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SUMMARY:
Background:  Subcutaneous spec i f ic  immunotherapy has been demonst ra ted capable  o f  induc ing T regula tory  response.

The re  i s  f ew  ev idence  conce rn ing  immuno log i ca l  changes  i nduced  by  sub l i ngua l  immuno the rapy .
Object ive:  The a im of  th is  s tudy was to  eva luate T ce l l  pro l i fera t ion in  sub jects  successfu l ly t reated wi th  SL|Tfor  HDM.
Methods:  PBMCs were iso la ted f rom pat ients  a f ter  a t  least  3  years  o f  successfu l  HDM SLIT and f rom matched unt reated

allergic and healthy control subjects. After 3 and 6 days of in vitro st imulat ion with PHA, Candida albicans, Dermatopltagoides
farinae, grasses, Parietaria judaica, and cat, proliferation.

Resul ts :  Subjects  t reated wi th  SLIT showed s ign i f icant  reduct ion o f  pro l i fera t ion induced by Candida a lb icans,  Par ie tar ia ,
and grasses in  compar ison wi th  unt reated atop ics  (p=0.0002,  0 .0033,  and 0.009 respect ive ly) .

Conclusion: This pi lot study confirms reduced T cel l  prol i ferat ion in al lergic subjects treated with SLIT.
Key-words:  Subl ingual  immunotherapy -  T  ce l l  pro l i fera t ion -  lmmunolog ic  to lerance.

TIUTRODUGTIOIU

p e c i f i c  i m m u n o t h e r a p y  ( S l T )  i s  t r a d i t i o n a l l y
based on  the  subcutaneous admin is t ra t ion  o f
al lergen extracts to obtain c l in ical  to lerance of

the  causa l  a l le rgens  in  pa t ien ts  w i th  a l le rg ic  d isorder
(1) .  There  is  ev idence tha t  spec i f i c  immunotherapy  is
ef fect ive in pat ients wi th al lergic rhini t is  and mi ld form
of asthma as stated in a recent WHO posi t ion paper (2).

Th2 ce l l s  p lay  a  c r i t i ca l  ro le  in  the  pa thogenes is  o f
a l le rg ic  rh in i t i s  and as thma (3) .  However ,  the  immuno-
log ica l  mechan isms tha t  downmodu la te  and pro tec t
aga ins t  the  deve lopment  o f  them are  poor ly  unders-
tood.  A  spec t rum o f  CD4+ T  ce l l s ,  inc lud ing  Th3 ce l l s ,
Tr1  ce l l s ,  CD4+CD25+ ce l l s ,  and NKT ce l l s ,  m igh t  exer t
a  ro le  in  regu la t ing  a l le rg ic  reac t ion  (4 ,5 ) .  A  be t te r
unders tand ing  o f  the  ro le  o f  regu la to ry  ce l l s  in  a l le rg ic
disorders may lead to the ident i f icat ion of  pathways
invo lved in  spec i f i c  immunotherapy .  Recent ly ,  a  ro le
for regulatory cel ls has been evidenced in pat ients
treated with SIT for grasses and HDM (6,77. Moreover,
the  ro le  o f  lL -10  as  ear ly  marker  o f  success fu l  immu-
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notherapy has been more recent ly evidenced (8).  On
the  bas is  o f  these f ind ings ,  i t  has  been po in ted  ou t  tha t
SIT  genera tes  regu la to ry  T  ce l l s  secre t ing  bo th  lL -10
and TGF_ and spec i f i ca l l y  suppress  a l le rgen- induced
responses (9).  This issue appears crucial  as a defect  of
T regulatory cel ls has been recent ly provided by an
e legant  exper imenta l  s tudy  in  a l le rg ic  sub jec ts  (10) .

