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Fel d 1-Specific IgG Antibodies
Induced by Natural Exposure Have
Blocking Activity in Skin Tests

Abstract

Cat-allergic patients frequently have IgG antibodies directed against Fel d 1. The
aim of this study was to investigate whether these IgG antibodies influcnce the
results of the skin test. Titrated skin tests were performed with Fel d 1 and IgE and
IgG antibody levels were measured in 59 patients with cat allergy. Levels of spe-
cific IgG against Fel d | ranged from less than 0.25 to 3.5 pg/ml. By means of a
multiple regression analysis it was shown that the amount of specific 1gG anti-
bodies contributes significantly to the results of the skin test. Presence of specific
lgG against Fel d | was accompanicd by higher skin thresholds for Fel d 1. In
conclusion, this study indicates that even low levels of specific 1gG, induced by
natural exposure to cat allergens, have a blocking effect on the early phase skin

Feld | reaction.

Introduction

The role of IgG antibodies in skin tests still needs to be
established. Already before 1940 it was shown that in scra of
patients that had reccived a course of allergen-specific im-
munotherapy a heat-stable antibody had developed [I, 2].
This antibody was called blocking antibody becausc of its
allergen-ncutralizing capacity in skin tests [3-5]. Allergen
extracts preincubated with serum of descnsitized patients
showed significantly decrcased diamcters of wheals and
flarcs in the skin test compared to allergen extracts incubat-
cd with scrum of the same individuals before immunothera-
py or with saline. The question arises of whether allergen-
specific IgG antibodies also act as blocking antibodies with-
out preincubation, an approach that rescmbles more closcly
the physiological situation.

In vitro, the inhibitory effect of IgG antibodics on ba-
sophil histamine releasc was demonstrated by scveral inves-
tigators [6-10]. In sevcral studies on immunotherapy a dc-

crease in early phase skin reactivity was observed [11-15].
However, those studies frequently failed to show a correla-
tion between the decrcase in skin reactivity and the concen-
tration of IgG antibodies. This might have been due to the
fact that in these studies IgG antibodies against total aller-
gen extracts were measured. The results may than be con-
founded by the inclusion of IgG antibodics with irrelevant
specificities. 1gG antibodies to irrelevant, i.e. non-allergic
material in allergen extracts or to allergens against which no
IgE antibodies are directed, will not contribute to the block-
ing of the binding of specific IgE antibodies. 1gG antibodies
that are directed against the same molecules as the IgE anti-
bodies and probably even the same or adjacent epitopes
should be mcasured. For these rcasons purified major al-
lergens offer a better opportunity to investigate the influ-
ence of specific IgG on the skin test.

IgG antibodies against allergens are commonly found in
allergic patients. It has been shown that atopic patients have
increased levels of IgG to the grass pollen allergen Lol p 1
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[16] and to the house dust mite allergen Der p | [17]. The
amount of specific IgG is related to the exposure level [18,
19]. Higher levels of 1gG antibodies are found to the cat al-

lergen Fel d 1, when a cat is in the house [20]. In casc of

occupational exposure to experimental animals, with very
high exposure levels, not only allergic but also nonallergic
individuals develop IgG antibodies [21]. The aim of this
study was to investigate whether IgG antibodies induced by
natural exposure to cats have an inhibitory effect on the skin
test results.

Materials and Methods

Puatients

The studics were performed in 59 cat-allergic patients attending
the Department of Otorhinolaryngology and the Department of Pul-
monology. Patients with allergic rhinitis had a history of sneezing.
itching in the nose. a running nose or a blocked nose. Asthma was
defined according the criteria of the American Thoracic Socicty [22].
Paticents with asthma had a history of paroxysms of dyspnea, wheezing
and coughing. The median age of the patients was 30 years (range 15-
53 ycars). Patient characteristics arc given in table 1. Patients were sc-
lected on basis of a positive radioallergosorbent test (RAST) for cat
dander. Excluded from the study were patients with cczema in the test
area, patients treated with oral steroids or antihistamines and patients
treated with immunotherapy. The study was approved by the local
medical cthical committee and informed consent was given by all
paticnts.

