Pretreatment IgE sensitization patterns determine the
molecular profile of the 1gG,; response during updosing
of subcutaneous immunotherapy with timothy grass

pollen extract
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Background: Allergen immunotherapy is an effective treatment
of allergic rhinoconjunctivitis. Clinical efficacy is associated
with improvement of basophil sensitivity and an increase in
allergen-specific immunoglobulin concentration.

Objective: We sought to determine whether changes in allergen
component-specific serum IgE and IgG, levels during the
updosing phase of subcutaneous immunotherapy (SCIT) are
biomarkers of the immunologic changes that can lead to
treatment efficacy.

Methods: Twenty-four subjects with grass pollen—induced
allergic rhinoconjunctivitis were randomized 3:1 to receive
SCIT (Alutard SQ) or to an open control group. IgE and IgG,
concentrations were determined for the major allergens Phl p 1
or Phl p 5 by using ImmunoCAP and for 8 grass pollen
molecules by using Immuno Solid-phase Allergy Chip (ISAC)
before treatment and after updosing.

Results: Levels of specific IgE against the dominant major
allergens Phl p 1 and Phl p 5 increased from a mean of 23.0 to
48.8 kKU/L (P = .01, n = 18) during the updosing phase in
ImmunoCAP measurements but decreased from a median of 4.6
ISAC specific units (ISU) to 2.14 ISU (P <.0001, n = 102) when
measured by using ISAC against 8 grass allergen components.
The updosing phase induced a specific IgG,4 level increase from
a median of 0 ISU before treatment to 0.83 ISU after 12 weeks
(P <.0001, n = 102) but only for allergen molecules to which
pretreatment-specific IgE antibodies were detected (Spearman
o = 0.72, P <.0001, n = 102).

Conclusion: Pretreatment allergen component—specific IgE
appears to determine the induction of IgG, in the updosing
phase. Induced IgG,4 seems to suppress IgE levels on ISAC,
resulting in a marked decrease in ISAC-measured specific IgE
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levels after updosing of SCIT. Thus this decrease in ISAC IgE
levels can be used to monitor the blocking effect of allergen-
specific immunotherapy-induced non-IgE antibodies. (J Allergy
Clin Immunol 2015;umN:ENN-EEN,)
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Hay fever caused by grass pollen allergy'~ is a major health
problem in industrialized countries. The socioeconomic effect
is mainly evident from the loss of productivity at work™* and
poorer performance in school.”

Allergen-specific immunotherapy (AIT) is the only treatment
modifying the natural history of allergic diseases.®’ It results in
complex cellular and humoral changes.® The induction of an
allergen-specific IgG, response is an early effect of AIT.”"

Traditionally, allergen extracts consisting of a complex and
partially characterized mixture of allergen molecules'” are used
for both diagnosis and treatment. The recent development of
molecular allergy leads to component-resolved diagnosis
(CRD), which characterizes individual sensitizations at a
molecular level.”> To some extent, CRD can demonstrate
risk-associated sensitizations and distinguish between primary
sensitizations and cross-reactivity.'*

We explored the performance of biomarkers to monitor
treatment efficacy in a trial of subcutaneous immunotherapy
(SCIT) compared with an open control group. The primary
outcome of this study was a significant decrease in basophil
sensitivity with a dominant humoral component. '

In the current analysis we examined changes in allergen
component—specific IgE and IgG, levels measured by using
ImmunoCAP and Immuno Solid-phase Allergy Chip (ISAC)
before and after updosing to explain this observed decrease in
basophil sensitivity and to identify biomarkers for the immuno-
logic changes that might predict treatment effects of AIT.

METHODS
Study population

We recruited 24 subjects with seasonal rhinoconjunctivitis caused by grass
pollen allergy in December 2009, recently described in detail.'> All partici-
pants were examined at the baseline visit. A disease history was obtained,
and the participants completed a standardized allergy questionnaire, listing
all clinical relevant allergies. Sensitization was confirmed by a skin prick
test with timothy grass extract (Soluprick SQ Phleum pratense;
ALK-Abell6, Hgrsholm, Denmark) resulting in a wheal diameter of greater
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Abbreviations used
AIT: Allergen-specific immunotherapy
CRD: Component-resolved diagnosis
FAB: Facilitated Antigen Binding
FAP: Facilitated antigen presentation
IQR: Interquartile range

ISAC: Immuno Solid-phase Allergy Chip
ISU: ISAC specific units

SCIT: Subcutaneous immunotherapy

than 3 mm. Participants retrospectively indicated their maximum symptom
score during the grass pollen season preceding treatment when entering the
study and reported daily symptom and medication scores during the grass
pollen season after updosing of SCIT. We used a symptom score combining 4
nasal and 2 ocular symptoms on a scale from 0 to 3.'® Participants were ran-
domized 3:1 according to a computer-generated list to receive standard SCIT
(n = 18) or to an open control group (n = 6) only receiving reliever medication
as needed. All participants provided informed consent when entering the
study. The regional ethics committee approved the study (M2009-0121),
which meets the CONSORT 2010 guidelines for reporting randomized trials
and is registered at ClinicalTrials.gov (NCT01085526).

SCIT

SCIT was initiated with a modified cluster on day 1 (10, 100, and 1000
SQU), followed by injections of increasing doses of timothy grass extract
(Alutard SQ Phleum pratense, ALK-Abelld) at weekly intervals until a main-
tenance dose (100,000 SQU) was reached before the 2010 grass pollen season.

Immunoglobulin measurements

Before AIT initiation and after 12 weeks of updosing treatment, allergen-
specific IgE and IgGy levels were measured by using 2 different standard
methods: quantitative levels of Phl p S5-specific IgE or, if less than the
detection limit, Phl p 1-specific IgE and corresponding IgG, antibodies
were measured by using ImmunoCAP (Thermo Fisher Scientific, Uppsala,
Sweden). Specific IgE and IgG, antibody levels to Phl p 1, Phl p 2, Phl p 4,
Phl p 5, Phl p 6, Phl p 7 (polcalcin), Phl p 11, and Phl p 12 (profilin) were
measured on the semiquantitative 112-allergen ISAC (Thermo Fisher
Scientific). Serum samples were frozen at —80°C and processed at the same
time.

