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Summary. The expression of laminin was analyzed in the 
human fetal inner ear using immunohistochemical meth- 
ods. In the 11-week-old human fetus, the presence of 
laminin was found in the basement membrane of the im- 
mature cochlea, endolymphatic sac and vestibular end 
organs. The reaction of the basement membrane of the 
endolymphatic sac was strong in the 15-week-old human 
fetus. A laminin reaction was seen in the cochlea, Reiss- 
ner's membrane,  epithelial cells of the limbus spiralis, 
the basilar membrane and the stria vascularis. In particu- 
lar, the capillaries and basement membrane of the stria 
vascularis were strongly positive. These results suggest 
that laminin may be an essential component  in the de- 
velopment of the inner ear and may possibly be related 
to filtration of the endolymph. 
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Introduction 

The basement membrane is an extracellular structure 
containing both collagenous and non-collagenous glyco- 
proteins [5]. Of these, laminin is a large non-collagenous 
glycoprotein and is one of the most important constituents 
of the basement membrane [13]. Laminin has been re- 
ported to bind to type 4 collagen and the glycosamino- 
glycan heparan sulfate to form a supramolecular com- 
plex [9]. It can also bind to the surface of epithelial and 
endothelial cells [12]. It has been suggested that laminin 
plays an important role in morphogenesis, especially in 
the genesis of the kidney [2]. A recent study by Zanetti 
et al. [14] has shown that a high frequency of natural 
antibodies against laminin was present in patients with 
sensorineural hearing loss. However,  the laminin dis- 
tribution in the human inner ear has not been described 
to date. As such, the present study investigated the con- 
tent and distribution of laminin in the fetal human inner 
ear and has examined its functional role in the develop- 
ing ear. 
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Materials and methods 

Inner ear specimens from the human fetus were used in this study. 
Two specimens were aged 11 weeks, two specimens were aged 14 
weeks and four specimens were aged 15 weeks. All specimens 
were obtained after legal abortions. While the ll-week-old human 
embryos were obtained at surgery after curettage, the 14- and 15- 
week-old embryos were aborted following induction with prosta- 
glandins. After the inner ears had been collected and dissected, 
they were immediately fixed in 4% paraformatdehyde in 0.01M 
phosphate buffer saline (PBS) for 24h. The specimens were then 
rinsed in PBS and embedded in paraffin after passing through a 
graded series of ethanols and 100% xylene. 

The fetal inner ears in the paraffin blocks were sectioned se- 
rially in 5-6 gm thicknesses and mounted on glass slides with gela- 
tin. Deparaffinized and hydrated sections were rinsed with PBS 
and treated with 0.1% pepsin (Sigma, St. Louis, Mo.) in 0.01N 
HCI for 60 min at 37°C [3]. The treated sections were then incu- 
bated for 2 h at room temperature with a monoclonal antibody di- 
rected against human laminin. Antibody concentration was 5 gg/ml 
in PBS containing 1% bovine serum albumin (Boehringer, Mann- 
heim, FRG).The sections were next washed with PBS and incu- 
bated with 2 gg/ml anti-mouse IgG-biotin (Boehringer) for 60 min 
at room temperature. After being washed with PBS, the sections 
were incubated with 20 ~tg/ml streptavidin fluorescein (Boehrin- 
ger) for 60 min at room temperature. The sections were subse- 
quently washed in PBS and mounted in glycerol. A Zeiss Axioplan 
fluorescence microscope (D-7082) was used for observation and 
photography. As controls, the same staining procedures were car- 
ried out in the absence of primary antibody or pepsin treatment. 

Results 

Without the pepsin treatment, no fluorescent reaction 
was found on any part of the tissue sections examined. In 
contrast, pepsin treatment for 60min generally inten- 
sified the immunoreaction with laminin. The antigenicity 
of laminin was lost during the process of formalin fixa- 
tion and paraffin embedding, but was restored by the 60- 
min pepsin treatment [3, 4]. 

