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Abstract

Background: Sensitization to the carbohydrate galactose-a-1,3-galactose (a-Gal)

has been reported in patients with beef allergy. However, the proteins responsible

for this allergy have not yet been identified. This study aimed to identify beef

proteins that predominantly react with serum IgE in Japanese patients with beef

allergy.

Methods: Sera were collected from 29 patients with beef allergy who had allergic

reaction(s) such as urticaria, abdominal pain, vomiting, and anaphylactic shock

after ingestion of beef and pork; the sera tested positive for IgE against beef and

pork. IgE-binding proteins were detected by immunoblotting sera from the

patients and identified using a combination of two-dimensional gel electrophoresis

and peptide mass fingerprinting techniques. The involvement of carbohydrate in

the binding of IgE to allergens was examined by periodate treatment and an inhi-

bition assay with cetuximab by immunoblotting. Specific IgE binding to cetux-

imab was measured using the CAP-fluorescent enzyme immunoassay.

Results: Two IgE-binding proteins (240 kDa and 140 kDa) were detected in beef

extract and identified as laminin c-1 and the collagen a-1 (VI) chain from Bos

taurus, respectively. Periodate treatment or the inhibition assay resulted in the

loss of IgE binding to these proteins. Immunoblotting with anti-a-Gal antibody

revealed the presence of a-Gal on the 240- and 140-kDa beef proteins. The

amount of IgE bound to cetuximab was significantly correlated with that to beef

in the patients with beef allergy.

Conclusion: The carbohydrate moiety (a-Gal) on laminin c-1 and collagen a-1
(VI) chain are possibly common IgE-reactive proteins in the Japanese patients

with beef allergy.

Meat accounts for 3% of the causative foods of immediate-

type food allergies in the Japanese population (1). An aller-

gic reaction to mammalian meat, referred to as beef allergy

or red meat allergy, develops after the ingestion of mamma-

lian meat such as beef and pork, but not chicken or fish.

Investigations of allergens causing a meat allergy have

mainly focused on cross-reactive allergens in cow’s milk in

patients with atopic dermatitis who were sensitized to beef;

bovine serum albumin (BSA), bovine immunoglobulin G

(IgG), and bovine actin have been identified as the cross-

reactive allergens (2–8).
Chung et al. (9) reported that the carbohydrate galac-

tose-a-1,3-galactose (a-Gal), which is present in the heavy

chain of cetuximab (a chimeric monoclonal antibody against

epidermal growth factor receptor), is a major allergen caus-

ing hypersensitivity reaction after the first cetuximab infu-

sion. In addition, they showed that the distribution of IgE

antibodies to a-Gal was highly variable depending on the

region in the United States (9). Based on this finding, a ser-

ies of studies have clarified that patients with cetuximab

hypersensitivity have a red meat allergy, and a-Gal in red

meat is responsible for red meat allergy (10–16). However,

red meat proteins bearing a-Gal have not yet been

identified.

We screened IgE-binding proteins in red meat (beef and

pork) using sera from Japanese patients with beef allergy and

identified laminin c-1 and the collagen a-1 (VI) chain as major

allergens possessing an a-Gal moiety.
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Materials and methods

Patients and sera

Sera were obtained from 29 patients with beef allergy; sera

were stored at �20°C until analysis. Beef allergy was diag-

nosed by the presence of clinical episode(s) of allergic reac-

tion such as urticaria, abdominal pain, vomiting, and

anaphylactic shock within 8 h after ingesting mammalian

meat, and positive serum-specific IgE tests of beef and pork.

Table 1 lists the clinical features of the patients. Serum-

specific IgE values were measured by a CAP-fluorescent

enzyme immunoassay (CAP-FEIA; ImmunoCAP�; Thermo

Fisher Scientific, Uppsala, Sweden). This study was approved

by the Ethics Committee of the Shimane University Faculty

of Medicine (approval No. 469).

