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Cytolytic complement activity in otitis media with effusion
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SUMMARY

Otitis media with effusion (OME) is a chronic inflammation persisting in the middle ear cavity of at least

8 weeks duration. Middle ear effusion (MEE; n � 38), samples from children suffering from OME were

investigated for their direct cytolytic activity or an ability to enhance complement lysis of unsensitized

bystander cells. Thirteen of the 38 MEEs had direct endogenous haemolytic activity and 27 samples had

an ability to enhance serum-initiated lysis. Using an enzyme immunoassay, high levels of terminal

complement complexes (TCC) were detected in the MEE samples (mean 34´1 mg/ml, range 5±89 mg/

ml). This indicated strong local complement activation that had progressed to the terminal stage. As one

potential factor promoting complement activation we identified both monomeric and trimeric properdin

in MEE by Western blotting. By stabilizing C3 and C5 convertases properdin accelerates the alternative

and terminal pathways of complement. On the other hand, the membrane attack complex (MAC)

inhibitor CD59, which was found to be extensively shed into the MEE in a functionally active form, may

control excessive cytotoxicity of the MEE. In conclusion, intense complement activation, up to the

terminal level, maintains ongoing inflammation in the middle ear cavity and can pose a threat to the

local epithelium.
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INTRODUCTION

According to the international definitions [1,2] otitis media with

effusion (OME) is a chronic non-suppurative inflammation in the

middle ear cleft, lasting for more than 8 weeks. It is an extremely

common condition among children [3,4]. OME causes conductive

hearing impairment and, for example, in England it is the most

common cause for elective surgery in children [5]. While

inflammatory changes are characteristic, the precise aetiopatho-

genetic mechanisms of OME still remain unknown. Among other

mediators of inflammation complement (C) activation fragments

have been shown to be present in middle ear effusion (MEE)

[6±8]. The C system is an important part of both the innate and

acquired immune systems in eliminating microbes. It can be

activated by antibodies binding to C1q in the classical pathway or

directly by C3b binding to foreign surfaces in the alternative

pathway. Both activation cascades leads to terminal pathway, and

finally to formation of the cytolytic membrane attack complex

(MAC), formed by a heteropolymeric assembly of the terminal C

components C5b, C6, C7, C8 and multiple C9 molecules [9].

Following their formation activated C components (C4b, C3b and

MAC) can also become deposited on bystander host cells.

To avoid inappropriate activation of the potentially cytotoxic

C system, it is strictly regulated on various steps of the activation

cascade. The regulators include fluid phase regulators such as

C1-inhibitor, C4-binding protein of the classical pathway, factors I

and H of the alternative pathway and vitronectin of the terminal

pathway. Membrane regulators which are bound to host cells

include decay accelerating factor (DAF; CD55), membrane

co-factor protein (MCP; CD46) and CD59 (protectin). Under

physiological conditions properdin is the only known positive

regulator of complement activation. It binds to and stabilizes the

inherently labile alternative pathway C3 and C5 convertase

complexes. It is present in human plasma at low concentrations

(5±20 mg/ml) but not, e.g. in pleural, ascitic or spinal fluid [10]. It

is synthesized locally by PMNs [11], monocytes and T

lymphocytes [12]. Due to the strong C activation in the MEE

we hypothesized that properdin could be an important positive

feedback regulatory component for the ongoing complement

activation in MEE during OME.

Human cells, including middle ear mucosal cells [13±15], are

protected against C lysis by CD59 (membrane inhibitor of reactive

lysis MIRL; protectin), a glycophosphoinositol (GPI)-anchored

inhibitor of the MAC [16±18]. CD59 binds to the terminal

complexes C5b-8 and C5b-9 and inhibits the cytolytic activity of

Correspondence: Seppo Meri MD, Ph.D, Haartman Institute, Depart-

ment of Bacteriology and Immunology, University of Helsinki, PO Box 21

(Haartmaninkatu 3), 00014 Helsinki, Finland.

