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SUMMARY

The aetiopathogenesis of chronic otitis media with effusion (OME) in children is not yet fully
understood. OME is characterized by metaplasia of the epithelium and accumulation of sticky, glue-
like effusion in the middle ear containing different mediators of inflammation, including activation
fragments of the complement system. Here we examined whether the fluid phase complement activation
is reflected in the middle ear mucosa and how the mucosa is protected against the cytolytic activity of
complement. Mucosal biopsies from 18 middle ears of children with a history of chronic OME were
taken. The biopsies were analysed by immunofluorescence microscopy after staining for complement
fragments iC3b/C3c, C3d and C9, and regulators membrane cofactor protein (MCP; CD46), decay-
accelerating factor (DAF; CD55) and protectin (CD59). There was a strong staining for iC3b/C3c, and a
weaker one for C3d and C9 on the surface of the middle ear epithelial cells of OME patients but not in
controls without OME. MCP was expressed on the hyperplastic three to four outer cell layers of the
epithelium, while CD59 was expressed throughout the middle ear mucosa. The results suggest a strong
ongoing complement activation and consequent inflammation in the middle ear cavity. Unrestricted
complement damage of the epithelial lining is prevented by the strong expression of MCP and CD59.
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INTRODUCTION

Chronic otitis media with effusion (OME) refers to the presence of
middle ear effusion (MEE) in the tympanic cavity without signs or
symptoms of an acute infection [1]. OME is the leading cause for
elective surgery for children, and tympanostomy tubes are installed
in >500 000 children with chronic OME every year in the USA
alone [2]. The aetiology of chronic OME is multifactorial and its
precise pathogenic mechanisms are not yet fully understood. The
most important aetiologic factors nowadays are considered to be
subtle local and general immunological disturbances as well as an
impaired tubal function at the age of the highest frequency of
chronic OME [3,4]. Bacterial colonization or viruses during an
acute infection may lead to the activation of immunocompetent
cells in the middle ear and production of secretory IgA and IgG [5].
To what extent the immunostimulation is beneficial or harmful is
not clear. While providing protection against further disease, the
local immune system could also contribute to the immuno-
pathology of chronic OME.

The highest risk of chronic OME at the age of 16 months and

the peak incidence of acute otitis media at 12 months suggest that
chronic OME is closely connected to an acute infection. Chronic
OME is not, however, necessarily subsequent to inadequately
treated episodes of acute otitis media, since there is often a latent
period of varying length after an acute infection [6].

The complement system is a critical part of the immunological
defence system against microbes. It consists of approx. 20 effector
proteins and 10 control factors that work as a finely regulated cascade.

Activation of complement via either the classical pathway (e.g.
by antibodies) or the alternative pathway (e.g. by microbial
surfaces) leads to formation of the C3/C5 convertases C4b2a or
C3bBb, respectively. In the human body, the formation and
stability of these enzymes are regulated by the plasma factors
C1INH, C4bp, H and by the cell membrane regulators C3b receptor
(CR1; CD35), membrane cofactor protein (MCP; CD46) and
decay-accelerating factor (DAF; CD55) [7]. These factors act
together to prevent inappropriate complement activation, lysis
and damage of host cells. In the terminal pathway the main
inhibitors of the membrane attack complex (MAC) of complement
are vitronectin (VN), clusterin and protectin (CD59). VN and
clusterin act in the fluid phase to prevent insertion of terminal
complement complexes to cell membranes. CD59 is a small
(18–25 kD), glycophosphoinositol-anchored molecule that inhibits
complement lysis on human cell membranes by binding to the
MAC components C8 and C9 [8,9].
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Activation of complement is not entirely beneficial. When
activated by necrotic tissue, as occurs for example in myocardial
infarction [10] or during an autoimmune attack, the complement
system can extend the damage of host tissue. Engineering of
complement inhibitors has become an important goal for the
prevention of complement mediated-tissue damage [11].

In acute otitis media, the complement system can become
activated by microbes that enter the middle ear space through the
Eustachian tube. Complement components probably diffuse from
the blood plasma and/or are synthesized locally, e.g. by macro-
phages in the tissue. In chronic OME, microbes have mostly been
eliminated by different immunological defence systems, and often
by antibiotics. Live bacteria can only be detected in 1/3 of middle
ear effusions in chronic OME, but a strong local complement
activation persists in the middle ear effusion [12].

