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Abstract
Background—The interrelationship between human airway epithelium and complement proteins may aVect airway
defence, airway function, and airway epithelial integrity. A study was undertaken
to determine (1) whether unstimulated
human bronchial epithelium generates
complement proteins and expresses cell
membrane complement inhibitory proteins (CIP) and (2) whether stimulation by
proinflammatory cytokines aVects the
generation of complement and expression
of cell membrane CIP by these cells.
Methods—Human bronchial epithelium
cell line BEAS-2B was cultured in a
serum-free medium. Cells were incubated
with and without proinflammatory cytokines to assess unstimulated and stimulated generation of complement C3, C1q
and C5 (by ELISA), and to examine the
expression of cell membrane CIP decay
accelerating factor (DAF; CD55), membrane cofactor protein (MCP; CD46), and
CD59 (protectin) by flow cytometry
analysis.
Results—Unstimulated human bronchial
epithelial cell line BEAS-2B in serum-free
medium generates complement C3 (mean
32 ng/106 cells/72 h, range 18–52) but not
C1q and C5, and expresses cell membrane
DAF, MCP, and CD59. Interleukin (IL)-1á
(100 U/ml/72 h) and tumour necrosis factor (TNF-á; 1000 U/ml/72 h) increased
generation of C3 up to a mean of 78% and
138%, respectively, above C3 generation by
unstimulated cells. DAF was the only cell
membrane CIP aVected by cytokine
stimulation. Interferon (IFN)-ã (10 U/ml/
72 h) and TNF-á (1000 U/ml/72 h) increased DAF expression up to a mean of
116% and 45%, respectively, above that in
unstimulated cells. MCP and CD59 expression was not consistently aVected by
IL-1á, TNF-á, or IFN-ã.
Conclusions—Local generation of complement C3 and expression of cell membrane
CIP
by
human
bronchial
epithelium and its modulation by proinflammatory cytokines might be an additional regulatory mechanism of local
airway defence and may aVect airway
function and epithelial integrity in health
and disease.
(Thorax 2000;55:364–369)
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The respiratory tract is unique in being the
only internal organ in the body that is continuously exposed to the external environment.
About 10 000 litres of air flow through the respiratory tract every day. This air contains
numerous foreign agents, many of which are
potentially pathogenic.
The serum complement system is one of the
most important mechanisms for protecting the
body against these potentially pathogenic
agents. Proteins of the complement system are
present in the lining fluid of the respiratory
tract.1 These proteins protect the host from
invading microorganisms and from other inhaled insults by opsonisation that facilitates
phagocytosis and by direct lysis of microorganisms that activate complement. Opsonisation
and direct lysis can happen immediately by the
alternative complement pathway, before specific antibodies are produced, or later by the
classic complement pathway when the specific
antibodies are already present.2 In addition to
the protection that complement oVers against
microorganisms, complement fragments C3a,
C4a, and C5a also have important immunomodulatory and inflammatory eVects such
as cell activation, chemotaxis, bronchoconstriction, increase of endothelial permeability, and
production of proinflammatory mediators.3 4
Many of the foreign agents inhaled by
humans—for example, microorganisms, allergens, organic and inorganic dusts, chemicals,
and cigarette smoke—can act as complement
activators.5 In fact, active complement proteins
are found within the bronchoalveolar spaces
and nose in diVerent diseases of the human
respiratory tract.6–9 Active complement proteins protect the respiratory tract from foreign
insults but at the same time these proteins also
have the potential to injure the host’s respiratory tissue by inducing cell lysis via the formation of complement membrane attack
complex.10 Surprisingly, relatively little is
known about interrelationship between the
human respiratory tract and the complement
system and most of the available information
has been obtained from animal models.11
We recently described some new aspects of
the interrelationship that may exist between the
epithelium of the human respiratory tract and
the complement system. We have shown that
human respiratory epithelium ex vivo from
nose to alveoli expresses cell membrane
complement inhibitory proteins (CIP) that are
known from other cell systems to inhibit complement activation upon the cell surface.12
These proteins are membrane cofactor protein
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(MCP; CD46), decay accelerating factor
(DAF; CD55), and CD59 (protectin). These
cell membrane CIP molecules are expressed in
healthy subjects and their expression is increased in various lung diseases characterised
by inflammation or malignant transformation12
and also in human lung cancer cell lines, both
unstimulated and stimulated with proinflammatory cytokines.13 14 We also found that these
molecules are essential for protecting cultured
human nasal respiratory epithelial cells from
being lysed by human serum complement.15
However, it is not known whether human
respiratory epithelial cells express cell membrane CIP molecules constantly or only in
response to stimuli such as proinflammatory
cytokines.
Another aspect of complement biology that
is not known is whether human airway epithelium can generate complement proteins and, if
so, under what conditions.
The origin of complement proteins present
in the respiratory tract lining fluid in disease is
thought to be mainly from plasma that exudes
into the bronchoalveolar space during the
inflammatory process. However, complement
proteins are found in the lungs of healthy nonsmoking volunteers1 as well as in the bronchoalveolar lavage fluid of the diseased lung.6–9
This finding raises questions regarding the origin of complement proteins found in the respiratory tract lining fluid in healthy subjects.
Since the epithelium of the upper and lower
airways is the first to encounter invading
microorganisms and other inhaled insults, we
hypothesised that local and constant generation of complement by airway epithelium may
facilitate rapid opsonisation and phagocytosis
or direct lysis of potentially pathogenic invaders even before exudation of plasma containing
complement proteins.
A study was undertaken to examine three
questions: (1) whether human bronchial epithelium under basal conditions can generate
complement proteins C3 (alternative complement pathway), C1q (classic pathway), and C5
(common pathway); (2) whether it can express
cell membrane CIP under in vitro conditions;
and (3) whether proinflammatory cytokines
can modulate complement protein generation
and CIP expression in these cells. To answer
these questions we studied generation of complement and expression of cell membrane CIP
in human bronchial epithelium in a model of
BEAS-2B cell line in a serum-free medium and
studied the eVects of the proinflammatory
cytokines interleukin (IL)-1á, tumour necrosis
factor (TNF)-á, and interferon (IFN)-ã, some
of the most important cytokines involved in
lung defence.
Methods
BRONCHIAL EPITHELIUM CELL CULTURES

