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Abstract
Objective—Plasma high-molecular-weight kininogen (HK) is cleaved in inflammatory diseases by
kallikrein to HKa with release of bradykinin (BK). We postulated a direct link between HKa and
cytokine/chemokine release.

Methods and Results—HKa, but not BK, releases cytokines tumor necrosis factor (TNF)-α,
interleukin (IL)-1β, IL-6, and chemokines IL-8 and MCP-1 from isolated human mononuclear cells.
At a concentration of 600 nM, glutathione-S-transferase (GST) fusion proteins of kininogen domain
3 (D3), a fragment of domain 3, E7P (aaG255-Q292), HK domain 5 (D5), the D5 recombinant
peptides HG (aa K420-D474) and HGK (aa H475-S626) stimulated secretion of IL-1β from
mononuclear cells. Monoclonal antibodies (MAbs) specific for D5 or specific for D3 blocked release
of IL-1β by HKa, supporting the importance of both domains. Antibodies to HK receptors on
leukocytes including Mac-1, LFA-1, uPAR, and C1qR inhibited IL-1β secretion induced by tKa 98%,
89%, 85%, and 62%, respectively. Fractionation of mononuclear cells identified the responsible cell,
a blood monocyte. Inhibitors of signaling pathways NFkB, JNK, and p38 but not extracellular signal-
regulated kinase (ERK) decreased cytokine release from mononuclear cells. HKa increased the
synthesis of IL-1β as deduced by an increase of IL-1β mRNA at 1 to 2 hours.

Conclusions—HKa domains 3 and 5 may contribute to the pathogenesis of inflammatory diseases
by releasing IL-1β from human monocytes using intracellular signaling pathways initiated by uPAR,
β2 integrins and gC1qR.
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From the discovery of kininogen,1 the kallikrein–kinin system (KKS) has been intimately
involved with inflammation. Plasma kallikrein cleaves HK to form BK and cleaved HK (HKa),
which differs from HK because of major conformational changes.2 BK increases capillary
permeability by opening the tight junctions between endothelial cells and directly stimulates
nerve endings causing pain, and is a potent vasodilator directly relaxing smooth muscles by
releasing PGI2. The sum of these effects of BK reproduces many but not all aspects of
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inflammation. Emphasis in the past decade has shifted from contributions of HK to the humoral
aspects of inflammation to its cellular participation, particularly interactions of HKa with
leukocytes and endothelial cells.3 Receptors on either or both of these cell types include
selectins, which mediate leukocyte rolling and integrins, which mediate cell adhesion. Cellular
proteases such as matrix metalloproteases degrade extracellular matrix protein in the basement
membrane, facilitating neutrophil and mononuclear cell migration and emigration into tissues.
The activation and participation of the KKS has been documented in inflammatory bowel
disease4 and arthritis5 in rodents, which are models for human diseases such as rheumatoid
arthritis and Crohns disease. Cytokines and chemokines released primarily but not exclusively
from monocytes and tissue macrophages are known to play a central role in human
inflammatory diseases.

A missing link in this pathophysiologic sequence is a direct link between the KKS and
chemokine formation and secretion. Up until now, only factor XII was known to interact with
monocytes to release IL-1.6 We have previously shown that HK binds specifically and
saturably to human neutrophils with a Kd of 9 nM.7 The receptor involved is Mac-1 (CD11a/
CD18).8 HKa can displace fibrinogen from Mac-1 because of its higher affinity and thus exerts
an anti-adhesive effect.9 HKa has been shown to be at least 10-fold more effective on detaching
neutrophils from negatively charged surfaces than HK. We demonstrated that HKa can inhibit
the formation of a signaling complex involving uPAR, which binds to an integrin (αvβ3 or
α5β), which in turn complexes with caveolin to activate Syk kinase.10 This enzyme then
phosphorylates focal adhesion kinase which phosphorylates its substrate, paxcillin, a reaction
that occurs at focal adhesion plaques. Thus, HKa is capable of inhibiting intracellular changes
that modulate signaling of endothelial cells.