The reasons for an ongoing complement activation in chronic
OME are unclear. Potentially, complement can become activated
by many different substances present in MEE, e.g. bacterial
remnants, proteolytic enzymes, degradation products from host
cells, immune complexes or other immune aggregates [13,14]. It
has not been examined earlier whether complement activation
extends from the fluid phase to the epithelium in OME. Also, it
is not known whether cells in the middle ear epithelium are
protected against autologous complement to the extent that they
do not become damaged.

The aims of this study were to find out if complement activa-
tion in OME extends to the middle ear mucosa by looking for
deposits of complement components or their breakdown products
(iC3b/C3c, C3d, C9, VN) and to study how the middle ear
epithelium is protected against complement attack by analysing
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Fig. 1.Deposition of C3 fragments on the middle ear epithelium in patients suffering from otitis media with effusion. Cryostat sections of three different middle
ear biopsies were stained for iC3b/C3c with a polyclonal anti-C3c rabbit antibody (a,b) or for C3d/C3dg with the mouse MoAb 4C2 (c). iC3b/C3c is strongly
deposited on the epithelial surface and on the basement membrane, whereas C3d is principally deposited on the thickened basement membrane. Some of the
epithelial cells are loosely attached to the mucosal surface. In a control stained with a normal rabbit serum, no immunostaining could be detected (d). In normal
middle ear epithelium stained with the C3c antibody the immunofluorescence detected was weak on the single-cell thick epithelial surface (e). (Mag.×460.)



the local expression of complement membrane regulators (MCP,
DAF, CD59).

PATIENTS AND METHODS

Patients and samples
All the children (n¼ 14) who participated in this study, suffered
from persistent OME. They were admitted to the Department of
Otorhinolaryngology, University Central Hospital, Helsinki, for
tympanostomy and adenoidectomy. The diagnostic criteria for
inclusion of the patients to the study were chronic otitis media
with effusion for at least 2 months and no symptoms of an acute
infection. The study protocol was approved by the Ethical
committee of the Department of Otorhinolaryngology, Helsinki
University Central Hospital. The biopsies were taken with parental
consent in connection with normal treatment.

Small samples of middle ear mucosa were obtained under
general anaesthesia in connection with myringotomy and insertion of
a ventilation tube. Samples were taken from the anterior promon-
torial surface with a microcup forceps through the myringotomy
incision. Samples of the effusions were taken for bacterial culture.
The bacterial culture was positive in 4/18 samples. The different
bacteria cultured wereStreptococcus pneumoniae, Staphylococcus
aureusand coagulase-negative staphylococci (n¼ 2).

The persistence of the middle ear effusion in the patients varied
from 2 to 10 months (mean 4·5 months). The total number of
samples analysed was 18 since bilateral samples were obtained
from four children. Ten of the children were boys and four were
girls. The mean age of the patients at the time of operation was
3·6 years (range 1·6–7·5 years). The nature of the effusion was
mucoid in 16/18 ears. The effusion was seromucoid in one ear and
mucopurulent in another. Two samples of healthy middle ear
epithelium were obtained in connection with ear operations. As
it is ethically impossible to obtain samples from middle ears of
healthy children, the control samples were taken in connection
with other ear operations than those performed because of chronic
OME. One sample was taken during a second-look operation 1 year
after a congenital cholesteatoma operation from healthy middle ear
epithelium of a 10-year-old boy and the other in connection with
exhaeresis of the Jakobson’s nerve of a 49-year-old man.

Sample processing
Biopsy specimens from the middle ear were taken into physio-
logical saline and transported to the laboratory within 1 h of their
removal. The samples were snap-frozen using isopentane cooled
with liquid nitrogen, placed on the Tissue Tek embedding medium
(Miles, Elkhart, IN) and stored at –708C.

The frozen samples were sectioned (5mm) in a cryostat, fixed
with cold (–208C) acetone for 5 min and rinsed three times with
PBS pH 7·4. Prior to immunostaining the fixed tissue sections were
treated for 5 min with 1% bovine serum albumin (BSA; Sigma
Chemical Co., St Louis, MO) in PBS to prevent non-specific
binding.

