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The capaci ty  of  in ter leukin-4 to induce in v i t ro IgE synthesis by
B cel ls of patients with common variable immunoclef iciency
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Interleukin-4 ( lL-4) has becn shown to induce I,eE sl,nthc'sis by -1,.-r ipheral blood mononuclear cel ls
(PBMC) of normaldonors in r i tro. Hos'evcr, induction t ' r iPBMC of patients w' i th comnron variable
immunodeficiency (CVI) with IL-4 rcsultcd in IgE production in only two out of eight cases tcsted.
PB\'{C of the f irst patient that produced IgE in responsr- to IL-4 also secrcted normal levels of IL-4
upon activation. PBMC o[the second patient secreted \. . ' ry lou' levels of IL-4 in citro which may
account for the very low serum IgE levels in this patient. Of the other sir parients u'ho had very low
serum IgE levels and whose PBMC fai led to produce IgE in response to IL--1 in r i tro. f ive did not
secrete IL-4 upon in t,itro activation. The capacitl' of the T cells to produce IL-4 was intact in the sixth
patient. Collect ively our data indicate the PBMC of the majori t l ,  of patients rvith CVI are defective
since they lai led to respond appropriately to IL-4 and thc-1.îai led to produce IL4, contr ibuting to the
vieu'that CVI is a heterogeneous disorder in *hich a varicty of T and B cel l  defects occur.
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IgEsynthes is  immunodenciencypar i r -n ts

Common variable immunodeficiency (CVI) is a heterogeneous
disorder characterized by the fai lure of B cel ls to dif fercntiate
into antibody-secr.-t ing plasma cel ls (Coopcr. Larvton & Bock-
man.  l97 l ;  Preud 'homme.  Gr isce l l i  &  Sel igman,  l97 j :  Geha er
a l . .1974:  Wu,  Lau ton & Cooper ,1974:  de la  Conchaer  a l . ,  1977 .
S iegal& Good,  1977:  Schu 'abcr ,  Lazaurus & Rosen,  1978;  Saik i
et al. ,  1982). Patients rvith CVI consequently have reduced levels
of serum immunoglobulins and are unable to senerate antibodl
responses against conlmon anti*qens. The block in B cel l
dif ferentiat ion has been attr ibuted to intr insic B cel l  defects
(Schrvaber  e t  a l . .  1978:  Saik i  e t  a l . ,  1982:  Jones,  1984:  Perr i  &
Weisdorf.  1985). deÈcts in immunoregulatorl , '  T cel ls ( Reinherz
e t  a l . .  l 98 la ,  l 98 lb :  Lopez -Bo te t  e t  a l . .  1982 :  Sa i k i  e t  , : t 1 . , 1981 -
Matheson & Gr.-en. 1987). defects in nlonoc),tc functions
(Siegal. Sicgal & Gooci. 1976) or to incrcascd T suppressor cel l
act ivi tv (Waldrlan e t o[. .  I  97.1; Siegal t  I  ul . .  I  976; Mitsu y,a e r al. .
l 98 i :  Joncs .  l 9 l J -1 t .

Nornra l  B cc l l  d i t ì ì rcnt ia t ion procc-dcs thr t tuqh a scr ic :  o l -
cvcnts  r rh ich rcqurrc  B cc l l  qro \ \ ' th  and d i f ìc rcnt ia t ion lac tors
prod uccri  b1, T ccl is t .rr l l l t ) f l r ' rCvtc-s (Kishinrctt tr .  I9l l7). l { t tu cr cr.
s t t tn lp ts  to  inc l t ic l  in ' tn tunt r ! : l t rbu l in  product i ( r t r  br  I l  cc l ls  o i
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patients n' i th CVI b1, Epstein-Barr virus (EBV), pokewcec
mitogen (PW\l) or supe rnatants olact ivated T cel ls containing
the necessarl' B cell gros th and differentiation factors, genera!h
results in IgM secre t ion * ' i th no or very low lcvcls of IgG anc
IgA production (de Gast er c/. .  1980: Perreira, Webster & Platts-
lr{ i l ls. 1982: Haber. Kubagawa & Cooper, 1983; Mayer et al.-
1984: Perri  & \\ 'eisdort 1985). In addit ion to the reduced leveis
of the three major immunoglobulin isotypes, patients with CYI
general ly have reduccd >erum IgE levels. Recently we demorr-
s t ra ted that  both rccombinant  and natura l  in tcr lcuk in-4 ( lL-4r

can induce lgE s1'nthesis by mononuclear cel ls derived l ion-.
health-v donors (Pene et ul. .  1988a). This IgE-inducing cffcct o: '
IL - -1  is  complete ly  dependt - -n t  o [auto logous CD4'  T cc l ls  (Pèn:
er  a l . .  1989) .  In  addi t ion.  i t  r r 'as  shown that  thc  IgE induc ins
ef fect  o f  IL-4  uas inh ib i ted b l  in ter feron-gamrna ( lFN- ; ' )  anc
in ter teron-a lpha ( lFN-z)  (Pène et  u l . ,  1988a)  and enhanced b. .
i n te r l euk in -5  t l L -5 )  (Pcne  e t  u l . . 1988c )  and  i n te r l cuk in -6  ( l L -ó '
(Pene et  o l . -  unpubl ished resu l ts ; .  Fur thcrmore.  rccent  rnur in . '
studies l Ìa\e d!-r ' r ' ronstrated thar IL-4 induces B ccl ls prc'-
act ir  : tc 'd b1' l i  popoly'saccharidc ( t-  PS) to srvi tch to I  gE-procl uc-
ing c . ' l l s  i  Rt , r thman et  u l . .  1988 ) .  Thc.sc obscrv 'a t io l t  pro l ì lp t r -d  L :
t o  i n ' . . s t i ga t r -  r i hc the r  B  cc l l s  o ! ' pa t i cn t s  u , i t h  CV I  cou ld  i . :
rndu i l . i  lo  s \ \  r t .h  t t r  IgE-p i -oduc ing cc l ls  i r i  rcsp()nsc io  l [ - -J

