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  MISSION STATEMENT

The NIDCD National Temporal Bone, 
Hearing and Balance Pathology Resource 
Registry was established in 1992 by the 
National Institute on Deafness and Other 
Communication Disorders (NIDCD) of 
the National Institutes of Health (NIH) to 
continue and expand upon the former 
National Temporal Bone Banks (NTBB) 
Program. The Registry promotes research 
on hearing and balance disorders and 
serves as a resource for the public and 
the scientific community about research 
on the pathology of the human auditory  
and vestibular systems.
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The Ototoxic Chemotherapeutic 
Drug Cisplatin is Retained in the 

Human Inner Ear Indefinitely

C
isplatin is an effective and widely used anti-cancer drug. It’s used to treat a variety 
of solid tumors in both adult and pediatric cancer patients. It is also the most 
ototoxic drug in clinical use, with 40 to 80 percent of patients treated with 
it experiencing significant permanent hearing loss.1,2 We sought to examine 
cisplatin pharmacokinetics as a means of understanding the unique susceptibility 

of the inner ear to cisplatin-induced damage.3 

At the core of the cisplatin molecule is the metal platinum, and we utilized inductively-
coupled plasma mass spectrometry (ICP-MS) to measure platinum levels in human and 
mouse tissues. ICP-MS is a sensitive technique for detecting metals that can measure 
platinum levels as low as parts per quadrillion.4,5 Since there is no platinum in normal 
biological tissues, this method allows us to detect cisplatin with high sensitivity and with 
no background signal.

We began our studies in adult (12 weeks of age) CBA/CaJ mice, which received three 
cycles of cisplatin administration. Each cycle consisted of four days of cisplatin adminis-
tration (3.5 mg/kg/day), followed by ten days of recovery (Figure 1A). This protocol 
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approximates multi-cycle cisplatin protocols used clinically. Hearing testing was conducted 
before and after cisplatin administration by recording auditory brainstem responses (ABRs) 
and distortion product otoacoustic emissions (DPOAEs). Together, these tests measure 
hearing sensitivity and the function of the sensory cells in the inner ear.  

After three cycles of cisplatin, mice had moderately-severe to severe hearing losses 
(approximately 35 to 55dB threshold shifts) across frequencies (Figure 1B), similar to 
cisplatin-induced hearing loss in humans. Mice were euthanized after the recovery period 
of the third cisplatin cycle, and cisplatin levels in their tissues were measured using ICP-MS. 
Most organs (liver, kidney, lung, and heart) showed increasing platinum levels during each 
cisplatin administration period, followed by rapidly declining platinum levels during the 
recovery period (Figure 1C), indicating that these tissues efficiently cleared cisplatin after 
cessation of drug treatments.  

Platinum levels in the brain remained low, which is consistent with the fact that cisplatin 
does not cross the blood-brain barrier.6,7 In contrast to these tissues, the cochleas of these 
mice showed platinum uptake during cisplatin administration, but they did not show 
declining platinum levels during the recovery periods (Figure 1C). Instead, platinum levels 
progressively increased in the inner ear during successive cycles of cisplatin administration. 
These data indicate that while other organs efficiently clear platinum, the cochlea instead 
retains it. When we looked again 60 days later (in a separate cohort of animals), platinum 
levels in most tissues were returning to baseline, while those in the cochlea had not 
decreased, suggesting that platinum may be retained in the cochlea indefinitely. 

