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The aim of this" study was to examine potential differences between healthy and atopic 
subjects with regard to IgE-mediated cutaneous inflammation. For this' purpose, we analyzed 
histamine, tryptase, leukotriene B4, albumin, eosinophils, and total Ieukocytes in skin chamber 
fluid after challenge with anti-human IgE. We also measured gross skin reactivity (wheal, 
flare, and late-phase reactions), circulating IgE, and eosinophils, as well as the state of. 
eosinophil activation. It was found that despite having more circulating IgE, the skin 
responsiveness of the atopic subjects" did not differ significantly from that of the nonatopic 
subjects with respect to mediator release, albumin extravasation, or total recruitment of  
leukocytes. Moreover, the sizes" of  anti-IgE-induced wheal, flare, and late-phase reactions were 
very similar in the two groups. On the other hand, significant recruitment of eosinophils 
during the IgE-mediated reaction was more or less restricted to the atopic group. Yet the 
recruited eosinophils, of which the majority was in an early state o[ activation before 
degranulation, did not seem to contribute significantly to the IgE-mediated delayed skin 
edema. Furthermore, the eosinophil count in anti-IgE chambers of  the atopic subjects" did not 
correlate with any of the other parameters monitored. Thus because the anti-IgE-induced 
recruitment of" eosinophils appeared to be unrelated to .[actors such as the number of 
peripheral blood eosinophils, the degree of mast cell activation, the intensity of  inflammatory 
skin changes, and the level o[ circulating IgE, it is apparent that the mechanisms for and 
pathophysiologic role of  IgE-mediated dermal eosinophil accumulation in atopic subjects 
require further investigation. (J Allergy Clin lmmunol 1996;97.'1151-63.) 
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I m m e d i a t e - t y p e  al lergic i n f l ammat ion  in the 
skin is t r iggered  by cross- l inking of  IgE  an t ibod ies  
on the surface of  de rma l  mast  cells. 1 This  leads to 
re lease  of  in f l ammatory  med ia to r s  such as hista-  
mine  and different  chemotac t i c  fac tors  tha t  cause 
an i m m e d i a t e  wheal  and  flare r e sponse  ( W F R ) ,  
usual ly fo l lowed by a slowly deve lop ing  e ry thema-  
tous  indura t ion ,  t e r m e d  the l a t e -phase  reac t ion  
(LPR) .  The  W F R  is a direct  consequence  of  
rapidly  induced  hype remia  and inc reased  vascular  
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Abbreviations used 
ECP: 

HETE: 
LPR: 

LT: 
MFI: 
OG: 

PBE: 
PBS: 

WFR: 

Eosinophil cationic protein 
Hydroxy-eicosatetraenoic acid 
Late-phase reaction 
Leukotriene 
Mean fluorescence intensity 
n-octyl-beta-D-glucopyranoside 
Peripheral blood eosinophil 
Phosphate buffered saline 
Wheal and flare reaction 

permeability, whereas the subsequent edema or 
induration of the LPR is characteristically associ- 
ated with gradual leukocyte infiltration. 2, 3 Regard- 
ing tissues other than skin, late allergic reactions 
are also commonly observed in the lungs and nose 
where the LPR is believed to cause a delayed 
increase in airway resistance and hyperresponsive- 
ness. 3-7 Although the symptoms differ depending 
on the target organ, the type of mediators released 
and the sequence of microvascular inflammatory 
events follow a rather stereotypical pattern regard- 
less of the tissue in which an allergic reaction 
manifests. 3-7 Thus the accessibility of the skin 
makes it an attractive tissue for studies of basic 
mechanisms, including drug intervention, in IgE- 
dependent inflammatory reactions. For this pur- 
pose, cutaneous anti-IgE challenge in nonatopic 
subjects appears to be a useful and reproducible 
alternative to allergen provocation in atopic sub- 
jects. 8,9 Although the skin reactions caused by 
anti-IgE in nonatopic subjects cannot be distin- 
guished macroscopically from those caused by 
allergen or anti-IgE in atopic subjects, differences 
between atopic and nonatopic subjects in this 
regard may be present at the level of mediator 
release, leukocyte recruitment, and/or protein ex- 
travasation. One approach to directly investigate 
these inflammatory changes is to use the suction- 
blister chamber technique? However, to date, 
there are no skin chamber studies in which healthy 
and atopic subjects have been thoroughly com- 
pared regarding their reactivity to anti-IgE. 

Among the different subsets of leukocytes re- 
cruited to sites of allergic LPRs, the eosinophil, a 
minor constituent of the circulating leukocyte 
count, has been subject to extensive investigation 
because accumulation of eosinophils is a conspic- 
uous feature of allergic inflammation and is impli- 
cated as an important effector mechanism in the 
pathogenesis of allergic disease, l°, :~1 The molecu- 
lar basis for eosinophil recruitment in allergic 

disorders is just beginning to be elucidated, and 
recent studies suggest that in contrast to neutrophil 
recruitment, eosinophil recruitment may be trig- 
gered by specific stimuli such as IL-4 and IL-5 and 
involves the very late antigen-4-vascular cell ad- 
hesion molecule-1 pathway. 7, la Yet these findings 
are not sufficient to explain the intriguing observa- 
tions by Henocq et al. 12,13 that dermal mast cell 
activation with anti-human IgE caused pronounced 
eosinophil recruitment in atopic subjects but not in 
healthy subjects. Hypothetically, there are several 
mechanisms that may explain this difference between 
atopic and nonatopic subjects, some of which have 
recently been discussed by Gleich. 1° For example, as 
compared with nonatopic subjects, atopic subjects 
may express more mast cell IgE or may have an 
increased number of mast cells, leading to enhanced 
mediator release. Moreover, atopic subjects may 
have "primed" or a greater number of circulating 
eosinophils. 

