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Background: Lipid transfer proteins (LTPs) are the major allergens in patients the allergic reaction is characterized by
sensitive to Rosaceae (apple, peach, apricot, cherry, plum, and pear) who are rtbe oral allergy syndrome (OAS). In

allergic to birch pollen. contrast, most patients sensitive to
Objective: The purpose of this study was to find a sensitive, specific, andLTPs frequently experience both the
relatively easy method for detection of LTP-sensitive patients. OAS and systemic symptoms after eat-

Methods: We studied 36 persons who experienced oral allergy syndrome afteing an offending food! and some re-
the ingestion of fruits in the family Rosaceae. This study cohort was divided intoports of life-threatening anaphylaxis
two groups: 18 without allergy to birch pollen (patients) and 18 with birch pollen have been publishéd!® Thus, the de-
allergy (control subjects). All were tested by skin prick tests (SPTs) with freshtection of LTP-reactive patients may
Golden Delicious apple, fresh peach, and extracts of peel and pulp from both fruitde clinically useful.

Their specific IgE reactivities against peach peel extract were further investigated by At present, LTP-sensitive patients can
immunoblot analysis. be identified only by immunoblot anal-

Results: All 18 subjects in the control group showed strongly positive skin ysis, a method that is time-consuming,
reactions with both fresh apple and fresh peach, whereas no skin reactivity wasxpensive, and not available in most al-
found with extracts from peach peel, peach pulp, or apple pulp. Extract of apple pedtrgy departments. Recombinant LTPs,
produced positive skin reactions in 17 of 18 control subjects; however, the whealas well as LTPs purified from single-
were generally smaller than those induced by fresh fruits. Immunoblot analysivegetable foods, are not yet available for
showed no reactivity for peach peel extract. In contrast, the SPTs with fresh fruitsoutine skin prick tests (SPTs). In this
showed that some of the 18 patients had strongly positive reactions, but others hatlidy, our goal was to find a sensitive,
weak reactions or negative responses. Further, in a high proportion of the patientspecific, and easy method for detecting
consecutive SPT with fresh apple yielded inconsistent results. In all patients, SPTISTP-sensitive patients.
with extracts from apple pulp and peach pulp were negative, whereas SPTs with peel
extracts were strongly positive in all patients. In most patients, the wheal are ATIENTS AND METHODS
induced by SPT with peel extracts was larger than that induced by SPTs with fresBtudy Population
fruits. Immunoblot analysis showed that serum specimens from all 18 patient$Ve studied 36 persons with typical OAS
reacted with a 10-kD protein in peach peel. This is the molecular mass of LTPs. after the ingestion of fruits belonging to

Conclusions: In birch pollen-allergicpatients, the SPTs with fresh foods still the family Rosaceae. Of this overall
remains the most reliable method of diagnosing vegetable food hypersensitivity. Istudy cohort, 18 (the patient group) did
contrast, in patients not allergic to birch pollen, the most reliable strategy for detectionot have birch pollen sensitivity, as
of patients sensitive to LTPs is skin prick testing with properly prepared fruit peelshown by the absence of seasonal respi-
extracts. The loss of Bet v 1- and Bet v 2-like structures, which probably occurs duringatory symptoms and by negative results
extraction, may facilitate immediate identification of the relevant allergen. of SPTs with commercial birch pollen

Ann Allergy Asthma Immunol 2001,87:68-71.  extract (Allergopharma, Reinbek, Ger-

many). The other 18 (the control group)

INTRODUCTION tected in many plant-derived foods! had birch pollinosis, as manifested by
Lipid transfer proteins (LTPs) are In patients who are allergic to Rosa- hinoconjunctivitis - with _or ~ without

; ; hma from the end of February to the

10-kD polypeptides that have been de- ceae (apple, peach, apricot, cherry, 2aSt ry 1o
plum, and pear) but not allergic to ©€nd of May and by strongly positive
birch pollen, recent studies have results of SPTs with birch pollen extract.