Preparation of meat proteins

Meat (beef, pork, and chicken) was homogenized in a 109

volume of ice-cold phosphate-buffered saline (PBS) contain-

ing a protease inhibitor cocktail (Roche Diagnostics, Basel,

Switzerland). The homogenate was centrifuged at 20 000 g

for 15 min at 4°C, and the supernatant was collected as

water-soluble proteins. The pellet was solubilized in 2%

sodium dodecyl sulfate (SDS) aqueous solution with constant

mixing at 95°C for 5 min and centrifuged at 20 000 g for

15 min at 4°C, and the supernatant was collected as water-

insoluble proteins. Protein concentrations were determined

using a protein assay kit (Bio-Rad Laboratories, Inc., Hercu-

les, CA, USA).

Immunoblot analysis

For IgE immunoblotting, meat proteins were separated by

7.5% SDS–polyacrylamide gel electrophoresis (PAGE)

(25 lg/lane) under reducing conditions and subsequently

transferred electrophoretically to a polyvinylidene difluoride

(PVDF) membrane (Immobilon-P; Millipore, Billerica, MA,

USA). The PVDF membrane was incubated with a blocking

solution (20 mM Tris–HCl, pH 8.0, 0.15 M NaCl, 0.1%

Tween-20, and 0.6% polyvinylpyrrolidone) for 1 h and fur-

ther incubated with patient sera diluted to 10% with block-

ing solution for 16 h at 28°C. After washing the PVDF

membranes with TBST (20 mM Tris–HCl, pH 8.0, 0.15 M

NaCl, 0.1% Tween-20) three times, bound IgE was visualized

on RX-U Fuji medical X-ray film (FUJIFILM Co., Tokyo,

Japan) using horseradish peroxidase (HRP)-conjugated goat

anti-human IgE antibody (Kirkegaard & Perry Laboratories,

Inc., KPL, Gaithersburg, MD, USA) and the ECL prime kit

(GE Healthcare UK Ltd, Buckinghamshire, UK). Total

protein in the gel was stained with Coomassie Brilliant Blue

(CBB).

For a-Gal detection, mouse anti-a-Gal monoclonal anti-

body (M86 clone; Enzo Life Sciences, Inc., Farmingdale,

NY, USA) and HRP-conjugated anti-mouse IgM (l) anti-

body (KPL) were used. The chemiluminescent signal was

detected as described above.

Two-dimensional polyacrylamide gel electrophoresis

(2D-PAGE)

To obtain the allergen-rich fraction, water-soluble beef pro-

teins were precipitated with ammonium sulfate at concentra-

tions of 0–20%, 20–40%, 40–60%, and 60–80% at 4°C.
Each precipitate was dissolved in PBS, and the suspension

was dialyzed twice in PBS at 4°C for 16 h. IgE immunoblot

analysis with patient sera revealed that the precipitate

obtained with 20–40% ammonium sulfate contained IgE-

reactive proteins with relative molecular masses of 240 kDa

and 140 kDa.

The allergen-rich fraction was cleaned up with a Ready-

Prep 2-D Cleanup kit (Bio-Rad) for isofocusing electrophore-

sis, and the resultant precipitate was dissolved in a buffer

containing 60 mM Tris–HCl (pH 8.8), 6 M urea, 1 M thio-

urea, 3% CHAPS, and 1% TritonX-100. Residual particles

were removed by ultracentrifugation at 200 000 g for 20 min

at 4°C. Protein concentration was determined using an RC

DC protein assay kit (Bio-Rad).

2D-PAGE was performed according to the manufacturer’s

instructions. First-dimension protein separation (40 lg) was

carried out in agarGEL (pH 3–8, φ 2.5 9 75 mm; ATTO

corp., Tokyo, Japan) at 300 V for 3.5 h. The agarGel was

subsequently used for second-dimension SDS-PAGE on a

7.5% acrylamide gel under reducing conditions. For IgE

immunoblot analysis, proteins separated by 2D-PAGE were

electrophoretically transferred to PVDF membranes and

further incubated with 10% patient sera. Bound IgE was

detected as described above.

Identification of beef allergens

Protein spots were manually excised from the CBB-stained

gel, subjected to reductive alkylation by iodoacetamide, and

digested with trypsin gold (Promega, Madison, WI, USA)

using ProteaseMAXTM Surfactant (Promega) following the

manufacturer’s instructions. Peptides were crystallized with

a-cyano-4-hydroxycinnamic acid on a stainless steel plate.

