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CAP-FEIA (kUa/l)

Case Age Time to
No. (year) Gender Symptom(s)* Causative food(s) reaction (h)** Beef Pork Chicken Cetuximab
27 78 M U Beef, pork, mutton, chicken Unknown 6.38 3.16  <0.35 n.d.
meat and alcohol
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.

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 pg) 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 pg 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 y-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 | 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 y-1 and the collagen o-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 y-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
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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

laminin y-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 y-1 and the collagen o-1 (VI) chain
from B. taurus.

Determination of glycosylation in laminin y-1 and the
collagen a-1 (VI) chain

Because laminin y-1 and the collagen o-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 o-Gal were
detected at 240 kDa and 140 kDa, corresponding to the posi-
tions of laminin y-1 and the collagen o-1 (VI) chain
(Fig. 3A). To investigate whether IgE binding to laminin y-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).

ST STISTI

SISI1ISTI STSTSI ST S TSI

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).

Periodate treatment caused the disappearance of the 240-kDa
and 140-kDa IgE-binding bands (Fig. 3B).

To confirm that IgE bound to laminin y-1 and the collagen
a-1 (VI) chain through o-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 y-1 and the collagen o-1
(VI) chain from B. taurus as beef allergens and revealed that
o-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, o-Gal is possibly the major
IgE-binding determinant in the patients studied. In addition,
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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

Table 2 PMF analysis and MS/MS ion search results
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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.

PMF analysis

MS/MS ion analysis

Spot  Accession Mascot

Matched peaks/

Sequence Mascot  Matched peaks/  Sequence

No. number Protein name (organism)  score searched peaks  coverage (%) score searched peaks  coverage (%)
1 XP_611689  Laminin y-1 (Bos taurus) 82 16/45 11 101 4/52 3
2 DAA32939  Collagen a-1 (V1) chain 100 9/11 9 58 3/15 9

(B. taurus)

Table 3 Homology to laminin y-1 and the collagen «-1 (V1) chain from Bos taurus

Laminin y-1 Collagen o-1 (VI) chain
Amino Accession Amino
Organism Identity (%)*  Similarity (%)*  Accession number  acids Identity {%)**  Similarity (%)**  number 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 y-1 from B. taurus (accession number, XP_611689).
**Homology to collagen a-1 (V1) chain from B. taurus (accession number, DAA32939).

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 o-Gal. These results indicate that
laminin -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).

204 Allergy 69 (2014) 199-207 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Takahashi et al.

Allergens of beef allergy

A anti-a-Gal B
G B I Periodate treatment =) )

[kDa] CaseNo. 1 3 5 7 9 C 1 3 5 7 9 C
[kDa]
250

250 - 150

150 -
100

100 - 75

75 -

50 -

c Case No. 1 3 5 7

9

Cetuximab (ug) 0 10 100 0 10100 0 10 100 0 10 100 0 10 100

[KkDa]
250 -
150 -

100 -
75 -

50 -

Figure 3 IgE reactivity to «-Gal on allergens. (A) Water-soluble
beef proteins (lane 1) and cetuximab (lane 2) were separated by
SDS-PAGE. The carbohydrate o-Gal was detected by immunoblot-
ting using anti-o-Gal antibody (anti-e-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

The IgE in patients’ sera reacted with laminin y-1 and the
collagen o-1 (VI) chain and was inhibited with cetuximab;
however, their homology is low, indicating that o-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 y-1 (data not shown), although human
laminin y-1 has high amino acid sequence homology to lami-
nin y-1 from B. taurus. These data are explained by the fact
that the gene encoding o-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 o-Gal (23).

The actual molecular size of laminin y-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 «-Gal (24), which is
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corresponding to the position of laminin y-1 and the collagen -1
(V1) chain from Bos taurus. (C) Water-soluble beef proteins (25 pg)
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 pg). IgE-binding proteins
were detected by IgE immunoblotting. Arrows indicate bands cor-
responding to the position of laminin y-1 and the collagen o-1 (V)
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.

consistent with a previous report by Maruyama et al. (25),
indicating that bovine and pig laminin contain o-Gal. The
collagen a-1 (VI) chain is one of the three subunits (a-1, o-2,
and o-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 o-Gal to the collagen
a-1 (VI) chain has not been reported. It is known that bovine
collagen o-1 (IV) contains a-Gal (28), but collagen o-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 v-1, the collagen o-1 (VI) chain,
and o-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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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 «-Gal, and the o-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.

