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Abstract
Background:  Pollen  food  syndrome  is  one  of  the  main  causes  of  food  allergies  in  adults.  However,
the intrinsic  immunological  mechanisms  remain  unclear.
Methods:  Forty  pollinosis  sufferers  [23  with  a  food  allergy  (PSFA)  and  17  without  a  food  allergy
(PS)] and  17  non-atopic  healthy  controls  were  included  in  this  study.  The  PSFA  group  was  sub-
divided into  an  oral  allergy  syndrome  group,  a  systemic  reaction  group,  and  an  anaphylactic
reaction  group  according  to  their  symptoms  after  eating  the  suspected  foods.  Serum  IL-10
and TGF-�  levels  of  all  participants  were  determined  by  ELISA.  Clinical  characteristics  of  the
patients were  also  evaluated.
Results:  There  were  no  significant  differences  in  age,  sex,  pollen-associated  symptoms,  dura-
tion of  respiratory  disease,  and  positive  parental  history  of  atopy  between  the  PSFA  and  PS
groups. Compared  to  healthy  controls,  serum  IL-10  levels  of  both  the  PSFA  group  and  PS  group
were significantly  lower  (p  ≤  0.01),  but  TGF  �  levels  were  significantly  higher  in  the  PSFA
group (35.3  ±  5.6  ng/ml  vs.  31.2  ±  6.6  ng/ml,  respectively;  p  =  0.037).  Within  the  PSFA  group,
IL-10 levels  in  the  anaphylactic  reaction  subgroup  were  significantly  lower  compared  to  oral
allergy syndrome  subgroup  (1.87  ±  0.47  pg/ml  vs.  1.40  ±  0.30  pg/ml,  respectively;  p  =  0.027).
More severe  food  allergy  symptoms  were  associated  with  lower  serum  IL-10  levels.  In  con-
trast, the  highest  serum  levels  of  TGF-�  were  found  in  patients  from  the  anaphylactic  reaction
subgroup.
Conclusions:  With  the  exception  of  a  defect  in  regulatory  cells  represented  by  the  reduction

cargado de http://www.elsevier.es el 19/05/2013. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.
of IL-10,  other  potential  immunological  mechanisms  (e.g.,  Th17  or  IL-23  together  with  TGF-�)
may be  involved  in  the  development  of  pollen  food  syndrome.
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ntroduction

he  prevalence  of  food  allergy  is  increasing  throughout  the
orld.  Food-induced  allergic  reactions  range  from  mild  dis-
omfort  restricted  to  the  oral  cavity,  to  systemic  and  severe
ymptoms,  such  as  anaphylaxis.  Foods  are  the  most  common
riggers  of  severe  anaphylaxis.1

There  are  typically  two  types  of  food  allergies:  one  is
rimary  sensitisation,  which  initiates  in  the  gastrointestinal
ract,  and  the  other  is  secondary  sensitisation,  which  is  a
esult  of  cross-reactivity  to  inhalant  allergens.  Primary  sen-
itisation  is  most  frequently  seen  in  children  and  is  usually
he  first  manifestation  of  the  atopic  march  (ranging  from
ood  allergy-related  eczema/urticaria  to  allergic  rhinitis  and
hen  asthma).  Pollen  is  the  most  common  cross-reactive
nhalant  allergen  involved  in  plant  food  allergies.

Pollen-related  food  allergy,  also  called  ‘pollen  food
yndrome’,  is  very  common,  and  even  represents  the  pre-
ominant  type  of  food  allergy  in  some  countries.2,3 It  was
rst  described  by  Ortolani  et  al.  in  1988  who  noticed
hat  the  symptoms  were  limited  to  oral  allergy  reactions.4

hereafter,  it  became  known  that  oral  discomfort  after
onsumption  of  fruits  or  vegetables  may  be  just  a  pre-
onition  to  a  variety  of  generalised  symptoms,  including

ife-threatening  anaphylaxis.
The  extensive  presence  of  pan-allergens  (e.g.,  PR-10s,

