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The novel human CC-chemokine monocyte chemo-
tactic protein-4 (MCP-4) is a chemotaxin for eosino-
phils. Here, the biological activities and the activation
profile of MCP-4 was further characterized in eosino-
phils and compared to other activators such as platelet
activating factor (PAF), Eotaxin and RANTES. As dem-
onstrated by lucigenin-dependent chemiluminescence
and superoxide dismutase-inhibitable cytochrome C
reduction MCP-4 stimulated the production of reac-
tive oxygen metabolites. Furthermore, MCP-4 induced
up-regulation of the integrin CD11b. Flow cytometric
studies revealed rapid and transient actin polymeriza-
tion upon stimulation with MCP-4. At optimal concen-
trations the changes induced by MCP-4 were weaker
than the effects after stimulation with PAF and compa-
rable to those obtained by RANTES and Eotaxin. Cell
responses elicited by MCP-4 were inhibited by pertus-
sis toxin indicating involvement of G;-proteins in this
signal pathway. These findings point to a role of MCP-
4 in the pathogenesis of eosinophilic inflammation as
chemotaxin as well as activator of pro-inflammatory

effector functions. © 1997 Academic Press

Human eosinophils are considered as major effector
cells in several inflammatory condi tions such as para-
sitic infections, atopic diseases, bullous dermatoses or
vasculitis [1-6]. Accumulation of eosinophils at in-
flammatory sites is presumably caused by various
chemotactic agents. The phosphatidylcholin-derivate
platelet activating factor (PAF) and the CC-chemokine
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RANTES as well as Eotaxin are well characterized eo-
sinophil chemo taxins [7-9]. In addition to migration
PAF, RANTES and Eotaxin stimulate eosinophil ef-
fector functions, such as the production of reactive oxy-
gen metabolites and up-regulation of CD11b [10]. Stim-
ulation of leukocytes by chemotaxins requires binding
to membrane-spanning ligand-specific receptors [11].
These receptors interact at the intracellular site of the
plasma membrane with pertussis toxin- or cholera
toxin-sensitive heterotrimeric guanine nucleotide-
binding proteins (G-proteins) [12-14]. Activated G-pro-
teins regulate actin polymerization, which in concert
control cell response such as the migration, the produc-
tion of reactive oxygen species and upregulation of inte-
grins [10,15 ].

Recently, monocyte chemotactic protein-4, a novel
peptide of the CC-chemokine family, has been cloned,
sequenced and expressed as recombinant protein [16,
17]. At the amino acid level this peptide is related to
MCP-1, -2, -3 and Eotaxin with 65, 57, 65 and 66 %,
respectively [17]. It posesses chemotactic activity for
monocytes and eosinophils and stimulates the release
of histamin in basophils [16-18]. Reconstitution experi-
ments with heterologous expressed CC-chemokines re-
ceptors suggested that MCP-4 binds with high affinity
to the CC-chemokine receptor type 2 and 3 (CCR-2&
3) triggering intracellular Ca?*-transients [17, 19]. In
eosinophils the biological activity of MCP-4 is mediated
by CCR-3. This receptor binds also Eotaxin and
RANTES [19]. In the present study, the signal path-
ways and cell effector functions elicited by MCP-4 in
human eosinophils were further characterized and
compared to the effect induced by other eosinophil acti-
vators.

MATERIALS AND METHODS

Materials. L-a-phophatidylcholine-g-acetyl-y-O-alkyl (PAF),
phorbol 12-myristate 13-acetate (PMA), lysophosphatidylcholine, fi-
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coll paque and lucigenin were obtained from Sigma (Deisenhofen,
Germany); recombinant human MCP-4, RANTES and Eotaxin from
Peprotech (London, England); N-(7-nitrobenz-2-oxa-1,3-diazol-4yl)-
phallacidin (NBD-phallacidin) from Becton Dickinson (Heidelberg,
Germany); the monoclonal anti-CD16 antibody (BW 209/2) was ob-
tained from Dr. R. Kurrle, Behring-Werke (Marburg, Germany); im-
munomagnetic beads (Dynabeads M-450) were purchased from Dia-
nova (Hamburg, Germany); phycoerythrin-conjugated CD11b (LEU
15) was from Becton Dickinson (Heidelberg, Germany); pertussis
toxin was a kind gift from Prof. Dr. K. Aktories (University of Frei-
burg, Germany).

Isolation of eosinophils. Human eosinophil granulocytes were pu-
rified from heparin-anticoagulated (10 units/ml) blood of healthy
non-atopic volunteers by ficoll separation and negative selection with
anti-CD16 antibody-coated Dynabeads [15]. Pappenheim stain
judged the purity of isolated eosinophils = 96%.