Takahashi et al.

In conclusion, the carbohydrate moiety (o-Gal) on laminin
v-1 and the collagen o-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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T (55/38mmHg) L7z, A v 7a—Yavyrs
YarvrEiEbh, EbhiZey Ry 7o Rikok
T7 FL ) kL i & RS sMi s, E
BN F AN AP
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TR 1 E

2HTEYFIYT H#HOEKIRILPD 50 kDa (HEOERHICESET B/ Ri#HSN. MISFBIY—H—, -2 1!

flo-gal FERVWTEYF I THRD o-gal DRFRET ol & 0D, EYFITTHERD 50 kDa fHEDEHEIC a-gal Hf

JEF4  BEA
M1 M 1‘ [kDa]

a EBEME IgE BAWCY I RS Ty NEF
YEYT T
b BYFITIRD o-gal DR
FET BT EDERENE. M HFEY—H—, L= 1 BYFyT D,
a
FEHI1 EI2 FEFI3
(kDa] M 1 M 1 M 1
250
150
100
75
50
37

b 7107 S TR N
(+) (=)

M 1 M1

250
150
100
75
50

37

25
20

15

JiE Bl 4 : 67 WYk

BEFERE it T sz EB L.

IRARHE - 2013 4F 7 AR H, L WHEENE & pi U SHEs )
NERE, MRS LT, U E IR AR AL e
WHAT RIS Y F o= TORGFME S L. PIn
Goliti 13 5314, WMk & WHBLEFR AT BL U, Tk
Bi& 2 O MEAMET (49/18 mmHg) L7z, RJest, g
M EABL, A7 a—Yay U7y g rikt
b, HhiTkyFrv7ofG ko LT7 FLF
U E & & B SA IE S, SRR TR A
M L7, Bl BB o IBLIZAER R L Twnkn,

B RESEN 2E SEER
T A TOY NE

TYF YT (A7 en—/ felait, g &
FYT NNy T 7 =T 20ng/mLSTHMLTRY 72

YT 3 FHEA KT (25ug/Lane) it L, PVDF

WS, B * BUS S22, MU b BUsE =
[ IgE OIS, NXdF o 57— e b IgE
Pi f& (KPL #:, Gaithersburg, USA) & ECL Prime
(GENWVAFT « ¥ xS R4, MR 2w,
ZHIT, Y F <7 MO KT O 50 kDa £
EOBEEICHYT BN Y FhaALZ(H 1), v

Ay 7y MECBTLEHMGH IgE DLy ¥
IR NOFREEHHEIRNG b DTH B0 E = MEhT
HHWMT, YF<7 (10ng 100ng lug) %Mk
FALGE 50 ul & F 6 37°C T 2 K[ O & & TR LY
[GEZ Y X I T EMESE, YAy 70y b
B Lz 2 a, BAMEEP IgE DY F w7~
DAL, BHEIH ETFORS Sy F =270

BREEEICARAE LTRSS, kLA SoZeEh, A

ARV R T TRRNRLOTHS T LANMEEE N
7z

EBIC, Y F I TPO orgal DA MERET 5
7o, vy ¥ 77 20 ng K, Hlorgal ¥ A
IgM #iifk (2> 54 744 = v 2%, NY, USA)
ZTRYERYTNY 7 —T5ul/mLICHIRNL 2 H
DF—KPURE LTHWT Y = Ay v 7y MEE
F L. orgal OMIBIZIE VA F v 4 — BT~ Y
A IgM $ifk (KPL I, Gaithersburg, USA) & ECL
Prime (GE NV AS 7 - Y x 8 vikaiatt, ) #
iz, ZosER, &Y F o< 7H#ED 50 kDa 35D
BAMIC orgal DT 5 S EAHER S 7z (K 1b).

CAP-FEIA 7%

B—ET 4 v Yy —FA LT 4T 4y IO
§ % CAP-FEIA HRIC & ), FIWAERIGIGE B LU
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LY FRITTILLLTF 74 TFY—

o-gal $55EHY 1gE 18

Py R IgE B
) (UA/mML)

(UA/mL)
FEE <0.34 1.33
EG 2 2.14 6.19
EG 3 0.48 8.62

fER 4 1.34 3.30

DA uraT) yEYEE L7z o-gal FRI IgE &
BELIzE2 A, FRFERN IgE 254 Fld 361C, o-
gal §F519 IgE 7% 4 el Tl Sz (D).

