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SUMMARY: subl ingual immunotherapy (SLlr) represents a non invasive alternative to subcutaneous immunotherapy in order
to treat type I al lergies. Vaccines based on recombinant al lergens expressed in a native { i .e. wi ldtype) configuration, formu-
lated with ad hoc adjuvants designed to target Langerhans cel ls in the subl ingual mucosa should al low to induce al lergen-spe-
c i f ic  regu la tory  T ce l ls .  In  th is  context ,  we have developed an imal  and huma-n prec l in ica l  models  ao t * . i ,6" i .pu. i , l " i . " í0 ,
date vaccines to modulate selectively al lergen-specif ic T helper lymphocyte polarization fol lowing subfingual vaccination.

TIUTRODUGTIOIU

l l e r g e n - s p e c i f i c  s u b l i n g u a l  i m m u n o t h e r a p y
(SLIT)  i s  cur ren t ly  cons idered as  a  non invas i -
ve  a l te rna t ive  to  subcutaneous immuniza t ion

(1) .  Dur ing  SLIT ,  the  a l le rgen is  captured  w i th in  the
o r a l  m u c o s a  b y  L a n g e r h a n s - l i k e  d e n d r i t i c  c e l l s
express ing  cons t i tu t i ve ly  bo th  low and h igh  a f f in i t y
lgE receptors  (2 ) .  Fo l low ing  engagement  o f  such
receptors ,  sub l ingua l  dendr i t i c  ce l l s  (DCs) ,  p roduce
l L 1 0  a n d  T G F B  a n d  u p r e g u l a t e  i n d o l e a m i n e  d i o x y g e _
nase ( lDO) ,  suggest ing  tha t  such ce l l s  a re  p rone to
induce a l le rgen-spec i f i c  regu la to ry  T  ce l l s .  Such ce l l s
are  he terogeneous,  and inc lude bo th :
.  na tura l l y  occur r ing  CD4+CD25+ T  ce l l s ;
.  cel ls induced in the per iphery fo l lowing ant igen expo_

sure (e.9.  Tr1 cel ls,  Th3 cel ls,  and CD8+ T* cel ls)  (3) .

In this context, we develop vaccines comprising recom-
binant al lergens in associat ion wi th adjuvants adminis-
tered through the subl ingual  route.  Such recombinant
al lergens are produced in a wi ld- type ( i .e.  nat ive)confor-
mat ion to preserve lgE bindíng, thereby faci l i tat ing cap-
ture by FcARI+ Langerhans cel ls.  In th is study, we sum-
marize our effofts to produce wild-type allergens using
recombinant technologies,  and to ident i fy adjuvants el i -
c i t ing regulatory T cel ls v ia the subl ingual  route.

METHODS
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Recombinant al lergens are expressed ei ther in bacter ia,
yeast (Pichia pastor is)  or  tobacco plants as recombi-

S t a l l e r g è n e s  S A  -  6 ,  r u e  A l e x i s  d e  T o c o u e v i l r e  -
9 2 1 6 0  A n t o n y  ( F r a n c e ) .

