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Clqg-bearing immune complexes induce IL-8 secretion in human umbilical vein
endothelial cells (HUVEC) through protein tyrosine kinase- and mitogen-activated
protein kinase-dependent mechanisms: evidence that the 126 kD phagocytic Clq
receptor mediates immune complex activation of HUVEC

S. XIAO, C. XU & J. N. JARVIS Department of Pedatrics, Rheumatology Research, University of Oklahoma Health Sciences

Center and the Children’s Hospital of Oklahoma, Oklahoma City, USA

(Accepted for publication 24 April 2001)

SUMMARY

Endothelial cells play a pivotal role in the initiation and perpetuation of inflammation. Clq, the first
component of the classical pathway of complement, is a potent stimulus leading to endothelial cell
activation and cytokine production. The specific cellular mechanisms through which endothelial cells
are stimulated by Clq are not known. We stimulated human umbilical vein endothelial cells (HUVEC)
with either monomeric Clq or Clg-bearing immune complexes (C1q-IC) in the presence or absence of
inhibitors of protein tyrosine kinases (PTK) or mitogen-activated protein kinases (MAPK). C1q-IC, but
not monomeric Clq, induced IL-8 production in dose- and time-dependent fashion. R3, a cross-linking
monoclonal IgM antibody against the126 kD phagocytic Clq receptor (C1qR), also stimulated IL-8
production. IL-8 mRNA accumulation was detected by Northern blot analysis within 2 h of stimulation
by the immune complexes and was enhanced by the addition of cycloheximide. Secretion of IL-8 by
C1qg-IC stimulated HUVEC was completely blocked by the PTK inhibitor, genistein or the MAPK
inhibitor, UO126. These experiments demonstrate that C1q-IC-induced production of IL-8 in HUVEC is
dependent upon the activation of PTK and MAPK. These findings also support a role for the phagocytic

C1qR as an important activator of HUVEC by immune complexes.
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INTRODUCTION

Endothelial cells regulate molecular and cellular movement across
the vessel wall by serving as the source of multiple factors and
mediators that are critical for normal homeostasis [1]. In addition,
endothelial cells represent an important part of the immune
system, participating in immunoregulatory and inflammatory
events by secreting proinflammatory mediators, upregulating
adhesion molecules, and expressing receptors for inflammatory
stimuli [2,3].

Immune complex accumulation in circulation or tissues is
implicated in a broad spectrum of human diseases characterized
by acute and/or chronic inflammation, including rheumatoid
arthritis [4,5], juvenile rheumatoid arthritis [6,7] and systemic
lupus erythematosus [8,9]. Injury to host tissue in immune
complex disease is attributed, in part, to the capacity of
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IgG-containing complexes to activate the complement cascade,
resulting in the release of phlogistic C4a and C3a peptides.

Recent studies have shown that complement and other soluble
mediators of inflammation can stimulate the inflammatory
function of endothelial cells in vitro. For example, endothelial
cells express receptors for C5a, which regulate expression of P-
selectin [10]. Endothelial cells also interact with complement
components C5b-9 [11].

Human umbilical vein endothelial cells (HUVEC), a cell line
frequently used for in vitro models of inflammation, possess at
least one receptor capable of binding Clg-bearing immune
complexes [12]. However, the specific C1q binding proteins that
mediate binding of immune complexes to HUVEC remains
unclear. There are three potential candidates: one for the globular
‘heads’ of the Clq molecule (‘gC1qR’) [13] and two for the
collagen-like ‘stalks’. It has been shown recently, however, that
the gC1gR is an intracellular binding protein, not a true ‘receptor’.
[14]. Similarly, the 60 kD ‘receptor’ for the Clq collagenous
portion now appears to be indistinguishable from calreticulin, an
intracellular calcium binding protein [15]. Although both these
receptors may be exposed to the extracellular environment in
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apoptotic blebs [16], neither appears to be a classic-type
transmembrane receptor. A third Clq binding protein, the so-
called phagocytic Clq receptor (C1qRp), was identified by its
capacity to enhance IgG-mediated phagocytosis in leucocytes
[17]. This receptor is expressed on human umbilical vein
endothelial cells (HUVEC) [18] and contains intracellular motifs
compatible with its being a tyrosine-kinase-activated receptor.

