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A.  Martinez-Cañavateg,∗, Immunotherapy Working Group Sociedad Española de
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Abstract  Immunotherapy  selectively  modulates  the  allergen-specific  immune  response.  It
involves the  gradual  administration  of  increasing  amounts  of  allergen  for  the  purpose  of  induc-
ing protective  immunological  changes  and  it  is  the  only  curative  approach  for  specific  type  I
allergy.
Aim:

- Description of  the  allergic  inflammation.
- Comprehension  of  the  early  cellular  changes  after  specific  immunotherapy  has  been  initiated.
- Exposure of  the  mechanisms  involved  in  tolerance  induction  by  regulatory  T  cells  (Treg)  with

the inhibition  of  the  Th2  responses.
- Comprehension  of  IL-10  and  transforming  growth  factor-� (TGF-�)  roles.
- Explanation  of  specific  IgE,  IgG  and  IgA  changes.
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- Description  of  the  suppression  of  inflammatory  responses  during  immunotherapy.
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reatment  of  allergic  diseases  consists  in  allergen  avoid-
nce  and  the  use  of  pharmacotherapy.  This  includes
ntihistamines,  corticosteroids,  antileukotrienes  and  beta-2
gonists1. Although  effective  at  controlling  symptoms  and
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igure  1  Allergic  inflammation.  Previous  exposure  to  allerge
ells. Re-exposure:  biphasic  response.

nflammation,  these  treatments  can  have  side  effects  if  used
or  a  long  time.  In  patients,  where  it  has  been  demon-
trated  and  documented  that  symptoms  appear  on  exposure
o  specific  allergens,  allergen-specific  immunotherapy  (SIT)
hould  be  indicated.  This  treatment  selectively  modulates
he  allergen-specific  immune  response.

Allergen-specific  immunotherapy  involves  the  gradual
dministration  of  increasing  amounts  of  allergen  for  the
urpose  of  inducing  protective  immunological  changes.  SIT
s  currently  the  only  treatment  that  alters  the  abnor-
al  immune  response  underlying  allergic  disease.  It  is

he  only  curative  approach  for  specific  type  I  allergy.2

nlike  pharmacotherapy,  allergen  immunotherapy  provides
ong-term  clinical  benefits.  These  include  long-term  dis-
ase  remission,  prevention  of  new  atopic  sensitisations,
nd  a  reduction  in  disease  progression  from  rhinitis  to
sthma.3

Since  the  first  use  of  SIT  in  the  early  20th  century  (a
undred  years  ago),  a  large  amount  of  clinical  trials  have
een  published.  These  studies  have  led  SIT  to  emerge  as  an
vidence-based  treatment  with  the  knowledge  of  some  of
ts  mechanisms  of  action.4
Please  cite  this  article  in  press  as:  Álvaro  M,  et  al.  Allergen-sp
nisms.  Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/

llergic inflammation

fter  a  previous  exposure  to  an  allergen  in  susceptible  indi-
iduals,  IgE  antibodies  are  generated.  These  antibodies  bind
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neration  of  IgE  antibodies;  binding  of  IgE  to  receptors  in  mast

o  high  affinity  IgE  Fc  receptors  on  blood  basophils  and
ucosal  tissue  mast  cells.  On  reexposure  to  the  specific

llergen,  a  biphasic  response  is  elicited.1 Allergic  patients,
ho  are  challenged  with  the  antigen  implicated  in  their
llergic  inflammation,  often  respond  with  this  biphasic  reac-
ion.  There  is  an  early  phase  (peak  at  15---30  min  after
llergen  exposure)  with  the  release  of  mediators  from  local
issue  mast  cells  and  circulating  basophils.  These  media-
ors  include  histamine,  kinins,  prostaglandin  D2,  cytokines,
hemokines  and  leukotrienes.  Their  function  is  the  recruit-
ent  of  cells  to  the  zone  leading  to  the  arrival  of