Immunohistochemical methods
The sections were incubated for 45 min at 228C in a humid
chamber with the following antibodies: polyclonal rabbit anti-
C3c (Behringwerke AG, Marburg, Germany), goat anti-C9 (Quidel
Corp., San Diego, CA), rabbit anti-vitronectin (Behringwerke);
and with mouse MoAbs against C3d (4C2; a generous gift from
Dr V. Koistinen in our laboratory), C9 (Quidel), MCP (CD46)

(J4-48; Serotec, Oxford, UK), DAF (CD55, BRIC 216) and CD59
(BRIC 229) (both from Bio-Products Laboratory, Elstree, UK). An
antibody against a neoepitope of the terminal complement com-
plexes (Wu) was kindly obtained from Dr R. Wu¨rzner (University
of Innsbruck, Austria). As controls, we used PBS, a non-specific
mouse anti-idiotype MoAb AF1 (a generous gift from Dr M.
Kaartinen at our Department) or heat-inactivated rabbit preimmune
serum instead of the primary antibodies. After rinsing three times
with PBS the sections were incubated for 30 min at 228C with
FITC-conjugated antibodies against mouse, rabbit or goat immuno-
globulins (Jackson Immunoresearch Labs, West Grove, PA). After
washing three times with PBS the samples were mounted with
Mowiol [15]. The samples were examined using an Olympus
standard microscope equipped with a filter specific for FITC
fluorescence. The sections were photographed with a Nikon auto-
matic camera on Kodak Tri-X pan or Tmax 400 ASA films.

RESULTS

Altogether, 18 middle ear biopsy specimens from 14 patients with
chronic OME were analysed for the deposition of complement
components (Fig. 1) or regulators (Figs 2, 3 and 4). Analyses were
performed on serial cryostat sections to allow comparison between
individual components (Fig. 5). Immunofluorescence microscopy
analysis showed that complement C3 fragments reacting with the
anti-C3c antibody (C3b, iC3b and C3c) were very strongly deposited
on the middle ear mucosal surface of OME patients (Fig. 1a,b).
Strong granular deposits of iC3b/C3c were found in the mucus
blanket on the surface of the middle ear epithelial cells. Moderate
staining for iC3b/C3c was also observed on the basement membranes
of the mucosal epithelium. In some sections also the capillary
endothelium stained positively for iC3b/C3c. In normal middle ear
mucosa (Fig. 1e) the epithelial surface did not stain positively and
only a weak deposition was seen in the connective tissue. Immu-
nostaining for the C3d fragment of C3 was found principally on the
basement membranes of the mucosal epithelium and blood vessels
(Fig. 5b). C3d was recognized specifically with the 4C2 MoAb that
binds to C3d and C3dg, but only weakly to iC3b.

Analysis with both monoclonal and polyclonal anti-C9 anti-
bodies showed only a weak or negative staining in most of the
samples (Fig. 5c). When present, weak positive staining for C9 was
seen on the outer surface of the middle ear epithelial cells and
occasionally in the connective tissue. A similar staining pattern
was seen with a terminal complement complex neoepitope-specific
antibody (Wu) (not shown). The plasma inhibitor of the terminal
complement cascade VN appeared positive in the basement mem-
branes (Fig. 5d). VN could not be detected on the vascular
endothelial cells, but some staining was seen in the connective
tissue matrix.

In light of the strong deposition of C3 on the surface of the
OME epithelium and weak staining for C9, it was of interest to
analyse the expression of complement membrane regulators. A
summary of the general pattern of the immunofluorescence stain-
ing of the middle ear mucosa in chronic OME is presented in
Table 1. MCP (CD46) was expressed on the hyperplastic outer cell
layers of the middle ear mucosa (Fig. 2). Staining on vascular
endothelial cells was considerably weaker than on epithelial cells.
Deeper in the connective tissue the expression of MCP was very
weak.

DAF (CD55) showed a moderate or weak expression on the
epithelium of the middle ear mucosa (Fig. 3). The staining pattern
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of healthy middle ear epithelium was similar to the OME epi-
thelium, except that the epithelium in healthy middle ear is
maximally only a few cell layers thick. In OME samples the
outermost surface of the epithelium appeared negative for DAF
and the expression got stronger towards the basal cell layers. The
endothelia of capillaries stained weakly positive for DAF. In some
sections, DAF appeared in connective tissue filaments. Compared
with the other regulators, the distribution pattern of DAF was
somewhat different. Relative to the staining in the connective
tissue and endothelia the expression of DAF was weaker on the
outermost surface of epithelium.

The main inhibitor of the complement membrane attack
complex CD59 was found to be strongly expressed both on the
surface of the epithelium and in the interstitial tissue in all samples
(Fig. 4). Immunostaining of healthy middle ear epithelium showed
expression of CD59 as well. CD59 was clearly present on the cell
membranes in the middle ear epithelium in OME patients, but in a
granular fashion. It was also found on the mucus blanket over the
epithelial cells where it appeared in small granules. The vascular
endothelial cells stained positive for CD59. The expression of
CD59 on the outermost surface of the epithelium of chronic OME
patients was weaker than in the deeper epithelial cell layers. In
normal middle ear epithelium CD59 staining was seen in the single
epithelial cell layer (Fig. 4d). The overall impression was that the
expression of CD59 was stronger in the epithelium of OME
patients than in healthy controls.