Binding of Clg-bearing immune complexes to HUVEC
induces the expression of the adhesion molecules E-selectin,
ICAM-1 and VCAM-1 [19], and the secretion of chemokines IL-8
and MCP-1 and the cytokine IL-6 [20]. Thus, immune complex
stimulation of endothelium is a potentially important pathological
phenomenon, and understanding its mechanisms is likely to
deepen our understanding of chronic inflammatory disease.

We used Clg-bearing immune complexes to stimulate
HUVEC in experiments designed to clarify the mechanisms
through which such complexes activate endothelial cells.

MATERIALS AND METHODS

Proteins and antibodies

Bovine serum albumin (BSA) was obtained in fatty acid free form
from Sigma (St Louis, MO, USA). Rabbit IgG anti-BSA antibody
was obtained from ICN/Capel (Durham, NC, USA). Purified
human Clq (glycerol-free) was obtained from Advanced Research
Technologies (San Diego, CA, USA). Recombinant human
TNFa, monoclonal anti-IL-8, HRP-conjugated polyclonal anti-
IL-8 and recombinant IL-8 standards used for ELISA assays were
obtained from R&D (Minneapolis, MN, USA). Goat antihuman
Clq and goat antimouse IgG antibodies and murine IgM were
purchased from Sigma. R3 IgM murine monoclonal antibody to
the phagocytic 126 kD Clq receptor (C1qRp) [17] was a kind gift
from Dr Andrea Tenner (University of California, Irvine, USA).
Antibodies to the p44/42 extracellular signal-regulated (ERK)
MAP kinase and E10 MoAb specific for the phosphorylated forms
of the 44/42 MAP kinases were purchased from New England
Biolabs (Beverly, MA, USA).

Reagents

M199 media, L-glutamine, penicillin, streptomycin and Trizol
were purchased from Gibco (Grand Island, NY, USA). Human
serum was obtained from Irvine Scientific (Santa Ana, CA, USA).
IL-8 and B-actin primers, used to generate probes for Northern
blotting experiments, were purchased from ClonTech (Palo Alto,
CA, USA). The BCA protein assay kit, which was used for protein
quantification using bicinchinic acid, was obtained from Pierce
(Rockford, IL, USA). Bacterial lipopolysaccharide (LPS), cyclo-
heximide, genistein, LPS-free gelatin and polymyxin B were
purchased from Sigma. Phenylmethylsulphonyl fluoride (PMSF),
pepstatin A, sodium orthovanadate, NP-40 and sodium dodecyl
sulphate were also purchased from Sigma. UO126, a specific
inhibitor of the Erk-1/2 mitogen-activated protein kinases
(MAPK), was purchased from Promega (Madison, WI, USA).
All other reagents were obtained from Fisher Scientific (Pitts-
burgh, PA, USA) unless otherwise noted.

Endothelial cell cultures

Primary cultures of human umbilical vein endothelial cells
(HUVEC) were established from umbilical cords taken after the
delivery of healthy term newborns. Human investigation commit-
tee approval was obtained for the use of the umbilical cord

specimens. Isolation and characterization of HUVEC was under-
taken exactly as described [21]. Briefly, umbilical cord veins were
flushed with Hanks’s balanced salt solution (HBSS) and incubated
with 0-1% collagenase in HBSS for 10 min at 37°C. HUVEC were
isolated and cultured in medium 199 containing 20% human
serum, 2 mM glutamine, 100 U/ml penicillin and 100 wg/ml of
streptomycin as described. Cells were grown to confluence on
LPS-free, gelatin-coated tissue culture plastic. Cells were used in
the first to fifth cell passages. Pharmacological agents, dissolved
in fresh medium, were added to confluent cell monolayers for the
time intervals and at the final concentrations indicated in the text.
As a control, fresh medium lacking the agent was added to cells.