B

U F =7k LA Al B 2 A (Epider-
mal Growth Factor Receptor : EGFR) Z 4% & 4 5 6
Jg 717 >~ (Immunoglobulin : Ig) G147 27 5 A®
LN/ AXASME ) 70— F VHERERTH
5. HSHHAG & EGFR Mtk oo G i VI BRAS 8 20 AL AT -

PFEDFEN - BRI LTI SNTEB Y, 280

D L5 X OIS A AR D ML R 7 EAERR S v T
WA, PURDTERRIE~ 7 AR, EWEE e bk
THY, v AMEOEAIZR 30% THAH, b MEA
T AR BN W o-gal (X, <=7 A Fab il
BICHEAET S (K 2).

2008 4F, Chung 5. KEHREHICBWTEY £ ¥
RTNEDBTF 747X —EBDNEIHL, T
R AS~ o ZHAARICH T 5 o-gal 1233 % Bl
IgEHETH B b, T/ F T IHT 5 IgE
PR DRI L o TRE AR Y, REHN
TIHERO 20% 1A &2 L7z, 2000 4R %4
0., Commins 5 (&, BRAHEL 3~6 R 2 IZI80E T 5 i
BUEDOHRIERT T 7 1 7% ¥ — DL 3EMEA 1L Y ¥
V= TR IgE BURRA S OB I -5 L T
ALNB T E, FORERPEIEZEY R TT LV
F— LRI orgal THB I EEFWEHE LYY ol
EHS, EVFEVTTTULF—DREEEAT LIV
F—DFRIE, a-gal &) Al—OfPTH B Z &AW
LM ENT. B5IT, K4 O, FRABEY
FOFIZVyl ET T Vol IZHE L7 agal
PHERATUVLF—-DOFEEHRR L Lo Tnd I W5
Mo TWAHD,

FLAlZINFTTIZ, AFOFATLILF—-BEHEDS
DS ¥ = DOWAF 5 HARKBEAFSHE T B L
BKES, £y F =7, ALABIRERERIST ST E

FOTEHEIIHEN o-gal THAHZ ERH LAY £
LT, INo0BHEOFRERYIgGEfis Y ¥ <
THEERI IgE S, IEDAHBBIRA S 5 & & ZHERAL
2ol s, FRT LVF-BED D VI
PR IGE#H L TWHEEIF LY v 75K
Ha3hBs, 7+ 74 9% —%ET LU
fa LTz,
KIZBWT £ F 2w 71BN AW 0
AR E LTRCHwsRTBY, 80% LLLORERT
SPTRREL 5 R0 B R, IR 4870 & 00 B R SRS HY B
THIEBMENTWS, ERAFMEHNE LTEED
A7 72a=Tary )7 r2arP®hHb, HEICwizb
BIHREESNTVDE. Z LT HAGEEDOS V72—
TaryrriarEEZoNTwAEHOHICE,
IgE RO T LV F—FISICIHED L 0 EHENT
WA D B DO TIE RV LS L Tz,
A0, T AN L A2 4 BN ESEE - STEHRRALR
TR OBET, Y F v 7WEESEEICT
TA4ITFRY—Yav s wELTW . wih b K
34 v 7a—=Yar )7 varye LTHIBENTE
D, FEROIEGIA 4 Bl 722 & T, FKEREDO29D
O THRHCHE s A L o7, BRI
Aw/r 2 A% 7oy bMER XU CAP-FEIA #1(C
I, Wbty F v 7LD a-gal BREPLET
HrEEZ LN