To study cells in serum-free culture conditions
we used human bronchial epithelium cell line
BEAS-2B in all experiments. This cell line was
purchased from American Type Culture Collection (ATCC), Rockville, Maryland, USA.16
Epithelial cells were grown in 25 ml culture
flasks (NuNc, Denmark) precoated with a

coating medium containing 30 µg/ml purified
collagen (Vitrogen-100; Collagen Corporation,
Palo Alto, California, USA), fibronectin 10 µg/
ml, and BSA 10 µg/ml in a culture medium.
The culture flasks were incubated with this
coating medium (5 ml per flask) for 24–
48 hours in a humidified CO2 incubator at
37°C. The coating medium was then aspirated
and BEAS-2B cells were seeded at 0.5–1.0 ×
106 cells per flask.
To assess the ability of these cells to generate
complement C3, C1Q and C5 and to express
cell membrane CIP molecules in the presence
or absence of proinflammatory cytokines, the
cells were cultured in a keratinocyte serum-free
medium containing the manufacturer’s supplements rhEGF and bovine pituitary extract
(GIBCO BRL, Life Technologies, Grand
Island, New York, USA). Cells were incubated
in a cell culture humidified incubator (90%
humidity at 37°C, 5% CO2 ). The culture
medium was changed every 3–4 days (6 ml per
flask) and the cells reached a near confluence
after 5–6 days. To diminish the number of cell
passages the original cell stock purchased from
ATCC was first recultured and then propagated a few times. The cells were then divided
into aliquots and frozen in 10% DMSO in culture medium at –70°C or in nitrogen dioxide
for future use. The aliquots of frozen cells were
used for a maximum of two or three cell
passages.
To perform a cell passage the cell culture
medium was aspirated from near confluent cell
cultures and 0.5 ml of trypsin-EDTA solution
(0.25% trypsin, 0.02% EDTA) was introduced
into each flask and immediately aspirated
without a following wash. The flask was then
incubated for 5–7 minutes at 37°C in a cell
incubator. The cells were washed out from the
flask using culture medium, centrifuged and
the cell pellet was resuspended in a fresh
culture medium and reseeded in coated flasks
as described above.
CYTOKINE STIMULATION

