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Peanut oral immunotherapy increases IgG4 to Arah 1, 2,and 6
but does not affect IgG4 to other allergens

To the Editor:

Life-threatening allergic reactions are characterized by aller-
gen-specific IgE antibodies, whereas 1gG antibodies are a default
response to an antigen exposure. Subclass 4 1gG antibodies function
as blocking antibodies, which may suppress IgE-mediated reactions.’
Peanut oral immunotherapy (OIT), as other allergen immunother-
apies, induces 1gG4 antibodies.>® We have previously shown the
increase of 1gG4 to peanut seed storage proteins, and the dose-
dependent increase of IgG4-IgE ratios in children and adolescents
receiving peanut OIT.** Further, we showed that IgE to the 25 al-
bumins Ara h 2 and Ara h 6, which are the most important peanut
allergens,® were the only IgE responses affected during OIT.”

In this study, we screened IgG4 responses for a wide spectrum
of allergens with the ISAC ImmunoCAP microarray in children and
adolescents who underwent peanut OIT. We examined the 1gG4 re-
sponses baseline and after OIT build-up phase with the aim of find-
ing effects of the treatment on IgG4 responses to peanut-specific
and cross-reactive allergens.

The study population has been described in our previous publi-
cations.*” Briefly, 6- to 18-year-old children and adolescents were
referred to the hospital because of peanut allergy. Of them, 39 with
a moderate-to-severe reaction in a double-blind placebo-controlled

Abbreviations: ISAC, Immuno-Solid phase Allergen Chip; ISU, ISAC standardized units;
OIT, oral immunotherapy.

Trial Registration: clinicaltrials.gov: NCT01502878.

peanut challenge started OIT and 21 control patients continued to
avoid peanut. During OIT, the daily dose of peanut protein increased
from 0.1 to 800 mg in 8 months. Serum samples were drawn at base-
line and after median 12 months of OIT build-up phase or avoidance.
We analyzed serum 1gG4 (30 uL of sample) in ImmunoCAP ISAC mi-
croarrays (ThermoFisher Scientific; Uppsala, Sweden). We considered
the detection limit 0.1 ISU-G4 also as cutoff for positive response. The
ethics committee of Helsinki University Hospital approved the study.
One of the parents and the patient gave a written informed consent.
In analyzing repeated measures of the 112 allergens, we filtered
the results so thatin order to be included in the analysis an allergen had
to show value above detection limit 0.1 (ISU-G4) in at least 50% + 1
of the patients in at least one of the four groups (pre-OIT, post-OIT,
pre-avoidance, and post-avoidance). We fitted a linear model to in-
vestigate the effects of treatment, response, subject, sex, and age.
Furthermore, we used the eBayes test for pairwise comparisons of in-
terest. P values were corrected in each pairwise comparison by using
the Benjamini-Hochberg procedure. We used R program, version 3.0
(R Project for Statistical Computing; R Foundation, Vienna, Austria;
http://www.r-project.org/) and IBM SPSS 22 (IBM, Armonk, NY, USA).
Of the 39 patients on OIT, 34 achieved maintenance dosing,
and 26/31 passed the double-blind placebo-controlled challenge
with 1255 mg peanut protein. Baseline characteristics and ISAC
IgE levels are presented in the Table S1. IgG4 levels to Ara h 1, 2,
and 6 increased during the treatment. Avoidance group showed no

changes in 1gG4 levels. (Figure 1) The ingested cumulative protein
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FIGURE 1 Levels of IgG4 to peanut allergens in (A) oral immunotherapy group (n = 39) and (B) avoidance group (n = 18) before and after
treatment. Ara h 3, Ara h 8, and Ara h 9 are excluded from the statistical analysis due to limited number of responses (see Methods section)
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TABLE 1 (a)IgG4 levels and number of patients with response (ISU-G4 = 0.1) before and after treatment in oral immunotherapy (OIT,
n = 39) and avoidance (n = 18) groups. Allergens that showed representative response are included (see Methods section). (b) Number of
patients with IgG4 response (ISU-G4 = 0.1) for peanut allergens in immunotherapy and avoidance groups

(a)