sLTPs,  profilins,  and  others)  from  taxonomically-related  or
nrelated  species  sharing  highly  preserved  structures  and
unctions  accounts  for  the  high  incidence  of  cross-reactivity
etween  pollens  and  plant  foods.5 An  accurate  prevalence
f  pollen  food  syndrome  is  difficult  to  estimate,  because
any  people  who  suffer  from  mild  discomfort  after  eat-

ng  the  implicated  food  may  simply  avoid  it  instead  of
eporting  the  symptoms  to  a  physician.  According  to  pre-
ious  reports,  approximately  40---70%  of  pollinosis  sufferers
evelop  a  relevant  plant  food  allergy.6---9 These  findings  sug-
est  that  a  substantial  number  of  patients  who  are  allergic
o  pollen  do  not  develop  a  food  allergy  later  in  life.  There
ay  also  be  some  genetic  or  immunological  differences
etween  patients  with  hay  fever  with  and  without  pollen
ood  syndrome.  Cuesta-Herranz  et  al.  previously  compared
he  clinical  and  laboratory  characteristics  of  pollen-allergic
atients  with  and  without  a  food  allergy.  They  found  that
ollen-allergic  patients  with  an  associated  plant  food  allergy
ad  a  higher  frequency  of  asthma,  higher  frequency  of  pol-
sensitisation,  and  a  different  pattern  of  specific  IgEs  to
everal  kinds  of  pollen  allergens.  In  addition,  patients  sen-
itised  to  pollen  from  Platanus,  Platago,  Artemisia,  Betula,
arietaria,  and  Salsola  were  predisposed  to  the  development
f  a  plant  food  allergy.6 Peach  was  found  to  have  the  highest
requency  of  allergy  among  the  relevant  plant  foods  in  their
tudy.

Recently,  the  close  relationship  between  regulatory  T
ells  and  oral  tolerance  and  food  allergy  has  been  well
haracterised.10---13 There  are  two  types  of  regulatory  T  cells:
atural  regulatory  T  cells  (nTreg),  which  are  generated  in
he  thymus  expressing  high  level  of  Foxp3,  and  inducible
Please  cite  this  article  in  press  as:  Ma  S,  Yin  J.  Imbalance  of  seru
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 cells  (iTreg),  which  are  converted  from  naïve  T  cells  in
he  periphery.  The  latter  includes  at  least  two  subtypes:
L-10-secreting  type  1  regulatory  T  cells  (Tr1)14 and  TGF-�-
roducing  Th3  regulatory  T  cells.15 IL-10  and  TGF-� are  the
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ain  effector  molecules  of  regulatory  T  cells  and  play  an
mportant  role  in  the  maintenance  of  immune  homeostasis
hroughout  the  entire  body.

This  study  aimed  to  determine  serum  levels  of  IL-10
nd  TGF� in  pollinosis  patients  with  and  without  a  food
llergy  and  to  investigate  their  potential  relationship  with
he  development  of  pollen  food  syndrome.

aterials and methods

ubjects

orty  patients  suffering  from  Artemisia  pollinosis  and/or
irch  pollinosis  [23  with  a  food  allergy  (PSFA)  and  17  without

 food  allergy  (PS)],  and  17  non-atopic  healthy  controls  were
ncluded  in  this  study.  PSFA  patients  were  subdivided  into  an
ral  allergy  syndrome  group  (n  =  8),  systemic  reaction  group
n  = 6),  and  anaphylactic  reaction  group  (n  =  9)  according  to
he  severity  of  symptoms  after  consuming  the  suspected
oods.  Clinical  characteristics  of  the  patients,  including  age,
ex,  pollen-associated  symptoms,  food-related  symptoms,
uration  of  respiratory  disease,  and  positive  parental  history
f  atopy,  were  also  evaluated.

Anaphylactic  reaction,  namely  anaphylaxis,  was
efined  as  rapid-onset,  multisystem,  severe,  or  even
ife-threatening  reactions  occurring  upon  allergen  exposure
ased  on  World  Allergy  Organization  (WAO)  guidelines.16

ystemic  reactions  showing  symptoms  that  were  restricted
o  only  one  system,  such  as  respiratory,  gastrointestinal,
r  skin/mucosa,  did  not  meet  the  diagnosis  criteria  of
naphylaxis.

