased longevity of the
population, especially as ARHL has been described to be positively
correlated with cognitive impairment and dementia [19].

ARHL is most probably highly affected by the aging-induced
alterations in BLB-integrity. In the cochlear lateral wall of rodents for
example, the most commonly described finding with increasing age of
the animals is a decrease in the area or volume of the stria vascularis.
The underlying molecular pathological processes remain however
poorly described. A comprehensive characterization of aging-induced
compromise of BLB function is outstanding, to enable preventive and
curative care.

Given the important role of the BLB and its alterations in the
etiology of the different pathological processes leading to sensorineural
hearing loss, more data characterizing cell biology and function of the
BLB are needed to fully elucidate the properties of the BLB, to help
unlock the potential for prevention and cure of hearing loss.

Both, BBB and BLB serve to provide protection to the delicate
structures of the organs brain and inner ear, respectively by forming
a dynamic but tight biological barrier. Dysfunction of either barrier,
BBB or BLB, is part of a broader spectrum of common disease. A more
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thorough understanding of the role of the BLB in physiology and
pathology of hearing could thus form the basis to a paradigm change
and significant new cut point for the future treatment of hearing loss
by (i) promoting a better understanding of molecular-biological causes
of hearing disorders among basic researchers, (ii) translating this
knowledge to pave the way for new clinical intervention, including
pharmacological therapies, in hearing disorders, (iii) making an
important overall contribution to reduce the burden related to hearing
loss in Europe, and worldwide.
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