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In the present study, monocyte-derived human macro-
phages were differentiated from buffy coats. Naı̈ve CD41

T-cells enriched from peripheral blood mononuclear cells
using anti-CD4 magnetic beads and the autoMACS separ-
ation system were polarized under T-helper 17 (Th17)-pro-
moting conditions for 6 days to get Th17 cells. The
frequency of Th17 cell differentiation and the expression of
C-C chemokine receptor type 6 (CCR6) on Th17 cells were
investigated by flow cytometry. Plasmin-triggered induc-
tion of macrophage inflammatory protein-3alpha/C-C che-
mokine ligand 20 (CCL20) genes in macrophages was
assessed by reverse transcription-polymerase chain reac-
tion, and secreted protein levels were measured by enzyme-
linked immunosorbent assay. Th17 cell migration induced
by CCL20 secreted from plasmin-stimulated macrophages
was tested in vitro by chemotaxis using a transwell system.
These results demonstrate that plasmin triggers the expres-
sion of chemokine CCL20 messenger RNA and the release
of CCL20 protein in human monocyte-derived macro-
phages, which critically depend on the proteolytic activity
of plasmin and activation of p38 mitogen-activated protein
kinase and nuclear factor-kappaB signaling pathways.
Expression of CCR6 was detected on 87.23+++++ 8.6% of Th17
cells in vitro. Similar to chemotaxis triggered by recombinant
human CCL20, supernatants collected from plasmin-stimu-
lated macrophage-induced chemotactic migration of Th17
cells, which could be inhibited by an anti-CCL20 neutraliz-
ing antibody. These results suggest that plasmin generated in
inflamed tissues might elicit production of chemokine
CCL20 by human macrophages leading to the recruitment
of CCR6 positive Th17 cells to the inflammatory sites.
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Introduction

The serine protease plasmin generated by proteolytic cleav-
age of its precursor plasminogen represents the key enzyme
of the fibrinolytic cascade. Many types of chronic inflamma-
tory conditions including atherosclerosis are invariably asso-
ciated with the generation of plasmin [1,2]. A large body of
evidence indicates that inflammatory mediators and immune
responses play crucial roles in the development of athero-
sclerosis [3]. Plasmin is a potent inflammatory mediator and
inducer of immune responses. In vitro studies from our lab
indicated that plasmin generated at sites of inflammation
such as atherosclerotic lesions might be capable of eliciting
chemotaxis of human monocytes [4] and dentritic cells
(DCs) [5] and stimulating cytokines production from mono-
cytes [4], macrophages [6], and DCs [7], which contribute to
inflammation. A recent clinical study revealed that the
enhanced plasmin activity is correlated with the degree of
lesion complexity in human carotid plaques [8] and a clinical
atherosclerosis case report presented that aggravated plasmin
generation might indeed lead to cardiovascular complica-
tions [9]. In mouse models, atherosclerotic plague formation
is reduced in the plasminogen-deficient mice [10].

Macrophages served as antigen-presenting cells (APCs) are
direct effector and cytokine-producing cells. Accordingly,
they accumulate at the sites of inflammation and play
a central role in immune and inflammatory processes
[11]. Macrophages particularly are the main source of cyto-
kines and chemokines in atherosclerotic plaques [12].
In arteriosclerosis-associated inflammatory vascular injury,
macrophages play a predominant pathophysiological
role [13].

Chemokines are defined by their capability to attract
(in vitro or in vivo) specific cell types to the sites of inflam-
mation. As a result, chemokines play crucial roles in the
pathogenesis of diseases that are characterized by controlling
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inflammatory cell accumulation and affecting many bio-
logical processes, such as atherosclerosis [13–15].

