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Diesel exhaust exposure favors TH2 cell
recruitment in nonatopic subjects by differ-
entially regulating chemokine production
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Background: The prevalence of allergic diseases has

increased in the last 20 years, and a number of studies have

shown that diesel exhaust particle–associated polyaromatic

hydrocarbons can exacerbate the allergic reaction. Much less

is known about their potential capacity to generate a TH2-

type allergic reaction in nonatopic subjects.

Objective: The aim of this study was to test the hypothesis

that diesel exhaust exposure might favor, in nonatopic donors,

TH2-type cell recruitment, either through increased production

of TH2-attracting chemokines or decreased production of

TH1-attracting chemokines.

Methods: PBMCs from nonatopic donors were incubated

with diesel exhaust particle–polyaromatic hydrocarbons,

and the supernatants were evaluated for the presence of

pro-TH1 chemokines (IFN-g–induced protein 10 and

monokine Induced by IFN-g) and pro-TH2 chemokines

(macrophage-derived chemokine, I-309, and pulmonary and

activation-regulated chemokine) by means of ELISA. The

functional effect was evaluated by using chemotaxis assays

with polarized TH1 and TH2 cells.

Results: Diesel exhaust exposure of PBMCs from nonatopic

donors induced a late increase after 48 hours in pulmonary and

activation-regulated chemokine mediated by IL-13 and a

decrease in IFN-g–induced protein 10 levels selectively at

both the protein and mRNA levels. The functional effect of

these chemokine variations resulted in an enhanced

chemotaxis of TH2, but not TH1, cells.

Conclusion: These findings show that diesel exhaust exposure

might be involved in the genesis of allergic diseases by

differentially regulating chemokines favoring the recruitment

of TH2 cells in nonatopic subjects.
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Epidemiologic studies have linked the increased in-
cidence of allergic diseases in part to the increase in
exposure to atmospheric pollutants.1-4 Air pollutants, in-
cluding diesel exhaust particles (DEPs) and in particular
their associated polyaromatic hydrocarbons (DEP-PAHs),
have been shown to affect allergic responses. In allergic
subjects DEPs are reported to potentiate or facilitate the
allergic inflammatory response. DEP-PAHs act as an adju-
vant by potentiating both total and specific IgE production
by committed B cells. DEP-PAHs can also act directly
on many effector cells, such as lymphocytes, monocytes,
macrophages, neutrophils, and eosinophils, by inducing
their recruitment and by triggering the release of pro-
inflammatory mediators.5-8 In particular, in response to
common allergens, DEPs can enhance TH2 cytokine9

and pro-TH2 chemokine8,10 production. Moreover, DEPs
have been shown to induce sensitization to a neoallergen
toward a TH2 response in allergic subjects.11

Some studies have evaluated the effects of DEP-PAHs
in healthy nonatopic subjects. Some inflammatory changes
in the airways have been observed in healthy human
subjects exposed to DEPs.12-16 In particular, cytokine re-
lease of IL-8 and growth-related oncogene-a has been
observed in the bronchial tissue17 and bronchial epithelial
cells,18-20 leading to chemoattraction of inflammatory
cells, such as macrophages and neutrophils. Other authors
have shown modifications in nonatopic subjects that could
be relevant in the context of the potential induction of aller-
gic reactions, in particular recruitment of B cells, induction
of histamine release in airway lavage,21 switch in Ig pro-
duction toward IgE,22 and induction of histamine and
IL-4 production by human basophils.23 In the laboratory
we have shown that diesel exposure induces the production
of IL-8 and RANTES by PBMCs from nonatopic donors,
leading to an increased recruitment of neutrophils and
eosinophils.24
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Abbreviations used

DEP: Diesel exhaust particle

DEP-PAH: Diesel exhaust particles–polyaromatic

hydrocarbons

IP-10: IFN-g–induced protein 10

MDC: Macrophage-derived chemokine

MIG: Monokine induced by IFN-g

PARC: Pulmonary and activation-regulated

chemokine

Along with adhesion molecules, chemokines and their
receptors are believed to be essential for inflammatory cell
recruitment.25 Certain chemokines and their correspond-
ing receptors have been shown to be associated with
type 1– and type 2–mediated immune responses. Type
1 T cells preferentially express the chemokine receptor
CXCR3 and are attracted by its ligands IFN-g–induced
protein 10 (IP-10/CXCL10) and monokine induced by
IFN-g (MIG/CXCL11), whereas type 2 T cells preferen-
tially express CCR3, CCR4, and CCR8 and are attracted,
respectively, by eotaxin (CCL11), macrophage-derived
chemokine (MDC/CCL22), and I-309 (CCL1).26 More re-
cently, the chemokine pulmonary and activation-regulated
chemokine (PARC/CCL18) has been shown to be in-
volved in allergic asthma through the recruitment of TH2
cells, although its receptor is still unknown.27

