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Abstract

Background—Gly m 5 and Gly m 6 are known to induce severe reactions in soy-allergic
patients. For birch pollen (BP)-allergic patients, the Bet v 1 homologous allergen Gly m 4 is also a
potential trigger of generalized severe reactions upon soy consumption. Therefore, reliable
component-resolved diagnosis of soy allergy is needed.

Methods—IgE reactivity from sera of 20 patients from a BP environment with reported soy
allergy was assessed. Skin prick tests (SPT) with BP and soy drink were performed. Specific IgE
for BP, soy, Bet v 1 and Gly m 4 was analyzed by ImmunoCAP. In addition, ISAC microarray
profiling was performed.

Results—Nineteen of 20 patients were BP allergic (positive SPT and/or CAP results for BP
extract and Bet v 1). Eighteen soy-allergic patients were tested positive with soy drink in SPT. Soy
CAP results were negative in the majority of tests (15/20), whereas 19/20 sera had specific IgE to
Gly m 4. In the microarray approach, 14/20 sera displayed Gly m 4-specific IgE, the additional 6
sera had IgE levels below 0.3 ISAC standardized units. The BP-negative serum had Gly m 5- and
Gly m 6-specific IgE which correlated with positive soy ImmunoCAP.

Conclusions—Soy sensitization detected by SPT and Gly m 4 ImmunoCAP were in good
qualitative agreement with ISAC results. Soy ImmunoCAP was only specific for Gly m 5 and Gly
m 6 sensitization. Gly m 4 ImmunoCAP has a higher sensitivity than ImmunoCAP ISAC. In this
patient cohort, Gly m 4 sensitization was linked to the development of severe and generalized
allergic reactions upon soy consumption.
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Introduction

Component-resolved diagnosis provides a patient-specific sensitization profile. Especially
for patients with anaphylactic reactions, this detailed information may help to identify
marker allergens for severe versus mild symptoms. Ingestion of soybean (Glycine max) by
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atopic individuals can evoke generalized and life-threatening allergic symptoms. Among 7
already identified soy allergens (www.iuis.org), seed storage proteins Gly m 5 (7S globulin)
and Gly m 6 (11S globulin) are associated with severe allergic reactions [1]. For birch pollen
(BP)-allergic patients, Gly m 4 (Bet v 1 homologue) is considered as an allergen linked to
crossreactivity and potentially severe symptoms [2—4].

The aim of the current study was to apply the allergen microarray diagnosis in a cohort of
soy-allergic patients and to compare it to conventional in vitro and in vivo diagnosis.

Twenty patients (10 males/10 females) from a BP environment with reported soy allergy,
ranging in age from 10-69 years (median: 36 years), were enrolled in the study (table 1).
Skin prick tests (SPT) were performed with commercial BP extract (ALK-Abello, Linz,
Austria) and with fresh soy drink (Alpro Soja; Alpro, Gent, Belgium). The sera were
screened for total IgE and specific IgE for BP, soy, Bet v 1 and Gly m 4 by ImmunoCAP
(Phadia AB, Upsala, Sweden). In addition, 30 ml of each serum sample were analyzed by an
allergen microarray (ImmunoCAP ISAC 112; Phadia AB) according to the manufacturer’s
instructions. GraphPad Pris (version 4.0) was used for statistics and graphs (GraphPad
Software Inc., La Jolla, Calif., USA). The nonparametric Spearman correlation coefficient
(r) and coefficient of determination (r%) were used to compare the Gly m 4-specific values
obtained by the two testing systems.

All patients displayed food-allergic symptoms upon ingestion of soy drinks. In addition, 1
patient had symptoms with cooked soy beans. Nineteen of those were BP allergic (positive
SPT and/or CAP results for BP extract and Bet v 1; table 1). Thirty percent of the patients
(6/20) displayed rather mild symptoms (oral allergy syndrome, OAS) whereas 70% had
generalized symptoms (table 1). Twenty-five percent (5/20) of the patients had no problems
with other plant foods and 75% (15/20) had OAS to a range of fruits, primarily apples and
other Rosaceae fruits, vegetables and nuts. Severe symptoms occurred in 2 patients upon
ingestion of celery and carrot, respectively (data not shown). Eighteen soy-allergic patients
were tested positive for say drink in SPT. CAP results for soy-specific IgE were negative in
the majority of tests (15/20) whereas 19/20 sera had specific IgE to Gly m 4.

