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Introduction
Hypersensitivity to foods is now recognized as a world-wide problem in the industrialized
world and it’s prevalence may be increasing [1,2]. Reactions to foods are thought to be the
most common cause of anaphylaxis when it occurs outside of the hospital [3].

Elevated allergen-specific IgE is the hallmark of allergic sensitization. The fine specificity of
IgE binding is important as IgE from those peanut-allergic patients with the most severe clinical
reactions recognizes a more diverse array of linear peptides within the family of peanut proteins
[4]. Over the last 3 decades there have been multiple reports that allergen-specific IgG (and,
when measured, IgG1 and IgG4) tends to be higher in atopic individuals than in non-atopics
[5]. This has been reported for grass (Rye 1) [6], ragweed (AgE) [7], birch (Bet v 1) [8], and
peanut (crude peanut extract (CPE)) [9,10]. Lesser differences were reported for cat (Fel d 1)
although the allergic subjects again had higher levels [11] and no differences were reported
with IgG to ovalbumin [10]. Jones et al. have demonstrated increasing peanut-specific IgG in
patients undergoing oral desensitization but did not compare these findings with subjects who
are naturally tolerant to peanuts [12].
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HLA (human leukocyte antigen) proteins were originally discovered due to their importance
in rejection of transplants and eventually understood as the major histocompatiblilty complex
(MHC) for their importance in presenting antigen to T cells [13]. Presentation of exogenous
antigens to CD4+ T cells occurs via MHC class II on the surface of antigen-presenting cells
(APCs) [13,14]. Peanut proteins are clearly exogenous antigens and are presumably presented
via MHC class II [14]. MHC class II molecules have four distinct pockets that serve to anchor
peptides and interact with T cell receptors [15,16]. Shared epitopes (small groups of amino
acids having similar surface properties) within these pockets may lead to shared recognition
of important peptides by otherwise disparate alleles [15,17-21].

Two previous studies have examined the possible relationship between HLA class II alleles in
peanut-allergic individuals compared with peanut tolerant siblings using low-resolution HLA
typing [22,23]. Howell et al. studied 50 subjects with peanut allergy, 34 non-peanut allergic
siblings, and 77 non-peanut allergic parents and compared their findings with those from 293
unrelated controls [22]. After Bonferroni corrections, there were no significant differences
between the peanut allergic patients and their non-peanut allergic siblings at any allele.
However, they found significant differences between the peanut-allergic subjects and the
unrelated controls for the presence of DRB1*08 [22]. Shreffler et al. performed a similar study,
enrolling 73 peanut-allergic subjects and 75 peanut-tolerant siblings and found no significant
differences between the peanut-allergic and peanut-tolerant siblings [23]. They did not
compare their subjects to unrelated controls. These two studies were limited because analyses
were performed at a serologic level and this can miss the important details within the peptide-
binding groove.

Given reports that peanut-specific IgG is higher in allergic than in non-allergic subjects we
reasoned that differences in peanut-specific IgG production between peanut-allergic subjects
and those who are tolerant to peanuts may be related to differences in the ability to present
allergens via HLA class II. To test this hypothesis, we determined anti-peanut IgG, peanut-
specific IgE, and HLA-Class II expression at high resolution in a population of well-
characterized peanut-allergic subjects and their peanut-tolerant siblings including 14 sibling
pairs who are identical at HLA-Class II. We compared the HLA findings to those from a large
public database [24]. Our primary finding is that differences in anti-peanut IgG and IgE are
unequivocally independent of HLA class II. A secondary finding is that HLA DRB1*08
appears to be increased in the peanut allergic subjects and this may be driven by an increased
frequency of HLA DRB1*0803.

Methods
Patient population

This study was approved by our respective (Institutional Review Boards and all subjects,
parents, or guardians gave informed consent and for minors, assent. We enrolled subjects with
severe peanut allergy who had a peanut-tolerant full sibling who would participate in the study.
Subjects were recruited from within our own allergy practices, referred from our allergy
colleagues, referred by other subjects, and identified by our attendance at activities sponsored
by the Food Allergy and Anaphylaxis Network (FAAN). The peanut-allergic subjects were
from the greater Denver, Colorado (n=34) and Ann Arbor, Michigan (n=19) areas.

These were discordant sibling-pairs for whom we had high confidence that one of the siblings
was clinically allergic to peanuts with an excellent history and either a peanut-specific IgE >14
U/ml (ImmunoCap, Pharmacia, Upsula, Sweden), a skin prick test >5mm larger than negative
control, or a positive double-blind, placebo-controlled food challenge as these findings are
associated with a high confidence of reproducible reactions [25-27]. The paired sibling had
eaten peanuts within 3 months and without a clinical reaction. In addition, all of the siblings
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were tested for peanut-specific IgE and none had values >14 U/ml (ImmunoCap, Pharmacia,
Upsula, Sweden) (Figure 1). Fifty-nine of the 63 peanut-tolerant siblings had skin prick tests
for peanut and none of these tests were >5mm larger than the negative control (data not shown).
Blood was drawn from the peanut-allergic subjects and from the peanut-tolerant siblings on
the same day and handled the same way. For the analysis of sibling pairs, when there was more
than one peanut-tolerant sibling, we used the data from the sibling who was first to volunteer.
To identify the maximal number of sibling pairs with identical HLA Class II, we examined the
entire set of 64 siblings. If two or more peanut-tolerant siblings were identical to the peanut-
allergic subject at HLA Class II we used the data from the one who volunteered first.

