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ulation of hÍand dereRegulation
synthesisThe lgE ayilodr systgm is among the most sophistiàted of, 

::l?:,d:.\n11 
mecha,nisms tgÈ motecutes bi'nd sperificalty

and avidly to receptors localized"on the srrfrci of ;[;;; ;;;t
cells and circulating basophils. rhese cells can produtce andrelease several potent mediators after antigen rnteiaaiin with asmall number of surface-bound rgE molecules. The enormous
amplìficatron power of the tgE antíbody system not inty provides
an important defense mechanism agaiist parasites, ait is atso
responsible for a number of clinkal diiorders. The humanpathological condition most commonly assocrafed with nyper-
produc,fion of lg,E is atopy, the familiar ailergic lilorder of'M!,ure:type hypersensitivity to environmenlar ailergens rn
th s pa per se rg i o Rom ag n a ni su m ma rizes cu r re nt u n de ríta n d i ng
of the mechanisms involved in lgE regulation. such studtes are
o,f priryu. limportance rn defiiing ílterations ,rtpoionte for
the pathologicat cond rtions charicterized by nyl[ipiió,iraion

of lgE

Early studies in rodents suggested that rgE production
could be regulared by anti ién-specif ic nuiò. i  ano ,rp-pressor T cei ls,,and by isotype specif ic faciors showing
aff ini ty for.tgE (the so-calteó tgr-Oinding tu. iorr j ' .  Morerecently a further path,way. of rg! reguÉtion, essentiai ly
based on the reciprocar aciiuity ót intért.,rr.in +Ìii +) andgamma-interferon ( lFN-f),  has been discovered in mice2,3.
Further research has provided substantiar infoiÀution onthe mechanisms of  regurat ion of  human rgE synthesis ,  andthe alterat ions respoisibre for i ts ro;s Éf id;ùt ion indisorders characterized by hyperproduction of-tgE.

fL-4 and IFN'1 reciprocally regulate human rgE synthe sis in vitroThe f irst unambiguous demonstrat ion of in-vitro-
induced lgE synthesi i  in normar B cei ls *u, prouided byassaying the activi ty of serected al loreactive and autoreac_
trve T-cel l  clonesLT. In subsequent studies, i t  was shown
]l.u.t-. .  signif icant proport ion of phytohemaggrutinin
(PHA)-|nduced T cerl  crones, obtained from eithér'atopic
or .nonatopic  ind iv iduars,  courd suppor t  rgE synthesis  ineither autol_ogous or ai logeneic normar B"cei l í8s. super-
natants of  PHR- or  ant i -ÒD3 ant ibody-st imurated T-cer l
clones, selecred for rheir herper act ivi ty to,.  rgi i iÀthur,r,
als.o induced. rgE productionl0. Intereit ingrvl tr . , !  herpei
activi ty of these supernatants was stro-ngry inhibited
by the addi t ion of  recombinant  IFN-rro, '  . f i f .1én pHA_
induced T-cel l  clones or th_eir supernatants were assayeo
for . the i r  ab i l i ty  to  induce rgE synthesrs and to produce rL-2,lL-4 and IFN-"y, a signif icant posit ive correrat ion berween
helper functron for rgE and production of rL-4 wasfoundl2. In contrast, there was a signif icant inverie corre-
lat ion between the rgF -herper act i í i ty of r-cett . tonu, to,.supernatants derived from them) and their abi l i ty toproduce IFN-1 (Fig 1)r2: i3 This opposite reguluiory ro,.for lL-4 and tFN-l,  in the synthesi 's of trurían ìóf *u,confirmed by the observatrons that (r) humai're?ombi
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nant  lL-4 can induce the.synthesis  of  rgE in  per iphera l
blood mononuclear cel ls (pBMCs) ana íZ) thi i  ef iect i iinh ib i ted by addi t ion of  recombinant  IFN-rrz  ra, rs  yor f
importantly, an anti- lL-4 antibody consístently abol ished
the lgE synthesis induced by al l  aci iue T-cel l  clones or their
supernatants tested, whereas i t  had l i t t le, i f  any, inhibitory
ef fect  on the synthesis  of  lgM and lgGr i .  

