
with minimum trauma, and the opening 
persists as long as the graft is in place 
(16). In this transplantation system, in 
which the brain is left as undisturbed as 
possible, vessels appear to emerge from 
the brain parenchyma to supply the 
graft. This vascular response suggests 
that some angiotropic factor produced 
by the graft induces changes in the host 
endothelium. The vasculature in the 
graft of autonomic neural tissue is highly 
permeable to blood-borne protein, just 
as it is in situ. We previously found that 
intravascular administration of the cate- 
cholamine analog 5-hydroxydopamine 
(molecular weight 205), which normally 
cannot cross the blood-brain barrier, la- 
beled noradrenergic boutons and storage 
sites in the graft (12). Direct anastomo- 
ses were formed between the vessels of 
the graft and adjacent tissue; India ink, 
infused into the aorta, filled vessels from 
the choroid plexus, medulla, and cere- 
bellum that were directly confluent with 
graft vessels. It is not known whether the 
graft vessels are replaced by those grow- 
ing from the surrounding central nervous 
system (1 7). Electron microscopy re- 
veals fenestrated vessels in the SCG 
transplant that resemble those of the 
SCG in situ (12). This finding and the fact 
that SCG grafts are vascularized within 
18 to 24 hours (12, 17) would argue 
against the inference proposed for skin 
and iris implants (2): that the original 
capillary bed of the graft dies and is 
completely replaced by vessels from the 
host. Rather, some of the blood vessels 
that persist within the graft may be de- 
rived from original, intrinsic vessels, in- 
asmuch as they are readily permeable to 
protein and amine. 

Jacobs et a / .  (18) recently suggested 
that the lack of a barrier system in gangli- 
on tissue exposes it to environmental 
toxins that are excluded from the central 
nervous system. We have determined 
that the difference between peripheral 
and central neurovasculature is appar- 
ently maintained indefinitely in this 
transplantation system. Transplants of 
autonomic neural tissue can provide a 
permanent biological portal whereby 
blood-borne substances, including bio- 
logically active peptides, hormones, and 
immunoglobulins, can be delivered di- 
rectly to adjacent brain areas. 
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Otosclerotic Lesions in the Inbred LP/J Mouse 

Abstract. Inbred LPIJ mice develop abnormal bony lesions that are grossly and 
histologically similar to the lesions of human otosclerosis. This is the first known 
occurrence of spontaneous otosclerosis-like lesions in an animal. As in the human 
disease, these lesions impair audition by immobilizing the ossicles of the middle ear. 
The LPIJ mouse may be an animal model for this common human disease. 

Otosclerosis, an inherited disease in 
which foci of abnormal bone develop in 
the middle and inner ear, affects 14 to 15 
million people in the United States (I). 
Ten percent of affected individuals expe- 
rience progressive hearing loss because 
of gradual immobilization of the stapes 
by abnormal bone. In addition, when 
otosclerotic bone involves the endoste- 
um of the otic capsule, progressive dam- 
age to the inner ear may result in sensori- 
neural hearing loss. Although highly suc- 
cessful surgical procedures have been 
devised to correct the ossicular fixation, 
there is no treatment for the cochlear 
damage. This disease has been thought 
to occur spontaneously only in humans, 
and attempts at experimental induction 
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Fig. 1. Mean hair cell loss in the entire co- 
chlea (0) and mean threshold of the auditory 
evoked response (e) in LPIJ mice of various 
ages. Auditory acuity diminishes rapidly with 
age while the hair cell populatiol~ changes 
little. These data were derived from cytoco- 
chleograms and electrocochleograms. 

in animals have not been entirely suc- 
cessful. Therefore, knowledge of its 
pathophysiology is poorly understood. 
In this report we describe spontaneous 
development of otosclerosis-like foci in 
an animal (2). 

The inbred LPIJ mouse has a progres- 
sive loss of auditory function (3); howev- 
er, examination reveals that the hair cells 
of the cochlea remain remarkably intact 
when the animal has little or no auditory 
function (Fig. 1) (4). The scanning elec- 
tron microscope confirms the normal ap- 
pearance of the hair cells in animals with 
marked shifts in auditory threshold. 
While examining the middle ear struc- 
tures of these mice, we observed abnor- 
mal bony structures on the ossicles (Fig. 
2). Since these lesions are grossly similar 
to the lesions of human otosclerosis, we 
performed a histological and ultrastruc- 
tural study of these ossicles. 