In this study we have addressed some of the 
potential differences between atopic and nonatopic 
subjects with regard to IgE-mediated skin inflam- 
mation. Thus with the use of the suction blister- 
chamber technique, mast cell mediator release and 
eosinophil recruitment in healthy and atopic sub- 
jects were analyzed after local challenge with anti- 
human IgE. We also measured gross skin reactivity 
(diameters of WFRs and LPRs), levels of circulat- 
ing IgE and eosinophils, and the state of eosinophil 
activation in blood and chamber fluid. Further- 
more, to assess the potential role of inflammatory 
cells for the edema formation associated with the 
LPR, albumin accumulation in chambers was de- 
termined. 

M E T H O D S  

S u b j e c t s  

Nine atopic patients, six men and three women aged 
18 to 46 years (mean age, 29 years) with a history of 
allergic rhinitis, total IgE 141.0 +_ 46.9 kU/L (range, 12 
to 410 kU/L), and positive prick test and RAST (Phar- 
macia CAP Systems; Pharmacia Diagnostics, Uppsala, 
Sweden) responses to a standard panel of 10 inhalant 
allergens, were recruited for the study. The atopic 
patients were compared with eight healthy age-matched 
(19 to 45 years; mean age, 30 years) volunteers; three 
men and five women with no history of atopy, total IgE 
11.3 _+ 5.8 kU/L (range, 2 to 49 kU/L), and negative 
CAP Phadiatop (Pharmacia Diagnostics) test results 
with specificity of 0.94 and sensitivity of 0.96 for atopic 
allergy. 14 All subjects in the study were drug-free and 
had negative test responses to intradermal injection of 
normal goat IgG. In addition, all atopic subjects had 
negative RAST responses to goat epithelium (Pharma- 
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cia Diagnostics). All  subjects gave their informed con- 
sent to participate in the study, which was approved by 
the ethical committee of the Karolinska Hospital. 

Reagents for skin testing 
Affinity-purified goat anti-human IgE (e-chain-spe- 

cific) and chromatographically purified normal goat IgG 
were obtained from AB Kemila-Preparat (Sollentuna, 
Sweden). The lyophilized antibodies were reconstituted 
in phosphate-buffered saline (PBS) and dialyzed against 
sterile PBS for 24 hours. The antibodies were then 
passed through a Millipore filter (0.22 ixm); Millipore 
Corp., Bedford, Mass.), analyzed for protein content 
according to the method of Bradford, ~5 diluted to 0.1 
mg/ml (=ti ter  1:10) in sterile PBS, divided into aliquots, 
and stored frozen at - 2 0  ° C. The LPRs induced by the 
anti-IgE developed in a dose-dependent manner, and 
the concentration of antMgE chosen for intradermal 
injection (1:100) was found to cause distinct, continu- 
ously growing LPRs, peaking at 6 to 10 hours in five 
healthy subjects (data not shown). Histamine phosphate 
(British Drug House, Poole, U.K.) was dissolved in 
sterile PBS at a concentration of 60 ixmol/L and passed 
through a Millipore filter (0.22 Fm). 

We have used anti-igE challenge in human skin for a 
number of years, and we have no evidence that the 
subjects become sensitized to the small amounts of 
animal IgG administered. Thus repeated (with intervals 
of 2 weeks to several years) injection or instillation into 
skin chambers of "normal" goat/rabbit IgG (which is 
always used as negative control) has not been found to 
cause skin reactions of greater size than those caused by 
PBS (R. Gr6nneberg. Unpublished observations)J 6 

Skin chambers 
Skin blisters were induced on the volar aspect of each 

forearm with a negative pressure cutaneous suction 
chamber system (Electronic Diversities, Finksburg, 
Md.). The suction chamber was placed on a cleaned skin 
area, followed by continuous gentle suction (300 mm 
Hg) and heating (39 ° C) for 2 to 3 hours until a complete 
blister (9 mm in diameter) was formed. The blisters were 
covered overnight with a plastic chamber (Augenver- 
band S; Lohmann GmbH, Munich, Germany), and the 
next morning, the blisters were aseptically unroofed. A 
transparent sterile adhesive plastic film (Tegaderm; 3M 
Pharmaceuticals, Loughborough, England) with a circu- 
lar hole was applied around the denuded blister base, 3 
mm away from the blister area. The film was used to 
protect intact skin from possible irritation by a cutane- 
ous adhesive (Skin-Bond cement; Smith & Nephew 
United, Inc., Largo, Fla.). The Skin Bond Cement was 
applied around the bottom edge of sterilized open- 
bottom plastic skin chambers (volume ~1 ml), which 
were placed over the unroofed blisters and secured by 
tape. The chambers were then washed four times with 
PBS containing 30 IU/ml heparin. One hundred fifty 
microliters of anti-IgE (1:10 in PBS-heparin) was in- 

fused into one chamber, whereas the contralateral con- 
trol chamber received only PBS-heparin in accordance 
with previous skin chamber studies of allergen-induced 
dermal inflammation. 17,1s After I hour of incubation, 
the chambers were filled with PBS-heparin (l ml, same 
volume in atopic and nonatopic subjects), and the fluid 
was carefully aspirated and reinstilled two times to allow 
a complete collection of exudate. The chambers were 
then refilled with PBS-heparin (1 ml), and chamber 
contents were removed hourly for the next 3 hours. This 
was followed by incubation with PBS-heparin for 4 hours 
(4 to 8 hours after start of challenge) before final 
removal. All aliquots were spun at 300 g for 5 minutes at 
4 ° C. The supernatants were immediately frozen and 
stored at - 7 0  ° C until analysis of mediator and albumin 
content was performed. Storage times were identical for 
atopic and nonatopic subjects. The cell pellets were 
resuspended in PBS andused for flow Cytometric deter- 
mination of inflammatory cells as described below. 
Chamber exudates from the 'first three subjects (two 
atopic and one nonatopic) in the study were analYzed 
with respect to inflammatory Cells only. 