The production of chemokines involved in the recruit-
ment of TH1 or TH2 cells was investigated in PBMCs from
healthy nonatopic donors to evaluate the potential effects
of diesel exhaust exposure in the genesis of allergic
reactions.

METHODS

Generation of diesel exhaust and
extraction of DEP-PAHs

DEPs were obtained from a light-duty diesel-powered passenger

car (Renault, Pollution Department, Boulogne-Billancourt, France),

and DEP-PAHs were extracted in dichloromethane (CH2Cl2) solvent.

The resulting extract was then analyzed by means of HPLC to deter-

mine the concentration of its main organic constituents, as previously

described.15

The stock solution (1 mg of DEP-PAH/mL of CH2Cl2) was stored

at 4�C in the dark and was diluted freshly each time in RPMI 1640

medium (Sigma, St Louis, Mo) before use.

Subjects

Venous blood was collected from 12 healthy nonatopic subjects

(35 6 11 years old). None of the subjects had a personal history of

allergic diseases, but 2 had a family history of allergy. Results of skin

prick tests to 15 common aeroallergens, including pollens, house dust

mites, animal dander, and molds, and RAST results were negative

for all subjects. Total IgE concentration was 13.1 6 5.4 kU/mL.

All subjects signed an informed consent form.

Cell culture

PBMCs were prepared from blood collected on heparin. Briefly,

after removing the platelets, the blood was diluted and layered on a

Ficoll-Hypaque gradient (Pharmacia, Uppsala, Sweden). The RPMI
1640 medium used for culture was supplemented with 2 mmol/L

glutamine, 100 IU/mL penicillin, 100 mg/mL streptomycin, and 10%

FCS. PBMCs (2 3 106 cells/well) were cultured in 24-well, flat-

bottomed microculture plates (Nunc, Roskilde, Denmark). Experi-

ments were performed at 18, 24 and 48 hours with DEP-PAH

concentrations of 25, 50, and 100 ng/mL and CH2Cl2 alone. No toxic

effect was detected (viability >97% for all conditions), irrespective

of the time point. The addition of CH2Cl2 in cell cultures had no

significant effect on the production of chemokines and cytokines

compared with RPMI 1640 medium alone. In some experiments neu-

tralizing anti-IL-4, anti-IL-10, and anti-IL-13 mAbs (R&D Systems,

Minneapolis, Minn) were used at final concentrations of 10, 1, and 10

mg/mL, respectively. The corresponding isotypes were used as neg-

ative controls. In other experiments PBMCs were stimulated with 5

and 10 pg/mL rhIL-13 (Pepro Tech, London, United Kingdom) to

check whether small doses of IL-13 were able to induce PARC pro-

duction. The LPS content in CH2Cl2, DEP-PAHs, antibodies, iso-

types, and rhIL-13 was less than 0.1 EU/mL, as determined by using

the limulus amebocyte lysate assay (Cambrex, Walkersville, Md).

Generation of polarized human TH1
and TH2 cells

T cells were polarized in vitro toward a TH1 or TH2 cytokine pro-

file, as previously described.28,29 CD41 CD45RA1 naive T cells

were obtained from human PBMCs by means of negative selection

with the CD41 T cell isolation kit and CD45RO microbeads

(Miltenyi Biotec, Paris, France). Cells were activated with coated

anti-CD3 (10 ng/mL; PharMingen, San Diego, Calif) in the presence

of 2 ng/mL IL-12 (R&D Systems) and 200 ng/mL anti-IL-4 (R&D

Systems) for induction of TH1 cells or 10 ng/mL IL-4 (R&D

Systems) and 2 mg/mL anti-IL-12 (R&D Systems) for induction of

TH2 cells. After 3 days, 10 ng/mL IL-2 (TEBU, Le Perray en

Yvelines, France) was added to the cultures. At day 10, cells were

restimulated with coated anti-CD3 (2 mg/mL) and soluble anti-

CD28 (2 mg/mL, PharMingen) for 5 hours: concentrations of IFN-g

and IL-4 were measured by means of ELISA, according to the

manufacturer’s recommendations, and expressed in picograms per

milliliter (Diaclone Research, Besancxon, France).

