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Effects of cholera toxin adjuyant on IgE
antibody response to orally or
administered ovalbumin

nasally
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Takesh i  Kuratax

ElJects of  c l to l t ' r 'u lo.r in B suhuni t .s .supplementecl  wi t l t  0.19/o t 'holeru to-r in (CTB* )  or t
s,r 's /c l i rc I t tE t tnt ibor l l '  respon.ses to ot :ct l l tutr t in (OV,41 n'ere e.rut t t i r ter l  in BDFt 1H-2htd.1 ,
Bulh t '  ( l l -2 ' t  1 tmrl  C3H (H-2k) nt ic 'c gi t 'en OVA intrut tu.gtr ic 'u l l t '  or  intranusal l . t ' .  Tv 'o
.rzrcce,J.rrre dose.s o.l OVA irttt 'ctglct.stric'ull.t 'atlministerecl to Balblc and C3H mice incluced
litt le IqE ra.\ponse ond resulted in ulmost c'ontplete unresponsiuene.ss to subsecluertl
i t t t ropct ' i tor teul  chul lenqe n' i t l t  OVi l  in Al(OH)r,  n ' l t i le the intraclastr ic ctdnt in isu'ut ior t  to
BDFI t r t i t ' t , i r tducer l  h iq l t  IqE resportse ond resul ted in ubrogat ion o. f ' the unresports iuatrcs 's
Ío tlra suh.scquent challenge. Tlrc intronosctl aclntinistratiort o,f OVA induced litt le IqE
respon.te untl suppressed re.tpot't.te to tlte subsequent challenge in anv strain of'mice. On
t l rco therhanc l , tv t tosuc :ccss iue  dosesoJ ' in t rag los t r i c ' r t r in t ranusu l  OVAtogetherw i thCTB*
enhurtced IgE response in all three strains and the subsequent challenge w,ith OVA in
AI(OH),  induced l t igher IoE responses. These resul ts st tggest that  CTB* augrnents IgE
re.\pon.\e to OV'A oncl ubroglates tlrc unrespottsiueness when administered orallt '  or
itttrurtctsctl ly itt lo trt ic'e toqether with OVA, regarclless oJ'the H-2 haplotype o.f 'the ntice.

Kevwords :  Cho le ra  to r in ;  I gE  an t ibody  response '  o ra l  t o le rance :  cho le ra  tox in  B  subun i t ;  ova lbumin

The state of  speci f ic  immunological  unresponsiveness,
'oral  to lerance' ,  is  induced by previous oral  administra-
t ion of  d ietary protein ant igensl .  The oral  to lerance is
most readi ly induced in IgE and delayed-type hyper-
sensi t iv i ty (DTH) responses and the resul t ing to lerance
seems to be the means to prevent hypersensi t iv i ty to
oral ly administered ant igens. In addi t ion,  the speci f ical ly
suppressed IgE response is also induced by pr ior
inha la t ion  o ian t igens2.  On the  o ther  hand,  cho le ra  tox in
(CT)  o r  cho le ra  tox in  B  subun i t  (CTB)  conta in ing  a  smal l
amount of  CT, rvhen administered oral ly together wi th
unrelated arnt igens, abrogates the oral  to lerance to the
unre la ted  arn t igens  and resu l ts  in  augmenta t ion  o f  IgA
and IgG responses to the ant i_qens3'a.  We have also
demonst ra ted  tha t  CTB conta in ing  a  t race  amount  o f
CT (CTB*) administered oral ly or intranasal ly together
rv i th the inact ivated inf luenza vaccine enhanced IgA and
IgG responses to the vaccine5- t .  These resul ts suggest
tha t  the  ora l  o r  in t ranasa l  admin is t ra t ion  o f  CTB*
together wi th dietary protein ant igens abrogates
toierance to the dietary ant igens in the IgE ant ibody class
as wel l  as in the IgA and IgG ant ibody classes. In the
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present experiments we examined the effects of orally or
intranasal ly administered CTB* on the IgE responses to
dietary protein,  ovalbumin (OVA) in high (BDF1, H-2bi ' r ) ,
medium (Balb/c,  H-2o) and low (CH3, H-2t)  responders
to  CTB*  (Ref .8 ) .