Data on basophil sensitivity measured by means of flow cytometry and
Facilitated Allergen Binding (FAB), an assay measuring the inhibition of
allergen binding to B cells used in this analysis, were reported recently.'”

Statistical analysis

Data are reported as means with 95% CIs or medians with interquartile
ranges (IQRs). Normal distribution was verified by QQ-plots and histograms.
Normally distributed data were analyzed by using a ¢ test for between-group
analysis and a paired ¢ test for intraindividual in-group analysis. Otherwise,
we used a Mann-Whitney-Wilcoxon test to perform between-group analysis
and the Wilcoxon signed-rank test to analyze intraindividual in-group
differences. We used a multiple regression model with maximum symptom
scores before treatment and after the ensuing season as dependent variables
and the sum of ISAC grass-specific IgE and IgG, levels, basophil sensitivity,
and FAB as explanatory variables both before treatment and after updosing.
The model was checked by plotting residuals. Correlation coefficients were
obtained by using the Spearman rank test. For statistical analysis of the
suppressive effect of induced 1gG, on ISAC IgE measurements, we divided
all IgG, measurements after updosing into 4 groups. The first had no detect-
able I1gG, (<0.03 ISAC-specific units [ISU], n = 56), and the remaining 88
measurements were divided into tertiles: 0.04 to 0.50 ISU (n = 29); 0.56 to
3.19 ISU (n = 30); and 3.22 to 9.98 ISU (n = 29), respectively. We plotted
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these groups against the changes in IgE concentration between the 2
measurements. The pretreatment IgE measurements were divided into 4
groups according to ISAC classes (not detectable, <0.30 ISU; low, 0.30-0.99
ISU; moderate to high, 1.00-14.99 ISU; and very high, >15.00 ISU) and
plotted against changes in IgG, concentrations. This is an exploratory study
in which a P value of .05 or less was considered statistically significant without
correction for multiple tests. All data were analyzed with Stata 11.1 software
for Windows (www.stata.com).

RESULTS
Baseline characteristics

Median duration of grass pollen—induced hay fever at inclusion
was 9.5 years (IQR, 5.5-17.5 years). All study participants were
sensitized to at least 1 of the major allergens Phlp 1 and Phlp 5 at
baseline (Table I). Ten (41.7%) patients reported hay fever
symptoms exclusively caused by grass pollen exposure. Two of
these subjects were monosensitized to grass pollen in the
pretreatment ISAC measurements. At baseline, participants had
detectable IgE against Phl p 2 (54.2%), Phl p 4 (54.2%), Phl p 6
(62.5%), Phl p 11 (50%), Phl p 7 (21%), and Phl p 12 (4%). We
measured low concentrations of specific IgG4 before AIT, which
was most prominent for Phl p 4 (median, 0.07 ISU; IQR, 0.0-0.15
ISU) and Phl p 5 (median, 0.0 ISU; IQR, 0.0-0.15 ISU) in 17 and
13 patients, respectively.

Comparison of IgE and IgG, levels during SCIT
updosing with ImmunoCAP and ISAC

As found in previous studies,'”"'® the mean concentration of
allergen-specific IgE against the major allergen Phl p 5 (or
Phl p 1 if no Phl p 5 was detected) increased from 23.0 to 48.8
kU/L (P = .01, n = 18) when measured by using ImmunoCAP
(Fig 1, A). In contrast, ISAC measurement of specific IgE to the
dominating grass pollen allergen Phl p 1 or Phl p 5 decreased
significantly from a mean of 21.4 to 2.5 ISU (P = .0002,
n = 18; Fig 1, B). There was a strong linear correlation between
Phl p 1 and Phl p 5 IgE pretreatment measurements by using
ImmunoCAP and ISAC (P < .0001, n = 18) but not after
completed updosing (P =.20, n = 18).

The mean concentration of corresponding IgG, increased when
measured with either ImmunoCAP (0.1-5.2 mg/L, P = .001,
n = 18; Fig 1, C) or ISAC (0.3-5.0 ISU IgG4, P = .0001,
n = 18; Fig 1, D). There was a strong linear correlation between
IgG4 levels toward Phl p 1 and Phl p 5 measurements both before
treatment and after updosing (both P <.0001, n = 18). IgE and
IgG,4 immunoglobulin levels of the control group did not change.

Single-allergen ISAC measurements during SCIT

We expanded on this observation by assessing IgE and IgG,
measurements against all 8 available grass pollen molecules
found on ISAC (Fig 2). Allergen measurements without detect-
able IgE or IgG, at both time points in a given patient (n = 42)
were censored. The measured concentration of IgE for all grass
components decreased markedly from a median of 4.60 ISU
(IQR, 1.66-13.98 ISU) to 2.14 ISU (IQR, 0.0-4.59 ISU;
P <.0001; n = 102) during updosing. At the same time, grass-
specific IgG, concentrations increased from a median of 0.0
ISU (IQR, 0.0-0.11 ISU) to 0.83 ISU (IQR, 0.14-3.35 ISU;
P <.0001; n = 102).
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Subject Major group 1/5 (ISU)

Other grass sensitizations (ISU)

No. of component

Patient ID sensitizations Phlp 1 Phlp 5 Phlp 2 Phl p 4 Phlp 6 Phlp 7 Phl p 11 Phl p 12
1 5 11.9 23.5 18.3 14.5 21.8

