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Clinical Features of Patients with Apple Allergy and Identification of IgE-Binding Components of Apple

Hyun-Joo Cho, Joo-Hee Kim, Gil-Soon Choi, Jeong-Eun Kim, Young-Min Ye and Hae-Sim Park

Department of Allergy & Rheumatology, Ajou University School of Medicine, Suwon, Korea

Background: Hypersensitivity to Rosaceae fruits, especially
apple, is often associated with birch pollinosis. As the
sensitization to pollens has increased, apple allergy is more
prevalent. However, the immunologic mechanism has not
yet been evaluated in Korean adult patients.

Objective: This study was conducted to characterize the
clinical features of apple allergy and to identify its IgE-
binding components.

Method: Ten patients having apple allergy were enrolled.
Skin prick tests to common allergens and pollens were
performed. Serum specific IgE to apple was measured by
ELISA, and IgE-binding components of apple allergen were
identified by IgE immunoblot analysis.
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Result: Most patients showed positive responses to alder/
birch pollens by skin prick tests and high serum levels of
specific IgE to apple by ELISA. The IgE-binding component
of apple allergen with a molecular weight of 17 kDa was
identified by IgE immunoblot in most patients. There was
no significant difference in the level of specific IgE to apple
between the patient group having oral allergy syndrome and
the other group with additional systemic symptoms.
Conclusion: We confirmed that apple allergy can develop
in pollen-sensitized patients because a 17-kDa allergen is
assumed as Mal d 1 which shares a common allergenic
determinant with Bet v 1 of birch pollen. (Korean J Asthma
Allergy Clin Immunol 2010;30:116-122)

Pollinosis
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2008 7€FH 2009 847 &4 LdH=IE FaE
2 427 HHd2 WL IS o ImmunoCAP sys-
Sall At digk @3 5ol
IgE A7} (=035 KULel ™ ALk 3 & vheket &
27] 245 ekl 84 108S oz stk gz
g 2714 gke] o] glom, olEvT7l gle 128
Atk €3 & IgE FAXE ImmunoCAP system (Phadia,
Uppsala, Sweden)= ©] &3t =743}

tem (Phadia, Uppsala, Sweden)<

ot HJ
dht o =

2. EI120| th3t TR} Al
W @RS G Bencardtle] FYFAL o g8
of 5559 G Aok ol gate] el 7] HRAEL A3

=Zz=2
ST

stk Aldel AHeE shE =l —Ei?ﬂ Alder,
Birch, Mugwort, Ragweed, Orchard grass, Rye grass$3
A E S AH H 7} 2+ o]/\lo] HAe2 b g}%_o_g
staem AH Hle] e 71E2 HEe] 1 D1 e 24, 1~2
AR 34, 2~3 BREE 4+, 3~4 T|HEE 5,

= Aolstit.
3. At}

Aol gl SRS Folv] ool Alsel AR
Wl Beleked” o] Aan B4 Ede ) 2ot %
2 BE 2 phenol buffer (0.7 M Sucrose, 0.1 M KCL, 0.5 M
Tris-HCl, pH 8.5, 50 mM EDTA, 1% PVPP, 40 mM DTT)l| 1
4 whE 4°CAlA] 154 1t 412 F F %] phenol (pH 8.0, Tris-
HCL saturated)Z 3 7}5le] 308-7F 18,000 g, 4°Coll A LA &
92 APSA e LdBAS AR 9ot

ToE=a= ;‘_l
A 3 mm AR5 o] &3 AABtA FEdS

o

%

H_o
FHEAS

EQth FEAe EA ukdialysis membrane)s ©] 8-F] 72
A Bk AT B3 T 4°ColA 12,000~ 15,000
pmO = 2087 BAl 94 Belstel AR dae F
Z 28 A AZAI I AL AR —20°Co) A B &
HAgAZHH SDS-PAGE 2 IgE-immunoblotol] A}8-8}41T}.
4. HARAHS 0|88 Al 50| IgE &Hl 5F

