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SUMMARY Allergen-specif ic immunotherapy ( lT) is the only treatment of al lergy in adults and chi ldren capable of modifying
the immune response at early steps. As a consequence. lT improves symptoms, prevents the onset of new sensit izat ions,
reduces the r isk of developing asthma and i ts cl inical eff icacy lasts many years. The main rat ionale for administering subl in-
gually lT (SLIT) is to reduce the occurrence of side effects, st i l l  yet preserving the immunological effects. SLIT with the most
common al lergens have been used in many studies with signif icant cl inical effect iveness in both asthma and rhinit is.
The pharmacokinetic of al lergens administered through non inject ion routes is complex. Peptide absorption across oral muco-
sa occurs mainly by passive dif fusion but del ivery of proteins has some l imitat ions. Moreover, the molecular mechanisms res-
ponsible for the eff icacy of SLIT are poorly defined. ln this review we focus on the anatomy/histology of the oral cavity as well
as on the associated immunological structures to envisage what may happen when an al lergen is kept in the mouth.
Moreover, the induction of immune responses in this part icular immunological environment is also discussed.

ARE THERE TMMUNOTHERAPY
ATTEBNATIUES FOR ATLERGTG

TNDIUTDUALS?

A l l e r g e n - s p e c i f i c  i m m u n o t h e r a p y  ( l T ) ,  a l l e r g e n
a v o i d a n c e  a n d  d r u g  t h e r a p y  a r e  t h e  c o r n e r s t o n e s  o f
t h e  t r e a t m e n t  o f  a l l e r g y  i n  a d u l t s  a n d  c h i l d r e n .  O n l y
l T  i s  c a p a b l e  o f  m o d i f y i n g  t h e  i m m u n e  r e s p o n s e  a t
ear ly  s teps ,  and i t  i s  now c lear  tha t  i t  ac ts  as  a  b io -
l o g i c a l  r e s p o n s e  m o d i f i e r .  l T  n o t  o n l y  r e d u c e s
s y m p t o m s  a n d  t h e  n e e d  f o r  m e d i c a t i o n s ,  b u t  c a n
a l s o  p r e v e n t  t h e  o n s e t  o f  n e w  s e n s i t i s a t i o n s  [ 1 i  a n d
as thma l2 l ,  and i t s  c l in ica l  e f f i cacy  las ts  many years
a f t e r  d i s c o n t i n u a t i o n  t 3 l .  l T  w a s  a d m i n i s t e r e d  f o r
d e c a d e s  o n l y  b y  s u b c u t a n e o u s  r o u t e ,  b u t  t h e  n e e d
for  improved sa fe ty  and the  exper imenta l  ev idence
o b t a i n e d  w i t h  m o d e l s  o f  l o c a l  i n d u c t i o n  o f  t o l e r a n c e
[ 4 ,  5 ]  s u p p o r t e d  t h e  l o c a l  a d m i n i s t r a t i o n  o f  a l l e r g e n
e x t r a c t s  t o  v a r i o u s  m u c o u s  m e m b r a n e s .  O v e r  t h e
l a s t  2 0  y e a r s  n e w  m e t h o d s  o f  l o c a l  a p p l i c a t i o n  w e r e
sought  and d i f fe ren t  non in jec t ion  rou tes  have been
u s e d  i n  o r d e r  t o  a c h i e v e  d e s e n s i t i z a t i o n .  A s s e s s i n g
lT  e f f i cacy  has  been somewhere  d i f f i cu l t ,  because o f
t h e  m u l t i p l i c i t y  o f  t h e  c r i t e r i a  u s e d  i n  d i f f e r e n t  s t u -
d ies  to  dec ide  what  cons t i tu tes  an  improvement ,
a n d  t i l l  n o w  t h e  c l i n i c a l  c r i t e r i o n  r e p r e s e n t s  t h e  g o l d
s ta  nda rd .

( 1 )  C I B I C L  F r c u l t a d  d e  C i e n c i a s  O u Í m i c a s ,  U n i v e r s i d a d  N a c i o n a l  o e
C ó r d o b a ,  H a y a  d e  l a  T o r r e  e s q u i n a  M e d i n a  A l l e n d e ,  5 0 0 0 ,  C ó r d o b a
( A r g e n t i n a ) .
(2 )  A l le rgy  and Resp i ra to ry  D iseases ,  Un ivers i ty  o f  Genoa ( l ta ly ) .

Ora l  lT  (a l le rgen immedia te ly  swa l lowed)  was found
to  be  poor ly  e f fec t i ve  in  c l in ica l  t r ia ls  [6 ]  and i t s  use  is
no  more  recommended.  The nasa l  mucosa is  an
impor tan t  a rm o f  the  mucosa l  immune sys tem s ince
i t  is  of ten the f i rst  point  of  contact  for  inhaled ant igens
and as  a  consequence,  p roper  in t ranasa l  immunisa-
t ion  emerged as  a  poss ib le  rou te  fo r  vacc ina t ion  [7 ] .
Local  nasal  lT (LNIT) proved ef fect ive and safe in
many cont ro l led  t r ia ls  as  fa r  as  rh in i t i s  i s  concerned
[8 ] .  Never the less ,  i t  requ i res  a  par t i cu la r  admin is t ra -
t ion  techn ique,  does  no t  ma in ta in  i t s  c l in ica l  e f f i cacy
once discont inued and is not ef fect ive on asthma,
thus  i t s  use  is  s lowly  dec l in ing .