Macrophage inflammatory protein-3alpha/C-C chemo-
kine ligand 20 (CCL20) is a CC-type chemokine that is
expressed in several tissues, in particular, in inflammatory
cells stimulated with cytokines such as interleukin (IL)-1b
or by proinflammatory signals such as lipopolysaccharide
(LPS). C-C chemokine receptor type 6 (CCR6) is, so far,
known to be the unique receptor for it [16]. One of the main
effects of CCL20 is to promote the recruitment of CCR6þ

lymphocytes to atherosclerotic lesions [17]. In autoimmune
pathogenesis of the central nervous system (CNS), sympa-
thetic neuronal activity triggers IL-6-mediated increase of
local CCL20 expression and subsequent pathogenic CCR6þ

T-cell accumulation at the same spinal cord level, which pro-
vides evidence for a critical role for CCL20 in CNS patho-
genesis [18]. CCR6 is expressed by a variety of cells of the
innate and/or adaptive immune system, in particular
T-helper 17 (Th17) cells, which exert multiple functions via
release of cytokine IL-17A in many chronic inflammatory
disorders, especially in atherosclerosis [19].

Our previous in vivo study has demonstrated that, in a
mouse model, plasmin elicits the production of CCL20 at
the sites of inflammation, which plays an essential role in the
recruitment and activation of pathogenic CCR6þ T-cells
[20]. Proinflammatory cytokines [IL-1b or tumor necrosis
factor alpha (TNF-a)] contribute to the development of
endometriosis via up-regulation of CCL20 secretion from
endometrial stromal cells to induce the migration of Th17
cells to endometrial tissues [21]. The excessive generation of
plasmin, activation of macrophages, and accumulation of
Th17 cells play important roles in the innate and acquired
immune responses. However, the relationship between these
factors, the initiation of the chemokine induction, and the
role of active plasmin are still poorly understood.

In this study, we investigated whether plasmin generated
in human inflammatory atherosclerotic lesions affect the
expression of chemokines by human monocyte-derived
macrophages, and whether chemokines secreted from
plasmin-stimulated macrophages contribute to the recruit-
ment of CCR6-expressing Th17 cells, a subtype of CD4þ

T-helper cells mainly producing IL-17.

Materials and Methods

Antibodies and reagents
Antibodies for flow cytometric analysis: anti-human
CD4-PE, anti-human CCR6-AlexaFluorw 488, mouse
IgG1-PE, and mouse IgG2b-AlexaFluorw 488 isotype con-
trols were all purchased from BioLegend (San Diego, USA).
Anti-human IL-17A-APC, mouse IgG1-APC isotype
control, and anti-interferon (IFN)-g were from eBioscience
(San Diego, USA). Anti-human CCL20 polyclonal antibody

(LifeSpan, Seattle, USA) was used for neutralization.
Phycoerythrin (PE)-conjugated donkey anti-mouse and
donkey anti-rabbit F(ab)2 (Dianova, Hamburg, Germany)
were used as secondary antibodies [6]. Anti-CD28, rhIL-6,
and recombinant human transforming growth factor beta
(rhTGF-b) were from Pepro-Tech (Rocky Hill, USA).
Anti-IL-4 was from BD Pharmingen (San Diego, USA).
Phorbol myfismte acetate (PMA) and ionomycin were pur-
chased from Sigma (St Louis, USA).

Purified human plasmin was purchased from Athens
Research & Technology (Athens, Georgia, USA) and was
free of LPS as analyzed by the Pyrogent LAL assay (Lonza,
Basel, Switzerland). Plasmin activity is given in Committee on
Thrombolytic Agents (CTA) units/ml as previously described
[6]. The catalytic inhibitor of plasmin, D-Val-Phe-Lys chloro-
methyl ketone (VPLCK), the p38 mitogen-activated protein
kinase (MAPK) inhibitor SB203580, and the MAPK or ERK
kinase (MEK) inhibitor U0126 were purchased from
Calbiochem (San Diego, USA). Chemical pure acetyl-11-keto-
b-boswellic acid (AKbBA) isolated as previously described
[22] was used as an inhibitor of the nuclear factor-kappaB
(NF-kB) [6]. LPS (Escherichia coli serotype 055:B5) was
from Sigma. Recombinant human CCL20 (rhCCL20) was pur-
chased from R&D Systems (Minneapolis, USA).