E-mail: seppo.meri@helsinki.fi



complement by blocking the incorporation of C9 into

membrane C5b-8 [16,19]. It can be found also in soluble form

without the anchor phospholipid, but the cytolysis inhibiting

activity of soluble CD59 is relatively weak [20]. Both membrane

and soluble forms, in various ratios, can be found in many

body fluids, e.g. in urine, seminal plasma and amniotic fluid

[17,21±23].

While acute otitis media is usually caused by bacteria

invading into the middle ear cleft, bacteria can be cultured

only from one-third of the MEEs of patients with chronic

OME. This suggests that the MEE could have bactericidal

activity. With regard to the potential cytotoxicity of MEE we

wanted to study whether middle ear effusions of OME patients

have an ability to cause lysis of guinea pig or chicken

erythrocytes or to enhance complement lysis when diffusing

against components of normal human serum. To investigate

the degree of terminal pathway C activation in MEE, the

levels of soluble terminal complement complexes (TCC;

SC5b-9) were measured. In addition, we wanted to investigate

whether properdin can be found in MEE, as it could have a

role in accelerating the ongoing alternative pathway C

activation in the middle ear cavity. Since the expression of

CD59 was recently found to be decreased on the outer surface

of cells lining the middle ear cleft [15], we also examined the

possibility that CD59 had become detached from the epithelial

cell surfaces into the MEE.

MATERIALS AND METHODS

Patients and samples

Forty-nine children undergoing tympanostomy tube insertion at

the Helsinki University Central Hospital or the Jorvi District

Hospital, Espoo, were included in the study. All children had

suffered from chronic otitis media with effusion for at least

8 weeks. Children with chronic illnesses, e.g. asthma, cleft palate

or immunodeficiencies, were excluded. The samples were taken

with parental consent and the study was approved of by the

Ethical Committees of the Departments of Otorhinolaryngology at

the Helsinki University Central Hospital and at the Jorvi Hospital.

Middle ear effusion (MEE) samples were collected into Juhn

Tym-Tap tubes (Xomed Surgical Products, Jacksonville, FL,

USA) in connection with normal treatment. If the disease was

bilateral, the samples were taken from both ears. Altogether 62

MEE samples were obtained. Forty-four of the samples collected

were mucoid, 16 were mucopurulent or seromucous and two were

serous. Portions of 53 MEE samples were taken for bacterial

culture with standard techniques. The remaining samples were

frozen within 60 min and stored at 2 708C until used. For the lysis

assays the middle ear effusion samples (n � 22) were used as

undiluted or after dilution into 1 ml phosphate buffered saline

(PBS) (n � 16). The MEEs for immunoblotting and ELISA

analyses (n � 24) were diluted in 500 m l of lithium chloride-

containing phosphate buffered saline (LiCl-PBS) (2´85 mm

LiCl in PBS, pH 7´4) and mechanically mixed (Vortex) until

homogenized.

LiCl in PBS was used to facilitate quantification of the

exact amount of the middle ear effusions in the samples as

described [24]. The lithium concentration was assayed by

using the Vitros 250 analyser (Chemistry System, Johnson &

Johnson Clinical Diagnostics, Rochester, NY, USA). The amount

of the MEE sample (m l) was calculated from the following

formula: volume of the sample � ([Li]in LiCl-PBS/[Li] in

sample) � 500 m l2500 m l. The percentage of MEE in the whole

sample (MEE 1 500 m l Li-PBS) was then defined as the

correction coefficient (CC) and calculated from the formula

CC � 1-([Li] in sample/[Li] in LiCl-PBS). The measured values

of TCC were divided by CC to calculate the original amount of

TCC in each middle ear effusion sample.