The mass spectra of peptides were recorded in the reflec-

tron mode of matrix-assisted laser desorption/ionization

time of flight mass spectrometry (MALDI-TOF MS; AB

SCIEX TOF/TOF 5800 system, Framingham, MA, USA).

The mass spectrometer was calibrated with angiotensin II,

P14R, and adrenocorticotropic hormone fragments 18–39
(Sigma, St. Louis, MO, USA). Data processing was carried

out using Data Explorer software ver. 4.10 (Applied Bio-

systems/MDS Analytical Technologies, Foster City, CA,

USA). For peptide mass fingerprinting (PMF) and the MS/

MS ion search, the generated mass lists were searched

against the protein data bank of the National Center for

Biological Information (NCBI) using the data base search

engine MASCOT (Matrix Science, London, UK)

after excluding peak lists of known contaminants such as

keratin and trypsin. The peptide mass tolerance and frag-

ment mass tolerance were set at �100 ppm and �0.3 Da,

respectively.
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Table 1 Clinical features of 29 patients with beef allergy

Case

No.

Age

(year) Gender Symptom(s)* Causative food(s)

Time to

reaction (h)**

CAP-FEIA (kUa/l)

Beef Pork Chicken Cetuximab

1 69 M U, A Beef innards and

alcohol

3 7.83 6.95 <0.35 48.8

2 71 F U Beef meat 1 3.29 0.77 <0.35 26.3

3 69 F U Beef meat 2 39.1 32.6 <0.35 60.7

U, V, AS Beef and pork meat 2

U, AS Pork meat 1.5

4 58 F U Beef and pork meat Unknown 1.83 1.28 n.d.*** 16.8

U Beef meat 1.5

U Beef innards 3

U Beef and pork meat 0.5

5 47 F U, D Beef meat Unknown 3.35 3.65 <0.35 8.07

6 70 M U Beef and pork meat Unknown 20.7 15.3 <0.35 75.5

7 59 M U Beef, pork, and

alcohol

6 26.9 23.7 n.d. 86.4

8 68 M U Pork meat 5 26.1 21.3 <0.35 60.1

9 78 M U Boar meat Unknown 2.62 1.23 <0.35 n.d.

10 70 F U Beef meat 1 1.93 1.72 <0.35 4.03

11 65 M U Beef and pork meat Unknown 30 20.2 <0.35 122

12 68 F A Beef and pork meat Unknown 5.64 4.10 <0.35 65.8

U, A, D Beef innards Unknown

13 64 M U Beef and pork meat Unknown 2.23 1.94 <0.35 7.27

14 53 F U, AS Beef and pork meat 4 0.94 2.64 <0.35 31.0

U, D Beef and pork meat 4

A, D Pork meat 7

15 57 M U Chinese noodles 4 32.2 11.9 <0.35 67.6

U Pork meat and

alcohol

2

U, V, A Beef innards and

alcohol

2.5

16 70 F D Beef meat Unknown 12.4 9.12 <0.35 75.3

17 86 M U Beef and pork meat Unknown 6.27 6.28 n.d. 10.0

18 65 M U Raccoon dog meat 2 2.7 1.69 <0.35 30.0

U Beef meat 2

U Boar meat 4.5

U Horse meat Unknown

U Boar meat 1.5

19 67 M U Beef meat 1–1.5 8.49 8.17 <0.35 13.8

U Beef meat Unknown

20 60 F U Beef meat Unknown 18.7 6.07 <0.35 89.7

U Beef meat Unknown

21 66 M U Beef innards Unknown 1.86 1.29 <0.35 2.99

U, D Beef meat Unknown

U Pork meat 4

U Beef and pork meat Unknown

U Pork meat Unknown

22 55 F U Beef meat and alcohol 5.5 31.2 14.5 <0.35 257

U Beef meat and alcohol 7.5

23 64 F U Beef and pork Unknown 0.94 0.69 <0.35 18.1

U Pork meat Unknown

24 64 F U Beef meat 4 16.4 7.44 <0.35 54.3

25 81 M U Beef meat Unknown 6.37 5.32 <0.35 10.0

U Beef and pork meat Unknown

U Pork meat 1

26 76 M U Beef meat Unknown 6.41 3.72 <0.35 20.3
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Sequence analysis

A homology search of proteins identified from the amino

acid sequences was performed with BLASTp on the NCBI

nonredundant protein sequence database. A conserved

domain search was also performed on the NCBI platform.