This  research  protocol  was  approved  by  the  Ethical  Com-
ittee  of  Peking  Union  Medical  College  Hospital.  Written

nformed  consent  was  obtained  from  each  participant.

nclusion  criteria

nclusion  criteria  included  seasonal  symptoms  of  allergic
hinitis  and/or  asthma;  confirmed  sensitisation  to  birch
nd/or  mugwort  pollen  by  a  serum-specific  IgE  test  and
kin  prick  test;  plant  food  allergy  diagnosed  on  the  basis
f  compelling  history,  including  repetitive  adverse  reactions
o  certain  plant  foods  and  no  occurrence  of  relevant  dis-
omfort  after  complete  avoidance  of  the  same  food;  and

 positive  serum-specific  IgE  test  against  the  suspected
ood.

xclusion  criteria

ll  patients  included  in  this  study  were  generally  healthy.
atients  with  serious  cardiac  and  vascular  diseases,  liver
roblems,  renal  dysfunction,  mental  disorders,  tumours,
utoimmune  diseases,  and  infectious  diseases  as  well  as
ther  types  of  atopic  disease,  such  as  eczema  or  chronic
m  IL-10  and  TGF-� in  patients  with  pollen  food  syndrome.
6/j.aller.2013.01.004

rticaria,  were  excluded.  Patients  who  had  ever  received
mmunotherapy  before  recruitment  onto  the  study  were  also
xcluded.  No  glucocorticoids  or  analogues  were  allowed  one
onth  prior  to  blood  collection.

dx.doi.org/10.1016/j.aller.2013.01.004
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Table  1  Clinical  characteristics  of  patients  included  in  this  study.

Characteristics  PS  (n  =  17)  PSFA  (n  =  23)  p  value

Male  no.  (%)  9  (52.9)  11  (47.8)  0.749
Age, mean  ±  SD  27.2  ±  14.1  24.3  ±  13.3  0.497
Positive family  history  of  atopy,  no.  (%) 6  (35.3) 13  (56.5) 0.184
Total IgE  (CAP)  (kUA/L),  median  (range) 341  (69---1817) 275  (26.5---2322) 0.594
Duration of  respiratory  disease  (month)  median  (range)

Rhinitis  72  (12---360)  48  (24---360)  0.658
Asthma 18  (1---360)  36  (2---84)  0.720

Seasonal respiratory  symptoms  0.822
Rhinitis 9  (52.9)  13  (56.5)
Rhinitis and  asthma  8  (47.1)  10  (43.5)

Pollen involved
Artemisia  15  (88.2)  17  (73.9%)  0.263
Birch 8  (47.1)  16  (69.6%)  0.151
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Sample  preparation

Four  millilitres  of  peripheral  venous  blood  were  collected
from  each  subject.  Serum  was  isolated  by  centrifuging  the
samples  at  3900  rpm  for  5  min  after  allowing  them  to  stand
at  room  temperature  for  30  min.  After  centrifugation  the
samples  were  frozen  at  −80 ◦C  for  further  analysis.

Serum  analysis

Serum  IL-10  and  TGF-� levels  of  all  participants  were
detected  using  a  commercial  ELISA  kit  (eBioscience,  USA).
The  detection  limitation  was  0.39  pg/ml  for  IL-10  and
63  pg/ml  for  TGF-�. The  sensitivity  of  the  two  kits  were
0.05  pg/ml  and  15  pg/ml,  respectively.  Total  IgE  and  specific
IgE  levels  were  detected  by  ImmunoCAP  system  (Thermo
Fisher,  Uppsala,  Sweden).