o4O L, Wi LA T LV X —ORBEESD
HBEKRZIZBEHEX o 72hs, 1EH LA AT
VIV —OEED S - 7. F 72, 4 Bl 3 Bl
(CAP-FEIA %) THP4ERIY IgE St & TH Y,
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BRERETS & EoTCoga 7VVF—%FR
L, €%y 70CL5T7F747Fv—avr%k
LB ATEEEES . L2, FRSRNIGE
BEEZMTLTH4HGIMEZEYF VY TT LN
Xt EBEELPoTHA) DS, EEDR
BExEWA DI Y &Y< TR IgE ORI
X o-gal FERR IgE Ol &, {LOMEHEIZL B
HLLEEEZONS, F—ET4 v ¥y —HATY
FA4T74y IHMEHELTCwAREOF L ura Ty v
2R E L7 o-gal JR 09 IgE #i# (CAP-FEIA #)
X, SET7FI749Fv—Yav i eBELL 464
PITHETH Y, CENERINGEMI Y EHE
ALl okl E9FITILETFT4
FEY—-Yay Z7AEDRDDo-galFERENIgE
(CAP-FEIA $) B R LERLRAEL EX 5. &
BEGREBA IR T 2w, BIOEBREHE
YIns,

4@, 4-pIERIYIgE (CAPFEIA ) Hilish
7z 3BNCHF LR 7 V v F— OB e 2 o 72 IS
DT, 3PNIBIT B EPNERE IgE PS8R
Aot ELbNL, INEITRLOEHRL
BT L F—ER DS, BRAZENRLTLFEICT L
WEF—FERERLTEBLY, 7L F—EROBH
IR ERP OFRELR 0 B OFI & EORRH WS- LT
VBTN DS, SO, ZOWRED 45EH b ER
BREMCEoTid, 4% BR7 LUV —%EET
AU # 2 o s, BIE, BA QIR
TRATo T, —EICKBICERLAZVL IS
BEL, 7UVNF—ERBEROLDICHT VIV F—
BRI L CHBELERBEREToT0 5.

T2, RETREYFIVTTRPRAT L VE—0R
EIZHIREADH Y, SO~ ¥ =GRS
LT B REERHE ST 3P, $HEk4 2R L
2 ABlh, < F AT B B ARKIERO BAEHIR D
BV ZFOEBICEEL TV, < ¥ RGO
AL TR Edhok. ThEDEEDOH o-gal Hiik
BAEICT Y ZIRENEE L Twh e Thid, ¥yFy
RTCEBTF7 4 5% —SEICITIRIEN D B 7]
BESH Y, 4% BESHEEOLEISVLELED
s,

HBHoH[C
YR ITTIEBTF 74 TR YN, BE
BEEEELREVWLOO, EGTFRICHELAEER

RIS TH 5. BEGICHE, FANCHNL 24N
KRN GEREZMITL TR, Sl b 44k
3WMEBETF 74958y sy FEME LAWY
hDH, HEBRIZEBIC, WIHRTEREE SEE -
HEHNEHC BT 52 Y & o TR FEBHITIE,
P THIICEERICTAZ ) — =V TREFTS &
Elfolz aga BREERTEEVWEYFIT T LI
R v 72a=TVary7svarPHEETLITD
AT ERS, ETOEYFIITTLIF—R
Yav RSl LIIBEHETHE, RERDERE
THBBPHMEEFWITTLI LT, $hltd
ogal BRERDTF 74 5%V — % HH—EDFERT
KRB E DT B EBbN s, SERHRL
TERE BERIC, BERABEYFIVTICEETF
7 4 5 F v — [l D 7 D prospective study # B
LTwa, BESIECHEZBRTHMLTVwAZL,
W FTAE NI AFASHE ) s u—F Vi
A EMEE RN L LCHIRANE SR Twa T Eh
B, 4HEI D LB 2 B oREFE
hb.
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Four Cases of Cetuximab-Induced Anaphylactic Shock: Possible Avoidance of the
Reaction by Prior Examination of Anti-lgE Antibody against Galactose-o-1,3-
galactose

Yuko Chinuki', Kazuyuki [to?, Makiko Takeda?,
Kaoru Takeuchi?, Hitoshi Takahashi', Eishin Morita’

We experienced four patients with cetuximab-induced anaphylactic shock. The diagnosis of infusion reac-
tion was primary given for them. Three of them had beef-specific IgE in their sera, and one of these three also
had a history of flounder roe allergy, but none of them had a history of beef allergy. Anti-IgE antibodies
against cetuximab and galactose-t-1,3-galactose (o-gal) were detected in the sera of all the patients by IgE-

“western blotting and CAP-FEIA. These data suggest that the causative allergen of the cetuximab-induced
anaphylactic shock was o-gal. We previously reported that clinicians should be aware of the possibility of
cetuximab-induced allergy in the patients with red meat and/or flounder roe allergy because of their cross re-
activity. The cases presented here confirm our above mentioned reports. Prior testing for anti-IgE antibodies
against red meat, cetuximab, and o-gal could possibly prevent cetuximab-induced allergic reactions.