nflammatory  cells  that  include  eosinophils,  T  lymphocytes
nd  additional  basophils  which  release  specific  inflamma-
ory  mediators  (late  phase,  6---12  h  after  allergen  exposure).
hus,  the  mechanisms  that  contribute  to  the  allergic  inflam-
ation  persist.  Fig.  1.
Most  of  the  allergens  which  contact  the  respiratory

ucosa  are  cleared  by  the  physical  barrier.  Some  will
enetrate  the  epithelium  and  will  be  captured  by  anti-
en  presenting  cells,  especially  immature  dendritic  cells
DC).  In  healthy  individuals  this  results  in  the  induction
f  tolerance.5 In  atopic  individuals,  this  initial  encounter
esults  in  the  switch  of  T-cells  to  Th2  cells.  Specific  IgE
ecific  immunotherapy:  Update  on  immunological  mecha-
10.1016/j.aller.2012.07.018

ound  to  low  affinity  IgE  Fc  receptors  on  DC  play  a  role
n  facilitating  allergen  uptake.1 This  allergen-loaded  DC
rrives  to  lymph  nodes  where  they  present  processed  aller-
en  as  peptides  to  T  cells  with  allergen-specific  receptors.

dx.doi.org/10.1016/j.aller.2012.07.018
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Figure  2  Antigen  capture  and  processing  by  dendritic  cells.  

cells.  B  cell  activation  and  differentiation.  IgE  release.  Basophi

It  is  then  when  activated  T  cells  release  cytokines  which
facilitate  allergen-specific  B  cell  activation  and  differenti-
ation  to  antibody  producing  plasma  cells.  The  persistence
of  allergic  disease  depends  on  CD4+  Th2  lymphocytes  and
their  production  of  IL-4,  IL-5,  IL-9  and  IL-13  (and  probably
other  recently  identified  interleukines  such  as  IL-25,  IL-31,
and  IL-336)  which  drive  B  cell  immunoglobulin  class  switch-
ing  to  IgE,  recruit  and  activate  allergic  inflammatory  cells.
Fig.  2.

With  the  release  of  cytokines  and  mediators,  the  phar-
macological  effects  on  blood  vessels,  respiratory  tract,
etc.,  with  cellular  infiltration,  and  the  clinical  effects
(pollinosis,  asthma,  eczema,  anaphylaxis)  become  evident.
Fig.  3.

Cytokine function

IL-4  ---  Induces  the  production  of  IgE  and  IgG4,  and  the
expression  of  adhesion  molecules  by  endothelial  cells.
Inhibits  Th1  cell  development  and  promotes  Th2  cell  devel-
opment.  Induces  mucus  production.  Up-regulates  B  cell
Please  cite  this  article  in  press  as:  Álvaro  M,  et  al.  Allergen-sp
nisms.  Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/

co-stimulatory  molecules  and  the  expression  of  low  affinity
IgE  receptor.
IL-5  ---  Induces  eosinophil  differentiation,  survival  and
growth.

F
t
a
c

entation  of  peptides  to  TH0 cell.  Release  of  cytokines  by  TH2

sinophil  and  mast  cell  activation.  Release  of  mediators.

IL-9  ---  Promotes  mast  cell  and  basophil  growth  and
eosinophil  development.  Up-regulates  expression  of  high
affinity  IgE  receptor  on  mast  cells.
IL-13  ---  Induces  the  production  of  IgE  and  IgG4,  and  the
expression  of  adhesion  molecules  by  endothelial  cells.
Induces  mucus  production.6

ffects of allergen-specific immunotherapy on
he allergic inflammation

IT  inhibits  the  allergic  early  phase  as  well  as  the  late
esponse  with  a  significant  reduction  in  the  number  of  infil-
rating  cells,  eosinophils  and  basophils.  It  promotes  the
eduction  of  inflammatory  mediators  at  sites  of  allergen
xposure.7,8 To  understand  the  underlying  mechanisms  for
hese  tissue  changes,  many  studies  have  examined  changes
n  immunological  parameters  accompanying  clinically  effec-
ive  SIT.2,9

arly phase cellular changes
ecific  immunotherapy:  Update  on  immunological  mecha-
10.1016/j.aller.2012.07.018