Haemolysis assays

The ability of MEE to induce complement lysis directly through

the alternative pathway, or by enhancing the lysis caused by NHS,

was determined in plate tests using guinea pig erythrocytes (GPE)

in agarose gel or a commercially available alternative pathway

haemolytic complement kit with chicken erythrocytes (AH 100;

The Binding Site, Birmingham, UK). Samples for lysis assays

were collected as a separate set from 33 patients (MEE samples

from 38 ears) with OME. Blood from guinea pigs was collected

into Alsever's solution. Two per cent GPE were mixed with 0´6%

agarose (Indubiose, Biosepra, France) in MgEGTA-NaCl (5 mm

MgCl2 and 10 mm ethyleneglycol tetraacetic acid) pH 7´4, which

had been melted and cooled to 1 548C. After pouring the solution

on glass slides, the plates were allowed to stabilize overnight at

1 48C. For lysis assays small wells with diameters of 4 mm and

an interwell distance of 10±12 mm were punched in the

haemolysis gels; 10 m l portions of MEE samples and normal

human sera (NHS) from healthy laboratory personnel were

applied on the wells. This set-up allowed diffusion of MEE

samples against NHS samples and analysis of the potentially

enhancing or inhibiting activity of MEE on the serum C activity.

To investigate the role of different complement components

polyclonal antibodies against C3c, C4 (Dako, Glostrup,

Denmark), C7, C9, B (Quidel, San Diego, CA, USA) and

properdin (ATAB, Scarborough, ME, USA) were applied on

different wells as inhibitory antibodies. As a control a non-specific

antibody against human IgG (Dade Behring, Marbung, Germany)

was used. The haemolysis gels were incubated for 18 h at 1 48C,

120 min at 1 378C and thereafter 12±24 h at 1 228C and scanned.

To test the ability of the C4 antibody to inhibit lysis via the

classical pathway, a classical pathway haemolysis kit (THC 100;

The Binding Site, Birmingham, UK) was used.

Enzyme immunoassay for quantification of SC5b-9

The levels of terminal C complexes (SC5b-9) in MEEs were

measured by an enzyme immunoassay. Briefly, microtitre plate

strips (Combiplate EB, Labsystems, Finland) were coated with a

neoantigen-specific mouse anti-SC5b-9 antibody (Quidel) at

5 mg/ml in 100 m l of 0´1 m NaHCO3 buffer, pH 8´0, per well

overnight at 1 48C. The wells were washed five times with PBS,

pH 7´4, containing 0´05% Tween. The MEEs were diluted 1/20

and 1/50 in PBS containing 0´05% Tween 20. Two dilutions, both

in duplicate, were added in 100 m l portions to the wells and

incubated for 45 min at 1 228C. After washing (5�) a mixture of

goat anti-C5 and anti-C6 antibodies (Quidel, San Diego, CA,

USA) at 1 mg/ml in 0´05% Tween 20/PBS, was added. After 1 h

the strips were washed again and 100 m l of horseradish

peroxidase-conjugated antigoat IgG (Dako), diluted 1/5000, was

added and incubated in the wells for 1 h. After five washes

phenylene-diamide dihydrochloride substrate (70 mg/100 m l

ureoperoxidase; Dako) was added and the reaction was stopped

after 15 min with 50 m l of 2 m H2SO4. The absorbances were

read at 492 nm with an ELISA plate reader (model 340,
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Labsystems Multiskan MCC, Finland). The TCC values in

samples were calculated using a standard curve prepared with

specimens of purified SC5b-9 containing 70 ng/ml, 117 ng/ml and

175 ng/ml of SC5b-9 [20,21].