Immune complex preparation

BSA-anti-BSA immune complexes were formed at 2 X antigen
excess in PBS. The equivalence point was measured by a
turbidometric assay as described previously [22]. Immune
complexes were formed in PBS in the presence of 50 wg/ml
purified human Clq at 37°C for 60 min. Insoluble material was
removed by centrifugation. The complexes were separated from
uncomplexed antigen and antibody by using size-exclusion
chromatography on S-300 equilibrated with PBS as described
previously [23]. The exclusion volume, representing material
=1.5 x 10° MW was saved and concentrated to 4—6 mg/ml by
ultrafiltration. The protein concentrations of immune complex
preparations were measured using the BCA protein assay.

Incubation of HUVEC with immune complexes and anti-C1qRp
antibody

HUVEC were incubated with Clqg-bearing immune complexes at
concentrations ranging from 25 to 800 pg/ml and time courses
ranging from 24 to 72 h. Immune complex concentrations were
within the range of those found in plasma in patients with a broad
range of chronic inflammatory diseases, including juvenile
rheumatoid arthritis [7] and systemic lupus erythematosus [24].
Medium was collected and stored at —70°C until used for the
measurement of IL-8 concentrations. In selected experiments,
HUVEC were exposed to the complexes for 2 h, washed with
fresh medium, then cultured for an additional 34 h before culture
supernatants were collected.

Several other experiments were performed in order to clarify
the specific nature of the receptor(s) responsible for biological
effects induced by Clqg-bearing immune complexes. In one set of
experiments, Clg-bearing immune complexes were preincubated
with 800 wg/ml polyclonal anti-C1q antibody prior to their being
added to the cells. In another set of experiments, murine R3 IgM
MoADb to the126 kD C1qRp (10 pwg/ml) was used to cross-link the
receptor. Cells were then incubated and IL-8 was measured in
tissue culture supernatants exactly as described above.

In selected experiments, cells were incubated with inhibitors
of protein tyrosine kinase (PTK) (genistein), and MAPK (UO126).
Inhibitors were added over a range of concentrations to confirm
biological effects.

Negative controls were also undertaken to assure that effects
attributed to C1qg-bearing immune complex (C1qg-IC) were not due
to small amounts of contaminating LPS. In these experiments, the
C1qIC were heated to 100°F for 5 min prior to their being added
to the cells. This procedure completely degrades and inactivates
the immune complexes but not heat-stable LPS [25].
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Fig. 1. IL-8 secretion after stimulation of HUVEC by CIqIC. (a)
Confluent monolayers of HUVEC were treated with 400 ug/ml Clq-IC,
100 U/ml human TNFa or 10 ng/ml LPS for 24 h. Levels of IL-8
secretion achieved with C1qIC were identical to those achieved with either
TNFa or LPS. (b) Concentration-dependent secretion of IL-8 by HUVEC
incubated with increasing doses of C1qIC for 24 h. (c) Kinetics of IL-8
secretion by HUVEC after incubation with 400 wg/ml (M) ClqIC or
100 pwg/ml BSA (A) for the indicated times. Detectable levels of IL-8
above background were found in cell culture supernates within 4 h and
continued to increase throughout the 72 h incubation period. IL-8
concentrations were measured in cell cuture supernates by ELISA. Results
are means * s.e.m. of three to five independent experiments.

Quantification of IL-8 by ELISA

IL-8 antigen in the supernatants was measured by ELISA using a
standard ‘sandwich’ technique as described [26]. The sensitivity
of the assay is 2-5 pg/ml, and the assay is linear at IL-8
concentrations ranging from 16 to 2000 pg/ml. Differences
between experimental and control specimens were analysed by
two-tailed Student’s #-tests using a commercially available
statistical software program (GraphPad Prism, San Diego, CA,
USA).