Preparation of Purified Fel d |

The isolation of a major allergen with monospecitic polyclonal an-
tibodies for application in vivo was performed as described previously
[23]. Bricfly. Fel d 1 for immunization of rabbits was isolated from cat
dander cxtract (HAL Allergen Laboratorics. Haarlem, The Nether-
lands) by affinity chromatography with monoclonal antibodics against
Fel d | [24.25]. Rabbit polyclonal antibodies were purificd by affinity
chromatography with cat dander extract immunosorbent: the cat ex-
tract was coupled to CNBr-activated Sepharose (Pharmacia Fine
Chemicals, Uppsala, Sweden; 1 mg protein/100 mg Scpharose). This
Sepharose was incubated with rabbit serum containing anti-Fel d 1 for
12 h at 4°C (500 pl serum/100 mg Sepharose). The Scepharose was
washed S times with phosphate-buffered saline (PBS). containing
0.01% Tween 20, and S times with PBS. Rabbit anti-Fel d 1 was cluted
with a buffer containing 10% dioxance (v/v) in 0.1 M glycine at pH 2.5.
After dialysis, the cluate was coupled to CNBr-activated Sepharose
(1 mg protein/100 mg Sepharose). Subscquently. this anti-Fel d 1 al-
lergosorbent was incubated with cat extract for 12 h at 4°C (5 mg pro-
tein/100 mg Sepharose). The allergosorbent was washed S times with
PBS-Tween and 5 times with PBS. Fel d 1 was cluted with a buffer
containing 10% dioxanc (v/v) in 0.1 M glycine at pH 2.5. The cluate
was dialyzed against PBS. Specificity of the monoclonal and poly-
clonal anti-Fel d 1 and characterization of Fel d | purified by affinity
chromatography were described previously [24. 25]. For the skin test
the Fel d 1 was diluted in PBS. containing 0.03% human albumin and
0.5% phenol and stored at 2-8°C.
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Feld ] Assay

An inhibition assay analogous to the assay described by Chapman
and Platits-Mills [26] was applicd to measure the Fel d | concentration
in the extract. To 0.5 ml protein A-Sepharosc (Pharmacia Fine Chem-
icals. Uppsala, Sweden: I mg/ml), 0.05 ml diluted rabbit antibodics.
0.05 ml "*I-labeled Fel d 1 and 0.05 ml of the test extract were added.
The mixture was incubated overnight under vertical rotation at room
temperature. After centrifugation and washing of the Sepharosc, ra-
dioactivity bound to the solid phase was counted. The Fel d | levels
were read from the FDA (United States Food and Drug Administra-
tion) standard curve (1 FDA unit ~ 4 ug Feld 1) [27].

Radioallergosorbent Test

RAST was performed as described previously [28]. Monoclonal
antibody affinity-purified Fel d | was coupled to CNBr-activated Sc-
pharose 4B (100 g to 100 mg Scpharosc. Per test S0 ul of serum were
added 1o 0.5 mg Scpharose in a final volume of 300 ul [PBS-AT:
PBS/0.3% (w/v) BSA/0.1% (v/v) Tween 20]. Each serum was tested in
duplicate, in 3-fold dilutions of the Fel d 1-Sepharose. Immunc detec-
tion of IgE was performed with '*1-sheep antihuman IgE. Each serum
was tested in such a dilution that the percentage binding of radioactiv-
ity was less than 20% radioactivity added. The amount of specific IgE
was caleulated as described by Aalberse ct al. [29]. The results were
read from a standard dilution curve with a reference serum with anti-
IgE Scpharose. Therefore the results were expressed in international
units per milliliter specitic [gE. Total serum [gll was quantificd by an
inhibition assay as described carlier [30].

Assav of 1gG against Fel d 1

One microliter of serum was incubated with 250 ul protein A-Se-
pharose (2 mg/ml) and 50 ul radiolabeled Fel d 1. 1gG4 antibodics were
detected with anti-IgG4 Sepharose as described previously [31]. After
overnight incubation under vertical rotation the Sepharosc was washed
with PBS containing 0.1% Tween, and bound radioactivity was mea-
sured. Results were expressed inarbitrary units (AU), read from a rab-
bit reference serum. The amount of specific [gG antibodics in serum
was calculated according to Steward and Petty [32]. Binding of radio-
labeled Fel d 1 to insolubilized rabbit 1gG was measured after the addi-
tion of increasing amounts of unlabelled Fel d 1. The antigen binding
capacity of the [gG was determined by extrapolation of the line result-
ing from the plot I'bound antigen versus 1/'free antigen. [t was calculat-
cd that 1 AU 1s 0.35 ng 1gG. Positive sera showed more than 2% bind-
ing of total radioactivity. correspending to more than 0.25 ug/ml. After
immunotherapy with cat dander extract patients on average have 1gG
levels against Fel d 1 of 35 ug/ml.