BEAS-2B human bronchial epithelial cells
were incubated with and without cytokines to
assess unstimulated and stimulated generation
of complement C3, C1q, C5 and expression of
cell membrane MCP, DAF, and CD59. The
cytokines studied were rhIL-1á (1 µg = 1.6 ×
105 U), rhTNF-á (1 µg = 1.1 × 105 U), and
rhIFN-ã (1 µg = 104 U). All cytokines were
purchased from R & D Systems (Minneapolis,
Minnesota, USA). Cytokines in a fresh culture
medium were added to cell cultures 48 hours
after cell seeding. In unstimulated control cell
cultures fresh medium alone was added in parallel. In a preliminary experiment we studied
the eVect of a given cytokine concentration
with time (24, 48, and 72 hours). The maximal
cytokine eVect was always noted after 48–
72 hours and we therefore studied the eVect of
diVerent concentrations of a given cytokine for
72 hours. Once the cytokines were added the
culture medium was not changed further in
either the cytokine stimulated or the unstimulated control cell cultures.
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The culture medium of cells, both unstimulated and stimulated by cytokines, was aspirated, frozen at –70°C and kept until needed
(less than one week).
Complement C3 was assayed by a direct
ELISA technique and complement C1q and
C5 were assayed by an indirect ELISA
technique. Complement C3, C1q and C5
standards were purchased from Sigma Co. (St
Louis, Missouri, USA).
C3 ELISA
ELISA 96 well plates were coated overnight at
4°C with goat anti-human C3 (Atlantic
Antibody, USA) at 10 µg/ml in a coating
buVer, 100 µl per well. The wells were then
washed three times with a washing solution
(0.05% Tween in PBS, pH 7.4) and incubated
with 1% BSA in PBS for one hour. The wells
were washed again three times in Tween-PBS
and cell culture medium samples were introduced at diVerent dilutions in triplicate for 1.5
hours. The wells were then washed three times
and a second antibody, rabbit anti-human C3c
peroxidase conjugated (7 mg/ml stock antibody titre; Dako, Denmark), was introduced.
The second antibody was used at a dilution of
1:5000 and incubation was continued for
1.5 hours at room temperature. At the end of
the incubation time the wells were washed
three times and O-phenylendiamine (OPD)
substrate (Sigma Co) in a peroxidase buVer
was introduced for 4–6 minutes. The reaction
was stopped with 1N H2SO4, 100 µl per well.
The plates were read in an ELISA reader
(Sorin Biomedika, Italy) at an optical density
(OD) of 492 nm. The lower limit of complement detection in these ELISA assays was
2 ng/ml.
C1q, C5 ELISA
Complements C1q and C5 were assessed by an
indirect ELISA. ELISA 96 well plates were
coated overnight at 4°C by goat anti-human
C5 (stock 1 mg/ml) and C1q (stock 0.5 mg/
ml) at a concentration of 10 µg/ml each (Sigma
Co) in a coating buVer, 100 µl per well. The
assay continued as described above for C3
ELISA except that the second antibodies were
unconjugated rabbit anti-human C5 and antihuman C1q (Dako, Denmark) at a dilution of
1:5000 (2.2 mg/ml and 4.9 mg/ml stock protein concentrations, respectively). At the end of
incubation with the second antibodies and
after three washes a third antibody was
introduced, goat anti-rabbit IgG, HRP conjugated (Dako) at a dilution of 1:2000 for one
hour at room temperature. The wells were then
washed three times and the assay continued as
described above for C3 ELISA. The lower limit
of detection for both C5 and C1q was 1 ng/ml.
ASSESSMENT OF CELL MEMBRANE CIP EXPRESSION

Cell membrane expression of CIP molecules
MCP, DAF, and CD59 was assessed by flow
cytometry. Monoclonal antibodies were used
to assess expression of the specific cell
membrane CIP molecule. Mouse anti-human