Macrophages preparation and culture
Monocyte-derived human macrophages were differentiated
from buffy coats for 7 days with 15 ng/ml macrophage
colony-stimulating factor (M-CSF) [23]. The macrophage
phenotype was confirmed by flow cytometric analysis of
CD14 (BD Biosciences, San Diego, USA), CD68 (DAKO,
Hamburg, Germany), and CD71 (BD Pharmingen).
Macrophages were cultured in RPMI 1640 (Invitrogen,
Carlsbad, USA) supplemented with 10% fetal calf serum
(FCS). The cells were stimulated with plasmin in lysine-free
RPMI 1640 (Sigma).

Reverse transcription-polymerase chain reaction
analysis
Total RNA from 1 � 106 macrophages stimulated with 0.43
CTA U/ml plasmin, equivalent amounts of catalytically inac-
tivated plasmin (VPLCK-plasmin) [24] or LPS (1 mg/ml)
was isolated by Trizol (Invitrogen), and then reverse tran-
scribed. Complementary DNA was analyzed by semi-
quantitative reverse transcription-polymerase chain reaction
(RT-PCR). Primers for CCL20 were as follows: forward
50-ccaagagtttgctcctggct-30, and reverse 50-tgcttgctgcttctgatt
cg-30. Amplifi-cation was performed with 25 cycles of ampli-
fication (denaturation at 948C for 30 s, annealing at 608C for
30 s, and elongation at 728C for 30 s). PCR was performed
in the linear range of amplification. GAPDH served as int
ernal standard [23]. The transcripts were identified by direct
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automated sequencing (Genetic Analyzer; Applied Bio-
systems, Life Technologies, Paisley, UK).

Enzyme-linked immunosorbent assay
The cytokine levels of CCL20 in the medium were quanti-
fied by enzyme-linked immunosorbent assay (ELISA) kit
for human CCL20 (DuoSet, R&D Systems). The assay was
performed following the manufacturer’s protocol.

Th17 cell differentiation and purification
Naı̈ve CD4þ T-cells were enriched from peripheral blood
mononuclear cells using anti-CD4 magnetic beads and the
autoMACS separation system according to the manufacturer’s
instructions (Miltenyi Biotec, Bergisch Gladbach, Germany),
and cultured in RPMI 1640 medium supplemented with 10%
FCS and 1% penicillin/streptomycin (Invitrogen).

CD4þ T-cells (1 � 105 cells/well) were cultured in a
96-well plate coated with anti-CD3 (5 mg/ml), and stimu-
lated with anti-CD28 (2 mg/ml), rhIL-6 (20 ng/ml), rhTGF-
b (2 ng/ml), anti-IL-4 (10 mg/ml), and anti-IFN-g (10 mg/ml)
for 6 days. IL17-A production was triggered by restimulation
of the cells with PMA (50 ng/ml) and ionomycin (500 ng/ml)
in the presence of a blocker of secretion (GolgiPlug, BD
Biosciences) for 5 h. Isolation of IL-17 secreting cells from
above differentiated CD4þ T-cells was carried out accord-
ing to the manufacturer’s protocol using the IL-17 Cell
Enrichment and Detection Kit (Miltenyi Biotec, human,
purity . 95%). CD4þ T-cell fraction was always .95% and
cell viability was checked using tryphan blue.

Flow cytometric analysis
CD4þ T-helper cells differentiated to Th17 as described
above were stained with anti-CD4-PE and anti-CCR6-
AlexaFluor488 antibodies. After fixation and permeabil-
ization (Perm/Fix solution, eBioscience), intracellular staining
of IL-17A was performed with anti-IL-17A-APC antibody.
Samples were analyzed on a FACScan (Becton-Dickinson,
Franklin Lakes, USA) with CellQuest software.