* Ambulatorio di Allergologia, Ospedale Caduti ~ shown that LTPs are the major aller- Skin Tests

ETI?GSL Bsollite N(I!\I/“), llttally- gen’?18|n patients Who are allergic to  Patients and control subjects under-
Re(?e?\:gjafofpﬂblilcggé)naF)ébruary 7, 2000. both Rosaceae and birch pollen (attrib- - went SPTs with both fresh Golden De-

Accepted for publication in revised form January  Utable to cross-reactivity with birch al- licious apples and fresh peaches by the
31, 2001. lergens, such as Be@ 1 and Bet v 2), prick + prick techniqué® and with ex-
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tracts of peel and pulp of both fruits
prepared at Lofarma Laboratories (Mi-
lan, Italy). To evaluate the reproduc-
ibility of SPTs with fresh Golden De-
licious apples, we tested 16 patients
and all 18 control subjects by the same
technique on at least two distinct oc-
casions.

All SPTs were performed on the volar
side of the forearm with standard dispos-
able 1-mm-tip prick lancets (Dome/Hol-
lister-Stier, Milan, Italy). After 15 min-
utes, measurements were made, and skin
reactivities were graded by comparison
with the positive control wheal induced
by 10 mg/mL histamine. Wheais2+ (ie,
with diameters<50% of the diameter of
the positive control) were considered neg-
ative?! Wheals with diameters of at least
50%, 100%, and>100% of the diameter
of the positive control were considered
2+, 3+, and 4+ skin reactivities, respec-
tively.

Food Extract Preparation

The peel or pulp of Granny Smith ap-
ples and peaches was separately ho-
mogenized at 10% (wt/vol) in 0.1
mol/L potassium phosphate buffer, pH
7.0, containing 2% polyvinylpolypyr-
rolidone, 7 mmol/L diethyldithiocar-
bamate, 2 mmol/L ethylenediaminetet-
raacetic acid disodium salt, and 2.6
mmol/L NaN; to remove phenolic sub-
stances that could lead to partial dena-
turation of certain allergenic proteif.
Particulate materials were removed by
centrifugation at 18,009 for 30 min-
utes. The supernatants of peel extracts
were dialyzed against 5 mmol/L am-
monium bicarbonate and, after lyoph-
ilization, resuspended in 1/10 (apple)
or 1/5 (peach) of the initial volume with
saline containing 0.4% phenol. The su-
pernatants of the pulp extracts were dia-
lyzed directly against saline because the
large amounts of pectin did not allow
lyophilization of the extracts. All ex-
tracts were finally diluted 1:2 with glyc-
erol containing 0.4% phenol for prepa-
ration of the SPT solutions.

Immunoblot Analysis
The presence of IgE antibodies spe-
cific for peach peel proteins was also

Table 1. Skin Test Results in Rosaceae-Sensitive and Birch Pollen-Sensitive Control Subjects*

Control Apple Peach
ject

Sl(l:cj:_a)c F":Sh FrZSh Peel  Pulp  Fresh  Peel  Pulp
1 4+ 4+ 2+ Neg 3+ Neg Neg
2 4+ 4+ 2+ Neg 3+ Neg Neg
3 3+ 4+ 3+ Neg 4+ Neg Neg
4 4+ 4+ 2+ Neg 4+ Neg Neg
5 4+ 3+ 3+ Neg 3+ Neg Neg
6 3+ 3+ 2+ Neg 3+ Neg Neg
7 3+ 3+ Neg Neg 2+ Neg Neg
8 3+ 3+ 2+ Neg 3+ Neg Neg
9 4+ 4+ 3+ Neg 3+ Neg Neg
10 3+ 4+ 3+ Neg 4+ Neg Neg
11 4+ 3+ 3+ Neg 3+ Neg Neg
12 3+ 3+ 2+ Neg 3+ Neg Neg
13 4+ 4+ 4+ Neg 2+ Neg Neg
14 3+ 4+ 4+ Neg 3+ Neg Neg
15 4+ 4+ 3+ Neg 3+ Neg Neg
16 4+ 3+ 2+ Neg 2+ Neg Neg
17 4+ 3+ 2+ Neg 3+ Neg Neg
18 3+ 4+ 3+ Neg 3+ Neg Neg