2 3 2.6 5.1 3.7

3 4 4.2 12.2 4.8 1.1

4 6 4.7 28.3 3.7 1.8 3.9 9.0

5 4 14.5 20.0 2.0 15.4

6 2 1.4

7 6 17.1 71.2 3.5 16.3 6.4 3.1

8 6 28.3 51.3 38.8 6.3 7.6 10.0

9 5 1.4 5.0 7.4 4.1 10.2

10 6 7.9 16.1 34 4.7 2.4 4.5

11 7 22.1 35.0 6.7 5.1 2.7 1.8 16.9

12 6 17.5 57.8 4.8 2.3 3.7 4.5

13 2 1.3 2.1

14 5 2.8 15.5 11.1 3.0 11.8

15 1 1.6

16 5 7.7 31.4 1.8 5.6 16.6

17 1 1.7

18 6 10.8 28.5 19.1 1.6 9.2 14.0

19 1 5.6

20 6 2.8 8.1 1.8 1.9 1.4 6.2

21 1 1.2

22 5 25.0 21.0 7.0 7.4 0.7
23 4 40.0 35.0 10.0 16.0

24 3 4.5 0.8 4.6

Specific IgE (ISU), median (IQR) 4.6 (1.5-15.8) 15.8 (1.9-29.9) 2.1 (0-5.9) 1.4 (0-3.5) 34 (0-69) 0(0-0) 19(0-9.5 0(0-0)
No. of sensitized subjects (%) 22 (91.6) 19 (79.2) 13 (54.2) 13 (54.2) 15 (62.5) 5 (20.8) 12 (50) 14.2)
Specific IgG4 (ISU), median (IQR) 0 (0-0.05) 0.07 (0-0.15) 0 (0-0.08) 0.07 (0-0.15) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
No. of subjects with detectable IgG4 (%) 6 (25) 13 (54.2) 7 (29.2) 17 (70.8) 2 (8.3) 3 (12.5) 3.(12.5) 2 (8.3)

Pretreatment levels of component-specific IgE (ISU): SCIT, patients 1-18; control, patients 19-24.

There were exceptions to this observation: in 4 treated patients
we observed an increase in one grass component—specific IgE
level (patient 5, Phl p 2; patient 10, Phl p 4; patient 6, Phl p 11; and
patient 7, Phl p 12) from undetectable to moderately increased,
with a median increase of 2 ISU. In one treated patient (patient 17)
we found an increase in 2 IgE measurements (Phl p 1 and Phl p 2).
These 5 patients did not induce IgG,4 to the above allergen
molecules but mounted a clear IgG, response to Phl p 5 with a
corresponding decrease in ISAC-measured Phl p 5 specific IgE
levels.

Increase in allergen-specific IgG, levels correlates
with decrease in allergen-specific IgE levels after
updosing

A major effect of SCIT is induction of IgG,, which competes
with cell-bound IgE and blocks IgE-induced allergic mecha-
nisms.'”'>'? We observed a possible blocking activity of the
IgG4-containing sera on the detection of allergen-specific IgE at
molecular resolution on ISAC; the concentration of IgG, for indi-
vidual allergen molecules after updosing correlated with the
decrease in IgE concentration in ISU from the pretreatment visit
to after updosing (Spearman o = —0.56, P <.0001, n = 142).
When grouping samples according to IgG, concentration after
updosing (no detectable IgG,, <0.03 ISU [n = 56]; lowest tertile,
0.04-0.50 ISU [n = 29]; middle tertile, 0.56-3.19 ISU [n = 30];
and highest tertile, 3.22-9.98 ISU [n = 29]), IgE measurement
was significantly reduced in the middle tertile (median AIgE,
—1.27 ISU; IQR, —4.68 to 2.93; P = .037), and this was more

pronounced in the highest tertile (AIgE, —12.00 ISU; IQR,
—25.02 to —4.31; P <.0001; Fig 3).

The low concentration of pretreatment-specific IlgG4 measured
did not interfere with detection of IgE on ISAC. The ratio between
Phl p 5—specific IgE levels measured by using ISAC and CAP was
not different between the group with and without detectable Phl p
S5—specific IgG, levels (mean ratio in the presence of Phl p 5 IgGy,
1.24 [0.94-1.53, n = 13]; mean ratio without Phl p 5 IgGy, 1.43
[0.54-2.33,n = 6]; P = .27).

Pretreatment IgE concentration predicts IgG,
concentration after the updosing phase

As a corollary to this observation, we examined whether the
pretreatment IgE concentration predicts the increase in IgGy4 con-
centration during the updosing phase (Fig 4). We found a strong
induction of IgG, response for 91.2% of molecules to which pre-
treatment component-specific IgE levels had been measured
(Spearman o = 0.83, P <.0001). Specific IgE to grass allergens
was less than the detection level in 64 (44.4%) measurements.
In these samples we only observed minor changes in the IgG, con-
centration after the updosing phase (median change, 0.13; IQR,
0.06-0.24; n = 14). The 57 measurements with a moderate to
high increased pretreatment level of IgE (1 < x < 15 ISU,
39.6%) associated with a median increase of 0.87 ISU (IQR,
0.2-3.06 ISU; P <.001) IgG, after updosing. In all cases with a
very high concentration of pretreatment IgE (>15 ISU, n = 23,
16.0%), we found an induction of IgG, with a median increase
of 4.12 ISU (IQR, 1.52-8.38; P <.001).
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FIG 1. Measurements of levels of IgE and IgG,4 to the major grass pollen components (Phl p 1 or Phl p 5) by
using ImmunoCAP and ISAC. Pretreatment levels of specific IgE are comparable, as measured by using both
methods. After updosing of SCIT, IgE ImmunoCAP measurements increased (A), whereas IgE ISAC
measurements decreased (B). IgG, measurements were comparable, showing a marked increase after up-
dosing (C and D). Measurements of less than the detection limit are plotted as 0.1 kU/L and 0.1 ISU (IgE) and
0.01 mg/L and 0.01 ISU (IgG,) in all figures, respectively. Treatment, n = 18; control, n = 6. n.s., Not

significant.

IgG,4 was not induced in 7 (8.8%) of the instances in which low
to moderate IgE concentrations (0.3 < x < 15 ISU) were measur-
able at baseline. Patients 14 and 15 with pretreatment IgE to Phl p
1 and patients 7 and 11 with IgE to Phl p 7 did not induce measur-
able relevant IgG,. Patient 10, with a significant concentration of
pretreatment-specific IgE against Phl p 1, Phl p 2, and Phl p 7, did
not induce IgG, to these allergens after updosing. This subject
mounted only a weak IgG, response to Phl p 5 as well. Despite
these findings, the 5 patients experienced symptom relief
comparable with that in the other treated patients.