In the l l -week-old fetus, the basement membrane of 
the immature cochlea was labelled with laminin. The 
basement membrane of the small blood vessels around 
the immature cochlea was also positive for laminin, but 
the subepithelial tissue of the cochlea was not labelled 
(Fig. la) .  Although the basement membrane of the en- 
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Fig.la-d. Detection of laminin in the 11-week-old human fetal 
inner ear. All micrographs were exposed for 30-40 s. × 400. a The 
basement membrane and capillary arteries of the immature coch- 
lea are positive for laminin, b The basement membrane of the en- 
dolymphatic sac is laminin-positive, e The cell surface of the ves- 
tibular ganglion cells and nerve fibers is labelled by the antibody. 
d The basement membrane of the utricle is laminin-positive 

Fig.2. The 14-week-old human fetal endolymphatic sac. 20s, 
x 400. The basement membrane and subepithelial tissue are label- 
led with laminin 

dolymphatic sac and duct was positive, the subepithelial 
tissue was only weakly labelled while the epithelium itself 
was not stained at all (Fig. lb) .  The lining membrane  of 
the vestibular ganglion cells and nerve fibers was strongly 
positive (Fig. 1 c). The basement  membrane  of the utricle 
was positive, as were the nerve sheath and blood vessels 
of the subepithelial tissue (Fig. 1 d). The basement  mem-  
brane of the crista ampullaris was weakly positive while 
the nerve sheath in the mesenchemal  tissue was strongly 
positive. 

In the 14-week-old fetus, the basement  membrane  of 
the endolymphatic  sac was labelled with laminin. Label- 
ling also occurred in the blood vessels and the connective 
tissue in the endolymphatic sac's subepithelial space (Fig. 
2). 

In the 15-week-old fetus, the reaction of the base- 
ment  membrane  and the connective tissue surrounding 
the endolymphatic sac was found to be strongly positive, 
but the epithelium was still laminin-negative (Fig. 3 a). In 
the cochlea, Reissner 's  membrane ,  epithelial cells of the 
spiral limbus, the basilar membrane  and the stria vas- 
cularis all reacted with laminin. The basement  mem-  
brane and blood vessels of the stria vascularis in particu- 
lar were strongly positive while the epithelial cells were 
negative (Fig. 3b, c). In the saccule, the basement  mem-  
brane and nerve fibers in the subepithelial layer were 
positive while the epithelial cells were negative (Fig. 3 d). 
In the vestibular ganglion, only the lining plasma mem-  
brane of the vestibular ganglion cells was strongly posi- 
tive (Fig. 3e). These findings are summarized in Table 1. 
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Fig. 3a-e. Detection of laminin in the 15-week-old human fetus. 
a A strong reaction is seen in the basement membrane and connec- 
tive tissue of the endolymphatic sac. 30s, × 400. b Reissner's 
membrane, epithelial cells of the spiral limbus, basilar membrane 
and stria vascularis are labelled with laminin. 45 s, × 200. c The 
basement membrane and capillary arteries of the stria vascularis 
are Iaminin-positive. 45 s, × 400. d The basement membrane of the 
saccule is laminin-positive, as is the subepithelial layer. 20 s, × 200, 
e Only the cell surface of the vestibular ganglion cells is positive for 
laminin. 20 s, x 400 

Discussion 

Laminin constitutes one of the major  non-collagenous 
glycoproteins present  in the basement  membrane  [9, t3] 
and has been  considered responsible for many  kinds of 
cell- to-basement membrane  interactions, such as adhe- 
sion, migration or proliferation [9]. Laminin thus pro- 
motes the adhesion of many  epithelial cells to type 4 col- 
lagen, including normal  and tumorous cells [12] as well 
as certain other cells that are lined by a basement  mem-  
brane,  such as myoblasts and Schwann cells [10]. Fur- 
thermore,  anti-laminin antibodies have recently been 
detected in certain acute and chronic infectious disor- 
ders. These include Amer ican  cutaneous leishmaniasis 
[1], poststreptococcal glomerulonephritis [6] and Chaga's  

disease [11]. Anti-laminin antibodies have also been 
found in patients with sensorineural hearing loss [14]. 