Quantification of chemokine levels in
cell culture supernatants

Concentrations of PARC, MDC, I-309, MIG (R&D Systems,

Abington, United Kingdom), IP-10 (Biosource International, Cama-

rillo, Calif), IL-4, IL-10, and IL-13 (Diaclone Research, Besancxon,

France) were measured by means of ELISA, according to the man-

ufacturer’s recommendations, and expressed in picograms per mil-

liliter. The level of sensitivity was 7.81 pg/mL for PARC, MDC,

I-309, and IP-10; 31.2 pg/mL for MIG; 1.1 pg/mL for IL-4; 12.5

pg/mL for IL-10; and 1.56 pg/mL for IL-13. Results were expressed

as means 6 SEM.

Semiquantitative RT-PCR

After removal of the supernatants, PBMCs were resuspended in

TRIzol reagent (Gibco BRL Life Technologies, Gaithersburg, Md),

and total cellular RNA was extracted according to the manufacturer’s

procedure. RT-PCR was performed as previously described.10

T-cell chemotaxis assays

Chemotaxis assays were performed on in vitro–polarized TH1 and

TH2 cells to evaluate the resulting biologic chemotactic activity of

the supernatants.29,30 Human TH1 and TH2 cells were harvested

and resuspended in RPMI at a concentration of 2 3 106 cells/mL.

The chemotaxis protocol was performed with a 48-well microchemo-

taxis chamber (Neuro Probe, Cabin John, Md) using 5-mm-pore
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polycarbonate filters (Nucleopore Corp, Pleasanton, Calif) for 2

hours at 37�C in 5% CO2 and using supernatants from cells exposed

to CH2Cl2 solvent and to different concentrations of DEP-PAHs.

T cells that had migrated through the filter and reached the bottom

well were counted under a light microscope with a magnification of

500-fold by using a Thoma cell. Each condition was performed in

triplicate. The results were expressed as the subtraction of the mean

number of migrating T cells with complete RPMI medium alone

from the mean number of TH1 or TH2 cells that migrated specifically

in response to chemokines present in the culture supernatants. For

positive controls, human recombinant MDC and IP-10 were used

for TH2 and TH1, respectively, at a concentration of 1027 mol/L

(Tebu, Le Perray-en-Yvelines, France), whereas human recombinant

IP-10 and MDC were used for TH2 and TH1 for negative controls,

respectively. For neutralization assays, samples were incubated for

1 hour at 37�C before the chemotaxis assay with anti-PARC–neutral-

izing polyclonal antibodies (R&D Systems) at a final concentration

of 2 mg/mL. A chemokinesis effect was ruled out, as previously

described.30 Results corresponding to the chemotaxis assays were

expressed as means 6 SEM.

Statistical analysis

Statistical analysis for production of chemokines and cytokines

was first performed within the subgroups by using the ANOVA test

and, when significant, followed by the post hoc Bonferroni-Dunn test.

The paired t test was performed for chemotaxis assays. P values of

less than .05 were regarded as statistically significant. Statistical anal-

ysis was performed with the Statview 5.1 software (Abacus Concepts,

Berkeley, Calif) on a Macintosh.

RESULTS

DEP-PAHs decrease TH1-associated IP-10,
but not MIG, chemokine production

DEP-PAH effects were evaluated on the production of
TH1-associated chemokines by PBMCs from nonatopic

FIG 1. Kinetics of production and dose response of the TH1-associ-

ated chemokines IP-10 (A) and MIG (B) by PBMCs from healthy

donors after incubation with various concentrations of DEP-PAHs.

Results are expressed as means 6 SEM for 8 subjects. *P < .05.
donors. A spontaneous production of IP-10 was observed
in supernatants from unstimulated PBMCs. Exposure of
PBMCs from healthy nonatopic subjects to both 50 and
100 ng/mL DEP-PAH induced a late (48 hours) decrease
in the TH1-attracting chemokine IP-10 compared with
the control (Fig 1, A). A similar decrease was observed
at the mRNA level (Fig 2). No significant difference was
observed between cell cultures exposed to DEP-PAH
and control before 48 hours. For the other pro-TH1 chemo-
kine, MIG, no variation was observed, irrespective of the
time point or DEP-PAH dose used (Fig 1, B).

