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The Effects of Type 1 DiabetesMéllituson the
Cochlear Sructure and Vasculature in Human
Temporal Bones

Hisaki Fukushima MD?*?, Michael M. Paparella MD?, Tamotsu Harada MD?

1Department of Otolaryngology, University of Minnesota
2Department of Otolaryngol ogy, Kawasaki Medica School

The REGISTRY is published semi-
annually by the NIDCD National
Temporal Bone, Hearing and
Balance Pathol ogy Resour ce Reg-
istry. The Registry was established in
1992 by the National Institute on
Deafnessand Other Communication
Disorders (NIDCD) of the National
Institutes of Health to continue and
expand upon the former National
Temporal Bone Banks (NTBB)
Program. The Registry promotesre-
search on hearing and balance
disorders and serves as a resource
for the public and the scientific com-
munity about research on the
pathology of the human auditory
and vestibular systems.

INTRODUCTION

iabetesmellitus continues

D to represent amajor med-
ical problemintheworld.
The relaionship between diabetesmel-
litus and sensorineural hearing loss
(SNHL) has been studied for more
than onecentury. Many authorsagree
that diabetesmdlituscanleadto SNHL
(1-4). Although histopathological
changessuch asthickening of the cap-
illary wallsinthecochlea(5-9), espe-
cidly inthestriavascularishave been
reported in patientswith digbetes. Only
afew reportsdescribe damageto the
striavascularis, hair cellsand spira
ganglioncells(5,6). Itisnot always
clear whether these changesare pri-
marily duetothedisease. Humantem-
pora studieshave not revealed acon-
sistent pathologic correlatefor diabe-
tesmdlitusand previousstudiesin hu-
mans have not sub-classified diabetes
mellitusinto type 1 and type 2 diabe-
tes. Because most cases of diabetes
aretype 2, the patients are older re-
aultingindifficulty interpreting if the
changesarefrom diabetes or presby-
cuss

To examinetheeffectsof dia-
betes on the cochlea, we conducted a
study intempora bonesfrom patients
withjuvenilediabetesto anayze outer
hair cels(OHC), inner hair cdls(IHC),
spira ganglion cells, and areasof stria
vascularisand thickening of the capil-
lary walls of vesselsunder the basilar
membrane. To our knowledge this
study isthefirst to quantitatively docu-
ment the changesin the cochleadueto
type 1 diabetesmdlitusin humans.

MATERIALSAND METHODS

Thisstudy included 26 tempo-
ral bonesfrom 13 patientswith typel
diabetes (mean age, 37.5 years; age
range, 18-68 years) and 30 temporal
bonesfrom 17 norma cases(meanage,
38.4 years, age range, 12-67 years).
The age of onset ranged from 6to 34
yearswithamean of 15.3years. The
duration of diabetesranged from5to
46 years with amean of 22.2 years.
Excluded were subjectswhohad ahis-
tory of acoudtic trauma, ototoxic drugs
or otologic surgery, and thosewith any
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In March 2004, the Registry was
awarded a contract from the
NIDCD. The important work the
Registry has been doing will
continue into the next five years.
The Deafness Research Foun-
dation and the Registry will once
again be working together to
educate the public about tem-
poral bone donation and re-
search. Thank you all for your
continued support of the Reg-
istry and it’'s mission.

Look for the
Registry’s Exhibit
at these upcoming

meetings
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The Association for Late-Deaf-
ened Adults will be holding their
international conference at the
Wyndham Burlington Hotel in
Burlington, Vermont. It will be
held from September 1st - 5th,
2004. Please visit their website
for more information.
www.alda.org

NEWSAND ANNOUNCEMENTS ———
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AAO-HNSF Annual Meeting & OTO EXPO
New York, U.S.A., September 19-22, 2004

American Academy of
Otolaryngology--Head and
Neck Surgery Foundation
2004 Annual Meeting &
OTO EXPO
September 19-22
New York, NY
Please visit their website for
more information.
www.entnet.org
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The Association for Research
in Otolaryngology 2005
MidWinter Meeting will be held
in Daytona Beach, Florida on
February 26th - March 3rd,
2005. More information is
available on their website.
WWw.aro.org

The Registry’s
DNA Program

Have you signed up to be a part
of the Registry’s DNA program?
All our registered donors are en-
couraged to join our DNA pro-
gram. This program greatly en-
hances your temporal bone do-
nation. It's as easy as brushing
your teeth. For further informa-
tion please contact the Registry
at (800) 822-1327.