(Jpn J Dermatol 124: 179-183, 2014)
Key words: galactose-o-1, 3-galactose, cetuximab, red meat, flounder roe

1) Department of Dermatology, Shimane University Faculty of Medicine, Izumo, Japan
2) Department of Otolaryngology - Head and Neck Surgery, Matsue Red Cross Hospital, Matsue, Japan
Received October 19, 2013; accepted for publication January 9, 2014
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BE M TR OHTY OGR4

CEMRRSER BRI RUE M S

[Suiminery

BAREBRZESOBRBRERI1 FST7UTH, ERBE4DORBECKSEN, 16 DRESWREINT
Wa. ABTE, PLILF-UEZERBD MY ORELTHRICED T UIIF-—EERBOREERS Ui,
FRAPUILF -, Y ADREOREIC LD ITZDHELEBICEFEND galactose-alpha-1,3-galac-
tose (a-gal ¥ER) ([CRMEESN, FETDEHRIND, HIC, a-gal BHAEETIVFIITEER
ERCTDEHINODBEICRYF IV TERESTDESTEITDIUNELHD.

K&y Wores,
PULILF-EERS AP LI -/ VFINT/ PFO43F Y~/ ABO IMRE

I, BRIEYBEETERNICRB@T2{T>T3

3L z |
& Lo FRTUNF—DFBEMHRIE T L

FRCBILEMBORBETA N4 R
2005 FHALAR A, HIRBES A, 20104F
CHETRMBFERS N T B Y, BEIRYA F 74
TR, BP0 Y I RIELERE, T R
FFEEERZ, I MEEENE, V SREHEERE
KL, Zh 2 b L 7RBsRmms
T3 (R ML TE, RERBEH TV,
ZTNZHNDIRE R OW - 7B FET LTS C
LRSI NG, KRS, BEREO NSy Z AT
HBID, TDHAFZ A4 ORI ER

T F— - RE
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1. fEH
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BRAERR : FRL g & &L
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PISE PUIF—EEBHT RS HEIICDONT

®1 BRBOEORE

1. BMOBHE
1. RUEERZ
2. giEmRe

I. MARKHOBRST REFBEOLARICSUREERRTI LN TEIERD)

PLIIF—E0ERS
RYOKEEENERP IO S+ —
P LILF— L OEHD

NO O SO

USRS
. ERERD
I, e
10. FREOMENTIE
11, SEMERREDMELZE

©

PREZD VBRZ (TRIECKDERD)
VENERZ WNTERDS, SENER2, OXENRS, BREFD, BELERRES, K
BHZ, ROBMEZ UREMEETE))

12, C1 IRFS—ZREAF (Cl-esterase Inhibitor ; C1-INH) DIETICKDMEMZIE
(R MENZIE (hereditary angioedema ; HAE)), SCREEMENEEERL)

V. BRZHERE
13. ERZHRINER
14. @RUEBRS
15, Schnitzler EREE

16. DU EEEER (CAPS : cryopyrin-associated periodic syndrome)

3.

19 IFIC DB AN, 22 ICEBICEHREMHT
Too MEWRBEINKEZZL, BHFEZOTE
Bl ZORMERELZSH, 0/ BTV
NF-LEDNRIREREE S , D&, 45’,
BREENREZVEIICLT W, JIg0 1 E~A
B, 1I9BICFRHLAIVADEMTZEN2] K
CEFICEIENBTT, Yav kB ikol,
WERBBENKEZZ L, AREBEMMECT
EE L7,

REHSER - MK IgE 269 IU/mL, HURERM
IgE {8 (4% 1.78 Ua/mL, BHA 1.35 Ua/mL,
A, A, IV, Mg, w570V FTr, H
VA, P332 T 0.35 Ua/mL PAF)

@82 (466)

1 RS54 UTEERBOBREADICHRL, THLENBNICES L UIHESRESINTN

(3Z#k 1 KD EIR)