Female mice of  the respect ive strains (6-8 weeks old,
Japan SLC Inc. ,  Hamamatsu-shi ,  Japan) were immunized
by  gas t r i c  in tubat ion  o f  1501r1  OVA (S igma Chemica l
Co.,  St  Louis,  MO) solut ion (20 mg/mouse) containing
sodium bicarbonate wi th or wi thout CTBx (10,rg/mouse;
CTB pur i f ied by us and supplemented with 0. Io CT6'e,
on two occasions at 10-day intervals. Ten days after the
second oral  immunizat ion the mice were chal lenged by
in t raper i tonea l  in jec t ion  w i th  OVA ( l0pg7 'mouse)  in
A l (OH) .  ( l  mg, /mouse) t0 .  Serum samples  were  co l lec ted
on days  10 ,20  and 34  (14  days  a f te r  cha l lenge)  and the
IgE and IgG ant ibodies were t i t rated by passive
cutaneous anaphy lax is  (PCA) I r  and ELISAt2 ,  respec-
t ively.  Tuble 1 shows the resul ts.  Two successive oral
doses of  OVA in Balb/c and C3H mice induced l i t t le IgE
response and the subsequent challenge with OVA in
Al(OH)3 suppressed the induct ion of  IgE response to
the chal lenge ant igen l4 days af ter  chal lenge. The oral
immuniza t ion  o f  BDFI  mice  induced h igh  IgE response
and the subsequent chal lenge fai led to suppress the IgE
response. On the other hand, two oral  doses of  OVA
together wi th CTB* induced IgE response and resul ted
in abrogat ion of  the suppression to the parenteral
chal lenge in C3H and Balb/c mice. The oral  adminis-
t rat ion of  CTB*-combined OVA to BDFI mice also
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Table 1 Ef fects of  CTB* on lgE and lgG ant ibody
intraper i toneal ly  wi th OVA in nt lOHy. 
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responses to ovA in various strains of mice immunized intragastr ical ly with OVA and chal lenged

M o u s e
s t r a i n Day  0 D a y . l 0

A n t i g e n s  (  i  n t r a g a s t r i c , l a OVA in  A l (OF l ) . ì
I r n t r a p e r i t o n e a  l )
Day 20

l g E  P C A  t i t r e s Ò  ( l g G ;  E L I S n  u n i t s  m t - 1 )

D a y  1 0 Day 20

C3H

B a l b / c

BDF.1

OVA
OVA/CTB*

OVA
OVA/CTB*

OVA
O V A / C T B *

OVA
OVA/CTB*

OVA
OVA/CTBX

OVA
OVA/CTB*

Day 34

320 (22+11)
<5  (975+908* )
80  (1926+740* )

160 (7  + 2)
5  (61  +39 '1

160 (400 +262*)

320 (20 + 8)
160 (122+29*)
3 2 0  ( 1 4 5 + 2 6 * )

yfi X;i""lru;X"t 
bv intrasastric administration or c-rB*<ornb ned ovA on days o and 10, and boosred by intr"o",',on"", .ìio-ililiJlú

l* i : l : : l l*" 
were colÌected bv part ial  bleeding.on lh-e loth,2oth and 34rh days after the t irst inkagaskic immunizal ion and tgE antibody in thepooleo sera from fìve mice per group was measufed by PcA. varrar ons oí the tirre for the same sampre in duplicate was iess than twoford. Differeîce

lî-:" !11*."ì-" thar tourto,d between g.oups was consrdered srgî,! :cant-lqu anlrbody on lhe 34lh day (the 14th day afler challenge) was d;termineo by ELISA (units mi i). The pooted sera from c3H mice havrng recervedIntragaslric administration of clB*{ombined ovA were used 
"" " 

tsoo rnrilt"nauio ror anti-ovA rqc. varues represent meansls.d. ot the unlslrom f ive mrce per group. Asterisks (*) rndicate a signtfrcant 0,r"r""""-ú"v""ììn"lroups (p<0.05)

l?J"oi,"::fff ;I*":ilT ffuif 
t" antibodv responses to ovA in varlous stra,ns or mice immunrzed rntranasary w,rh ovA and charensed

A n t i g e n s  ( i n t r a n a s a l ) "

< 5
20

< 5
BO

320
1  280

< 5
t o u

q

BO

80
80

l \ i louse

s t r a i n Day  0 D a y  1 0

O V A  r n  A l ( O H ) 3
i t n  t r a p e n  t o n e a l )
Day  20

l g E ;  P C A  t i t r e s Ò  ( t S G ;  E L T S A  u n i t s  m t - 1 )

D a y  1 0 Oay 20 Day  34

C3H

B a l b / c

t ] U T  I

OVA
OVA/CTB*

OVA
OA/CTB*

OVA
OVA/CTB*

OVA
OVA/CTB 'K

OVA
OVA/CTB*

OVA
OVA/CTB+

< 5
5

< 5
1 0

s \

BO

z 4

1 0

< 5
40

5
1 6 0

1 6 0  ( 1 6 + 7 )
1 0  ( 1 3 9 +  1 0 4 * )
80  (314  -  196* )

160 (8  + 2)
1 0  ( 5 1  + 9 * )

160  (74  +  16x )

240 (12+2)
10  (48  +27* )

480 (1 .19 + 52+)
"M ice  were  immun ized  by  in t ranasa i  admrnrs t ra t ron  o f
in AI(OH),  on day 20.  For other detai ls ,  see footnote to

CTB*-combined oVA on days 0 and 10,  and boosted by intraper i toneal  administrat ion of  oVA
Table 1

enhanccd IgE response.  Thus .  the  ora l  immLrn iza t ion  w i th
c rBx-combined ovA in<Juced h igher  IgE response rh i ìn
that rv i th ovA arone before or af ter  ihe cÉai lenge of
OVA in  A l (OH) .  in  any  s t ra in  o f  mice .