* Fresh, SPTs with fresh fruit; Fresh 1 and 2, consecutive SPTs with fresh apple; Neg, negative;

Peel and Pulp, SPTs with fruit extracts.

evaluated by immunoblot analysis in
serum specimens from every study
participant. The same peel extract used
to perform SPTs was also used for the
immunoblot analysis. Electrophoresis
of samples was done with 10% poly-
acrylamide precast gels (Nupage Bis-
Tris; Novex, Prodotti Gianni, Milan,

Italy) at 180 mA for 1 hour. The re-

solved proteins were transferred for 1

M.W.
(kD)
60

hour onto a nitrocellulose membrane,
in accordance with the method of Tow-
bin et al?® The membrane was satu-
rated with 0.1 mol/L Tris-buffered sa-

line containing 5% fat-free milk

powder and incubated with sera for 16
hours at 4° C. After three washings,
bound specific IgE was detected by
peroxidase-conjugated anti-human IgE
from goat (1:1,000 in saturation buffer;

A B C D

oG HE

Figure 1. Immunoblot analysis of IgE antibodies for allergens in peach peel ek@maes AthroughD,
Test results of serum specimens from patients allergic to Rosaceae but not allergic to bircH_pobsrE

throughH, Test results of serum specimens from control subjects allergic to both Rosaceae and birch pollen.

Lane | Test result of serum from a nonallergic normal control subjcdtV, molecular weight.
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KPL Cellbio, Milan, Italy) with an
ECL Western blotting kit (Amersham,
Milan, Italy) as substrate.

RESULTS

Skin Test Results in Control Group
The SPT results for subjects in the
control group who experienced OAS
after eating fruits in the family Rosa-
ceae and who were also allergic to
birch pollen are shown in Table 1. All
control subjects showed strongly posi-
tive skin reactions with both fresh ap-
ples and fresh peaches. Consecutive
tests with fresh apples showed no ap-
preciable variation of skin reactivity
(ie, of diagnostic sensitivity) through-
out time. No reactivity was found after
SPTs with peach peel, peach pulp, or
apple pulp extracts. In contrast, SPTs
with apple peel extract was positive in
17 of 18 control subjects; however,
wheals were usually smaller than those
induced by the fresh fruits (Table 1).
On immunoblot analysis of serum
samples from four control subjects, no
reactivity was observed against peach
peel extract (Fig 1).

Skin Test Results in Patient Group
The SPT results for the patients who
experienced OAS after eating fruits in

the family Rosaceae but who were not
allergic to birch pollen are shown in
Table 2. The results with fresh fruits
were variable. Some patients showed
strongly positive skin reactions,
whereas other skin reactions were
weak or even negative. Surprisingly,
the reproducibility of SPTs with fresh
apples was poor; in 9 of 16 patients,
the consecutive skin tests showed both
positive and negative results. The SPT
results with both apple pulp and peach
pulp extracts were negative in all pa-
tients. In contrast, both peel extracts
elicited strongly positive skin re-
sponses in all patients. In most pa-
tients, the area of the wheal induced by
peel extracts was substantially larger
than that induced by the corresponding
fresh fruit extracts.

In studies of peach peel extracts,
immunoblot analysis of serum speci-
mens from four patients showed reac-
tions in all, with a band at 10 kD. This
molecular mass corresponds to that of
LTPs. One patient also showed IgE
antibodies to higher molecular mass
proteins up to 90 kD. In other immu-
noblot experiments (results not
shown), sera from all 18 patients re-
acted with peach peel extract.