Periodate treatment

Water-soluble beef proteins were separated on 7.5% SDS-

PAGE under reducing conditions and electrophoretically

transferred to a PVDF membrane. Membranes were incu-

bated with a solution containing 50 mM sodium acetate (pH

4.5) and 20 mM sodium periodate for 1 h in the dark and

further incubated with patient sera after washing with TBST.

Bound IgE was detected as described above.

Inhibition assay by immunoblotting

Serum was diluted to 10% with blocking solution and incu-

bated with different amounts of cetuximab (10, 100 lg) as an
inhibitor, or PBS as control for 1 h at 37°C. The pre-incu-

bated serum was reacted with water-soluble beef proteins

electroblotted onto the PVDF membrane for 16 h at 28°C.
Bound IgE was detected as described above.

Preparation of cetuximab CAP-FEIA

To prepare biotin-labeled cetuximab, cetuximab solution was

dialyzed with PBS using the HiTrap desalting column (5 ml,

GE Healthcare). The resultant solution, containing 3.3 mg of

cetuximab, was labeled with 53.2 mmol biotin using the EZ-

link sulfo-NHS-LC biotin reagent (Thermo Fisher Scientific,

Waltham, MA, USA) for 30 min at 28°C. Subsequently,

unreacted biotin was removed by passing through the HiTrap

desalting column. Protein concentrations were determined

using the RC DC protein assay kit (Bio-Rad). Cetuximab

biotinylation was confirmed by dot blot analysis using HRP-

conjugated streptavidin and the ECL kit. To construct cetux-

imab CAP-FEIA, 5 lg of biotinylated cetuximab was bound

to the streptavidin CAP-FEIA system (9, 17). The IgE value

to cetuximab was compared with that to beef using the

Spearman’s rank order correlation test. Statistical analysis

was performed with SPSS software, version 20 (IBM Corp.,

Armonk, NY, USA). A two-sided P value of less than 0.05

was considered to indicate statistical significance.

Results

IgE immunoblot analysis of meat proteins

Serum IgE binding to water-soluble beef proteins was exam-

ined by immunoblotting in 29 patients with beef allergy.

Multiple bands were detected in all patients, as shown in

Fig. 1A, and two bands were commonly seen at 240 kDa

and 140 kDa. When serum IgE binding to the water-soluble

and water-insoluble proteins of pork and chicken were ana-

lyzed by immunoblotting using sera from four patients (case

Nos 1, 3, 5, and 7), the 240-kDa band was detected com-

monly with the water-soluble proteins of pork, but not with

those of chicken (Fig. 1B). In contrast, the 140-kDa band in

water-soluble proteins of pork was detected only in the serum

of patient No. 3. The 140-kDa band seen in the water-insolu-

ble proteins of beef and pork was nonspecific because this

band was also seen in sera of healthy subjects.

Identification of the 240-kDa and 140-kDa allergens as

laminin c-1 and the collagen a-1 (VI) chain

On 2D-PAGE, two dominant IgE-binding spots were

detected using sera from two patients (case Nos 1 and 3) at

240 kDa and pI 5 (spot 1) and at 140 kDa and pI 5.5 (spot

2) (Fig. 2A). The position of each spot was identical in the

sera of the patients tested. IgE-binding spots were not

detected in the sera of two healthy subjects (data not shown).

The 240-kDa and 140-kDa protein spots were analyzed with

PMF and MS/MS ion search using MALDI-TOF MS. MAS-

COT scores were significant in both PMF and MS/MS analy-

ses (Table 2), and spots 1 (240 kDa) and 2 (140 kDa) were

identified as laminin c-1 and the collagen a-1 (VI) chain from

Bos taurus, respectively. Other spots detected in the low

molecular area by immunoblotting could not be identified

because these proteins were not separated clearly (Fig. 2B).

Homology analysis showed that laminin c-1 from B. taurus

has significant homology with those from Sus scrofa, human,

and Gallus gallus (Table 3). The collagen a-1 (VI) chain from

B. taurus also has significant homology with those from

human and G. gallus (Table 3). The homology between

Table 1 (Continued)

Case

No.