Actin polymerization. The filamentous actin content was quanti-
fied analyzed by flow cytometry with NBD-phallacidin staining [20].
Briefly, cells were stimulated and fixed after the indicated time inter-
vals in 7.4 % formaldehyde buffer. The f-actin was stained using a
cocktail containing 7.4 % formaldehyde, 0.33 M NBD-phallacidin
and 1 mg/ml lysophosphatidylcholine. The flourescence intensity was
measured.

Lucigenin-dependent chemiluminescence. Eosinophils were re-
suspended to a density of 5 x 10* cells/ml containing 200 uM luci-
genin. Measurements were performed in triplicate at 37 °C. The
reaction over a 60 min time period after addition of stimuli to the
cells were followed and expressed as intensity integral counts [10].

Superoxide anion production. The production of superoxide
anions was measured as superoxide dismutase-inhibitable reduction
of cytochrome C at 550nm (Ultrospec 11, Pharmacia, Freiburg, Ger-
many) [21].

CD11b-Expression. The integrin CD11b was analyzed by flow cy-
tometry with phycoery thrin-conjugated anti-CD11b antibodies. Eo-
sinophils were activated with the indicated stimuli for 30 min at 37
°C. The reaction was stopped by diluting the sample with 100-fold
ice-cold buffer. Samples were incubated on ice for 40 min with phy-
coerythrin-conjugated anti-CD11b antibodies [15].

RESULTS

Actin Response and CD11b Upregulation by MCP-4

The influence of MCP-4 on the f-actin network in
human eosinophils was analyzed. This novel CC-chem-
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FIG. 1. Effect of MCP-4 on the actin polymerization in eosino-

phils. Cells were stimulated with 10 ng/ml (e), 100 ng/ml (H) and
1000 ng/ml (O) of MCP-4. The relative f-actin content was deter-
mined at the indicated time points by flow cytometry. Data are means
+/— SEM (n=5).
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FIG. 2. Dose-dependency of the MCP-4-induced CD11b expres-
sion in eosinophils. Eosinophils were activated without or with 10
ng/ml, 100 ng/ml and 1000 ng/ml MCP-4 for 30 min at 37°C. Expres-
sion of CD11b was analyzed by flow cytometry with phycoerythrin-
conjugated anti-CD11b antibodies. Data are means +/— SEM (n=5).

okine caused a rapid and transient polymerization of
actin molecules (Fig. 1). Within 30 s was a transient
increase of the f-actin content by about 50 %. Half-
maximal and maximal effects were observed at 10 ng/
ml and 100 ng/ml, respectively. The time for subse-
guent recovery to initial values depended on the added
concentration of MCP-4.

The effect of MCP-4 on the expression of the integrin
CD11b at the cell surface was measured by flow cytom-
etry. Again, MCP-4 induced a concentration dependent
response with half-maximal and maximal responses at
10 ng/ml and 100 ng/ml, respectively (Fig. 2).

Superoxide Anion Production and MCP-4

Next, the production of reactive oxygen species in
eosinophils by MCP-4 was studied with lucigenin-de-
pendent chemiluminescence. These experiments re-
vealed activation of the respiratory burst in a concen-
tration-dependent manner; half-maximal and maximal
effects were observed at 10 ng/ml and 100 ng/ml, re-
spectively (Fig. 3). At optimal concentrations continu-
ous measurements indicated a rapid induction of the
response with maximum values after 5 min.

Superoxide anion production was analyzed by cyto-
chrome C reduction (Fig. 4). Dose dependent responses
were also observed in these experiments. Optimal
doses of MCP-4 generated about 15 nmoles superoxide
anion / 10° eosinophils within 30 min. Similar amounts
of superoxide anion were also found after longer stimu-
lation periods (up to 60 min, data not shown).

Comparison of the Activation Profiles of Different
Eosinophil Stimuli

The activation profile of MCP-4 was compared to the
responses provoked by other well defined eosinophil
activators such as PAF, RANTES and Eotaxin. Similar
to MCP-4, the other eosinophil activators induced actin
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FIG. 3. Dose-dependency of MCP-4 on the chemiluminescence
response in eosinophils. The time courses of the lucigenin-dependent
chemiluminescence response in eosinophils upon stimulation with
10 ng/ml (line 1), 100 ng/ml (line 2) and 1000 ng/ml MCP-4 (line 3)
are shown. Representative data of one experiment are shown. The
experiment was repeated five times with identical results.

reorganization, triggered the respiratory burst and
stimulated expression of CD11b in a concentration de-
pendent manner (data not shown). At optimal concen-
trations all tested activators induced comparable
CD11b and actin responses (Table 1). By chemilumines-
cence the effect of MCP-4 was comparable to the re-
sponse of the other two tested CC-chemokines,
RANTES and Eotaxin. Platelet activating factor in-
duced a stronger respiratory burst as MCP-4.