The Deafness
Research
Foundation has
announced a
change to their contact num-
bers. The new numbers are:

202-887-5850 Telephone
202-293-1865 Fax

IN THE NEWS....

Researchers at the Scripps
Research Institute in La Jolla,
California, The University of Cali-
fornia, San Diego and Oregon
Hearing Research Center and
Vollum Insitute in Portland, Or-
egon have made a very impor-
tant discovery about one of the
genes involved in hearing.

An article in an upcoming issue
of Nature has identified cadherin
23, a protein, as playing a very
important role in how we hear.
The researchers believe that this
gene is responsible for creating
tiny links within the cochlea which
make hearing possible.

The researchers found that hair
cells or sterocilium are bundled
together into sterocilia. The tip
of each hair cell is bound to the
one nextto it by a tiny link. The
cadherin 23 gene encodes a pro-
tein which creates these links.
Without these links hearing
would be impossible.

Mutations in the cadherin 23
has long been associated with
deafness and Usher Syndrome.

Send Us Your News!
Send us your news and an-
nouncements regarding hear-
ing and/or balance loss or
temporal bone research!
(See page 3 for contact infor-
mation.)
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Brochuresabout Temporal Bone Resear ch and Donation
Order Free-of-Chargefor Your Office, Clinicor Organization

The NIDCD National Tempora Bone, Hearing and Balance Pathology Re-
source Registry, which is dedicated to promoting research on hearing and
balance disorders through the study of tempora bones, has published two
informational brochures, which you may request for display in your office
and/or waiting rooms. Both brochures encourageindividual swith hearing or
bal ance disorders to bequeath their temporal bones to scientific research.

That Others May Hear is a short form brochure which de-
scribes briefly the functions of the Registry, and answers
. Qther commonly asked questionsregarding the

< 6wy 6 | temporal bone donation process. (Dimen-

sions: 9" x 4") PR

NATIONAL TEMPORAL
BONE DONOR PROGRAM

The Gift of Hearing: Learning about
REGISTRY | Temporal Bone Donation is a 16-page, full
color bookl et which describesin more detail
| and with di agrams, the structures of the ear, types of

| auditory disorders, the microscopic study of the temporal
| bone, and the benefits of temporal bone research. Italso |
| answers commonly asked questions regarding the tempo- &
| ral bone donation process. (Dimensions: 77 x 10”)

If you arewilling to display either of these brochures, please complete the
form and return it to the Registry, by fax or mail. The brochureswill be
| sent to you free of charge.

| ORDER FORM

| Please send me (circleor fill in quantity):

| The Others May Hear: 25 50 100 copies (free of charge)
| The Gift of Hearing: 25 50 100 copies (free of charge)
| Enrollment Packets: 25 50 100 copies (free of charge)
|

| Name:

|

| Address:

|

| Address:

|

| City, State, Zip:

|

| Telephone:

Mail or fax thisform to the Registry at:

|

|

| NIDCD National Temporal Bone, Hearing and Balance Pathology
| Resour ce Registry

| Massachusetts Eye and Ear Infirmary

| 243 Charles Street

| Boston, MA 02114-3096

| (800) 822-1327 toll-free phone, (617) 573-3838 fax

|
|
|

Or submit your request using email:
tbregistry@meei .harvard.edu
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EFFECTSOF TYPE 1 DIABETES, Continued from page 1

other otologic diseases, such SR 1
asotosclerosisand otitisme- ~e .-&I\l
dia. All of thetempord bones ; \
inthisstudy had been previ-

ously removed at autopsy.
Tempora boneswereseridly
sectioned in the horizonta
planeat athicknessof 20mm.
Every 10th sectionwasstained
with hematoxylin and eosin
(HE) and mounted on glass
slidesfor light microscopic
observation.