-  r '

A two signal model for the induction of human rgE synthesis
, ls the presence of lL-4 suff icient for the-inóuction ofhuman lgE synthesis? Both recombinant  rL-4 and rL-4-
containing supernatants are ineffect ive in inducing rgE
synthesis in highly puri f ied tonsi l lar B-cel l  suspensions
containing less than 1 o/2 r lymphocytes and monocytesi2.
The l l-4-dependent rgE syÀthesis can be restored by the
readdit ion of appropriate concentrat ions of autologous oral logeneic T cel ls, and the inclusion of monocyià, potunti
ates this f€spon5sta, t  6.

,  Blo-cking experiments were performed to determrne
how T cel ls and monocytes coi laborate with rL-4 rn the
induct ion of  rgE synthesis .  Both ant i - rL-2 and antr - rL-6
ant ibodies inh ib i t  the synthesis  of  lgE induced bv tL-4 in
PBMc suspensions, which suggesti that these .ytok,n.,
may have a role in the inductibn of rL-4-depenóent rgE
synthesisl6. Indeed,i t  has previously been suggesied that
endo_genously produced lL-6 is essential for ih-e synthesis
of  lgE17,  a f ind ing that  may expla in the potent ia t inq ef fect
of.,monocytes16. However, the fact inat rL I  aio rL-6
inf luence T cel ls and B cel ls makes i t  di f f icult  to establ ish
whether they act direct ly on B cei ls, or merery increase the
survival of,  or enhance the secretion of ottreicyto[ ines by,
T cel ls .  wer6,  and othersrs,  have been unabre to recon-
st i tute lgE synthesis by highry puri f ied B celrs using mix-
tures of optimal concentrat ions of rL-A, rL-2, rL,6, rL- 1 and
tumor necrosis factor cr (TNF-o). This f inding suggests that
T cel ls and monolyt9s do not supporr r l-a-óepéódent tgr
synthesis solely via the production of other cytokines.

Direct eviderrce that a physical interactioí between T
and B cel ls  i :  requi red for  rL-4-dependent  lgE synthesrs to
occur  rs  prourded by assaying lgE syntheú i í  a  double
c.hamber system. when r a-no" B éel ls are cultured in
dif ferent chambers separated by a mii l ipore membrane
that  is  permeable to  molecules bút  not  to  ce l ls ,  lL-4 cannot
rnduce the.synthes,is of rgE rgE synthesis occuls onry when
T and B cel ls  are cu l tured in  the s 'ame chamberrB,re.  krnet ic
studies have provided evidence that the physical rnter-
act ion wi th T cel ls  is  requi red before the srgnalórou,a*o uv
lL-4: lgE synthesis does not occur when B íel ls are cultured
with lL-4 for three to four days before the addit ion of T
cel is, while enhancernent of rgE synthesis is ottaineo
when the cel ls are cocurtured befbre ttre aoJiì ion of
1y_4ts ,20.

This suggests that rgE synthesis is dependent on rwo
nîarn signals provided by T cel ls - the f ir i t  is mediated byphysical interaction between T and B cel ls, and the second