DEP-PAHs selectively induce TH2-associated
PARC, but not MDC and I-309,
chemokine production

DEP-PAH effects were next evaluated on the produc-
tion of TH2-associated chemokines by PBMCs from non-
atopic donors. No significant difference was observed in
MDC and I-309 levels in the supernatants from PBMCs
exposed to diesel extracts between the different conditions
of cell stimulation, irrespective of the time point (Fig 3, A
and B). When a panel of DEP-PAH concentrations rang-
ing from 25 to 100 ng/mL was used in the cell cultures,
an increase of PARC levels in PBMC supernatants was
observed for 100 ng/mL DEP-PAH compared with the
CH2Cl2 control 48 hours after stimulation but not at 18
or 24 hours (Fig 3, C). This was confirmed at the
mRNA level, which was increased at the corresponding
time points (Fig 2).

All together, these results show that DEP-PAHs upreg-
ulate PARC and decrease IP-10 release by PBMCs from
healthy nonatopic donors, reflecting a pro-TH2 pattern.

FIG 2. A, Kinetics of mRNA expression and dose response of PARC,

IP-10, and human glyceraldehyde-phosphate dehydrogenase

(GAPDH) by PBMCs from a healthy donor after incubation with

various concentrations of DEP-PAHs (25 ng/mL [1], 50 ng/mL [2],

and 100 ng/mL [3] ) compared with CH2CL2 (C). B, Densitometric

analysis of chemokine mRNA expression normalized against

transcripts for human GAPDH at 48 hours’ stimulation with DEP-

PAHs.
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DEP-PAH–stimulated PBMCs from
nonatopic subjects exhibit a TH2
chemotactic activity

Supernatant chemotactic activity was evaluated on
in vitro polarized TH1 and TH2 cells to investigate whether
chemokines produced by PBMCs from nonatopic subjects
stimulated with DEP-PAH were functional. Positive and
negative controls were, respectively, MDC and IP-10 for
TH2 cells and IP-10 and MDC for TH1 cells. Forty-eight-
hour supernatants from DEP-PAH–stimulated PBMCs
exhibited no ability to recruit polarized TH1 cells (Fig 4,
A). In contrast, the same supernatants powerfully attracted
polarized TH2 cells for the 50 and 100 ng/mL DEP-PAH
concentrations (Fig 4, B). The addition of neutralizing
PARC antibody dose-dependently inhibited TH2 cell
migration, with a maximal inhibition of 69.5% at a DEP-
PAH concentration of 100 ng/mL (Fig 4, C).

IL-13, but not IL-4 and IL-10, mediates
PARC production by PBMCs exposed
to DEP-PAHs

The possible involvement of TH2 cytokines known to
induce PARC production31 was assessed to identify the
mechanism involved in PARC enhancement by DEP-

FIG 3. Kinetics of production and dose response of the TH2-associ-

ated chemokines MDC (A), I-309 (B), and PARC (C) by PBMCs from

healthy donors after incubation with various concentrations of

DEP-PAHs. Results are expressed as means 6 SEM for 8 to 12 sub-

jects. *P < .05.
PAH exposure. We assayed the presence of IL-4, IL-10,
and IL-13 and the effect of neutralizing mAbs in PBMC
cultures. DEP-PAHs did not induce production of IL-4
and IL-10 in PBMCs from nonatopic subjects (data not
shown), and neutralizing antibodies against IL-4 and
IL-10 had no effect on PARC production (Fig 5, A). In
contrast, IL-13 production was transiently but signifi-
cantly increased by exposure to 100 ng/mL DEP-PAH
compared with exposure to the CH2Cl2 control at the
24-hour time point (P < .01; Fig 5, B), although at low
levels. Neutralizing anti-IL-13 mAb inhibited DEP-PAH–
induced PARC production at 50 and 100 ng/mL DEP-
PAH (70.4% and 66.6% inhibition, respectively) at the
48-hour time point compared with the isotype control
(21.7% and 19.5% inhibition, respectively; Fig 5, A).
PBMCs were stimulated with 5 and 10 pg/mL IL-13 for
24 hours to check that small doses of IL-13 were indeed
able to activate PARC production. As shown in Fig 5, C,
10 pg/mL IL-13 was able to double PARC baseline pro-
duction. Therefore IL-13 is involved in the DEP-PAH–
induced PARC production from nonatopic PBMCs.