PHIEIEE  DLEORELHE{E»LFHEB
TOmARCHT AT LAY —ERS L BIIL,
VA BIINDRLERIGOT M H B L F 2
foo 4B, IRAOWIZHELS & ICHERLA,
BROEIEE Lic, /2, A RITOEE
HEIL LTz, TUAF—ERBTRBCRALT
WicZE TobicHib A4 L H#EERNT LEIB% S
Th3h, ZOBEROBEIEGRL,

I. #R7LILF=EEYFITT?

IDEDBRERT VAF—RERD, BEHZY
BEZBL, Z0 104/ 30 fli < OREH LS
HEHENATWE, ThALDEMOREE, EEA
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I FEYOR 2. BRB~FRICEBERBERYFINIDTF D135 -2FHLT NS~

EHE R AL € S LS L T
e EDERERLTVE L, AERERL
TODLTVAF—FERERTDITEEN
&, BEPAHCTFRLAIVA ZRNTE HICHL
TFULEF—ERZELTVBILTHE, FHD
&, BEMEEFACCERT VIV ORRZT
W, FEOIIZ vyl EaSsHF el T
—w FAHIRE RO TV B EZ#ALIC LY,
—77 2008 4, KEDTF F ¥ —HERLE L
HigT, vYyses (FESH) #HHELTTS
T4 TR RLULEBEVPSRLIEPRE
Bhic¥, ChEDBEDT VT RBFTH
N, TF745F—5RTHERPEZ LY ¥
¥~ JIC Y % galactose-alpha-1,3-galac-
tose (a-gal #E8H) ThH s L LEhiIcSh
o¥, MANEE, FAV—HRAZOERDOH

20% BV F v T CHRIEEZT I LML
Kb osTFReYEiv 7 o-gal BHEICHT 2
gEHifE2 boT Wl ThHE, 2D, BL
W N— T & Z OHEFEEEER L E DOBA
TUNF—BRBITEEHALPCLEY %, D
£Y, EVFIRIOTFT4S5F—DFRL
%5 a-gal BEIX, 40, AL L OBRICEE
KEENEID, EYFIVPIT VAT —-DEH
BRINEDHRCHLTH T VAF—RIEERT
DTH5b.
EELVERETRBLULLAT VALY B
TR L7 23, 26V F 7 a-gal B
BT 2 [gEH B2 RETE I EBHPELL
(B1)% Lhd, PARENIGE &tV FTv
7 o-gal BERICHT T 5 [gE GlHT L —BLT
Wice bBHAA, IHLDBERIAZTLYF

A qerersemscesmenrarmmearis st samesensesenass
y=3.4669x+98.7411
2=
g 120 R?=0.7539 °
ja |
PR [1]1 ] e . /
g / ‘
[11] .
=y
5 80 . .
% .
60
™ /
iy L
;.‘\- 40
Y %
N 2016y . "
s ¢ :
0 v T T T y T J
0 5 10 15 20 25 30 35
4B RAIgEE (KUAL)

1T HAPLLE-BSCHIDERERNIE CYFIeT
5269 IgE Dr8E
mE BB FBRETR UL,

(e LD3IM)

o.-gal 88 (galactose-alpha-1,3-galactose)
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PIFE PULIF—EBOT ST VHMEICDNT

T EREGINLFREEIR G, Tolkil, F
A7 VIWF—RROICHEEL, EYFIvTEXR
ERETAILERLTVS, bhAKEHD
P, FRTZUVMTELTRELRZ Iy |
LasyFra-l172=v b b o-gal PiH%EF
HLTWw32,

W. FA7LILF—EIIIIRE

RIRDRE DO 7 N— T, T3 — MR
Oy F—HHHE ST X BENTE ) Ty
FTRBENZOHMTH2 L ICHEL, X
SR ESIRAT VLVEF—-DRRTH S LHEELR
M EFRRLET, ZOMXPCR, IfOTH
SRR R BERENHREL, vAZKREBO
i a-gal KT 3 IgE s B LR T2k
2RLTV3,