MCP monoclonal antibody J4-48 (IgG1,
1 mg/ml),17 mouse anti-human DAF monoclonal antibody BRIC 216 (IgG1, 1 mg/ml),18
and rat anti-human CD59 monoclonal antibody YTH 53.1 (IgG2b, 0.5 mg/ml)10 were all
purchased from Serotec (Oxford, UK).
Constitutive expression was assayed in unstimulated cells and the eVect of the cytokines
was assayed in stimulated cells.
The cells used for these assays were from the
same cell cultures as those used to assess complement generation. After the cell culture
medium was aspirated for further assay for
complement the cells were detached from the
flasks by EDTA-trypsin as described above.
Detached cells formed a single cell suspension.
The cells were immediately counted by a
Coulter machine (Technicon H-1 System,
USA), then washed twice in 10% heat
inactivated FCS in “encriched” PBS (containing Ca2+ and Mg2+ (1 mM each), BSA and glucose (0.5% each)) and divided into flow
cytometry test tubes (1 × 106 cells/ml, 0.5 ml
per test tube). Flow cytometry was performed
as described elsewhere.13 Briefly, cells in flow
cytometry tubes were centrifuged, the supernatant was aspirated, and the first antibody
against a specific CIP molecule was introduced
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Figure 1 EVect of IL-1á and TNF-á on complement C3
generation by human bronchial epithelium cell line
BEAS-2B. Bronchial epithelial cells in culture were
incubated with IL-1á and TNF-á for 72 hours. The cell
culture medium was then collected and assayed for C3 by a
direct ELISA technique. The absolute amount of C3
detected was expressed as ng/106 cells. Mean (SD) C3
generation by unstimulated cells was 32 (11) ng/106
cells/72 h (see results section). Values are the mean (SE)
percentage change in C3 generation by cytokine stimulated
cells compared with that by unstimulated cells otherwise
treated in an identical manner (% change from baseline).
Six experiments were performed for IL-1á and four for
TNF-á. *p<0.03, **p<0.05 in relation to 1 or 10 U/ml.
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Figure 2 Flow cytometry profiles showing the constitutive expression of cell membrane
complement inhibitory proteins MCP (CD46), DAF (CD55), and CD59 in human
bronchial epithelium cell line BEAS-2B. Bronchial epithelial cells were grown in serum-free
medium.

at a dilution of 1:50 in “enriched” PBS for 30
minutes at 4°C with gentle rotatory shaking. A
control test tube was treated in the same way
except that the primary antibody was omitted.
At the end of incubation with the primary antibody the cells were washed twice and a
secondary antibody, FITC conjugated goat
F(ab')2 antibody against mouse or rat IgG, was
added to the cell pellet at a dilution of 1:50,
100 µl per test tube for 30 minutes at 4°C in
the dark with gentle shaking. The appropriate
secondary antibody was similarly introduced
into the negative control test tubes. After incubation with the secondary antibody the cells
were washed twice in “enriched” PBS and
400 µl of ice cold calcium- and magnesiumfree PBS were added to the cell pellet. Cell
fluorescence was assayed by a flow cytometer
A

DATA ANALYSIS

Mean values of the various treatment groups
were compared by using a two way analysis of
variance (ANOVA) test.
Results
COMPLEMENT C3, C1Q, AND C5 GENERATION