Adult LPIJ mice between 100 and 250 
days of age were reared in a colony in 
which ambient noise was less than 40 dB 
over the range of their hearing. These 
animals were first- to third-generation 
descendants of parental stock obtained 
from the Jackson Laboratory at Bar Har- 
bor, Maine. They were given unlimited 
water and Simonson mouse food. Each 
animal was deeply anesthetized intra- 
peritoneally with pentobarbital and its 
bulla was flooded with 2 percent para- 
formaldehyde and 2 percent glutaralde- 
hyde in O.08M cacodylate buffer (pH 7.4 
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Fig. 2. Normal stapes 
from a CBAIJ mouse 
(left) and stapes with 
abnormal bone devos- 

Middle par  

- - -  

Fig. 3. Section of an 
abnormal focus of 
bone adjacent to the 
stapes of a 150-day- 
old LPN mouse, 
showing a pattern 
similar to that seen in 
human otosclerosis. - - New bone is being de- 

I d  posited and the un- 
derlying normal bone 
is eroding (arrows). - The abnormal bone 

- H-- contains more cells 
than the surrounding 

r 
bone. Stain, basic 
fuchsin and methyl- 
ene blue (x 280). 

at 4°C). After 4 hours of fixation, select- 
ed specimens were decalcified in 0.1M 
EDTA and 5 percent glutaraldehyde in 
O.08M cacodylate buffer and postfixed in 
2 percent Os04 with buffer for 2 hours. 
The washed tissue was then dehydrated 
in acetone, embedded in Epon-Araldite, 
and sectioned on an ultramicrotome for 
light and electron microscopy. Thin sec- 
tions were placed onto 200-mesh copper 
grids and stained with uranyl acetate and 
lead citrate before being viewed under a 
Zeiss 109 transmission electron rnicro- 
scope. 

The chalky white deposits seen on the 
ossicles and otic capsule were histologi- 
cally indistinguishable from human oto- 
sclerotic tissue. The bony lesions ap- 
peared to distort the normal ossicular 
contours and did not seem to be merely 
new bone deposits (Fig. 3). Most lesions 
had a greater ratio of cells to bone matrix 
than the surrounding normal bone of the 
ossicles and otic capsule. Some areas 
appeared to be cartilaginous and some to 
be areas of calcifying osteoid with cal- 
cospherites when viewed by electron 
microscope. The abnormal bone varied 
markedly from one location to another. 
Some areas seemed to be sclerotic, hav- 

ing dense bone and small lacunae with 
osteoclasts. Other areas appeared spon- 
giotic, with large cellular areas showing 
poor mineralization. Still other areas ap- 
peared to have "blue mantles" around 
cellular spaces, corresponding to preoto- 
sclerotic human tissue (5). 

The ultrastructural features were also 
similar to those of the human disease. 
The lesions showed evidence of both 
bone destruction and deposition. Active 
bone deposition probably best typifies 
active otosclerosis or, more accurately, 
otospongiosis. As with human spongiotic 
lesions (5, 6), the actively growing le- 
sions in the LPIJ mouse were areas of 
osteoblastic activity where calcospher- 
ites were being deposited on poorly orga- 
nized collagen fibers surrounded by 
amorphous ground substance. 

We examined 22 ears from 11 animals 
and observed the lesions in 9 ears (41 
percent). The lesions were seen in males 
and females, were frequently bilateral, 
and were seen most commonly in the 
ossicles but were also present in other 
locations in the otic capsule. No lesions 
were observed outside the temporal 
bone. Mice of other genotypes (CBA, 
AUSs, SJL, C57BLl6, AKR, and 

C57BRIcd) which were simultaneously 
raised under identical conditions in our 
colony did not develop the bone lesions 
seen in the LPIJ mice. 

Other investigators have induced oto- 
sclerosis-like lesions with venous stasis 
(7), Vigantol poisoning (8), electrocoagu- 
lation (9), sodium morrhuate, and ultra- 
sound (10). However, these lesions did 
not result in hearing loss and were not 
hereditary in origin. Mendoza et al. (10) 
produced bony lesions in the endochon- 
dral bone of the otic capsule with 5280 to 
8330 rads of cobalt-60 irradiation. These 
lesions looked otosclerotic under the 
light microscope, but, since they were 
not genetically transferred and did not 
involve the ossicles or cause hearing 
loss, they are not a convincing model for 
human otosclerosis. Yoo and colleagues 
(11) produced otosclerosis-like bone le- 
sions in rat otic capsules by inducing 
type I1 collagen immunity, but did not 
confirm this histologically. 

The inbred LPIJ mouse spontaneously 
develops otosclerosis-like lesions of the 
ossicles of the middle ear and the bone of 
the otic capsule, causing immobility of 
the ossicles and conductive auditory im- 
pairment. The similarity of this apparent- 
ly inherited bone disease to human oto- 
sclerosis suggests that the LPIJ mouse 
may be useful as an animal model for the 
human disease. 
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