All statistical analy-
ses were performed using
STATVIEW software. Re-
sultswere presented asmean
+ SD. Statistical evaluation
was carried out using non-
parametricMann-Whitney U

+ SD 4302) (P<0.0001).
There was a correlation
between the total area of
thestriavascularisand ag-
ingindiabeticsandincon-
trols. Atrophy of thestria
vascularisincreased with
aging at amorerapidrate
in diabetics than in con-
trols. Wefound not only
atrophy of the stria
vascularisbut alsoanin-
creased thickness of cap-
illary walls in the stria
vascularis(Figure 1-a, b).
There was a correlation
between thicknessof cap-
illary wallsunder thebasi-
lar membrane and total
areaof thestriavascularis

test. Correlationswerecal-  sriavascularisinlower middlieturn of thecochieafroma39-  indiabetics.
culatedwith Spearmantests.  year old femaewitha33-year-history of type 1 diabetesmel-  Spiral ganglion cells-

litus. HE, X200
RESULTS

Figurel-b. Thereistota occlusionof capillary (arrow head)

Therewasno significant
differenceinthenumber of

_Thicknessof walls - g completelossof striavascularisinlower middleturnof the  Spirdl ganglion cellsinany
of capillariesWefoundan  cochleafrom a38-year old femalewith a19-year-history of ~ segment between diabet-
increased thickness of the typeldiabetesmellitus. HE, X200 icsand controls.

capillary walls under the

basilar membrane and inthe striavascularisin diabetics.
Themean thickness of the capillary wallsunder thebasilar
membraneinall turnscombined indiabetics(2.27um+ SD
0.60) wassgnificantly thicker than that of controls(1.60um
+ SD 0.32) (P=0.0001). Therewasacorrelation between
aging and thicknessof capillary walsunder thebaslar mem-
brane. Themean thicknessof capillary wallsincreased with
ageat amorerapidratein diabeticsthanin controls.

L ossof OHC-Therewasasignificantly grester loss
of OHC in diabetics (23.4% + SD 16.6) compared with
controls(15.4%+ SD 4.1) inthelower basal turn (P<0.01).
Therewasno significant differencein other turnsbetween
groups. Inaddition, therewasacorrel ation between |oss
of OHC inthelower basal turn and increased thickness of
thecapillary walsunder thebasilar membranein diabetics.

Therewasno significant difference between dia-
beticsand controlsin the number of IHC.

Atrophy of thestriavascularis-Thetotal areaof
adl fiveturnsof thestriavascularisin diabetics (19808um? £
SD 6910) wassignificantly lower than controls (32113um?
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DISCUSSION

Most audiometric studies of hearing in patients
with diabetes showed agradually progressive, bilatera,
high frequency SNHL (1,3,10,11). Itismost common
among elderly diabetics. They clamthereisanassocia
tion between ageand SNHL in diabetics. However, some
authorshavereported thefirst effect isan impairment of
thelow and middlefrequencies(1,2,12) and then, asthe
patient ages, the high frequencies are damaged. Histo-
pathologica studiesin diabetic humans(5-9) and animal
models(8,13,14) showed microangiopatic changesin co-
chlear vessels. Animal studieshave shown asignificant
lossof outer hair cells(15-20), atrophy of spiral ganglion
cells(17,21) and marginal cells(20,22) and edematous
changesof theintermediate cellsinthestriavascularis (20-
22). However, other studiesdid not confirm these find-
ingsin the cochleaof diabetic animal models(23), with
exception of thickening of capillary wals(8). Inthepresent
study of patientswith typel diabetes, we showed anin-
creased thicknessof capillary walsunder thebasilar mem-



braneandinthestriavascularis. Inaddition, therewasa
correlation between loss of OHC inthelower basal turn
and increased thickness of the capillary wallsunder the
baslar membraneand aging.

Although, not reported previously, wefound at-
rophy of theareaof thestriavascularis. Inaddition, there
wasacorrel ation between atrophy of thestriavascularis
and increased thickness of the capillary wallsunder the
basilar membrane. Capillariesof thestriavascularisand
capillariesof thebasilar membranebranch fromthemain
cochlear artery. Weobserved not only anincreased thick-
ness of the capillary walls, but also total occlusion of a
capillary inthegtriavascularis. Theincreased thicknessof
thecapillary walsmay causearophy of thestriavascularis.
Damage of thestriavascul aris causesaflat type of audio-
metric pattern (24). Eveninyoung patientswith diabetics
therewasan atrophy of the striavascul ariswithout loss of
OHC. Thisfinding suggeststhat SNHL may beprimarily
caused by atrophy of the striavascul ariswith secondary
lossof OHC.