Statistical  analysis

The  statistical  software  SPSS  16.0  (SPSS,  Inc.,  Chicago,  IL,
USA)  was  used  to  analyse  the  data.  Frequencies  of  the  qual-
itative  variables  were  compared  by  Pearson’s  chi-squared
test  or  Fisher’s  exact  test.  The  comparison  of  quantitative
variables  was  carried  out  using  the  Student’s  t-test  in  case
of  normally  distributed  data  and  the  Mann---Whitney  U-test
in  case  of  non-normally  distributed  data.  A  p  value  <  0.05
was  considered  statistically  significant.

Results

All  40  patients  with  hay  fever  were  from  northern  China.
Birch  and  Artemisia  pollen  was  the  most  common  trigger  of
pollinosis  in  spring  and  late  summer/early  autumn,  respec-
tively.  The  clinical  characteristics  of  the  patients  are  shown
in  Table  1.  No  significant  difference  was  found  in  sex,  age,
Please  cite  this  article  in  press  as:  Ma  S,  Yin  J.  Imbalance  of  seru
Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/10.101

family  history  of  atopy,  serum  total  IgE  levels,  duration  of
respiratory  disease,  or  pollen-related  respiratory  symptoms
between  the  PS  and  PSFA  groups.  The  average  age  of  healthy
controls  was  27  ±  15.1  years,  which  included  11  females

r

I
t

nd  six  males.  There  were  no  differences  in  the  age  and
ex  ratios  between  healthy  controls  (HC)  and  PS  or  PSFA
atients.

Among  the  total  40  pollinosis  patients,  seven  were  only
llergic  to  birch,  16  were  only  allergic  to  Artemisia,  and
7  were  allergic  to  both.  Among  the  23  pollinosis  patients
ith  a  food  allergy,  six  were  allergic  to  birch  pollen,  seven
ere  allergic  to  Artemisia  pollen,  and  11  were  allergic  to
oth.  The  frequencies  of  Artemisia  and  birch  pollen  aller-
ies  in  the  PS  group  were  equal  to  those  in  the  PSFA  group.
mong  the  PS  group,  nine  patients  were  recruited  within  the
llergy  seasons  and  eight  were  recruited  in  the  non-allergy
easons.  Among  the  PSFA  group,  12  were  recruited  within  the
llergy  seasons  and  11  were  recruited  in  the  non-allergy  sea-
ons.  There  was  no  difference  in  the  percentage  of  patients
ecruited  within  allergy  or  non-allergy  seasons  in  both  groups
Pearson’s  �2, p  =  0.962).

All  patients  in  the  PSFA  group  were  allergic  to  peach
100%),  while  some  of  them  were  also  allergic  to  other
lant  foods  with  less  frequency,  such  as  apple  (69.6%);
ear  (30.4%);  Chinese  date  (30.4%);  apricot  (26.1%);  mango
21.7%);  and  hazelnut  (21.7%).  The  sensitisation  profiles  of
he  23  pollinosis  sufferers  with  a  plant  food  allergy  are
hown  in  Table  2. All  six  patients  who  were  only  allergic  to
irch  pollen  were  sensitised  to  rBet  v  1  and  its  homologue,
Pru  p  1.  Among  the  seven  patients  only  allergic  to  Artemisia
ollen,  all  were  sensitised  to  nArt  v  3  and  rPru  p  3.  Although

 positive  IgE  response  to  Birch  pollen  was  identified  in  three
f  the  patients,  none  of  them  were  sensitised  to  the  relevant
ood  allergen  rPru  p  1.  The  10  patients  allergic  to  both  birch
nd  Artemisia  pollen  showed  a  mixed  sensitisation  profile.
nly  four  patients  were  simultaneously  sensitised  to  rBet  v

 and  nArt  v  3  as  well  as  their  respective  homologues  rPru
 1  and  rPru  p  3.  Two  patients  were  sensitised  to  rBet  v 2,
Art  v  3,  and  rPru  p  3.  Two  were  only  sensitised  to  rBet  v  1
nd  rPru  p  1,  and  the  last  two  were  sensitised  to  rBet  v  1,
Art  v  3and  rPru  p  3,  but  did  not  show  positive  response  to
m  IL-10  and  TGF-� in  patients  with  pollen  food  syndrome.
6/j.aller.2013.01.004

Pru  p  1,  the  homologue  of  rBet  v  1.
Using  an  IL-10  ELISA  kit  with  high  sensitivity,  the  serum

L-10  levels  of  only  one  patient  in  the  PSFA  group  were  lower
han  the  detection  limit  for  the  assay.  Because  the  OD  value

dx.doi.org/10.1016/j.aller.2013.01.004
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Table  2  Basic  information  and  sensitisation  profiles  of  pollinosis  sufferers  with  a  plant  food  allergy.