Correlates in cellular tests and clinical outcome

Because changes in allergen-specific immunoglobulin
concentrations only are one of the complex changes occurring
during AIT that lead to allergen tolerance, we tested whether
these immunoglobulin changes correlated with other more
functional immunologic changes as FAB and basophil sensitivity
and improvement in clinical outcome.

Consistent with the theory that antigen presentation through
IgE” facilitates immune response at much lower antigen

concentrations (FAP),21 we found a negative correlation between
pretreatment grass pollen—specific IgE and the relative inhibition
of FAB after updosing (Spearman o = —0.43,n = 23, P =.04)."°
This can be explained mainly by allergen-specific induction of
IgG4: we found a strong correlation between FAB inhibition
and induced IgGy levels after updosing (Spearman o = 0.59,
n = 24, P =.0027).

Basophil sensitivity'” correlated inversely with the ratio
between the sum of all grass pollen—specific ISAC IgE/total IgE
levels both at baseline (Spearman o = —0.56, P = .005) and after
updosing (Spearman o = —0.74, P <.0001) and to the ratio of the
sum of all ISAC grass pollen—specific IgE/IgG, levels after
updosing (Spearman o = —0.69, P = .0008).

Among clinical outcomes, the maximum symptom score of the
grass pollen season after updosing correlated to the postupdosing
sum of grass-specific IgE levels (slope, 0.14; 95% CI, 0.07-0.21;
P =.001), IgGy4 levels (slope, —0.19; 95% CI, —0.34 to —0.03;
P = .019), and basophil sensitivity (slope, 3.02; 95% CI,
0.38-5.65; P = .028) but not to FAB results (slope, 0.01; 95%
CI, —0.06 t0 0.07; P = .85) after updosing in a multiple regression
model with a cumulative correlation coefficient of 0.78.
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FIG 2. ISAC pretreatment and postupdosing measurements of all grass component-specific IgE and IgG,4
levels. IgE levels of all grass components were clearly reduced during the updosing phase of SCIT, whereas
immunotherapy induces a strong IgG,4 response. Measurements with no detectable IgE or IgG, at any time
point were censored (n = 42), resulting in 102 measurements displayed.

IgG4 suppresses IgE measurements
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FIG 3. Induced IgG, suppresses ISAC IgE measurements. All grass pollen
component-specific |IgG4 measurements were divided into 4 groups. Group
1 had no detectable IgG, after updosing (n 56). The remaining 88
measurements were distributed into 3 tertiles (n 29, n 29, and
n = 30) and plotted against the changes in component-specific IgE levels
occurring during updosing. A higher postupdosing IgG, level clearly
suppressed IgE after updosing.

Reproducibility of ISAC measurements

Measurements of grass component—specific IgE did not differ
between the 2 time points in the control group (median change,
0.0 ISU; IQR, 0.0-0.0 ISU; n = 48). The concentration of IgE to
nongrass components on ISAC did not change during updosing
with grass allergen (median at baseline, 0.0 ISU [IQR, 0.0-2.07
ISU]J; median after updosing, 0.0 ISU [IQR, 0.0-2.57 ISU]J;
n = 423, P = .23, Fig 5). When comparing the repeated ISAC
measurements of non—grass-specific IgE (n = 95 per patient),
we found sporadic measurements (n = 49, 2.15%) with a median
increase of 2.08 ISU, leading to a change by at least 1 ISU class,
mostly from undetectable to a moderate level. Only one

Pretreatment IgE induces IgG4
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FIG 4. Pretreatment IgE predicts IgG,; induction. Induction of 1gG4
depended on the concentration of pretreatment component-specific IgE.
Without a detectable level of component-specific IgE at baseline, no 1gG,4
was produced during updosing of SCIT (n = 64), a moderate to high
pretreatment IgE concentration resulted in a moderate increase in IgG,
(n = 37), and a very high level of pretreatment component-specific IgE
led to a strong induction of IgG4 (n = 23).

increasing measurement (2.0%) could be explained by cross-
reactivity to the profilin Phl p 12. Most increasing measurements
(n = 41, 84%) were related to birch pollen cross-reactivity and
could probably be explained by natural allergen exposure during
the birch pollen season between the 2 measurements. Fifty
(2.19%) measurements decreased by a median of 1.43 ISU, result-
ing in a lower ISAC class, mostly from moderate to undetectable.
Twelve (24%) of these decreasing measurements were also
related to birch pollen cross-reactivity. IgG, levels specific for
nongrass components increased from a median of 0.32 ISU
(IQR, 0.0-1.13 ISU) to 0.4 ISU (IQR, 0.0-1.40 ISU; n = 423,
P < .0001, Fig 5). This minimal increase was statistically
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FIG 5. Comparison of all non—grass-specific ISAC IgE and IgG, measurements. Non—grass-specific IgE con-
centrations remained unchanged during the updosing phase of SCIT. IgG, measurements increased slightly
(n = 423). These increases were mostly related to birch pollen cross-reacting epitopes. n.s., Not significant.

significant and could be explained by IgG4 measurements related
to birch pollen and allergens cross-reactive to birch pollen.
Removing measurements related to birch pollen resulted in a me-
dian non—grass-specific IgG, level of 0.44 ISU (IQR, 0.06-1.65
ISU) before and 0.43 ISU (IQR, 0.09-2.02 ISU; P = .12;
n = 262) after updosing.

DISCUSSION

In this study we investigated early changes in allergen
component—specific IgE and IgG, concentrations during the
updosing phase of SCIT in patients with grass pollen allergy.
We found that pre-existing IgE predicts increases in IgG, levels
to individual allergen molecules after updosing and that this
IgG4 measurement was a good marker for immunoglobulin that
competes with IgE for binding to the limited amount of allergen
present on ISAC.