DISCUSSION

The main observation of the present study was an intense deposi-
tion of complement C3 activation fragments on the epithelium of
the middle ear mucosa in children with chronic OME. Activation
of complement could thus be an important factor in the pathogenesis
of OME.

Strong deposition of C3 activation products on the outer sur-
face of the middle ear epithelium indicates local complement
activation in the middle ear mucosa of OME patients. This is the
first study to show that complement activation occurs in the middle
ear epithelium. A strong staining for C3 was seen also in small
granules or vesicles in the mucous blanket on the epithelium. This

may indicate that complement activation induces the epithelial
cells to release small vesicles into the MEE. This finding is
compatible with the previously observed extensive C3 activation
in the MEE fluid [12,16]. Complement activation in the middle
ear mucosa may thus be an indicator of an ongoing persistent
inflammation.

The activation of complement was demonstrated with an anti-
C3c antibody that recognizes C3 and its breakdown products C3b,
iC3b and C3c. Shortly after its formation during complement
activation C3b binds to the cell membrane and remains stable
maximally for only a few minutes. C3b is inactivated to iC3b by
the plasma protease factor I for which the soluble factor H and
membrane-associated MCP serve as alternative but essential
cofactors. The difference in the distribution iC3b/C3c and C3d
apparently depends on the different stages of activation of the C3
molecule. On the mucosal surface C3 deposits are due to recent
complement activation and therefore represent mainly iC3b. On
the basement membrane iC3b has become further degraded to
C3dg and C3d and the C3c epitope has been lost. C3d and C3dg are
stable covalently associated C3 activation products that can persist
in tissues for prolonged periods. The C3d antibody used (4C2)
preferentially recognizes separate C3d and C3dg and only weakly
the C3d epitope on C3b/iC3b. Therefore the 4C2 MoAb shows
only a relatively weak reactivity with the surface of the epithelium.

Only little deposition of C9 and expression of the terminal
complement complex neoepitope was found on the epithelial cell
surfaces of the middle ear mucosa. Also, the basement membranes
stained only weakly for C9. These results suggest that complement
activation does not proceed to the level of MAC on the middle ear
epithelial cells. This, in turn, is apparently due to the fact that the
complement membrane regulators MCP and CD59 were strongly
expressed on the middle ear epithelial cells.

The middle ear mucosa showed strong positive immunostain-
ing for the complement regulators MCP and CD59. DAF has been
shown to be strongly expressed on the normal epithelium in
the oral cavity, gastrointestinal tract and salivary glands [17,18].
In this study we found only a weak expression of DAF on the
surface of the middle ear mucosal epithelium, but the expression
got stronger towards the more proximal parts. The vascular
endothelium occasionally stained positive for DAF, as has often
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Table 1.Results on immunofluorescence microscopy analysis of complement components and regulators in the middle
ear mucosa of patients with otitis media with effusion (OME)

Complement component or regulator*

Structure C3c C3d C9 VN DAF MCP CD59

Outermost surface þþþ þ – 6 6 þ þþ

of epithelium
Basal epithelium þþ 6 6 6 þ þþ þþþ

Basement membrane þ þþ – þþ – – –
Vascular endothelium þ 6 6 6 þ þ þþ

Interstitial tissue – – þ † þ þ † 6 þ

*General pattern of staining intensity is shown:þþþ, strong staining;þþ, moderate;þ, weak;6, weak and
variable; –, negative. Staining intensities should be taken to indicate differences between different tissue structures and
not between individual complement components.

†Staining in connective tissue filaments.



been observed in other tissues. The inverse relationship between
C3 deposition and DAF expression on the epithelium could
indicate that the C3 convertase function is more efficiently con-
trolled on the basal than on the surface parts of the epithelium. A
reduction in DAF expression could be due to ligand occupancy by
C3b or shedding into the fluid phase. Both DAF and MCP protect
cells against complement-mediated cytotoxicity [19]. It appears,
however, that the turnover rate of C3 is so rapid on the
epithelial surface that the C4b/C3b-inactivation promoting func-
tion of MCP is not sufficient to prevent formation of active C3
convertases. The evidence thus suggests that the conditions
that develop during OME favour amplification of complement
activation.