T h e  o r i g i n a l  r a t i o n a l e  f o r  a d m i n i s t e r i n g  l T  s u b l i n -
gua l l y  (SLIT)  was to  ach ieve  a  p rompt  and rap id
absorp t ion  o f  the  vacc ine  and to  avo id  poss ib le  gas-
t ro in tes t ina l  degradat ion .  D i f fe ren t  fo rms o f  SLIT
us ing  the  most  common a l le rgens  have been used in
many doub le-b l ind  cont ro l led  s tud ies  w i th  s ign i f i can t
c l in ica l  e f fec t i veness  fo r  bo th  as thma and rh in i t i s  [9 ] .
More  recent ly ,  SLIT  was shown to  ach ieve  a  s ign i f i -
can t  c l in ica l  benef i t  in  b i rch  po l l inos is  assoc ia ted  to
reduc t ion  o f  the  eos inoph i l  in f i l t ra t ion  in  nasa l  muco-
sa ,  and to  improved pu lmonary  func t ion  dur ing  the
po l len  seasons [10 ] .  The e f f i cacy ,  sa fe ty  and long- las-
t ing ef fects in paediatr ic pat ients have also been
demonst ra ted  [11 ,  121,  and i t  has  a lso  recent ly  been
shown tha t  SLIT  can reduce the  r i sk  o f  onset  o f  as th -
ma [13 ] .  A t  p resent ,  in  l ta ly ,  F rance and Spa in ,  SLIT  is
common in  o f f i ce  p rac t ice .  The ARIA gu ide l ines  o f f i -
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c i a l l y  a c c e p t e d  S L I T  a s  a  r o u t i n e  c l i n i c a l  o p t i o n  i n
b o t h  a d u l t s  a n d  c h i l d r e n ,  a l t h o u g h  w h e t h e r  t h i s
r o u t e  i s  b e t t e r  t h a n  t h e  s u b c u t a n e o u s  r o u t e  i s  s t i l l  a
sub jec t  o f  debate  [14 ] .  Moreover ,  as  rev iewed by
Z w a c k a  e t  a l . ,  o h  e x a c t  d i a g n o s i s  o f  a l l e r g y ,  g u i -
d a n c e  a n d  e x p l a n a t i o n  b y  t h e  s p e c i a l i s t ,  r e l i a b l e
c o m p l i a n c e  o f  t h e  p a t i e n t ,  a n d  s t r i c t  m o n i t o r i n g  o f
symptoms are  necessary  to  ge t  h igh  e f f i cacy  o f
sL rT  t 151 .

T h e  m o l e c u l a r  m e c h a n i s m s  r e s p o n s i b l e  f o r  t h e  e f f i -
cacy  o f  subcutaneous lT  have been ex tens ive ly  s tu -
d i e d  a n d  e l u c i d a t e d .  A m o n g  t h e m ,  i t  c a n  b e  m e n -
t i o n e d  t h e  d o w n r e g u l a t i o n  o f  c y t o k i n e  a n d  m e d i a -
t o r  r e l e a s e ,  t h e  i n h i b i t i o n  o f  a c t i v a t i o n  a n d  r e c r u i t -
m e n t  o f  e f f e c t o r  c e l l s ,  t h e  m o d u l a t i o n  o f  T h l l T h 2
b a l a n c e  a n d  e x p a n s i o n  o f  C D 4 + l L - 1 0 +  T  r e g u l a t o r y
c e l l s  e x p r e s s i n g  a  p e r i p h e r a l  t i s s u e  t r a f f i c k i n g  p h e -
n o t y p e  t 1 6 - 2 3 1 .  O n  t h e  c o n t r a r y ,  n o n  i n j e c t i o n  l T
h a s  b e e n  s t u d i e d  m a i n l y  f r o m  a  c l i n i c a l  p o i n t  o f
v i e w  a n d  t h e  m e c h a n i s m s  o f  a c t i o n  r e m a i n  p o o r l y
u n d e r s t o o d .  l t  h a s  b e e n  s p e c u l a t e d  t h a t  t h e  p e r s i s -
t e n c e  o f  t h e  a l l e r g e n  a t  t h e  m u c o s a l  l e v e l  c o u l d
p l a y  s o m e  r o l e  i n  t h e  m o d u l a t i o n  o f  t h e  i m m u n e
r e s p o n s e .  O r a l  l T  a p p e a r s  t o  p r o d u c e  s y s t e m i c
i m m u n o l o g i c  c h a n g e s  1 2 4 ,  2 5 1 ,  b u t  n a s a l  l T  m a i n l y
exerts its effects locallV 126-281.

S o m e  s t u d i e s  i n  a n i m a l  m o d e l s  h a v e  s h o w n  t h a t
dendr i t i c  ce l l s  o f  o ra l  mucosa ac t  as  e f f i c ien t  an t i -
g e n - p r e s e n t i n g  c e l l s  a n d  p r o d u c e  l L - 1 2 ,  w h i c h
d i r e c t s  t h e  i m m u n e  r e s p o n s e  t o w a r d s  a  T h 1  p r o f i l e
away f rom lgE-Th2 pro f i le  [29 ] .  No s ign i f i can t  d i f fe -
rence in  spec i f i c  lgE and spec i f i c  lgG4 was de tec ted
between the  ac t ive  and p lacebo groups  in  severa l
s t u d i e s  [ 3 0 ,  3 1 ] .  B y  c o n t r a s t  o t h e r  s t u d i e s  d e m o n s -
t r a t e d  i m m u n o g l o b u l i n  c h a n g e s  r e s e m b l i n g  t h o s e
o f  i n j e c t i o n  l T  [ 3 2 ,  3 3 ] .  S i m i l a r l y ,  C a n o n i c a  a n d  c o -
workers  repor ted  a  s ign i f i can t  reduc t ion  o f  neut ro -
p h i l s ,  e o s i n o p h i l s  a n d  i n t e r c e l l u l a r  a d h e s i o n  m o l e -
c u l e  1  e x p r e s s i o n  a f t e r  s p e c i f i c  n a s a l  a n d  c o n j u n c t i -
v a l  c h a l l e n g e  [ 3 4 ] .  M o r e  r e c e n t l y  l p p o l i t i  e t  a l .  f o u n d
t h a t  S L I T  i n  c h i l d r e n  w i t h  a s t h m a  d u e  t o  a l l e r g y  t o
Dermatophagoides pteronyssinus produced a
reduc t ion  in  the  syn thes is  o î  Th2 cy tok ines  as  we l l
as  ac t iva t ion  o f  T  l ymphocy tes [35 ] ,  and a  more
recent  s tudy  ev idenced tha t  SLIT  inc reases  lL -10
p r o d u c t i o n  [ 3 6 ] .