Unstimulated human bronchial epithelium cell
line BEAS-2B generated complement C3 in
serum-free medium (mean (SD) for nine
experiments 32 (11.45) ng/106 cells/72 h,
range 18–52). Of the three cytokines studied,
only IL-1á had a statistically significant modulating eVect, increasing the generation of C3 up
to a mean of 78% compared with unstimulated
cells (fig 1). TNF-á increased C3 generation
up to 138% above the level of unstimulated C3
generation (fig 1) and IFN-ã at concentrations
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(Epics Profile II Flow Cytometer, Coulter
Electronics, Luton, UK). The voltage used was
1000 V. Cell suspensions constituted single cell
suspensions, as shown by the low variability in
cell size presented in the linear forward scatter
histograms.
Five thousand cells were analysed by gating a
uniform cell population on a two parameter
histogram of forward versus side scatter. The
fluroscence histograms were overlaid to determine significant diVerences from negative control antibodies. The eVect of cytokines on CIP
molecules was expressed as the percentage
change in mean fluorescence intensity (MFI)
compared with unstimulated control cells, as
follows:
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Figure 3 EVect of IFN-ã and TNF-á on expression of cell membrane DAF (CD55)
in human bronchial epithelium cell line BEAS-2B. Bronchial epithelial cells were
stimulated with diVerent concentrations of IFN-ã and TNF-á for 72 hours and cell
membrane expression of DAF was then assayed by flow cytometry analysis. Three
experiments were performed for each cytokine. (A) Mean (SE) percentage change in
mean fluorescence intensity (MFI) of DAF in IFN-ã stimulated cells compared with
MFI of unstimulated cells that were otherwise treated in an identical manner (%
change from baseline MFI); *p<0.002 with respect to preceding values. (B) Flow
cytometry profiles of cell membrane DAF in unstimulated cells and in cells stimulated
with diVerent concentrations of IFN-ã for 72 hours. (C) Mean (SE) percentage change
in MFI of DAF in TNF-á stimulated cells.
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of 0.01–1000 U/ml had an inconsistent eVect
(data not shown). Complement C1q and C5
were not detected in unstimulated cells nor
after cytokine stimulation (data not shown).
CELL MEMBRANE CIP EXPRESSION

Unstimulated human bronchial epithelium cell
line BEAS-2B expressed MCP, DAF, and
CD59 (fig 2). Of the three cytokines studied
only IFN-ã (10 U/ml/72 h) had a statistically
significant modulating eVect on CIP expression, and only on DAF, increasing its expression after 72 h up to a mean of 130% above
that in unstimulated cells (fig 3). TNF-á
(10–1000 U/ml/72 h) increased DAF expression after 72 h up to a mean of 45% above that
in unstimulated cells (fig 3). Expression of
MCP and CD59 was not aVected by IFN-ã or
TNF-á. IL-1á had no eVect on any of the
studied cell membrane CIP molecules (data
not shown).
Discussion
This study has shown that human bronchial
epithelium cell line BEAS-2B generates complement C3 and expresses cell membrane CIP.
C3 generation and CIP expression in these
cells is a constant process that responds to
stimulation by proinflammatory cytokines.
These findings suggest that complement C3
may have a role in local airway defence, and it
may be important for maintaining local homeostasis before exudation of plasma proteins
into the air spaces. Complement C3 is a critical
protein in the activation cascade of both complement pathways. The alternative complement pathway is initiated by C3 activation and
acts immediately against oVending microorganisms, before specific antibodies are
produced.2 C3 derivatives such as C3b, iC3b,
and C3d are essential for opsonisation and
phagocytosis of various microorganisms and
for cell to cell adhesion.19 20 They also have
immunomodulatory eVects.3 Local generation
of C3 may also aVect airway function in
disease. C3a elicits histamine release, smooth
muscle contraction, and production of arachidonate metabolites.4
Our results showed that both IL-1á and
TNF-á had an upregulatory eVect on C3 generation by BEAS-2B bronchial epithelium
while IFN-ã had an inconsistent eVect. IL-1á
and TNF-á are present in the human respiratory tract where they are mainly generated by
active resident pulmonary macrophages.21 22
Human eosinophils may also generate these
cytokines.23 Both cytokines are considered to
have a prominent role in augmenting local airway immune defence mechanisms and it is very
possible that these cytokines may also aVect
local generation of complement C3. Our findings are supported by Rothman et al24 who
found that the human type II pneumocyte cell
line A549 generated C3 in response to IL-1á
while IFN-ã had no eVect.
The generation of complement proteins by
human bronchial epithelium has not been previously reported. However, generation of complement C3 in BEAS-2B human airway
epithelium is probably not limited to cells