The monocyte is known to display uPAR, Mac-1, and when stimulated globular head of C1q
receptor (gC1qR) on its surface. Therefore, we postulated that HKa might stimulate monocyte
activation by binding to all 3 receptors. HKa contains 2 of its 6 domains involved with cell
binding. Both D3 and D5 are needed for binding to Mac-111 but only D5, which is highly
exposed in HKa, is needed for binding to uPAR. When monocytes are activated, they synthesize
and/or secrete both cytokines and chemokines. The process of inflammation requires the
participation of inflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin
(IL)-1β, and IL-6. In addition, chemokines such as IL-8 and monocyte chemotactic peptide 1
(MCP-1) play a major role in the migration of monocytes.

Therefore, we tested the hypothesis that HKa would lead to secretion and synthesis of
inflammatory cytokines by binding to monocytes. If this were true, it would provide the link
between KKS activation and inflammation. We also assess the mechanisms by which this
occurs. We determine which domains and peptides of HKa are required. We also define the
monocyte receptors that are responsible for binding HKa as well as the signaling pathways
involved in cytokine release.

Materials and Methods
Proteins and Antibodies

HK, HKa, and LK were purchased from Enzyme Research Laboratories (South Bend, Ind).
HK was >95% a single band of 110 kDA on both nonreduced and reduced SDS electrophoresis.
HK had been digested with plasma kallikrein (molar ratio of 100:1 of HK to plasma kallikrein)
for 20 minutes at 37°C. The resulting HKa was composed of 2 bands. 62 kDa (amino acid 1
to 362) and 46 kDa (420–626) represent the heavy chain and light chain, respectively.
Monoclonal antibody against uPAR (#3936) was purchased from American Diagnostica Inc
(Stamford, Conn). Monoclonal antibody to Mac-1 (αM subunit), 2LPM19c, was purchased
from DAKO (Carpentaria, Calif). Monoclonal antibody against LFA-1 (αL subunit), was
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purchased from Antigenix America Inc. (Huntington Station, NY). The monoclonal antibody
74.5.2 recognizes the HK binding site on gC1qR was prepared as previously described.12

Purification of Recombinant Proteins
The recombinant proteins fused to GST were produced as described earlier13 and were purified
by the procedure of Smith and Johnson.14 The fractions containing the proteins GST, GST-
D3, and GST-E7P the recombinant peptides HG and HGK were identified by A280 and by
SDS-polyacrylamide gel, followed by Coomassie staining. The identity of GST-E7P was
confirmed by protein sequencing after removal of GST by thrombin cleavage. On a reduced
SDS-electrophoretic gel, each protein was a single band with the correct predicted molecular
weight (supplemental Figure I, available online at http://atvb.ahajournals.org,). Endotoxin
assayed using QCL-1000 Chromogenic Limulus Amebocyte lysate (LAL) kit from Bio
Whittaker, Inc (Walkersville, Md) indicated that all recombinant proteins had less than 0.01
EU/mL.

Peripheral blood mononuclear cells were isolated from normal subjects on a Histopaque
gradient (Sigma Chemical Co, St. Louis, Mo). Untouched monocytes were isolated from
mononuclear cells by magnetic cell sorting (MACS)15 (supplemental Figure II). The cells were
suspended in Hanks balanced salt solution, 0.1% bovine serum albumin (HBSSA).

Release of IL-1β From Human Peripheral Blood Mononuclear Cells or Monocytes
Lipopolysaccharide (LPS)-free HKa, GST-D3, GST-E7P, BK, GST-D5, GST-HG, and GST-
HGK were incubated for 0, 5, 15, 30, 60, 90, and 180 minutes at 37°C with 2×106/mL
mononuclear cells or 1×106/mL monocytes suspended in HBSSA. After this incubation, the
cell suspension was centrifuged at 13 000g for 5 minutes and the supernatant was used for
assay of IL-1β by enzyme-linked immunosorbent assay (ELISA) (Quantikine, R&D Systems
Inc, Minneapolis, Minn).