Northern blotting for IL-8 mRNA

HUVEC were cultured and incubated with Clg-bearing immune
complexes exactly as described above. In selected experiments,
HUVEC were incubated with Clqg-bearing immune complexes in
the presence of 5 wg/ml cycloheximide (which inhibits protein
biosynthesis). Medium was removed and cells lysed with Trizol
reagent. Total RNA was extracted exactly as recommended by the
manufacturer. Denatured RNA was then subjected to electrophor-
esis in 1% agarose/0-66 M formaldehyde gels. RNA was
transferred overnight in 20x SSC buffer to nylon membranes
and cross-linked to the membranes with UV light. The cDNA
probes used for IL-8 and f-actin blots were generated by
polymerase chain reaction using commercially available primers
and DNA templates for IL-8 and B-actin as described previously
[25]. The probes were labelled using a commercially available
chemiluminescence system (Amersham, Arlington, IL, USA).
Prehybridization, hybridization, stringency washes and detection
of the bound probe were then performed exactly as recommended
by the manufacturer. X-ray films were incubated with membranes
for periods varying from 3 min to 3 h prior to the development of
luminograms.

Immunoblotting for activated Erkl/2 in HUVEC lysates

HUVEC seeded in 35-mm or 60-mm dishes were stimulated with
Cl1q-IC (400 wg/ml) for time periods ranging from 5 to 30 min at
37°C. Reactions were stopped by washing the cells with cold PBS
(4°C) followed by stop buffer containing 2 mm PMSF, 3 mm Na-
EDTA, 1 uM pepstatin A and 20 nM iodoacetamide at 4°C. The
stop solution was aspirated after 10 min and lysis buffer (2% NP-
40, 0-5% SDS, 5 mm EDTA, 10 mM NaF, and vanadate 0-2 mg/
ml in TBS buffer, 0-8% NaCl, 0-02% KCI and 0-3% Tris base
pH 7-4) was added. Proteins were separated by sodium dodecyl
sulphate-polyacrylamide electrophoresis (SDS-PAGE) and trans-
ferred electrophoretically to nitrocelulose membranes. Western
blotting was performed using MAPK p44/42 antibody and E10
MoAb specific for the phosphorylated for of the p44/42 MAPK
exactly as recommended by the manufacturer.

RESULTS

Clg-bearing immune complexes induce IL-8 secretion from
HUVEC in a concentration- and time-dependent manner

In the first set of experiments, we treated confluent HUVEC
monolayers with a single concentration of C1q-IC (400 wg/ml)
for 24 h. Unstimulated HUVEC produced a low level of
background secretion of IL-8 protein. Stimulation of HUVEC
with C1g-IC resulted in a greater than 13-fold increase in IL-8
secretion (7-9 = 0-9 versus 108-4 = 7-9 ng/ml). This was within
the same range as IL-8 secretion in HUVEC stimulated with
100 U/ml TNFa (1017 = 5-6 ng/ml) or 10 ng/ml LPS
(107-6 = 12-7 ng/ml) for 24 h (Fig. 1a).

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 125:360-367



Clq Stimulation of HUVEC 363

120
1

60 -

IL-8 (ng/ml)

30 -

.

H %
Rabbit IgG /A

HUVEC D
C1qlC

Q
2
(&)
°
L

C1q(50 ug)
C1q(100 ug)
Anti-C1q

Bo

Fig. 2. Specificity of Clq immune complexes. Confluent monolayers of
HUVEC were treated with C1g-IC (400 pg/ml) or monomeric Clq (50 or
100 wg/ml), boiled C1q-IC (400 wg/ml), anti-Clq antibody (800 wg/ml)
mixed with Clq-IC (400 ug/ml) or rabbit IgG anti-BSA antibody
(400 pg/ml), respectively, for 24 h. Only Clg-IC stimulated IL-8
secretion from the cells. Preincubating the complexes with polyclonal
goat antihuman Clq antibody (‘Anti-Clq’) significantly reduced the
capacity of the complexes to induce IL-8 secretion. IL-8 was measured in
cell culture supernates by ELISA. Results are means * s.e.m. of three
independent experiments.