Age

(year) Gender Symptom(s)* Causative food(s)

Time to

reaction (h)**

CAP-FEIA (kUa/l)

Beef Pork Chicken Cetuximab

27 78 M U Beef, pork, mutton, chicken

meat and alcohol

Unknown 6.38 3.16 <0.35 n.d.

28 59 M U Beef liver and chicken meat Unknown 58.4 n.d. n.d. 103

29 57 M U Beef and alcohol 2 19.5 13.0 n.d. 84.1

*Symptom(s), U; urticaria, A; abdominal pain, V; vomiting, D; diarrhea, AS; anaphylactic shock.

**Time to reaction, time (h) taken for allergic symptom(s) to develop after eating causative food(s).

***n.d., not determined.
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laminin c-1 and the collagen a-1 (VI) chain from B. taurus

was low, and identity score and similarity were 30% (in a 43-

amino acid overlap) and 69% (in a 43-amino acid overlap),

respectively. Furthermore, the domain structure was not

identical between laminin c-1 and the collagen a-1 (VI) chain

from B. taurus.

Determination of glycosylation in laminin c-1 and the

collagen a-1 (VI) chain

Because laminin c-1 and the collagen a-1 (VI) chain are

known to be glycoproteins (18–20), water-soluble beef

proteins separated by SDS-PAGE were immunoblotted with

anti-a-Gal monoclonal antibody. Proteins bearing a-Gal were

detected at 240 kDa and 140 kDa, corresponding to the posi-

tions of laminin c-1 and the collagen a-1 (VI) chain

(Fig. 3A). To investigate whether IgE binding to laminin c-1
and the collagen a-1 (VI) chain was directed against carbohy-

drate, PVDF-blotted water-soluble beef proteins were treated

with periodate (Fig. 3B; + lanes) before the addition of sera

from patients with beef allergy (case Nos 1, 3, 5, 7, and 9).

Periodate treatment caused the disappearance of the 240-kDa

and 140-kDa IgE-binding bands (Fig. 3B).

To confirm that IgE bound to laminin c-1 and the collagen

a-1 (VI) chain through a-Gal, an IgE inhibition test was

performed with cetuximab as the inhibitor, which is known

to have a-Gal on its heavy chain. Pre-incubation of patients’

sera with cetuximab resulted in the complete disappearance

of IgE binding to the 240-kDa and 140-kDa bands (Fig. 3C).

In addition, all patients with a beef allergy had IgEs that

reacted with cetuximab (Table 1), and their binding values to

cetuximab were well correlated with those to beef (r = 0.77,

P < 0.001; Fig. 3D).

Discussion

In this study, we identified laminin c-1 and the collagen a-1
(VI) chain from B. taurus as beef allergens and revealed that

a-Gal in these allergens was responsible for IgE binding. As

values of IgE reacting with beef were well correlated with

those of that with cetuximab, a-Gal is possibly the major

IgE-binding determinant in the patients studied. In addition,
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Figure 1 IgE immunoblotting of meat proteins. (A) IgE binding to

water-soluble beef proteins was analyzed by immunoblotting using

sera from all patients (case Nos 1–29). As a negative control, sera

of healthy subjects were used (C1 and C2). Arrows indicate the

240-kDa and 140-kDa proteins. (B) Water-soluble proteins (S) and

water-insoluble proteins (I) of beef, pork, and chicken were sepa-

rated by SDS-PAGE. IgE-binding proteins were detected using

patient sera (case Nos 1, 3, 5, and 7). As a negative control, sera

from healthy subjects were used (C). Total protein was stained

with Coomassie Brilliant Blue (CBB).
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IgE from patient sera reacted to pork proteins, but not to

chicken proteins, which is consistent with the patient’s his-

tory of allergic episodes.

