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Background:  A l lergy to  l ip id  t ransfer  prote in  (LTp)  is  qu i te  common in  the Medi ter ranean count r ies  but  v i r tua l ly  absent  in
Nor thern Europe '  The reasons for  th is  la t i tude-dependent  d is t r ibut ion are unc lear .  One hypothes is  is  that  peach,  the pr imary
sens i t izer  to  LTB may lose in  par t  i ts  a l le rgenic i ty  as a  consequence of  t reatments  (handl ing,  brush ing,  washing,  and packa-
ging) preceding marketing in Northern European. Peach surface fuzz might represent a potential vehicle of LTp.

Obiective: To detect LTP in peach Îuzz, and compare lgE reactivi ty to óeach fuzz and peel of sera from LTp-al lergic patients.
Methods: lgE reactivi ty to peach peel and peach fuzz extract was measured by ELISA using sera from 2 LTp-al lergic

patients. Purif ied peach LTP was used in inhibit ion studies.
Results: Both sera strongly reacted bothto peach peel and fuzz but reactivi ty tofuzzwas strongerthan to peel. pre-absorp-

t ion of one serum with peach LTP caused an 87o/o reduction of lgE reactivi ty to peach fuzz extract.
Conc lus ion:  Peach fuzz conta ins large amounts  o f  LTP and might  be a potent ia l  veh ic le  o f  th is  a l lergen caus ing sens i t iza-

t ion in  genet ica l ly  pred isposed subjects ,  Fuzz loss dur ing pre-market ing handl ing o f  peaches might  be at  the bas is  o f  the geo-
graphic dif ferences that characterize al lergy to LTp.
Key-words: Food al lergy - Lipid transfer protein - peach.

IilTROIDUGTIOil

o n s p e c i f i c  l i p i d  t r a n s f e r  p r o t e i n s  ( L T p )  a r e  u b i -
q u i t o u s  a l l e r g e n s  i n  p l a n t - d e r i v e d  f o o d s  b e l o n -
g ing  to  pa thogenes is  re la ted  pro te ins  g roup 14

( 1 ) .  Due  to  t he i r  ex t reme  s tab i l i t y  t o  hea t  and  t o  pep -
s in  d i ges t i on  (2 -5 )  t hese  p ro te ins  behave  as  f u l l y
deve loped  food  a l l e rgens .  A l t hough  recen t  s tud ies
have  demons t ra ted  t ha t  LTP-a l l e rg i c  pa t i en t s  may  be
sens i t i zed  t o  a  l a rge  number  o f  p l an t -de r i ved  f oods
due to  cross- react iv i ty  between LTp in  botan ica l ly
un re la ted  sou rces  (2 ,  61 ,  i t  i s  gene ra l l y  be l i eved  t ha t
t he  p r ima ry  sens i t i ze r  t o  LTP  i s  t he  peach .  Such
concep t  i s  based  on  t he  f o l l ow ing  obse rva t i ons :
>  V i r t ua l l y  no  LTP-a l l e rg i c  pa t i en t  no t  sens i t i zed  t o
peach has been repor ted so far ;  the few that  were
negat ive on SPT wi th  peach (7)  had been tested wi th
f resh  f r u i t  on l y ,  a  me thod  t ha t  i n  t h i s  pa r t i cu la r  t ype  o f
f ood  a l l e rgy  i s  l ess  sens i t i ve  t han  SpT  w i t h  commer -
c ia l  food ext ract  (8) ;

quen t l y  t o l e ra te  o the r  Rosaceae  as  we l l  as  non -
Rosaceae  vege tab le  f oods  and  a re  nega t i ve  on  SpT
and RAST wi th  these foods;

( 1 )  A . b , I " t " r i o  d i  A l l e r g o l o g i a ,  C f  i n i c a  S a n  C a r l o ,  p a d e r n o

D u g n a n o  ( M l )  ( l t a l y ) .
( 2 )  L o f a r m a  S p A ,  M i l a n o  ( l t a t v ) .
( 3 )  C o n s o r z i o  l t a l i a n o  V i v a i s t i ,  F e r r a r a  i l t a l v ) .