Pre Post Pre Post
No of patients with
Median Min Max Median Min Max P value response

oIT
Betv 1 0.32 0.05 3.6 0.46 0.05 3.1 0.65 30 31
Mald 1 0.10 0.05 2.4 0.12 0.05 21 0.85 20 22
Bosd 8 0.50 0.05 11.4 2.3 0.05 22.4 0.85 28 30
Bosd 5 21 0.05 17.6 24 0.05 18.8 0.85 36 36
Bosd 4 2.1 0.05 21.6 0.48 0.05 13.7 0.85 28 27
Bosd 0.56 0.05 5.9 0.50 0.05 8.0 0.85 28 30

Lactoferrin

Gald1 0.88 0.05 19.6 1.1 0.05 22.6 0.85 32 34
Gald2 1.8 0.05 13.3 2.2 0.05 11.9 0.85 33 32
Gald3 0.12 0.05 0.80 0.14 0.05 0.70 0.85 21 25
TriaaA_TI 0.28 0.05 2.9 0.26 0.05 3.2 0.85 25 26
Tria 14 0.05 0.05 9.5 0.10 0.05 14.4 0.85 19 21

Avoidance
Betv 1 0.26 0.05 14.1 0.16 0.05 0.90 1 15 12
Mald 1 0.12 0.05 2.4 0.12 0.05 1.0 1 11 10
Bosd 8 0.74 0.05 31.0 0.32 0.05 279 1 19 17
Bosd 5 3.7 0.05 25.1 2.0 0.05 19.2 1 19 17
Bos d 4 3.7 0.05 28.9 2.7 0.05 23.5 1 19 17
Bosd 0.47 0.05 1.9 0.55 0.05 1.8 1 17 15

Lactoferrin

Gald1 1.5 0.05 13.6 1.6 0.05 18.1 1 18 16
Gald2 3.7 0.05 19.8 2.5 0.05 24.4 1 19 17
Gald3 0.24 0.05 1.2 0.16 0.05 1.4 1 16 14
TriaaA_TI 0.20 0.05 24 0.14 0.05 6.4 1 16 14
Tria 14 0.18 0.05 57 0.05 0.05 26.2 1 14 8

b)

oIT Avoidance
Pre, n (%) Post, n (%) Pre, n (%) Post, n (%)

Arah1 7(18) 27 (69) 8 (44) 6(33)

Arah 2 15 (38) 37 (95) 11 (61) 7 (39)

Arah3 6 (15) 17 (44) 5(28) 3(17)

Arah 6 16 (41) 37 (95) 11 (61) 10 (56)

Arah8 7 (18) 10 (26) 2(11) 0

Arah?9 12 (31) 12 (31) 3(17) 4(22)

dose during the treatment was median 71 g (range 50 mg-158 g). The The IgG4-increases for Ara h 1, 2, and 6 in the 26 patients who
cumulative protein dose correlated with the increase in 1gG4 to Ara passed the final peanut challenge, that is, desensitized patients, did

h 2 (p 0.362, P = 0.024), but did not correlate with the IgG4 increase not differ statistically from the five non-desensitized. (Data not
of Arah 1 and Ara h 6. shown)



LETTERS TO THE EDITOR

Levels of other than peanut allergens that showed representa-
tive numbers of response are depicted in Table 1, and other ISAC112
allergens in the Table S2.

To our knowledge, this is the first study to examine microarrayed
1gG4 profiles in patients who received peanut oral immunotherapy.
During the treatment, the only 1gG4 levels to change were peanut
seed storage proteins Ara h 1, 2, and 6. This is in line with our previ-
ous study were peanut OIT affected IgE only for the 2S albumins Ara
h 2 and 6. However, in the IgG4 antibodies, the effect included also
a third seed storage protein, Ara h 1. Studies on peanut sensitization
and allergy show that the 7S globulin Ara h 1 is more associated with
peanut allergy than the 11S globulin Arah 3.78 In our previous study,
1gG4, measured with ImmunoCAP, showed increases in Ara h 1 and
Ara h 3, of which Ara h 1-change was stronger.” In the present study,
Ara h 3-response in 1gG4 ISAC was underrepresented, and there-
fore, conclusions on effects on this allergen are limited. However,
the response rate increased from 15% before OIT to 44% after OIT.
(Table 1b) We believe that mild increase in Ara h 3 IgG4 in ISAC is
possible.