Whereas all patients’ sera reacted commonly with the 240-

kDa and 140-kDa proteins, multiple bands were detected in

the low molecular area of the patients’ sera (Fig. 1A). These

bands were not recognized by anti-a-Gal antibody (Fig. 3A),

but were diminished by peroxidase treatment and cetuximab

treatment (Fig. 3B,C). We speculate that these are carbohy-

drate moieties mimicking a-Gal. These results indicate that

laminin c-1 and the collagen a-1 (VI) chain are the predomi-

nant IgE-reactive proteins, whereas other proteins might be

involved in causing beef allergy. BSA, bovine IgG, and actin

have been reported as allergens in patients with atopic derma-

titis who experienced allergic reactions after consuming cow’s

milk and meat such as beef or pork (5, 8, 21). In the present

study, IgE-reactive bands corresponding to bovine IgG

(50 kDa) and actin (42 kDa) were observed in several patients

upon IgE immunoblotting (Fig. 1), suggesting that bovine

IgG may also be involved in the IgE-mediated allergic reac-

tions seen after the ingestion of beef in these patients because

the presence of a-Gal in bovine IgG has been reported (22).

CBB staining 

 8 3 [pI]

250 -

150 -

100 -

75 -

50 -

[kDa]

Spot 1 

Spot 2 

250 -

150 -

100 -

75 -

50 -

[kDa]

A B

3 8 [pI]
IgE Immunoblotting

3 .oN esaC1 .oN esaC

3 8 [pI]

Spot 1 

Spot 2 

Spot 1 

Spot 2 

Figure 2 IgE immunoblotting of 2D-PAGE-resolved beef proteins.

(A) The allergen-rich fraction, prepared from water-soluble beef pro-

teins by ammonium precipitation, was developed by 2D-PAGE. The

binding of IgE to proteins was analyzed by immunoblotting using

the sera from two patients (case Nos 1 and 3) and two healthy

subjects after 2D-PAGE. Two dominant IgE-binding proteins were

detected with IgE immunoblotting (spot 1 and spot 2, indicated by

arrows). (B) Total protein developed by 2D-PAGE was stained by

CBB. The protein spots were manually excised from the CBB-

stained gel and subjected to MS analysis.

Table 2 PMF analysis and MS/MS ion search results

Spot

No.

Accession

number Protein name (organism)

PMF analysis MS/MS ion analysis

Mascot

score

Matched peaks/

searched peaks

Sequence

coverage (%)

Mascot

score

Matched peaks/

searched peaks

Sequence

coverage (%)

1 XP_611689 Laminin c-1 (Bos taurus) 82 16/45 11 101 4/52 3

2 DAA32939 Collagen a-1 (VI) chain

(B. taurus)

100 9/11 9 58 3/15 9

Table 3 Homology to laminin c-1 and the collagen a-1 (VI) chain from Bos taurus

Organism

Laminin c-1 Collagen a-1 (VI) chain

Identity (%)* Similarity (%)* Accession number

Amino

acids Identity (%)** Similarity (%)**

Accession

number

Amino

acids

Sus scrofa 96 97 NP_001258644 1608 Unknown Unknown Not recorded Unknown

Human 94 97 NP_002284.3 1609 91 95 NP_001839 1028

Gallus gallus 79 89 XP_001234659 1603 70 80 NP_990438 1019

*Homology to laminin c-1 from B. taurus (accession number, XP_611689).

**Homology to collagen a-1 (VI) chain from B. taurus (accession number, DAA32939).
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The IgE in patients’ sera reacted with laminin c-1 and the

collagen a-1 (VI) chain and was inhibited with cetuximab;

however, their homology is low, indicating that a-Gal on

both proteins is the IgE determinant. These data are sup-

ported by the fact that IgE from patient sera did not recog-

nize human laminin c-1 (data not shown), although human

laminin c-1 has high amino acid sequence homology to lami-

nin c-1 from B. taurus. These data are explained by the fact

that the gene encoding a-1,3-galactosyl transferase to synthe-

size a-Gal on the carbohydrate chain is not functional in

humans, apes, and old-world monkeys; therefore, these

species cannot produce a-Gal (23).

The actual molecular size of laminin c-1 (240 kDa) was

much larger than the estimated molecular size from its amino

acid sequence (140 kDa), indicating heavy glycosylation with

N-linked oligosaccharides, including a-Gal (24), which is

consistent with a previous report by Maruyama et al. (25),

indicating that bovine and pig laminin contain a-Gal. The

collagen a-1 (VI) chain is one of the three subunits (a-1, a-2,
and a-3) that comprise a heterotrimer glycoprotein (20, 26).