Skin testing 
Immediately after the start of incubation with anti-IgE 

in the chamber, anti-IgE (1:100 in PBS, 50 F1) was 
injected intradermally on the same forearm midway 
between the chamber site and the elbow. Histamine (3 
nmol in 50 ~1 of PBS), normal goat IgG (1:100 in PBS, 
50 ~1), and PBS (50 ixl) were similarly injected on the 
contralateral arm, incubated with PBS-heparin in the 
chamber. The WFRs (at 10 minutes) and the subsequent 
delayed edema or induration (LPR, 1 to 6 hours) to 
antMgE were delineated on transparent film by one of 
the investigators. The 10- to 24-hour LPR was similarly 
recorded by the test subjects themselves after thorough 
instructions were given. The areas (in square centime- 
ters) of the skin responses were determined by the use of 
computer-assisted planimetry. "Total LPR" was esti- 
mated by adding the areas for all LPR time points from 
1 to 24 hours. 

Mediator and albumin assays 
Histamine was analyzed with a commercially available 

radioimmunoassay (Histamine radioimmunoassay kit; 
IMMUNOTECH International S.A., Marseille, France). 
In this assay modified histamine in the sample competes 
with iodinated histamine tracers for binding to an anti- 
histamine antibody, coated on a test tube (detection 
limit: 0.05 ng/ml histamine); Standard solution or sample 
were mixed with acylation buffer and incubated in the 
presence of acylating reagent for 30 minutes at room 
temperature. Acylated standard or sample  and iodine 
125-radiolabeled histamine were then added to anti- 
histamine ant ibody-coatedtubes.  Uncoated tubes with 
tracer alone were used for determination of total radio- 
activity. After incubation for 18 hours at 2 to 6 ° C, the 
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coated tubes were emptied, and the bound radioactivity 
was measured. 

Tryptase was measured by a modification of a com- 
mercially available solid-phase immunoradiometric as- 
say (Pharmacia Tryptase RIACT, Pharmacia Diagnos- 
tics AB) based on two tryptase-specific monoclonal 
antibodies (detection limit: 0.5 ng/ml tryptase). The 
tryptase in the skin chamber fluid was allowed to react 
simultaneously with anti-tryptase antibody bound to the 
wall of the test tube and soluble 1251-anti-tryptase. After 
overnight incubation at room temperature, the tubes 
were washed three times, and the remaining radioactiv- 
ity was measured. 

Leukotriene (LT) B 4 w a s  measured with a commer- 
cially available enzyme immunoassay kit (Cayman 
Chemical Co., Ann Arbor, Mich,) (detection limit: 3.9 
pg/ml LTB4). This assay is based on competition be- 
tween free LTB 4 in the sample and acetylcholinesterase- 
linked LTB 4 tracer for limited specific rabbit LTB 4- 
antiserum binding sites. The rabbit antiserum-LTB 4 
complex (free or tracer) then binds to a monoclonal 
anti-rabbit antibody attached to wells in a microtiter 
plate. The plates were incubated for 18 hours at room 
temperature, washed, and developed by adding Ellman's 
reagent. The acetylcholinesterase tracer cleaves the Ell- 
man's reagent to form a yellow substance, the density of 
which was determined photometrically at 412 nm. The 
cross-reactivity for the LTB 4 antiserum used was less 
than 0.1% for LTC4, LTD4, LTE4, arachidonic acid, 
5(S)-hydroxy-eicosatetraenoic acid (HETE), 12(S)- 
HETE, 12(R)-HETE, and less than 0.3% for 5(S),12(S)- 
DiHETE (Cayman Chemical Co.). The levels of LTB 4 in 
skin chambers were too low for further high-perfor- 
mance liquid chromatography purification before the 
enzyme immunoassay. However, we have indirect evi- 
dence that other components of complex inflammatory 
exudates do not give false LTB4-1ike signals in this 
particular enzyme immunoassay; that is, we have found 
that the marked increase in LTB4-1ike immunoreactivity 
in peritoneal exudates of mice with experimental allergic 
peritonitis is suppressed below the level of detection by 
the potent and selective leukotriene synthesis inhibitor 
MK-886 in both purified (high-performance liquid chro- 
matography) and unpurified samples (J. Raud. Unpub- 
lished observation). 

Albumin was measured by using a radioimmunoassay 
with rabbit anti-human albumin (Dakopatts, Copenha- 
gen, Denmark) and commercial standard (Calbiochem, 
San Diego, Calif.) (detection limit: 6.25 ng/ml albumin). 
Iodination was performed using a lacktoperoxidase 
method described by Thorell and Johansson. v) The 
dilution buffer was 0.05 mol/L sodium phosphate, 0.9% 
NaC1, 0.01% bovine serum albumin (BSA Fraction V, 
Wilfrid Smith, Middlesex, U.K.), and 0.01% NaN 3 at pH 
7.6. Tracer and standards (or samples) were mixed with 
antiserum and incubated overnight at room temperature 
before addition of goat anti-rabbit antiserum (Astra 
Draco AB, Lurid, Sweden) diluted in assay buffer with 

5% polyethlyene glycol 6000 (Kebo Lab, Stockholm, 
Sweden), after which the radioactivity of the bound 
fraction was measured. 