Detection of properdin and CD59 in MEE by Western blotting

The MEE samples and the positive controls prepared from lysed

red blood cells for CD59 analyses and from NHS and purified

properdin (Calbiochem, La Jolla, CA, USA), for properdin

analyses, were diluted in non-reducing SDS-PAGE buffer

(containing 1% SDS). SDS-PAGE was performed according to

the method of Laemmli [25] using 15% or 8% gels and a mini-gel

system (BioRad Laboratories, Richmond, CA, USA). After SDS-

PAGE the proteins were electrotransferred to a nitrocellulose

filter. To prevent non-specific binding the membranes were

preincubated in 5% fat-free milk in PBS at 228C for 1´5 h. The

membranes were incubated with a murine monoclonal antibody

(MoAb) against CD59 (Bric 229; Bio-Products Laboratory,

Elstree, UK) at 0´1 mg/ml or with a goat antibody against

properdin (ATAB) at 8 mg/ml both in 5% fat-free milk in PBS

(17 h) at 48C. After three washes with PBS, peroxidase-

conjugated rabbit antimouse or donkey antigoat IgG was added.

To control for non-specific binding of the secondary antibody the

primary antibody was omitted. The bound anti-CD59 and

antiproperdin antibodies were detected by the ECL chemilumin-

escence method of Amersham (Amersham, UK).

Relative amounts of soluble and membrane forms of CD59 in MEE

A Triton X-114 (TX-114; Sigma Chemical Co, St Louis, MO,

USA) phase separation method [26] was used for the separation of

soluble and membrane forms of CD59 in MEE [20]. Fifteen MEE

samples 40 m l each were pooled into three pools and TX-114

(200 m l) was added. Samples containing 2% TX-114 in PBS were

first incubated for 1 h at 1 48C and thereafter centrifuged at

13 000 g for 5 min at 1 48C to remove insoluble debris. The

supernatants were incubated at 378C for 10 min until cloudy.

After centrifugation at 1 238C for 10 min the aqueous and

detergent phases were separated. The detergent phase was

subjected to acetone precipitation prior to SDS-PAGE with 10

volumes of acetone at 2208C for 1 h, followed by pelleting of the

Fig. 1. Middle ear effusions (MEE) and haemolytic activity. MEE samples from three OME patients and normal human serum (NHS) were

applied in wells in AP haemolysis gel. The effect of MEE to induce haemolysis of chicken erythrocytes (ChE) or to enhance the lysis

induced by NHS was observed. In panel A MEE has been directly lytic against ChE but it also enhanced the lysis induced by NHS. Both the

direct lysis and the enhancement of lysis were inhibited when EDTA was added to MEE (MEE 1 EDTA). The NHS induced lysis of ChE

was also inhibited in the area where EDTA had diffused (a). MEE number 2 had weak own cytolytic and an ability to enhance lysis caused

by NHS (b). An antibody against C4 (a-C4) or a non-specific control antibody (antihuman IgG; a-IgG) did not inhibit lysis induced by MEE

on an alternative pathway (AP) haemolysis gel (c). In a control both antibodies were found to inhibit the classical pathway (CP) haemolysis

of NHS. An antibody against the alternative pathway accelerator properdin partially inhibited the direct MEE or NHS-induced lysis and the

lysis enhanced by MEE (d).
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precipitate at 13 000 g for 10 min. Thereafter three samples, from

both the aqueous and detergent phases and a positive control

prepared from a red blood cell lysate, were subjected to SDS-

PAGE electrophoresis and immunoblotting with anti-CD59

antibody (BRIC 229) under non-reducing conditions.

Statistical analysis

A Fisher's exact test was used to compare the `infected' and

`non-infected' MEEs by their cytolytic activity.

RESULTS

Characteristics of patients and samples

The study material consisted of 62 MEE samples from 49

children. The ages of the children varied from 7 months to 9 years

3 months (mean 2´6 years). The mean duration of OME was

3´2 months (range 2±10 months). The average amount of MEE

was 161 m l (range 27±378 m l). Bacteria were recovered by

culture from 18 of the 53 MEE specimens (34%) investigated.

Moraxella catarrhalis was isolated in seven cases (13´2%),

Haemophilus influenzae in four (7´5%), coagulase-negative

staphylococci in three (5´7%), Staphylococcus aureus in two

(3´8%) and Streptococcus pneumoniae in two cases (3´8%). Of all

effusions, 66% showed no growth of bacteria. Seven patients had

received antibiotics during a 3-week period prior to the MEE

collection. In one of these cases bacteria were recovered from the

MEE sample (H. influenzae).