( ' ;  1990,  Elsevrer  Scrence Publ rshers t to .  UK ,J  167- .  4919 gC,SO2 0C)
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by T-cel l-derived (or exogenously added) lL-4 A role for
other factors, such as low molecular weight B-cel l  growth
factor  (LMW-BCGF;zt ,  lL-5 (Ref  .  22)  and the soluble FceRl l
(CD23)23,  in  the synthesis  of  lL-4-dependent  lgE synthesis
has also been suggested. However, at least as far as LMW-
BCGF and soluble CD23 ant igen are concerned,  more
recent data obtained by assaying the activi ty of recombi-
nant  molecules do not  confr rm those obta ined wi th the
semipur i f ied preparat ions (author 's  u npubl  ished data and
T.  Kish imoto,  pers.  commun.) .  Recent ly  i t  has been shown
that infect ion with Epstein-Barr virus (EBV) in the pres-
ence of  lL-4 enables B cel ls  to  produce lgE2a,  suggest ing
that  EBV infect ion can mimic the s ignal  usual ly  prov ided
by T cel ls  for  the induct ion of  lL-4-dependent  lgE syn-
thesis .

Both cognate and noncognate T cell-B cell interaction can
support lL-4-dependent lgE synthesis

It  has recently been suggested that cognate interaction
between T and B cel ls (recognit ion by the T-cel l  receptor
(TCR) of major histocompatibi l i ty complex (MHC) class l l
ant igens in  associat ion wi th se l f  or  fore ign pept ides)  is  an
absolute requi rement  for  lL-4-dependent  lgE synthesis ls .
However, data obtained in our laboratory suggest that
both noncognate and cognate interactions with T cel ls
render B cel ls susceptible to the activi ty of lL-4. First,  most
PHA- induced CD4*,  and even some CDB*,  T-cel l  c lones
can suppor t  the synthesis  of  lgE in  B cel ls  f rom randomly
selected donors, i f  exogenous lL-4 is added in culturele.
Addit ional evidence is provided by assaying the activi ty of
an al loreactive T-cel l  clone (TR46). This clone can produce
lL-4,  but  not  IFN-1,  and can induce the synthesis  of  lgE
when cultured with B cel ls possessing the appropriate
al loant igen (HLA-DR4).  When the DR4-posi t ive B cel ls  are
irradiated, lgE synthesis does not occur, but i t  can be
restored by the addit ion of DR4-negative unirradiated B
cells. Furthermore, in the presence of exogenously added
lL-4, TR46 enables B cel ls from al l  donors tested to
produce lgE, irrespective of whether they possessed the
DR4 al loant igenre.  In  a l l  these exper iments lgE synthesis
was inh ib i ted by the addi t ion of  e i ther  ant i - lL-4 ant ibody
or  IFN-1 (Table 1) to 'zs.

Severa l  T-cel l  c lones speci f ic  for  so luble ant igens,  sucn
as Bordetella pertussrs exotoxin, tetanus toxoid (TT) and
Dermatophagoides pteronyssinus (DP) extract compo-
nents have been assessed for their prof i le of cytokine
product ion and thei r  a t " ; i l i ty  to  induce lgE synthesis  in
autologous B cel ls after st imulat ion with the specif ic
ant igen.  Only T-cel l  c lones producing lL-4 and l i t t le  or  no
IFN-1 prov ided helper  funct ion for  lgE synthesis  under
condit ions of cognate interaction. However, many T-cel l
c lones,  inc luding those producing IFN-1 but  not  lL-4 in
response to the specif ic antigen, induced lgE synthesis
when cul tured wi th auto logous B cel ls  wi thout  ant igen,
but in the presence of exogenously added lL-a (Ref. 26).
This is in contrast to the results reported by Vercel l i  eta/.18,
who fai led to induce lgE synthesis in bystander B cel ls
cultured with T-cel l  clones plus lL-4. These authors, how-
ever, assessed the activi ty of only two T-cel l  clones under
these experimental condit ions, whereas many T-cel l
clones have been tested in our laboratory.