10 g/mL F=2] At} 3FY-S 96-well microplate (Corning,
NY, USA)l| well B 100 ¥ @3 4°Coll 4] 12A]7F o] 4 218
A7l & 0] Z 0.05% PBS-Tween202. & 33] A& 3}1t). B &
oA AgE WA Y3l 10% fetal bovine serum-phosphate

=
S

T Az

el 27| BHAtS9

gl

buffered saline (FBS-PBS)S 7} welld 200 L% o] 1At 2
SAIAT 33 AlA = A g 27] 2 10 43
AR 2T 129 AL well & 100#L/y~l o] AFL-o A

2A17F 2 8-A1 7T} TRA] 33] A2 & biotin-labeled goat anti-
human IgE &+A](Vector Lab, Burlingame, CA, USA) 1 : 1,000 v/v
S welld 100 L% 3 1A 282170 5 33] Al skglnt
oy 7] streptavidine-peroxidase (Sigma Co., St.Louis, MO, USA)
1: 1,000 v/ welld 100 L% @11 3087 2H8-A17] 3 33]
A A 3Rt A (TMB: 3, 3, 5, S-tetramethylbenzidine one
tablet, phosphate citrate buffer 10 mL, 30% H,0, 2 pL)& welld
100 2L 3L Aol A 1583 T4 F 2NHS0= B2
ZA| A1 7] 2L plate readerS ©]-&-3}o] 450 nmol| A TF =
Basnh olul A4tz Bgel el 22AR
Helo] curofiX| & AHEael L o) 3el BB PR
EE

ANEE "]EBS} =g %Z‘H Ké“é of AAA = Abz
A 719, 9He ZhzE 1 10, 100 12 g/mLA 7Fake] 4°Coll A 12

A% eI A F 1% gl 328l Ak 240

microplate®]] welld 50 L% Y11 1A]7F 2HEA| 7] &

G371 71s L WP oR AN S Al
=20 Dermatophagoides pteronyssinusS W) Z-
IgE A Aol JAY =)= (=

] 7} E3HE sample®] FFE)/Ul 2T
@ ez Page

JjJ
T_
s i L

6. SDS-PAGE % IgE-immunoblotting

Atz A &8 23S 20 pg/mle] LR 5F9] sample
buffer (0.5 M Tris pH 6.8, glycerol, 10% SDS, 0.5% bromophenol
blue, 2.5% S -mercaptoethanol)ol] 3] &}x 5& F<t 71E 34
t}. FA]&H4-250 kDa, Invitrogen, San Diego, CA, USA)&} A}z
G S 4~20% Tris-glycine gel (Novex,Invitrogen, San Diego,
CA, USA)I A 250 V, 2413t Bt A7 F stk W79 %
3l & PVDF membrane (Millipore Co., Bedford, MA)°l| 200 mA
2 241 Aol AT H 5ol A WA fldte] 5%
skim milk-TBST (Tris buffered saline-Tween20)S ©]-8-3Fo] 14
b Eeh A = &2 B dxae @0 R 15AZF Bt
4°Col A ZHgAZTE TBSTR 33] A A 3}aL alkaline pho-

sphatase - conjugated goat anti-human IgE &|(Sigma Co., St.
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Louis, MO, USA)E 3% skim milk-TBSTZ ©|-83}o] 1 : 1,000
W2 8)48ke] Lol 147 FEAAT o F TBSTE 3
3 Mg & ZtZbo] membraneS BCIP/NBT alkaline pho-
sphatase substrate (Sigma Co., St. Louis, MO, USA) &<} of| Yy
Suvh e A ez

B2 B SPSS (ver. 12.0; PSS Inc, Chicago, IL, USA)
E o] &3k, pgkel 0.05 WYl Aol FAHCE fo
3 Aoz sk Sakrty tlxdell A Atz g 8
Eo] IgE A x| 9] H]WE Mann-Whitney U test2 225}
=