In order to determine if platinum is also retained in the human cochlea, we collaborated 
with the NIDCD National Temporal Bone, Hearing and Balance Pathology Resource 
Registry at Massachusetts Eye and Ear to obtain donated temporal bones from persons 
who had been treated with cisplatin. The National Institute of Health’s Office of Human 
Subjects Research Protections determined that this study was exempt from Institutional 
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Figure 1. Cisplatin accumulates in cochlea. A: Adult mice received three cycles of cisplatin therapy. Each 
cycle consisted of four days of cisplatin administration followed by ten days of recovery. Hearing testing by 
ABRs and DPOAEs was performed before cisplatin administration began and after the last recovery period. 
B: Cisplatin resulted in hearing loss across frequencies in mice. Hearing sensitivity continued to worsen 
after cessation of cisplatin treatment. C: Most organs took up cisplatin during the injection periods and 
then cleared the cisplatin during the recovery periods. In contrast, the cochlea progressively accumulated 
cisplatin without clearing it. 
Breglio AM, Rusheen AE, Shide ED, Fernandez KA, Spielbauer KK, McLachlin KM, Hall MD, Amable L, Cunningham 
LL. Cisplatin is retained in the cochlea indefinitely following chemotherapy. Nature Communications. 21 Nov 
2017,8(1):1654.
The creative commons license for this figure can be found at creativecommons.org/licenses/by/4.0/.
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Review Board review as it utilized existing records and post-
mortem pathological specimens. The Temporal Bone Registry 
worked with us to identify temporal bones from seven 
cisplatin-treated donors as well as appropriate control subjects 
who had never received cisplatin. Our study required detailed 
information about the timing of cisplatin administration, which 
the Temporal Bone Registry provided.   

Our data showed that cisplatin is retained in the human inner 
ear for at least 18 months (the longest we could look based 
on available tissue) after cessation of cisplatin therapy (Figure 
2A). One of the temporal bones obtained from the registry 
was from a pediatric patient treated with cisplatin, and the 
cisplatin levels in their cochlea was higher than we observed in 
any of the adult tissues, despite the pediatric patient receiving 
a lower dose of cisplatin than any of the adult patients. This is 
consistent with the fact that children are more susceptible than 
adults to cisplatin-induced hearing loss8, and it suggests that the 
immature cochlea may take up cisplatin more readily than the 
adult cochlea.

To visualize the distribution of cisplatin in the human cochlea, 
we used a modification of the ICP-MS technique in which 
a pulsed laser is used to ablate a section of human temporal 
bone and measurements from the ablated sample are used to 
reconstruct the location of platinum in the tissue. We observed 
platinum throughout the cochlea, with highest levels in the stria 
vascularis, spiral ganglion neurons, and portions of the modiolus 
(Figure 2B). No platinum was observed in cochleas from control 
patients who never received cisplatin. 

Together, our data indicate that while cisplatin is readily cleared 
from most organs, it is retained in the cochlea, where levels 

are highest in the stria vascularis and spiral ganglion neurons. 
Insufficient clearance of cisplatin from the cochlea may explain 
the progression of cisplatin-induced hearing loss after cessation 
of cisplatin therapy, and it likely contributes to the unique 
susceptibility of the inner ear to cisplatin-induced damage. In 
addition, our data predict that therapeutic strategies aimed at 
reducing cisplatin uptake (or increasing cisplatin clearance) from 
the cochlea should reduce cisplatin-induced hearing loss in cancer 
patients. l
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Figure 2. Cisplatin is retained in the human inner ear 
for at least 18 months. A: Platinum levels in sections 
of human temporal bones were measured using ICP-MS. 
Cochleas from patients who never received cisplatin (green) 
did not show any platinum signal. Cochleas from patients 
who received cisplatin (purple and lavender) retained 
measurable platinum for at least 18 months after the time 
of the last cisplatin infusion. The single pediatric cochlea 
examined contained more platinum than any of the adult 
cochleas. B: Cisplatin was localized in the human cochlea 
using laser ablation ICP-MS. High levels of platinum were 
observed in stria vascularis (green arrowhead) and cochlear 
nerve fibers (yellow arrowheads), as well as the boundary 
between the cochlear nerve and the bone of the modiolus 
(white arrowheads). White arrows mark the endosteum 
and asterisks mark the cochlear bone. The white box 
defines the organ of Corti, which showed relatively low 
levels of platinum. Scale bar = 500 µm.