I t  might be suggested that under the above experimen-
tal condit ions lgE synthesis is the result of cognate inter-
action between B cel ls and a few autoreactive T cel ls
contaminat ing the B-cel l  populat ion,  rather  than noncog-
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Fig. f . ihe abilrty of hunan T-cell clones to nduce lgl synthesis versus thetr abtlity
to produce lL-4 or IFM Each clone (1 x 106 blasts ml-1) was strmulated f or 24 h
wrth PHA (10/o vol vol- t) and the ce// free supernatant assayed for lL-4 by ELISA
and f or IFN-1by RIA T biasts f rom each clone were also cultured for 1 0 days with B
cells from tvvo dtfferent donors and supernatants frort these cu/tures assayed for
thetr IgE ronient by cahbrated RIA Mean values fron dupltcate lL-4 or IFN-y
determrnatrons were plofted agarnst mean lg| values of duplicate deterninations
pelorned on B-cellcu/tures f rom two different donars Data fron Ref 12.

r&yr&ws
nate in teract ion.  Against  th is  possib i l i ty ,  i t  has been
shown that  ce l ls  of  a  subclone of  the mouse EL-4 thy-
moma can support synthesis of lgf ' / ,  lgG and lgA by
human B cel ls in the presence of phorbolmyristate acetate
(PMA).  When B cel ls  are added to EL-4 cul tures at  an
average of one per well ,  the pattern of lg secreted by the
B-cel l  c lones is  found to be s imi lar ,  thus exc luding requi re-
ments for  human T cel ls  for  the EL-4 lPMA-deoendent
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Table 1. The al loreactive T-cel l  clone TR46 induces'bystander'B cel ls to synthesìze lgE in the presence of endogenously or exogenousiy addedlL-4

lmmunology Today, Vol. 1 1, No. 9 t 990

Stimulator B cel ls
(DR 4,s)

Bystander B cells
(DR 3,7)

TR46 T-cell clone
DR4 specific

Exogenous lL-4
(200  U ml - t )

lgE synthesrs (ng ml- ' )
IFN r  (1  00  U  ml -  1 )Medrum Antr-lL-4 Ab

(1  250)
+
+

r à
1 - -

+

+
+

+

+
+
+
+
+

î

+

< 0 3
1 1 0

< 0 3
5 0

< 0 3
1 5

< 0 3
1 3

< 0 3
u.o

< 0 3
1 2

< 0 3
2 5

< 0 3
O B

< 0 3
0 9

The l-cellrlone TR46 was JJtaineo bya don'rìg te(hn oue oescnbed ir Ref 5. lî,s clone'e(ognized the hl-A-Dq4 alloanùqeî ano was sete(led
::f:y::: y1?lll l_..1i11i:: 1,9! 

,.y:f,.:t!4 and no rF\_.y I response topHA (t eo vo,-vot-rtor ro rhe or einat mitomy(,r c ìreared rrm,/tarorycells.lntheassayforlgEsynthesis2xl05TblarswereculturàdwitÉzxtotgceikfort0days."Bcellswere'iir.Jirt.ì,.itÀioòòrJ.ijrtliàr,i
KerS ty ano l).

B-cel l  response2T. The addit ion of lL-4 to such a system
also resul ts  in  the product ion of  large amounts of  lgE28.
These data have recently been confirmed in our rabora-
tory. Furthermore, we have shown that treatment of
PMA-prestimulated EL-4 thymocytes with cyclosporin A
or paraformaldehyde (to block the release of cytokines)
had no inhibitory effect on the lgE synthesis induced
under these exper imenta l  condi t ions (unpubl ished
results).

Taken together, these data clearly suggest that cognate
interaction is required to induce T cel ls-to produce lL-4,
but is not essential for providíng the f irst (physicar) signai
to B cel ls. Noncognate, contact-dependent B-cel l  àct i-
vation can also function as an eff icient signal for lL-4-
dependent  lgE synthesis le ,2s.  This  conclus ioÀ is  consis tent
with recently reported f indings showing that both MHC
class-l l-restr icted and MHC class-lr-unrèstr icted phvsical
interaction with helper T cel ls can lead B cei ls i 'ntó cel l