> Cross-react iv i ty  to  non-Rosaceae vegetab le  foods is
s t rong  i y  dependen t  on  t he  l eve l  o f  l gE  t o  peach  LTP  (g ) .

One  o f  t he  mos t  su rp r i s i ng  aspec t s  o f  t h i s  k i nd  o f  f ood
a l l e r g y  i s  i t s  g e o g r a p h i c a l  d i s t r i b u t i o n .  V i r t u a l l y  a l l
r epo r t s  o f  LTP  a l l e rgy  come  f rom Sou the rn  Eu rope ,  a
t rend  t ha t  has  been  con f i rmed  by  t he  EU- funded  p ro -
j ec t  SAFE tha t  was  recen t l y  ca r r i ed  ou t  i n  4  Eu ropean
coun t r i es ,  name ly  Aus t r i a ,  t he  Ne the r l ands ,  Spa in ,  and
I t a l y  ( 10 ) .  The  f i r s t  case  repo r t  o f  a l l e rgy  t o  LTp  i n
Nor - t he rn  Eu rope  has  appea red  on l y  recen t l y  i n  t he
l i t e ra tu re  (11 ) .  The  reasons  f o r  t h i s  l a t i t ude -dependen t
d i s t r i bu t i on  a re  unc lea r .  A  p re l im ina ry  s tudy  o f  baby
a n d  i n f a n t  f o o d  c o n s u m p t i o n  h a b i t s  i n  d i f f e r e n t
Eu ; ropean  Coun t r i es  d i d  no t  show  any  c l ea r  cu t -d i f f e -
rence  i n  t he  p resence  o f  commerc ia l  p roduc t s  con ta i -
n i ng  peach  (12 ) .  Some  Span i sh  a l l e rgo log i s t s  sugges t
t ha t  t he  reason  fo r  t h i s  phenomenon  m igh t  be  t ha t
peach  i s  i n t r oduced  ve ry  ea r l y  i n  Span i sh  ch i l d ren  d ie t
(D r  Mon tse r ra t  Fe rnandez -R i vas ,  pe rsona l  commun i -
cat ion) .  However ,  most  LTP-a l lerg ic  pat ients  seen at
t h i s  a l l e rgy  cen te r  so  f a r  we re  adu l t s  who  deve loped
the i r  hype rsens i t i v i t y  i n  adu l t  age .  An  exp lana t i on
based  un ique l y  on  gene t i c  f ac to r s  seems  un l i ke l y .
A l t hough  the i r  ma rke t i ng  season  m igh t  be  s l i gh t l y
sho r te r  t han  i n  Med i t e r ranean  coun t r i es  peaches  a re
l a r g e l y  p o p u l a r  i n  N o r t h e r n  E u r o p e ;  a s  a  c o n s e q u e n -
ce  one  can  assume  tha t  peop le  l i v i ng  i n  no r the rn
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Europe shou ld  be  exposed to  f resh  peaches to  a  s imi -
la r  ex ten t  as  peop le  l i v ing  in  Med i te r ranean count r ies .
Thus ,  we cons idered the  poss ib i l i t y  tha t  p re-marke-
t i n g  t r e a t m e n t ,  i n c l u d i n g  h a n d l i n g ,  p a c k a g i n g ,  a n d
sh ipp ing  migh t  p rovoke some changes in  the  f resh ly
p icked f ru i ts  resu l t ing  in  a  marked reduc t ion  o f  a l le r -
gen ic i ty  be fore  marke t ing  in  Nor thern  Europe.
LTP al lergic pat ients f requent ly report  local  ur t icar ia or
prur i tus upon contact  wi th f resh peaches; in a Spanish
study (notably a geographic area where birch t rees are
vir tual ly absent and the prevalence of  a l lergy to LTp is
very high) 61% of 70 peach-al lergic subjects had
contact  ur t icar ia f rom peaches, and this was the most
frequent symptom of peach al lergy af ter  oral  a l lergy
syndrome (13) .  In te res t ing ly ,  in  our  exper ience (2 ,6 )
pat ients wíth peach- induced contact  ur t icar ia do not
exper ience s imi la r  symptoms a f te r  hand l ing  bo tan icar_
ly  re la ted  f ru i t  such  as  nec tar ines  or  o ther  Rosaceae
such as  app le ,  pear ,  cher ry  o r  p lum suggest ing  pos_
sible di f ferences in the very surface layers of  these
f ru i ts .  F resh ly  p icked peaches are  charac ter ized  by
abundant  sur face  fuzz .  Fuzz  adheres  to  the  f ingers  i f  the
f ru i ts  a re  s l igh t ly  rubbed,  and can be  near ly  to ta l l y
removed i f  they are washed and dr ied wi th a sof t  c loth.
I ta ly is one of  the main peach suppl iers to northern
Europe. We performed a f ie ld invest igat ion in the sur-
roundings of  Ferrara,  a relevant growing area for
peaches in ltaly. This revealed that peaches grown by
large producers are refrigerated soon after picking and
subsequent ly brushed, washed and dr ied in order to
reduce surface fuzzbeîore being packaged and exported
or sold in the supermarkets.  At  the end of  th is process
the fruits have lost most fuzz. ln contrast, peaches pro-
duced by smal l  producers are picked, ( inconstant ly)
refr igerated and frequent ly sold in local  markets wi thout
undergo ing  brush ing ,  wash ing  and dry ing .  Moreover ,
in te res t ing ly ,  in  the  sur round ings  o f  Fer ra ra  many peach
pickers report  contact  ur t icar ia and have to wear gloves
dur ing  the i r  work ing  hours .  In  cont ras t  no  peach a l le r -
gies are reported among personnel  working into plants
where peaches are automat ical ly washed, weighed,
sized up, and packaged. Thus, peach fuzz might theore-
t ical ly play a role as a carr ier  able to propagate the al ler-
gen that total ly lacks in peaches sent abroad as wel l  as
in other Rosaceae. We assessed whether peach fuzz
contains LTP and compared lgE react iv i ty of  sera f rom
LTP-allergic patients to peach fuzz and peach peel.