Look ing  a t  the  l i te ra tu re ,  few s tud ies  have been
d o n e  t o  c o m p r e h e n d  t h e  m o l e c u l a r  b a s i s  o f  n o n
in jec t ion  lT .  Moreover ,  i t  has  been d i f f i cu l t  to  reach
a conc lus ion  because some s tud ies  have used d i f fe -
r e n t  t y p e s  o f  a l l e r g e n s  a n d  d i f f e r e n t  a d m i n i s t r a t i o n
rou tes  w i th  subsequent  d i f fe rences  in  p rocess ing
and degradat ion  pa thways .
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BUT WHAT DO WE KNOW ABOUT
MUGOSAT SUBSTANGE DELTUERY?

M a n y  o f  t h e  d r u g s  c o m m e r c i a l l y  a v a i l a b l e  a r e  a d m i -
n is te red  v ia  en tera l  rou te .  The absorp t ion  o f  a l le rgens
through the  in tac t  in tes t ina l  mucosa has  been exp lo -
red  and resu l ts  have shown tha t  corpuscu la r  e le -
ments ,  macromolecu les  and pro te ins  a re  absorbed in
b io log ica l l y  and immuno log ica l l y  ac t i ve  fo rms [37-
391.  The degree o f  absorp t ion  is  in f luenced by  bo th
exogenous (med ica t ions)  and endogenous fac to rs
(a top ic  d ispos i t ion)  [a0 ] .  However ,  i s  i t  poss ib le  to
assume tha t  these charac ter is t i cs  o f  the  in tes t ina l
mucosa app ly  a lso  by  ex tens ion  to  o ther  mucous
membranes?

Because the  ora l  mucosa is  h igh ly  vascu la r ised ,  d rugs
tha t  a re  absorbed th rough the  ora l  mucosa d i rec t l y
en ter  the  sys temic  c i rcu la t ion ,  bypass ing  the  gas-
t ro in tes t ina l  t rac t  and f i rs t -pass  metabo l ism in  the
l i ver .  Some card iovascu la r  d rugs ,  ana lges ics ,  seda-
t ives and oestrogens have been developed for oral
t r a n s m u c o s a l  d e l i v e r y ,  a l t h o u g h  s o m e  l i m i t a t i o n s
ex is t  due to  the  charac ter is t i cs  o f  the  ora l  mucosa and
to  the  phys icochemica l  and b io log ica l  p roper t ies  o f
t h e  s u b s t a n c e  [ 4 1 ] .

Oral  mucosa has also received at tent ion in the last
decade because i t  of fers excel lent  accessibi l i ty  and
avoids degradat ion of  proteins and pept ides.  Pept ide
absorpt ion occurs across oral  mucosa by passive di f fu-
s ion v ia the intercel lu lar  route,  but  del ivery of  proteins
has  some l im i ta t ions  and the  add i t ion  o f  absorp t ion
promoters/permeabi l izers is f requent ly needed 1421.

The pharmacok ine t ics  o f  a l le rgens  a f te r  loca l  admi -
n is t ra t ion  have been very  cont rovers ia l  [43 ]  and un t i l
1997, there was a pauci ty of  informat ion about the in
v ivo  k ine t ics  o f  a l le rgens  admin is te red  th rough loca l
routes 144-461. Start ing f rom 1997, Bagnasco and co-
workers  des igned and per fo rmed severa l  s tud ies  the
absorption and fate of Parietaria judaica allergen (Par
j  1 )  l a b e l l e d  w i t h  r a d i o i o d i n e  i n  h u m a n  b e i n g s .  T h e y
showed tha t  a  f rac t ion  o f  the  rad io labe l led  a l le rgen
pers is ts  a t  the  mucosa leve l  fo r  a  long t ime and gas-
t ro in tes t ina l  absorp t ion  o f  the  degraded a l le rgen
appears to be the most relevant event [47] .  When the
pharmacok ine t ics  o f  the  same a l le rgen and a  mono-
m e r i c  a l l e r g o i d  f o r  o r o m u c o s a l  l T  i n  a l l e r g i c  v o l u n -
teers  was inves t iga ted ,  they  found a  s imi la r  beha-
v iour  o f  the  a l le rgo id  and the  a l le rgen in  te rms o f
loca l  k ine t ics ,  whereas  p lasma peak  was h igher  w i th
the  a l le rgo id  than w i th  the  a l le rgen.  They  conc luded
tha t  the  chemica l  mod i f i ca t ion  o f  the  a l le rgen might
af fect  i ts  b iodistr ibut ion,  by making i t  less suscept ib le
to  enzymat ic  degradat ion  [48 ] .  The same group a lso



suggested  tha t  the  more  advantageous way to  admi -
n is te r  the  a l le rgen is  the  sub l ingua l /swa l low procedu-
re ,  s ince  the  sub l ingua l /sp i t  p rocedure  leads  to  a  cer -
ta in  loss  o f  the  a l le rgen admin is te red  [49 ] .

l f  we rea l l y  want  to  know what  happens when an
a l le rgen is  kept  in  the  mouth  in  re la t ion  to  the  induc-
t ion  o f  any  type  o f  immune response we shou ld  focus
the  anatomy/h is to logy  as  we l l  as  the  immuno log ica l
structures of  th is part  of  the body.