Skin Test

Standard intracutancous skin tests were performed by injection of
0.02 ml ofa 10-fold dilutions into the forcarm. The highest concentra-
tion of kel d I was 100 ng/ml. the lowest concentration was 0.001 ng/
ml. After 1S min the longest (A) and orthogonal (B) erythema and
wheal diameters were measured. Mcean diameters were calculated as
(A + B)2. The Fel d 1 concentrations cliciting an erythema of 10 mm
and a wheal of S mm were calculated by log lincar interpolation. Hista-
minc sensitivity was expressed as mean diameter of erythema (mm)
for 10 pg/ml histamine phosphate. The negative control wheal with
dilution bufter had to be smaller than 2 mm without erythema. All skin
tests were performed by the same investigator. A high correlation be-
tween the allergen threshold as detected by a wheal (S mm) and flare
(10 mm) reaction (r = 0.98: p<0.001) was found.
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Table 1. Paticnt characteristics

Specific 1gG Influences the Skin Test

Age Gender  Discase Skintest  SpecificlgE  SpecificlgG Total IgE Catat
years ng/ml 1U/ml ug/ml 1U/ml home
| 3 M AR 446 1.39 <0.26 1.894 no
2 38 F A 0.04 89.35 0.46 455 no
3 35 F R 433 0.86 <0.26 130 no
4 29 F AR 046 22.21 346 181 yes
S ” E R 7.00 0.62 0.39 718 no
6 31 M A 0.55 0.95 0.38 56 yes
7 31 M R 0.04 25.51 0.39 130 no
] 34 M A 743 21.31 2,12 2.587 yes
9 52 M AR 2.29 21 <0.26 171 no
10 36 M AR 0.55 6.40 <0.26 1.323 no
I 40 M A 0.51 0.69 <0.26 340 no
12 43 M A 0.10 1.0S <0.26 52 no
13 18 F AR 4.33 5.25 091 1,467 yes
14 22 F AR 0.57 1.90 <0.26 288 no
15 36 M AR 3.90 16.54 2.84 140 yes
16 33 M A 0.21 17.75 3.22 232 yes
17 29 F A 0.09 9.98 1.44 106 yes
18 36 M R 2.29 0.73 <0.26 34 no
19 18 M R 5.09 0.82 <0.26 188 no
20 25 F R 5.29 0.30 0.29 699 yes
21 25 F R 0.05 29.60 0.65 106 no
22 36 M AR 0.07 35.78 0.54 506 no
23 40 M A 4.00 2.01 <0.26 1.200 no
24 28 M AR 0.39 4.51 <0.26 3.400 no
2§ 20 F AR 0.55 0.65 0.31 1.100 no
26 29 F R 4.60 0.99 <0.26 456 no
2y 32 M R 5.09 0.36 <0.26 355 no
28 22 F AR 041 59.87 3.31 571 yes
29 53 M A 0.31 12.71 0.34 1.600 no
30 15 F R 0.53 0.65 <0.26 257 no
31 23 F R 6.00 0.26 0.52 694 no
32 28 M AR 0.14 23.88 113 824 no
KX] 21 M R 0.05 3.56 <0.26 84 no
34 44 F AR 0.55 1.78 0.56 293 no
35 41 F A.R 0.009 49.09 <0.26 1.300 no
36 37 M AR 0.79 0.10 <0.26 2.200 no
37 42 M R 0.04 13.71 <0.26 300 no
38 29 M A.R 0.006 13.23 0.81 215 no
39 21 M A.R 0.05 359.69 0.74 3.000 no
40 24 F A 4.0 1.16 <0.26 1.500 no
41 25 F AR 0.04 2.11 <0.26 461 no
42 30 F AR 0.15 15.70 1.48 100 yes
43 26 F A 0.06 11.07 <0.26 35 no
44 24 M R 6.62 0.14 0.83 344 no
45 22 F A.R 0.18 2.42 <0.26 308 no
46 H M AR 5.09 1.68 <0.26 607 no
47 35 M A.R 0.63 1.52 <0.26 761 no
48 29 M R 0.06 15.32 <0.26 421 no
49 26 F R 421 041 <0.26 627 no
50) 25 F R 0.06 2.01 0.97 78 no
S1 27 M A.R 5.50 0.62 <0.26 171 no
S2 40 M R 0.09 1.86 0.48 145 no
S3 35 3 R 0.10 0.31 0.27 63 no
54 31 M AR 0.41 0.84 0.32 836 no
55 24 ¥ R 13.91 0.22 0.89 125 yes
56 23 F R 4.21 0.21 <0.26 75 no
57 18 M R 446 0.60 0.60 57 yes
58 26 F R 0.66 0.52 <0.26 96 no
59 43 F A 1.00 0.52 0.68 383 yes
A = Asthma; R = rhinitis.
Int Arch Allergy Immunol 1996:109:369 375 371
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Fig. 1. Relation between skin test threshold and specific 1gE.