Preparation and Purification of MAbs C11C1 and 2B5
MAb C11C1 (IgGk) was produced in tissue culture supernatant. MAb 2B5 was isolated from
ascites. Both were purified as previously described.16 The amount of endotoxin present in each
was below the lowest detection levels (0.02 ng/mL).

Fluorescein Isothiocyanate Labeling of Recombinant Proteins
GST-E7P and GST (glutathione-S-transferase) were labeled with fluorescein isothiocyanate
(FITC) labeled according to the procedure of Holmes et al17 with the following modifications.
Briefly, 2 mg of each product at a concentration of 1.3 to 2 mg/mL were dialyzed into 50 mmol/
L boric acid, 200 mmol/L NaCl pH 9.5 at 4°C. FITC was freshly prepared and solubilized with
dry dimethyl sulfoxide (Sigma Aldrich, St. Louis, Mo) at 5 mg/mL, incubated for 2 hours at
25°C (0.1 mg FITC to 1 mg protein) and dialyzed into 50 mmol/L boric acid/borax, 200 mmol/
L NaCl pH 7.5. FITC incorporation was measured for 1.0 second, EX 485 nm, EM 535 nm,
in a Victor2 1420 multilabel counter (Wallac Oy, Turku, Finland) and resulted in 23 700 counts/
μg protein or 0.5 residues FITC/mole protein.

GST-E7P Binding to Mononuclear Cells
The binding of GST-E7P to mononuclear cell was measured using a Millipore MultiScreen
0.65 μm plate filtration system (Millipore Corp., Bedford, Mass). After pretreatment of each
well with 2 mg/mL albumin, 100 μL containing 2×106/mL mononuclear cell were added to the
test wells. FITC GST-E7P or FITC-GST was added in increasing concentrations from 0 to 900
nM for each point in triplicate and incubated for 1 hour at 25°C. After incubation, the
supernatant was removed by vacuum and the mononuclear cells retained in the filters were
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washed once with HBSSA buffer. The plate was again vacuumed to dryness and read on a
Victor2 (as above) by removal of the backing funnel and inverting the plate. Bound FITC was
detected using a top reading protocol using FITC windows for 1.0 second. The collected data
were exported into SigmaPlot version. 9.0 (Systat Software, Inc, Point Richmond, Calif) for
background subtraction, statistics, and graphing.

Signaling Pathway Inhibition Experiments
For pathway selective inhibition, 1, 10, and 100 μmol/L of MG-132 (Carbobenzoxyl-L-leucyl-
L-leucinal;Z-LLL-CHO) was used as a selective inhibitor for NFkB, SP 600125 (anthra [1,9-
cd]pyrazol-6(2H)-one) as a selective inhibitor for JNK, SB202190, FHPI (4-(4-
fluorophenyl)-2-(4-hydroxyphenyl)-5-(4-pyridyl)1H-imidazole) as a selective p38 inhibitor
and U0126 (1,4-Diamino-2,3-dicyano-1,4-bis(2-aminophenylthio) butadiene) as a selective
inhibitor for ERK activation. All inhibitors were obtained from Calbiochem, (La Jolla, Calif).
Mononuclear cells were preincubated with the respective inhibitors for 60 minutes before
stimulation with GST-E7P 600 nM) for another 60 minutes at 37° C. After this incubation, the
cell suspension was centrifuged at 13 000g for 5 minutes and the supernatant was used for
assay of IL-1β (IL-1β) by ELISA.

IL-1β mRNA Formation by HKa
Detection of IL-1β mRNA from mononuclear cells was performed by reverse-transcription
polymerase chain reaction (RT-PCR) using sequence-specific primers. Briefly, total RNA was
prepared using Trizol® reagent (Invitrogen). Specific primers for human IL-1β and gC1qR
were designed to anneal to sequence in exons on both sides of one intron of the mRNA to
exclude amplification of potential contaminating genomic DNA. The following primer pairs
were used: for IL-1β, forward, 5′-ACAGACCTTCCAGGAGAATG-3′, and reverse, 5′-
GCAGTTCAGTGATCGTACAG-3′); for gC1qR, forward, 5′-
CGGCCGGGCCTCCTGCGGCC PCR-3′, and reverse, 5′-
TCAGGCTCCTGTTCTTCAAC-3′. RNA (a total of 100 ng) was used as template in a one-
step RT-PCR reaction (SuperScript One-Step RT-PCR with Platinum® Taq, Invitrogen). RT
for cDNA synthesis was accomplished in 30 minutes incubation at 50°C, which was followed
by PCR cycling as follows: initial denaturation at 94°C for 3 minutes followed by 25 cycles
of 94°C for 30 seconds, 30 seconds of annealing at 55°C, and 1 minute of extension at 72°C
using 0.2 μmol/L primers. The RT-PCR reactions yielded a product of 127 bp for IL-1β, and
a product of 320 bp for gC1qR, respectively, which were identified in 4% agarose gel
electrophoresis.