In the microarray approach, 14/20 sera displayed Gly m 4-specific IgE levels, and the
remaining 6 sera had IgE levels below 0.3 ISAC standardized units (ISU; table 1).

Furthermore, all serum samples showed specific IgE antibodies to related food allergens,
Coral.04,Mald1,Prupl, Arah8, Actd8and Api g 1, with varying concentrations (fig.
1a). In contrast, serum from patient No. 19 without BP allergy had detectable IgE levels to
Gly m 5 and Gly m 6 in the ImmunoCAP ISAC, which correlated with positive soy
ImmunoCAP results, whereas IgE levels to Bet v 1 and Bet v 1-related food allergens were
below the threshold level (table 1). Additionally, this serum exhibited IgE antibodies to Ara
h1, Arah2and Arah 3, Cora9aswell as Cora8, Arah 9, Jug r 3 and Pru p 3 (data not
shown).
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There was a strong correlation (r = 0.95, p < 0.0001) between the Gly m 4 results measured
by ImmunoCAP and ImmunoCAP ISAC (fig. 2).

Regarding ISU values to Gly m 4 and related food allergens, differences were observed (fig
1a). In the microarray analysis, the highest values were measured with Bet v 1, ranging from
0.3 t0 94.5 ISU (median 24.9). Specific IgE levels to Cor a 1 ranged from 0.2 to 62.7 ISU
(median 9.9), followed by Mai d 1-specific ISU values between 0.1 and 67.9 ISU (median
6.5) and Pru p 1 with values from 1.1 to 51 ISU. In contrast, Gly m 4 levels ranged from 0.1
to 13 ISU (median 1.2) and Api g 1-specific ISU values from 0.2 to 10.6 ISU (median 1.1).
However, no association between severity of allergic symptoms and increasing specific IgE
levels could be observed for Gly m 4 (fig. 1b). Reversely, specific Mal d 1 levels were
generally higher compared to Gly m 4 levels (fig. 1b). Again, no significant association (p >
0.05) between IgE levels and presence of symptoms (OAS vs. no symptoms) was observed.

Discussion

Taken together, in our patient cohort, SPT with soy drink and Gly m 4 ImmunoCAP proved
highly reliable to detect Gly m 4 sensitization. Soy extract ImmunoCAP was highly specific
for Gly m 5 and Gly m 6, whereas Gly m 4-specific IgE was neglected by this reagent.
Furthermore, sensitization to Gly m 4, the Bet v 1 homologous allergen, tends to induce
moderate to rather severe food-allergic symptoms compared to other Bet v 1-related food
allergens, such as Mal d 1 [2, 5]. When performing the allergen microarray analysis, there
was a highly significant correlation of quantitative results with the Gly m 4 ImmunoCAP
(fig. 2). However, differences around the threshold level were detectable, demonstrating that
Gly m 4 ImmunoCAP has a higher sensitivity (95%) than ImmunoCAP ISAC (70%),
resulting in a lower quantitative agreement with a cutoff of 0.1 kUA/I for ImmunoCAP and
of 0.3 ISU for ImmunoCAP ISAC.

In addition, this new approach provided individual IgE binding profiles. Bet v 1-related food
allergens are known to induce rather mild local reactions, which were also observed in these
BP-allergic patients. For example Mal d 1 sensitization was linked with either no or mild
allergic reactions. In contrast, Gly m 4 sensitization was related to severe, generalized
symptoms in most of the patients in the absence of Gly m 5 and Gly m 6 sensitization,
respectively. The abundance of total soy proteins, including Gly m 4, in soy-containing food
could contribute to this activity as well as the food matrix of these foods, which is different
to fruits and raw vegetables.

In summary, for the diagnosis of say allergy, the microarray approach provided additional
information to conventional methods [6, 7], However, regarding assay sensitivity,
improvement should be considered for certain allergens such as Gly m 4.
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Fig. 1.