In addition to MCP, CD59 seems to be another main
complement regulator in the middle ear mucosa. In normal
middle ear mucosa CD59 was found to be expressed by all
epithelial cells. In chronic OME patients, the expression was
weaker on the outermost surface of the epithelium. This could be
due to release of the phospholipid-tailed form of GPI-anchored
CD59 to the middle ear effusion or uptake into the MAC com-
plexes. The granular expression of CD59 seen in the middle ear
epithelium is similar to that observed in previous studies of adult
periodontitis and myocardial infarction [17,20].

In studies on nasal epithelium it has been speculated that an
intense complement activation by invading microorganisms may
overcome the protection by complement regulators CD59 and DAF
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Fig. 2. Immunostaining for the complement inhibitor membrane cofactor protein (MCP; CD46) in the middle ear mucosa of three different patients with otitis
media with effusion (OME) (a–c). The expression of MCP depends on the degree of the epithelial hyperplasia which varied in thickness from two to several
cell layers. MCP is expressed throughout the epithelium but the expression is strongest on the two to three outer cell layers. No staining could be detected in
the controls stained with the non-specific mouse MoAb AF1 (d). (Mag.: a,×1150; b,×630; c–d,×460.)



and lead to tissue injury and cell death [21]. In the case of middle
ear mucosa it appears unlikely that complement activation could
cause direct cell death, mostly because of the strong expression of
MCP and CD59.

In our material the number of positive bacterial cultures was
22%, which is similar to that reported in other studies [12,14,22].
Even though the majority of effusions in OME seem to be negative
in bacterial cultures, the close age relation and increasing evidence
of bacteria by polymerase chain reaction (PCR) techniques [22]
suggest that OME is usually preceded by a bacterial infection. In an
animal model with chinchilla, bacteria persisted in a viable state
for weeks after antibiotic treatment in the MEE [23]. The most

frequently encountered bacteria in acute OME have been shown to
have a high C1q binding capacity [24]. Thus, the bacterial infection
could activate the classical complement pathway and the anato-
mical conditions (tubal insufficiency) could maintain further com-
plement activation.

As shown in this study, an intense complement activation in the
middle ear mucosa could contribute to the chronic inflammation in
OME. By maintaining the anatomically trapped conditions in
the tympanic cavity the tubal dysfunction in chronic OME can
further increase complement turnover in the middle ear space.
Hence, a vicious circle of self-maintaining or even self-amplifying
inflammation in a closed space is created. The cells in the middle

406 M. Närkiö-Mäkelä, J. Jero & S. Meri

q 1999 Blackwell Science Ltd,Clinical and Experimental Immunology, 116:401–409

Fig. 3. Immunostaining of the middle ear epithelium of otitis media with effusion (OME) patients for decay-accelerating factor (DAF, CD55). Samples from
three different patients (a–c) show expression of DAF in connective tissue filaments, weakly in the epithelium (a,b) and occasionally in the capillary
endothelia (c). No staining is seen in a control stained with the non-specific MoAb AF1 (d). In normal middle ear epithelium the staining pattern for DAF
(e) is similar to that in OME patients, except that very little staining is seen in the epithelium. (Mag.×460.)
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Fig. 4. Immunostaining of middle ear biopsy specimens for the membrane attack complex inhibitor protectin (CD59). Very strong expression can be seen in
samples from three different patients with otitis media with effusion (OME) (a–c). Note the granular pattern of staining (a,b). In OME patients some of the
CD59 appears to be peeled off from the outermost cells of the middle ear epithelium (b). The surface of the normal middle ear epithelium also stains
positively for CD59 (d). No immunostaining could be detected when the biopsies were stained with a non-specific antibody (e). (Mag.: a,b,×690; c,×630;
d,e,×460.)

Fig. 5. (See next page) Comparative analysis of deposition of C components and expression of C regulators in a single middle ear biopsy sample from a girl
aged 2 years and 7 months. The patient had suffered from chronic otitis media with effusion (OME) for 5 months. Immunostaining for the complement
components iC3b/C3c (a), C3d (b), C9 (c) and vitronectin (VN) (d) showed deposition of iC3b/C3c on the epithelial cell surface and C3d and VN on the
epithelial basement membrane. Note the negative staining for C9 on the epithelium and connective tissue. The membrane regulator membrane cofactor
protein (MCP) (e) was seen in the hyperplastic epithelium. The staining for decay-accelerating factor (DAF) (f) was weak but got stronger deeper in the
connective tissue. CD59 (g) was strongly expressed on the epithelial cells. (Mag.: a,b,g,h,×460; c,×150; d,×210; e,×300; f, ×630.)
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(See previous page for caption)
Fig. 5.



ear epithelium, however, seem to be well protected against
complement-mediated cell damage.
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