Data Analysis
All experiments were performed in 3 to 5 different donors. Each condition in each donor was
repeated 3 times (triplicates). All results were expressed as mean±SEM. All results were
analyzed by unpaired Student t test. Because of the variability of monocytes response in
different donors, all studies have their own positive standard (endotoxin) and negative controls:
cell alone, GST and D6. When appropriate, paired Student t tests were used. The term
significant in the results indicate P<0.001.

Results
HKa Releases Cytokines and Chemokines From Mononuclear Cells as a Function of Time

Mononuclear cells stimulated by HKa (600 nM) for 0 to 180 minutes (n=3) releasing increasing
amount of cytokines IL-1β, IL-6, TNF-α, and chemokines IL-8 and MCP-1 (Figure 1).
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HKa Releases IL-1β From Mononuclear Cells as a Function of Concentration
IL-1β was released from mononuclear cells by HKa in a concentration-dependent manner (9.4
at 300 nM, 16.5 at 600 nM, and 17.8 pg/mL at 900 nM) (n=3) (Figure 2A) but at 600 nM,
IL-1β was not significantly released by BK.

Subdomains of HKa D3 and D5 Release IL-1β From Mononuclear Cells
Recombinant kininogen were tested for release of IL-1β from mononuclear cells (n=3) (Figure
2B). GST-D3 and its subdomain, GST-E7P, released 43.5 and 38.3 pg/mL, respectively. GST-
D5 and its subdomains, GST-HG and GST-HGK, released 37.6, 72.1, and 19.8 pg/mL,
respectively. GST, GST-D6, or cells alone did not release significant concentrations of
IL-1β.

Antibodies to Domain 3 and 5 of HK Inhibited IL-1β Release From Mononuclear Cells
Antibodies to kininogen C11C1 (anti-D5) and 2B5 (anti-D3) significantly inhibited the release
of IL-1β from mononuclear cells when stimulated by HKa, GST-D5, and GST-D3 (600 nM)
(n=3) (Figure 3).

GST-E7P Binds to Mononuclear Cells
For the remaining studies involving domain 3 we chose GST-E7P. Because all forms of
kininogen except HKa and E7P were used as GST fusion proteins we tested whether GST-E7C
would bind to monocytes. Fluorosceinated GST-E7P from 100 to 900 nM show an increasing
amounts of binding approaching but not reaching saturation at 900 nM (supplemental Figure
III).

Antibodies to Kininogen Receptors uPAR, Mac-1, LFA-1(CD11a), and gC1qR Inhibited
IL-1β Release From Mononuclear Cells

Antibodies to human uPAR (CD 87) and Mac-1 (CD11b/18) significantly inhibited the release
of IL-1β from mononuclear cells when stimulated by HKa, GST-D5 GST-D3, GST-E7C, but
not GST alone (600 nM) (n=3) (Figure 4). Anti LFA-1 (CD11a/18) significantly inhibited
release of IL-1β from GST-E7C stimulated mononuclear cells and anti-gC1qR significantly
inhibited release of IL-1β (Figure 4).