Nonspeci f  ic
interaction

Cognate
interaction

frl
Specific lgE
production

Fig' 2. A simplified view of the netvvork of cellular and oy'okine tnteractrons leadtng
to the productron of antigen-specific and polyclonal lgic T, = helper T cell, TCR =
T'cell receptor, ? = molecular complex responsrble f or noncognate tnteraction befween
activated helper T cells and B cells. This scheme does not constder antrgen presentatron by
ofher accessory cell types, or suppresslt nechanisns other than IFN-1, passtblv under-
lytng the regulatron of human lgE synthess

B cel l

B cel l

f l 
gE

Polyclonal lgE
production

3 1 8
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cycle, rendering them susceptible to the action of
cytokines2e 31. The nature of molecule(s) that are respon-
s ib le for  nonspeci f  ic  physica l  in teract ion occurr ing
between T and B cel ls  is  s t i l l  unc lear .  In  pre l iminary
experiments, we have shown that such a molecule is
d is t inct  f rom the TCR-CD3 complex,  but  fu l ly  (even i f
transiently) expressed on the membrane of TCR-CD3-
activated T cel lsle.

The pathophysio logica l  impl icat ions of  these f ind ings
are noteworthy. When a B cel l  acts as an antigen-
presenting cel l  for the helper T cel l ,  cognate interaction
occurs and provides the f i rst signal to the B cel l .  l f  the T cel l
can release lL-4, in the absence of inhibitory amounts of
IFN-1, production of antigen-specif ic lgE results. How-
ever, B cel ls specif ic for other antigens present in the
microenvironment can receive both a physical nonspecif ic
signal, and lL-4, from activated T cel ls, thus being induced
to produce lgE (F ig.  2) .  This  may expla in why in  some
pathological condit ions, such as parasit ic infestat ions or
the acute phase of graft-versus-host disease (GVHD),
strong polyclonal lgE production occurs. Obviously this is
an oversimpli f ied view of the mechanisms involved in the
regulat ion of lgE synthesis. l t  does not consider that
antigens can be presented by other accessory cel l  types,
such as macrophages and dendr i t ic  ce l ls .  Fur thermore,
the demonstrat ion that in the EL-4-PMA-|L-4 model lgE
product ion is  much h igher  than in  models wi th human
T-cel l  clones that cannot produce IFN-"1 indicates other
suppressive act iv i t ies.

Disregulation of cytokine production in disorders characterized
by hyperproduction of lgE

The f indings reported above encouraged investigations
into whether  a l terat ions in  lgE-regulatory mechanisms are
involved in the genesis of human diseases characterized
by hyperproduction of lgE. Some interesting results have
been obta ined in  pat ients wi th the hyper- lgE (or  Buckley 's)
syndrome, parasit ic infestat ions, vernal conlunctrvit is and
common atopic  d iseases.

Hyper-lgE syndrome
We f i rs t  examined the abi l i ty  of  PBMC from four  ch i l -

dren with the hyper-lgE syndrome to produce dif ferent
cytok ines in  response to s t imulat ion wi th PHA. PBMC
from al l  four  ch i ldren produced lower concentrat ions of
IFN-1 than PBMC from eight  age-matched heai thy con-
t ro ls ,  par t icu lar ly  at  lower ce l l  concentrat ions32.  Other
groups have not shown such a dif ference, but have tested
only  h igh PBMC concentra1iep1533,3a.  Analys is  at  c lonal
level revealed that patients with the hyper-lgI syndrome
had s igni f icant ly  lower propor t ions of  c i rcu lat ing T cel ls
that  can produce IFN-1 and TNF-o (but  not  of  T ce l ls
producing lL-2 or  lL-4)  in  compar ison wi th contro ls3 l .  In
addi t ion,  a l l  four  ch i ldren wi th the hyper- lgE syndrome
showed h igh propor t ions of  c i rcu lat ing CD4* helper  T
cel ls  that  can induce lgE synthesis  in  a l logenic  normal  B
cel ls. This helper act ivi ty for lgE synthesis correlated
posit ively with lL-4 production by T cel ls and negatively
wi th the abi l i ty  of  the same T cel ls  to  produce IFN-1.