Pollen  No.  Sex  Age  Specific  IgE  (kU/L)

t3  rBet  v  1  rBet  v  2  w6  nArt  V  1  nArt  V  3  peach  rPru  p  1  rPru  p  3

Birch  1  Female  42  100  100  0  0.18  0  0  11.3  21.8  0
2 Male  42  33.4  29.8  0.62  0.1  0  0  12.5  49.4  0.98
3 Female  28  100  100  0  0  0  0.14  13.2  32.8  0.15
4 Female  44  89.9  70.9  0  0  0  0  8.25  32.6  0
5 Female  41  24.3  18  0.24  0  0  0  3.26  13.2  0.53
6 Female  45  77.1  77.7  0  0  0  0  1.76  23.2  0

Birch +  Artemisia  7  Male  30  16.1  20.6  0.02  11.9  0.81  16.1  7.32  8.82  1.27
8 Male  15  2.5  0  3.55  100  80.7  100  24.2  0  10.2
9 Male  9  19.9 20.1  0  4.18  4.15  0  4.08  8.01  0

10 Female  49  53.5  47.7  0  2.34  0  6.76  10.1  19.5  2.43
11 Female  19  11.6  0  10.1  71.2  22.1  68.8  3.69  0  0.73
12 Male  9  39.7  38.9  0.14  50.8  18.9  27.6  25.2  19.7  9.02
13 Female  16  0.77  0.55  0  39.8  17.9  34.6  3.24  0.25  4.54
14 Male  8  2.42  1.62  0.04  100  100  100  96.3  0.07  88.9
15 Male  13  90.6  74.8  6.4  100  75.8  100  18.8  9.98  13.4
16 Male  19  24.6  21.7  0.01  36.5  38.2  0.07  4.7  10.7  0

Artemisia 17  Male  15  0.04  0.01  0  4.03  0.06  6.89  2.44  0  1.95
18 Male  25  0.82  0.02  1.08  21.6  5.5  25  2.01  0.01  0.59
19 Female  23  0  0  0  13.1  0.33  14.2  9.46  0  9.27
20 Female  19  1.26  0.01  2.02  72  14.5  100  21.2  0  9.04
21 Female  17  0.03  0  0  35.06  0  32.58  18.4  0  21.4
22 Male  10  25.2  0.62  9.3  100  10  100  50.2  0.03  10.2
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23 Female  23  0.07  0.01  

or  this  sample  was  very  close  to  the  detection  limit,  we  also
alculated  the  value  using  the  formula  deduced  from  the
tandard  curve.  The  serum  levels  of  TGF-� were  detectable
n  all  patients  and  healthy  controls.
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No  differences  in  serum  levels  of  IL-10  or  TGF-� were
ound  among  patients  allergic  to  different  types  of  pol-
ens  (Figs.  1  and  2)  or  patients  recruited  at  different  times
Fig.  3).  In  both  the  PS  and  PSFA  groups,  no  significant

o
(
P
t

p=0.111

p=0.294

p=0.429

50.00

A B

45.00

40.00

35.00

30.00

S
er

um
 le

ve
l o

f T
G

F
β 

(n
g/

m
L)

S
er

um
 le

ve
l o

f I
L-

10
 (

pg
/m

L)