nant  p ro te ins ,  w i th  a  focus  on  b i rch  (Bet  v1)  and
h o u s e  d u s t  m i t e s  ( D e r  p 1 ,  D e r  p 2 l  a l l e r g e n s .
Cand ida te  ad juvants  such as  g lucocor t i co id  p lus  1 ,25-
d i h y d r o x y v i t a m i n  D 3 ,  a n d  a c i d  b a c t e r i a  ( e . g .
Lactobacil lus plantaruml have been selected because
they  are  known lL10 inducers  and have a  good sa fe ty
pro f i le ,  a l low ing  human admin is t ra t ion  (4 -7 .
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Monocyte-der ived DCs were incubated with ei ther
med ium,  ad juvant ,  LPS (1  pg iml ) ,  LpS (1  pg /ml )  p lus
adjuvant.  Af ter  24 h,  DCs were harvested to analyse
the i r  phenotype,  and cy tok ine  produc t ion  us ing  the
cytometr ic bead array (CBA) technology. To assess
the  impact  on  T  ce l l  po la r iza t ion ,  ad juvant - t rea ted
DCs were  cu l tu red  w i th  a l logen ic  CD4+ naîve  T  ce l l s
from heal thy donors in 96-wel l  f lat-bottom microt i ter
plates.  Af ter 7 days, cel ls were col lected to assess
changes in  phenotype,  in t race l lu la r  cy tok ine  produc-
t ion  and gene express ion .  To  the  la t te r  a im,  RNA was
iso la ted  us ing  the  RNeasy  Min i  k i t  (O iagen) ,  reverse
t ranscr ibed,  and cDNAs were  quant i f ied  by  rea l - t ime
PCR. Pr imers and probes were selected to assess
expression of  t ranscr ipt ion factors (T-bet,  GATA-3.
Foxp3) ,  as  we l l  as  lL10 and TGF-B genes.
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Ba lbC mice  were  sens i t i zed  by  two in t raper i tonea l
( i .p . )  in jec t ions  a t  14  days  in te rva l  w i th  10  pg  OVA
(ova lbumin)  adsorbed on  AI (OH)3,  fo l lowed by  resp i -
ratory chal lenge with 1% *1,  OVA on 5 consecut ive
days with an aerosol  del ivery system (Buxco).  For
to le rance induc t ion ,  OVA + / -  ad juvant  was app l ied
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sub l ingua l ly  every  week,  tw ice  a  week dur ing  2
months  a t  a  concent ra t ion  o f  500 l rg  ( in  a  to ta l  vo lu -
me of  25 pl) .  Control  mice were sensi t ized with OVA
f o l l o w e d  b y  s h a m  t o l e r i z a t i o n  w i t h  P B S .
Measurements  o f  a i rway  respons iveness  were  per fo r -
m e d  b y  w h o l e  b o d y  p l e t h y s m o g r a p h y .  A i r f  l o w
s igna ls  were  recorded in  response to  aeroso l i zed
methacho l ine  (50  mg/ml ) .  M ice  were  sacr i f i ced  and
sp leen ce l l s  were  assessed fo r  spo t  fo rming  ce l l s
(SFCs)  us ing  E l i spo t  k i t s  fo r  IFN-9 ,  lL -5  and lL -10 .

RESULTS
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Var ious express ion systems were compared to
express recombinant  a l lergens in  the most  nat ive
conf igurat ion,  including E col i ,  yeast (Pichia pastor is)
and tobacco p lan ts .  Resu l ts  (summar ized in  tab le  l )
suggest  tha t  i t  i s  poss ib le  to  p roduce w i th  good y ie lds
recombinant  Der  p1 ,  Der  p2  and Bet  v1  molecu les .  A l l
such  molecu les  were  found to  b ind  pa t ien t ' s  lgE,  as
we l l  as  spec i f i c  mur ine  monoc lona l  an t ibod ies  in  a
comparab le  manner  to  pur i f ied  na tura l  a l le rgens ,
suggest ing  tha t  recombinant  a l le rgens  were  cor rec t ly
fo lded ( tab le  1  and re f .  8 ) .

Cellularsystem Allergenexpressed
///n////,t//////

E co l i  Bet  v1,  Der  p2

Biological activity
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Because DCs are control l ing T-cel l  act iv i ty,  we evalua-
ted  cand ida te  ad juvants  known to  induce lL10 fo r
t h e i r  c a p a c i t y  t o  m o d u l a t e  D C s  m a t u r a t i o n .
Co l lec t i ve ly ,  our  resu l ts  suggest  tha t  a  combina t ion  o f
V i t  D3 p lus  Dexamethasone inh ib i ts  DC matura t ion
(assessed fo l low ing  LPS s t imu la t ion) .  In  cont ras t  s t i -
mulat ion wi th Lactobaci l lus plantarum induced DC
matura t ion .  The impact  o f  such ad juvants  on  DC phe-
notype and cy tok ine  produc t ion ,  as  we l l  as  the i r  capa-
c i ty  to  d r ive  subsequent  T  ce l l  po la r iza t ion ,  a re  sum-
mar ized in  tab le  2 .
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Sens i t i za t ion  w i th  ova lbumin  (as  descr ibed in  mate-
r ia l  and methods)  was shown to  induce OVA-spec i f i c
l g G l  a n d  l g E ,  b u t  l i t t l e  l g G 2 a  a n t i b o d i e s  i n  s e r u m .
Spleen cel ls f rom OVA-sensi t izated mice displayed a
strong capaci ty to produce lL5 in response to OVA
(not  shown) .  In  add i t ion  to  a  c learcu t  Th2 immune res-
ponse, OVA-sensi t ized mice exhibi ted airway hyper
responsiveness to OVA in presence of  metachol ine
when compared to  PBS- t rea ted  mice .  In  such sens i t i -