HKa Releases IL-1β From Purified Monocytes
The release of IL-1β from mononuclear cells, monocytes isolated by MACS, and nonmonocyte
mononuclear cells were then tested (supplemental Figure II). Mononuclear cells (1×106/mL)
incubated with GST-E7P released 11.3 pg/mL IL-1β; monocytes alone (1×106/mL) generated
10.1 pg/mL IL-1β; and nonmonocyte cells (1×106/mL) secreted 0.2 pg/mL IL-1β (n=3). GST
and cells alone released 2 to 4 pg/mL from mononuclear cells and monocytes and none from
nonmonocytic cells.

NFkB, p38, JNK, but not ERK, Are Required for Release of IL-1β by GST-E7P
The inhibition of NFkB by MG-132 with 1, 10, and 100 μmol/L significantly reduced IL-1β
release from mononuclear cells by 69.7%, 67.3%, 88.5%, respectively, when stimulated by
GST-E7P (Figure 5A). The release of IL-1β with LPS (10 μg/mL) was blocked by 83.4%.

The inhibition of JNK by SP 600125 with 1, 10, and 100 μmol/L significantly reduced IL-1β
release from mononuclear cells by 55.7%, 76.3%, 78.9%, respectively, when stimulated by
GST-E7P (Figure 5B). The release of IL-1β with LPS (10 μg/mL) was blocked by 90.23%.
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The inhibition of p38 by SB202190 with 1,10, and 100 μmol/L significantly reduced IL-1β
release from mononuclear cells by 27.8%, 14.2%, 91.0%, respectively, when stimulated by
E7P (Figure 5C). The release of IL-1β with LPS (10 μg/mL) was blocked by 76.8%.

In contrast the ERK activation inhibitor U0126 (1, 10, and 100 μmol/L) failed to inhibit GST-
E7P-induced release of IL-1β from mononuclear cells (Figure 5D). In contrast, the release of
IL-1β with LPS (10 μg/mL) was blocked by 77.4% with U0126.

Induction of mRNA Expression for IL-1β by HKa in Mononuclear Cells
After mononuclear cells (4×106/mL) were treated with HKa (600 nM) or LPS (10 ng/mL),
total RNA was extracted and RT-PCR reactions for expression of IL-1β and gC1qR mRNA
were performed as described in Materials and Methods. PCR product was separated in 4%
ethidium bromide-stained agarose gels and photographed. HKa induces expression of mRNA
for IL-1β in mononuclear cells within an hour (Figure 6) similar to LPS (positive control).

Discussion
In this study, we have shown that HKa is capable of releasing both inflammatory cytokines
TNFα, IL-1β, and IL-6, and chemokines IL-8 and MCP-1 from human blood mononuclear
cells over a 3-hour period of observation (Figure 1). As expected, TNF-α rises linearly to high
levels (130 pg/mL) by 180 minutes. In vivo, the cytokines are rapidly cleared but this does not
occur in vitro. Because TNF-α probably contributes to the formation and secretion of both
IL-1β and IL-8, the time course for these is similar, reaching a maximum value between 60
and 120 minutes of 30 to 40 pg/mL. In contrast, MCP-1 shows a lag with no release by 60
minutes but a maximum at 230 minutes, suggesting that HKa is stimulating the synthesis of
MCP-1. IL-6, in accordance with its proven behavior, shows very low levels, which seem to
be slowly increasing in accordance with its slower formation over a number of hours. Thus,
HKa can stimulate a wide variety of inflammatory cytokines and chemokines. Whether HKa
can also stimulate or suppress anti-inflammatory cytokines such as IL-10 and IL-12 will be a
subject of future study.

We decided to focus on IL-1β as a representative and responsive cytokine (Figure 2A). We
show a concentration-dependent response to HKa, reaching a maximum at a concentration of
HK (600 to 900 nM) that is present in normal plasma. In contrast, BK cannot release IL-1β.
Although it is well known that BK can stimulate the formation of prosta-glandins and nitric
oxide (NO), little evidence exists that cytokines can be released. This observation is the first
evidence that HKa can activate leukocyte secretion and/or release because most previous
studies have concentrated on the inhibition of extracellular events such as adhesion,18
migration, and angiogenesis.3

As a first step to localizing the structural requirements of HKa to stimulate mononuclear cells,
we found that both the recombinant fusion proteins, GST-D3 and GST-D5, stimulate
mononuclear cells to secrete cytokines and chemokines (Figure 2B). This finding was not
totally unexpected because both bound to neutrophils which have similar receptors on their
surfaces.