Baseline measurements

The studied population had a slightly higher prevalence of IgE
sensitization to Phl p 1 and Phl p 5 (Table I) than earlier
population-based studies.”” This can be explained by the selection
of the study subjects because only subjects with a symptom
burden sufficiently high to be eligible for AIT and with a baseline
basophil reactivity to grass pollen extract of greater than 40%
were included. However, the prevalence of component-specific
sensitizations was comparable with those reported at http:/
www.allergen.org. Compared with a study in 101 patients with
grass pollen allergy from Germany23 and a Spanish study
including 139 patients with grass allergy,”* we found a higher
level of Phl p 5—specific IgE and a lower level of Phl p 4—specific
IgE, which might be explained by regional differences in
exposure patterns. We did not find a relation between disease
duration and sensitization pattern (data not shown) described in
a recent pediatric study.”

ISAC measurement of IgE to treatment allergens is
suppressed by AIT

As in a previous study,’® we found comparable pretreatment
IgE concentrations with both ImmunoCAP and ISAC. SCIT
upregulated allergen-specific IgE levels'”-'®?’ when measured
with the ImmunoCAP method where allergen is in excess. In

contrast, signals in the ISAC measurement of allergen-specific
IgE were significantly reduced by SCIT. A consequence of this
reduction was a loss of detection (<0.3 ISU) of half of the
pretreatment component-specific IgE measurements recorded
with ISAC. This reduction in IgE-related signals assessed by
using ISAC might be a useful companion diagnostic to monitor
the efficacy of SCIT. The only other study exploring the effect
of AIT on CRD by using ISAC dealt with sublingual
immunotherapy of patients with allergy to house dust mites.
There was no effect of a 1-year course of sublingual
immunotherapy on IgE concentration but a moderate increase
in IgGy levels.”®

lgG,4 induced by SCIT suppresses ISAC IgE
measurements

We investigated the origin of the suppression of IgE measure-
ments on ISAC by measuring I1gG, levels with ISAC because
induction of IgGy is a useful marker for the immunologic effect
of AIT.'”'®?7 We found a significant inverse correlation when
reaching maintenance between IgGy levels induced by AIT and
the apparent reduction of the IgE signal, suggesting that an in-
crease of greater than 0.56 ISU of IgG, (second and third tertiles)
leads to a measurable decrease by competing with IgE for
epitopes of the limited amount of allergen spotted on the chip.
This is probably an underestimate of the suppressive effect of
IgG, because the concentration of IgE to the major allergens
Phl p 1 and Phl p 5 in simultaneous ImmunoCAP measurements
increased significantly. Similar results were obtained”’ when
component-specific IgG antibody spiked into serum dose-
dependently reduced the apparent IgE concentration on the new
MeDALL chip. At a concentration of 2.5 ISU of IgE, a
thousand-fold excess of IgG blocked IgE binding completely.
The effect of IgG competition increased with IgE concentration
for antibodies with identical allergen-binding affinity. In the
present study IgE measurement for Phl p 1 and Phl p 5 in
ImmunoCAP doubled, and pretreatment measurements with
ISAC were reduced to approximately 10% after updosing. That
would correspond to an 18-fold reduction of ISAC measurement
by IgG similar to what was found with a 100-fold excess of IgG by
using the MeDALL chip.zo The IgG, concentration increased at
least 41-fold from less than the detection limit of 0.02 ISU to a
median of 0.83 ISU, which is in the expected order of magnitude
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considering that other immunoglobulin species also compete with
IgE. The significance of specific IgG, induction is further
enhanced by good correlation of the IgE/IgG, ratio with basophil
sensitivity described in a previous study of the effect of AIT on
basophil sensitivity.”’ We have previously reported that basophil
sensitivity at 3 weeks predicts clinical symptoms during the
ensuing season,'” and this might indicate that early ISAC
measurements can be used as companion diagnostics.

Evidence for a link between pretreatment specific
IgE and IgG, after updosing

Subsequently, we investigated whether specific IgG, was
produced independently of pretreatment-specific IgE because
the generated specific IgG, appeared to suppress the existing spe-
cific IgE molecules. In nearly all instances, we measured specific
1gG, levels after updosing only when we had measured the same
specificity for IgE at baseline. We only found 5 among 144
measurements for which we had no pretreatment-specific IgE
but did measure the corresponding specific IgG,4 levels when
reaching maintenance. The major finding of this study is that
pretreatment-specific IgE might be a prerequisite for induction
of a specific IgG, response during SCIT. This is supported by
findings in a 12-week study of patients with ragweed allergy
treated with a course of rush immunotherapy with and without
anti-IgE treatment, in which the IgG, response was weaker and
developed more slowly when immunotherapy was combined
with anti-IgE treatment that removed IgE.”’

Mechanism linking pretreatment IgE and IgG, after
updosing

IgE can play an important role in the immune-modulating
process occurring during SCIT updosing. This function of IgE
might be facilitated antigen presentation (FAP); CD23 on B cells
or FceRI on dendritic cells captures allergen and facilitates its
efficient presentation at markedly reduced concentrations. The
current data are a strong in vivo observation consistent with FAP
in a relevant clinical context and are the first observation that [gG4
concentrations after updosing correlate with pretreatment
IgE concentrations, directly linking the well-established AIT-
induced modulator IgG, to FAP.*” The first demonstration of
FAP in human subjects was that T cells proliferated at 100 to
1000 times lower allergen concentrations when facilitated by
allergen-specific IgE** in vitro. The IgE-mediated T-cell activa-
tion (FAP) has later been shown to correlate closely with binding
of allergen-IgE complexes to the surfaces of B cells (FAB) for
birch,***> and this mechanism has been demonstrated for other
allergens, such as grass3 ® and peanut.”’

Binding of individual allergen molecules by specific IgE might
also be important for presenting that allergen molecule to
allergen-specific B cells, resulting in specific IgG, production
to the same molecule. The binding measured by using FAB and
the T-cell activation measured by using FAP might both
contribute to the induction of IgG, and other non-IgE antibodies
specific to the relevant allergens, and subsequently, these non-IgE
antibodies inhibit both mechanisms.

The correlation of inhibition of FAB with the inverse of
pretreatment IgE and with induced IgG, and the observation
that IgG, is induced only where pretreatment IgE exists suggest

SCHMID ET AL 7

that FAP supports an early induction of protective IgG, during
the updosing phase of AIT.