In vitro migration assay
Migration assay was performed in 24-well plates (Costar,
Cambridge, USA) carrying transwell-permeable supports
with a 3-mm polycarbonate membrane for T-cells. rhCCL20
and the supernatants collected from macrophages stimulated
with or without plasmin for 6 h were placed into the lower
chambers. Purified Th17 cells from in vitro-differentiated
CD4þ T-cells [100 ml, 2.0 � 106 cells/ml RPMI 1640
medium containing 0.5% bovine serum albumin (BSA)]
were placed onto the upper wells of transwell membranes
and incubated for 7 h at 378C. The cells on the upper surface
of the membranes were completely removed by washing
with distilled water. Migrated cells on the lower surface of
the membranes were fixed with paraformaldehyde, stained

with hematoxylin (Sigma-Aldrich), and the number of cells
was counted in six randomly selected non-overlapping fields
of the wells under light microscope (�1000 magnification,
oil immersion). To calculate the chemotactic index, the
number of cells migrated in response to chemokines was
divided by the number of spontaneously migrated cells.

Statistical analysis
Values shown represent mean+ standard error of mean
(SEM) where applicable. Statistical significances were cal-
culated with the Newman–Keuls test. Differences were con-
sidered significant when P , 0.05.

Results

Plasmin elicits induction of chemokine CCL20 in human
macrophages
Monocyte-derived human macrophages phenotype was con-
firmed by flow cytometry showing reduction of the
monocyte-specific surface marker CD14, increased expres-
sion of CD68, and exposure of CD71 [Fig. 1(A)], which is
characteristic for macrophages [23]. Our previous study
showed that plasmin triggered the expression and release of
proinflammatory cytokines in macrophages [6]. Chemokines
are the major mediators of migration of all leukocytes and
are expected to become important targets for pharmacologic-
al intervention in a wide variety of human diseases in the
near future [25]. We analyzed the ability of plasmin to elicit
the expression of chemokine in macrophages. Plasmin (0.43
CTA U/ml) induced a time-dependent increase of CCL20
messenger RNA (mRNA) [Fig. 1(B)]. As expected, LPS
(1 mg/ml) stimulation also increased the amount of CCL20
mRNA. In both cases, the CCL20 induction was very fast
and already reached a maximum for plasmin after 3 h of
stimulation. The expression of CCL20 mRNA in macro-
phages stimulated with plasmin for 3 h was also
concentration-dependent [Fig. 1(C)]. Although 0.143 CTA
U/ml plasmin increased CCL20 mRNA, the optimum re-
sponse was reached at 0.43 CTA U/ml [Fig. 1(C)].
Plasmin-VPLCK failed to stimulate the expression of
CCL20 mRNA [Fig. 1(D)] confirming that the activation of
CCL20 expression by plasmin in macrophages requires pro-
teolytically active plasmin. The induction of CCL20 mRNA
in plasmin- and LPS-stimulated human primary macro-
phages is followed by a strong release of CCL20 protein in
the supernatant [Fig. 1(E)]. The chemokine became detect-
able as early as 1 h after stimulation.

Plasmin induces chemotactic CCL20 release in
macrophages in vitro, which is dependent on p38 and
NF-kB activation
We have previously shown that plasmin triggers various sig-
naling pathways, including janus kinase 1 (JAK1)/signal
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transducer and activator of transcription 3 (STAT3), p38 and
extracellular signal-regulated kinases 1/2 (ERK1/2) MAPK,
and NF-lB in macrophages [6]. To address the role of these
signaling pathways in the plasmin-induced release of
CCL20, we pretreated macrophages with inhibitors for
JAK1 (AG490), p38 MAPK (SB203580), MAPK/ERK
kinase pathway (U0126), and an inhibitor of NF-lB
(AKbBA) [26] for 30 min before stimulation with plasmin
(0.43 CTA U/ml) for 3 h (for mRNA test by RT-PCR) or
6 h (for protein test by ELISA). Pretreatment of macro-
phages with SB203580 (1 mmol/l), or AKbBA (3 or
10 mmol/l), not with AG490 (50 mmol/l) or U0126
(1 mmol/l), showed that p38 and NF-kB activation is essen-
tial for the plasmin-mediated expression of CCL20 mRNA
in human macrophages [Fig. 2(A)]. Pretreatment of macro-
phages with SB203580 (1 mmol/l) or AKbBA (3 or
10 mmol/l) inhibited the plasmin-induced CCL20 release by
74.2+6.1, 57.9+7.4, and 71.8+4.8% (P , 0.01), com-
pared with the cells with only plasmin treatment, respective-
ly [Fig. 2(B)]. In contrast, inhibition of JAK1 using AG490
(50 mmol/l) or ERK1/2 using the MEK inhibitor U0126