Dose—response effects were then measured using C1g-IC in
concentrations ranging from 25 to 400 pg/ml for 24 h. Clq-IC
increased the level of IL-8 in a dose-dependent manner, as shown
in Fig. 1b. Kinetics studies showed an unusual pattern from that
not observed in immune complex stimulated lymphocytes [22] or
human choriocarcinoma cells [27]. Increases in IL-8 concentration
in the cell culture supernatants were detectable within 4 h after
stimulation of the cells, but continued to rise steadily over the
entire 72-h period over which the cells were cultured. No
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Fig. 3. IL-8 mRNA expression after stimulation of HUVEC by Cl1qIC. (a)
Confluent monolayers of HUVEC were treated with 400 pg/ml Clqg-IC.
After the indicated time points, total RNA was isolated, and 20 ug of
RNA was subjected to electrophoresis and transferred to nylon membranes
for Northern analysis. The same membrane was sequentially hybridized
with IL-8 and -actin cDNA probes. HUVEC were treated in the presence
or absence of 5 wg/ml cycloheximide as shown. IL-8 mRNA was
detectable within 2 h in immune complex-stimulated HUVEC and was
sustained out to 24 h, the last time period examined. Cycloheximide
enhanced IL-8 mRNA accumulation. Cycloheximide-induced enhance-
ment of IL-8 mRNA accumulation was also seen in HUVEC stimulated
with TNFa (not shown). Results shown are representative of three
independent experiments.

significant secretion was detected after incubation with BSA
(Fig. 1c). These same results were also obtained when cells were
washed and placed in fresh medium 2 h after exposure to the
immune complexes (data not shown).

Uncomplexed C1q at doses of 50 and 100 wg/ml did not elicit
IL-8 secretion from HUVEC (Fig. 2). Similarly, no increases in
IL-8 secretion above background were seen using uncomplexed
rabbit IgG anti-BSA antibody. Heating the immune complex
preparations completely abrogated their capacity to elicit IL-8
secretion from the cells, demonstrating that IL-8 secretion was not
due to LPS contamination of the complexes. Pre-incubating C1g-
IC with polyclonal anti-Clq antibody (Fig. 2) significantly
reduced their capacity to stimulate IL-8 secretion from the
HUVEC (1084 = 11-7 versus 45-9 £ 7.9, P < 0-0001).

Superinduction of IL-8 mRNA

Figure 3a shows a representative Northern blot analysis of IL-8
mRNA expression in HUVEC stimulated with Clg-IC. IL-8
mRNA was not detected in unstimulated HUVEC, but was
detectable in Clg-IC-activated HUVEC as early as 2 h after
stimulation. IL-8 mRNA accumulation peaked at 4 h, after which
levels diminished. However, IL-8 mRNA was still detectable 24 h
after stimulation of the cells with immune complexes. IL-8 mRNA
expression was not dependent upon prior synthesis of other
protein mediators. Cycloheximide, a potent inhibitor of protein
synthesis enhanced rather than diminished IL-8 mRNA expres-
sion. This pattern of IL-8 induction in HUVEC was identical to
that observed in HUVEC stimulated with 100 U/ml TNF« (data
not shown).

Effects of the anti-Cl1qRp I1gM MoAb R3 on IL-8 production from
HUVEC
At least three Clg-binding proteins expressed in HUVEC may
mediate cellular activation. However, only the 126 kD CIqRp is
unequivocally expressed on the resting cell surface, and only the
C1qRp possesses the structure of a signal-transducing transmem-
brane receptor. Experiments were therefore undertaken to
examine the potential role of the ClgRp in inducing IL-8
secretion from HUVEC. HUVEC were incubated with 10 pwg/ml
mouse IgM R3 MoAb to the 126 kD C1qRp or control mouse IgM
for 24 h, after which IL-8 levels were measured in the cell culture
supernatants. A significant increase in IL-8 secretion over
background was seen in antibody-stimulated cells. (Fig. 4a). The
kinetics of IL-8 secretion in response to the R3 were nearly
identical to those seen with HUVEC stimulated with ClgIC
(Fig. 4b). That is, IL-8 levels above background were detectable
within 24 h and continued to increase over the 72 h time period.
In an additional set of experiments, we added R3 and Clqg-
bearing immune complexes to HUVEC simultaneously to see
whether there would be increases in IL-8 secretion through
additive or synergistic mechanisms. No increase in IL-8 secretion
was seen seen under these conditions (data not shown).