The mediators and albumin were all measured in 
duplicate. No unspecific histamine, tryptase, LTB4, or 
albumin immunoreactivity was detected in buffer con- 
taining only anti-IgE and/or PBS-heparin. 

Analysis of leukocytes 
Peripheral blood leukocytes from the eight nonatopic 

subjects, the nine atopic subjects, and 25 healthy blood 
donors were analyzed within 1 hour after sampling. 
Erythrocytes in ethylenediamine tetraacetic acid blood 
were lysed with NH4C1 , and the leukocytes were used 
without further isolation procedures as previously de- 
scribed. 2° Leukocytes in skin chamber fluid were ob- 
tained after centrifugation at 300 g for 5 minutes (4 ° C). 
To enable flow cytometric analysis of eosinophils with- 
out prior purification procedures, the leukocyte prepa- 
rations from blood and skin exudates were treated 
according to the previously described cell membrane 
permeabilization method, al, 22 Briefly, the permeabiliza- 
tion is achieved by treating parafomaldehyde-fixed leu- 
kocytes with n-octyl-[3-D-glucopyranoside (OG). This 
treatment results in scatter-distinguishable eosinophils 
and permits analysis of both intracellular and surface 
antigens by flow cytometry. The monoclonal antibody 
EG2 (Kabi Pharmacia Diagnostic, Uppsala, Sweden) 
was conjugated with fluorescein isothiocyanate and in- 
cubated with permeabilized leukocytes as previously 
described.21, 23 

In some experiments, when a sufficient number of cells 
could be harvested, the surface expression of CD9 was 
measured. To obtain optimal binding of monoclonal anti- 
bodies to surface antigens and to avoid intracellular bind- 
ing, antibodies to CD9 (Sera-Lab, Crawley Down, Sussex, 
U.K.) were incubated with untreated leukocytes. The sur- 
face immunostained cells then underwent paraformalde- 
hyde fixation and permealization with OG to obtain the 
separated eosinophil population by flow cytometry. 

The final leukocyte preparations were analyzed in an 
EPICS Profile II flow cytometer (Coulter Corp., Miami, 
Fla.). The data were collected in list mode and further 
analyzed by using the Elite workstation software 
(Coulter, Corp.). The analyses performed in this study 
have been previously described. 21,22 The eosinophils 
were identified by their preserved high scatter signals, 
intracellular binding of EG2, and in some experiments 
by their surface expression of CD9. The percentage 
eosinophils was determined, and the mean EG2-depen- 
dent fluorescence intensity of the EG2-positive popula- 
tion was measured to quantify intracellular expression of 
eosinophil cationic protein (ECP), reflecting eosinophil 
activity. As previously described, the selected eosinophil 
gate contains no or minimal numbers of lymphocytes 
(CD2 +, CD4 ~, CD8+), monocytes (CD14+), neutro- 
phils (CD16+), or platelets. 21, 22 
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Statistical analysis 
Statistical analysis of paired observations was per- 

formed by using the Wilcoxon signed-rank test (two- 
tailed), and independent samples were analyzed by the 
Wilcoxon-Mann-Whitney test (two-tailed). When appro- 
priate, correlations between the different parameters 
were sought by calculating the Spearman rank-order 
correlation coefficient (r~). All values are expressed as 
means _+ SEM. 

RESULTS 
Anti-lgE-induced skin inflammation 

Intradermal injection of anti-human IgE (titer 
1:100) or histamine (3 nmol) induced WFRs of 
similar magnitude in atopic and healthy subjects 
(Fig. 1). In both groups cutaneous responses to 
normal goat lgG (titer 1:100) were indistinguish- 
able from the minor reaction induced by vehicle 
(PBS) (not shown). LPRs developed only after 
anti-IgE injection and were characterized by dis- 
tinct, somewhat irregular, erythematous induration 
and edema, reaching maximum intensity between 4 
and 10 hours after challenge (Fig. 2). The LPRs in 
the group of healthy subjects tended to be larger 
than those in the group of atopic subjects; how- 
ever, the difference was not statistically significant 
when values for total LPR (0 to 24 hours) were 
compared (p = 0.20). None of the patients com- 
plained or showed signs of systemic allergic symp- 
toms (e.g., distant skin rash, airway obstruction) 
after anti-IgE challenge (applies to all parts of the 
study). 

AntMgE-induced mediator release in 
skin chambers 

Challenge with anti-IgE (titer, 1:10) in skin 
chambers induced a clear-cut release of histamine 
and tryptase in both healthy and atopic subjects 
(Figs. 3 and 4). The release patterns for the two 
mediators were almost identical (i.e., peak release 
during the first hour of incubation, followed by a 
gradual decrease during the subsequent 3 hours), 
and there were no statistical differences between 
the two groups of subjects (p > 0.1 at all time 
points). In the control chamber only small amounts 
of histamine and tryptase were detected (Figs. 3 
and 4); that is, the total amounts of histamine and 
tryptase (nanograms during 0 to 4 hours) released 
in inactive chambers were less than 7% and less 
than 1%, respectively, of the total release in active 
anti-IgE chambers. 