FIG 4. Capacity of PBMCs from nonatopic patients stimulated with

DEP-PAHs to induce TH1 and TH2 cell chemotaxis. PBMC superna-

tants were harvested at 48 hours and used in a chemotaxis assay

with either TH1 (A) or TH2 (B) cells. **P < .01. C, Inhibitory effect

of anti-PARC–neutralizing antibody on TH2 cell recruitment in-

duced by PBMC supernatants. Results are expressed as means 6

SEM (n 5 5).
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DISCUSSION

A number of studies, both epidemiologic and biologic,
have shown that diesel pollution might be involved in the
exacerbation and amplification of allergic diseases, but it
is still not clear whether diesel exhaust might influence
allergic reactions in nonatopic subjects.

In a previous study we have shown that diesel exposure
of PBMCs from allergic patients modifies chemokine
production, favoring the recruitment of TH2 cells. The cos-
timulation by the allergen was required for increased pro-
duction of MDC, whereas diesel alone was sufficient to
stimulate the production of I-309 and PARC and to de-
crease the constitutive synthesis of IP-10.8,10 We therefore
wondered whether diesel exposure of PBMCs from non-
atopic subjects would also affect the production of those
chemokines.

MIG (CXCL9) is a related member of the CXC che-
mokine subfamily. Like IP-10, MIG binds to the CXCR3

FIG 5. IL-13 mediates increased PARC production by DEP-PAH–

stimulated PBMCs from healthy donors. A, Inhibitory effect of

neutralizing anti-TH2 cytokine mAbs on DEP-PAH–induced PARC

enhancement (n 5 5 subjects). B, Kinetics of production and

dose response of IL-13 release by PBMCs (n 5 8 subjects, **P <

.01). C, Effect of IL-13 on PARC production at 24 hours (n 5 4 sub-

jects). All results are expressed as means 6 SEM.
receptor and is produced by monocytes,32 macrophages,33

neutrophils,34 and human umbilical vein endothelial
cells35 in response to IFN-g.34,36 IP-10 is produced by
monocytes-macrophages and T cells and is constitu-
tively expressed by human keratinocytes37 and epithelial
cells.38 MIG and IP-10 are chemotactic for TH1 lympho-
cytes, natural killer cells, and eosinophils.39 For both
chemokines, a baseline production was observed in un-
stimulated PBMCs from nonatopic subjects. Interestingly,
compared with our previous studies, in which we evalu-
ated these chemokines in allergic subjects, in the pre-
sent study the baseline levels of MIG10 and IP-108 were
higher in nonatopic subjects. These observations suggest
that MIG and IP-10 might play a role in the maintenance
of a TH1-dominated response in nonatopic subjects, as
shown in another study.40 In the present study diesel ex-
haust exposure did not modify MIG production by
PBMCs, irrespective of the dose and the kinetics. In con-
trast, it induced a 5-fold dose-dependent decrease of IP-10,
almost reaching the low baseline levels observed in aller-
gic patients. Corresponding variations of mRNA expres-
sion confirmed that DEP-PAHs affected its production
at the transcriptional level. However, this effect was ob-
served after 48 hours of incubation, whereas in the previ-
ous study on allergic patients, it was obtained at 24 hours,8

suggesting that a longer exposure to diesel exhaust is nec-
essary in nonatopic subjects to observe effects similar to
those in allergic subjects. These results suggest that in
nonatopic subjects chronic diesel exhaust exposure might
favor a type 2–dominated response by decreasing the re-
lease of the pro-TH1 chemokine IP-10. These data are in
agreement with recent studies showing that diesel exhaust
exposure in healthy individuals inhibits the TH1 response
by decreasing IL-12 and IFN-g production.41,42