Immunoglobulin levels
In vitro peanut-specific IgG, IgG4, and IgE determinations were performed on sera by the
ImmunoCap Method (Pharmacia; Uppsala, Sweden). For samples with anti-peanut IgE >100,
sera were diluted 1:10, reassayed, and the data corrected for dilution. IgG specific for Ara h 1,
Ara h 2, and Ara h 6 were measured in 49 or our 53 subjects by ELISA assays similar to those
described by Tay using methodology developed by Rieben and Blaser except that HRP-labeled
mouse anti-human IgG (Clone JDC-10; Southern Biotechnology, Birmingham, AL) was the
detecting antibody [10,28].

HLA Class II
DNA was isolated using the BioRobot EZ1 Workstation (Qiagen; Valencia, CA) and HLA
class II alleles were determined by high resolution DNA methodology (Atria Genetics; San
Francisco, CA). HLA class II DR supertypes were determined as initially described by Ou et
al. and refined by others [15,18-20].

Statistical Analysis
Based on published data examining HLA supertypes, we determined that this population size
gave us an 85% power to find significant differences that would withstand a Bonferonni
correction for 7 DRB1 supertypes [15,19]. We compared the proportion of siblings having the
supertype of interest using a McNemar’s test to account for correlation between the siblings.
We used a Chi-square test or Fishers exact test (as appropriate) to test differences in the
proportion of peanut allergic sibs vs controls having the supertypes of interest. The Bonferroni
correction was applied to account for multiple comparisons. Unpaired two-tailed t-tests and
Pearson correlations were performed on natural logs of data (Prism v 5.0a for the MacIntosh,
GraphPad Software, La Jolla, CA). Graphs show geometric means and 95% confidence
intervals.

Results
Clinical and laboratory data for our subjects are shown in Table 1. Our sib-pairs were
predominantly of European descent (n=44; 83%). Most of the peanut-allergic subjects had
reactions involving more than one organ system (89%), and most had anti-peanut IgE >14 IU/
ml (81%).

Similar to the findings of both Howell and Shreffler [22,23] who examined HLA at the
serologic level, we found no significant differences in HLA class II between these discordant
sib-pairs when high-resolution DNA techniques were applied. Data for DRB1 are shown in
Table 2. Data for DPB1 and DQB1 did not reveal any significant findings (data not shown).
Furthermore, analysis of these data using published supertypes of DRB1 similarly did not
reveal any differences between these sibling pairs (data not shown) [15,18,20,21]. An
unexpected finding from this study is that there appears to be an increased frequency of
DRB1*0803 in both our peanut-allergic (3 out of 44; 6.8%) and peanut-tolerant subjects (also
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3 out of 44; 6.8%) of European descent compared to a large control group of bone marrow
donors of European descent in which DRB1*0803 is a very rare allele in (0.27%; n=7,870)
[24]. After correction for the 59 DRB1, DQB1, and DPB1 alleles identified in this study, this
is a statistically significant finding both for the peanut-allergic and tolerant siblings (pc=4.5 ×
10-9) (Table 2). In addition to its unexpected frequency in our individual subjects, DRB1*0803
was found in 5 out of 44 families of European descent (11.4%) as there was only 1 family in
which it occurred in both the peanut-allergic and peanut-tolerant. Subjects with this allele did
not have distinguishing clinical characteristics or statistically different values for either total
or peanut-specific IgE (data not shown).

As expected, the anti-peanut IgG and anti-peanut IgE were higher in the peanut-allergic
subjects compared to the peanut-tolerant siblings (Figure 1; n=53 pairs; p<0.0001) and were
correlated in the allergic (r=0.628; P<0.0001) (Figure 2). We then asked if there was any
relationship between IgG or IgE levels and HLA. To address this question, we examined levels
of IgG and IgE in sibling pairs with identical HLA Class II (Figure 3). As can be seen the
dramatic differences in both peanut-specific IgG and IgE between the peanut-allergic and
peanut-tolerant siblings shown in Figure 1 are also present in a subset of subjects in which each
pair has identical HLA class II (n=14 pair; p<0.0001) (Figure 3). Again a clear correlation was
seen between anti-peanut IgG and anti-peanut IgE in the allergic subjects (r=0.642; p<0.01)
(data not shown). We also examined total IgG and IgG4 values for total peanut protein using
ImmunoCaps and total IgG for Ara h 1, Ara h 2 IgG, and anti-Ara h 6 by ELISA. Although
these correlated well with each other (r values between 0.6 and 0.9; p<0.001) none of these
measurements were correlated with HLA alleles, supertypes, or haplotypes (data not shown).