[ ]c lc  r r  r  r i r - r ì ìonst r i l t r -  thut  pcnpl tc ra l  b lo t rc l  n . ror r t tnuc lc . , -
i , c i i :  rPFJ \1 (  ) , r l  t * r . )  t ì t i ' :  r r l ' c i ch t  i . . r t i cn t s  co t r l d  be  i r r i l  ucc ( i  :
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i r r t l ic l r tc  th; . i t  cr thcr  B t r r  T ccl l  dct ic ts.  t ) t -  l t  c t ìn lb i t tat i t ' t t t  t t f  bt t th
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Itttlit 'ttt.s
I: ight plat icrt ls r tour \ \  (r t ì l ! -n : .rnd lour nìcn. a{( '  rangc 7 2 I ycars)
u' i th CIVI rrc-rc'  Studicd. At thc' t i r lc '  of our invcstigation. t \ \ ' (r

i r : r t icn ts .  B anc j  C.  uerc  not  har ing tammaglobul in  rcp laccnrc t ì t
thcrapy.  despi tc  thc  rc-duccd lcvc- ls  o l -scrunr  IgM,  lgG and lgA.
t. tccausc thcy did not harc' scverc rr 'ùurrcnt inlcct iorts. Thc othcr
pat icnts  recc i rcd rcgu lar  i . r , .  sar ì lnag lobul in  cvcr ) ,  2-3  wccks.
tsight a_qc- and sc-x-matched healthr donors scre tcstcd simulta-
ncous ly  as cr rn t ro ls .

C -t' t ok ines and reagents
Purif ìcd r lL-{ (specif ic act ivi t) '  l0- U/ml) uas kindly providcd

by Dr P. Trotta (Schering-Plough Corporation, Bloomfield.
NJ). One unit of IL-4 u'as defined as the concentrat ion of IL-4
inducing half-maximal prol i ferat ion of 5 x l0r T cel ls that wcre
preactivated lor 3 da1's with phvtohaemagglut inin (PHA).

Recombinant IFN-, '(r lFN-i) (specif ic act ivi t l  l0? IU/mg) was a
gift  of Drs P. Trotta and S. Nagabhushan (Schering-Plough

Corporation). The monoclonal antibodies (MoAbs) OKT3
(anti-CD3). OKT4 (anti-CD4) and OKTS (anti-CD8) were
purchased from Ortho Pharmaceutical Corporation (Raritan.

NJ). The B cel l-specif ic l l loAb Leul6 (anti-CD20) was obtained
from Becton Dickinson (Mountain View, CA). The polyclonal

rabbit anti- lFN-y antiserum (BEA) was raised and character-
ized as described previously (Favre et al. .  1988). The immuno-
globulin fraction u'as purified b1' affinity chromatography on
protein A columns according to the instruct ions of the manul-ac-
turer (BioRad. Richmond. CA). This antiserum blocks the
induction of class I and class II  MHC antigen on human
melanoma cel ls by r lFN-; and neutral izes the inhibitory effects
of IFN-7 on the cytopathic effects of encephalomyocardit is
virus. The BEA antibodl is specif ic for IFN-; and does not react
wi th  r lL- l r  and [ ] . lL -? . lL-3 .  IL-1 .  IL-5 .  granulocyte-macro-
phage co lon l -s t imulat ing fac tor  (CSF) ,  and IFN-r .

The rabbit anti- lL-4 antibody r l 'as raised in our laboratorl '
(Chrétien et al. ,  1989). The immunoglobulin fract ion was
purif ied on protein A columns (BioRad). This anti-serum is
specif ic for IL-1. I t  binds in solut ion and blocks IL-4 induced T
and B cel l  prol i ferat ion and IL-4-induced erpression of CD23
on the Burk i t t  lymphoma ce l l  l ine Jr joye.  In  addi t ion.  the ant i -
IL-4  ant iserum does not  react  s ' i th  r lL- lz  and r IL- l l . l . lL -5 , lon '
nrol.  wt B cel l  gro\\ ' th factor. IF\-; .  or sranulocytc-macro-
p l iage CSF.

I L-4- induced Ig E s.r'nt hesi.t
Reccntl-t* u'e demonstrated that a tr i 'o-51.0 culture procedurc is
opt imal  o f  mar imal  IL-J- induced IgE product ion (Chrét icn t , r
r r l . .  1990) .  Br ic t ì r ' .  PB\{C u 'ere iso la tcd f rom hcpar in izcc l  b looc l
b1 '  l " ico l l  H. raquc (Phernrac ia .  Uppsala .  Sucdcn)  c lcns i t r ' -
gnrc l icnt  ccnt l t ' r igat ion.  . { f ' tc r  thr . 'c  ' ' r  ash lngs in  phosphatc-
buf le  rcd saì in . '  ( l ' } l lS  )  { }  urob i , . r .  P; : r is .  Francc ' ) .  l l tc  cc l ls  rvcrc
rcsr rs l - rcndcr i  : : ' .  \ ' ssc l 's  rnr t i i t t t t t  tYssc l  t ' t  u l  .  l ' JS-1) .  t tnd cu i lurcr ì
i r t  l r  c ( ) t ìccn i : - . t i ( ) r ì  r r l '  ì  r , -  cc l is  n t i  rn  l -1  1 ì . , i -hr t l t to t t ted r r  t l l :
{  [ l c . ' t r r t t  [ ) l u r . ] l i t r t l  ]  n ì  : t ì . '  f r í e \ c r l - L  t r l  i l h . - ' : l ù C  t r l '  : l l l t t t l t t i l i v

c ( ) n c c r ì t r i . Ì l l ( r i ' >  t r l '  l l l - -  { - - ( t t  }  L ' : n l )  I ì r r  : \  l l  a t  - j 7  (  n l

lnrlucÍiott o/ IqE.îl 'r?//r(,.r/.r hy IL-4 t2l

hunr ic l i f ìcc i  r r tnrosp l rc lc  r r  i t i ,  :  '  ( ' ( ) :  . - \ l ' l : i -  t l t i s  prc- rncut l r t io r r
s tcp.  thc  not t - l t t l l tc rc t t l  cc l l :  i i - ' rc  c i - r i ì r t - tc - . : . t t tc l  r r : ts l tc . i  t r r icc  i t t
l ) t lS  ancì  c t r l t t r rcd in  thc  p t ' ! - rJ : lcc  1r i -  r .1  ;1 . r .15 c( ) r lù( ' r l i i . t t i t ' l l ts  t . r l -