As  the  t rad i t iona l  subcutaneous rou te  o f  admin is t ra -
t ion showed the r isk of  ser ious adverse react ions,
a l te rna t ive  rou tes  o f  immunotherapy ,  inc lud ing  ora l ,
sub l ingua l  (SLIT) ,  and nasa l ,  have been inves t iga ted
a n d  d e v e l o p e d  ( 1  1  ) .
The ra t iona le  o f  SLIT  is  tha t  o ra l  admin is t ra t ion  o f
h igh-dose a l le rgen may reduce and prevent  lgE res-
ponses. Methodological ly,  the extract  is  kept under
the  tongue per  few minutes  and then swa l lowed:  the
so-ca l led  sub l ingua l -swa l low.  A  d i f fe ren t  method may
be used:  a f te r  keep ing  the  a l le rgen under  the  tongue,
i t  i s  spa t  ou t  ( "sub l ingua l -sp i t " ) .  A t  p resent ,  th is  las t
method is  ra re ly  used.
SLIT  e f f i cacy  has  been eva lua ted  in  the  WHO pos i t ion
paper  (2 ) ,  in  the  EAACI /ESPACI  document  (121,  and in
t h e  A R I A  d o c u m e n t  ( 1 3 ) .  A l l  t h e  p u b l i s h e d  s t u d i e s  b u t
three evidenced the cl in ical  ef f icacy of  SLIT both on
rh in i t i s  and as thma symptoms (11 ,14 l ' .  The e f f i cacy
for  rh in i t i s  was  recent ly  conf i rmed by  meta-ana lys is
Cochrane rev iew (15) .
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Al though the prec ise mechanisms by which th is  ora l
to lerance is  induce are not  wel l  unders tood,  the route o f
a l lergen process ing and presentat ion remains a  cr i t ica l
de te rm inan t  o f  t he  subsequen t  T -ce l l  modu la t i on  (14 ) .
Nasal  immunotherapy,  a  var iant  o f  loca l  immunotherapy,
has been demonstrated to be capable of decreasing al ler-
gen-specif ic T-cel l  response (16). Very recently, oral speci-
f ic  immunotherapy prov ided ev idence of  induc ing a form
of  immunolog ic  to lerance to  the a l lergen (17) .  However
the immunolog ic  changes induced by SLIT remain s t i l l
unknown.  Thus,  our  a im was to  invest igate  th is  issue,

METHODS

t r* t*esxts

The s tudy  was approved by  the  Rev iew Board  o f  the
La Spez ia  Navy  Hosp i ta l  and per fo rmed w i th  the
in fo rmed consent  o f  a l l  par t i c ipants .  The donor  pane l
cons is ted  o f  t  hea l thy  sub jec ts  (as  cont ro l  g roup) ,  10
a l le rg ic  sub jec ts ,  and 9  pa t ien ts  rece iv ing  HDM SLIT .
Al lergy was def ined by a posi t ive skin pr ick test  res-
ponse lo Dermatophagoides pteronyssinus at least 4
mm greater  than tha t  e l i c i ted  by  the  negat ive  d i luen t
cont ro l  (S ta l le rgenes,  Mi lan ,  l ta ly ) .  A l le rg ic  donors
were  a l l  symptomat ics ,  w i th  a  c lear  h is to ry  o f  a l le rg ic
rh in i t i s .  Sub jec ts  undergo ing  SLIT  had rece ived HDM
immunotherapy  (S ta lo ra l  100 lR ,  S ta l le rgenes,  Mi lan ,
I ta ly)  for  at  least  3 years and were wel l  matched ro
a l le rg ic  donors  fo r  age,  sex ,  and sk in  p r ick  tes t  res-
ponse.  S ix  sub jec ts  o f  un t rea ted  group and f i ve  sub-
jects of  t reated group were polysensi t ized, but the sen-
s i t i za t ion  fo r  o ther  a l le rgens  was no t  cause o f  symp-
tom occur rence as  prov ided bo th  by  the i r  h is to ry  and
negat ive  a  I  le rgen-spec i f i c  con ju  nc t iva l  cha  I  le  n  ge ,
The s tudy  was per fo rmed dur ing  the  w in te r ,  such as
outs ide  the  po l len  season.