Inastudy of diabetic humansand animal models,
some authors reported loss of spiral ganglion cells
(6,17,21), however other studieshave not found any de-
creaseinthe number of spiral ganglioncells(7,8). Inour
study, no statistically significant differencewasobserved
inthe number of spiral ganglion cellsbetween diabetics
and controls. Thisstudy suggeststhat diabetic hearing
lossresultsfrom microangiopathic involvement of inner
ear vessalsand subsequently striavascularisatrophy and
hair cell loss.
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LABORATORY SPOTLIGHT

Scientific study of the human temporal bone and related brain tissue is a time-consuming process performed in highly
specialized otopathology laboratories by researchers who are dedicated to enhancing our understanding of the pathology
underlying disorders of hearing and balance. “Laboratory Spotlight” is a continuing series of articles offering a glimpse inside
the laboratories in the United States and abroad conducting temporal bone research.

TEMPORAL BONE LABORATORY

OF THEUNIVERSITY OF MINNESOTA
Michael Paparella, M.D., Director

atory has been under the direction of Dr. Michael

Paparellafor 37 years. The laboratory has
collected 1,911 human temporal bones representing most
diseasesand conditionsof theear. It also housestemporal
bonesfromavariety of animal speciesincluding rat, mouse,
guineapig, chinchilla, dolphin, owl, sheep, and dog. The
[aboratory hastrained morethan 120 research fellowsfrom
26 countries. Over 200 studiesof human temporal bones
and morethan 50 experimenta anima studieson avariety of
subjects have been published.

Carolyn Sutherland isthetechnicianwho acquires,
processes, cutsand stainsthe specimens. Thelaboratory is
also staffed with afull time Otolaryngol ogist, Sebahattin
Cureoglu, M.D., Vladimir Tsuprun, Ph.D., and aSr. Scien-
tist, Pat Schachern. We currently arefortunateto havefour
visiting research fellowsfrom Japan and onefellow from
Turkey. A Fulbright scholar from Brazil wasrecently trained
inour laboratory intheart of tempora boneprocessing and
hasreturned hometo establish thefirst temporal bonelabo-

TheUniversity of Minnesota Otopathol ogy L abor-

in our laboratory including
those of light microscopy,
electron microscopy, his-
tochemistry, immunohis-
tochemistry, immunogold and
ingtu hybridization.
Inadditiontoclinical
studies, current projectsinthe
laboratory include: therela-
tionship between congenital
heart disease and ear anoma-
lies, therel ationship between
Type | diabetes and ear pa
thology, studiesinvolvingthe
MIF knockout mousein oti-
tis media, Mucopoly-
saccharidosis|, 11, and VI,
remodeling of theextracellu-
lar matrix inotitismedia, re-
modeling of the extracel lular
metrix inotoscleros's sructure

The Otopathology lab of
the University of Min-
nesota is located in the
Phillips Wangensteen
Building at the Minne-
apolis, MN campus.

ratory in SouthAmerica. A variety of techniquesareutilized of Stereocilia

sidelinksand morphology of auditory hair
bundlerelated to noi se exposure, alongi-
tudina study of ScheibesdysplasainDal-
matian dogs, age related changes of the
organ of Corti, cochlear pathology induced
by gentamycin, and gentamycininduced
vestibular pathol ogy.

The laboratory is supported by the
International Hearing Foundation, the5 M
Lionsinternationa, NIH NIDCD P30DC
4660, and theAmerican Hearing Founda-
tion.

University of Minnesota Otopathol ogy
Laboratory Saff

Left to right: Shin Kariya MD, Hisaki
Fukushima MD, Kazuyasu Baba MD,
Vladimir Tsuprun PhD, Carolyn
Sutherland and Pat Schachern. Not pic-
tured: Sebahattin Cureoglu and Takeshi
Kusunoki.
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REGISTRY NEWSLETTER
AVAILABLE ON-LINE

TheNationa Tempora BoneRegistry’shiannua news-
letter, The Registry, isnow availablefor viewing onthe
Registry’ sWebste. Subscriberscan benatified viaemal
about current issuesandwill bedirectedright tothenews-
letter by alink tothesite.