f  l l . - - l  (  l (X ) .  - 5 (X )  o r '  l (XX l  ì .  n t l )  \ \ : i h  . ' :  u  i t h r ru :  . r n t i - l [  - - l

a n l i s c l ' t r r r t  ( l ì r r l r l  r l r l r r l i o r r  ì  :  ' t  t t .  l l : . : t - l I  \ - ' '  t t r t t t \ . : i i t ì l  { l i l l i t l
c l i l u t i o r r  I  l -S0 )  r l r  r l l rN - ,  r :  : - . . r 1  c ( ) r i ! c r ' Ì 1 : . : : i ( r r ì  l 0 ( ì  [  r r r l t  I - l r c

a l lpr t lp r i l t tc  prc- i t t r l t l t - t t tc  t ' l tn ' i [  \c r ; . I  $cra lsc t i  i ts  c i r : ' , i i -o ls . - l 'hc
cu l turcs  rvcrc  car r icc l  out  in  .  nr l  cu l iurc ' i : :c r l iu t t t  i ì l  d r ì r ìccr ì t r i ì -
t i ons  o f  l 0 ^  PUMCrn t l  i n  I  n t l  t i s su r ' . u l t u r c  r i c ì 1 .  ( l l c c to t t

D ick inson)  f  or  9  c l i t l ,s  a t  37 C :nd - r '  Ct ) :  T l tc  Su1 ' rc ;1111 ' , t r ts  t r l '

thcsc cu l turcs  wcrc  thcn h l t r . '  r ' : tcd  an i  tcs i : .1  tor  thcr r  I t lL .  I t r \ { .

I gG  and  I gA  con tcn t .

ELIS,4.s lr tr  IgE. IgI l ,  IgG ,: , : ,1 I{.4
IgE production rvas f ircl ìSu:i- 'd in ; :  srtnJ.r" icl t  ELIS.-\ as t jc-

scribcd previously (Pcnc c' I  t t t . .  l95Sb). Bricl l l ' .  9ó-w'cl l  l ìat-
bottomcd microt i tre plates r\unc. Roski idc. f)cnntark) u'crc

coatcd wi th  rabbi t  ant i - lgE rmnlunogl t rbu l in  (Dako.  Copcnha-
gen, Denmark) di luted l i2tt tx) in a hldrr ' ' 'gen carbonatc butìtr .
pH 9 '6 .  Af tc r  incubat ion lor  l8  h  a t  J  C thc p laLcs ucrc  washcd

four  t imes wi th  PBS10'0-5" ,  Tu 'ecn ( \ lc ' rck .  Darnrs tadt .  FRG)

and incubated wi th  RPMI l6{0 i  10" ,  FCS to  saturarc  protc in-

binding sites for l  h at 20 C. The platc were cmptied and a
mur ine ant i - lgE MoAb (Hlbntech.  San Diego.  CA;*as added
at a f inal di lut ion of l l500fi .  incubated tcrr 18 h at l0 C and
final ly incubated for 4 h at 20 C uith goat anti-mousc

immunoglobulin coupled tcr alkal ine phosphatase. di lut ion l ,

100 (Sigma, St Louis, MO). pre-adsorbed on normal rabbit
serum. After washing. IgE nas visual ized by incubation rvith

p-n i t ropheny l  phosphate (S igma)  in  I  r t  d ic - thanolaminc 'HCl

buffer, pH 9'8, and the plates u'err '  reati  in a nt icro-ELISA

autoreader, MR 580 (Dynatech. Alerandna. VA), at {05 nrrt.  A

standard IgE serum (Behring*erke. \{arburg. FRG}rvas used
as a reference. The l imit of th: sensit ivi tv oithe assa\ uas l-50 pS

of  IgE/ml .
ELISAs for IgM. IgG. IgA were camed out as dcscribed

(Siegal& Good. 1977). The snsit ivi t l -oithese ELISAs,* 'as 2 ng, '

ml ( lgM), I  ng/ml ( lgc) and -{ ng, 'n'r l  ( lgA).

L.t' nt p ho k i ne p r od u<' I i tt rt
PBMC were resuspended in culture medium at a concc-ntratton
of l0ó cel ls/ml. The ccl ls scre incubated at -17 C in humidif ìcd
atmosphere with 5'2, CO: in l . l -wel l  plate' (Bccton Dickinson)
in  the presence of  (PHA) tD i fco-  Dc ' t ro i t .  MI)  a t  a  f ìna l

concent ra t ion o f  l0  or  l tú  pg lml  in  c . rmbinat ion r " ' i th  thc
phorbo l  es ter  TPA (  |  ng,ml l  (S igmal

The supernatants of the cultures sere harvcsted alìer 4E h ol

incubat ion and s tored at  -10 C unt i l  tc t inq for  l rmphokinc

act iv i ty .  Incubat ion t imcs o iJB h u 'ere  fount l  to  rcsu l t  rn  opt imal
lymphokinc product ion (n t r l  shou 'n  l -

Dctcrnrination o.[ IL-2.II--1 und IF-.\'-"
Thc IL-2 act iv i ty  o f  thc  suFa* ínatant  $a5 a i * 'sscd hr  r t r  ab i l i ty ' to
suppor t  thc  pro l i fc r i t t i r tn  t r l  J I I  lL - l -d t - r ' tndcnt  t r : , : l ' t t tc  cVl ( ) -
tox ic  T cc l l  l i r rc  (CTLL)  ,A i ' . ( l - l r l  sa : : ' :p lc  r ( , ) r ì t ' ì inu ' ì -  i { ) '  C ' - f  LL

cc l ls  rv l rs  nr ixcd u ' i th  l (X)  r l  > : 'na l  tJ t lu i t t rn  ' r t - thc  tc . i  . . tn ' tp ìcs  i t t
9( r - r ie l i  microp la tcs .  ( ' t r l lu i ' r .1 . \c rc  fx : : - lo r r ì :c t i  in  t r ip ì  ;  ' ,  1" . . ' \ l ' t c r
1 . 4  h .  I  1 r ( ' i  o l - ' l l - t h r t t r i r i : r . ' :  ' t l - 1 - c R ) t i . , .  r t t i t l c r l  i , ' : . t c h  i i c l l

l r n c l  c c l ì :  \ \ ' c r c  l ' i t r t h c t  r : , - , . i l r t t c t l  l I i  . t '  l r  ( ' t r , : . i i - c :  \ \ t i ' e

h t t r r  c s t c d  l r r t c l  t l t c  i r ì c , t f  t ' t , , r - . " : . i  t ' l t r i  i ^ . ' - . , i 1 ' .  1 \  \ \  l t . , . i t : ; : i t t i t ì ; . i  l l r