Procytolytic and cytolytic activity in the MEE samples

The high proportion (two-thirds) of MEE samples negative for

bacterial growth despite a continuing disease led us to examine

the direct cytolytic activity of the MEE samples. The effect of the

MEE samples on serum-induced lysis was analysed on the same

plates using a set-up where it was possible to simultaneously

observe direct complement lysis, enhancement of lysis and

possible inhibition of lysis (Fig. 1, Fig. 2 and Table 1). In this

set-up MEE samples were allowed to diffuse against fresh NHS in

agar-gels containing guinea pig or chicken erythrocytes. Direct

lytic activity was observed in seven cases of the 22 mucoid MEEs

(Figs 1b±d, 2b,d). From the 13 mucopurulent, seromucous or

serous MEEs six induced lysis of erythrocytes (Figs 1a, 2a,c).

An enhancement of lysis of the unsensitized cells was

observed with 27 of the 38 MEE samples (Fig. 1a±d, Fig. 2b

and Table 1). Seventeen of these MEEs were mucoid and 10

mucopurulent, seromucous or serous. In 16 samples the enhance-

ment could be detected in the absence of direct haemolytic

activity (not shown). An additional observation in the qualitative

assay was that three of the MEEs had a weak complement lysis

inhibiting activity (not shown). Antibodies against complement

Fig. 2. The effects of antibodies against different complement components on the haemolytic activity of different MEE samples. In addition

to their own lysis the MEE samples enhanced lysis induced by NHS. An antibody against C3c (a-C3c) inhibited both the direct and

enhanced lysis. A control antibody (antihuman IgG; a-IgG) had no inhibitory effect on C lysis (a). An antibody against factor B (a-B)

inhibits both the direct and enhanced lysis (b). Antibodies against C7 and C9 inhibited direct lysis of MEE (c,d).

Table 1. Cytolytic activity and enhancement of lysis by 38 MEEs*

Type of effusion

Type of lysis Mucoid (n � 25) Other (n � 13)

Direct 7 (28%) 6 (46%)

Enhancement 17 (68%) 10 (76%)

Both 7 (28%) 4 (31%)

Inhibition 3 (13%) 0

*Mucoid and other types of MEE (mucopurulent, seromucous and

serous) were tested for their direct cytolytic activity or an ability to

enhance or inhibit lysis of unsensitized guinea pig or chicken erythrocytes

induced by NHS (see Fig. 1).

372 M. NaÈrkioÈ-MaÈkelaÈ & S. Meri

q 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 124:369±376



components C7 and C9 inhibited both the direct and enhanced

lysis (Fig. 2c,d). Ten MEEs causing an enhancement of lysis were

further investigated to determine the possible origin of this

phenomenon. In addition to antibodies against terminal C

components also antibodies against C3c and factor B were found

to inhibit the enhanced lysis (Fig. 2a,b). Antibodies against the

classical pathway component C4, examined as a control, had no

effect on this type of lysis, although it inhibited the classical

pathway (Fig. 1c). Thus, the enhancement of lysis was interpreted

to require the alternative pathway amplification cascade and not

only the terminal pathway as in reactive lysis, a type of lysis that

originates from the level of C56 complexes. As a control we used

an antihuman IgG antibody. This antibody did not inhibit the

C-mediated lysis (Figs 1c, 2a,d). With an antibody against the

alternative pathway regulator properdin, variable results were

obtained. In most cases the polyclonal antibody against properdin

inhibited the lysis whereas in others the inhibition was only partial

(Fig. 1d). Both the direct and enhanced lysis were inhibited by

EDTA on the alternative pathway haemolysis gel (Fig. 1a),

indicating the need for divalent cation (Mg11 in the alternative

pathway)-dependent C3/C5-convertase enzymes. No difference in

the ability to induce complement lysis between `non-infected' and

`infected' MEEs was seen in Fisher's exact test (P � 0´106)

Properdin in MEE

Properdin is a positive regulator of the alternative C pathway.