The MALT in  h igher  mammals  cons is ts  o f  secondary
lymphoid t issues located beneath di f ferent epi thel ia
and classi f ied as induct ive s i tes,  where the pr iming of
the immune system takes place, and ef fector s i tes in
which ant igen-specíf ic T and B lymphocytes reside
and perform their  funct ions.  Two major features dis-
t ingu ish  MALT f rom o ther  l ympho id  t i ssues :  ( i )  spe-
c ia l i za t ions  o f  the  over ly ing  ep i the l ium tha t  fac i l i ta te
ant igen up take,  p rocess ing ,  and presenta t ion  fo r
induc t ion  o f  mucosa l  immune responses ;  ( i i )  p resen-
ce  o f  o rgan ized reg ions  tha t  inc lude subep i the l ia l
a reas ,  B-ce l l  zones  w i th  germina l  cen ters ,  T -ce l l
reg ions  wí th  an t igen present ing  ce l l s  (APC)  bu t  a lso
more di f fuse areas where home effector lymphocytes
[50].  The MALT includes the gut-associated lymphoe-
p i the l ia l  t i ssue (GALT) ,  the  bronchus-assoc ia ted  lym-
phoep i the l ia l  t i ssue (BALT) ,  the  nasophar ingea l -asso-
c ia ted  lymphoep i the l ia l  t i ssue (NALT) ,  the  gen i ta l
t ract  and conjunt iva whose integrat ion is only part ly
understood.

The epi thel ium of the MALT plays an act ive role in
both  innate  and adapt ive  types  o f  mucosa l  immuni ty .
Due to  the  phys ica l  p rox imi ty  o f  ep i the l ia l  ce l l s  to  the
ex terna l  mi l ieu  and to  the  s i te  o f  in i t ia l  an t igen expo-
sure  they  p lay  a  cent ra l  ro le  in  de f in ing  the  an t igens
with which the MALT is confronted and regulat ing the
u l t imate  immune response [51 ] .  The rou te  by  wh ich
ant igens  c ross  the  ep i the l ia l -ce l l  bar r ie r  ís  l i ke ly  to  d ic -
ta te  the  type  o f  immune response tha t  i s  induced [52 ] ,
and the generat ion of  ef fector or suppressor cel ls may
be related to the pathway used by the ant igen to gain
access to the host [51 ,521.

WHAT IDO WE KNOW
ABOUT THE ORAL GAUTTY?

The mois t  l in ing  t i ssue o f  the  ora l  cav i ty ,  the  ora l
mucosa,  i s  con t inuous  w i th  the  remain ing  gas t ro in -
test inal  t ract .  However,  structural ly the oral  mucosa
has more  in  common wi th  sk in  than w i th  the  gas-
t ro in tes t ina l  mucosa.  Ora l  mucosa in  reg ions  o f  the
mouth subject  to mechanical  forces associated with
mast ica t ion ,  such as  g ing iva l  and hard  pa la te ,  i s  cove-
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red by a kerat in ized epi thel ium t ight ly at tached to the
under ly ing  t i ssues  by  a  co l lagenous connect ive  t i ssue
or  lamina propr ia .  The mucosa l in ing  the  f loor  o f  the
mouth ,  wh ich  must  be  f lex ib le  to  accommodate  che-
w ing  or  speech,  i s  te rmed l in ing  mucosa,  and is  cove-
red  w i th  a  nonkera t in ized  ep i the l ium.  The connect ive
t issue o f  l in ing  mucosa is  more  e las t i c  and f lex ib le
than the connect ive t issue in the mast icatory mucosa

142,531.

A number  o f  in f lammatory  ce l l s  can  o f ten  be  seen in
the  nuc lea ted  ce l l  layers .  These ce l l s  a re  t rans ien t ,
and main ly  Langerhans '  ce l l s ,  a l though the  presence
of  po l ímorphonuc lear  leukocy tes  and mast  ce l l s  i s  no t
uncommon.  The assoc ia t ion  be tween nonkera t ino-
cytes and kerat inocytes in skin and oral  mucosa could
represent  a  subt le  and f ine ly  ba lanced re la t ionsh ip  in
which cytokines are the control l ing factors [54J.

The pr imary  func t ion  o f  o ra l  ep i the l ium is  the  pro tec-

t ion  o f  the  under ly ing  t i ssue.  In  the  kera t in ized
regions, the mechanical ly tough stratum corneum
serves to dissipate shear ing forces, and in both kera-
t in ized  and nonkera t in ized  reg ions  l ip id -based per -
meab i l i t y  bar r ie rs  p ro tec t  the  under ly ing  t i ssues
aga ins t  the  f lu id  loss  and the  en t ry  o f  po ten t ía l l y
harmfu l  env i ronmenta l  agents .

Regional differences arise during the process of differen-
tiation as epithelial cells move from the basal region to
the sudace. As cells leave the basal layer, they become
larger and begin to f lat ten and to accumulate l ip ids and
cytoplasmic protein fi laments, the cytokeratins. At the
boundary between the granular layer and the sudace
layet small organelles known as membrane-coating gra-

nules or lamel lar  granules,  migrate to the apical  region of
keratinocytes and the bounding membrane of the orga-
nelle fuses with the cell plasma membrane, so that the
l ip id in lamel lae are extruded into the intercel lu lar  spaces
(f igure 1).  Thus the membrane coat ing granules are
believed to be responsible for the formation of the super-
ficial permeabil ity barrier in stratif ied squamous epithe-
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Figure 1 :  Scheme of  the d i f ferent ia t ion process in  kerat in i -
zed  o ra l  ep i t he l i um.



l ium.  In  nonkerat in ized ep i the l ia ,  the accumulat ion o f
l ipids and cytokeratin in the keratinocytes is less evident
and the change in  morphology is  less far  marked than in
kerat in ized ep i the l ia .  The mature ce l ls  are large and f la t ,

re ta in  nuc le i  and other  organel les  and the cytokerat ine

do not  aggregate to  form bundles o f  f i laments  as seen in
kerat in ized ep i the l ia .  As ce l ls  reach the upper  th i rd  or
quar ter  o f  the ep i the l ium,  membrane coat ing-granules

appear to fuse with the plasma membrane to extrude
their contents into the intercel lular space. In contrast to
the in terce l lu lar  space of  s t ra tum corneum, that  o f  the
super f ic ia l  layer  o f  nonkerat in ized ep i the l ia  conta ins e lec-
t ron lucent  mater ia l  which may represent  non lamel lar
phase l ip id ,  w i th  on ly  occas ional  shor t  s tacks o f  l ip id

lamel lae [42] .  Both the s t ructure and the re la t ive area of
the dif ferent types of mucosa wil l  inf luence the penetra-

t ion o f  substances across the ora l  l in ing.