The situation at the ISAC surface is a complex dynamic
competition for physiologically relevant amounts of allergen
between IgG, and IgE,*’ which might reflect the in vivo situation
in which free specific immunoglobulin creates complexes with
allergen in competition with IgE presented on effector cells.
This might explain the correlation between clinical symptoms
and concentration of component-specific IgE and IgG, and
effector cell sensitivity we found in a multiple regression model.

ISAC is a reproducible assay

The ISAC assay has been shown to have good reproducibility
and repeatability.”” A few ISAC measurements (2%) changed
status during the 2 measurements 16 weeks apart, reinforcing
the word of caution that IgE results always should be interpreted
within a clinical context. Most increases could be explained by
the intervening birch pollen season.

Five patients had possible neosensitizations to grass pollen
components. The clinical outcome of these 5 patients was
comparable with that of the other treated patients. It is unclear
whether these measurements represent a real neosensitization or
whether the component-specific IgE levels merely increased from
less than the detection limit. Earlier studies suggesting that
neosensitization occurs during SCIT*** have not been confirmed
by others.*"*!

Limitations of our study

Only 24 subjects were studied; a bigger study might be needed
to confirm our findings. Allergen challenge outcomes had been
performed in 10-fold dilution steps. Clinical response would
perhaps correlate better with biomarkers if the intervals had been
shorter or analyzed with a more refined model.*>** This study
addresses the updosing phase of SCIT; different mechanisms
can operate during the maintenance phase and after AIT has
ceased. Larger studies addressing changes in component-
specific IgE levels before and after IgG depletion might confirm
the blocking effect of IgG4 on IgE detection on ISAC.

General considerations: Further implications

It will be important to determine whether pretreatment IgE is
directly involved in induction of IgG, with the help of IgE-FAP.
Several novel vaccination programs are based on hypoallergic
molecules*** for vaccination that are designed not to bind
IgE and might not be presented through IgE. In future studies,
it would be interesting to investigate whether the strong inductive
effect of pretreatment IgE on the production of IgG, during
immunotherapy can be explained by pre-existing B-cell clones
having a molecule-specific antibody repertoire or whether
IgE-mediated facilitated allergen presentation induces this
response by ensuring allergen uptake on the component-specific
level to B cells, resulting in the production of IgG, specific to
all relevant allergens.

Nonmodified allergen extracts can contain variable amounts of
or even lack important allergen components,'” and there might be
a risk of an incomplete treatment effect in patients allergic to
components lacking or only poorly represented in the natural
allergen extract. Treatment with recombinant allergen component



8 SCHMID ET AL J ALLERGY CLIN IMMUNOL

umm 2015

Schmid JM, Wurtzen PA, Dahl R, Hoffmann HJ. Early improvement in basophil
sensitivity predicts symptom relief with grass pollen immunotherapy. J Allergy
Clin Immunol 2014;134:741-4.e5.

. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WIJ, Togias A, et al.
Allergic rhinitis and Its Impact on Asthma (ARIA) 2008 update (in collaboration
with the world health organization, GA(2)LEN and AllerGen). Allergy 2008;
63(suppl 86):8-160.

17. Shamji MH, Durham SR. Mechanisms of immunotherapy to aeroallergens. Clin

Exp Allergy 2011;41:1235-46.

18. Francis JN, James LK, Paraskevopoulos G, Wong C, Calderon MA, Durham SR,

et al. Grass pollen immunotherapy: IL-10 induction and suppression of late re-

sponses precedes IgG4 inhibitory antibody activity. J Allergy Clin Immunol
2008;121:1120-5.e2.

Lalek N, Kosnik M, Silar M, Korosec P. Immunoglobulin G-dependent changes in

basophil allergen threshold sensitivity during birch pollen immunotherapy. Clin

Exp Allergy 2010;40:1186-93.

. Turcanu V, Stephens AC, Chan SM, Rance F, Lack G. IgE-mediated facilitated an-
tigen presentation underlies higher immune responses in peanut allergy. Allergy
2010;65:1274-81.

21. Wilcock LK, Francis JN, Durham SR. IgE-facilitated antigen presentation: role in

allergy and the influence of allergen immunotherapy. Immunol Allergy Clin North
Am 2006;26:333-47, viii-ix.

22. Mari A. Skin test with a timothy grass (Phleum pratense) pollen extract vs. IgE to a
timothy extract vs. IgE to rPhl p 1, rPhl p 2, nPhl p 4, rPhl p 5, rPhl p 6, rPhl p 7,
rPhl p 11, and rPhl p 12: epidemiological and diagnostic data. Clin Exp Allergy
2003;33:43-51.

. Darsow U, Brockow K, Pfab F, Jakob T, Petersson CJ, Borres MP, et al. Allergens.
Heterogeneity of molecular sensitization profiles in grass pollen allergy
—implications for immunotherapy? Clin Exp Allergy 2014;44:778-86.

24. Beitia JM, Lopez-Matas MA, Alonso A, Vega A, Mateo B, Cardenas R, et al.

Allergenic profile to Phleum pratense and immunological changes induced

vaccines covering all the patients’ sensitizations have been sug- 15
gested to be an effective’® and safe*” method of AIT and offer

the potential of individualizing AIT after the pretreatment CRD
profile of the individual patient. However, we find that the use

of a well-standardized natural extract in SCIT fully matches
patients’ sensitizations.

Conclusion

We found that pretreatment allergen component—specific IgE
predicted the induction of IgGy to allergen components, resulting
in a strong correlation between the pretreatment IgE level and 19
IgG4 concentrations after updosing. IgE-induced IgG, antibodies
seem to compete for allergen binding on ISAC, leading to sup- 5
pression of the IgE-related signal on this chip. They correlate to
FAB, basophil sensitivity, and symptom severity. Measurement
of IgE levels on ISAC before and after updosing of SCIT can
be used as an early biomarker of AIT responses.

We thank the staff at the Laboratory for Allergy and Respiratory Medicine
at Aarhus University Hospital and the study participants and Christian
Ljgrring for critical comments on the manuscript. 23

Clinical implications: IgE and IgG, sensitizations measured at
molecular resolution before and after updosing of SCIT might

be useful to monitor the early treatment effect. Treatment
with allergen extract induces IgG, matching the pretreatment

component-specific IgE.