25.00

20.00

Birch Artemisia Birch+Artemisia 

igure  1  Comparison  of  serum  levels  of  (A)  TGF-�  and  (B)  IL-10  am
f 40  pollinosis  patients).
 89.3  50.4  87.5  2.33  0  1.42
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Figure  2  Comparison  of  serum  levels  of  (A)  TGF-�  and  (B)  IL-10  among  patients  allergic  to  different  types  of  pollen  (within  23
pollinosis patients  with  a  food  allergy).
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evels  between  the  PSFA  and  PS  groups  (1.66  ±  0.60  pg/ml  vs.
.29  ±  0.50  pg/ml,  respectively;  p  =  0.07),  but  serum  TGF-

 levels  in  the  PSFA  group  were  markedly  higher  than
hose  in  the  PS  group  (35.3  ±  5.6  ng/ml  vs.  30.6  ±  4.8  ng/ml,
espectively;  p  =  0.008).  Within  the  PSFA  group,  IL-10
evels  in  the  anaphylactic  reaction  subgroup  were  sig-
ificantly  lower  compared  to  the  oral  allergy  syndrome
ubgroup  (1.87  ±  0.47  pg/ml  vs.  1.40  ±  0.30  pg/ml,  respec-
ively;  p  =  0.027).  We  found  that  more  severe  food  allergy
ymptoms  corresponded  to  lower  serum  IL-10  levels.  How-
ver,  in  contrast,  the  highest  serum  TGF-� levels  were
bserved  in  the  anaphylactic  reaction  subgroup  (Fig.  4).

iscussion

ollen  food  allergy  syndrome  is  a  main  cause  of  adult  food
llergies  in  many  countries,  and  food-associated  symptoms
re  often  serious  and  perennial.17 Therefore,  this  condition
ubstantially  affects  the  quality  of  life  of  these  sufferers.
his  study  investigated  the  intrinsic  mechanisms  of  pollen
ood  syndrome,  which  may  help  identify  a  useful  preven-
ive  and  therapeutic  approach  for  this  burdensome  disorder.
each  is  one  of  the  most  common  allergenic  fruits  involved
n  pollen  food  syndrome,  and  its  component  allergens,  Pru

 1,  Pru  p  3,  and  Pru  p  4,  are  all  cross-reactive  and  belong
o  the  PR-10,  nsLTP,  and  Profilin  families,  respectively.  Thus,
each  was  chosen  to  be  a  model  food  in  this  study  to  analyse
he  potential  cross-reactivity  between  pollens  and  foods.
s  shown  in  Table  2,  birch  pollinosis  patients  with  a  peach
llergy  were  usually  sensitised  to  rBet  v  1  and  its  homol-
gous  allergen  rPru  p  1,  and  patients  allergic  to  mugwort
ollen  and  peach  were  simultaneously  sensitised  to  nArt  v  3
nd  its  homologue  rPru  p  3.  Moreover,  patients  allergic  to
oth  birch  and  mugwort  pollen  displayed  mixed  sensitisation
atterns  of  peach.

Our  data  showed  that  no  differences  in  age,  sex,  family
istory  of  atopy,  serum  total  IgE  levels,  ratio  of  patients  with
sthmatic  symptoms,  duration  of  pollen-related  respiratory
isease,  or  type  of  allergenic  pollen  were  found  between
he  PS  and  PSFA  groups  in  this  study.  However,  serum  levels
f  IL-10  and  TGF-� were  significantly  different  between  the
roups.  Based  on  the  severity  of  the  food  allergy  symptoms,
he  levels  of  the  two  cytokines  varied  inversely;  that  is,
atients  with  more  severe  symptoms  had  higher  TGF-� lev-
ls  and  lower  IL-10  levels.  Serum  IL-10  and  TGF-� levels  are
he  most  important  effecter  molecules  of  regulatory  T  cells,
hich  play  a  crucial  role  in  maintaining  the  immunological
alance  throughout  the  body.

Although  pollen  food  syndrome  is  different  from  a  type
 food  allergy,  which  is  primarily  sensitised  in  the  gut,
he  more  important  triggering  phase  of  both  types  of  food
llergy  occurs  in  the  gastrointestinal  tract.  The  immune
nvironment  of  the  gut  is  also  crucial  for  the  development
nd  subsequent  clinical  manifestations  of  pollen-related
ood-induced  disorders.