WHERE TAKES PLAGE THE TIUITIAT
GONTAGT OF AIUTIGENS FROM
THE ORAL CAUITY WITH THE

IMIUIUNE SYSTEM?
Waldeyer recognized the presence of  lymphoid t issue
in  the  human pharynx  in  1884,  and descr ibed i t s  spe-
c i f i c  a r rangement  as  a  ' r ing '  o f  l ympho id  t i ssue.  The
r ing  compr ises  the  nasopharyngea l  tons i l ,  a t tached to
the  roo f  o f  the  pharynx ;  the  pa i red  tuba l  tons i l s ,  loca-
ted  a t  the  pharyngea l  open ings  o f  the  Eus tach ian
tubes ;  the  pa i red  pa la t ine  tons i l s  pos i t ioned in  the  oro-
pharynx ;  the  l ingua l  tons i l  on  the  pos ter io r  th i rd  o f  the
tongue and aggregat ions  o f  l ympho id  ce l l s  loca ted  in
the  lamina propr ia  o f  the  pharyngea l  wa l l  tha t  com-
plete a c i rcular structure.  This structure is s i tuated at
the entrance of  the al imentary and respiratory t racts
and has been considered as a f i rst- l ine defense against
the  organ isms enter ing  these passages ( f igure  2) .

Figure 2 :  Pharyngeal  lymphoid t issue of  Waldeyer 's  r ing
compr ises the adenoid ,  the tuba l  tons i ls  (TT) ,  the pa la t ine
tons i l s  (PT )  and  t he  l i ngua l  t ons i l  ( LT ) .

This  de fense s t ruc tu re  emerged in  connect ion  w i th
the  deve lop ing  ros t ra l  par t  o f  the  d iges t ive  tube,
exposed to  the  env i ronmenta l  an t igens .  A t  the  evo lu -
t ionary  s tage o f  mammals ,  i t  a lso  became a  mother
reg ion  o f  the  tons i l s  [55 ] .  In  tha t  con tex t ,  the  tons i l s
can be  cons idered an  "evo lu t ionary  nove l ty " ,  wh ich
d id  no t  appear  be fore  mammals .  S i tua ted  in  the  same
region where in lowest vertebrates the thymus deve-
lops ,  the  tons i l s  a re  a  modern  phy le t i c  successor  o f
the  thymus,  as  there  is  a  gap o f  a t  leas t  300 mi l l ion
years between the appearance of  these organs in evo-
lu t ion  [56 ,  57 ] .  Such t ime gap a lso  ex is ts  in  on togeny
b e c a u s e  i n  h u m a n s  a l l  o t h e r  b r a n c h i o g e n i c  o r g a n s
deve lop  w i th in  the  th i rd  week o f  ges ta t ion ,  whereas
the  tons i l la r  c ryp ts  s ta r t  to  deve lop  in  the  fo rm o f  ep i -
the l ia l  buds  and la te r  cords  in  the  th i rd  month  and
cont inues  the i r  fo rmat ion  dur ing  the  who le  p regnan-
cy  [58 ,  59 ] .  Waldeyer 's  r ing  cont inues  deve lop ing
dur ing  ch i ldhood bu t  s ta r ts  to  d isappear  dur ing  ado-
lescence [55 ] .

Not  a l l  an ima ls  have a  d i rec t  equ iva len t  to  the  human
tons i l s  and compar isons  need to  be  conducted  care-
fu l l y .  S ince  Waldeyer 's  r ing  is  a lso  present  in  p igs
those an imals  have been used fo r  exper imenta l  s tu -
d ies  [7 ] .  S tudy ing  the  in f luence o f  an t igen s t imu la t ion
in  the  deve lopment  o f  the  pa la t ine  tons i l s  in  germ-
f ree  (GF)  and convent iona l  p ig le ts  i t  has  been shown
that  in  newborn  p ig le ts  and a l l  GF pos tna ta l  s tages
s tud ied  the  pa la t ine  tons i l s  were  fo rmed by  a  nar row
st r ip  o f  l ympho id  t i ssue ex tended in to  the  la te ra l  par t
o f  the  so f t  pa la te .  The lympho id  in f i l t ra t ion  o f  the
connect ive  t i ssue s t roma occur red  most ly  a round the
t ips of  these crypts.  However,  the f i rst  pr imary fo l -
l ic les formed never developed into secondary fo l -
l i c les ,  even i f  m i togens  were  app l ied  exper imenta l l y
in  GF p ig le ts .  The s tudy  demonst ra ted  tha t  the  tons i l s
in  GF p ig le ts  re ta in  the i r  fe ta l  charac ter  dur ing  pos t -
na ta l  deve lopment ,  and tha t  the i r  fu l l  deve lopment
depends on  the  an t igen ic  s t imu la t ion  [60 ] .