o ther  -q roups  o f  micé  were  immunized bv  in t ranasa l
a d m i n i s t r a r i o n  o f  r 0 1 i r  p B S  c o n t a i n i n s  o v n  ( l 0 0 1 r g
moLrse) r" ' i th or lv i thor i t  crB* (2 rry,mouse),  accordine
to  the  t imc schedu ie  c rescr ibed abo 'e  (Tuh le  l ) .  T r rJ
success ive  in t ranasa l  doses  o f  ovA induced t i t i te  tge
response and the  subsequent  cha l lenge suppressed I !E
response in  any  s t ra in  o f  mouse.  on  the  o ther  hanc i .  two
nasa l  doses  o f  OVA rogether  w i th  CTBx induced IgE
rcsponsc .  The an t ibody  responses  in  o rder  o f  masn i tude
rvere BDFI.  Balb, /c and c3H. The subsequent ch"alrenee
r.v i th OVA in Al(OH)3 further enhanced in.  , . rponr.r .
.  For  IgQ lesponse.  two ora l  o r  in t ranasa l  immunizar ion

doses of  OVA and the subsequent chal lenge ,uvi th OVA
in Al(oH).  produced a highei  level  of  , . rpónr.  r f ran rhe
s .bsequent  cha i lenge arone.  o rar  o r  in t ranasar  immuniz -
a t ion  w i th  OVA together  w i th  CTB*  and the  subsequent
chal lenge further augmented the responses (Tuhres 1 and
r) .  The [gG responses in order of  magnituà. * . . .  cH3
and Ba lb  l c  (o r  BDF l ) .

l -he  rcsu l ts  descr ibed above c lemonst ra te  tha t  cTB*
cnhances  the  IgE response to  OVA and abrogates  the
to lc rancc  lo r  the  IgE rcsponses .  Moreover .  thev-conf i rm
that the adjuvant ef fect  of  crB'  is  menifested ieeardless
o i  the  H-2  hap lo tvpe o i  the  mice ' .  The ora l  o " r  nasa l
to lc rance to  d ie ta r ,v  p ro te in  an t igens  scems to  be  the
frei Ìns to prevent hy 'persensi t iv i t l , '1 : .  Therefore,  the
abro ,qa t ion  o f  the  to le r : rnce  fo r  IgE response to  d ie ta ry
ant igens  by 'c rBx  may lead to  a l le rg ic  d isease.  Moreover ,
r r ' i th  respec t  to  the  I -eE respons iveness  to  ovA.  BDFI
t H - 2 b  d 1 .  B a l b , c  ( H - 2 d , ;  a n d  C 3 H  ( H - l * )  w e r e  h i g h .
intermediate and low responcJers,  respect ively.  wherèas
u ' i th  respec t  to  the  I_eG respons iveness ,  C3H ànd Ba lb lc
(and BDFI) were high and lorv responders.  respect ivery.
Thus, an ent i re ly di f ferent type of  génet ic control  for  IsÒ
iso type was found in  the  mouser r ' r '+ .  The resu l t t  u i ro
show dissociat ion of  [gE response between intragastr ic
and in t ranasa l  rou tes  o f  admin is t ra t ion  in  BDFI
mice, suggest ing that the gut-associated lymphoid
t issue st imulated by oral  administrat ion i ;  under
di f ferent control  of  immune responses from the naso-
pharyngeal  lym-phoid t issue st imulated by intranasal
admin is t ra t ion  I  s '  16 .
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- i l re 
mucosal  immune system should provide rapid and

potcn t  immune responses  to  p revent  invas ion  by

pathogenic v i ruses, bacter ia or other parasi tes.  St imtr-

ia t ion  o f  mucosa l  IgA produc t ion  wou ld  improve the

protect ive et Îcacy of  the var ious inact ivated vaccines. In

this regard,  we have demonstrated that intranasai  or  oral
inocu la t ion  w i th  in f luenza vacc ine  together  w i th  CTB*
enhances IgA response to the vaccine and provides
crosspro tec t ion  aga ins t  in t ìuenza v i rus  in lec t ion5 

- .  
l -he

vaccine used was an ethe r  spl i t -product vaccine prcpared

lronr inf luenza viruses grown in eggs. The present

expcr iments  demonst ra ted  tha t  IgE response to  OVA.

inoculated intranasal ly together wi th CTB*, is also

enhancecl .  Thesc facts sLrggest that  OVA contaminat ing
C-TBt-combined inf luenza vaccine would lead to food
al ierg,v- .  However.  we fai led to detect  ant i -OVA IgE
responsc in Bzr lb ic mice having received three successivc
doses  o f  in t ranasa l  CTB*-combined in l luenza vacc ine  a t
i0 -c lay  in te rva ls  and the  cha l lenge immunize t ion  w i th
OVA in  A l (OH)3 (da ta  no t  shown) .  The c t r r ren t
spl i t -product inf luenza vaccine containing only i ' l

neg l ig ib le  amount  o i  OVA rvou ld  min imize  a  po ten t ia l
nsk  o i  a i le rgy ,  even rvhen inocu ia ted  in t ranasa l ly  together
rv i th  CTB* .
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