Thearchivesof TheRegistry haverecently been up-
dated to include all the back issues. Wenow havea
completelisting of al the past issuesof The Registry
availablefor download.

Pleasevistthe Registry’ swebsite.

www.tbregistry.org

HOT OFF THE PRESSES

DoraWeber, oneof the Registry’ sregistered tem-
pora bonedonors, haswritten afollow-up to her popu-
lar book “Journey out of Slence”. The book deals
with the challenges shefaced to hear again by opting to
haveacochlear implant. Below isabrief synopsisof her
new book.

DoraWeber who shared her long and arduous
journey out of silencein her book * Journey Out of S-
lence” now shares her story which chroniclesher pas-
sageinto the hearing worldin her new book, “ | Danced-
A Cochlear Implant Odyssey” . She shares the chal-
lengesthat shefaced to retain her hearing when prob-
lemsarose and theinspiration that shereceived to help
her to meet these challenges. She shares her experi-
enceswith sequential cochlear implants, an unexpected
surgery and thetriumphal surprise ending that awaited
her.

“ 1 Danced-A Cochlear Implant Odyssey” will
bereleased in early summer by Beaver’s Pond Press,
Inc., 7104 OhmsLane, Edina, Minnesota. If you are
interested in obtaining a copy of Dora’'s book please
contact DoraWeber at 580-80th Ave NE, Spring Lake
Park, MN 55432.

Questions and Answers
(The Registry recently received these questions
from peopleinterested in becoming donors.)

Q. Arethere any costs associated with the temporal
bone removal my family needs to pay? Port Huron,
Michigan

A. No. Themedica professionaswhoremovethe
temporal bonesdonatetheir timeor are paid by the
|aboratory receiving thetemporal bones.

Q. | amconsidering donation but my funeral
director believes my family will not be able to view
the body after the removal. Isthistrue?

Wil liamsburg, VA

A. No. Removal of thetemporal bones(and brain
stem) does not change the appearance of the head,
faceor outer ear. Soit doesnot affect funeral or burid
arrangements, including an open casket.
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NIDCD National Temporal Bone, Hearing & Balance Pathology NON-PROFITORG
Resour ce Registry U.S. POSTAGE
z\ Massachusetts Eye and Ear Infirmary BOS?@R VA
W 243 Charles Street PERMIT NO. 53825

Boston, MA 02114-3096

Address Service Requested

PLEASE! Notify us of your change of address before you
move. Each unddlivered newdetter is returned to the Registry
office a acost of $.50. Our lossis over $1.00 per unit.
Thank you!

Otopathology Mini-Travel Fellowship Program

TheNIDCD Nationd Tempora BoneRegistry ispleased to announcetheavailability of two mini-travel fellowships. The
fellowshipsprovidestrave fundsfor research techniciansand young investigatorsto visit atempora bonelaboratory for
abrief educational visit, lasting approximately one week. The emphasisis on the training of research assistants,
techniciansand junior faculty. Thefellowshipsareavailableto:

1) U.S. hospital departmentswho aspireto start anew temporal bonelaboratory 2) Inactive U.S. temporal
bonelaboratoriesthat wish to reactivatetheir collectionsor 3) Active U.S. temporal bonelaboratoriesthat
wishtolearn new research techniques

Two fellowship awardswill be made each year ($1,000 per fellowship). Thefunds may be used to defray travel and
lodging expenses. Applicationswill be decided on merit. Those awarded thefellowshipwill berequired to submit abrief
report, which may be published inthe Registry’ snewd etter.

I nterested gpplicants should submit thefollowing:

1) A 1-2 pageoutline of the education or training aspect of the proposed fellowship 2) Applicant’scurriculum
vitae 3) L etter of support from applicant’stemporal bonelaboratory director or department chairman 4)
L etter from the host tempora bonelaboratory, indicating willingnessto receivethetraveling fellow

Applicationsshould besent to:

Saumil N. Merchant, M.D.
NIDCD Nationa Temporal Bone Registry
Massachusetts Eye and Ear Infirmary
243 Charles Street
Boston, MA 02114
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