Since two previous studies of HLA in peanut allergy have been published with very similar
designs the data were examined together in an separate analysis (Table 3). To do this, our high-
resolution DRB1 data were contracted into the appropriate serotypes. Again, there were no
significant differences between the peanut-allergic and peanut-tolerant siblings. However,
compared to a large public database there is increased prevalence of the DRB1*08 serologic
allele in the peanut-allergic subjects (pc=0.008) but not in the peanut-tolerant siblings (pc=ns)
(Table 3). In our cohort, 57% of the DRB1*08 alleles are DRB1*0801 and 43% are
DRB1*0803 (Table 2). Since the DRB1*0803 allele is more prevalent in subjects of Asian
descent, it is possible that the 5% of the Shreffler subjects and the 4% of the subjects in the
current study who were of Asian descent could bias this analysis. However, the increased
prevalence still holds when the peanut-allergic subjects known to be of European descent from
the current study are pooled with only those from the Howell study in which there were no
Asian subjects (pc<0.001; data not shown).

Discussion
These data demonstrate unequivocally that peanut allergy, at both clinical and immunologic
levels, is entirely independent of differences in HLA class II. We have shown this in our
population of full siblings who are discordant for clinically important peanut allergy by
examining HLA class II with high resolution DNA-based technology, by looking for epitope
sharing with the DRB1 alleles using published “supertypes”, and by measuring peanut-specific
IgG. Of note, 8 peanut-tolerant subjects had measurable levels of peanut-specific IgE (0.36-11
IU/ml; geometric mean 1.75 IU/ml) so the peanut-tolerant population is not absolutely non-
allergic. The sibling pairs that included siblings with detectable anti-peanut IgE did not contain
any dominant HLA class II alleles (data not shown). Of the 14 sibling pairs with identical HLA
(Figure 3), only 2 peanut-tolerant siblings had detectable IgE (0.54 and 0.95 IU/ml). Our
finding of large differences in peanut-specific IgG in peanut-allergic subjects compared with
controls corroborates the report of Tay et al. [10] and extends them in that we find this disparity
in full siblings discordant for peanut allergy (n=53 pairs) as well as a smaller cohort in which
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the paired siblings discordant for peanut allergy have identical HLA class II genotypes (n=14
pairs) (Figure 2). This underscores the concept that the aberrant immune response to peanuts
in peanut-allergic subjects occurs at steps earlier than switching to IgE and is independent of
the ability to present antigen. In further support of this finding, we measured IgG specific for
Ara h 1, Ara h 2, and Ara h 3 in our peanut-allergic subjects. As found for total IgG, there was
no association of allergen-specific IgG with any HLA allele, supertype, or haplotype (data not
shown). Perhaps HLA-related specificity could be found if specific linear epitopes were
examined.

A secondary finding is that, as described by Howell and colleagues, HLA DRB1*08, appears
to be more prevalent in patients with peanut allergy compared with a large public database
[22]. It is important to point out that all DRB1*08 alleles were present only in 11% of subjects
(Table 3) and were found in similar numbers for both the allergic and the tolerant siblings.
Furthermore, based on its increased frequency in our subjects, DRB1*0803 which differs from
DRB1*0801 only at amino acid #67 with an isoleucine (I) for *0803 compared with a
phenylalanine (F) for *0801 [29], appears to account for this increased prevalence of DRB1*08.
So, DRB1*08 and particularly DRB1*0803 appears to be a marker of families with a propensity
toward peanut allergy and not a marker of peanut allergy per se. Alternatively, this may be a
statistical aberration of no biological consequence. In a review of the current literature, we
were not able to find association of DRB1*08, DRB1*0801, or DRB1*0803 with any other
immunologic diseases.

In summary, we have shown that elevated anti-peanut IgG in peanut-allergic subjects compared
to their peanut-tolerant siblings occurs independently of HLA class II and offer evidence that
HLA DRB1*0803 is may be a risk factor for peanut allergy in families of European descent.
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Figure 1. Anti-peanut IgG and IgE
A) Anti-peanut IgG and B) anti-peanut IgE were determined by ImmunoCap. Log data of 53
sibling pairs were compared with unpaired t-tests (p<0.0001).
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Figure 2. Correlations between anti-peanut IgG and IgE
A) Anti-peanut IgG is correlated with anti-peanut IgE in peanut-allergic subjects (p<0.0001;
Pearson r=0.628; rˆ2=0.394). B) For the peanut-tolerant siblings, anti-peanut IgG was
compared with anti-peanut IgE. Much of the data were below the lower limits of detection so
a correlation cannot be accurately determined. The data for the peanut-tolerant subjects (B) is
driven by 44 samples that had anti-peanut IgE at the lower limits of detection (<0.35).
Excluding these points, the correlation between anti-peanut IgG and anti-peanut IgE for the
remaining 9 peanut-tolerant subjects was not significant (data not shown).
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Figure 3. Anti-peanut IgG and IgE in subjects with identical HLA Class II
A) Anti-peanut IgG and B) anti-peanut IgE. Log data for 14 sibling pairs with identical HLA
Class II were compared with unpaired t-tests.
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