Table 1. Clinical characteristics of the patients with apple allergy

2
=2

=]

1. i &xtel 4

g & 6ol AAlen, Pt vole 39.8£13.241 %
ouu B2 2 el Algh A2l o) 77 del 2
ol e, 1 9 e ErH el 29, HEF-Fol
oA #EH AT g o] A= AL "4H T 23
‘“x‘ WALZ, SFZES Thdte] thE IAE B3
FErE Btk svtdsto 2= gy 27 gy 2
Al Uebem, A2 47 9] ghatel A, w4
=e71E 399 SAolA, ofEd I 2ol A 7
AT SRS A el e Fdolu Aio e FA
2715 7 I sdlen O & Hgole] RETL 10
stgow 7 Eekon, 4k 31, 7191 21, Ak 21, A
2w S0 2 YEFYT} ImmunoCAP system<- ©] &3] =7 3}

History of allergic

Symptoms after

Total Ige  CAP-sIgE to

D Age Sex diseases apple ingestion Additional food allergy (KU/L) apple (kU/L)
1 55 F AR, AC OAS Peach, Apricot 366 6.36
2 30 M AR, AC OAS Peach 57 1.42
3 24 F AR, AD, AC OAS Peach, Ginseng 4,498 16.90
4 43 F AR, AC, BA OAS Peach, Chestnut, Peanut, Tomato 116 2.51
5 4 F AR, U OAS, AE Turban shell, Octopus 683 21.20
6 23 M AR, U, BA OAS, AE Plum, Mango, Sesame leaf 79 1.91
7 32 F AR, BA OAS, AR Peach, Ginseng, Kiwi, Chestnut 531 0.79
8 47 M AR, AC OAS, AD Angelica gigas 296 9.79
9 64 M AR, AC, U AR, AC, AE Ginseng 930 17.50
10 39 F AR, AC, BA AE, GI, U Plum, Tomato 90 0.91

AR = allergic rhinitis; AC = allergic conjunctivitis; AD = atopic derrmatitis; AE = angioedema; OAS = oral allergy syndrome; U = urticaria;

Gl = gastrointestinal symptom.

Table 2. Results of skin prick test in the patients with apple allergy

Skin prick test

ID
Alder Birch Mugwort Ragweed Rye grass Orchard grass

1 5+ 5+ 6+ 4+ 1+ 1+
2 5+ 3+ 2+ 1+ 1+ 1+
3 4+ 5+ 1+ ND 1+ 1+
4 6+ 4+ 1+ ND 1+ 1+
5 ND ND ND ND ND ND
6 5+ 5+ 1+ 1+ 1+ 1+
7 5+ 5+ 2+ 3+ 3+ 3+
8 44 44 1+ 1+ ND ND
9 6+ 44 1+ 1+ 1+ ND
10 ND 1+ ND 1+ 1+ ND

The variable used in skin prick test was the ratio to the histamine response (allergen wheal area/histamine wheal area); ND = not done.
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At Al B F 1gE FA7F S7HE ] 3
Atzbo] bl gk d3 Eo] IgE A7} 0.79 KU/LOA| A 21.2 KU/L
¥ FEE F7HE o] AR THTable 1). 73 L#H 27]
WS 5 e FRE@ A} 1~4)] AP Eo] IgEe] H L
6.80 KULS 3L, 77 & 5745 Sveld 5@t 5~10)
< 868 KULEA A2 ov] gl Aol HolA] eisk
thP=1.00). & FAES )} 2 LrHro] et o) Rdat
AAFE Alged s w &= 1099 A 5 Eﬂoﬂ}\ﬂ Alder,
Birch®] 4& 3}l T3] 3+ o]k 7ok ureS JEeh)
gom 3z} 1S Mugwort, Ragweed 5 % 3| s, &
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Fig. 1. Serum specific-IgE antibodies to apple extracts by ELISA
in sera from 10 patients (@) with apple allergy and 12 normal
controls (O). Horizontal bar indicates positive cut-off value
(mean+3 standard deviation).
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Fig. 2. Apple IgE-ELISA inhibition test with apple () and other
allergens including ginseng (A), kiwi (H), chestnut ((J) and
Dermatophagoides pteronyssinus (Dpt, @) extracts. Dpt allergen
extract was used as a negative control.