f f i t tn ica l  eva ta ta t f iC I r *

Pat ien ts  were  assessed fo r  a  change in  symptoms.
The fo l low ing  symptoms were  assessed by  the
pat ien t ,  answer ing  the  ques t ions  made by  the  inves t i -
ga tor :  nasa l  obs t ruc t ion ,  sneez ing ,  rh inor rhea,  and
i tchy  nose.  Each symptom was eva lua ted  on  the  fo l -
low ing  sca le :  0=  absent ,  1=  mi ld  (symptom was pre-
sent  bu t  was  no t  annoy ing  or  t roub lesome) ,  2=  mode-
ra te  (symptom was f requent ly  t roub lesome but  d id
not  in te r fe re  w i th  e i ther  normal  da i l y  ac t i v i t y  o r
s leep) ,  and 3= severe  (symptom was su f f i c ien t ly  t rou-
b lesome to  have in te r fe red  w i th  normal  da i l y  ac t i v i t y
or  s leep) .  To ta l  symptom score  (TSS)  be ing  the  sum
of  each ind iv idua l  symptom was cons idered.
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A f ;  l e r E e r x - s p e *  * f  X c
p y $ X * f * r m * $ v e  r s s p & m s *

PBMC were isolated by centr i fugat ion on a Ficol l -
Hypaque gradient for  30 min at  1800 rpm. PBMC were
suspended at  2x106/ml in RPMI 1640 (Sigma, Mi lan,
l ta ly)  supplemented with 10% autologous plasma, 2mm
L-g lu tamine (S igma) ,  and cu l tu red  in  dup l i ca te  on  96
f lat-bottomed plates (Nunc, Kamstrup, Denmark) for  6
days in the presence of  a l lergen extracts (20 mcg/ml) ,
including Dermatophagoides farinae, Parietaria judaica,
f ive grasses, and cat fur  (a l lergens were kindly provided
by Stal lergenes l ta ly,  Mi lan).  We chose these al lergens
as they are the most imporîant cause of  sensi t izat ion in
our  a rea .  In  a l l  g roups ,  we inc luded dup l ica te  med ium
controls wel ls as a negat ive control  and dupl icate in
presence of 2x106/ml autocleaved bodies of Candida
albicans, as recall antigen, or PHA. After 6-hrs pulse
with 0,5 mCi (3H)-thymidine/wel l  (3H-TdR; Amersham
Internat ional ,  Bucks, UK),  cul tures were harvested and
counted incorporated radioact iv i ty as index of  prol i fera-
t ion.  We expressed data as Kcpm (cpm/1000) in al ler-
gen-st imulated wel ls wi th medium control  subtracted.
Data are indiv idual  values with median hor izontal  bars
from separate donors of  each group

$ t a x * s * $ c m X  s r x * * v s f r s

We compared pro l i fe ra t ion  da ta  among groups  w i th
the  non-paramet r ic  Mann-Whi tney  U tes t  w i th  Pr ism
sof tware  (vers ion  3 ;  Graph Pad,  San D iego,  CA,  USA) .

RESULTS

C  l i n  i c a  I  e f  f  * c m c g  e f  S L $ Y

A l l e r g i c  s u b j e c t s  o n d e r g o i n g  H D M  S L I T  s h o w e d  a
s i g n i f i c a n t  i m p r o v e m e n t  o f  n a s a l  s y m p t o m s  i n  c o m -
p a r i s o n  w i t h  u n t r e a t e d  r h i n i t i c s  ( p < 0 . 0 1 ) .