I t  l r q r r i t !  s t ' i r l t i l l t t t i t l t ì  c t r [ l l l ' . . ' -  l ' . r c t ' .  - ' . r . i "  . ! l l \  c ( ) l ] l l ' - : : a t j  r i l l l t  l t
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laboratory standard IL-2 supernatant (100 IUiml) which was
calibrated against the Biological Response Modifiers Program
(BRMP) reference reagent human IL-2 (Jurkat) (National
Cancer lnst i tute, Frederick. MD).To determine IL-2 units, the
logarithm of ct/min of rH-TdR uptake was plotted against the
logarithm of the di lut ion of the sample. The IL-2 t i tre was
calculated by the reciprocalof the test samples that gave 50% of
the maximal ct/min of our laboratory standard.

IL-4 was quanti f ied by an immunoenzymatic assay per-
formed as follows: polyr,inylchloride microtitre plates (Dyna-
tech. Alexandria, VA) u,ere coated with l0 pglml of purified
immunoglobulin fraction of rabbit anti-lL-4 that u'as raised
against Escherichia coir-derived recombinant IL-4. The plates
were then washed by an automatic u,asher (Titertek, Flow
Laboratories, Irvine, UK) with PBS supplemented with 0.05%
Tween 20. Next, r 'ar ious di lut ions of the culture supernatants in
RPMI + l0% FCS were added to the coated wells and incubated
for 90 min at room temperature. The samples rvere tested in
duplicate. After rvashings. 0' l  yglml puri f ied rat anti- IL-4
MoAb l lB4 (Chretien et al.  1989) was added in 50 pl
RPMI + l}"h FCS and incubated for 90 min. Subsequently, the
wells were washed and incubated with l , /2000 di lut ion of goat
anti-rat antibody coupled to peroxidase (Tago, Burl ingame,
CA). Enzyme activi ty was determined u' i th the substrate 2,2-
aminobis-3-ethyl-benzthiazol in sulphonic acid (ABTS; Sigma)
at  a  concent ra t ion o f  I  mg 'ml  in  a  c i t r ic  ac id  buf lèr  and 0 ' I  p l /ml
H:O:.The plates rvere read w' i th an ELISA reader. Calibrat ion
curves rvere made with serialdi lut ions of hi_ehly puri f ied E. col i-
der ived IL-4.  Sens i t iv i ty  o f  the assay was 25-50 pg lml (Chret ien
et  a{ . ,  1989) .

IFN-7 prescnt  in  thc '  supernatant  o f  the cu l turcs  was
determined rvith an inlnLrnr-renzynlat ic assay carr icd out as
dc'scri  becl prcviouslr,  (  Far rc'  t '  t  e l . ,  1 989 ). l l r ic-f ì1' .  f l  at-bot tomcci
ue l l s  o l 'Nunc  n t i c ro t i t r c  \ \ c r r  coa t cd  r r  i t h  l 0  1 i _u 'n r l  o i  t hc  an t i -
IF \ - ; 'N loAb  A l -5  i n  a  \ r r l u r ì t e  o f  2 (X )  7 r l  l o r  l 6  h  a t  I 6  C .  Ncx t .
thc  i rc l ls  ivcrc  incubutcd u i th  - ì0( l  l r l  P I ìS su i rp lcr t rentc t i  r i ' i th  - r ' l ,
t l s - \  (S ignr l )  unt l  0 '0- :  T*e, . ' r ' r  l0  t \1c- rck)  l ì r r  I  h  r r t  roonr
te- I ì ì f rc l r ì t i l rc .  .A l - tc r  r i l r : ,h ì i tg : .  r l i l r : t ion:  t ' r l ' cu l t r r rc  Sgt rL . r r ìe t l t r ì ts
r r c r c  l r t l t i cd  r r r  P I JS  . , , p r . 1 . ' , r r . , r t c t i  r r  i t l l  |  '  I lS . . \  r r r r . i  ( ) . ( , 5  '

Tr ' .c tn  l ( )  anc i  incLrb l r tc t i  i . r1  g t in t in .  - l - i . rc  
sunr l ' i l c t  \ \c rc  t r ìs tc( i  i t l

* Diagnostic values at onset of the disease
i  The louer l imi t  o[  the normal  values represent normal  values for the  ege a t  u 'h ich  d iagnos is  was made.

l g E  ( n g / m l )

2 4 6 8 t O t 2

Fig. l. Inductic'rn of IgE s1'nthesis b1' PBMC of patients with con:non
variable immunc'rdeficiencl by IL-4. IgE production is expressei as
mean t s.d. of dupl icate cultures. Spontaneous IgE synthesis in lne
ab>e nce of I L-J w as negative ( < I 50 pg l-eE/ml). o, tL-4 ( 100 U/mlt: r.
IL{ (500 U mlt:  @.1L4(500 Ulml) +anti- lL-4 ( l /500); G, IL-4 (Stt j  Ut
ml)+control rebbit serum ( I  /500).

dupl icate. Scnal di lut ions of puri f ied IFN-y (Schcrin-e-Plough

Research) uere incubated to establ ish a cal ibrat ion curvc. Aiter
u'ashings. the samples \\ere incubated for 90 min with the a:rt i-
IFN-}, MoAb 827 that was label led with biot in. After rn
addi t iona l  incubat ion for  I  h  n ' i th  a lka l ine phosphatase cour ied
to av id in  (Tago)d i lu ted 1,500 in  PBS,  BSA,  Twecn 20,  fo l lc ' . ied
br washing. nosit ive samples \! 'cre revealed by the adding o: :nr '
subst ra te  p-n i t rophcnl  l  phosphatc  (S igma) .  Scns i t iv i t ) '  r ì : -  , : ìc
i ìss3\ ' \ \ ' l ìs  l t , r tpg I f tN- ;  ml  (F-avr . .  e t  u l . .  1989) .