Role of PTK and MAPK in IL-8 secretion from C1qlC-stimulated
HUVEC

To assess the role of PTK in the secretion of IL-8 by Clq-IC-
stimulated HUVEC, we treated HUVEC with Clg-IC (400 ng/
ml) in the presence or absence of the PTK inhibitor, genistein.
Genistein reduced IL-8 secretion by 90% at the highest
concentration used (200 wM; Fig. 5a). This inhibitory effect was
significant (P < 0-05) at all concentrations (25-200 uM).
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Fig. 4. Effects of anti-C1qR R3 murine IgM MoAb on IL-8 production
from HUVEC. (a) Confluent monolayers of HUVEC were treated with
10 wg/ml R3 IgM MoAD to to 127 kD ClqRp or 400 wg/ml Clg-IC for
24-h. (b) Kinetics of IL-8 secretion in HUVEC were treated with 10 pg/ml
R3 MoAb or mouse IgM for the indicated time periods. IL-8 was measured
in cell cultured supernates by ELISA. Results are means = s.e.m. of three
independent experiments. @, R3 (10 pg/ml); O, mouse IgM.

A common feature of many PTK-dependent receptors is the
‘downstream’ activation of a family of serine—threonine protein
phosphokinases known collectively as MAPK. Involvement of
MAPK in the activation of HUVEC treated with ClqIC was
examined using the specific MAPK inhibitor, UO126. UO126 acts
by inhibiting the activation of MEK (‘MAP kinase kinase’), the
enzyme that activates the 42/40 kD MAP kinases (Erk-1/Erk-2).
Negative controls consisted of cells treated with DMSO, the
vehicle used to dissolve the specific inhibitor. As shown in
Fig. 5b, UO126 inhibited IL-8 secretion in immune complex-
stimulated HUVEC in a dose-dependent fashion. DMSO had no
such inhibitory effect (data not shown). Western blotting for
activated forms of the ERK-1/2 MAP kinases demonstrated time-
dependent phosphorylation of the 44/42 kD doublet that was
completely abolished by the addition of UO126 at a concentration
of 100 M.

DISCUSSION

The accumulation of immune complexes in the circulation or
tissues is a pathological event [28] and is associated with many
human diseases, including systemic lupus erythematosus [29],
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Fig. 5. Effects of PTK and PKC inhibitors on IL-8 secretion from C1qIC-
treated HUVEC. (a) Dose-response effects observed in confluent
monolayers of HUVEC preincubated with 0-200 uM genistein for
30 min and then stimulated with 400 wg/ml Clg-IC for 24 h. DMSO
(1%) was used as the solvent control. (b) Dose—response effects observed
in HUVEC treated with the MAPK inhibitor, UO126 at 0—-100 uM. ELISA
assays were used to measure concentrations of IL-8 in cell culture
supernates. Results are means = s.e.m. of three independent experiments.
(c) Effects of UO126 on ERK1/2 activation in C1qg-IC-stimulated HUVEC.
HUVEC were pretreated with 100 uM of UO126 or conditional media for
30 min, followed by 400 wg/ml C1gIC for the indicated time periods.
Cells were lysed and proteins separated by SDS-PAGE followed by
Western blotting using an anti-ERK1/2 or E10 MoAb that recognizes only
the phosphorylated forms of ERK1/ERK2. ERKI1 appears as the upper
band (44 kD); ERK2 appears as the lower band (42 kD). The results
shown are representative of three to five independent experiments.