Table 2. Skin Test Results in Rosaceae-Sensitive Patients With No Sensitivity to Birch Pollen*

Apple Peach
Patient
(no.) Frt:sh Frzsh Peel Pulp Fresh Peel Pulp
1 Neg 4+ 4+ Neg Neg 3+ Neg
2 3+ Neg 4+ Neg 4+ 4+ Neg
3 4+ Neg 4+ Neg Neg 4+ Neg
4 Neg 3+ 4+ Neg 2+ 4+ Neg
5 4+ 3+ 4+ Neg 4+ 4+ Neg
6 Neg Neg 3+ Neg 2+ 4+ Neg
7 Neg 2+ 4+ Neg 2+ 4+ Neg
8 4+ 2+ 4+ Neg 3+ 4+ Neg
9 2+ 3+ 3+ Neg 3+ 4+ Neg
10 3+ Neg 3+ Neg 4+ 4+ Neg
1 Neg Neg 3+ Neg 4+ 4+ Neg
12 Neg Neg 3+ Neg 3+ 4+ Neg
13 Neg Neg 3+ Neg Neg 3+ Neg
14 Neg 3+ 4+ Neg 2+ 3+ Neg
15 Neg 2+ 3+ Neg 3+ 4+ Neg
16 2+ Neg 4+ Neg 3+ 2+ Neg
17 2+ ND 4+ Neg Neg 3+ Neg
18 3+ ND 4+ Neg 4+ 3+ Neg

*ND, not done. For other explanations, see Table 1.

DISCUSSION
In patients with vegetable food allergy,
the poor sensitivity of SPTs with com-
mercial extracts is mainly attributable
to the loss of relevant allergefSA
previous study showed that disruption
of the fruit rapidly degrades the Bet v
1 homologous structuré$.This result
was fully confirmed in the birch pol-
len- and Rosaceae-sensitive control
subjects included in the current study.
These control subjects showed strong
skin responses after SPTs with fresh
apples and fresh peaches but totally
negative responses after SPTs with
both peach and apple pulp extracts.
The apple peel extract retained some
Bet v 1-like activity, as previously ob-
servec?® The loss of Bev 1 homolo-
gous structures, which probably occurs
during extraction procedures, was con-
firmed by the absence of IgE antibod-
ies in control serum specimens against
peach peel extract on immunoblot
analysis. In birch pollen-allergic pa-
tients, the SPTs with fresh foods by the
prick + prick technique remains the
most reliable method of diagnosing
vegetable food hypersensitivit§2°
Patients sensitive to LTP showed to-
tally different responses to in vivo diag-
nostic tests. These patients strongly re-
acted after SPTs to both apple and peach
peel extracts but showed no reactivity
against both pulp extracts. Further, SPTs
with fresh apples and peaches by the
prick + prick technique induced variable
and poorly reproducible results. At least
two important facts may explain these
results. First, LTPs are stable allergens
that are not destroyed by extraction pro-
cedures; this fact is clearly shown by the
immunoblot analysis. Second, LTPs are
mainly present in the most superficial
layers of vegetable foods:*? From a
clinical standpoint, this explains why
several LTP-sensitive patients tolerate
the offending fruits if they are peeled.
From a diagnostic point of view, this
explains why most commercial extracts
contain negligible amounts of LTPs;
they have probably been prepared with
an excess of pulp over peel. With the
prick + prick technique, the standard
lancet is pushed through the fruit peel
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and dipped deeply into the pulp; most
likely, this action causes a variable
(ranging from negligible to total) loss of

LTPs present on the tip of the lancet and
explains why SPT results with fresh

fruits are often inconsistent in these pa-
tients.

CONCLUSION

SPTs with properly prepared fruit peel
extracts rather than SPTs with fresh
fruits seem the most reliable and easi-
est way to detect Rosaceae-allergic pa-
tients who are sensitive to LTPs. In
these fruit peel extracts, the total loss
of Bet v 1- and Bet v 2-like allergenic
activity during extraction allows an
easy and immediate identification of
the allergenic proteins responsible for
allergic symptoms.
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