Breglio AM, Rusheen AE, Shide ED, Fernandez KA, Spielbauer KK, McLachlin KM, Hall MD, Amable L, Cunningham LL. Cisplatin is retained in the cochlea indefinitely 
following chemotherapy. Nature Communications. 21 Nov 2017,8(1):1654.
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S
ensorineural hearing loss (SNHL) is the most common 
sensory deficit in the world. Disabling SNHL affects 
466 million people globally and is projected to affect 
900 million people by the year 2050.1 It is characterized 
by damage to the mosaic of delicate, micron-scale 

mechanosensory cells and auditory nerve fibers that comprise 
the sensory epithelium of the cochlea, the tiny, snail-shaped 
structure that facilitates hearing from within the densest bone in 
the body, the petrous portion of the temporal bone (Figure 1). 

These inner ear microstructures are known to be involved  
in human SNHL from decades of research conducted  
in extracted cadaveric human temporal bone specimens. 

Visualizing the Cytoarchitecture of the Human 
Cochlea’s Sensory Epithelium Using Synchrotron 

Radiation Phase Contrast Imaging
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Indeed, post-mortem human temporal bones remain our only 
source of information on the cellular signatures of human SNHL. 
The gold standard method for studying human temporal bones 
has been hematoxylin and eosin (H&E)-based histological 
preparation for the past 125 years (Figure 2).2 This technique 
involves harvesting the temporal bone at patient autopsy 
and subsequently fixing, decalcifying, dehydrating, manually 
sectioning, staining, and mounting the tissue on glass slides for 
evaluation using light microscopy.3 While this technique has 

Figure 1: Micro-computed tomography image of a human head virtually 
sectioned to reveal the cochlea, deeply nestled within the petrous portion 
of the temporal bone. Circle = cochlea; Square = malleus, first of the three 
middle ear ossicles; Asterisk = auricle. Scale = 2.5 cm.

Figure 2: Mid-modiolar sections through the human cochlea, imaged using 
(A) light microscopy with H&E staining, (B) standard computed tomography, 
(C) micro-computed tomography, and (D) synchrotron radiation phase 
contrast imaging. Asterisk = sensory epithelium; Square = lateral wall;  
AN = auditory nerve. All scales = 2mm.

Adapted with permission from Biomed. Opt. Express 9, 3757 (2018), The Optical 
Society (OSA). Iyer JS, Zhu N, Gasilov S, Ladak HM, Agrawal SK, Stankovic KM. 
Visualizing the 3D cytoarchitecture of the human cochlea in an intact temporal bone 
using synchrotron radiation phase contrast imaging. Biomed Opt Express. 2018 Jul 
18;9(8):3757–3767.

Adapted with permission from Biomed. Opt. Express 9, 3757 (2018), The Optical 
Society (OSA). Iyer JS, Zhu N, Gasilov S, Ladak HM, Agrawal SK, Stankovic KM. 
Visualizing the 3D cytoarchitecture of the human cochlea in an intact temporal bone 
using synchrotron radiation phase contrast imaging. Biomed Opt Express. 2018 Jul 
18;9(8):3757–3767.
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improved our understanding of human SNHL in critical and 
profoundly impactful ways, it has several limitations: 1) it is 
extremely laborious and time-consuming, requiring up to a year 
of preparation before analysis is possible in a single specimen, 2) 
it introduces irreversible artifacts to the tissue at every stage in 
processing, and 3) it reduces the level of study possible to what is 
visible along a single orientation plane.

Despite major advances in biomedical and clinical imaging 
and microscopy over the past several decades, the cochlea has 

Figure 3: Virtual sections through 3D volumetric reconstructions of the human cochlea, imaged using synchrotron radiation phase 
contrast imaging. (A) A mid-modiolar virtual section through the cochlea, revealing rows of sensory cells (blue = inner hair cells,  
red = outer hair cells) in the sensory epithelium, bundles of auditory nerve fibers (green arrow), and the auditory nerve trunk 
(green circle). (B) Virtual whole mount section of the cochlea’s sensory epithelium, revealing the rows of sensory cells (blue = inner 
hair cells, red = outer hair cells) that are implicated in SNHL. Both scales = 1mm.