EHELORMUIFRATVAY—DBER, *
DIE & AEDTHZBBEOERIT LY, UL,
FERT X R BEL, EERICEAENL T
AYMEEREALLYLRIMT 528, L MEvX
SRRMS AT HFARBLT, KfdrhvlE
BREAETHE, LoTRERTIRESE
HEFICRmMs -kl b s, £, hbd
DEEFDLZHREMBELTEY, vHA=DER
TR 2B AANT VS, EHIC,
BREATRFXIC Lo THRNS 3 AR
By FTOSRMERL Y, BERFHI &K
BEDZH, HEAHAOZFMBCEELT
WBZEMHALI, OB, KEICBT
vy F— UELR R AR T L LF — B
BEFHLTHEIEERENULTEY, BREDIE
FlC BT H VX ZIBREBPRT VAT —FED
BREEZ>THB A 2R3,

Bk, ATz —FromMEISN—Fii~v
XoBEORBRECE YT X =OWHLECa-
gal BiMIE L FEHET 3 e 2L I LY,
RS H B AT LIV — DS T B T REN:
MNELEHEE LD TH B,

V. £REFHEHL M DRERRE

LR ESBLLRT LAY —BEE, Z0%
DA VA RINERNTTF 7 4 5% S — %85
LTWa, Shid, £RT LLE—%ilEd IgE »,
EVEVTIOBELRALL S CH LA RIBOT
VLY L RERIST B b L i3, L
ML, ThEFTOMBTRY VA AT ¢-gal
WM S hT, EOL3ATLS L LIS
BT 500REENRZED TR EIATHS,

V. FRA7Z U ILF—-&MmEE

B, FE7VAF —FEIC ABO IR A8
HLTOEETEMUMBAY 2 —TFTVOWHRS
=T bRHRENIY, AV =T OFEHT
VF-BE 39 ZOMBRAFAE L/ T3,
ABIL QBIMZEAETBEE AT IHT
HoltnIDTHB, 2F Y, B ZHE
T HRHEIC o-gal IS E B UMEED B
o, BIFWEHOE M3d &b & a-gal PiHHIL
T2 BERALTEY, BEShic{nEELs
h3, B, YBE2ZBULLLRT VLY -8
DELHBARHZVEBORTHS,

VI. #A7LILF—&
BYFIITT7FIA4S5F—

o LA 7VFE—BETERY SV

YRR ERNFETRTOELA(ET), EELHIT

EGFR (epidermal growth factor receptor ; L B4l 858 H F = 545)

@34 (468)

lg (immunoglobulin ; f&2 1 7Y )
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a-galiEsH

HEH

B2 YFIIIDEE
N OABED Fab #o(C a-gal EEAIB LT WS,
(EBER)

YRV AL ZEMERZTZBHCE, T
T VAT —OMBETI & & biC, IERE
WCTRRECT 2 RERITIgE 2#WNRE & T, #
GRICEREBTF 74 7F —RIBETHTE S
EERTVS, BRTHFRAT7VIVEF-BENED
{BOEFEET S0, BRATEHLATERZY
P, YR IT AL BEREE RT3 B MM
LTWwaZb®EBTsL, BEMAEETZAED
LEBRIDREBERTLLEMNDHL LBbhb,

B eVF e (@RBET YRy R) i ERE
HaR M KN T2 FM4 (epidermal growth factor
receptor : EGFR) c#& LT, MANMDIETHE
PG5 %987 1) > (immunoglobulin :
Gl U7 oI5 2 [ vUAFASHEHE) S
O—FIVHETH B, BNTE, FEEHEL
EGFRIGHE DRI HE1T - RO -
ERECHLTHEAS ATV 5, EGFRANEAET
LHEME v Adk, FRAMIOEREHEE b
HRTHY, ZOBREHER~Y Y ABREBSHH

TLWE— - B

Vol.21, No.3, 2014

30%, k MHERBSBHT0%THZ (B2), +
7 ZHFE D Fab #4>1 galactose-alpha-1,3-ga-
lactose (o -gal FitH) H¥EAELTHBY, 7F 74
SERIV—DTUNFT R BILHHLEIIISH
T3,

Xk

1) & 8A, FERG, SNEREDL: BRB2RACRSA
V. BRE=E 121 1339-1388, 2011.

Takahashi H, Chinuki Y, Tanaka A et al : Laminin y-1 and
collagen a-1 (VI) chain are galactose- «-1,3-galactose-
bound allergens in beef. Allergy 2013 Nov 4. [Epub ahead
of print].

3) Chung CH, Mirakhur B, Chan E et al : Cetuximab- induced
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