rom  the  beginning  of  SIT  (sometimes  after  the  first  injec-
ion),  there  is  a  decrease  in  the  activity  of  basophils
nd  mast  cells  with  a  fall  in  their  degranulation  and
apacity  of  inducing  anaphylaxis.10 The  suppression  of

dx.doi.org/10.1016/j.aller.2012.07.018
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Figure  3  Pharmacological  and  clinical  

he  activity  of  these  cells,  which  implies  early  desen-
itisation,  can  also  be  enhanced  by  changes  in  other
mmunological  parameters  such  as  the  appearance  of  aller-
en  specific  regulatory  T-cells  (Treg)  and  the  fall  in  specific
gE.11

hanges in humoral immunity

.  Changes  in  IgE:  when  SIT  is  initiated,  allergen-specific  IgE
levels  usually  show  an  initial  increase  and  then  a  gradual
decrease  during  the  years  of  treatment.  This  parameter
correlates  poorly  with  clinical  efficacy.

.  Changes  in  IgG:  SIT  generally  results  in  an  increase  in
allergen-specific  IgG  antibodies  which  can  persist  for
many  years  after  SIT  is  discontinued.12 This  rise  does  not
necessarily  correlate  with  improvement  in  symptoms  but
if  the  levels  do  not  increase,  there  is  a  lack  of  clinical
response.12

.  Changes  in  IgG1  and  IgG4  antibodies:  allergen-specific
IgG1  and  IgG4  antibody  levels  may  increase.  IgG4  are
thought  to  act  as  ‘‘blocking’’  antibodies.  They  inhibit
IgE-facilitated  allergen  uptake  by  DC  and  prevent  IgE-
Please  cite  this  article  in  press  as:  Álvaro  M,  et  al.  Allergen-sp
nisms.  Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/

mediated  allergen  activation  of  basophils  and  mast  cells
with  the  subsequent  inhibition  of  the  release  of  inflam-
matory  mediators.13 Thus,  the  blocking  effects  of  IgG4
antibodies  may  have  an  important  role  in  suppressing
ts  after  cytokine  and  mediator  release.

IgE-mediated  T  cell  activation.  However,  the  SIT-induced
IgG4  levels  fail  to  correlate  with  the  clinical  response  to
treatment.14

Chronic  stimulation  with  allergen  (SIT)  induces  a
predominantly  IgG4  response,  while  limited  allergen
exposure  results  in  an  IgG1  response.13 It  is  thought  that
these  allergen-specific  IgG4  antibodies  compete  for  aller-
gen  with  IgE  bound  to  mast  cells.  It  is  also  believed  that
allergen-specific  IgG4  antibodies  may  reduce  the  sensi-
tivity  of  antigen-presenting  B  cells  and  therefore  T  cells
to  allergen  by  competing  with  IgE.12

Most  recently,  a  parallelism  between  the  inhibition  of
early  skin  response,  histamine  release,  IgG  binding  to
B  cells  and  IgG4  increase  was  demonstrated  after  SIT.15

Nevertheless,  as  stated  before,  the  measurement  of  the
levels  of  allergen-specific  IgG4  does  not  seem  to  corre-
late  exactly  with  clinical  success  and  some  studies14,15

failed  to  find  an  association  between  increased  IgG4  and
clinical  benefit.15

.  Changes  in  IgA:  specific  IgA2  levels  are  also  increased
(although  in  a  more  modest  way)  after  SIT,16 and  secreted
specific  IgA  seems  to  play  a  protective  role  at  mucosal
ecific  immunotherapy:  Update  on  immunological  mecha-
10.1016/j.aller.2012.07.018

surfaces.  The  isotype  IgA2  may  also  act  as  ‘‘blocking  anti-
body’’  at  the  mucosal  surface.  More  studies  are  needed
to  confirm  the  protective  action  of  high  levels  of  this
antibody  after  SIT.

dx.doi.org/10.1016/j.aller.2012.07.018
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Changes in cellular immunity