One s t ruc tu ra l  charac ter is t i c  o f  tons i l s  i s  the  ex is tence
of  c ryp ts  wh ich  are  nar row ep i the l ia l  d iver t i cu la ,
vary ing  in  a r rangement  f rom the  monocryp t ic  un i ts  o f
the  l ingua l  tons i l  to  the  po lyc ryp t ic ,  somet imes bran-
ch ing  c ryp ts  o f  the  nasopharyngea l  tons i l s  and pa la t i -
ne  tons i l s .  In  hea l thy  tons i l s  the  open ings  o f  the
cryp ts  a re  f i ssure- l i ke ,  and the  wa l ls  o f  the  lumen are
in  appos i t ion .  In  the  cent re  o f  the  pa la t ine  tons i l s  a re
t ight ly packed ramif ied crypts that  jo in wi th each
other ,  wh i le  on  the  per iphery  there  is  a  ra ther  s imp le
and sparse  ar rangement  [61 ] .  The pharyngea l  sur -
faces  o f  the  nasopharyngea l  tons i l  and the  tuba l  ton-
s i l s  a re  covered main ly  w i th  a  c i l ia ted  resp i ra to ry  ep i -
the l ium,  whereas  those o f  the  pa la t ine  tons i l s  and l in -
gual  tonsi l  are protected by strat i f ied squamous non-
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kera t in ized  ep i the l ium,  respec t ive ly .  A  band o f  th ick
connect ive  t i ssue conta in ing  many vesse ls ,  nerves
and lymphat ics  under l ines  the  sur face  ep i the l ia .  By
cont ras t ,  the  ep i the l ium l in ing  the  c ryp ts  i s  no t  un i -
fo rm and is  under l ined  w i th  d is rup ted  basement
m e m b r a n e  b u t  n o  t h i c k  c o n n e c t i v e  t i s s u e  b a n d .
Ep i the l ium cover ing  the  cav i t ies  i s  usua l ly  no t  pene-
t ra ted  by  b lood vesse ls .  lmpor tan t ly ,  in  the  tons i l la r
l ymphoep i the l ium,  there  is  a  ne twork  o f  in t raep i the-
l ia l  b lood vesse ls  a r ranged in  loops  or ien ted  perpen-
d icu la r ly  to  the  c ryp t  sur face ,  and h igh  endothe l ia l
venu les  are  loca ted  in  the  lower  border  reg ions  o f  the
re t icu la ted  pa tches  o f  ep i the l ium ( f igure  3) .

Figure 3 :  Lymphoepi the lu im of  the pa la t ine tons i ls  PT (A)
and  t he  adeno ids  (B ) .  CL :  C ryp t  Lumen ,  SE :  Squamous
E p i t h e l i u m ,  H E V :  H i g h  E n d o t e l i a l  V e n u l e s ,  I E B V :
In t raepi the l ia l  B lood Vessels ,  GC:  Germina l  Cent res,  TA:  T
Ce l l s  A reas ,  Resp i ra to r y  Ep i t he l i um:  RE  .

ARE THE ÎOIUSILLAR
GRYPTS A BARRTER OR

AN AIUTIGENTG SAMPTER?

Due to  i t s  complex  s t ruc tu re  the  ep i the l ium cover ing
the crypts has been termed in di f ferent ways: lym-
phoep i the l ium,  re t i cu la t ion  o f  c ryp t  ep i the l ium,  o r  fo l -
l i c le -assoc ia ted  ep i the l ium (FAE) ,  re fe r r ing  to  an  ep i -
the l ium tha t  can  sample  an t igens  and t rans loca te
them to  the  under ly ing  lympho id  t i ssue [62 ] .

The mesh o f  the  ep i the l ia l  ce l l s  has  been graph ica l l y
compared w i th  a  sponge w i th  in te rs t i ces  ho ld ing  d i f -
fe ren t  immune ce l l s  such as  T  ce l l s ,  lgG- ,  lgA-  and
lgM-produc ing  B ce l l s ,  macrophages,  in te rd ig i ta t ing
d e n d r i t i c  c e l l s  ( D C ) ,  L a n g e r h a n s  c e l l s  a n d  M - c e l l s  [ 6 2 ] .
There  is  a  c ruc ia l  numer ica l  ba lance be tween ep i the-
l ia l  and nonep i the l ia l  ce l l s ,  hav ing  the  f i rs t  ones  the
capaci ty to synthesize secretory component or the
po lymer ic  lg  receptor  (p lgR/SC)  to  s tab i l i ze  and t rans-

port  secretory lgA to the mucosal  surface. Patches of
the  c ryp t  ep i the l ium a t  the  nasopharyngea l  tons i l s
express  p lgR/SC but  no t  in  pa la t ine  tons i l s  [63 ] .  The
in f i l t ra t ing  nonep i the l ia l  ce l l s  a re  cons tan t ly  exposed
to  a l imentary  and a i rborne  an t igens  a f te r  b i r th .  The
u l t ras t ruc tu re  and func t ion  o f  M-ce l l s  in  the  human
nasopharyngea l  tons i l s  and the i r  capac i ty  fo r  an t igen
uptake have a lso  been s tud ied  [64 ] .

The ce l lu la r  a rch i tec tu re  o f  tons i l s  resembles  tha t  o f
l ymph nodes,  a l though the  lack  o f  a f fe ren t  l ymphat ics
predisposes them to direct  interact ions wi th environ-
menta l  an t igens .  Tons i l s  con ta in ,  apar t  fo rm the  re t i -
cu la r  c ryp t  ep i the l ium,  o ther  spec ia l i zed  lympho id
compar tments  such as  the  ex t ra fo l l i cu la r  a rea  (T  ce l l
a r e a s ) ,  t h e  m a n t l e  z o n e s  a n d  t h e  f o l l i c u l a r  g e r m i n a l
centers .  A l though the  tons i l s  con ta in  the  comple te  se t
o f  ce l lu la r  components  necessary  fo r  p r imary  and
secondary  immune responses ,  the  prec ise  cont r ibu-
t ion  o f  these lympho id  s t ruc tu res  to  the  induc t ion  and
regu la t ion  o f  mucosa l  immune responses  is  no t  com-
p le te ly  unders tood.

For  an t igens  reach ing  the  ora l  cav i ty  one cou ld  specu-
late that  tonsi ls are important induct ive s i tes.  The ret i -
cular crypt  epi thel ium contains DC that can transport
exogenous ant igens to the extrafol l icular T-cel l  areas
and to  the  B-ce l l  fo l l i c les .  Ex t ra fo l l i cu la r  T  ce l l s  a re
mainly CD4+ of  both nalve (CD45RA+) and memory
(CD4SRO+) subsets,  and some express the lL-2 recep-
tor (CD25) as a marker of  recent act ivat ion.  Naive B
ce l ls  a re  s t imu la ted  in  the  ex t ra fo l l i cu la r  zones  th rough
cognate help f rom act ivated CD4+ T cel ls to which DC
have presented ant igens. Cytokines and microenviron-
mental  factors determining isotype di f ferent iat ion and
coexpression of  J chains in B cel ls remain obscure.