rheumatoid arthritis [5] and idiopathic glomerulonephritis [30]. A
common feature of many diseases associated with immune
complex accumulation in the circulation is the presence of
vasculitis, inflammation in blood vessel wall and in perivascular
tissue. Thus, many of the pathological features of these diseases
may be mediated by immune complex binding to and activation of
the endothelium, with subsequent leucocyte recruitment to sites of
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immune complex deposition. Although Fcy receptors (FcyR) are
not constitutively expressed on endothelial cell lines commonly
used to model vascular pathogenesis [31] (dermal microvascular
endothelial cells are a notable exception [32]), HUVEC are known
to bind immune complexes through the first component of
complement, Clq [12]. We present data here supporting the
hypothesis that the relevant receptor mediating HUVEC activation
after immune complex binding is the 126 kD C1qRp, previously
recognized for its capacity to enhance phagocytosis in leucocytes
[17].

Van den berg and colleagues [20] were the first to demonstrate
the capacity of Clq to elicit cytokine secretion from HUVEC.
These authors demonstrated that the globular heads of C1q did not
elicit cytokine secretion from the cells, consistent with their
previous observation that the gC1qR (receptor for the globular
heads of C1q) is an intracellular protein in HUVEC [14]. Collagen
stalks, however, did elicit IL-8 secretion, and these authors
speculated that the previously described cClgR/calreticulin
receptor, may participate in activating HUVEC after C1q binding.
However, the C1gRp also binds the collagen-like region of C1q[9
33], and our data strongly support its role in the IL-8 secretion
from immune complex-activated HUVEC. Further support for a
role for the 126 kD receptor as an activator of endothelial cells
was reported recently in abstract form [34]. In that study, Reiss
and colleagues demonstrated that the down-regulation of choles-
terol 27-hyroxylase on human aortic endothelium that occurs in
response to immune complex binding could be inhibited by
antibody to the 126 kD ClgRp. In our experiments, we cross-
linked the C1qRp using a murine monoclonal IgM antibody to the
receptor and observed IL-8 secretion identical in levels and
kinetics to those obtained using C1qIC. Our findings differed from
those of van den Berg and colleagues in that, in our experiments,
uncomplexed C1q did not activate HUVEC and therefore parallel
what other authors have described with Clg-activated platelets
[35]. The reason for this disparity is not immediately evident,
although Van den Berg and colleagues state that there may have
been Clq multimers in their C1q preparation [20]. Such multimers
may therefore have cross-linked the relevant C1qR sufficiently to
cause activation.

The immune complexes we used in this study differed, of
course, from complexes that might be found in pathological states.
They were intended as a model for those diseases, such as
systemic lupus erythematosus (SLE) [36] and rheumatoid arthritis
[37], where Clg-bearing complexes are known to be involved in
disease pathogenesis or in specific disease manifestations. Since
we have shown previously that both size and composition are
important regulators of the biological behaviour of immune
complexes [22], the model nature of the immune complexes we
used here must be considered in interpreting our findings. We
have, however, used immune complexes prepared by polyethylene
glycol precipitation from synovial fluids of children with juvenile
chronic arthritis and obtained results identical to those obtained
with the model Clg-bearing immune complexes used here.
Indeed, material obtained from patients results in significantly
higher levels of IL-8 secretion than we achieve with C1q-BSA-
anti-BSA (unpublished data).

It is important to note that what we have modelled here is
pathological, not physiological. It is highly unlikely that, in a
healthy host, Clg-bearing immune complexes interact in any
substantial way with endothelium. Under physiological condi-
tions, immune complexes bind other complement components

(C4b, C3b), which facilitates their binding to complement
receptors on phagocytic cells and erythrocytes [38]. Once bound,
complexes are carried to the liver and spleen, where they are
cleared by cells of the monocyte/phagocytic system [39]. Thus,
activation of endothelial cells by immune complexes very
probably occurs only under pathological situations where normal
immune complex buffering and clearance mechanisms are over-
whelmed.