Immunoblotting analysis of MEE samples showed that properdin

was present in the middle ear fluids of OME patients (Fig. 3). The

intensity of properdin bands of MEE samples (at dilutions of

1/5±1/10) corresponded to that of properdin in plasma (at a

dilution of 1/10). Properdin could be detected in all the 19 MEE

samples analysed. The band at 53 kDa represents the monomer

form, which was abundantly seen. The dimer form at 106 kDa

could not be detected while bands at 159 kDa representing the

trimer were readily detectable. In some samples the 212 kDa

tetramer form of properdin was also seen.

Fig. 3. Detection of properdin in six different MEE samples by Western

blotting (lanes 2±7). The MEE samples (10 m l, diluted 1/5±1/10) were run

on a 15% SDS-PAGE gel under nonreducing conditions and immuno-

blotted with a polyclonal antiproperdin antibody. Purified properdin (P;

0´1 mg/lane) and normal human serum (lane 1, diluted 1/10) were used as

positive controls. A monomeric form of properdin (m.w. 53 kDa) can be

detected in all samples. The bands at 106, 159 and 212 kDa represent the

dimeric, trimeric and tetrameric forms of properdin, respectively (P2, P3,

P4). In the control immunoblot the antiproperdin antibody was omitted.

Lanes 2±7 represent samples 3, 6, 12, 13, 18 and 22 in Table 2,

respectively.

Table 2. The nature of middle ear effusion, duration of OME, TCC levels

and the presence of CD59 in MEE

Sample Effusion* Duration (mo)² TCC (mg/ml)³ CD59§

1 M 2 21´5 1 1

2 M 10 45 1

3 M 10 23´4 n.d.

4 M 4 24´4 1 1

5 SM 2 61´6 1

6 M 2 19´1 1 1

7 M 3 37´4 n.d.

8 M 3 16´8 n.d.

9 M 2´5 23´5 1 1

10 SM 4 45´2 1 1

11 SM 4 89´3 1 1

12 M 3´5 25´9 1 1

13 M 2 31´9 1 1

14 M 2 40 n.d.

15 M 5 55´4 n.d.

16 M 5 65´2 ±

17 M 3 4´8 1 1

18 M 6 32´1 1 1 1

19 M 6 16´2 1 1 1

20 M 5´5 31´3 1

21 M 2 7 1 1

22 M 2 n.d. 1 1

23 MP 3 n.d. 1 1 1

24 SM 5 n.d. 1 1

*The nature of the effusion was mucoid (M) in 19 MEE samples,

seromucous (SM) in four and mucopurulent (MP) in one MEE sample.

²Duration of the effusion (months).

³TCC (SC5b-9) levels were measured by a neoepitope-specific EIA.

§Semiquantitative estimation (band intensity) of CD59 in the MEE

samples by immunoblotting: 1 1 1 � strong, 1 1 � moderate, 1 �
weak, - � no CD59 detected and n.d. � not done. Due to the limited

amount of MEE not all determinations could be carried out from all

samples.
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Quantification SC5b-9 in MEE

In addition to MAC formation on cell membranes the terminal C

components can assemble in the fluid phase into the SC5b-9

soluble complexes. To determine the extent of terminal comple-

ment pathway activation in MEEs the levels of C5b-9 complexes

were measured by a C5b-9 neoepitope-specific ELISA. In

comparison to levels usually observed in plasma after C activation

the levels of TCC were highly elevated in all MEEs (Table 2).

The mean value was 34´1 mg/ml (range 5±89 mg/ml).