n

X E£0| IgE &HH|X|(ELISA)

%3 AlFaF 0 2 ELISAS A3t 23 & 1049 tiAt
At Z 9 9] EAoll A A Eol Igk FAX 7} cur-off X| B
o} F98tA 71 AthP<0.05) (Fig. 1). ELISAZA 3} T3t
ImmunoCAPZ} 37 A &2, AlaAd 2o ols] 7 dd27]
TN 349d AT 4 ¢ A4S T dA
£t AL Bol IgE Aol 9fu] & zko] 7} glAThi, 188
vs. 1,116, P=0.81).

3. HAFAAH AR (Inhibition ELISA)
A} 3hsh rl27) $4¢ ugd
B3 99 B0 AThe} T Ao Ud A Lo

ABE Al 23, A 2ol = folgh oAt 0

%}ﬂﬁ’io‘/} A TS HolA &k 719, Hele 9

AWS-& HolA ¥skon, St S-S ‘/]’E}Lﬂﬁ’i‘?‘l A4

o alA = 100 1 g/mL FE=o A 2F 30%

o Aol A Abakel Q14ke] WAk 3
2 A= ohFg. 2).

4. At &Hdof| cHEF SDS-PAGE % IgE-immuno-
blot ZA}

QUatel e dAalAel &
[e)

Abah &8 o] 83+ SDS-PAGE 23, 16, 17, 23~25, 34,
38, 53 B 68 kDa F-ol|A] Tt 7} 2= ThFig. 3A). 10
wo] glzte] YA S o] &3l IgE immunoblor 218 A]3) 3}
A, 9H©0%)9] Aol A 17~18 kDa Z7]9] FE1g ©
M2 HAeks Aol BEE QT Fa} 3, 5, 90| A= 23 kDa

A B
176 — e
199 — il 22
83 — A =
B — 54—
43 — 43 —
ot 27 —
27 -
20 — B 20
- -
13 — Fo. 8=
oy = 10755

Fig. 3. 15% SDS-PAGE (A) and IgE binding components (B) of
apple allergen extracts using sera from the patients with apple
allergy. Lane 1~10 = apple allergic patients; N = normal control;
B = buffer control.
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[e]

olm g 22 F%5E 23 kDa T
g7} Agshe A B2 5 2SI Smole?] Aol w2
n| =t ™, Mal d 2% A 22717} e @ HLOM 39% M ==
kA

Mal d 1] B & e
i (e}

geldl o] Hdoly ArE S48 L= B o o e dy2der &
Qlom, 53] st 44 Hol e &S F 40~70%7F At 4 27] A5 oY 7Y #Y B Al F
olgd 24 4275 /T Y Aoz dHA Aok Alo] g 27] $4E BAom 1 F AR FFHol o
2715 g 27 fFHEe AWl SR st 271E T 7 SRR op g, BlA e, R, gkl
& A FRate o8l A 2ol dal 42 Y T TS HAAQ o] HAEA L, A o] e EAE
< Yeld = $AEo] soluta glom, 53] Ao AL & A F4e 43 E saed ayy # ST
Fe] o] Aol el s B AFEo] JAgujo] & Zdte A5 A S-S Skete SAE ] Al 9
oL o] Sl M= Al Tl Bt 77 L@l 4 5ol IgEx|9] zto]= glodth @3] A} 109 25, 3%
27] 32 2L MM S8 Bolu, wlAanted, A4, SRR G o A Sh %*Hlf—’_zﬂd] BF 14 olgte] ¥hg-5 e}
TERZol} oA AL Do F e Ao wom, Atatgtd & o] &gk ELISAY immunoblot 7 Akel| X &=
HaEo] glom? B AFqME fALe A4t kS Ve At} 3 Eo] IgEE HE & fldley dA oz E U
Wit 2 SR HaHol Ag J—~ Btk A gk