originating from the lower airways. We have
found that human nasal epithelium in primary
cell cultures, supplemented with 5% fetal calf
serum and grown as described elsewhere,13 15
also generates complement C3 (unpublished
personal observations). Other human lung cells
such as type II alveolar cells25 and lung
fibroblasts26 have also been found to generate
complement, although this occurred in a
serum-containing medium.
Local generation of complement C3 is not
limited to the lung. Human renal tubular
epithelium was shown by Gerritsma et al27 to
generate C3 in a serum-free medium and its
generation was increased by IL-1á. Moutabarrik et al28 reported that glomerular epithelium
generated C3 in a serum-free medium and its
generation was increased especially after stimulation with IL-1â, and less so after stimulation
with TNF-á. These findings further support
our observations regarding local generation of
complement C3 by human airway epithelium
and its response to cytokine stimulation.
In the present study we found that human
bronchial epithelium expresses cell membrane
CIP molecules in a cell culture system in a
serum-free medium. The BEAS-2B cell line
can now be used for studying the biology of
bronchial epithelium CIP. We have shown
recently ex vivo in tissue biopsy specimens that
cell membrane CIP molecules are expressed
along the entire human respiratory tract from
nose to alveoli.12 We have also found that these
CIP molecules are expressed in primary cell
cultures of human nasal epithelium and in
human lung cancer cell lines grown in 5–10%
fetal calf serum.12 14 29 However, expression of
bronchial epithelial cell membrane CIP molecules in a serum-free medium, without the
presence of added or in vivo cytokines, was
examined only in the present study with
BEAS-2B cells. Cell membrane CIP expression in BEAS-2B human bronchial epithelial
cells is less prominent (personal observations)
than that in nasal epithelial cells and significantly less than that in lung cancer cell lines as
measured by flow cytometry.13
Our observation that cytokines modulate the
expression of cell membrane DAF in human
bronchial epithelium is also a novel one. Of the
three cytokines studied, IFN-ã was the most
potent at upregulating DAF expression while
TNF-á was much less eVective and IL-1á had
no eVect. IFN-ã is mainly generated by activated
T lymphocytes (TH0, TH1, CD8) and natural
killer (NK) cells and acts to augment local cellular immune defence in several ways including
the induction of cell membrane expression of
receptors and antigens such as class I and II
MHC antigens.30 Modulation of the airway epithelium cell membrane DAF by IFN-ã might
influence another aspect of local airway defence
by increasing airway epithelial cell resistance to
complement mediated lysis, aVecting airway tissue integrity and susceptibility to injury. This
possibility is suggested by our recent study in
which cell membrane DAF and CD59 were
shown to be critical for preventing complement
mediated cell lysis of human nasal epithelial cells
in primary cultures.15 In addition, modulation
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of DAF expression may aVect the function of
airway epithelial cells since DAF has also been
found to be involved in intracellular
signalling.31 32
Based on our recent studies,14 it appears that
the expression of DAF in human lung cancer
cell lines responds somewhat diVerently to
cytokine stimulation than in human bronchial
epithelium. DAF expression in ChaGo K-1
lung cancer cells was more sensitive and more
responsive to TNF-á stimulation than in
BEAS-2B cells. DAF expression in NCI-H596
lung cancer cells was more sensitive, and comparably responsive, to IFN-ã stimulation while
in ChaGo K-1 cells DAF expression showed a
small downregulatory response to IFN-ã.
IL-1á stimulated DAF expression in both lung
cancer cell lines while it had no eVect on DAF
expression in BEAS-2B human bronchial
epithelium. Whether these diVerences reflect
cell specific inherent diVerences, or mere
diVerences in cell culture conditions (serumfree versus serum containing media), is not
clear.
The modulation of bronchial epithelium cell
membrane DAF by cytokines shown in this in
vitro study is also supported by our previous
observations of increased expression of cell
membrane CIP in biopsy specimens of inflamed human respiratory tract tissue.12 In vivo
it is possible that proinflammatory cytokines
other than IFN-ã, and perhaps some growth
factors, may aVect the expression of DAF as
well as the expression of MCP and CD59. Our
observations of cytokine mediated modulation
of bronchial epithelium cell membrane CIP
expression are also supported by recent studies
of the eVect of proinflammatory cytokines on
cell membrane CIP expression in human
endothelial cells33 and human glomerular
epithelium.25
In summary, we have shown that the
BEAS-2B cell line of human bronchial epithelium constantly generates complement C3 in a
serum-free medium and that this is upregulated by IL-1á and TNF-á. We have also shown
that this bronchial epithelial cell line expresses
MCP, DAF, and CD59, and that DAF expression significantly increases in response to
stimulation with IFN-ã.
These observations may improve our understanding of the interrelationship between
human respiratory epithelium and the complement system, and add to our understanding of
local inflammatory mechanisms that may aVect
local airway defence, tissue integrity, and
airway function.
The authors are grateful to Ms Sara Gon-Paz for the word
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1 Bell, DY, Haseman JA, Alexande S, et al. Plasma proteins of
the lungs of smokers and non-smokers. Am Rev Respir Dis
1981;124:72–9.
2 Pangburn MK. Initiation and activation of the alternative
pathway of complement. In: Podack ER, ed. Cytolytic lymphocytes and complement receptors of the immune system.
Volume 1. Boca Raton, Florida: CRC Press, 1988: 42–56.
3 Meuth JL, Morgan EL, DiSipio RG, et al. Suppression of
T-lymphocyte functions by human C3 fragments. J Immunol 1983;130:2605–11.
4 Hugli TE. Biochemistry and biology of anaphylotoxines.
Complement 1986;3:111–27.
5 Kew RR, Ghebrehiwet B, JanoV A. Cigarette smoke can
activate the alternative pathway of complement in vitro by