The  induction  of  tolerance  in  peripheric  T-cells  is  an  essen-
tial  step  in  SIT.  This  induced  tolerance  depends  mainly  on  the
generation  of  allergen-specific  Treg  cells17 and  their  produc-
tion  of  IL-10  and  TGF-�.17 Atopic  patients  have  a  decrease
in  their  Treg  function.  In  recent  years  there  have  been  many
studies  in  this  field.  Some  of  these  studies  have  been  per-
formed  in  patients  with  hymenoptera  venom  allergy.  These
patients  are  a  homogeneous  group  in  which  the  effects  of  SIT
on  T  cells  are  easier  to  study.  There  are  also  studies  of  SIT
with  grass  pollen  extract18 and  house  dust  mites17 in  which
it  can  be  demonstrated  that  there  is  a  shift  of  CD4+  helper
T  cells  from  producing  Th2  cytokines  (IL-4,  IL-5)  to  Th1
cytokines  (interferon  gamma,  IL-10)  following  stimulation
with  allergen.  Early  production  (soon  after  the  beginning  of
SIT)  of  IL-10  and  maintained  levels  of  TGF-� are  related  to
an  efficacious  SIT.  Fig.  4.

IL-10  is  a  potent  immunosuppressive  cytokine  involved
in  tolerance  induction  and  maintenance.  It  reduces  proin-
Please  cite  this  article  in  press  as:  Álvaro  M,  et  al.  Allergen-sp
nisms.  Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/

flammatory  cytokine  release  from  mast  cells,  eosinophils,
and  T  cells;  and  elicits  tolerance  in  T  cells  by  means  of
selective  inhibition  of  the  CD28  costimulatory  pathway.19

It  is  produced  by  T  regulatory  cells  (Treg)  which  also

s

I
o

ave  the  ability  of  producing  transforming  growth  factor-
eta  (TGF-�), another  immunosuppressive  cytokine  which
nhibits  specific  IgE  and  IgA  production.  It  also  suppresses
h1  and  Th2  cells.20 SIT-induced  IL-10  production  is  not

imited  to  T  cells.  It  is  also  produced  by  B  cells,  monocytes
nd  macrophages.

There  are  different  types  of  Treg  cells  with  characteristic
henotypes  and  mechanisms  of  action.  Among  these  Treg
ells,  the  natural  subset,  expressing  CD4  and  CD5  and
he  transcription  factor  fox  p  3  (FOXP3+CD4+CD5+ cells),
s  the  most  studied  in  recent  years.21 The  expression  of
he  transcription  factor  Foxp3  is  required  for  natural  Treg
unction  and  Treg  development  and  expansion  is  dependent
n  TGF-�.22 Other  subtypes  of  Treg  cells  such  as  Tr1  and  Tr3
an  be  induced  by  different  stimulus.23

It  is  noteworthy  that  rather  than  having  reduced  total
reg  numbers,  allergic  patients  have  intrinsic  defects  in  the
bility  of  these  cells  to  suppress  pathogenic  allergen-specific
ffector  cell  responses.  Tregs  are  an  essential  component  of
he  normal  immune  system  for  maintaining  immune  homeo-
ecific  immunotherapy:  Update  on  immunological  mecha-
10.1016/j.aller.2012.07.018

tasis  to  exogenous  antigens.
Dendritic  cells  also  play  an  important  role  stimulating

L-10-producing  Treg  cells  (these  DC  are  named  DCr).  The
ther  subtype  DC1  directs  Th1  responses  and  DC2  addresses

dx.doi.org/10.1016/j.aller.2012.07.018
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ifferentiation  of  DC  to  DC1  which  direct  Th1  responses.  SIT  direc
he development  of  Treg  cells.

he  Th2  pathway.  It  is  thought  that  the  allergen  extracts
sed  for  SIT  could  act  directly  on  DC  to  induce  a  tolerogenic
henotype.8 Fig.  5.