CD59 in MEE

As we observed earlier, that CD59 was strongly expressed on the

middle ear epithelial cells but reduced on the outer surface of the

cells in OME [15], we now wanted establish whether it became

detached from the cells to the MEE. Western blotting analysis of

MEE samples with the Bric 229 monoclonal anti-CD59 antibody

showed a typical 19±21 kDa CD59 smear after SDS-PAGE under

non-reducing conditions (Fig. 4a). The size of the CD59 band of

MEEs corresponded to that of CD59 in a red blood cell lysate

(Fig. 4). CD59 could be detected in 17 of the 21 MEE samples

analysed. In controls where the anti-CD59 antibody was omitted,

non-specifically stained bands were seen, but could be discrimi-

nated easily from the CD59-specific bands. In normal plasma

samples CD59 was hardly detectable by this technique (not

shown). The data from Western blotting analysis in relation to the

other parameters is presented in Table 2. No apparent correlation

between the presence of CD59 and TCC levels was observed.

To examine whether CD59 had retained its phospholipid-

moiety in the MEE a Triton X-114 phase separation and Western

blotting analysis three sets of pools from 15 MEEs was performed.

In all three pools of MEE samples CD59 could be seen in the

detergent phase at 19±21 kDa, but not in the aqueous phase. This

indicates that CD59 retains it phospholipid-tail while shedding

form the epithelium into the MEE.

DISCUSSION

We have hypothesized that OME is a self-perpetuating inflam-

matory condition where the endogenous mediators, particularly

components of the complement system, can maintain the disease.

In this study we found that MEEs induced lysis of target cells

(guinea pig or chicken erythrocytes) either directly or by

enhancing the cytolytic activity of serum. Properdin and other

components of the alternative pathway were identified as factors

promoting also the latter type of cytolytic activity. High levels of

SC5b-9 complexes in the MEEs indicated that C activation had

progressed to the terminal stage in vivo.

The fact that MEE-induced lysis occurred in the presence of

MgEGTA and was inhibited by anti-C7 and C9 antibodies, but not

with anti-C4 antibodies, indicated that the lysis occurred through

the alternative and/or the terminal C pathway. Inhibition of lysis

by anti-C3c, anti-B and antiproperdin antibodies indicated that

lysis was initiated through the alternative pathway. The properdin-

dependence of the lysis and the presence of functionally active

trimeric and tetrameric forms of properdin [27,28] indicated that

properdin is important in promoting complement activation in

OME. In cases where properdin antibodies did not inhibit the lysis

it may have been initiated by properdin-free C3/C5 convertases or

by preformed C5b6 complexes that lead to cytolysis when

encountering the MAC components C7, C8 and C9. C8 and C9

are produced in the liver and enter inflammatory sites from the

circulating plasma whereas C7 is primarily produced by

polymorphonuclear leucocytes (PMN), monocytes and macro-

phages [29,30]. These cells have been demonstrated in MEE [31].

However, the whole alternative pathway activation cascade is

needed, as we could not observe C lysis in the presence of C3c

antibody. If the activation would undergo reactive lysis, which

refers to the lysis of unsensitized bystander cells by the terminal C

components (C5b6, C7, C8 and C9) acting independently of the

early C components [32±34], MEE could also lyse cells in the

presence of inhibitory antibodies against the early C components.

Fig. 4. (a) Western blotting analysis of CD59 in six different MEE

samples. The MEE samples were diluted in a non-reducing sample buffer

and run on a 15% SDS-PAGE gel, transferred to a nitrocellulose

membrane and immunostained with the BRIC 229 (anti-CD59) MoAb.

As a positive control CD59 prepared from a lysate of human red blood

cells (RBC) was used. CD59 can be detected on all samples shown. In the

control the anti-CD59 antibody was omitted. Lanes 1±6 represent samples

6, 12, 17, 18, 19 and 20 in Table 2, respectively. (b) Western blotting

analysis of three pools of MEE samples after Triton X-114 phase

separation. Aqueous (Aq) and detergent (D) phases from the TX-114 phase

separation were immunoblotted using the BRIC 229 anti-CD mAb. A

positive control was prepared from a red blood cell lysate (RBC). CD59

(mw 18 kDa) can be detected in the RBC, and only in the detergent phases

(D) of the pooled MEE samples at 19±21 kDa.
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However, no such type of lysis was detected, indicating that the

lysis occurred through the alternative pathway. C activation leads

to release of anaphylatoxins (C3a, C5a) in the MEE [8] attracting

PMNs into the middle ear cavity. Collectively, the local

conditions thus favour formation of terminal C complexes. Our

model system simulated conditions in the middle ear cavity.