historically evaded attempts at visualizing its interior in situ 
because of its small size, fragility, complex three-dimensional 
configuration, and nested location within extremely dense bone. 
However, recent advances in x-ray and phase contrast imaging 
techniques have enabled, for the first time to our knowledge, 
cellular-level visualization of the sensory cells and neurons 
implicated in SNHL in three-dimensionally intact human 
temporal bones (Figure 3). Referred to as synchrotron radiation 
phase contrast imaging (SR-PCI), this novel imaging technique 

Figure 4: Synchrotron radiation phase contrast imaging detects differences between different etiologies of SNHL. (A) Healthy 
sensory epithelium, (B) age-related SNHL (green line outlines region of damage), and (C) trauma to sensory epithelium due to 
incorrect electrode insertion for cochlea implantation (pink line outlines region of damage). All scales = 1mm.

Adapted with permission from Biomed. Opt. Express 9, 3757 (2018), The Optical Society (OSA). Iyer JS, Zhu N, Gasilov S, Ladak HM, Agrawal 
SK, Stankovic KM. Visualizing the 3D cytoarchitecture of the human cochlea in an intact temporal bone using synchrotron radiation phase 
contrast imaging. Biomed Opt Express. 2018 Jul 18;9(8):3757–3767.

Adapted with permission from Biomed. Opt. Express 9, 3757 (2018), The Optical Society (OSA). Iyer JS, Zhu N, Gasilov S, Ladak HM, Agrawal 
SK, Stankovic KM. Visualizing the 3D cytoarchitecture of the human cochlea in an intact temporal bone using synchrotron radiation phase 
contrast imaging. Biomed Opt Express. 2018 Jul 18;9(8):3757–3767.
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U P CO M I N G  E V E N T

leverages extremely high energy x-ray radiation generated using 
a synchrotron particle accelerator to penetrate through the 
dense bone surrounding the cochlea and utilizes sophisticated 
phase detection algorithms to resolve the cellular features of the 
cochlea’s thin, membranous sensory epithelium. Importantly, 
these features are typically undetectable with standard x-ray- 
based imaging techniques (Figure 2). 

For the present experiments, harvested human temporal bones 
were first fixed to maintain the sensory epithelium’s integrity 
and then drilled to a size of roughly three cubic centimeters, 
ensuring that both the cochlea and the vestibular end organs, 
which are also located in the petrous portion of the temporal 
bone, remained intact. Specimens were then transported to 
the Canadian Light Source synchrotron imaging facility in 
Saskatoon, SK, Canada, where they were positioned on an 
imaging stage located 55 meters from the synchrotron x-ray 
source and two meters from the detector for imaging. The 
imaging stage was then rotated slowly to enable tomographic 
cross-sectional imaging (3,000 projections acquired over 180° 
of rotation). Total imaging time was roughly two hours per 
specimen. Image reconstruction, stitching, and virtual dissection 
analyses were all performed using commercial software programs.

Three-dimensional virtual sectioning of volumetric image 
stacks revealed the cochlea’s interior in striking levels of detail—
structures visualized included those known to be damaged 
in the progression of SNHL, such as hair cells and auditory 
nerve fibers (Figure 3). In addition, SR-PCI was able to detect 
differences between healthy tissue and tissue that was damaged 
to varying degrees due to natural or unnatural causes (Figure 
4). It also enabled visualization of the vestibular end organ 

sensory epithelia, which, when damaged in humans, can cause 
debilitating balance disorders.

Taken together, these findings suggest that SR-PCI has the 
potential to revolutionize and accelerate the study and diagnosis 
of human inner ear diseases, promising to serve as a future 
alternative to standard histological processing of human temporal 
bones that is both faster and easier to implement. 