AtEhe] FH G2 A U /AR HEE L e, ol gk 22 glo] dojube Al gl 2719 7%, lipid

ARRE-o] 3= g+l o] T = Bet v 19] homologue?l Mal d 1 transfer protein (Mal d3)7} 7 919 Ao 2 ¥aA glom,
(17.5 kDa),"” thaumatin-like protein$] Mal d 2 (23 kDa),” lipid o] A& 3HEFo] Fukd ?}Z]—% o vls] O ZFErt Al
transfer protein] Mal d 3 (9 kDa)”9} profilin®] Mal d 4 (14 a3 AAlF o meo e e Aoz deEA 9k upaha
kDa)'"o]t}. 2ol L} A ele] wheb FH 94 S ey 22} 1004 = Mal d39] o g £311§—7] Hhgo] e Ao ®
© @do] o7t = old wetd b 4 = v F7 E 1 immunoblot HAF o 2= Mal d 39 & gat=

Ehd 4= gtk A2 fgolA] o] o7 & Ao = kDa®] THlTE &<l 32| &= Seglth. o] AlztelA] Tl g
Hg&ds, exEgo}, ojggjo} HxRoA = Atzte] s & A FZF Aldll Mal d 39 527t UF FRAAY gel AellA
g 27] T35 Jebd $AE59] 90% o] Fo] el =etd Aol & 52 &g TS A & 4+ A
7% A4S B FE 9 Mal d 122 YR b o, FHZodle AxEF Mal d 145 ©]&3 CRD (component
2517 ojgefol FRA = kel 35% o] /o] HAlA resolving diagnosis) = W 52 PUZ AP u= 9o
QWSS B FE A9 UL Mal d 302 Aduke A U A4 gl 279 e S FREsE e ok 3
& HAth ol AgE R gt TR/ 7h 27 Wi 7F k. 271 el 27171 e EREd e Al g
Aoz Hol=d, AR} v §- =7 29 oM-t— o} gk stz ol whgo] T FEIHE] g WA w39
o 4 27]7} Ber v 16] W3t A RME 98 BT Az g yehdr] g, gatse] AE 4HEE o 2
o A¥A A ez gk B d W immunoblot zﬂ e 2r] S oA R 4g4d dHoR J
AALE B8l felve A gl 271 SAE IgE o] T Ss7|7F ek 2R 3o e #1S oAl UM
W& AH gleh 27, &2 105 Al AT o] @ %fﬂl_e_ﬂﬂ A FAEC] ALY T E Fddf] g 27] F
BE SAEAA 175 kDa 27|19 T o] YEEL, ©] dol AeA ERlske Aeo] Fadttth 53] fjvgtlA =
FAEL 25 Sy B8 FEg i g grdat 27HF e 27] Aol lolA it 74 gl Er] F%
Aol A ZFeakg& Btk Wi, Ex) 102 IR EAA T dogive Rl g B AFoE 21
A P58 gl ot kg whgo] 191 2n immunoblot 7 Atgte] e 27] $4S BAW FAE F 370 <t o
At M= 175 kDa2] STl & A A ok, o2 S} g g 27] T4 BAth v E & Ao e Adak AL
Ee g pAgdEr] % m3 HolA] &gttt o9 o] wat S W] wel A B3t oy, EAE
2o AdE wgog, pdE 2y dakse] /A e U ST T T FAE U R 3 tE AT
175 kDa2] -2 AHF5- 3191 Ber v 172] WAt 94 Qi FR gAY o] AR v Fo] Ko}l Qlate] ErLE
< 7ME Mal d 122 F3FH, o]Zlo] SARENAA 77 o} #Aste] g 2] S4E Ed s Atk <
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