a Specific IgE recognition of Bet v 1 and related food allergens, Cor a 1.04 (hazelnut), Mal
d 1 (apple), Pru p 1 (peach), Gly m 4 (soy), Ara h 8 (peanut), Act d 8 (Kiwifruit), Apig 1
(celeriac), determined in sera from 20 soy-allergic patients. Specific IgE values are given in
ISAC standardized units (ISU). Median values are indicated. b Specific Gly m 4 and Mal d
1 IgE values (ISU) and soy- and apple-related allergic symptoms, respectively. Ap =
Abdominal pain; RC = rhinoconjunctivitis; Rh = rhinitis.
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Linear regression analysis of Gly m 4-specific IgE measured by Gly m 4 ImmunoCAP and
ISAC in the soy-allergic patients (n = 20). Dotted lines indicate 0.1 kUA/I cutoff level for
ImmunoCAP and 0.3 ISU for ImmunoCAP ISAC 112.
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Table 1
Characterization of soy-allergic patients
ID  Symptoms Age SPT ImmunoCAP, KUA/I and (% specificlgE tototal IgE) ~ Total IgE  Microarray, |SU Symptoms
related with  years/ ku/1 with apple
soy intake sex soy drink birch soy Glym4 birch Betv1 Glym4 Betvl Glym5 Glymé6é Maldl
1 Ama 37/f + et 0(0%) 6.13(7%)  17.5(21%) 18.6 (22%) 83.7 352 259 0 0 5.98 OAS
2 Ap 44/ nd e 0(0%) 1.28(5%) 116 (45%) 11.7 (45%) 2538 0.46 298 0 0 5.79 none
3  Ana 12/m ++ +++ <0.35 (0%) 1.02 (2%) 3.23 (7%) nd 437 157 798 0 0 1.97 none
4 Ana 43m o+ ++ <0 (0%) 2.31(4%)  7.05(13%) nd 55.7 2.55 139 0 0 7.70 OAS
5 OAS 15/f ++ +++  <0.35(0%) 18.6(3%)  37.1(6%)  345(6%) 59 4.08 248 0 0 16.8 0AS
6 Ana 10/m  ++ et <0.35(0%) 13.1(6%) 353 (17%) nd 212 2.11 124 0 0 4.20 OAS
7 OAS 30/m A+ +H 0.89 (0.4%)  3.8(2%)  61.8(24%) 50.4 (20%) 253 0.54 584 0 0 20.4 OAS
8 Ana 53/f . + <0 (0%) 0.24 (0%)  22.8(37%) nd 62.2 018 355 0 0 2.85 OAS
9 OASs 56/f ++ +++ <0 (0%) 0.95 nd nd nd 0.07 920 O 0 2.00 OAS
10  Ana 36/m ++ <0.35(0%) 209 (10%) 585 (27%) 54.2 (25%) 217 6.34 249 0 0 8.16 none
11 Ana 44/f +++ +H++ 0.2 (0%) 76.8 (8%) >100 >100 909 13.0 945 0 0 67.9 OAS
12 Ana 23/f ++ + 0.06 (0%) 5.21(2%)  51.4(16%) nd 330 0.16 500 0 0 4.79 OAS
13 0AS 69/f + ++ 0.17 (0.2%) 2 (3%) 27.7(39%) 25 (35%) 712 0.23 13 0 0 13.4 OAS
14 RC 20/f . ++ <0.35(0%) 551 (10%) 26(48%) nd 53.9 014 162 0 0 4.48 OAS
15 OAS 38/m +++ +++ <0.35 (0%) 1.84 (3%) 16.2 (21%) 21.8(28%) 77 1.07 242 0 0 7.02 OAS
16 OAS 36/f ++ +++  <035(0%) 16.2(10%) 59.5(38%) 51.3(32%) 158 3.90 345 0 0 17.9 OAS
17 Ana 21/m ++ +++ <0.35 (0%) 7.65 (5%) 235(16%) nd 150 1.40 362 0 0 8.34 OAS
18  Ana 66/m  + + 0.78 (0.2%)  7.76 (3%) nd 65.8 (24%) 278 1.54 324 0 0 7.60 none
19  Ana 13/m nd nd 55.7 (32%) 0.02 (1%) nd <0.35 1.718 0.12 03 6.0 115 0.08 none
20 OAS,Rh am +++  <035(0%) 3.86(8%)  10.8(21%) 12.1(24%) 506 0.89 840 0 0 2.03 OAS

Nd = Not determined; + = test wheal >1/2 wheal size of histamine control; ++ = test wheal = histamine wheal; +++ = test wheal > histamine wheal;
Ana = anaphylaxis; Ap = abdominal pain; OAS = oral allergy syndrome; RC = rhinoconjunctivitis; Rh = rhinitis. ISAC IgE values below the
threshold level of 0.3 ISU and ImmunoCAP IgE values below the threshold level of 0.1 KUA/I are shown in italics.
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