C lass ica l  memory  B ce l l s  (s lgD-s lgM+)  w i th  s t rong
CD80/CD86 expression are also found at  extrafol l icu-
la r  s i tes  where  they  migh t  l i kewise  exer t  an  an t igen-
present ing  func t ion .  S t imu la ted  B ce l l s  co lon ize  the
p r i m a r y  l y m p h o i d  f o l l i c l e s  a n d  f o r m  t h e  g e r m i n a l  c e n -
te r  (GC)  where  an t ibody  secre t ing  ce l l  (ASC)  produ-
cing lgG (55-72%), or lgA (30-18%) predominate.
These ce l l s  and ASC produc ing  lgM and lgD o f ten
show concur ren t  express ion  o f  J  cha in  (13-80%) .  The
J-cha in  express ing  capac i ty  o f  lgA-ASC in  tons i l s  i s
be t te r  than in  per iphera l  l ymph nodes (LN)  and lower
than in  mesenter ic  LN [65 ] .

A f t e r  t h e  t o n s i l l a r  B - c e l l  d i f f e r e n t i a t i o n  p r o c e s s  o n l y
few o f  the  leav ing  lgA-ASC te rmina te  the i r  d i f fe ren-
t i a t i o n  a s  e x t r a f o l l i c u l a r  c e l l s  o r  j o i n  t h e  s y s t e m i c
i m m u n e  s y s t e m .  M o s t  o f  t h e m  h o m e  t o  r e g i o n a l
secre tory  e f fec to r  s i tes  fo r  te rmina l  d i f fe ren t ia t ion
th  e  re .

W
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The f ind ing  o f  a  s imi la r  d is t r ibu t ion  o f  lgA l  and lgD
ASC among nasa l  mucosae,  sa l i vary  and lacr ima l
g lands ,  and tons i l s ,  suppor ts  the  no t ion  tha t  these
regional  secretory ef fector s i tes are seeded mainly by
B-cel l  b lasts generated in GC of Waldeyer 's r ing [50,
66-681.

HOW TS THE GIRGULATION
FROM TONSTTS TO EFFEGTOR

SITES ESTABLTSHEID?

Attempts have been made to t rack direct ly the disse-
minat ion  o f  B  ce l l s  f rom human tons i l s  by  means o f
molecu la r  markers .  Because the  human herpes  v i rus
Epste in -Bar r  v i rus  (EBV)  pre feren t ia l l y  es tab l i shes
persistent infect ion wi th in memory/ef fector B cel ls of
Waldeyer 's  r ing ,  the i r  m igra t ion  to  o ther  compar t -
ments  may be  mapped by  DNA ana lys is  fo r  la ten t
EBV in fec t ion .  On the  bas is  o f  th is  approach,  B-ce l l
t raf icking has been suggested to take place from
Waldeyer 's  r ing  to  per iphera l  b lood and to  a  lesser
ex ten t  in to  sys temic  l ympho id  o rgans  such as  mesen-
te r ic  l ymph nodes and the  sp leen [50 ] .  Us ing  another
DNA marker ,  namely  lg  heavy  cha in  C; r  gene de le t ion
[68, 69] Brandtzaeg et .  a l .  showed that memory/ef fec-
to r  B  ce l l s  undergo ing  non-c lass ica l  CH swi tch ing  to
lgD immunocy te  d i f fe ren t ia t ion ,  p re fe ren t ia l l y  home
f rom Waldeyer 's  r ing  th rough cerv ica l  l ymph nodes to
the  upper  a i rway  mucosa and assoc ia ted  g lands  [651.

lgA-ASC precursors present in the oral  cavi ty,  and
upper  d iges t ive  t rac t  p re fe ren t ia l l y  popu la te  the  sa l i -
vary glands with low levels of  t raf f ick ing to the intes-
t ine .  ASC in  mucosa l  l ymph t i ssues  can upregu la te
the expression of  two chemokine receptors,  CCR9 and
CCR10,  wh ich  are  assoc ia ted  w i th  the  t ra f f i ck ing  pa t -
terns of  these cel ls.  However,  whereas responsive-
ness  to  the  CCR9 l igand (CCL25)  i s  no t  charac ter is t i c
in  the  upper  d iges t ive  t rac t  the  CCR10 l igand,  CCL28
is  p ro fuse ly  p roduced in  ep i the l ia l  ce l l s  in  var ious
mucosa l  t i ssues .  A lmost  a l l  lgA ASC express  CCR10
and respond to  CCL28,  and the  reduced number  o f
lgG or  lgM ASC express ing  CCR 10 suppor ts  a  se lec-
t i ve  assoc ia t ion  o f  th is  receptor  w i th  lgA ASC.
Di f fe rences  in  d isseminat ion  o f  an t igen-spec i f i c  lgA
af te r  nasa l  o r  o ra l  immuniza t ion  is  l i ke ly  due to  d i f fe -
ren t ia l  m igra t ion  proper t ies  [70J .

Poss ib ly ,  ce l l  matura t ion  in  the  course  o f  severa l  p ro-
l i ferat ive cycles resul ts in reduced expression of  J
cha in  p romot ing  the  monomer ic  p roduc t ion  o f  lgA.  In
fac t ,  repeated  tons i l la r  in f lammat ion  is  assoc ia ted
wi th  decreased J -cha in  express ion  by  B ce l l s ,  com-
promis ing  the i r  pu ta t i ve  cont r ibu t ion  to  the  reg iona l
secretory lgA system. Tonsi l l i t is  appears to speed the

age - re la ted  i nvo lu t i on  o f  t he  t ons i l s  as  immuno log i ca l

o rgans  poss ib l y  r e l a ted  t o  i nc reased  shedd ing  o f  an t i -

gen  t r anspo r t i ng  M  ce l l s  i n  t he  c r yp t  ep i t he l i um,  a l so

in f l uenc ing  t he  ba lance  be tween  expans ion  o f  J  pos i -

t ive  (ear ly )  and J  negat ive (mature)  e f fec tor  B ce l ls .