( '  r '  !  |  s t r r  i  ut  r '  t7 ' :  t t rk(r  ur tu! . t  s i . ;

I ) i l \ f  C  (  i ( l ' r  . , . - J r - C  r c S U : p c - n d c d  i n  P I I S .  i n  i t  v o l u n t c  o f ' l ( X ) r l  - . : . J

i n c u l - u r l c t l  l ì , .  ì 0  n r r n  a t  J  C  r i i t h  i  r r l  o f  u n t i - C [ ) . j .  u n t r - t -  - ' r - 1 .

a n r r - ( - l ) s  t r i , : : r i  C  D l t t  \ t r r . , \ b s . . \ l ' t c r  u l r s h i n s  t h e  c c l l s  t \ . \ ì , -  . : l

I ) l l S .  t h c  c c ì , : e  i l c t  \ \ l i :  r ' . ' S u S [ r c n i j c . i  r n  - 5 ( )  r r l  o f - g o l r t  l r n l i b , ' J .  , . r
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Inductiort o/ ItE.r.r'rr/Àr,.ri.r lt.t, I I--1

l g E  ( n q l m i  )
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Fig.2.  Induct ion of  lgE srnthcsis by PB\ lC of  hcal thy donors by lL-4.  PBMC ol 'donor - i  scrc n( ì1.  tL-stcd in thc pr . -scncc t r t ' tL-- l  (5(X)
U nt l )  Inhib i t ion studies ui th ant i - lL-J ant iscrum u'erc only carr icd out  r . r ' i th  PBMC of 'donors.  f .  - i  and t .  lgE product ion is  crprcsscd
as  mean*s .d .  t r f  dup l i ca te  cu l tu res .  D .  l L -4  (100  U in r l ) ;  r .  I L -4  ( -500  U .m l ) :  a . l L - | ( - i 00  U  n r l ) *an r i - l L -J  (1 ,500) :  c .  t t - - . 1  ( - s (X )
U  rn l t * rabb i t  s ' run t  l l  - i ( ( ) ) .
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'  l r nd  an t i - lFN- ; '  an t ib t .d ) ,  r ' r n  Ig [ - -  svn t l r cs i s  h r
l l ' l :  p ro t ìuc t i on  i s  e rp r r - sscd  us  r r r cu r r  i .  s . r l .  t r l '
- 1  ( : o {  ) [ ' r t l ) :  l .  I L - J r t t l 0  { . ]  r n l t - l l : N - ; , t l t t r  r
. r n ì ) -  

s n t i - l l - - 4  ( l  a { } ( ) ) :  n .  I L - - 1  ( i ( X )  I
- .  I  [ , - J  t  - i o ( ì  L i  r t r l ) -  l t ] \ - , ' (  l ( X ]  t  r r r l )  i -  l u r l r

123

mouse IgG and IgM label led rr i th f luore>ccin (Bionctics,
Labtek.  Mi lan.  I ta ly )  and l00g lo f  PBS.  Af tcr  incubat ion for  30
min at 4 C, the cel ls were u ashed nvice. resuspe nded in PBS and
analysed wi th  the FACScan (Becton Dick inson) .

R E S U L T S

Cell countt, .serr/nt irrttrttnto{lohulin t'rtlu(s, und phenotrping o/
P B l+l C ol' C V I patient.s
Immunoglobul in  serum va luc ' -  lvmphoc; - tL-  counts  and phcno-
typ ing of  PI IMC o l '  thc '  pat ients  Arc  shoun in  T: rb lc  l .
Lynrphocytc counts of thc' c- ieht paticnts $'r-rc in thc nonnal
range. Al l  patients prcsctìtc-d lc-ru or non-dctcctablc scrunr lcvcls
o f  t hc  I gM.  I gG  and  IgA  i so t \ pes  s i t h  t hc  cxccp t i on  o f ' pa t i cn t
A.  who had normal  scrunr  Ig \ f  and IsA lcvc- ls .  and pat ic -n t  F
whosc scrum IgN{  conccnt ra t ions r rcrc  in  thc  normal  rangc.
Serunr IgE lcvcls \ \ 'crc n()rnlal rn paticnt B. pri t icnt E hacl vcr1,
rcc iuccd scrun l  IgE lcvc ls .  u  hc- r i -as  thc  t l thcr  p i ì i r t - r ì ts  had : t - r tnn
Ig [ :  lc rc ls  t l l t t  t rc rc  hc l t ' r r r  thr - -  dc tcc t r t rn  lcvc l .  \ r r1 '111 11 ncrccnt -
aqcs  ( r l -  CD3 ' .  C t ) . l '  unc i  C -Dx '  T  cc l l s  \ r ' L ' r c  l ì ì und .  r r r t l r  t hc
crccpt ion o l 'p l t t icn l .  I )  r rhr .  h l ìd  c lùcrc l rsc t i  r r r rn ì . i l - :  r r l - ( 'DS'  

. l -

c c i l s .  l t nc l  I ' r l r t i cn t  f  I  uho  l l . r \ i  r c \ t uc r (1  l ì u r ì l h f r ' :  i , r ' ( ' f ) - 1  '  I  ec l l . .
\ t r r t t r : r t  l r c i c c n [ : ì q c s  ( ì :  ( ' l ) ] t t '  [ J . e  l l s  1 1  L ' 1 1  , , i r . g 1 ' r c t l  r r r  i ì r i t r

p i t t r c r ì l \  ( A .  i l .  [ ) .  l : ì r i l r c ; l . r '  i ì . r '  I i  e c l l  r r r r n r b e  r .  . i e  l e  r c c i  u i e . i  r n

l l l c  t - r l l i . ' r  l ì r t t t '  p i l i i . r ì l s  ( (  I '  (  i .  I  I  r

c
I

o
c_
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c ( ) l ì ì  r ì l ( ) r l  va  r ia  b lc  i  r t r l t r  unodc l ìc icncv  a  nd  hc . r  i th  l '  c ( ) t ì l  r \ r Ì  s