(1 mmol/l) had no impact on plasmin-mediated expression
of CCL20, compared with the cells with only plasmin treat-
ment [Fig. 2(B)], although these inhibitors affected signifi-
cantly the release of TNF-a and IL-6 [6]. These data imply
that plasmin-induced macrophages CCL20 expression
through the MAPK p38 and NF-kB signaling pathways, fol-
lowed by the increase of CCL20 secretion.

Preparation of Th17 cells in vitro
To analyze whether plasmin-stimulated macrophages release
the biologically active CCL20, first, we prepared Th17 cells
in vitro from the CD4þ T-cells differentiated under the
Th17-promoting conditions, then checked the CCR6 protein
expression on Th17 cells surface by flow cytometry. The
data showed that 14.26+1.98% of the differentiated CD4þ

T-cells were IL-17Aþ [Fig. 3(A)]. Sequential gating
revealed that 87.25+8.61% of CD4þ/IL-17Aþ Th17 cells
expressed the CCL20 receptor, CCR6. [Fig. 3(B)]. CCR6
appears to be expressed on the majority of human Th17
cells, which is consistent with the previous study [27].

Figure 1 Plasmin triggers the time- and dose-dependent expression of the CCL20 gene in human macrophages (A) Monocyte-derived human

macrophages differentiated from buffy coats for 7 days with 15 ng/ml M-CSF, which was confirmed by flow cytometry of the cell surface marker CD14

(monocytes), CD68, and CD71 (macrophages). Empty peaks are isotype controls. (B–D) Time- or dose-dependent stimulation of the CCL20 mRNA

expression depends on the proteolytic activity of plasmin. Macrophages were stimulated with plasmin (0.43 CTA U/ml) or LPS (1 mg/ml) for the indicated

times (B) or plasmin (for the indicated concentration) or LPS (1 mg/ml) for 3 h (C), or equivalent amounts of catalytically inactivated plasmin

(VPLCK-plasmin) (D) for the indicated times, the mRNA levels were analyzed by RT-PCR. In each case, one representative out of three experiments is

shown. GAPDH is the loading control. (E) Macrophages were stimulated with plasmin (0.43 CTA U/ml) or LPS (1 mg/ml) for the indicated time. The

supernatants were recovered and the concentration of CCL20 was measured by ELISA. Data are presented as the mean+SEM of four independent

experiments. **P , 0.01 vs. control.
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CCL20 secreted from plasmin-stimulated macrophages
induces migration of Th17 cells
To elucidate the role of CCL20 secreted from plasmin-
stimulated macrophages for the regulating function of Th17
cells-expressing CCR6, we performed the following migra-
tion assays in vitro. First, we analyzed if rhCCL20 induces
migration of Th17 cells. As shown in Fig. 4(A), rhCCL20
triggered Th17 cell migration in a dose-dependent manner,
already at 0.1 mg/ml of concentration. At 0.1 and 1 mg/ml, it
significantly increased the chemotactic index of Th17 cells
by 3.78+0.65 and 10.91+2.03-fold compared with
control (RPMI 1640–0.5% BSA medium), respectively.
Only with plasmin (0.43 CTA U/ml) stimulation served as
negative control. To prove that the migration is indeed
induced by CCL20 released from the plasmin-stimulated
macrophages. The supernatants collected from plasmin-
stimulated macrophages for 6 h induced migration of Th17
cells by about 3.64-fold, the above supernatants treated with