Comments

Yeast (P. pastoris) Der p2

Tobacco plant Der p1 , Der p2

Tab le  1 :  Express ion  sys tems  fo r  pharmaceu t i ca l -g rade  recomb inan t  a l l e rgens .

Both a l lergens were expressed successfu l ly
in  a  nat ive conf igurat ion and shown to  b ind
pat ient 's  lgEs

Der p2 expressed in yeast was shown to
b ind  l gEs  i n  a  comparab le  manne r  t o  na tu -
ra l  pur i f ied Der  p2.

Der  p2 wi th  a  decreased capac i ty  to  b ind lgE
was produced in  p lants .  Var ious forms of
Der p1 (+/- propeptide, +/- enzymatic act ivi-
ty, +l- N-glycosylat ion site) were expressed
in  tobacco p lants .

Adjuvants

Vit D3 +Dexamethasone L. plantarum

Human dendr i t ic  ce l l  maturat ion

Cytok ine product ion by human DCs

Human  T  ce l l  po la r i za t i on

Act iv i ty  in  a  mur ine model  o f
sub l i ngua l  immuno the rapy

Table 2: Effect of selected adjuvants

:  ( i nh ib i t i on  o f  LPS  i nduced
expression of CD80, CD83, CD86)

: ,  o f  LPS induct ion o f  lL12 or  lL6

v 1L10, \  IFNT, :r lLS

lmprovement  in  resp i ra tory  funct ion.
z in TGFB and \ in lL5 OVA-specif ic

production in splenogytes

o n  h u m a n  a n d  m u r i n e  i m m u n e  c e l l s .

z  ( increase in  CD40,  CD80,
CD83,  CD86,  MHC c lass l l )

v  1 L 1 2 , l L 6 ,  l L l B

z l L 1 0 ,  z l F N y ,  z T B e t

lmprovement  in  resp i ra tory  funct ion.
z  in  TGFB and \  in  lL5 OVA-spec i f ic

product ion in  sp lenocytes.
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zed mice with ovalbumin, both Lactobaci l lus planta_
rum and Dexamethasone + Vi t  D3 coadministered
wi th  OVA th rough the  sub l ingua l  rou te  were  shown to
e l i c i t  a  s ign i f i can t  improvement  in  the i r  resp i ra to ry
func t ion  ( tab le  2 ) .

GOTUGTUStOil

Subl ingua l  vacc ines  based on  recombinant  a l le rgens
are  be ing  deve loped to  t rea t  house dus t  mi te  and t ree
po l len  a l le rg ies .  These vacc ines  assoc ia te  recombi_
nant  a l le rgens  in  a  na t ive  conf igura t ion ,  together  w i th
cand ida te  T  Reg ad juvants .  on  the  bas is  o f  qua l i ta t i ve
and quant i tat ive in v i f ro assays based on human
immune ce l l s ,  a  var ie ty  o f  cand ida te  ad juvants  a re
be ing  screened.  Such ad juvants  ac t  e i ther  on  DCs
and/or  T  l ymphocy tes  to  s t imu la te  lL10 and TGFb pro-
duc t ion .  Cand ida tes  vacc ines  based on  r  Bet  v1a  in
assoc ia t ion  w i th  a  cand ida te  ad juvant  w i l l  be  tes ted  in
b i r c h  a l l e r g i c  h u m a n s  t h r o u g h  t h e  s u b l i n g u a l  r o u t e
(8) .  In  those exp lo ra to ry  c l in ica l  s tud ies ,  too ls  such as
so lub le  HLA te t ramers-pept ides  w i l l  be  essent ia l  to
assess Betvl-speci f ic  T cel l  responses as a read-out of
vaccine ef f icacy.
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