I  t - - l

l ) u t r i ' r , 1  . ' \ c t i r r r l i t r r r  (pg ' r r r l )
l l : \ -  H c a l : : :

( n C  t t l i )  d ( r i l a :

l L - :  I l j N - , '

(  I  L '  n r ì  r  ( n g  r n l )
I t  l

( l t J  r r r l )

I  I  - - ì

(  l ) g  l ì ì
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I
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It,f cd irrnr
P I I A  + T P A *
l ) l { A  + T P A i
\ f  cdiunr
P f  I A  + T P A *
P I { A  + T P A I
\'f c'diuttt
P [ I A  + T P A *
PT iA  +TPAi
lvf cdiurn
PHA +TPA*
PHA +TPAt
Nf edium
PHA +TPA*
PHA +TPAT
Medium
PHA +TPA*
PHA+TPAt
Medium
PHA+TPA*
PHA+TPAI
N{edium
PHA+TPA*
PHA +TPAI

< ( )  I  < 0 l
56 - l ' ( r  *  0 ' I
9 5  3 . 3 + 0 1
<0  I  <0 ' - j
80 6.,5 * I
1 2  E . l + 0 l

< 0 1  < 0 . 1
58 5.4  + 0 .2
1 )  4 . 7 + 0  2

< 0 . 1  < 0 ' j
5 6  l - 5  +  0 . 1
87 7 '4  + 0 .3

< 0 . 1  < 0 . j
NT NT
1 2  4 . 1  + 0 . 1

<  0 .1  <  0 .3
NT NT
8 5  l l . l + 0 . 4

<  0 .1  <  0 .3
70 8.3  +0.5
91  14 .3  +0 .2
<  0 . t  <  0 .3

> 300 6.6+0.3
24.6 5.7 +0.2

< 2 5
1 9 + l
l 0 + 2

< 2 5
NT

1 0 0 + 8
< 2 5

4 5 + 0
5 4 + 0

< 2 5
< 2 5
< 2 5
< 2 5
NT
< 2 5
< 2 5
NT
< 2 5
< 2 5
< 2 5
< 2 5
< 2 5

292+  l l
218+4

< ( )  I

56
20

< 0  I
20
t Ì .  7

< 0 1
120
ti -5

< 0 . 1
t 2 0
90

<  0 - l
NT
26

<  0 . 1
NT

4
<  0 - l
20
26

<  0 . 1
10 .7
5

< ( ) . ì

l ' l  -  t l

- ì ' 6 :  ( , )

<  0 . - ì

l . j + { _ }  I

- 1 . 1  +  0 . 1

< Lì.- l

3 - 5 + 0 1
l . l  + 0  I

< 0 ' - j

l . ó + 0
4 - 3 + 0

<  0 .3
NT

3 . 0 + 0 . 1
< 0  3

NT
2 - 0 t 0 . 1

< 0-3
6.0 + 0.4

I  t - 3  +0 .2
< 0.3

9-'7 +0
10.4 +0.  I

_< 15
.116 + l
5! i-1+ S

< 1 5
2rJ5 + {
3 7 0 + S

< 1 5
9 7 + - l

4 9 j + 0
< l-s

120  +4
2 9 0 + 8

< 2-5
NT

560 +'t
< 2-i
NT

140 +4
< 2 5

5 0 8 + 9
NT
< 2 5

360+8
1 3 6 + 7

D

G

* PHA l0 pglml+TPA I ngiml
+ PHA 100 pglml+TPA I ng/ml
n-T- not tested.

Inductiorr of IgE synthesis br PBMC of CVI patients b1' IL-4

We demonstrated previously that IL-4 can induce IgE synthesis

by mononuclear cells isolated from peripheral blood, tonsils or

spleen of healthy non-al ler-sic, non-atopic individuals (Pene er

a/ . .  1988a.  1988b.  1988c.  1989) .  IL-4concent ra t ions o f  200 U/ml

rvere found to be optimal to induce maximal IgE synthesis by

PBMC of healthy donor:.  In order to investigate whether the

PBMC of CVI patients could also be induced to synthesize lgE

itt t'itro in the presence c''f IL-4, the mononuclear cells of eight

CVI patients were incubated s' i th varied concentrat ions of IL-4.

In Fi-e. I  i t  is shown that IL-4 induced IgE synthesis in two

patients (B and C), whereas PBMC of 6 other patients (A, D, E,

F, G, H) fai led to synthrsize IgE on mult iple occasions tested.

Maximal IgE synthesis lapproximately l0 ng/ml) was obtained

af lL-4 concentrations on 500 U/ml, rvhereas IL-4 at' 100 Uiml
rvas suboptimal in these tu'o paticnts (Fig. l)  IgE levels induced

b-v IL--1 at 2000 U/ml uere similar to those induced by lL-4 at

500 U,'ml (not shown). The IgE synthesis is specif ical ly induced

b1' IL-4. since ttre anti- lL-{ antiserum cornpletely blocked IgE

s) 'n thcs is  ( t r ig .  l ) .  Spon: . :neous IgM.  IgG or  IgA s1 'n thes is  b1 '

PB\ fC o l -  thc  pat icnts  \ ; , , ìS r ' \ t re l l l c ly  low or  absent  and could

not  bc up-rcgu la tcd br  lL , -J  tnot  s l tor i ' r l ) .
Pts \ f  C of  scvcn o i . ,  t r t '  c ight  hca l thy  cont ro ls  tcs tcd in

para iL- l  r i  i th  ( - \ ' t  put ic i . : .  l : r ìdL lcc( i  var iab lc  lcvc ls  (  |  '19 ns r r t l )

o l ' l sF-  in  rcspt rnsc to  I l , - -1  r l : ig .  2) .  \ \ ' i th  thc  cxccpt io t ì  o t -donor
-1 .  n t r  s rgn i f ìcant  d i l ìc rc ; - .J .s  \ \c r r -  obscrvcc l  bc t rvccn t l tc  lc rc ' ls  o f

I r :E inCuccd t - . l r  l (X)  t , :  : r i r r  U rn l  t ' r l ' I t - - r1 .  In  the ca: ;cs  tcs tcd

(donors 2. 5 and 8). IL-4-induced IgE synthesis was strongl l

blocked bi '  anti- IL-4 antiserum. These results are similar to

those described previously with PBMC of other serics of healthl'

individuals (Pene et ol. ,  1988a: Chretien eÍ al. ,  1989, 1990). In

addit ion. spontaneous IgM, IgG and IgA production by PBMC

of the healthy donors was low and was not significantly afl-ected

by IL-4 (not shown).