PATIEIIITS AIUD METHODS

Freparat i*n * f  a i l lergenic mater ia l

V iva is t i )  fo r  the  s tudy .  Fru i ts '  fuzzwas care fu l l y  remo-
ved f rom 15 peaches (about  200 g  we igh t  each)  us ing
a razor  b lade pay ing  much a t ten t ion  to  avo id  any
d a m a g e  t o  t h e  p e e l  a n d  t o  s q u e e z e  t h e  f r u i t .
A f te rwards  peach pee l  was  care f  u l l y  removed.
Co l lec ted  mater ia ls  ( fuzz  and pee l )were  homogen ized
separa te ly  and used fo r  subsequent  ana lys is .
Peach fuzz was extracted (So/o,wlv l  in 0.1M phosphate-
bu f fe red  sa l ine ,  pH 7 .4  (PBS)  shak ing  over -n igh t  a t
4 'C. Peach peel  was extracted as previously descr ibed
by Bjorksten (14).  Protein content of  a l l  extracts was
determined accord ing  to  Bradford  (15)  us ing  com-
merc ia l  B ioRad Pro te in  Assay  Dye Reagent  (B io  Rad,
Mi lan ,  l ta ly )  and BSA as  re fe rence s tandard .  The pro-
tein concentrat ions of  peach peel  and fuzz extracts
were  481 mg/ml  and 145 mg/ml ,  respec t ive ly .