The major  functions of the basement  membrane  can 
be classified into two categories: firstly, it acts as a semi- 
permeable  filter and secondly, it acts as a supporting 
and/or a boundary  structure [5]. As for a filtration func- 
tion, the kidney glomerulus has been studied thoroughly. 
It is now known that the glomerulus performs not only 
mechanical  filtration but  also electrical filtration, based 
on negative charges in glycoproteins and glycosamino- 
glycan molecules. It has been suggested that laminin 
plays an important  role as a constituent of the renal 
basement  membrane  for these functions [6]. It  has also 
been inferred that laminin plays an important  role in the 
morphogenesis  of the kidney [2] and the lung [4]. 
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Table 1. Expression of laminin in the inner ear of the 15-week-old 
human fetus 

Laminin 

Inner ear ganglia 
Spiral ganglion + (cell membrane) 
Vestibular ganglion + (cell membrane) 

KOllikers organ 

Greater epithelial ridge - 
Lesser epithelial ridge - 
Tectorial membrane 
Spiral limbus cells + 
Basilar membrane + 
Reissner's membrane + 
Stria vascularis + (blood vessels and basement 

membrane) 
Subepithelial layer + (blood vessels) 

Otolith organs 

Otoconia 
Hair cells 
Basement membrane 
Subepithelial layer 

Crista ampullaris 

Cupula 
Hair cells 
Basement membrane 
Subepithelail layer 

Endolymphatic duct and sac 

Epithelial cells 
Basement membrane + 

+ 

+ (blood vessels and nerve fibres) 

m 

+ (dark cells) 
+ (blood vessels and nerve fibers) 

Subepithelial layer + (connective tissue and blood vessels) 

T h e r e  are  s t rong  ind ica t ions  tha t  the  e n d o l y m p h a t i c  
sac and  s t r ia  vascular i s  t ake  pa r t  in the  e n d o l y m p h a t i c  
t r a n s p o r t  of  wa te r  and  ions  [7, 8]. Tha t  the  e n d o l y m p h a -  
tic sac and s t r ia  vascular i s  a re  s t rong ly  pos i t ive  for  lami-  
nin,  as shown in ou r  p r e sen t  s tudy ,  can  be  t a k e n  as an in- 
d ica t ion  tha t  l amin in  m a y  be  invo lved  in the  f i l t ra t ion  of  
e n d o l y m p h .  Since  a s ignif icant  n u m b e r  of  an t i - l amin in  
an t ibod ie s  has  b e e n  f o u n d  in pa t i en t s  wi th  s enso r ineu ra l  
hea r ing  loss,  it is also poss ib le  tha t  l amin in  m a y  be  in- 
vo lved  in the  p a t h o g e n e s i s  of  i nne r  ea r  d isease .  O n e  pos-  
sible m e c h a n i s m  is its in t e rac t ion  with ion and f luid t rans-  
p o r t  in the  e n d o l y m p h a t i c  c o m p a r t m e n t .  

The  d i s t r ibu t ion  of  l amin in  in ou r  p r e s e n t  s tudy  was 
found  to change  as d e v e l o p m e n t  of  the  e m b r y o s  p rogres -  
sed. The  s ignif icance of  this is no t  known ,  bu t  i t  is possi-  
b le  tha t  l amin  p lays  some  ro le  in the  m o r p h o g e n e s i s  of  

the  inner  ear .  W h i l e  the  b a s e m e n t  m e m b r a n e  of  the  
Schwann  cells also conta ins  l amin in  [10], we  found  tha t  
on ly  the  cell  surfaces  of  the  ves t ibu la r  gangl ion  cells and  
ne rve  f ibers  were  s t rongly  pos i t ive  for  l amin in .  This  m a y  
be  an ind ica t ion  tha t  l amin in  is pa r t  of  the  m e c h a n i s m  re-  
spons ib le  for  neu ra l  ou tg rowth .  
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