Pertussis Toxin Inhibition of MCP-4-Induced Cell
Response

Pertussis toxin blocks cell activation induced by G;-
protein-coupled receptors [13]. Pretre atment of eosino-
phils with pertussis toxin completely inhibited the
MCP-4-induced chemiluminescence response (Fig. 5)
and the transient increase of actin polymerization
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FIG. 4. Influence of MCP-4 on superoxide-anion production. Eo-

sinophils were stimulated with the indicated concentrations of MCP-
4 for 30 min at 37°C. Superoxide-dismutase-inhibitable cytochrome
C reduction was analysed. Data are means +/— SEM (n=5).
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TABLE |

Influence of Different Eosinophil Activators on Actin
Response, Lucigenin-Dependent Chemiluminescence, and
CD11b Expression

Stimulus f-actin Chemiluminescence CD11b

Control 1.00 (+0.00) 15 (x4) 11.25 (+1.76)
MCP-4 1.49 (+0.07) 362 (+38) 40.25 (*+2.35)
RANTES  1.48 (+0.05) 383 (+51) 36.72 (+0.84)
Eotaxin 1.48 (+0.06) 380 (+58) 41.7 (=0.98)
PAF 1.53 (+0.05) 514 (+50) 41.87 (+2.00)

Eosinophils were stimulated without or with 1000 ng/ml MCP-4,
1000 ng/ml RANTES, 1000 ng/ml Eotaxin and 100 nM PAF. The
relative f-actin content was taken after 10 s. Chemiluminescence
response is given as integral (counts X 10°) after 60 min. The mean
channel number of CD11b expression was analyzed after 30 min.
Data are means + SEM (n = 3).

(data not shown). To prove the metabolic activity of
eosinophils after pertussis toxin treatment, the chemi-
luminescence response with PMA was followed. Toxin
treatment did not influence the phorbol ester-triggered
response (data not shown).

DISCUSSION

Well defined chemotaxins for eosinophils are PAF,
Eotaxin and RANTES [7-9]. Except Eotaxin these
chemotaxins act on various types of leukocytes [15].
Recently, a novel CC-chemokine, MCP-4, has been
identified [16, 17]. This peptide has chemotactic activ-
ity for eosinophils as well as monocytes. In addition,
it stimulates release of histamin in basophils [16-19].
Tumor necrosis factor «, interleukin-1«a and interferon
v stimulate mRNA expression of MCP-4 in bronchial
epithelial and endothelial cells [17, 18]. Enhanced
MCP-4 mRNA transcripts have been found in allergic
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FIG. 5. Pertussis toxin inhibits MCP-4 induced lucigenin-depen-
dent chemiluminescence in eosinophils. Cells were preincubated
without or with 1 pg/ml pertussis toxin for 90 min at 37 °C and
further incubated without or with 100 ng/ml MCP-4 for 60 min at
37 °C. Data are means +/— SEM (n=5).
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sinusitis [17]. Expression of MCP-4 at other sites as
well as diseases or cells has not yet been analyzed. To
improve our understanding of the biological activities
of MCP-4, we analyzed various intracellular signal
mechanisms and cell effector functions in eosinophils.
As could be expected for a chemotactic agent we have
shown here that MCP-4 induced a transient reorgani-
zation of the actin network. The precise regulation
mechanisms for the actin response is not fully under-
stood, however, it is believed to involve interaction of
phospholipids with actin binding proteins [22]. Actin
reorganisation have been implicated in many biological
regulative mechanisms including the activation of the
NADPH oxidase and translocation of CD11b from in-
tracellular stores to the plasma membran [10,11]. Pro-
duction of reactive oxygen metabolites and upregula-
tion of the CD11b integrin by MCP-4 was demonstrated
here. Cell-studies evaluating the proinflammatory ac-
tivity of MCP-4 revealed that this peptide has a lower
activity than PAF but is comparable to Eotaxin and
RANTES. The similar activation profiles of the three
tested CC-chemokines might be explained by inter-
acting with the same receptor [19].

Reconstitution experiments with heterologous ex-
pressed CC-chemokine receptors indicate interaction
of MCP-4 with CCR-2 or CCR-3 [17, 19]. In eosinophils
the activity seems to be mediated by CCR-3 [19]. Cell
biology studies revealed that CC-chemokine receptors
couple to pertussis toxin-sensitive G;-proteins [13].
Here, we have shown that all cell responses induced
by MCP-4 were inhibited by pertussis toxin, indicating
involvement of G;-proteins in the intracellular signal
pathway.

Our results indicate that MCP-4 in eosinophils in-
duce actin polymerization via pertussis toxin sensitive
G-proteins. In addition, it is a strong activator of the
respiratory burst as well as upregulation of CD11b.
Therefore, one can assume that MCP-4 similarly to
other chemotaxins not only recruit eosinophils to the
site of inflammation, but also possesses proinflamma-
tory activity.
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