SDS-PAGE and l rnrnur:mhf l&€ f f ia.r* tvs&s

Peach pee l  and fuzz  ex t rac ts  underwent  SDS-PAGE
ana lys is  (25  ug l lane) ,  as  p rev ious ly  descr ibed (2 ) .  lgE
reac t iv i t y  aga ins t  bo th  peach pee l  andîuzz  ex t rac ts  o f
a pool  of  sera f rom pat ients monosensi t ized to LTp
w a s  a s s e s s e d  b y  i m m u n o b l o t  a n a l y s i s .
Electrophoresis of  both extracts (25 pgl l lne) was car-
r ied  ou t  in  a  10% po lyacr i lamide precas t  ge l  (Nupage
Bis -Tr is ,  Novex ,  Prodot t i  G iann i ,  M i lan ,  l ta ly )  a t  1g0
mA for t  h.  The resolved proteins were t ransferred for
t  h  on to  a  n i t roce l lu lose  membrane accord ing  to
Towbin  e t  a l .  (16) .  The membrane was sa tura ted  w i th
0 .1  mol /L  t r i s -bu f fe red  sa l ine  conta in ing  S% fa t - f ree
mi lk  powder  and incubated  fo r  16h a t  4 .C w i th  the
serum poo l  d i lu ted  1 :2 .  A f te r  3  wash ings ,  bound spe-
ci f  ic  lgE were detected by peroxidase-conjugated
ant i -human lgE an t ibod ies  f rom goat  (1 :1000 in  sa tu-
rat ion buffer)  and using an ECL western blot t ing k i t
(Amersham,  Mi lan ,  l ta ly )  as  subs t ra te .

ff i$isa

The presence of  LTP in col lected mater ia l  was asses-
sed by ELISA. Sera f rom 2 pat ients previously shown
(6)  as  be ing  monosens i t i zed  to  LTp by  immunob lo t
ana lys is  and w i th  a  c l in ica l  h is to ry  o f  peach- induced
ur t i car ia /ang ioedema were  used.  The serum f rom
1 normal  sub jec t  served as  cont ro l .  ln  d i rec t  ELISA
assays 3 prg of  protein of  e i ther peach peel  extract  or
peach ' fuzz extract  per microt i ter  p late wel l  were used.
1 0 0  p l  o f  u n d i l u t e d  s e r u m  w e r e  a d d e d  p e r  w e l l .  I n
inh ib i t ion  s tud ies  serum f rom pat ien t  1  (d i lu ted  1 :3 )
was absorbed w i th  5 ; rg  o f  pur i f ied  peach LTp (2 )  o r  10
| ' ig of  house dust mite extract  before the analysis (0.1
pg peach hair  protein/wel l ) .  Dr ied D. pteronyssinus
m i t e s  w e r e  o b t a i n e d  f r o m  C S L  ( M e l b o u r n e ,

Fresh ly  p icked r ipe  peaches
ce îuzz were provided by

showing abundant  sur fa -
C I V  ( C o n s o r z i o  l t a l i a n o
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Austral ia) .  Mites were extracted îor 12 hours in PBS at
4'C (5'/ '  w/v extract). The extract was fi l tered through
a 0 .22-pm membrane.  Resu l ts  were  expressed as
opt ica l  dens i ty  un i ts  (OD) .  Va lues  less  than 500 OD
were considered negat ive.

RESUTTS

SDS-PAGE and immunoblot  analysis are shown in f igu-
re 1.  Both peach peel  and fuzz showed a large amount of
protein at  about 10 kDa ( lanes 1 and 2,  respect ively) ,  The
immunobiot analysie showed a strong lgE reactlvity
against skin and fuzz LTP (lanes 3 and 4, respectively).
ELISA resu l ts  a re  shown in  tab le  1 .  Sera  f rom both
LTP-al lergic pat ients showed a strong lgE react iv i ty
against  both peach peel  and peach fuzz,  Interest ingly,
in both cases fuzz react iv i ty was signi f icant ly stronger
than peel  react iv i ty,  The normal serum did not show
any lgE react iv i ty to peach îuzz or peel .
In inhibit ion studies (table 2) pre-absorption of patient 1
serum with peach LTP caused an 87o/o reduction of lgE
reactivity to peach îuzz e>drac| in contrast, pre-absorp-
tion with an uncorrelated extract (house dust mite extra-
ct) did not induce any reductíon in peach reactivity.