The atopic subjects had significantly higher lev- 
els of circulating IgE than the nonatopic subjects 
(141.0 _+ 46.9 vs 11.3 _+ 5.8 kU/L, p = 0.002). 

2.5 

2.0 

~- 1.5 

1.0 
Q) 

0.5 

0.0 
A Anti-lgE 

m Non-atopics 

Atopies 

Histamine 

25 

20 ¢¢ 

- 1 5  

~) I0 

5 

) 
N 

m Non-atopics 

Atopics 

0 ,~xxxx,~ i 

B A n t i - l i E  H i s t a m i n e  

FIG. 1. Wheal area (A) and f lare area (B) 10 minutes after 
intradermal injection of  anti-lgE (titer, 1:100) or histamine 
(3 nmol) on the vo lar  aspect of  the fo rearms of  atopic and 
nonatopic  subjects (mean values ÷ SEM, n = 7 in each 
subject group), 

However, it should be noted in this context that 
serum lgE in the two groups did not correlate with 
either the anti-IgE-induced total release of hista- 
mine or tryptase, the size of the WFRs, or total 
LPRs (r~ between -0.571 and 0.714, p values 
between 0.07 and 0.64). 

The levels of LTB 4 during the first 4 hours after 
anti-IgE challenge were very low in both atopic 
and nonatopic subjects, with no statistical differ- 
ences between the two groups (p > 0.3 at all time 
points) (Fig. 5). During the subsequent 4- to 
8-hour period, on the other hand, LTB 4 was mark- 
edly elevated (Fig. 5). In healthy subjects this late 
increase in LTB 4 was significantly greater in the 
anti-IgE chamber as compared with the control 
site (p = 0.031), whereas in the atopic subjects the 
level of LTB 4 in the active chamber, which tended 
to be lower than that in the nonatopic subjects 
(NS, p = 0.43), was not statistically different from 
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FIG. 2. Size of cutaneous induration (LPR) at indicated t ime points after intradermal injection of 
anti-lgE (titer, 1:100) on the volar aspect of the forearms of atopic and nonatopic subjects (mean 
values _+ SEM, n = 7 in each subject group). 

25 

2O 

15 

5 

Anti-IgE, non-a top .  

PBS, non-a top .  

Anti-IgE, atop. 

I I PBS, atop. 

O - l h  l - 2 h  2 - 3 h  3 - 4 h  

FIG. 3. Histamine levels (in nanograms per mil l i l i ter) in skin chamber  fluid at indicated t ime 
points after local chal lenge wi th anti-lgE (titer, 1:10) or PBS in atopic and nonatopic subjects 
(mean values ÷ SEM, n = 7 in each subject group). 

the level in inactive control chambers (p = 0.34). 
There were no statistical differences between the 
two groups with regard to LTB 4 levels in unstimu- 
lated control chambers (p > 0.05 at all time 
points). 

Anti-lgE-induced albumin extravasation in 
skin chambers 

Albumin accumulation in inactive control cham- 
bers was relatively high in both atopic and non- 
atopic subjects during the 0 to 8 hours of observa- 
tion (Fig. 6). Yet, after challenge with anti-IgE, the 
albumin concentrations rose by approximately 
100% (Fig. 6), and this increase was statistically 
significant at all time points in both groups (p 
values between 0.008 and 0.023). There were no 

statistical differences m induced albumin extrava- 
sation between the two subject groups (p > 0.1 
at all time points). Moreover, at no time point 
did the concentration of albumin after anti-IgE 
challenge in the two groups correlate with the 
corresponding concentrations of histamine, 
tryptase, or LTB 4 or with the accumulation of 
eosinophils or total number of leukocytes (de- 
scribed below) in the chambers (r, between 
-0.393 and 0.607, p values between 0.15 and 
0.91). A similar lack of correlation was observed 
when values in the control chambers were sub- 
tracted from active and anti-IgE chambers and 
when total accumulation of albumin, mediators, 
and leukocytes during 0 to 4 hours or 0 to 8 
hours were considered (not shown). 



J ALLERGY CLIN IMMUNOL Raud et al, 1157 
VOLUME 97, NUMBER 5 

80 

70 

"~ 60 

¢o 50 

Q; 40 
¢n 

so ~u 

20 

I0 

Anti-IgE, non-a top .  

PBS, n o n - a t o p .  

Anti-IgE, atop. 

I ~ PBS, atop. 

O- lh 1-2h 2-3h 3-4h 

FIG. 4. Tryptase levels (in nanograms per mill i l i ter) in skin chamber fluid at indicated t ime 
points after local challenge with anti-lgE (titer, 1:10) or PBS in atopic and nonatopic subjects 
(mean values _+ SEM, n = 7 in each subject group). 
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FIG. 5. LTB 4 levels (in picograms per mill i l i ter) in skin chamber fluid at indicated t ime points 
after local challenge with anti-lgE (titer, 1:10) or PBS in atopic and nonatopic subjects (mean 
values _+ SEM, n = 7 in each subject group). 

Anti-lgE-induced leukocyte recruitment in 
skin chambers 

Fig. 7 shows total recruitment of all subtypes of 
leukocytes ("mixed leukocytes") over time into 
control and anti-IgE chambers in both subject 
groups. During the 0- to 8-hour period as a whole, 
the total leukocyte count in control and active 
chambers was 5.1 _+ 3.2 × 104 and 32.0 _+ 12.6 × 
104, respectively, in nonatopic subjects and 11.9 _+ 
4.4 x 104 and 47.8 _+ 15.4 x 104, respectively, in 
atopic subjects. In both groups the total leukocyte 
accumulation in anti-IgE chambers was signifi- 
cantly greater than that in the control chambers 
(p < 0.01); however, there were no significant 
differences in this respect between the two subject 
groups (p = 0.27 for control chambers and p = 
0.08 for active chambers). In fact, at no specific 

time point did any of the chamber leukocyte coun ts  
in atopic and nonatopic subjects differ significantly 
(p values between 0.07 and 0.88). 