We buttressed these findings by showing that the corresponding domain-specific monoclonal
antibodies could block the effects of HKa (Figure 3). MAb C11C1 has been shown be directed
to an epitope including the amino acid sequence, aa441 to 502, which makes up most of
D519 and inhibits the coagulant activity of HK which requires both D5 and D6. Previous studies
have shown that C11C1 inhibits the binding of HK/HKa to neutrophils.11 MAb 2B5 recognizes
both D2 and D3 of HK on immunoblots and inhibits the ability of D2 and D3 to inhibit cysteine
proteases.16 In this study, mAb C11C1 completely inhibited the ability of HKa and GST-D5
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but was weaker on GST-D3. MAb-2B5 showed weaker inhibition on HKa and GST-D3 but
none on GST-D5. These results were consistent with the specificity of these antibodies and
indicate that HKa exerts most of its effect via D5 but with some contribution by D3. These
findings are consistent with similar results of the mAbs on neutrophil secretion of elastase.
11 Interestingly, either GST-D3 or GST-D5 was able to stimulate IL-1β from mononuclear
cells to an equal degree (Figure 3), indicating that both domains play a role in HKa agonist
activity.

We further localized the sequences responsible on D3 and D5 to stimulate secretion of IL-1β
(Figure 4). Our previous studies have identified a polypeptide from D3 coded for by the 3′
region of exon 7, which, when expressed as a fusion protein GST-G255-Q292 (E7P), inhibited
the binding of HK to neutrophils.11 Similarly, 2 contiguous peptides, from D5 G422-K458
and The459-Lys478, each inhibited the binding of HK to neutrophils. We tested a similar
overlapping recombinant polypeptide from D5, GST-K420-D474 (GST-HG), which also
inhibited the binding of HK to neutrophils. GST-HG was a strong stimulant of IL-1β release
for human mononuclear cells. In another study,20 we demonstrated that peptides containing
the sequence H475-G497 had inhibitory activity on the adhesion of human monocyte cells to
immobilized Mac-1. We therefore tested a peptide, GST-H475-S626, which contained this
sequence. No significant stimulatory effect was found. However, the peptide contained the
entire D6 domain and it is possible that the C-terminal portion of D5 must be free or that D6
inhibits the stimulation.

We then proceeded to identify which receptors on mononuclear cells were responsible for the
stimulation of IL-1β release (Figure 4). Three receptors have been implicated for HK on
leukocytes. We have shown that HKa binds directly to Mac-1.21 However, we have also shown
that Mac-1–mediated adhesion of HEK 293 cells to fibrinogen and was upregulated by
transfection with uPAR, initiating a signaling pathway mediated by focal adhesion kinase and
MAP kinase.22 Therefore, we tested whether antibodies to Mac-1, and/or uPAR were capable
of inhibiting the secretion of IL-1β by mononuclear cells stimulated with HKa, GST-D5, GST-
D3, and GST-E7P. Both antibodies inhibited 76% to 95%, indicating that either antibody could
prevent the action of HKa. These results are consistent with the observation that Mac-1 and
uPAR bind to each other in purified systems and on the cell surface23 as well as our observation
that uPAR upregulates Mac-1 on the cell surface.22 It is likely that uPAR, gC1qR, and Mac-1
exist as a trimolecular complex on monocytes similarly to the co-localization of uPAR, gC1qR,
and cytokeratin 1 on endothelial cells.24 In the later case, antibodies to each of the endothelial
receptors were found significantly inhibit binding when used separately.

Previous studies demonstrated that HKa could disrupt a uPAR-integrin signaling pathway.10
These results are the first to indicate that HKa after binding initiates several interrelated
signaling cascades. Inhibitors of each pathway initiated by NFκB, JNK, and p38 MAP (all of
which are related to cytokine synthesis and/or secretion) prevent the stimulation of the
monocytes by HKa.