DTSGUSSIoTU

The exp lanat ions  prov ided so  fa r  fo r  the  geograph ic
d is t r ibu t ion  o f  a l le rgy  to  LTP,  inc lud ing  ear l ie r  expo-
sure  o f  bab ies  to  foods  conta in ing  peach or  la rger
consumpt ion  o f  peaches in  count r ies  where  th is  a l le r -

gy  i s  f requent ,  a re  a l l  bu t  conv inc ing .  C lear ly  th is
a l le rgy  is  p reva len t  in  a reas  where  peaches are
grown,  and exposure  is  a lways  a  major  r i sk  fo r  sens i -
t i za t ion .  Nonethe less  there  are  no  da ta  suggest ing
tha t  w i th in  Med i te r ranean count r ies  th is  a l le rgy  is
exc lus ive ly  p resent  o r  more  f requent  in  the  sur roun-
dings of  peach orchards.  Moreover,  LTP is st i l l  present
in peel  af ter  pre-market ing t reatment as shown by a
number  o f  p rev ious  s tud ies .  Our  f ie ld  inves t iga t ions
revealed that peaches produced by large producers to
be so ld  in  supermarke ts  o r  expor ted  in  nor thern
Europe undergo t rea tments  a iming  to  e l im ina te  sur -
faee fuzz,  whereas Beae hes produeed by smal l  produ-
cers that  are sold direct ly in i t inerant markets do not
undergo wash ing  and brush ing ,  Fuzz  can be  qu i te

easi ly detached from peach peel ,  and in the present
study we demonstrated that peach fuzz contains large
amounts of  LTP Therefore our f indings suggest that
peach fuzz  migh t  be  a  po ten t ia l  veh ic le  ab le  to  sens i -
t ize genet ical ly predisposed subjects to LTP. Whether
th is  occurs  v ia  the  inha lan t ,  t ransdermal ,  o r  gas t ro in -
test inal  route has st i l l  to be establ ished. The fact  that
no  LTP a l le rg ic  pa t ien t  seen a t  th is  a l le rgy  center
dur ing  the  las t  10  years  repor ted  rh inocon junc t iv i t i s
and/or  b ronch ia l  as thma in  the  presence o f  f resh
peaches suggests  tha t  the  fo rmer  poss ib í l i t y  i s  un l i ke-
ly.  Many pat ient  report  contact  ur t icar ia as the f i rst
symptom o f  peach a l le rgy  (13)  wh ich  suggests  tha t
sens i t i za t ion  migh t  occur  v ia  the  t ransdermal  rou te .

In  conc lus ion  our  resu l ts  migh t  o f fe r  a  poss ib le  exp la -
nat ion for  the geographic di f ferences that character ize
a l le rgy  to  l ip id  t rans fer  p ro te in .  l f  our  hypothes is  i s
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Figure 1: SDS-PAGE of peach peel
( lane 1)  and fuzz ( lane 2)  ext racts ,
and lgE reactivi ty of a pool of sera
from LTP al lergic patients to peach
peel  ( lane 3)  and îuzz ( lane 4 l
extracts. Lane 5: lgE reactivity to
peach îuzz o f  a  normal  serum.
Patients'  serum pool shows mar-
ked lgE reactivi ty at 10 Kda, the
molecular weight of LTP.

tPat ient  1

lPat ient  2 1807

ancl luzz by ELISA.
Values are expressed as OD (negative
if  < 500).

Peach LTP House dust mite

Tabfe 2: ELISA inhibit ion studies. lgE reactivi ty to peach tuzz.
Values are expressed as OD (negative i f  < 500). Percentages in parentheses
represent  the degree of  inh ib i t ion.
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correct  de-novo sensi t izat ion rate to th is al lergen in
Med i te r ranean count r ies  migh t  be  s t rong ly  reduced i f
sur face  îuzz  was sys temat ica l l y  removed be fore
peaches are put on the market.
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