IL-4-induced IgE sl?rràesls by PBMC of CVI patients is hlockad

bY IFN';
We demonstrated that IL-4 induced IgE synthesis by PBMC of

healthl '  donors was stronglf inhibited by IFN-7 or IFN-r-

indicating that these IFNs act as antagonists of IL-4 (Pene et al-.

1988a.  lgSEb) .  In  order  to  estab l ish rvhcther  IFN-y had s imi lar

inhibitory effects on tL-4-induced IgE synthesis by PBN'ÍC of

patients urth CVI. blocking studies with IFN-7 were carr ied out

rvith PB\{C of patients B and C. Figure 3 shows that IFN-; at

100 Uiml signif icantlv reduced IgE synthcsis induccd by IL-l
(500 U mlr .  Th is  inh ib i tory  c f fcc t  is  ncut ra l ized by an ant i - lF  N- .

ant i>crunt .  r l lus t ra t ing thc  spc 'c i t ìc i ty  o f  thc  b lock ing c f fcc t .  in

thc prcsc 'ncc o f  th is  : r r l t i - l f r \ - ' .  l tn t iscrL l r ì1 .  iL -4- induccd lgE

s ln thcs i i  r r  PB \ {C  r - r l ' pa t i r ' n t s  B  anc l  C  n ' r t s  on l y  s l i gh t ì r

cnh; - ' . i tccu.  ind ic t t r ing t ì ta l  th ' - '  l cvc is  t r l -  c t rc l t lgc t to t ls  I l : \ -

product r . , : - .  h)  T  t : r - ì1 .  prcs( l r ì l  in  thc  c t t l t t t rc  arc  ins t r l l i c ic t t l  1 r ì

d i n r i n r sh  I  L - -1 - i n r J t r c t . l  I g f :  s r  n i hcs i s  s i gn r i ì can t l r .

[ ] i r r t ì i . ' :n torc .  \ \  t  l rc l r :dc . l  ' , i tc  poss ibr l r t ; '  th l i t  t l tc  l ì t i i r - l rc  , ' i

i h c  P I I \ 1 (  t r l ' t hc  . t r  r r t hc r  ( ' \ ' i  p l t i c r r t s  t ( )  i ' r t - o t i t t c c  l g [ r : : l



r csponsc  to  IL - ,4  t l t r r ì c  \ \ l ì s  duc  to  h ig l r  i cvc l s  r r t ' cnd t lgc l ì c ( r t l s

I  FN- ; '  p roduc t i t - r t r  by  T  cc l l s  i n  t l t c  cu l t t t r r - .  s incc  c t r ì i i t r cs  ca r r i cd

r ' r i r t  i r . r  t hc  p rcscncc  t r l ' t hc  an t i - l l :N -1 'a r t t : s . ' r u t r t  d id  no t  r cs t t l t  t n

l l . - ; 1  i n t l uccd  lg I  s i  n thcs i s  ( t . t , r l  sho r i  t ' t  i

t l - - : . I L - 1  u t r l  l l : . \ ' - ' .  J t r t t t l t t , ,  I i , , r t  l t . t ' l ' I ì , \ i ( ' t t f  1 t , t Í i , ' ' t t  w i t l t  ( ' l  I

Thc  rcsu l t s  ob ta incd  so  la r  suggcs t  th . r t  t r r t l  ou t  o f -  t hc  s t x

pa t i cn ts  havc  B  cc l l s .  o r  B  cc l l  p rccu rso rs  i h i i t  ca t r  p roducc  IgE  in

rcsponsc to I  L-4 in r i t ro. l - {orr  cvcr .  s incc lL- '1 has t rccn shou n t t ' r

bc  t l i c  so l c  i nducc r  o f  I gE  s r  n lhc ' s i s  (Pònc  , ' r  u l . .  l 9SSb) .  dc l cc t i r  c

product ion of  IL--1 b-u-  T ccl ls  n lav account fbr  th.-  i . - t rv  levcls oÍ '

I gE  obscn 'ed  in  son re  pa t ien ts  i r t  r i t ' o .  Th . - r c fo rc .  r r  c  i nves t iga tcd

thc  capac i t ) ' o f  T  cc l l s  o f  ou r  pa t i cn t516r  p roduce  IL -1 .  IL -4  and

I I - -N-7.  Tablc 2 shou s that  thc-  lc 'vc ls of  IL--1 produced b1'  PBI\ ' lC

o f -pa t i cn ts  B  and  H  a f te r  ac t i r  a t i on  b1 ' c t . l n tb ina t ions  o i  PHA (  I0

l r g / m l ) + T P A  ( l n - e  m l ) ,  o r  P H A  ( 1 0 0  g g  m l ) * T P A  ( l  n g / m l )

rverc in the normal  rangc.  PB\f  C of  pat ient  C produced lorv but

s i -eni f icant  levels of  IL-4.  u 'h ich were.  however,  reduced com-

pared wi th IL-4 product ion bv PBMC oi  heal thy donors tested

in paral le l .  PBMC of  pat ient  A produced IL-4 (30-40 pgiml) .

but these levels have to be considered as borderline because of

the  sens i t i v i t y  o f  ou r  EL ISA (15 -50  pg  m l ) .PBMC o f  a l l  e igh t

healthy donors tested in parallel produced significant levels of

IL-4 which varied between ll0 and 58a pg/ml (Table 2).