anti-CCL20 neutralizing antibody (CCL20 Neu-Ab) (1 and
3 mg/ml) induced migration of Th17 cells only about
1.43+0.15 and 1.23+0.019-fold. All folds compared
with the supernatants collected from macrophages without
plasmin stimulation [Fig. 4(B)]. Next, we found that the
supernatants collected from the plasmin-stimulated macro-
phages pre-incubated with the pathway inhibitors
(SB203580, inhibitor of p38, 1 mmol/l; AKbBA, inhibitor
of the NF-kB, 10 mmol/l) for 30 min significantly decreased
chemotactic index to 1.81+0.74 and 1.59+0.04, com-
pared with the supernatant from the plasmin-stimulated
macrophages used as control (chemotactic index is 4.23+
1.03), respectively [Fig. 4(C)]. These results showed that
plasmin-induced CCL20 secretion through the p38 and
NF-kB-dependent pathways, and that CCL20 could contrib-
ute to the recruitment of CCR6þ Th17 cells to the sites of
plasmin generation.

Discussion

The inactive pro-enzyme plasminogen is transformed into
the proteolytically active plasmin mainly by two plasmino-
gen activators, tissue plasminogen activator and urokinase
plasminogen activator (uPA). The uPA/plasminogen system
has been causally related to atherogenesis [2]. Experimental
data have demonstrated that macrophage-expressed uPA
contributes to the progression and complications of athero-
sclerosis [28]. In atherosclerotic plaques, macrophages are
particularly important since they are recruited in the largest
numbers. Because of contact activation, generation of
plasmin occurs in inflammatory sites [2] where they produce
inflammatory mediators and play a critical role during
atherogenesis [29].

The release of CCL20 is a key feature in chronic inflam-
matory diseases. CCL20 is the chemokine for the cells
bearing CCR6 receptor. Thus, it is expected to play a critical
role in trafficking and homing many CCR6 positive cells
identified in atherosclerosis, including memory T-cells and
immature dendritic cells to inflammatory sites [30]. Under
inflammatory conditions, epithelial cells [31], endothelial
cells, fibroblasts, and monocytes are thought to be important
sources of CCL20 production [16,32]. Similarly, some
studies have shown that high expression of CCL20 is
induced in differentiated macrophages in intestinal epithe-
lium [33] and lung [32]. In human inflamed pulp sections,
CCL20 is mostly expressed by macrophages accumulated in
the area adjacent to carious lesions and CCR6 expression is
also elevated in inflammatory infiltrating lymphocytes,
which suggest that CCL20 may play a major role in the ad-
vancement of pulpal inflammation via the recruitment of
CCR6-expressing lymphocytes [34]. CCR6/CCL20 interac-
tions critically play a role in organ selective liver metastasis
of colorectal tumor and several types of cancer [35]. The

Figure 2 Effects of pharmacological inhibitors on the plasmin-induced
CCL20 expression and release (A) Macrophages were pre-incubated

with AG490 50 mmol/l (JAK1 inhibitor), SB203580 1 mmol/l (p38 MAPK

inhibitor), U0126 10 mmol/l ([MAPK or ERK kinase (MEK) inhibitor], or

AKbBA 1, 3, 10 mmol/l (NF-lB inhibitor) for 30 min, respectively, and

then stimulated with plasmin (0.43 CTA U/ml) for 3 h. Expression of

CCL20 and GAPDH (control) was analyzed by RT-PCR. (B) Macrophages

which were pre-incubated with the indicated inhibitors for 30 min were

stimulated with plasmin (0.43 CTA U/ml) for 6 h. CCL20 was analyzed by

ELISA. The data represent the mean+SEM of six independent

experiments. **P , 0.01 vs. plasmin only. * P , 0.05 vs. plasmin only.

NS, no significant difference.
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Figure 3 Expression of CCR6 in Th17 cells differentiated from CD41 T-cells under the Th17 cells differentiation conditions Th17 cells

differentiated from Naı̈ve CD4þ T-cells were first stained extracellularly with anti-CD4-PE and anti-CCR6-AlexaFluor488 antibodies, then fixed and

permeabilized with Perm/Fix solution, and stained intracellularly with anti-IL-17A-APC antibody. Samples were analyzed by multicolor flow cytometry. (A)

Percentage of Th17 cells in naı̈ve CD4þ T-cells or the differentiated CD4þ T-cells. (B) IL-17Aþ Th17 cells are mostly positive for CCR6þ. The graphs are

mean+SEM of four independent experiments. **P , 0.01 vs. naı̈ve CD4þ T-cells.