To investigate the reproducibility of the endpoint concentration,
we performed quadruplicate skin tests with scrial dilutions in 4 per-
sons. The coefficient of variation of all crythema diameters was 14.2%.
The within-paticnt reproducibility of the 10 mm crythema threshold
was +0.065 of a 10-fold dilution. Working dilutions were prepared on
the day of the test and the testing was completed within a period of
4 months. During the study no significant change in the Fel d 1 concen-
tration of the skin test material was detected with the Fel d 1 assay.
Morcover. repeated skin tests in | patient before and after the study did
not show a loss of biologic activity.

Statistical Methods

Parametric corrclations between variables were expressed as Pear-
son’s r. Differences between groups were analyzed with the Mann-
Whitney U test. Stepwise multiple lincar regression was performed
with p valuc limits of <0.05 (in) and >0.1 (out). The regression equa-
tion was uscd to calculate the predicted skin test thresholds. Sera with
1gG levels below the detection limit were allotted half the detection
limit. The analyses were performed with the SPSS/PC+ statistical
package (version 5.0). p values of less than 0.05 were considered sig-
nificant.

Results

The relation between specific [gE anti-Fel d | and skin
test threshold for Fel d 1 (expressed as Fel d | concentration
eliciting an erythema of 10 mmy) is shown in figure 1. There
is a significant correlation (Pecarsonr = -0.61; p<0.001) be-
tween log skin test threshold and log-specific IgE. However,
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Fig. 2. Difference in the level of specific [gG between patients
with and without a cat at home. Patients with a cat at home had higher
levels (Mann-Whitney, p<0.001) of specific 1gG than patients without
acat at home.

there are striking differences (sometimes > factor 1,000) in
skin test threshold between patients with a similar amount
of specific IgE.

Thirty patients had detectable amounts of specific 1gG
antibodies. In only 20 patients 1gG4 anti-Fel d 1 was detect-
cd. The average contribution of 1gG4 anti-Fel d | to the pro-
tein A-binding isotypes in these patients was 55% (SD 33).
To estimatc cxposure, patients were asked whether they had
a cat at home. The maximum number of cats at home was
three. Patients with a cat at home had higher levels (Mann-
Whitney, p<<0.001) of specific IgG than patients without a
cat at home (fig. 2). There was no significant difference in
levels of specific IgE between patients with or without a cat.

To investigate the influence of IgG antibodies on the skin
test a stepwise multiple regression analysis was performed
including other independent variables known or suspected
to act upon the skin reaction. In the multiple linear regres-
sion analysis with the log allergen threshold as a dependent
variable only spccific IgE, specific IgG, total IgE and hista-
minc crythema contribute significantly to the prediction of
the results of the skin test (table 2). When the same proce-
dure was used only for the paticnts with detectablc amounts
of 1gG the influence of specific 1gG on the skin test result
was similar to the result obtained in the whole group. The
type of disease (asthma or rhinitis), time between isolation
of Fel d | and skin testing, subclass distribution of the IgG
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Table 2. Multiplc lincar regression analysis

B SEB Beta p value
Intereept 0.59 0.53 0.27
Specific IgE (log 1U/ml) 088 0.1 082  <0.00l
Specific IgG (AU/mI) 0.13 0.04 0.37 <(0.001
Total Igk: (log 1U/ml) 0.51 0.15 0.30 0.001
Histamine crythema (mm) 0.03 0.01 -0.19 0.03

Regression cocfficients and p values for predicting the skin test
threshold (log ng/ml). Complete model: r = 0.57, p<0.0001.