MDC is mainly produced by monocytes-macrophages,
as well as T cells, and binds selectively to CCR4,
expressed on type 2 T cells and basophils.43 The CC che-
mokine I-309 (CCL1) binds to CCR8, also expressed on
type 2 T cells,44,45 and is produced by activated monocytes
and by T cells.46 Accordingly, these chemokines have
been shown to attract selectively TH2 cells29,47,48 and to
be involved in the TH2 response, in particular in allergic
reactions,49 although expression of I-309 was not ob-
served in the airway mucosa or in the bronchial epithelial
cells of atopic asthmatic subjects, whereas MDC and
CCR8 immunoreactivities were found.50 In allergic pa-
tients MDC was induced by diesel exposure but only
when allergen costimulation was provided8; therefore in
the present study it was not surprising that diesel exhaust
did not induce MDC production by nonatopic PBMCs.
In contrast, I-309 production, although increased by diesel
exposure in allergic patients,10 was not modified in non-
atopic subjects. These data suggest that diesel-induced
I-309 production is not related to DEP-PAHs themselves
but to the atopic status of the PBMC donors.

The last chemokine that we assessed was PARC.
This chemokine is preferentially expressed in the lung,51

is induced by TH2-type cytokines,31 and is mainly pro-
duced by antigen-presenting cells, such as activated
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macrophages, monocytes, and dendritic cells. Its recep-
tor is still unknown, but PARC chemoattracts naive
CD45RA1 T cells but not monocytes or granulocytes.51-53

PARC has been found in atheromatosis54 and in contact
hypersensitivity reactions55 and subsequently in atopic
dermatitis56 and allergic asthma.27 In a previous study
we have shown that both diesel exhaust and allergen
were able to induce PARC release from PBMCs from
allergic patients, becoming significant at late time points
(48 hours),10 suggesting that PARC might participate in
the chronicity of allergic reactions. In the present study
PARC was also induced at both translational and tran-
scriptional levels after 48-hour diesel exhaust exposure
of PBMCs from nonatopic subjects. Interestingly, TH2
chemoattraction by supernatants from diesel-stimulated
PBMCs was inhibited by a neutralizing antibody directed
against PARC. This result suggests that PARC is able to
chemoattract TH2 cells, which has been recently demon-
strated in our laboratory.27 This result also suggests the
presence of a receptor for the chemokine PARC at the sur-
face of TH2 cells. Moreover, diesel exhaust induces PARC
expression by PBMCs from both atopic and nonatopic
subjects, suggesting that PARC might represent one of
the pathways used by diesel pollutants to initiate a TH2
response in nonatopic healthy subjects.

The involvement of the TH2 cytokine pathway in DEP-
PAH–induced PARC production was then investigated.
No variation was observed in production levels of IL-4
and IL-10 by PBMCs from nonallergic subjects, and neu-
tralizing antibodies against these cytokines had no effect.
Similar results have been obtained for IL-4 in healthy sub-
jects42 after DEP exposure of activated T cells. However,
in another study exposure of basophils from healthy
donors resulted in IL-4 induction.23 In our PBMC cultures,
basophils were present, but their numbers were probably
too low to allow a detectable IL-4 production. For IL-10,
the results published in different human studies addressing
healthy subjects are contradictory, with some of them find-
ing a decrease42 or no change57 in IL-10 production after
DEP exposure and the differences probably reflecting the
cell types studied (T cells vs bronchial epithelial cells, re-
spectively). In contrast, induction of IL-13 was observed in
the present study. IL-13 expression preceded PARC pro-
duction in PBMCs exposed to DEP-PAHs, and its neutral-
ization inhibited PARC production, suggesting that IL-13
plays a key role in PARC induction by DEP-PAHs. This
result is in agreement with previous studies performed
both in atopic and nonatopic subjects, in which induction
of IL-13 by DEPs has been reported in nasal provocation
tests2 and in the bronchial epithelium,58 respectively.
Because IL-13 is involved in TH2 cell development, the
induction of IL-13 by DEP-PAHs might contribute to TH2
differentiation in nonatopic subjects.59

Altogether, these results suggest that diesel pollution
participates in the genesis of allergic reactions by favoring
TH2-mediated responses through an enhancement of IL-
13 and PARC secretion and a decreased IP-10 production.
Through these modifications, diesel exhaust exposure
might shift the immune response in nonatopic individuals
toward an allergic pattern of response and might contrib-
ute to the increased prevalence of allergic disorders.

We thank Drs P. Gosset and C. Duez for critical review of the

manuscript.
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