Figure 4 CCL20 derived from the plasmin-stimulated macrophages induces the Th17 cell migration in vitro (A) The Th17 cell migration was

induced by rhCCL20 (for the indicated concentration) for 7 h. Plasmin (0.43 CTA U/ml) stimulation was used as a negative control (n ¼ 4). The chemotactic

index was calculated. (B) The Th17 cell migration induced by the supernatants collected from the macrophages which were stimulated with plasmin (0. 43

CTA U/ml) for 6 h. Non-stimulated or rhCCL20 (1 mg/ml) was used as a negative or positive control. The addition of CCL20 Neu-Ab (for the indicated

concentration) to the supernatants inhibited the Th17 cell migration (*P , 0.01). (C) Addition of the p38 inhibitor (SB203580, 1 mmol/l) or NF-kB inhibitor

(AKbBA, 10 mmol/l) to the macrophages prior stimulation with plasmin inhibited the Th17 cell migration. The data are expressed as the mean+SEM of

four independent experiments. *P , 0.05, ** P , 0.01, NS, no significant difference.
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functional role of CCL20/CCR6 positive feedback loop has
been described in Th17 cells, which are both CCR6 positive
and able to produce CCL20 [27], and in atherogenesis, in
ApoE-deficient mice [36], but not in humans [37].

Our study provided a possible explanation for the role of
plasmin in chronic inflammation through macrophage acti-
vation, CCL20 release, and recruitment of Th17 cells to in-
flammatory sites, which may play critical role in the
progression of chronic diseases, such as atherosclerosis.
Here we showed for the first time that plasmin elicits the pro-
duction of CCL20 in human macrophages, and may have an
essential role in the recruitment of Th17 cells to the inflam-
matory sites.

Our previous study has shown that in human macrophages
plasmin triggers several signaling pathways, including the
JAK1/STAT3, MAPK p38 and ERK1/2, and NF-lB [6]. In
the present study, we demonstrated that CCL20 was released
by plasmin-stimulated human macrophages via the p38 and
NF-lB signaling pathways. Chemokines are regulated pri-
marily at the level of gene transcription in a manner depend-
ent on cell types and different activators. The CCL20
promoter region contains binding sites for different tran-
scription factors such as activator protein-1 (AP-1), CAAT/
enhancer-binding protein (C-EBP), and stimulating protein 1
(SP1) [30]. AP-1 [38], C-EBP [39], and SP1 transcription
factors have been known to be direct targets of p38 activa-
tion. The p38 MAPK is also indispensable for the expression
of CCL20 in human gingival fibroblasts stimulated with
either IL-1b, TNF-a, or E. coli LPS [34]. Similarly, airway
epithelial cells stimulated with IL-1b or TNF-a secrete
CCL20 in a p38 MAPK-dependent manner [40], and a func-
tional NF-kB site between 282 and 291 is responsible for
the CCL20 expression [41]. Consistently, we demonstrated
that the p38 and NF-lB pathways are indispensable for
plasmin-induced CCL20 expression in macrophages.
Furthermore, the CCL20 secreted from the plasmin-
stimulated macrophages induces chemotaxis of Th17 cells.

In summary, we showed that plasmin may be a potent acti-
vator of macrophages triggering CCL20 expression by the
activation of p38 and NF-kB signaling pathways and conse-
quential chemotaxis of Th17 cells. The inflammatory milieu
of the tissue may up-regulate CCL20 expression through
plasmin, subsequently augmenting the Th17 cell migration
and progression of human diseases. Understanding the
mechanism of chemokines and chemokine expression pro-
moting the Th17 cell recruitment might reveal new thera-
peutic targets interfering with the Th17 cell migration in
chronic inflammatory diseases, such as atherosclerosis.
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