IFN-1 inh ib i ts  the synthesis  of  lgE and both IFN-1 and
TNF-a p lay an important  ro le in  ce l l -mediated immune
reactions and in the defense against infect ious
dgen153s,r0. l t  is reasonable to suggest, therefore, that the
defective production of IFN-1 accounts for hyperproduc-
t ion ,rf  lgE and that the combined defect of IFN-1 and

T-cell clones were established f rom peripheral blood T-cell suspensions by strmulating
single T cel ls wi th PHA (1% volvol-1) in the presence of  i r radiated feeder cel ls and
lL-2,  as descr ibed in Ref.  12 T blasts(1 x 106 ml-1) werethen st imulated for 24 n
with PHA (1 7o vol vol-1) and the supernatants assayed for the presence of lL-4, IFN-1
and lL-2,  as descr ibed in Ref 12. Supernatants containing more than 200 pg ml-1 of
lL-4,  10 U ml*1 IFN-1 and 0 5 U ml-1 of  lL-2 were regarded as posrt ive oversus t :

x 2 = 4 9 0 , p < 0 . 0 0 0 5  
c v e r s u s o ,  X t = 2 0 6 ;  p < 0 0 0 0 5  n . t  = n o t t e s t e d  D a t a

from Ref 40

TNF-o may contr ibute to  the suscept ib i l i ty  to  in fect ions
found in  pat ients wi th the hyper- lgE syndrome3l .  l t  has
recently been reported that in vivo inlect ion of IFN-a or
IFN-1 induces the reduct ion of  serum lgE levels  and resul ts
in  the improvement  of  c l in ica l  mani festat rons in  pat ients
with the hyper-lgE syndrome or with atopic dermatit is3T'38.

Parasrtic infections
It rs well  known that parasit ic infect ion rnduces a

marked product ion of  lgE ant ibodies,  most  of  which are
not  speci f ic  for  paras i te  ant igens.  The mechanisms by
which paras i tes s t imulate lgE product ion are s t i l l  un-
known.  F i lar ia l  paras i te-speci f  ic  T-cel l  l ines re lease soluble
factors that  can induce lgE synthesis  in  normal  B cel lsse,
but the nature of these factors has not been specif ied.
Recently, we have examined a large nurnber of PHA-
induced T-cel l  c lones establ ished f rom the per iphera l
blood of f  ive patients with parasit ic infestat ions (two with
f i lar ias is ,  two wrth toxocar ias is  and one wi th toxocar ias is
and ascar id ias is)  for  the i r  prof i le  of  lL-4 and IFN-1 produc-
t ion.  Pat ients in fested wi th paras i tes showed s igni f icant ly
h igher  propor t ions of  lL-4-producing,  and s igni f icant ly
lower propor t ions of  IFN-1-producing,  CD4* T-cel l  c lones
in compar ison wi th contro ls  (Table 2)00.  l t  is  not  known
.vhether  the lL-4-producing T-cel l  c lones present  in  the
crrcu lat ion of  these pat ients are speci f ic  for  paras i te
an t igen .

Vernal conjunctivitis
Vernal conjunctivi t is (VC) ls a seasonally recurrent, bi-

la tera l  in f lammat ion of  the conjunct iva,  d is t inguished by
cobblestone papi l lae on the tarsal  conjunct iva and by
papi l lar  hyper t rophy on the l imbal  conjunct iva.  His to logi -
ca l  examinat ion reveals  in f i l t ra t ion in  the substant ia  pro-
pria by lymphocytes, plasma cel ls, basophils, mast cel ls
and especia l ly  eosinophi ls  Elevated levels  of  lgE are
usually present in both the serum and tears of these
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Table 2,
IFN-1 tn
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Altered proportions of T cells that can be induced to produce lL-4 or
the perroheral blood of patients with parasitrc infestatrons