Anti-lgE-induced recruitment and activation 
of eosinophils in skin chambers 

In contrast to the very similar accumulation of 
mixed leukocytes in the two subject groups, eo- 
sinophil recruitment after anti-IgE challenge was 
more or less restricted to the atopic group as 
measured in the 4- to 8-hour samples (eosinophil 
numbers at earlier time points were too low for 
reliable identification by flow cytometry (Fig. 8). 
Thus eosinophil recruitment occurred in all nine 
atopic subjects (mean number of eosinophils = 
47.7 _+ 16.6 × 103), whereas only two of eight 
chambers from healthy subjects contained detect- 
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FIG. 7. Total number of mixed leukocytes (× 104) in skin chamber fluid at indicated t ime points 
after local challenge with anti-lgE (titer, 1:10) or PBS in atopic (n = 9) and nonatopic (n = 8) 
subjects. Mean values + SEM. 

able eosinophils (mean = 4.4 ± 3.2 × 103, p = 
0.003 vs atopic subjects). With respect to control 
chambers, eosinophil recruitment was only de- 
tected in one atopic patient (3.9 × 103 eosin- 
ophils). 

We have previously shown that almost all 
(~95%) cells within the defined eosinophil gate 
bind the monoclonal antibody EG2, which recog- 
nizes the intracellular eosinophil-specific ECP. 21, 22 
This binding increases when eosinophils are acti- 
vated, and the degree of activation can be quanti- 
fied by measuring the mean fluorescence intensity 
(MFI) of EG2-positive eosinophil populations. 21, 22 
In this study 94.7% _+ 4.5% (range, 86.1% to 
99.7%) of the gated eosinophils were EG2-posi- 
tive, and the EG2-dependent MFI level for nonac- 
tivated eosinophils was found to be 32.9 _+ 1.52 U 
in 25 healthy blood donors. When eosinophils in 

skin chambers in atopic subjects were analyzed, the 
MFI values ranged from 64.8 to 120.9 U (mean, 
83.8 +_ 7.7 U). In the two nonatopic subjects with 
detectable eosinophils in the anti-IgE chamber, the 
MFI values were 49.3 and 68.2 U, respectively. 

In peripheral blood the percentage of eosin- 
ophils in nonatopic subjects was 3.95% _+ 0.72% 
before and 3.08% ± 0.51% 8 hours after the 
start of anti-IgE challenge with a mean value of 
3.36% _+ 0.53%. The corresponding data for 
atopic subjects was 5.58% + 0.84% before and 
5.26% _+ 0.75% at the end of the experiment, 
with a mean value of 5.42% ± 0.74%. Thus the 
mean peripheral blood eosinophil (PBE) per- 
centage was 61.3% greater in atopic subjects 
than in nonatopic subjects (p = 0.038). However, 
there was no tendency for correlation between 
the PBE count or percentage and number of 
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TABLE I. Correlations between anti-lgE induced skin chamber eosinophilia and other parameters 
of skin inflammation and serum IgE in atopic subjects 

Total  LPR 
(0-24 hr) A lbumin*  Total  serum IgE PBE count H is taminet  Tryptase¢ LTB4§ LeukocytesH 

r~ 0.250 -0.107 0.126 0.008 0.571 0.143 0.252 0.218 
p value 0.589 0.819 0.748 0.983 0.180 0.766 0.548 0.574 

Data are based on experiments with atopic subjects (n 7 to 9). Correlations between the number  of skin chamber  eosinophils and 
the parameters  indicated in the table were determined by calculating Spearman 's  rank-order correlation coefficient. 

*Chamber fluid albumin concentration 4 to 8 hours. 
tTotal  skin chamber  histamine 0 to 4 hours. 
STotal skin chamber  tryptase 0 to 4 hours. 
§Total skin chamber  LTB 4 4 to 8 hours. 
HTotal number  of  mixed leukocytes in chambers  4 to 8 hours. 

chamber eosinophils after anti-IgE challenge in 
the atopic subjects (Table I). The MFI values of 
the EG2-positive PBEs before anti-IgE chal- 
lenge were 39.6 _+ 2.83 and 36.2 + 2.26 U in 
healthy and atopic subjects, respectively, and 
33.6 _+ 3.55 and 34.2 _+ 2.98 U, respectively, at 
the end of the experiments. 

To further confirm the identity of the cells 
within the defined eosinophil gate, monoclonal 
antibodies to CD9 were incubated with chamber 
leukocytes recruited by anti-IgE when a sufficient 
number of cells could be harvested (n - 4 atopic 
subjects). CD9 is known to be highly expressed on 
eosinophils, 24 and we found that the percentage of 
CD9-positive cells within the given eosinophil gate 
was 99.5% -+ 0.3% and the MFI was 86.4 _+ 4.65 U. 
Furthermore, almost all (>99%) CD9-positive 
cells exhibited preserved high scatter signals (com- 

plexity/granularity), indicating a state of activation 
before degranulation. 