E f  f  e c t s  o f  S t $ Y
o n  t h e  p r o l i f * r a t * v e  r * s p ú r l s e

> Cand ida  a lb icans- induced T-ce l l  p ro l i fe ra t ion  ( f igu-
re  1 ) :  SL IT- t rea ted  pa t ien ts  showed s ign i f i can t  lower
p r o l i f e r a t i o n  t h a n  u n t r e a t e d  a l l e r g i c  s u b j e c t s
(p=0.0002) .  Unt rea ted  a l le rg ic  sub jec ts  showed s ign i -
f i c a n t  h i g h e r  p r o l i f e r a t i o n  t h a n  h e a l t h y  s u b j e c t s
(p=0.0006).  There was no di f ference between SLIT-
t rea ted  sub jec ts  and hea l thy  donors .
È Dermatophagoides farinae-induced T-cell prolifera-
t ion ( f igure 2):  SL|T-treated pat ients showed lower pro-



l i f e r a t i o n  t h a n  u n t r e a t e d  g r o u p ,  e v e n  t h o u g h  w i t h o u t

s i gn i f i can t  d i f f e rence .  The re  \ \ ' as  no  s i gn i f i can t  d i f f e -

rence  be tween  t r ea ted  rh i n i t i c s  and  no rma l  sub jec t s ,

whe reas  t he re  was  s i gn i f i can t  d i f f e rence  be tween

un t rea ted  a l l e rg i cs  and  no rma l  sub jec t s  (p=0 .0+ t ) .

( f i g u r e  2 ) :  S L I T - t r e a t e d  r h i n i t i c s  s h o w e d  s i g n i f i c a n t

l o w e r  p r o l i f e r a t i o n  t h a n  u n t r e a t e d  a l l e r g i c  s u b j e c t s
( p = 0 . 0 0 3 3 ) .  U n t r e a t e d  a l l e r g i c s  s h o w e d  h i g h e r  p r o l i -

f e r a t i o n  t h a n  c o n t r o l  g r o u p  ( p = 0 . 0 0 3 3 ) ,  w h e r e a s

the re  was  no  d i f f e rence  be tween  no rma l  sub jec t s

and SLIT- t reated pat ients .

Figure 1: Prol i ferat ive response to Candida albicans of PBMCs
from untreated (UA), normal (CG), and Sl|T-treated (TA) sub-
jec ts .  (K i locounts  per  minute) .

F i ve  g rasses - i nduced  T -ce l l  p ro l i f e ra t i on  ( f i gu re  2 l :

SL |T - t r ea ted  pa t i en t s  showed  l ower  p ro l i f e ra t i on  t han

un t rea ted  rh i n i t i c s  (p=0 .009 ) .  The re  was  no  s i gn i f i can t

d i f f e rence  be tween  t r ea ted  sub jec t s  and  hea l t hy

vo lun tee rs .  Un t rea ted  a l l e rg i c  pa t i en t s  showed  h ighe r

p ro l i f e ra t i on  t han  no rma l  sub jec t s  (p=0 .0033 ) .

Ca t  f u r - i nduced  T -ce l l  p ro l i f e ra t i on  (F igu re  2 ) :  t he re

was no s ign i f icant  d i f ference between t reated and

unt reated pat ients  and between t reated subjects  and

no rma l  con t ro l s .  Un t rea ted  sub jec t s  showed  h ighe r

p ro l i f e ra t i on  t han  hea l t hy  dono rs  (p=0 .033 ) .

DrsGUSSrcil

A l l e r g i c  r h i n i t i s  i s  c h a r a c t e  r i z e d  b y  a  T h 2 - p o l a r i z e d

i n f l a m m a t i o n .  T h 2 - d e r i v e d  c y t o k i n e s  h a v e  b e e n

p r e v i o u s l y  i n v e s t i g a t e d  i n  s u b j e c t s  w i t h  a l l e r g i c  r h i -

n i t i s ,  p a r t i c u l a r l y  c o n c e r n i n g  t h e  r o l e  o f  l L - 4  a n d  l L -