IS THE IMMUNE RESPONSE
TO ORALLY ADMIIUTSTERED

ANTTGEIUS LTMITED TO THE WAL.
IDEYER'S LY]UIPHOIID STRUGTURES?

Ora l ly  app l ied  pro te ins  under l ie  the  ac t iv i t y  o f  sa l i va-
ry  enzymes,  p ro teases  and the  low pH,  wh ich  can
inact ivate most of  the relevant epi topes of  ant igens
before they reach the APC of the gut.  For fed ant igens
the  Peyer 's  pa tches  (PP)  seem to  be  the  main  induc t i -
ve s i tes.  They are organized lymphoid structures,
w h i c h  a r e  d i s t r i b u t e d  m a i n l y  i n  t h e  d i s t a l  i l e u m .  T h i s
mucosa l  mic roenv i ronment  appears  to  be  par t i cu la r ly
geared toward  the  induc t ion  o f  T  he lper  ce l l s  p rodu-

cing type 2 and type3 cytokines. This abi l i ty  is  consis-
ten t  w i th  the  th ree  prominent  fea tures  on  immune
responses  to  o ra l  an t igens :  the  propens i ty  o f  res ident
DC fo r  secre t ion  o f  an t i - in f lammatory  cy tok ines
un less  they  are  ac t iva ted  by  matura t ion  s igna ls ,  the
produc t ion  o f  secre tory  lgA,  and the  induc t ion  o f
regu la to ry  T  ce l l s .

In  the  normal  in tes t ine  most  an t igens  a f te r  t ravers ing
the  la rge  sur face  area  o f  the  ep i the l ium are  processed

and presented  on  MHC molecu les  by  in tes t ina l  ep i -
the l ia l  ce l l s ,  absorbed in to  cap i l la r ies  tha t  cu lmina te
in  the  por ta l  ve in  and the  l i ver  o r  cap tured  by  res ident
APC and car r ied  to  d ra in ing  lymph nodes.  Dendr i t i c
ce l l s  can  a lso  ex tend processes  in to  the  lumen to  cap-
tu re  an t igens  d i rec t l y  and then migra te  to  the  mesen-
te r ic  l ymph nodes (MLN) .  Another  impor tan t  por ta l  o f
en t ry  fo r  an t igens  is  the  spec ia l i zed  M ce l l s  o f  the  ep i -
the l ium.  Ant igens  e i ther  pass ing  th rough the  ep i the-
l i u m  i n t o  b l o o d  c a p i l l a r i e s  o r  c a r r i e d  t h r o u g h  l y m p h a -
t i c  vesse ls  to  the  mesenter ic  l ymph nodes u l t imate ly
converge in to  the  sp leen 1511.

The par t i cu la r  reasons  why the  mucosa l  env i ronment
may be  espec ia l l y  conduct ive  to  the  d i f fe ren t ia t ion  o f
T cel l  into aTh2lTh3 pathway are unclear.  One possi-

b i l i t y  i s  the  presence o f  par t i cu la r  APC subsets
capab le  o f  the  Th2 induc t ion  in  the  mucosa.  In  the
GALI  DC are  found in  the  PP,  lamina propr ia ,  and
d r a i n i n g  M L N .  I n  h u m a n s ,  r a t  a n d  m o u s e  o n e  D C  s u b -
se t  i s  loca ted  underneath  the  ep i the l ium to  take  up
lumina l  an t igens  t ranspor ted  by  M ce l l s .  l t  i s  a lso  sca t -
te red  th rough the  B ce l l  fo l l i c le  bu t  exc luded f rom the
germina l  cen ters  [71 ] .  Other  DC subset  i s  p resent  in
the  in te r fo l l i cu la r  reg ions  in  c lose  assoc ia t ion  w i th
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more mature  or  d i f fe ren t ia ted  T  ce l l s .  The behav io r  o f
DC in  o rgan ized PP is  un ique because the  s i te  o f  in i -
t ia l  an t igen en t ry  and capture  is  in  c lose  prox imi ty  to
organ ized T  and B ce l l  zones  [72 ] .  These DC are  res-
pons ib le  fo r  the  pr im ing  o f  T  ce l l s  s ince  they  come in
c lose  contac t  w i th  na ive  T  ce l l s .  Resu l ts  suggest  tha t
there is a pr imary di f ference between DC from PP and
those f rom sp leen re la ted  to  the i r  ab i l i t y  to  induce d is -
t inc t  T  ce l l  responses .  lL -10  and poss ib ly  TGFb are
produced by  PP DC when in te rac t ion  w i th  na ive  T
ce l l s  occurs  and these cy tok ines  d i rec t l y  o r  ind i rec t l y
dr ive  T  ce l l s  to  d i f fe ren t ia te  in to  T  ce l l s  p roduc ing  Th2
cy tok ines  and TGF-B 1731.

UilMET NEEIDS

Based upon what  we have d iscussed in  th is  rev iew i t

is  very  c lear  that  there is  a  need to  per form d i f ferent

s tud ies  i n  o rde r  t o  know the  f o l l ow ing  i ssues :
.  T h e  p r e c i s e  m o l e c u l a r  m e c h a n i s m s  o f  a l l e r g e n

deg rada t i on  and  abso rp t i on .
.  Wh ich  a re  t he  mo lecu la r  mechan i sms  i nvo l ved  i n

i nduc t i on  o f  r egu la to r y  immune  ce l l s  i n  t he  o ra l

cavity.
.  ls  SLIT ef fec t ive in  t reatment  and/or  prevent ion o f

a top ic  d isorders?.
'  How ea r l y  cou ld  SL IT  be  app l i ed? .
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