The findings of unaffected Ara h 8- and Ara h 9- 1gG4-levels
are similar to our previous study on IgE microarray profiles in
this patient population.® Ara h 8 is degraded in the gastric diges-
tion, and its’ effects on IgG4 levels may be therefore limited. The
amount of lipid transfer protein Ara h 9 is low in peanut? which in
turn may decrease the immunologic effects of this stable allergen.
Both Ara h 8- and 9-1gG4 responses were infrequent in our study
population.

Considering the development of tolerance, 1gG4 may be the
most important immunoglobulin in immunotherapy. Findings of this
study further highlight the specificity of immunologic response in
peanut oral immunotherapy as IgG4 effects seem to occur only on
the most peanut-specific allergens, but not on cross-reactive or un-

related allergens.
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Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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Supplemental table online 1. Basdline characteristics of patientsin OIT (n=39) and avoidance (n=18)
groups. ISAC; immuno-solid phase alergen chip

oIT Avoidance Pvalue
Male, n (%) 22 (56) 11 (61) .78
Age (y), median 8.0(5.5-18.1) 8.2 (6.0-13.49) a7
(range)
Serum total IgE 676 (95-4662) 734 (116-10517) | .67
(KU/L), median
(range)
Time from baseline | 15.0 (4.1-28.5) | 18.5(11.0-29.3) 021
blood sample to end-
of-study blood
sample, (mo) median
(range)
ISAC IgE levels, oIT Avoidance oIT Avoidance
median, (range) no of positive (%) | no of positive (%)
Arahl 18.6 (0-146) 9.5 (0-100) 31 (80) 12 (67)
Arah?2 38.5 (0-175) 23.5(0-147) 38 (97) 17 (94)
Arah3 2.8 (0-104) 1.2 (0-20.1) 28 (72) 12 (67)
Arah6 34.1(0.41-156) | 26.4 (0-154) 39 (100) 17 (94)
Arah8 4.6 (0-96.9) 3.6 (0-77.0) 32(82) 13 (72)
Arah9 0(0-8.9) 0(0-4.7) 3(7.7) 2(11)
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Supplemental table online 2. Levels of 1gG4 and number of patients with response (ISU-G4 =0.1) before
and after peanut oral immunotherapy. Allergens with no response in any of the patients are excluded from
thetable (Ambal, Anis1, Anis3 Apim1, Artv1 Aspf 3, Aspf 6, Berel Betv4 Blag7, Blot5, Che
al,Clah8,Derf2 Derpl Derp2 Fage2 Ga d5 Hevbl1 Hevb3 Hevb5 Hevb6.01, Oleel, Pen
m2,Phlp11, Phl p12, Phlp2, Phl p7,Plaal, Plal 1, Pol d 5, Tri a19.0101, and Vesv 5.).

Pre Post Pre Post
Median | Min Max Median | Min Max No of No of
patients | patients