1 3  ( 1 8 ) .  l L - 4  i s  a  p i v o t a l  c y t o k i n e  t h a t  o r c h e s t r a t e s

a l l e r g i c  i n f l a m m a t i o n  a s  i t  i s  t h e  m o s t  i m p o r t a n t

s i g n a l  t o  i n d u c e  T h 2  p o l a r i z a t i o n  i n  a l l e r g i c  s u b -

j e c t s  ( 1 9 ) .  l L - 4  a n d  l L - 1 3  p r o m o t e  l g E  s y n t h e s i s ,

u p r e g u l a t e s  a d h e s i o n  m o l e c u l e s  s e l e c t i v e  f o r  e o s i -

n o p h i l  r e c r u i t m e n t ,  a n d  c a u s e  i n c r e a s e d  m u c u s

p r o d u c t i o n  a n d  a i r w a y  h y p e r r e a c t i v i t y  ( 1 9 ) .  T h u s ,

t h e r e  i s  a g r e e m e n t  a b o u t  t h e  r o l e  e x e r t e d  b o t h  b y

l L - 4  a n d  l L - 1 3  a s  m a i n  p a t h o g e n e t i c  f a c t o r s  i n  i n d u -

c i n g ,  m a i n t a i n i n g ,  a n d  a m p l i f y i n g  i n f l a m m a t o r y

a l l e r g i c  i n f l a m m a t i o n .
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Figure12:Prol i ferat iveresponseto Dermatophagoidespteronyssinus,Parietariajudaica,catfurandgrassesof PBMCsfromuntrea-
ted (UA), normal (CG), and SL|T-treated (TA) subjects. (Ki locounts per minute).
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Otherwise ,  there  is  an  accumula t ing  ev idence tha t  Th1-
related cytokines, such as IFN_ and 1L12, may suppress
and counteract  th is Th2 response and viceversa as
there is funct ional  d ichotomy between Th1 and Th2
cel ls (20).  However,  there is evidence that Th1 cel ls
may be themselves pro- inf lammatory as i t  has been
demonstrated that the development of  an Th1-associa-
ted inf lammatory response could exacerbate asthma
(21).  Furthermore, the increase in prevalence of  atopic
diseases over the past 20 years has been accompanied
by  an  inc rease in  the  preva lence o f  au to immune,  Th1-
dr iven, diseases, also in the same subject  (22).  Thus,
forms of  immunity other than pure Th1 responses
must be ef fect ive in regulat ing the al lergic inf lamma-
t ion:  such as regulatory T cel ls (3).  As recent ly eviden-
ced, al lergic subjects shows a defect  of  T regulatory
cel ls (10).  This defect  may be replaced by subcuta-
neous SIT as provided by several  studies (6,7,9).
Part icular ly,  successuful ly SIT has been demonstrated
capab le  o f  induc ing  lL -10  produc t ion  by  T  ce l l s  (g ) .  lL -
10 exerts a number of  documented act iv i t ies that  are
relevant for  understanding the mechanisms of  act ion
of speci f ic  immunotherapy. lL-10 propert ies include:
the modulat ion of  a l lergen-speci f ic  lgE product ion in
favor  o f  lgG4 (23) ,  the  inh ib i t ion  o f  a l le rgen-dependent
mast cel l  act ivat ion (241, and the suppression of  act iva-
t ion  and surv iva l  o f  eos inoph i ls  (25) .  Moreover ,  lL -10
reduces the product ion of  pro-al lergic cytokines (26)
and induces hyporreact iv i ty to al lergens (27).
Sub l ingua l  immunotherapy  is  a  sa fe  and e f fec t i ve
rou te  o f  admin is t ra t ion  o f  a l le rgen ex t rac ts  in  a l le rg ic
pat ien ts .  However ,  i t s  mechan ism o f  ac t ion  is  s t i l l
poor ly  unders tood,  as  there  are  few data  concern ing
t h e  i m m u n o l o g i c  c h a n g e s  i n d u c e d  b y  S L I T  ( 1 1 , 1 4 ) .
Few studies showed a relevant ef fect  on the lgG4 res-
ponse a f te r  SL lT ,  thus  i t  cou ld  seem tha t  SLIT  does
not  reduce cons tan t ly  the  lgE produc t ion  and increa-
se  the  lgG4 syn thes is  (11) .  On the  cont ra ry ,  a  decrea-
se  o f  serum lL -13  was demonst ra ted  a f te r  SLIT  thera-
py (28).  Moreover,  i t  has been reported that T cel l  pro-
l i ferat ive response was reduced by SLIT (29).  The
same effect  was demonstrated also for  other local
rou tes  o f  spec i f i c  immunotherapy ,  such as  nasa l  (16)
and ora l  (30) .  These f ind ings  conf i rm numerous  expe-
r imenta l  s tud ies  in  an ima l  mode ls ,  showing tha t  the
ora l  rou te  i s  to le rogen ic  and can reverse  the  Th2 po la -
r i za t ion  (31 ,  32 ,  33) .
The present study evidenced that al lergic subjects
successful ly t reated with SLIT for HDM showed redu-
ced T  ce l l  p ro l i fe ra t ion  induced by  d i f fe ren t  s t imu l i .
The most relevant resul t  is  the response to Candida
a lb icans  tha t  i s  an  ub iqu i tous  an t igen.  We chose th is
an t igen because i t  i s  a  common reca l l  an t igen.  l t  i s  o f
no te  tha t  a  p rev ious  s tudy  d id  no t  show reduc t ion  o f
te tanus  toxo id - induced pro l i fe ra t ion ,  p robab ly  becau-
se  o f  low a l le rgen dose schedu le  (2g) .