25.

after grass allergen-specific immunotherapy. Int Arch Allergy Immunol 2014;
165:9-17.

Hatzler L, Panetta V, Lau S, Wagner P, Bergmann RL, Illi S, et al. Molecular
spreading and predictive value of preclinical IgE response to Phleum pratense in
children with hay fever. J Allergy Clin Immunol 2012;130:894-901.e5.

26. Jahn-Schmid B, Harwanegg C, Hiller R, Bohle B, Ebner C, Scheiner O, et al.
REFERENCES Allergen microarray: comparison of microarray using recombinant allergens with
1. Burbach GJ, Heinzerling LM, Edenharter G, Bachert C, Bindslev-Jensen C, Bonini conventional diagnostic methods to detect allergen-specific serum immunoglobulin

w

S, et al. GA(2)LEN skin test study II: clinical relevance of inhalant allergen sen-
sitizations in Europe. Allergy 2009;64:1507-15.

. Bauchau V, Durham SR. Prevalence and rate of diagnosis of allergic rhinitis in Eu-

rope. Eur Respir J 2004;24:758-64.

. Nathan RA. The burden of allergic rhinitis. Allergy Asthma Proc 2007;28:3-9.
. Calderon MA, Demoly P, Gerth van Wijk R, Bousquet J, Sheikh A, Frew A, et al.

EAACI: a European declaration on immunotherapy. Designing the future of
allergen specific immunotherapy. Clin Transl Allergy 2012;2:20.

. Walker S, Khan-Wasti S, Fletcher M, Cullinan P, Harris J, Sheikh A. Seasonal

allergic rhinitis is associated with a detrimental effect on examination performance
in united kingdom teenagers: case-control study. J Allergy Clin Immunol 2007;
120:381-7.

27.

28.

29.

30.

E. Clin Exp Allergy 2003;33:1443-9.

Aasbjerg K, Backer V, Lund G, Holm J, Nielsen NC, Holse M, et al. Inmunolog-
ical comparison of allergen immunotherapy tablet treatment and subcutaneous
immunotherapy against grass allergy. Clin Exp Allergy 2014;44:417-28.
Baron-Bodo V, Batard T, Nguyen H, Frereux M, Horiot S, Harwanegg C, et al.
Absence of IgE neosensitization in house dust mite allergic patients following
sublingual immunotherapy. Clin Exp Allergy 2012;42:1510-8.

Lupinek C, Wollmann E, Baar A, Banerjee S, Breiteneder H, Broecker BM, et al.
Advances in allergen-microarray technology for diagnosis and monitoring of
allergy: the MeDALL allergen-chip. Methods 2014;66:106-19.

Nopp A, Johansson SG, Ankerst J, Bylin G, Cardell LO, Gronneberg R, et al.
Basophil allergen threshold sensitivity: a useful approach to anti-IgE treatment

6. Bousquet J, Lockey R, Malling HJ, Alvarez-Cuesta E, Canonica GW, Chapman efficacy evaluation. Allergy 2006;61:298-302.
MD, et al. Allergen immunotherapy: therapeutic vaccines for allergic diseases. 31. Klunker S, Saggar LR, Seyfert-Margolis V, Asare AL, Casale TB, Durham SR,
World Health Organization. American Academy of Allergy, Asthma & Immu- et al. Combination treatment with omalizumab and rush immunotherapy for
nology. Ann Allergy Asthma Immunol 1998;81:401-5. ragweed-induced allergic rhinitis: inhibition of IgE-facilitated allergen binding.
7. Calderon MA, Alves B, Jacobson M, Hurwitz B, Sheikh A, Durham S. Allergen J Allergy Clin Immunol 2007;120:688-95.
injection immunotherapy for seasonal allergic rhinitis. Cochrane Database Syst 32. van Neerven RJ, Wikborg T, Lund G, Jacobsen B, Brinch-Nielsen A, Arnved J,
Rev 2007;(1):CD001936. et al. Blocking antibodies induced by specific allergy vaccination prevent the acti-
8. Akdis M, Akdis CA. Mechanisms of allergen-specific immunotherapy: multiple vation of CD4+ T cells by inhibiting serum-IgE-facilitated allergen presentation.
suppressor factors at work in immune tolerance to allergens. J Allergy Clin J Immunol 1999;163:2944-52.
Immunol 2014;133:621-31. 33. van der Heijden FL, van Neerven RJ, Kapsenberg ML. Relationship between facil-
9. Flicker S, Valenta R. Renaissance of the blocking antibody concept in type I itated allergen presentation and the presence of allergen-specific IgE in serum of
allergy. Int Arch Allergy Immunol 2003;132:13-24. atopic patients. Clin Exp Immunol 1995;99:289-93.
10. Matsuoka T, Shamji MH, Durham SR. Allergen immunotherapy and tolerance. 34. Wurtzen PA, Lund G, Lund K, Arvidsson M, Rak S, Ipsen H. A double-blind
Allergol Int 2013;62:403-13. placebo-controlled birch allergy vaccination study II: Correlation between
11. Wachholz PA, Durham SR. Mechanisms of immunotherapy: IgG revisited. Curr inhibition of IgE binding, histamine release and facilitated allergen presentation.
Opin Allergy Clin Immunol 2004;4:313-8. Clin Exp Allergy 2008;38:1290-301.
12. Focke M, Marth K, Flicker S, Valenta R. Heterogeneity of commercial timothy 35. van Neerven RJ, Arvidsson M, Ipsen H, Sparholt SH, Rak S, Wurtzen PA. A
grass pollen extracts. Clin Exp Allergy 2008;38:1400-8. double-blind, placebo-controlled birch allergy vaccination study: inhibition of
13. Valenta R, Ferreira F, Focke-Tejkl M, Linhart B, Niederberger V, Swoboda I, et al. CD23-mediated serum-immunoglobulin E-facilitated allergen presentation. Clin
From allergen genes to allergy vaccines. Annu Rev Immunol 2010;28:211-41. Exp Allergy 2004;34:420-8.
14. Canonica GW, Ansotegui 1J, Pawankar R, Schmid-Grendelmeier P, van Hage M, 36. Wachholz PA, Soni NK, Till SJ, Durham SR. Inhibition of allergen-IgE binding to

Baena-Cagnani CE, et al. A WAO-ARIA-GA(2)LEN consensus document on
molecular-based allergy diagnostics. World Allergy Organ J 2013;6:17.