369

modifying the third component of complement. J Clin
Invest 1985;75:1000–7.
6 Fick RB Jr, Robbins RA, Squier SU, et al. Complement activation in cystic fibrosis respiratory fluids in vivo and in vitro
generation of C5a and chemotactic activity. Pediatr Res
1986;20:1258–68.
7 Van de Graaf EA, Jansen HM, Bakker M, et al. ELISA of
complement C3a in bronchoalveolar lavage fluid. J Immunol Methods 1992;147:241–50.
8 Andersson M, Michel L, Llull JB, et al. Complement activation on the nasal surface - a feature of the immediate allergic reaction in the nose. Allergy 1994;49:242–5.
9 Bjornson AB, Mellencamp MA, SchiV GM. Complement is
activated in the upper respiratory tract during influenza
virus infection. Am Rev Respir Dis 1991;143:1062–6.
10 Davies A, Simmons DL, Hale G, et al. CD59, an LY-6-like
protein expressed in human lymphoid cells, regulates the
action of the complement membrane attack complex on
homologous cells. J Exp Med 1989;170:637–54.
11 Perlmutter DH, Colten HR. The role of complement in the
pathophysiology of lung diseases. In: Crystal RG, West JB,
eds. The lung. 2nd edn. Philadelphia: Lippincott-Raven,
1997: 841–57.
12 Varsano S, Frolkis I, Ophir D. Expression and distribution
of cell membrane complement regulatory glycoproteins
along the human respiratory tract. Am J Respir Crit Care
Med 1995;152:1087–93.
13 Varsano S, Rashkovsky L, Shapiro H, et al. Human lung
cancer cell lines express cell membrane complement
inhibitory proteins and are extremely resistant to
complement-mediated lysis: a comparison with normal
human respiratory epithelium in vitro and an insight into
mechanism(s) of resistance. Clin Exp Immunol 1998;113:
173–82.
14 Varsano S, Rashkovsky L, Shapiro H, et al. Cytokines
modulate expression of cell membrane complement inhibitory proteins in human lung cancer cell-lines. Am J Respir
Cell Mol Biol 1998;19:522–9.
15 Varsano S, Frolkis I, Rashkovsky L, et al. Protection of
human nasal respiratory epithelium from complementmediated lysis by cell membrane regulators of complement
activation. Am J Respir Cell Mol Biol 1996;15:731–7.
16 Bloemen PG, Tweel MC, Henricks PA, et al. Expression and
modulation of adhesion molecules on human bronchial
epithelial cells. Am J Respir Cell Mol Biol 1993;9:586–93.
17 Liszweski MK, Post MK, Attkinson JP. Newest member of
the regulators of complement activation gene cluster. Annu
Rev Immunol 1991;9:431–55.
18 Coyne KE, Hall SE, Thompson S, et al. Mapping of
epitopes, glycosylation sites, and complement regulatory
domains in human decay accelerating factor. J Immunol
1992;149:2906–13.
19 Arnaout MA, Colten HR. Complement C3 receptors:
structure and function. Mol Immunol 1983;21:1191–9.
20 Gaither TA, Vargas I, Inada S, et al. The complement C3d
facilitates phagocytosis by monocytes. Immunology 1987;
62:405–11.
21 Gosset P, Tsicopoulos A, Wallaert B, et al. Increased secretion of tumor necrosis factor á and interleukin-6 by alveolar macrophages consecutive to the development of the late