As the field of human temporal bone pathology approaches 
extinction4, the present and related studies promise to rejuvenate 
this critically important branch of translational research. These 
results motivate further investigation into how SR-PCI can 
be specifically optimized for human temporal bone imaging 
through improvements in resolution and contrast. Importantly, 
reducing the amount of x-ray radiation required to achieve 
the results presented here would motivate swift translation of 
this technique to the clinic for in vivo, objective diagnosis of 
SNHL, and identification of its specific underlying etiology 
in a given patient, enabling personalized, targeted therapy 
recommendations. l

REFERENCES
1. World Health Organization Fact Sheet, “Deafness and hearing loss.”  
World Health Organization. 2017.  
www.who.int/mediacentre/factsheets/fs300/en/

2. A Politzer. The anatomical and histological dissection of the human inner ear: 
In the normal and diseased condition. Baillière, Tindall and Cox. 1892.

3. SN Merchant, JB Nadol Jr. Schuknecht’s Pathology of the Ear. Lea and Febger, 
Malvern. 1993. 

4. RA Chole, MJ McKenna. A silent and imminent threat. The Registry.  
20(2),1–2(2012).



Vol. 26.1 | Winter 2018THE 7

Otopathology Mini-Travel  
Fellowship Program

The NIDCD National Temporal Bone Registry’s mini-travel 
fellowships provide funds for research technicians and 
young investigators to visit a temporal bone laboratory 
for a brief educational visit, lasting approximately one 
week. The emphasis is on the training of research 
assistants, technicians, and junior faculty. 

These fellowships are available to:
•	 U.S. hospital departments who aspire to start a new 

temporal bone laboratory
•	 Inactive U.S. temporal bone laboratories who wish to 

reactivate their collections
•	 Active U.S. temporal bone laboratories who wish to 

learn new research techniques

Up to two fellowship awards will be made each year 
($1,000 per fellowship). The funds may be used to defray 
travel and lodging expenses. Applications will be decided 
on merit. 

Interested applicants should submit the following:
•	 An outline of the educational or training aspect of 

the proposed fellowship (1–2 pages)
•	 Applicant’s curriculum vitae
•	 Letter of support from temporal bone laboratory 

director or department chairman
•	 Letter from the host temporal bone laboratory, 

indicating willingness to receive the traveling fellow

Applications should be submitted to:
Michael J. McKenna, MD
NIDCD Temporal Bone Registry
Massachusetts Eye and Ear
243 Charles Street, Boston, MA 02114
michael_mckenna@meei.harvard.edu

Interested? Email us at tbregistry@meei.harvard.edu.

Temporal Bone Removal Technicians 
Needed Nationwide!s

sSeeking trained autopsy technicians for the removal of temporal bones 
on an on-call basis. Technicians must be in the U.S. and are paid by case.

Want to go digital?

The editors of The Registry are now offering an electronic 
version of the newsletter for those who are interested. 
Mailed copies will continue to be distributed; however, if 
you prefer to receive an email with a PDF version of the 
newsletter instead, let us know and we will add you to 
our email list!

In addition, all current and previous issues  
can be found on our website at  

TBRegistry.org/For-Researchers/ 
The-Registry-Newsletter

Interested in receiving  
digital newsletter copies?

Email Mary Yaeger,  
Mass. Eye and Ear Communications Manager, at  

mary_yaeger@meei.harvard.edu.
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Free Brochures for your Office or Clinic about Temporal Bone Research and Donation
The Gift of Hearing and Balance: Learning About Temporal Bone Donation is a 16-page, full-color booklet that  
describes in detail the benefits of temporal bone research. It also answers commonly asked questions regarding the 
temporal bone donation process. Dimensions: 7”x10”

If you would like to display this brochure, please complete the form below and return it to the Registry by mail or fax.  
The brochures will be sent to you free of charge. Please circle the amount requested for each brochure or write in the amount  
if not listed.

The Gift of Hearing and Balance __________ 25  50  100

Name: ________________________________________________________________________________________________

Address: ______________________________________________________________________________________________

City, State, Zip: _________________________________________________________________________________________

Telephone: ____________________________________________________________________________________________

Mail or fax this form to the Registry at: NIDCD National Temporal Bone, Hearing and Balance Pathology Resource Registry
            Massachusetts Eye and Ear, 243 Charles Street, Boston, MA 02114
            Toll-free phone: (800) 822-1327, Fax: (617) 573-3838
            Email: tbregistry@meei.harvard.edu
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