In  add i t ion ,  a l le rgen-spec i f i c  T  ce l l  p ro l i fe ra t ion  was
also af fected by SLIT. Even though Der f - induced pro-
l i fe ra t ion  was no t  s ign i f i can t ly  reduced,  perhaps
because of  few cases invest igated, i t  is  noteworthy to
ment ion  tha t  there  was s ign i f i can t  reduc t ion  o f  T  ce l l
p ro l i fe ra t ion  a lso  fo r  o ther  a l le rgens  tha t  were  no t
causa l  a l le rgens ,  bu t  on ly  respons ib le  o f  sens i t i za t ion .
Thus ,  these f ind ings  conf i rm tha t  SLIT  is  capab le  o f
induc ing  ímmuno log ic  hyporeac t iv i t y  tha t  may be
both  spec i f i c  toward  the  a l le rgen admin is te red  and
a lso  d i rec ted  to  o ther  env i ronmenta l  an t igens .  As
recent ly evidenced by several  studies (G,7,8),  the
decreased T  ce l l  p ro l i fe ra t ion  induced by  SLIT  may be
c o n s e q u e n c e  o f  T  r e g u l a t o r y  c e l l  i n v o l v e m e n t .
Therefore,  decreased T cel l  prol i ferat ion may be at t r i -
bu ted  to  the  induc t ion  o f  genera t ion  o f  regu la to ry
ce l l s  capab le  o f  induc ing  a  to le rance to  the  causa l
a l le rgen.  Th is  to le rance is  invo lved in  the  c l in ica l
improvement achieved by SL|T-treated pat ients.
In  conc lus ion ,  we repor ted  sys temic  immuno log ic
changes induced by  the  admin is t ra t ion  o f  a l le rgenes
v ia  the  ora l  mucosa.  l t  i s  we l l  known tha t  o ra l -asso-
c ia ted  lympho id  t i ssue shows a  par t i cu la r  capac i ty  to
induce immune to le rance (34 ,35) .  Accord ing  w i th  the
s tud ies ,  ana lyz ing  the  events  occur ing  dur ing  muco-
s a l  i m m u n o t h e r a p y ,  s u c h  a s  v i a  n a s a l  ( 1 6 ) ,  o r a l  ( 1 7 ) ,
a n d  s u b l i n g u a l  r o u t e  ( 2 9 ) ,  w e  c o n c l u d e  t h a t  H D M  S L I T
may induce bo th  a  decrease in  T  ce l l  reac t iv i t y  and an
im m uno log ic  to le rance.
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