asthmatic attack reaction. J Allergy Clin Immunol 1991;88:
561–71.
22 Kelley J. Cytokines of the lung: state of art. Am Rev Respir
Dis 1990;141:765–88.
23 Moqbel R, Levi-SchaVer F, Kay AB. Cytokine generation by
eosinophils. J Allergy Clin Immunol 1994;94:1183–8.
24 Rothman BL, Despins AW, Kreutzer DL. Cytokine
regulation of C3 and C5 by the human type II pneumocyte
cell line, A549. J Immunol 1990;145:592–8.
25 Strunk RC, Eidlen DM, Mason RJ. Pulmonary alveolar type
II epithelial cells synthesize and secrete proteins of the classical and alternative complement pathways. J Clin Invest
1988;81:1419–26.
26 Rothman BL, Merrow M, Despins A, et al. EVect of
lipopolysaccharide on C3 and C5 production by human
lung cells. J Immunol 1989;143:196–202.
27 Gerritsma JS, Gerritsen AF, Van Kooten C, et al. IL-1á
enhances the biosynthesis of complement C3 and factor B
by human kidney proximal tubular epithelial cells in vitro.
Mol Immunol 1996;33:847–54.
28 Moutabarrik A, Nakanishi I, Matsumoto M, et al. Human
glomerular epithelial cells synthesize and secrete the third
component of complement. Nephron 1995;70:55–61.
29 Varsano S, Frolkis I, Shapiro H, et al. Human nasal epithelium adsorbs complement C3-related fragments and
expresses cell membrane complement regulatory proteins.
Laryngoscope 1996;106:599–604.
30 Trinchieri G, Perussia B. Immune interferon: a pleiotropic
lymphokine with multiple eVect. Immunol Today 1985;6:
131–6.
31 Davis LS, Patel SS, Atkinson JP, et al. Decay-accelerating
factor functions as a signal transducing molecule for
human T cells. J Immunol 1988;141:2246–52.
32 Shenoy-Scaria AM, Kwong J, Tujita T, et al. Signal
transduction through decay-accelerating factor: interaction
of glycosyl-phosphatidylinositol anchor and protein tyrosine kinases p56 lck and p59 fynl. J Immunol 1992;149:
3535–41.
33 Moutabarrik A, Nakanishi I, Namiki M, et al. Cytokinemediated regulation of the surface expression of complement regulatory proteins, CD46 (MCP), CD55 (DAF)
and CD59 on human vascular endothelial cells. Lymphokine Cytokine Res 1993;12:167–72.

Downloaded from http://thorax.bmj.com/ on October 13, 2017 - Published by group.bmj.com

Generation of complement C3 and expression
of cell membrane complement inhibitory
proteins by human bronchial epithelium cell
line
Shabtai Varsano, Marina Kaminsky, Meirav Kaiser and Ludmila Rashkovsky
Thorax 2000 55: 364-369

doi: 10.1136/thorax.55.5.364
Updated information and services can be found at:
http://thorax.bmj.com/content/55/5/364

These include:

References
Email alerting
service

Topic
Collections

This article cites 27 articles, 7 of which you can access for free at:
http://thorax.bmj.com/content/55/5/364#BIBL
Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Articles on similar topics can be found in the following collections
Inflammation (1020)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