Our results are consistent with the fact that collagen a-1 (VI)

is highly glycosylated and exists mainly in the basement

membrane (27), although the linking of a-Gal to the collagen

a-1 (VI) chain has not been reported. It is known that bovine

collagen a-1 (IV) contains a-Gal (28), but collagen a-1 (IV)

was not detected in this study, which may be due to lower

collagen a-1 (IV) content in our meat preparation.

According to EST profiles in the NCBI UniGene database,

each gene encoding laminin c-1, the collagen a-1 (VI) chain,

and a-1,3-galactosyl transferase is expressed in the kidney,

liver, muscle, and intestine, suggesting that almost all organs

derived from B. taurus are allergenic. These data also explain
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Figure 3 IgE reactivity to a-Gal on allergens. (A) Water-soluble

beef proteins (lane 1) and cetuximab (lane 2) were separated by

SDS-PAGE. The carbohydrate a-Gal was detected by immunoblot-

ting using anti-a-Gal antibody (anti-a-Gal) (+). (B) Inhibition of IgE

binding to beef proteins by periodate treatment. PVDF-blotted

water-soluble beef proteins were incubated with a solution contain-

ing periodate (+) or without periodate (�), and were then reacted

with patient sera (Case Nos. 1, 3, 5, 7, and 9). The serum of

healthy subject was used as a negative control (C). IgE-binding pro-

teins were visualized by IgE immunoblotting. Arrows indicate bands

corresponding to the position of laminin c-1 and the collagen a-1

(VI) chain from Bos taurus. (C) Water-soluble beef proteins (25 lg)

were separated by SDS-PAGE and transferred to a PVDF

membrane. Sera of patients (case Nos 1, 3, 5, 7, and 9) were pre-

incubated with cetuximab (10 and 100 lg). IgE-binding proteins

were detected by IgE immunoblotting. Arrows indicate bands cor-

responding to the position of laminin c-1 and the collagen a-1 (VI)

chain. (D) Specific IgE values to beef and cetuximab were mea-

sured in patient sera (n = 27) by CAP-FEIA. IgE values specific to

beef and cetuximab are plotted on the x- and y-axes, respectively.
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the clinical finding that some patients with beef allergy had

an allergic reaction upon ingestion of grilled beef intestine.

Commins et al. described that characteristic features of red

meat allergy are adult onset and have a delayed (3–5 h)

appearance of the allergic reaction to mammalian meats (12).

These features are consistent with our patients; 21 of 29

patients were over 60 years of age, and 10 of the 20 patients

reacted to mammalian meats with a delay. We do not clarify

the reason of this characteristic features in this study.

Although some patients had an allergic reaction within 2 h,

we speculate that the time to the reaction depends on the

condition of the patients, mainly the condition of gastrointes-

tinal tract, and not on the specific features of the patient.

Similar observations were reported by Morisset et al. (14),

where some patients developed an anaphylactic reaction

within 2 h after ingesting meat or kidney.

A possible relationship of exposure to tick bites and

adult-onset red meat allergy has been reported in the United

States and Europe (29, 30). The report from the United

States shows that the distribution of patients with Rocky

Mountain spotted fever matches those of patients with red

meat allergy who have specific IgEs against a-Gal (29); thus,

bites from adult or larval ticks of the species Amblyomma

americanum are suspected. Recently, Hamsten et al. (30)

have reported that Swedish patients with red meat allergy

have an IgE response to a-Gal, and the a-Gal epitope is

present in the gastrointestinal tract of Ixodes ricinus, a com-

mon European tick. In Japan, Japanese spotted fever and

Tsutsugamushi disease are well known as being due to tick

infestation and are distributed widely. In this study, how-

ever, patient clinical information regarding tick bites was

insufficient to examine the association between tick bites

and beef allergy.

In conclusion, the carbohydrate moiety (a-Gal) on laminin

c-1 and the collagen a-1 (VI) chain are possibly common

IgE-reactive proteins in the Japanese patients with beef

allergy. Although the involvement of ticks in beef allergy has

not been established in Japan, clinicians need to be aware of

a possible association between tick bites and beef allergy.
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