Correlations between chamber eosinophils 
and other parameters 

To investigate potential relationships between 
eosinophil recruitment and the degree Of mast cell 
activation and intensity of the inflammatory re- 
sponse, possible correlations with other parame- 
ters were evaluated. However, the eosinophil 
count during the 4- to 8-hour period in anti-IgE 
chambers of atopic subjects did not correlate with 
any of the other parameters monitored, including 
the size of the LPRs; the amount of albumin 
extravasation; the serum IgE levels; the PBE 
count; the magnitude of histamine, tryptase, and 
LTB 4 release; and the total number of mixed 
chamber leukocytes (Table I). 
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DISCUSSION 

Using the suction-bfister chamber technique, 
we have shown that atopic and nonatopic subjects 
have many features in common regarding skin 
reactivity to challenge with anti-human IgE. Thus 
we found no significant differences between the 
two subject groups with respect to mediator re- 
lease, plasma protein extravasation, or recruitment 
of mixed leukocytes. Moreover, in line with previ- 
ous observations, s, 13 the size of anti-IgE-induced 
WFRs and LPRs did not differ significantly be- 
tween healthy and atopic subjects. If anything, the 
responsiveness to anti-IgE tended to be weaker in 
the atopic subjects. 

The only major difference between the two 
groups was that recruitment of eosinophils into 
chambers was much more pronounced in the 
atopic group. In other words, a significant number 
of chamber eosinophils was detected in all nine 
atopic subjects, but in only two of eight nonatopic 
subjects. The mean chamber eosinophil count in 
the atopic group was 10 times higher than that in 
the group of healthy subjects. These findings con- 
firm and extend the observations by Henocq and 
Rihoux, ~3 who used the Rebuck skin window 
method to demonstrate that anti-IgE challenge 
was followed by significant eosinophil accumula- 
tion in atopic subjects only. In the latter study a 
relatively low dose of anti-IgE, which did not result 
in LPRs, was used in order to discriminate be- 
tween the two populationsY We now demonstrate 
that higher concentrations of anti-IgE, sufficient to 
produce clear-cut LPRs in both subject groups, 
also cause significant eosinophil recruitment in 
atopic subjects only. This apparent selectivity for 
eosinophil recruitment is intriguing, and the fol- 
lowing series of findings suggest that this feature of 
atopic subjects is unrelated to factors such as the 
number of PBEs, the degree of mast cell activa- 
tion, the intensity of inflammatory skin changes, 
and the level of circulating IgE. The mean number 
of PBEs was somewhat elevated (by ~60%) in the 
atopic subjects as compared with nonatopic sub- 
jects; however, such a small difference in PBEs 
cannot explain the striking difference in chamber 
eosinophils. This notion is further supported by the 
observed lack of correlation between the PBE and 
chamber eosinophil counts. A lack of correlation 
between PBEs and skin eosinophils has also been 
described for intradermal allergen challenge. 26 It 
has been hypothesized that increased mast cell 
activity may account for the eosinophil recruitment 
in atopic subjects, l° However, we observed no 
differences in histamine or tryptase release be- 

tween the two subject groups, and as mentioned 
previously, the same applies to the size of anti- 
IgE-induced WFRs and LPRs. That the intensity 
of the inflammatory responses was similar in the 
two groups was also indicated by the very similar 
degree of albumin extravasation and total leuko- 
cyte recruitment into chambers. As compared with 
the nonatopic subjects, the atopic subjects had 
significantly higher levels of circulating IgE (mean 
values, 141.0 vs 11.3 kU/L), a feature that can be 
assumed to increase skin mast cell IgE and to make 
the mast cells more responsive to anti-IgE chal- 
lenge.27, 28 However, as described previously, the 
results of the anti-IgE challenge do not support a 
correlation between serum IgE and mast cell reac- 
tivity in skin of atopic subjects. Furthermore, there 
was no correlation between circulating IgE and 
chamber eosinophils in the atopic group. Taken 
together, the lines of evidence discussed indicate 
that the pronounced IgE-mediated eosinophil re- 
cruitment into skin of atopic subjects (as compared 
with nonatopic subjects) must be related to factors 
such as increased sensitivity of the eosinophils to 
chemotactic signals and/or selective release of 
some mediator(s) with eosinophil-specific chemo- 
tactic activity. 

In vitro studies provide evidence that isolated 
blood eosinophils from atopic subjects exhibit en- 
hanced migratory activity in response to different 
chemotactic factors, possibly as a result of eosino- 
phil "priming" caused by increased circulating 
levels of cytokines such as IL-5. 29-31 Yet these 
studies do not directly prove that eosinophils in the 
circulation of atopic subjects are "primed" before 
isolation, and one cannot exclude the alternative 
or additional possibility that in comparison with 
nonatopic subjects, mast cells (or other tissue 
residing cells) of atopic subjects may release 
greater amounts of some eosinophil chemotactic 
factor. In this context LTB 4 has been suggested to 
represent "low molecular weight eosinophil che- 
motactic activity of anaphylaxis" (ECF-A)? 2,33 
However, increased LTB 4 formation was not the 
likely cause for eosinophil recruitment in the 
atopic subjects, because we found that LTB 4 levels 
in chambers of atopic subjects were equal to or 
even lower than those in nonatopic subjects. More- 
over, the chemotactic activity of LTB 4 on human 
leukocytes is not selective for eosinophils? 4 An- 
other possibility would be that, as compared with 
"normal" mast cells, mast cells of atopic subjects 
may contain or liberate relatively more cytokines 
with eosinophil-specific activity, for example, IL-4 
or IL-5. Interestingly, eosinophils, but not neutro- 
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phils, are activated by IL-5 35 and use the very late 
antigen-4-vascular cell adhesion molecule-1 path- 
way in the process of infiltrating tissues. 36, 37 More- 
over, release and/or increased expression of both 
IL-4, which selectively induces vascular cell adhe- 
sion molecule-1 expression on endothelial cells, 1~ 
and IL-5 has been indicated in allergic inflamma- 
tion in skin and airways. 5 Yet it remains to be 
shown that cytokine release and/or adhesion mol- 
ecule expression differs in atopic and nonatopic 
subjects after anti-IgE challenge. 