Normally,  the  gastrointestinal  tract  remains  in  a  state
f  immunological  homeostasis.  Immunocytes  and  immune
Please  cite  this  article  in  press  as:  Ma  S,  Yin  J.  Imbalance  of  seru
Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/10.101

actors  present  in  the  gastrointestinal  tract  react  cor-
ectly  to  the  pathogens  and  tolerate  food  antigens  and
ommensal  bacteria  well.  All  types  of  regulatory  T cells  are
nvolved  in  the  maintenance  of  immune  balance  of  the  gut.
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oxp3+  nTregs  generated  in  the  thymus  can  migrate  to  other
issues,  including  the  gastrointestinal  tract,  to  exert  sup-
ressive  function  with  the  help  of  a  spectrum  of  homing
eceptors,  such  as  gut-homing  integrin  and  �4�7.  The  iTregs
enerated  in  the  gut,  such  as  Tr1  and  Th3T  cells,  could  also
nter  the  circulation  and  reach  other  organs  to  help  main-
ain  immune  tolerance  in  those  organs.  This  phenomenon  is
alled  ‘oral  tolerance’,  which  has  been  shown  to  have  the
otential  to  prevent  and  treat  autoimmune  disease.13

TGF-�, a  powerful  immunosuppressive  cytokine  essen-
ial  for  the  establishment  of  oral  tolerance,  is  abundantly
ecreted  by  gut  immunocytes  upon  oral  antigen  exposure.  It
an  induce  the  expression  of  Foxp3,  which  is  the  key  gene
ontrolling  the  development  and  functioning  of  nTregs,18

nd  can  convert  the  conventional  CD4+CD25− T  cells  to
D4+CD25+  regulatory  T  cells.19,20 Moreover,  TGF-� can

nhibit  the  expression  of  the  lineage-specific  transcription
actors  T-bet  and  GATA-3  thereby  blocking  the  differentia-
ion  of  Th1  and  Th2  cells,  respectively.21 The  contribution
f  TGF-� in  maintaining  the  homeostasis  of  the  gut  is  also
isplayed  in  its  capacity  to  promote  IgA  class  switching.22

In  addition,  TGF-� is  a  profibrotic  cytokine  that  is  cru-
ial  for  airway  wound  repair.  However,  excessive  activation
f  TGF-� can  promote  airway  fibrosis  and  ultimately  leads
o  airway  remodelling.23 Protein  and  mRNA  gene  expression
f  TGF-� are  generally  increased  in  asthmatic  patients.  In
ur  study,  the  duration  of  respiratory  diseases  and  number  of
atients  with  asthma  in  the  PS  group  was  comparable  to  that
n  the  PSFA  group.  Therefore,  the  impact  of  these  factors  on
he  findings  of  this  study  was  excluded  from  the  analysis.
o  difference  was  found  in  TGF-� levels  between  patients
ith  only  seasonal  rhinitis  or  patients  with  both  rhinitis  and
sthma,  which  could  be  due  to  the  fact  that  all  patients
ppeared  healthy  and  only  presented  pollen-related  symp-
oms  during  limited  periods  of  the  year.  The  actual  duration
f  symptoms  and  inflammatory  status  of  the  airway  is  quite
horter  than  that  of  the  patients  with  persistent  rhinitis  and
r  asthma.

IL-10  is  another  multifunctional  modulatory  cytokine.24

L-10  can  downregulate  the  expression  of  the  IgE  receptor
nd  its  signal  molecules,  including  Syk,  Fyn,  and  Akt,  which
lleviates  the  inflammatory  reaction  caused  by  IgE.  It  can
lso  induce  the  differentiation  of  naïve  T  cells  to  Tr1  cells
nd  maintain  the  expression  of  Foxp3  in  nTregs.  In  addition,
L-10  is  capable  of  promoting  the  generation  of  IgG4,  which
s  always  thought  to  be  a  blocking  antibody  that  represents