During  SIT  with  grass  pollen  and  venom  an  increase  in  Treg
ell  activation  was  also  shown.  These  changes  take  place  as
oon  as  six  hours  after  the  first  SIT  dose  which  contrasts  with
he  modification  in  Ig  concentrations.11,16,18

Regulatory  T  cells  (Tregs)  are  considered  the  ‘‘master
egulators’’  of  immune  homeostasis.24 They  play  a  major
ole  in  maintaining  immune  self  tolerance  in  the  periphery
nd  protect  against  excessive  activation  and  disease.25 They
ave  an  important  role  in  inducing  tolerance  in  allergen-
pecific  T  cells  in  healthy  and  in  allergic  subjects  following
IT.  Moreover,  SIT  alters  allergen-specific  T  cell  reactivity.
hese  events  include  decreases  in  antigen-specific  prolif-
ration  and  IL-4  production  and  increased  IL-10  and  TGF-�
roduction.26 Fig.  6.

These  changes  make  SIT  act  at  each  step  of  the  allergic
eaction:  IgE  and  IgG  production,  mast  cell  and  eosinophil
oming,  T  cell  activation,  and  antigen  presentation.  SIT
rives  the  immune  system  to  tolerate  allergens  without
Please  cite  this  article  in  press  as:  Álvaro  M,  et  al.  Allergen-sp
nisms.  Allergol  Immunopathol  (Madr).  2013.  http://dx.doi.org/

he  ongoing  allergic  inflammation.  This  antigen-specific
mmunomodulation  is  a  unique  and  inestimable  tool  to
nderstand  not  only  the  treatment,  but  also  the  disease  it
ures.4

d
s

e  development  of  regulatory  dendritic  cells  (DCr)  that  stimulate

L-10 and TGF-� function, summary

L-10

 Specific  IgE  suppression.
 Allergen-specific  IgG4  induction.
 Inhibition  of  the  CD28  costimulatory  pathway.
 Allergen  specific  lymphocytes  Th1  and  Th2  suppression.
 Inhibition  of  dendritic  cells  maturation.
 Increased  expression  of  the  transcription  factor  fox  p  3.
 Decrease  in  the  liberation  of  proinflammatory  mediators

in  mast  cells.

GF-�

 Specific  IgE  suppression.
 Allergen-specific  IgA  induction.
 Allergen  specific  lymphocytes  Th1  and  Th2  suppression.
 Decrease  of  IgE  high  affinity  receptors  in  Langerhans  cells.
 Increase  of  the  expression  of  Fox  p  3.
ecific  immunotherapy:  Update  on  immunological  mecha-
10.1016/j.aller.2012.07.018

Another  consequence  of  high-dose  SIT  on  T  cells  is  cell
eath  by  apoptosis.  Blood  lymphocytes,  mainly  Th2  cells,
how  an  increased  susceptibility  to  undergo  apoptosis  when

dx.doi.org/10.1016/j.aller.2012.07.018
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Figure  6  Function  of  Treg  cells:  FOXP3+CD4+CD5+  cells  (Treg)
IgE, eosinophils,  basophils  and  mast  cells.  These  Treg  cells  also

stimulated  with  allergen  in  vitro.  Achieving  high  dose  aller-
gen  treatment  during  SIT  is  important  for  obtaining  efficacy.

Sublingual  immunotherapy  (SLIT)  has  emerged  as
an  effective  and  safe  alternative  to  subcutaneous
immunotherapy27 (SCIT).  The  dose  should  be  high  and
the  time  long  enough.28

During  SLIT  the  antigen  is  captured  by  DC  through  the
sublingual  mucosa.  These  DC  mature  (Langerhans’  cells)  and
migrate  to  the  local  lymph  nodes  where  they  present  the
antigen  to  T  cells.  Production  of  IgG  blocking  antibodies  and
Treg  cells  drive  to  inhibition  of  the  Th2  responses.29

Langerhans’  cells  in  oral  mucosa  express  Fc�R1  and  high
amounts  of  MHC  class  I  and  II,  as  well  as  co-stimulatory
molecules  which  make  them  highly  suitable  for  antigen
presentation.27 Nowadays  evidence  suggests  that  SCIT  and
SLIT  share  similar  mechanisms  of  action.
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