Numbe'of  T-cel l  c lones producing

lL-4 IFN-1 lL-2

Dragnosrs Number of
a n / 1  +
L U +

T-cell clones
tested

Filariasis
Fi lariasìs
Toxocarrasrs
Toxocarrasrs
Toxocarrasrs
and
Ascaridiasis
All cases
Healthy
controls (4)

1e (so%)
24 (sgok)
21 (57ok)
21 (610k)
32 (84olo)

123a (63%)
41b (26010)

21 (55'lo)
24 (:58'1,)
6 (6'lr)

1s (38%)
2 1 ( s s % )

87' (4570)
109d (69%)

20 (53%)
28 (68%)
20 (54'1")
29 (720/o)

n. t .

86 (s4%)

38
4 1
37
40
J ó

1 0 A
t J a

1 5 8
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Tabfe 3' cD4* T celrs that can be induced to produce rL-4, butaccumuiate in the conlunctrvar rnfrltrates oi puiunù *tn *,rrr
rsm behind geneticalry determined recognit ion ofal lergen,rc epitópes and ige piÀouction is unclear Fromthe evidence reportud u6oub, tn. possrbir i ty is that ar-lergens dif fer from other antig_ens in their abir i iy to serect,helper T cers with pecutiar prJtì tes of cytokine production.To explore this possrbir i ty, '*u Àru. recenty establ ished
?I .r9 TT-specif ic r_cét ' t  i ton., from pgMCs of oneatopic donor showing both imm.oi.t .  t i ià iyp*rrun_sit ivi ty to Dp and derayéd cutaneóus nypersensit ivi ty to TT.A total of 22_TI_.19 i2 Dp specif ic T_cel l  clones wereobtained and assayed for t treir at i t i ty to produce rL-4 andIFN-1 in response to st imuration with'erth[rÉrùA;l;s anti_cD3 antibodv or with specif ic antrgen. Twenty -one of 22TT-specific T-ceil .ton.i òror..o-bottr rr + u'nJ'rFN_1 inresponse to pMA prus antr-cD3 antibooy. e igÀt out of t  zDP-specif ic T-cei l  crones arso-produced both rL-4 andIFN-1, but four T-cei l  crones-fJred to prooì.. ' t rru-1 inresponse to the same st imuratron. when'a;u;; wrth the

:p._.lfi:, untigelt, the 
, 
propor.iion of oÈ_rpfiiic r_cettclones that could produce lL_4, but not IFN_1, was evenhigher (six out of 12), *nereui lnly four out of 22 n_specific T-ceil clones showed u iiÀirJ, prii.r", àr".yiorin.production (Table 4)26.In addit ion, mean concentrat ionsof lL-4 produced by DP spe.iii i i-..rr clones afrer srrmu-lat ion with either ptA pri i  àntì col .r t ,o"i i 'o,.  ,p.. i t ,cantigen were r,oi i l : i l i ty higherìhan those produied byTT-specif ic T-cei l  crones, whe-reas mean concentrat ions ofIFN-y were sionif icantly lowei-Gee legend of Table 4).

]ll^..t^.^9* sy-ss€sr that ln ; ò;;., (aropic) individuat,a'ergen-specific T-celr crones h"ave a n,ighei prJoroit itythan T-ceil crones specif ic rot *.robiar ini iglrl lr ou
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patrents. An al lergjc etrology has been suggested, butl i t t le is known of i is specif ic ' fathlgenesisar.
we have recentry estabrisheà r-ce, crones from cerlsuspensions of conjunctival fragÀents from three chi ldrenwith Vc subiected to surgeiv uÀo have assayed theseT-cell clones ior their r'.,.rpe"lltiritv róilòt ,r,r.,.:rrs and