B cells by IgG antibodies after grass pollen immunotherapy. J Allergy Clin
Immunol 2003;112:915-22.


http://refhub.elsevier.com/S0091-6749(15)00729-0/sref1
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref1
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref1
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref2
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref2
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref3
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref4
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref4
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref4
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref5
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref5
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref5
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref5
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref6
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref6
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref6
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref6
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref7
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref7
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref7
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref8
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref8
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref8
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref9
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref9
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref10
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref10
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref11
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref11
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref12
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref12
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref13
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref13
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref14
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref14
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref14
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref15
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref15
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref15
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref16
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref16
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref16
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref16
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref17
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref17
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref18
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref18
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref18
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref18
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref19
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref19
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref19
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref20
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref20
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref20
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref21
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref21
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref21
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref22
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref22
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref22
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref22
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref23
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref23
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref23
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref24
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref24
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref24
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref24
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref25
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref25
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref25
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref26
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref26
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref26
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref26
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref27
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref27
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref27
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref28
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref28
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref28
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref29
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref29
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref29
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref30
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref30
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref30
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref31
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref31
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref31
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref31
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref32
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref32
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref32
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref32
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref32
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref33
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref33
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref33
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref34
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref34
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref34
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref34
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref35
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref35
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref35
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref35
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref36
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref36
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref36

J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER =m

37.

38.

39.

40.

41.

Martinez-Aranguren R, Lizaso MT, Goikoetxea MJ, Garcia BE, Cabrera-
Freitag P, Trellez O, et al. Is the determination of specific IgE against
components using ISAC 112 a reproducible technique? PLoS One 2014;9:
e88394.

Ball T, Sperr WR, Valent P, Lidholm J, Spitzauer S, Ebner C, et al. Induction of
antibody responses to new B cell epitopes indicates vaccination character of
allergen immunotherapy. Eur J Immunol 1999;29:2026-36.

van Ree R, Antonicelli L, Akkerdaas JH, Garritani MS, Aalberse RC, Bonifazi F.
Possible induction of food allergy during mite immunotherapy. Allergy 1996;51:
108-13.

Asero R. Lack of de novo sensitization to tropomyosin in a group of mite-allergic
patients treated by house dust mite-specific immunotherapy. Int Arch Allergy
Immunol 2005;137:62-5.

Lupinek C, Marth K, Niederberger V, Valenta R. Analysis of serum IgE reactivity
profiles with microarrayed allergens indicates absence of de novo IgE
sensitizations in adults. J Allergy Clin Immunol 2012;130:1418-20.e4.

42.

43.

44.

45.

46.

47.

SCHMID ET AL 9

Tripodi S, Businco AD, Alessandri C, Panetta V, Restani P, Matricardi PM.
Predicting the outcome of oral food challenges with hen’s egg through skin test
end-point titration. Clin Exp Allergy 2009;39:1225-33.

Graf N, Dinkel B, Rose H, Hothorn LA, Gerhard D, Johansen P, et al. A critical
appraisal of analyzing nasal provocation test results in allergen immunotherapy
trials. Rhinology 2014;52:137-41.

Jutel M, Akdis CA. Novel immunotherapy vaccine development. Curr Opin
Allergy Clin Immunol 2014;14:557-63.

Linhart B, Valenta R. Mechanisms underlying allergy vaccination with
recombinant hypoallergenic allergen derivatives. Vaccine 2012;30:4328-35.
Makatsori M, Pfaar O, Lleonart R, Calderon MA. Recombinant allergen
immunotherapy: clinical evidence of efficacy—a review. Curr Allergy Asthma
Rep 2013;13:371-80.

Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O. Allergen-specific
immunotherapy with recombinant grass pollen allergens. J Allergy Clin Immunol
2005;116:608-13.


http://refhub.elsevier.com/S0091-6749(15)00729-0/sref37
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref37
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref37
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref37
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref38
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref38
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref38
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref39
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref39
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref39
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref40
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref40
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref40
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref41
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref41
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref41
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref42
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref42
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref42
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref43
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref43
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref43
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref44
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref44
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref45
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref45
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref46
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref46
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref46
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref47
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref47
http://refhub.elsevier.com/S0091-6749(15)00729-0/sref47

	Pretreatment IgE sensitization patterns determine the molecular profile of the IgG4 response during updosing of subcutaneou ...
	Methods
	Study population
	SCIT
	Immunoglobulin measurements
	Statistical analysis

	Results
	Baseline characteristics
	Comparison of IgE and IgG4 levels during SCIT updosing with ImmunoCAP and ISAC
	Single-allergen ISAC measurements during SCIT
	Increase in allergen-specific IgG4 levels correlates with decrease in allergen-specific IgE levels after updosing
	Pretreatment IgE concentration predicts IgG4 concentration after the updosing phase
	Correlates in cellular tests and clinical outcome
	Reproducibility of ISAC measurements

	Discussion
	Baseline measurements
	ISAC measurement of IgE to treatment allergens is suppressed by AIT
	IgG4 induced by SCIT suppresses ISAC IgE measurements
	Evidence for a link between pretreatment specific IgE and IgG4 after updosing
	Mechanism linking pretreatment IgE and IgG4 after updosing
	ISAC is a reproducible assay
	Limitations of our study
	General considerations: Further implications
	Conclusion

	References