 state  of  tolerance.
Previous  studies  have  suggested  that  gene  polymorphisms

nd  peripheral  expression  of  IL-10  are  associated  with  food
llergies.25,26 We  previously  found  that  a  single  nucleotide
olymorphism  in  the  IL-10  gene  was  associated  with  the
ccurrence  of  anaphylaxis  (data  not  published).  Moreover,
n  a  mouse  model  of  food  allergy,  Frossard  et  al.  showed
hat  exogenous  supplementation  of  IL-10  decreased  food-
nduced  anaphylaxis  and  prevented  IgE-type  sensitisation
o  common  food  allergens.27 Taken  together,  these  data
upport  the  finding  that  a  reduction  of  serum  IL-10  levels
s  related  to  the  occurrence  and  development  of  pollen-
m  IL-10  and  TGF-� in  patients  with  pollen  food  syndrome.
6/j.aller.2013.01.004

elated  food  allergies.
The  most  interesting  finding  of  our  study  was  that  the

erum  TGF-� levels  in  pollinosis  sufferers  with  a  food
llergy  were  abnormally  elevated,  and  the  highest  levels  of

dx.doi.org/10.1016/j.aller.2013.01.004


 IN+Model

R

1

1

1

1

1

1

1

1

1

1

Documento descargado de http://www.elsevier.es el 19/05/2013. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.
ARTICLEALLER-486; No. of Pages 8

Serum  IL-10  and  TGF-� in  pollen  food  syndrome  

TGF-� appeared  in  the  group  with  the  most  serious
symptoms.  Previous  studies  have  presented  controversial
conclusions  with  respect  to  the  role  of  TGF-� in  anaphy-
laxis.  Okamoto  et  al.  found  that  oral  administration  of  high
dose  TGF-� can  suppress  a  food-induced  IgE  response  and
systemic  anaphylaxis,28 whereas  an  earlier  study  conducted
by  Kim  et  al.  showed  that  TGF-� was  key  for  activating
mast  cells  and  the  development  of  anaphylaxis.29 There-
fore,  it  is  likely  that  an  optimal  level  of  TGF-� may  be
beneficial,  whereas  high  and  low  levels  could  be  harmful.
However,  TGF-� could  also  be  pathogenic  in  some  inflam-
matory  diseases,  such  as  autoimmune  diseases  and  colitis,
when  combined  with  pro-inflammatory  cytokines  (e.g.,  IL-
6  or  IL-23)  by  promoting  the  generation  of  Th17  cells.30,31

The  combination  of  TGF-� and  IL-6  can  also  prevent  the
generation  of  Foxp3  cells,32 which  might  explain  why  higher
serum  TGF-� levels  were  associated  with  more  severe  food
allergy  symptoms.  In  addition,  IL-23  can  restrain  regulatory
T  cell  activity  and  suppress  IL-10  function,  thereby  breaking
the  immunological  homeostasis  of  the  gut.33,34 Thus,  fur-
ther  assessment  of  IL-6  or  IL-23  levels  might  help  us  better
understand  the  pathogenesis  of  food  pollen  allergies.

This  was  a  preliminary  study  with  some  limitations.  First,
the  study  sample  was  relatively  small.  Second,  patients
allergic  to  different  pollens  in  different  seasons  were
recruited,  and  therefore  only  a  few  people  were  monosen-
sitised  to  only  one  type  of  pollen.  However,  we  carefully
compared  the  serum  levels  of  IL-10  and  TGF-� among
patients  allergic  to  different  types  of  pollen  and  between
patients  enrolled  during  different  allergy  seasons,  and  no
differences  were  found.  Thus,  the  results  of  our  study  were
objective  and  convincing.

In  summary,  our  data  indicate  that  with  the  exception
of  a  defect  in  regulatory  cells  represented  by  the  reduction
of  IL-10,  there  may  be  potential  intrinsic  mechanisms  (e.g.,
Th17  or  IL-23  together  with  TGF-�) that  are  involved  in  the
development  of  pollen  food  allergies.
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