B~ Regression coefficient: SEB = standard crror of B; beta = stan-
dardized regression cocfficient.

antibodics, age and gender of the paticnts did not influence
the results of the skin test. Figure 3 shows the relation be-
tween specific IgG and ratio of obscrved skin test threshold
and threshold predicted on the basis of specific IgE, total
IgE and histamine sensitivity.

Discussion

Our study indicates that levels of specific 1gG (between
0.25 and 3.5 pg/ml), induced by natural exposure, have an
inhibitory effect on the carly phase skin reaction. We have
no indication that these low IgG levels had an inhibitory ef-
fect on the detection of IgE antibodies. Previously we have
confirmed that when an excessive amount of the solid
phase-coupled allergen is used. the RAST score is inde-
pendent of the amount of 1gG in the serum [29, 33]. Even if
therc was somec inhibitory effect of specific IgG in the
RAST, the IgE levels of the patients with specific 1gG would
have been underestimated. In this case the inhibitory cffect
of IgG in the skin test would have been underestimated as
well.

We expressed the skin test threshold as the allergen con-
centration eliciting an erythema because the dose-response
curve of the crythema is steeper than that of the wheal [34].
However, we found a high correlation between the allergen

Specific 1gG Influences the Skin Test
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Fig. 3. Rclation between specific 1gG and the ratio of observed
skin test threshold and predicted skin test threshold. The predicted skin
test threshold was calculated from the regression equation with log
allergen threshold as dependent variable and log-specific IgE. log total
IgE and histamine crythema as independent variables.

threshold as detected by wheal and by flare reaction. Simi-
lar results with regard to the effect of 1gG were found with
wheal diameters.

In our assay of IgG against Fel d | we measured protein A
binding isotypes (IgGl. IgG2 and IgG4). 1gG3 antibodies,
not measured in this study, are less likcly to be relevant as
allergen-binding antibodies. It has been shown that the IgG
response against allergens is dominated by 1gGl and 1gG4
[4.35].

In sixteen patients in vitro histaminc was relcasced from
blood basophils by Fel d 1. In these patients no effect of IgG
was detected on the histamine release with Fel d I. The hista-
mine releasc experiments were performed with washed ba-
sophils; therefore, no scrum factors were able to interfere
with the results of this assay. This finding supports a causal
relationship between specific IgG in serum and the de-
creased skin rcactivity.

The results of the stepwise multiple regression analysis
confirm that different factors, besides specific IgE and IgG,
influcnce the results of the skin test. In another study we
also found that a high total IgE is accompanied by a lower
allcrgen sensitivity in the skin test [36]. The finding that
inclusion of the data of the subclass distribution of the IgG
anti-Fel d 1 did not contribute to the prediction of the skin
test results makes it unlikely that significant differences in
skin test-blocking activity exist between the 1gG isotypes.
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The question of how relevant the influence of specific
IgG on the skin test results is, is interesting. The idea behind
the inhibitory cffects of 1gG antibodies is that the 1gG anti-
bodies catch the allergen molccules before binding to the
IgE antibodics on the mast cell surface. This means that the
cffect of 1gG antibodies on the skin test will be most pro-
nounced when limiting amounts of allergen arc present. In
most instances of natural exposure of allergic patients the
modecl of limiting amounts of allergen is probably valid.
This study shows that for these endpoint titrations therc is a
clear influence of specific IgG. Using the regression coeffi-
cients of table 2, it can bc calculated that in the presence of
1.7 or 3.5 ug/ml IgG anti-Fel d 1, 4.5 or 20 times more al-

lergen is required for the same reactions as in the absence of
specific IgG.

In routine diagnostic skin tests, the extent of the skin re-
action to a full strength allergen cxtract is usually deter-
mined. We also investigated the influence of specific 1gG
antibodics on the extent of the skin rcaction to a fixed al-
lergen concentration above threshold. By mcans of a step-
wisc multiple lincar regression, we found a significant ef-
fect of specific IgG on the size of the erythema as well as on
the size of the wheal for a Fel d | concentration of 0.1 ng/ml.

In conclusion, even low levels of specific 1gG have a
blocking effect on the carly phase skin reaction.
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