nî^î:""*:::: {,^L 1irà rm.h 
'vort 

cD4* T_ceil cronesobtained from the conlun.iiu'ur infirtrate of thJtfi:.t:patienrs showed helper trnit ión iot rlÈ rintnur,, unocould produce rL-4. In contrast, even after maximar strmu_lat ion'  such as - that der ivered by pMA prus ant i -cD3antibody, verv few cD4* r-àri . ion", ;;h ],.odr..I FN -y (Ta b te r)ru::, 
T_ucen tty, .!,! u tt.rurions h rsìoióg ica I tysimilar to those of Vc have befn observed in a cohort oflL-4 transgenic 

l i_.u expressing lL-4 at the T-ce, rever(A.K.Abbas, pers commun ) rheséfindinqi ,;g;; ,"tt. fo,.
H:Tr:'.tion 

of tL-4 produ.i;; ,n tr.,e s.néi,s or ihese vc

Atoptc drseases
Pa t i en t s  w i t h  commnn  r rnn i r  A : . ^ - - ^ -  - rc rea sed p,od,.t,f,?m# i! r' l,?f; lln 

o 
['::::, il îH,,X?,i;antibodies specif ic for environmentar ai lergens, such asthose derived from pol lens, r. ,orìu orr i  Àitàr,-pÉt, unofungal spores. severar r igni i , . ."nì associat ions have beendrawn between part iculÉr ÉLÀ haplotypes and respon_siveness to drfferent puri f ied ai lergensa2 but the mechan

Summary and conclusions
This review summarizes current understanding of thero le of  ce l lurar  and morecuta i  srgnars invorved in  theregulat ion of hu,man lgE synthesis. l t  is well  establ ishedthat lL-4 and IFN_1 arJtho main regulatory cytokines oflgE production, wi ih opposi[ erie.ts on the synthesis ofthis ímmunoglobulin 
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IFN-1,  leads to speci f ic  lgE ant ibody product ion.  When
high numbers of  act ivated helper  T ce l ls  wi th  th is  prof i le  of
cytok ine product ion are generated,  noncognate in ter-
act ion wi th B cel ls  showing d i f ferent  speci f ic i t ies resur ts  in
polyc lonal  lgE product ion.  Other  cytok ines,  such as lL-2
and lL-6,  a lso contr ibute to  the induct ion or  potent ia t ion
of  human lgE synthesis ,  but  the i r  ro le is  not  yet  complete ly
def ined.

lmbalances between lL-4-producing and IFN-"y-
producing helper T cel ls seem to be responsible for poly-
c lonal  lgE product ion in  pat ients wi th the hyper- lgE syn-
drome and parasit ic infestat ions In the former there is a
large reduct ion in  the number of  c i rcu lat ing T cel ls  able to
produce lFl ' .J-1 (and TNF-o), whereas proport ions of cir-
cu lat ing T cel ls  that  can be induced to produce lL-4 are
s igni f icant ly  increased in  the la t ter .  Helper  T ce l ls  that  can
produce lL-4,  but  not  IFN-1,and that  can prov ide helper
f  unct ion for  lgE synthesis  accumulate in  the conjunct iva of
pat ients wi th vernal  conjunct iv i t is .  F inal ly ,  pre l iminary
observations suqgest that al lergens may dif fer, at least in
par t ,  f rom othér-ant igenic  mólecules in  the i r  ab i l i ty  to'se lect ' ,  in  atopic  donors,  helper  T ce l ls  inducib le to  re la-
t ive ly  h igh product ion of  lL-4 and to low or  undetectable
product ion of  IFN-1.  Thus,  i t  is  reasonable to  suggest  that
the accumulat ion of  helper  T ce l ls  wi th  pecul iar  prof i les of
cytok ine product ion in  target  organs and 'se lect ion '  

by
al lergens of this type of cel l  may contr ibute to the patho-
genesis of lgE-mediated disorders
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