Alternative pathway and early late pathway (C5, C6) components

were presumed to originate from the MEE, C7 from the

neighbouring serum and C8 and C9 from either source. When

merging together in vivo, the components could form potentially

cytotoxic MAC complexes, which may affect the integrity of the

middle ear epithelium. On the other hand, the opsonizing or

cytolytic complement activity can keep the middle ear free from

bacteria. The MEE fluids have been shown to be bactericidal at

least against non-typable H. influenzae. This property was

demonstrated to be complement-dependent [35]. The cytolytic C

activity of the MEE fluids may thus explain why so few bacteria

can be cultured from MEE. However, other factors must also

contribute to the survival of bacteria in the middle ear because we

found cytotoxic complement activity also in samples with

bacterial growth. It is possible that bacteria persisting within the

middle ear have mechanisms to evade complement attack.

The concentrations of C activation products in MEE were

among the highest found under any pathological condition.

Compared to TCC levels for example in the urine of membranous

glomerulonephritis patients (5´6 1 0´2 mg/ml; mean 1 s.d.) [20]

or those in plasmas of infants undergoing cardiopulmonary bypass

(0´12±1´34 mg/ml) [36] the values in MEE were more than

10-fold. In our earlier study we have shown that C activation does

not usually proceed to the MAC stage on the surface of the middle

ear epithelial cells by demonstrating low or absent expression of

the C5b-9 neoepitope [15]. It is likely that the membrane

regulators MCP and CD59 divert C activation away from

membranes to the fluid phase. Nevertheless, high amounts of

TCC in middle ear effusions indicate that the epithelial cells and

migrating leucocytes are exposed to complement attacks. Non-

lethal amounts of MAC on nucleated cells initiate Ca21 influx and

induce release of further mediators of inflammation. These

include phospholipase A2 that can catalyse the release of

arachidonic acid from cell membranes [37±39] as well as that

of prostaglandins, leucotrienes, cytokines and reactive oxygen

metabolites, all demonstrated to be present in MEE and suggested

to be important in the pathogenesis of otitis media [8,40,41].

As judged from the immunoblotting results the MEE fluids

contained relatively high amounts of CD59. In light of the low

amounts of CD59 in plasma and a strong CD59 expression in the

middle ear epithelium it appears likely that CD59 in MEE has

become shed from the middle ear epithelial cells. This was

supported by the decreased surface expression and a granular or

vesicular staining pattern of the epithelium in the immunofluor-

escence studies [15]. Similar observations have been made with

patients suffering from membranous glomerulonephritis where

CD59 becomes shed from the glomerular and tubular cells into

urine [20]. While the CD59 protein was shown to retain its

phospholipid moiety it can still be able to act as an inhibitor of

MAC. This, together with CD59 remaining in the middle ear

epithelial cells would confer resistance to MAC. In addition, the

cells are also able to remove potentially lytic MAC complexes

from cell membranes and recover [42]. Thus, the damage to the

epithelial cell lining may remain limited and lead primarily only

to sublethal inflammatory changes.

As delineated in the present study conditions promoting

complement activation and a continuing inflammation can

maintain chronic otitis media with effusion. Thus, instead of 2 or

in addition to 2 antibiotics other approaches to suppress persis-

tent inflammation in OME should be considered. The engineering

of complement regulators may provide new substances to be used

as anti-inflammatory agents and in the prevention of complement-

mediated local tissue damage [43].
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