Although various studies have recently identified several
functional effects of Clq-bearing immune complexes on endothe-
lial cells or other cell types, little is known about postreceptor
events that mediate and propagate the C1g-IC-induced signal. Our
studies therefore extend those of van den Berg and colleagues by
elucidating the mechanisms through which Clqg-IC elicit IL-8
secretion from HUVEC. The structure of the C1qRp has recently
been deduced from cDNA cloning [40] and its intracytoplasmic
domain (47 amino acids) contains a single tyrosine at position
644. This tyrosine resides within a consensus motif (R/KX,_3;D/
EX,_3Y) recognized by PTK. Of the Clq binding proteins
expressed infon HUVEC, only the ClqRp contains such an
activation motif. Thus, the inhibition of IL-8 secretion observed in
the presence of genistein, an inhibitor of PTK and angiogenesis
[41], further supports a role for the C1qRp in the activation of
HUVEC by immune complexes.

A common ‘downstream’ pathway used by PTK-activated
receptors is the activation of a family of serime/threonine protein
tyrosine kinases known collectively as MAP kinases. Both
extracellular signal-regulated kinases (ERK 1/2) and p38 path-
ways are involved in IL-8 regulation in human monocytes/
marophages and neutrophils [42]. Our studies show that the ERK
1/2 pathway is also activated in immune complex-stimulated
HUVEC. UOI126, a novel and potent inhibitor of MEK, the
enzyme that phosphorylates the ERK 1/2 kinases, efficiently
blocked IL-8 production in HUVEC in response to Clg-bearing
IC. We obtained a similar result using TNFa to stimulate IL-8
secretion from HUVEC (data not shown).

Another notable finding in our studies was the effect of
cycloheximide on IL-8 mRNA expression in C1q-IC-stimulated
HUVEC. The IL-8 gene, like most cytokine genes, is under
complicated regulatory control mediated through multiple up-
stream elements, including NFxB, NF-IL-6, AP-1 [43] and C/EBP
[44] sites. In monocytes stimulated with either PHA or LPS, IL-8
mRNA expression is inhibited by cycloheximide [45] demonstrat-
ing that, in these cells with these stimuli, prior protein synthesis is
required for IL-8 mRNA expression. The same finding has been
reported in monocytic cell lines stimulated with IFN-y [46].
These observations are consistent with what we and others have
reported in immune complex-stimulated PBMC [26], where IL-183
and TNFa mRNAs appear before IL-8, and support the concept of
a ‘cascade’ effect regulating the expression of specific cytokines
at the initiation of inflammation [47]. In contrast, we found that
cycloheximide enhanced IL-8 mRNA expression in HUVEC,
suggesting that IL-8 transcription is a direct effect of C1q receptor
ligation and not dependent on prior secretion of other cytokines.
This ‘superinduction’ in the presence of cycloheximide has been
observed in other models, including IL-8 in TNFa-stimulated
synovial fibroblasts [48]. We observed the same effect in TNFa-
stimulated HUVEC. These findings may relate to the capacity of
cycloheximide to inhibit the regeneration of IkB or related
inhibitors after the initial stimulatory events [49].

Taken together, our findings help clarify the mechanisms
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through which Clg-bearing immune complexes induce IL-8
secretion from HUVEC, as described originally by Van den Berg
and colleagues [20]. We propose that the relevant receptor is the
ClgRp. Ligation of this receptor leads to a rapid sequence of PTK
and MAPK activation and IL-8 gene transcription, which is the
direct result of CIgR ligation and not dependent upon the
synthesis of intermediary proteins. Furthermore, activation results
in prolonged secretion of IL-8 and sustained IL-8 mRNA
expression.

These data are informative concerning the role of immune
complexes in the pathophysiology of chronic inflammatory
disease, particularly those characterized by vascular and perivas-
cular inflammation. The immediate and sustained secretion of IL-
8 resulting from immune complex binding to endothelium would
provide a potent chemoattractant signal for both neutrophils and
lymphocytes. Furthermore, immune complex-stimulated HUVEC
also express the cell-surface adhesion molecules required for
leucocyte arrest and transmigration [19]. Thus, the presence of
circulating immune complexes in human illnesses associated with
vasculitis or perivascular inflammation in specific inflamed
tissues (e.g. the rheumatoid synovium) may not be coincidental.
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