The discovery that HKa is an agonist which can release a variety of inflammatory cytokines
and chemokines from monocytes fills an important gap in our knowledge. The finding that rats
deficient in kininogen have impaired angiogenic responses25 is easily explained by the lack
of BK, a potent angiogenic stimulus. But the decrease in the response of HK-deficient Lewis
rats to the ability of proteoglycan-polysaccharides to induce inflammatory arthritis26 and
inflammatory bowel disease27 is difficult to rationalize based on the known actions of BK.
These diseases depend on the cytokines and chemokines stimulated by bacterial products
through the innate immune system in addition to adaptive immunity mediated by B- and T-
lymphocytes. The participation of the kallikrein-kinin system in inflammation through effects
on monocytes is now much more cogent. These findings should reveal novel approaches to
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down-regulating inflammatory diseases and new targets including kininogen itself as well as
its receptors, Mac-1, uPAR, and gC1qR.
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Figure 1.
Time course of release of cytokines and chemokines by HKa from human blood mononuclear
cells. Mononuclear cells (2.0×106/mL) were incubated with HKa (600 nM) or HBSSA for 0,
60, 120, and 180 minutes at 37°C. After incubation, the suspension was centrifuged at 13
000g for 5 minutes. The supernatant was used for assay of the IL-1β, IL-6, TNFα, IL-8, and
MCP-1.
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Figure 2.
A, Concentration dependence of release of IL-1β from mononuclear cells by HKa.
Mononuclear cells (2.0×106/mL) were incubated with HKa (0, 300, 600, and 900 nM), BK
(600 nM) for 60 minutes at 37°C and processed as in Figure 1. B, Release of IL-1β from
mononuclear cells incubated with recombinant kininogen domains and subdomains.
Mononuclear cells (2.0×106/mL) were incubated with GST-D3, GST-E7P (K255-Q292), GST-
D5, GST-(K420-D474), GST-(H475-S626), GST-D6 or GST, or HBSSA for 60 minutes at
37°C and processed as in Figure 1.
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Figure 3.
Effect of monoclonal antibodies to HKa light chain and heavy chain on release of IL-1β by
HKa, GST-D5 and GST-D3. Mononuclear cells (2.0×106/mL) were incubated with 1.2 μmol/
L of C11C1, or 2B5 for 30 minutes at 37°C. HKa, GST-D5, GST-D3, or IgG were then added
and incubated for 60 minutes at 37°C and processed as in Figure 1. Dotted line indicates
IL-1β concentration at 0 minutes with monocytes alone.
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Figure 4.
Effect of monoclonal antibodies to uPAR, Mac-1, LFA-1 ((CD11a/CD18) and gC1qR on
release of IL-1β by HKa, GST-D5, GST-D3, and GST-E7P. Mononuclear cells (2.0×106/mL)
were incubated with antibodies to uPAR (31 nM), Mac-1 (62 nM), LFA-1 (31 nM), and gC1qR
(10, 30,100 nM) for 10 minutes at 37°C. HKa, GST-D5, GST-D3, or GST-E7P (600 nM) were
then added and incubated for 60 minutes at 37°C and processed as in Figure 1.
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Figure 5.
Effect of signaling pathway (NFkB, JNK, P38 and ERK) inhibitors on release of IL-1β by
GST-E7P. The inhibition of of NFkB, p38, JNK, and activation significantly reduced IL-1β
release from mononuclear cells stimulated by GST-E7P (A, B, and C). In contrast, the
inhibition of ERK did not significantly reduce IL-1β release from mononuclear cells (D).
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Figure 6.
HKa induces mRNA expression for IL-1β in mononuclear cells. All experiments contain
mononuclear cells (4×106/mL) additions were HKa (600 nM) or LPS (10 ng/mL). Lanes (1–
7) are indicated as follows: 1, HBSSA 0 hour; 2, HKa 1 hour; 3, HKa 2 hours; 4, LPS 1 hour;
5, LPS 2 hours; 6, HBSSA 1 hour; 7, HBSSA 2 hours. In contrast to IL-1β mRNA, the mRNA
of gC1qR is constitutive (present without stimulation at all time points) with both HKa and
LPS.
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