Actd1l 0.05 0.05 38 0.05 0.05 15 7 8
Actd?2 0.05 0.05 38 0.05 0.05 2.1 18 19
Actd5 0.05 0.05 0.05 0.05 0.05 0.18 0 1
Actd8 0.05 0.05 0.46 0.05 0.05 0.84 4
Alng1l 0.05 0.05 0.86 0.05 0.05 0.44 5 7
Altal 0.05 0.05 0.68 0.05 0.05 0.38 13 12
Alta6 0.05 0.05 0.12 0.05 0.05 0.28 1 1
Anao?2 0.05 0.05 0.10 0.05 0.05 0.26
Apigl 0.05 0.05 0.96 0.05 0.05 25 16 18
Api m4 0.05 0.05 0.16 0.05 0.05 0.14 1 1
Artv 3 0.05 0.05 2.1 0.05 0.05 4.8 8 10
Aspfl 0.05 0.05 0.05 0.05 0.05 0.36 0 1
Betv 2 0.05 0.05 0.26 0.05 0.05 0.28 5 3
Blag 1l 0.05 0.05 0.14 0.05 0.05 0.20 1 1
Blag2 0.05 0.05 0.10 0.05 0.05 0.12 1 1
Blag5 0.05 0.05 0.05 0.05 0.05 0.10 0 1
Bosd 6 0.05 0.05 110 0.05 0.05 14.4 12 16
Canfl 0.05 0.05 2.8 0.05 0.05 29 9 10
Canf 2 0.05 0.05 13 0.05 0.05 1.7 5 3
Canf3 0.05 0.05 0.72 0.05 0.05 0.74 6 6
Canfb 0.05 0.05 0.32 0.05 0.05 0.42 16 16
Cor a 0.05 0.05 0.34 0.05 0.05 0.32 2 9
1.0101
Cor a 0.05 0.05 0.60 0.05 0.05 0.52 14 15
1.0401
Cor a8 0.05 0.05 0.52 0.05 0.05 0.74 6 9
Cor a9 0.05 0.05 0.28 0.05 0.05 0.28 6 5
Cryj1 0.05 0.05 0.96 0.05 0.05 13 4 5
Cupal 0.05 0.05 0.88 0.05 0.05 12 4 5
Cynd1 0.05 0.05 12.6 0.05 0.05 11.8 8 9
Derfl 0.05 0.05 0.05 0.05 0.05 0.10 0 1
Der p 10 0.05 0.05 0.10 0.05 0.05 0.10 1 1
Equcl 0.05 0.05 0.62 0.05 0.05 0.38 4 6
Equc3 0.05 0.05 0.82 0.05 0.05 0.96 1 1
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Feld1l 0.05 0.05 0.38 0.05 0.05 0.26 3 5
Fel d 2 0.05 0.05 16 0.05 0.05 2.7 6 6
Fel d 4 0.05 0.05 0.44 0.05 0.05 0.54 3 4
Gadc1l 0.05 0.05 0.22 0.05 0.05 0.28 1 3
Gly m4 0.05 0.05 0.96 0.05 0.05 2.3 4 8
Glym5 0.05 0.05 2.9 0.05 0.05 24 5 5
Glymé6 0.05 0.05 6.6 0.05 0.05 9.4 13 15
Hevb8 0.05 0.05 0.28 0.05 0.05 0.36 6 4
Jugr1 0.05 0.05 0.26 0.05 0.05 0.46 2 2
Jugr 2 0.05 0.05 9.1 0.05 0.05 8.3 9 8
Jugr 3 0.05 0.05 2.8 0.05 0.05 10.2 10 15
Lepd?2 0.05 0.05 0.05 0.05 0.05 0.24 0 1
Meral 0.05 0.05 0.30 0.05 0.05 0.38 6 4
Musm 1 0.05 0.05 0.12 0.05 0.05 0.20 1 1
MUXF3 0.05 0.05 11.6 0.05 0.05 10.4 9 8
Olee7 0.05 0.05 0.22 0.05 0.05 0.62 1 3
Olee9 0.05 0.05 1.7 0.05 0.05 2.3 2 1
Parj 2 0.05 0.05 11 0.05 0.05 15 1 1
Penm1 0.05 0.05 0.16 0.05 0.05 0.15 1 2
Penm 4 0.05 0.05 0.05 0.05 0.05 0.18 0 1
Phlp1 0.05 0.05 0.14 0.05 0.05 0.22 2 2
Phlp4 0.05 0.05 14.1 0.05 0.05 13.2 10 11
Phlp5 0.05 0.05 0.40 0.05 0.05 0.74 1 1
Phl p6 0.05 0.05 0.05 0.05 0.05 0.10 0 1
Plaa2 0.05 0.05 4.8 0.05 0.05 3.9 8

Plaa3 0.05 0.05 17 0.05 0.05 5.8 14 16
Prupl 0.05 0.05 14 0.05 0.05 14 14 18
Prup3 0.05 0.05 2.9 0.05 0.05 8.1 15 18
Sa k1l 0.05 0.05 0.62 0.05 0.05 0.56 1 1
Sesil 0.05 0.05 0.64 0.05 0.05 20 6 6
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