To enable the analysis of eosinophils in unsepa- 
rated peripheral blood and in mixed leukocyte 
suspensions from the skin chambers, we used a 
recently described cell membrane permeabiliza- 
tion method (i.e., paraformaldehyde fixation and 
permealization with OG). 21 With this technique, it 
was found that most chamber eosinophils exhibited 
both high scatter signals (preserved granularity) 
and high intracellular expression of ECP, indicat- 
ing that the eosinophils recruited by anti-IgE were 
in an early state of activation before degranulation 
and release of intracellular ECP. This seemingly 
low degree of eosinophil degranulation is in con- 
trast to previous reports indicating considerable 
eosinophil degranulation in skin challenged with 
allergen. 3s-4° However, further studies are needed 
to determine whether these apparent differences in 
eosinophil degranulation are related to the differ- 
ent stimuli used (anti-IgE vs allergen) or other 
methodological factors. 

Based mainly on temporal associations, it is 
commonly suggested that the development of de- 
layed allergic cutaneous edema (LPR) is depen- 
dent on influx of inflammatory cells, is, 41-43 This is 
in agreement with results of animal studies show- 
ing that skin edema in response to chemotatic 
factors is more or less abolished in leukopenic 
animals or after blockade of leukocytic [32-inte- 
grins. 44,45 In this study, however, the anti-IgE- 
induced leukocyte recruitment (considered as total 
number of cells or eosinophils separately) showed 
no tendency to correlate with either the develop- 
ment of LPRs or the continuous delayed albumin 
extravasation in chambers. In further support of a 
dissociation between the late allergic cutaneous 
edema and leukocyte or eosinophil infiltration, 
some investigators have reported lack of correla- 
tion between allergen-induced leukocyte recruit- 
ment and LPRs, iv, 46, 47 and others have suggested 
that significant dermal influx of eosinophils and 
other leukocytes after allergen or anti-IgE chal- 
lenge may occur without development of late 
induration or edema. 12,13, 42 One possible implica- 

tion of these observations is of course that late 
allergic cutaneous edema is dependent on factors 
other than leukocyte extravasation. However, in 
this context it is also important to emphasize that it 
may be impossible to find a positive correlation 
between a single effector mechanism and a target 
effect at an inflamed site where the chemical and 
cellular complexity provides a basis for multiple 
interactions. Thus as indicated in numerous animal 
studies,4S, 49 it is likely that the leukocyte extrava- 
sation during allergic LPRs in skin is indeed of 
importance for promoting edema formation by 
acting synergistically with locally formed vasodilat- 
ing or edema-promoting mediators. 

Histamine is a major mediator of the immediate 
anti-igE-induced wheal formation. 13, 50 Yet we did 
not find a correlation between histamine release 
and the early anti-IgE-induced albumin extravasa- 
tion. It is possible that this lack of correlation again 
illustrates mediator interactions, for example, be- 
tween histamine and LTC4, which also causes 
WFRs in human skin and is formed early after 
both allergen and anti-IgE challenge. 51, 52 This is 
supported by a recent study in the skin-like ham- 
ster cheek pouch, in which very low concentrations 
of exogenous histamine and LTC 4 act in striking 
synergism to cause plasma extravasation. 53 

Extravasation of albumin in control chambers 
was approximately 50% of the corresponding val- 
ues in active anti-IgE chambers throughout the 
experiments, suggesting that induction of blisters is 
somewhat traumatic to the tissue. However, the 
basal release of mediators and spontaneous influx 
of leukocytes was comparatively small and did not 
seem to parallel the basal albumin leakage. This 
suggests that the basal extravasation of albumin is 
due to mechanical rather than inflammatory pre- 
parative microvascular disturbance. This is in 
agreement with a study by Atkins et al., 54 showing 
that basal IgG extravasation into skin chambers 
was high in comparison with spontaneous hista- 
mine release. 

We conclude that with the exception of pro- 
nounced cutaneous eosinophil recruitment in the 
atopic subjects, the investigated dermal indices of 
IgE-mediated inflammation were very similar in 
atopic and nonatopic subjects. Moreover, the re- 
cruitment of eosinophils in atopic subjects ap- 
peared to be unrelated to factors, such as the 
number of PBEs and the level of circulating IgE. 
This suggests that selective eosinophil accumula- 
tion in atopic skin is not simply a result of quanti- 
tative differences between atopic and nonatopic 
subjects with regard to common features of the 
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a l le rg ic  e f fec to r  r e s p o n s e .  T h e  use  o f  a n t i - I g E  

c h a l l e n g e  in sk in  c h a m b e r s  is l ikely to be  a ve ry  

useful  a p p r o a c h  in t he  f u r t h e r  analysis o f  the  

a p p a r e n t  d i f f e rences  b e t w e e n  hea l t hy  and  a top ic  

subjec ts  wi th  r e g a r d  to I g E - m e d i a t e d  e o s i n o p h i l  

r e c r u i t m e n t .  
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