Althou-eh the series of patients u'ith CVI tested here is

re lat ively smal l .  i t  seems that  in addi t ion to detèct ive IL-4

product ion by PBMC, there is  a lso impaired product ion of  IL-2

and IFN-; .

D I S C U S S I O N

The reduced levels of immunoglobulin produced in CVI
patients have been attributed to defects in regulatory T cells,

and/or B cel ls or defective monocyte functions (Waldman et al. ,

1974; Siegal et ul. .  1976: Schw'aber er al. .  1978: lr l i tsuya et al. ,

l98l;  Reinherz et al. ,  l98la. l98lb; Lopez-Botet et al. ,  1982;

Saiki er al. .  1982. 1984; Jones. 1984; Perri  & Weisdori 1985;

Matheson & Green. |  987). Here we demonstrate that PBMC oi

two out of eight patients u' i th CVI (patients B and C) could be

induccd to produce IgE in r i tro by ILi.  shorving that their B

cel ls, l ike B cel ls of the majori ty of healthy donors, can be

induced to switch to IgE producing cel ls upon interaction u' i th

tL-4.
Although IL-4 is the sole inducer of IgE synthesis (Pene er

a/ . .  1988a,  1988b)  the capac i t l  o f  I  L-4  to  induce IgE synthcs is  by

B ccl ls of healthy individuals is complet. ' l1 '  depcnd.-nt on CD-l *

T cc l ls  (Pene et  a \ . .1989) .  cnhanced b1 monocytcs (Pène et  a l . ,
1988a, 1989) and suppressed by autologous CDS - T cel ls (Pcìnc

er  e l . .  1989.  nranuscr ip t  in  preparat iont  ind icat ing thc  mul t ip le-
cc-l ls or factors are involved in a cay--adc of erents f ìnal lv
re 'su l t i i rg  in  IgE svnthes is .

Of  the two pat ients  (B and C)  r rhose PB\ ÍC could  bc
induccd to  s1 'n thes ize I -eE in  r i t ro .  pat ient  B had rer r ' lo rv  lc re ls

o l 'scrunr  Ig ì \ '1 .  IgC and IgA.  but  h is  serum IgE lc rc- ls  r rcrc  in  thc
norrnal r i ìngc. Our in t ' i t ro data ref lc 'cir ' t1 cxacti ' ,  thc i l  t  t t ' rr
s i tuat i t ' rn .  s incc thc '  Pt lN lc  o i  th is  pat ic - r , i  \ \ ' c rc  'nornra l '  in  thc i r
c l r l ' r : . rc i t r  t ( ì  pr (x lucc lgE in  rc 'sponSC tc  IL- '1 .  [ ìur i i tc rnr t ) rc .  \ \c

t lcnr r r l rs t r ; i tc t l  th l r t  thc  J-  cc l l .  o l 'pat icnt  [ ì  pr t r t iL tcc . ì  quut t t i t i c .  t r l '

lL , -+  i t t  t ' i t ro l  l l r t  q  crc  in  th :  f l t . r r f i l l l i  rAnr- '  Thc:e r ! -s r . t l ts  i l t ( i rc i t tc
t h l r {  l l i c  r c g u l i l t ( l r \  c i r c L l l t s  i ì n e l l i  r c s u , : t n g  r n  I g E  j l  t l l h c : t .  r l t

l i l r r  r r n r i  t r t  t  i t t ' t t  r r r c  i t t t u c i  r n  i h i s  p l i t i c - n ' . .  r v l l a r e l ì ' . c { u l l ì l l ( ' r ì  \ r l
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lg ( ì .  lgA and lg \ f  product i ( r r ì .  i ìs  I ì ' ìc l ìs t t i -c t l  i r r  t ' i t ' r , .  is  dc l ic t i rc .

Pt IMC t ' r t 'p ra t ic t t i  ( - .  u l r ich  l t lso  pro l l t rccd lg [ :  i t l  rcsponsc-  to

rcconrb inant  l l - - i  : t r  t ' i t  ro  sr  r t t l tcs izcc i  t t t t t t i t t t l t l  l l l ì l ( r t t l l ts  t l f ' I  L -4

in  r i t t 'o  l rnr l  l ì r i l r ' t t : ' ì  l ) r ( r ( iucc s ign i f ìc l t r r l  Ig l . ,  lc rc ls  i r r  l i t ' r , .  T i r is

sho r r s  t hu l  i r r  t l t r .  p l t t i cn t  t hc  cc l l \  r cq i ì i r c t i  l ì r r  t i t c  c l t s c r t i ì c  o f -

c \ c l ' ì t s  l ì r r l r l l r  r c . i i l t i t t l  i r t  l l . - ' 1 - i r t d l l . c ( l  l g l :  . r  t r t l r c s i s  r ì r c

l ' r r r rc t i r r r r i r tg  n t r r t l . t l l v  i r t  r i Í r t ' .  l t t td  s t t tgcsts  l l t t t l  thc  vc l ' \  lo \ \

lcvcls of lgE irt  r ' ; : ' , t  coult l  bc duc t(r t l ìc rccit tcct i  cl . t i ' r l tci tr  t t t

producc IL- .1  upon T cr - l l  , , . ,1 t "1 io t l .  IJou 'crcr .  i l  r t tav  bc

poss ib lc  t l ta t  o thcr .  \c t  to  bc dcf ìnc-c l  n l r -chanisn ls  ar t  rcsp(rns ib lc

lbr  t l i c  vcry  rcduccd scrunt  Ig [ :  le  vc ls  in  th is  pat icnt .

P l ì l \ , lC o f - thc  s i r  o thcr  pat icnts  f ì i i l c ' t j  to  producc Ig lJ  i r r  r i r r r

and in lr l r 'o c1c'sptic- f lot ' t t l l t l .  t tr  sl ightl i  rcduccd nunlbcrs t l f  I l

cc l ls  prcscnt  in  thc ' i r  pcr ip l rc ra l  b lood.  \ \ ' c  cxc ludcd that  thc  lack

ct l -  i r t  t ' i t r r t  IgE sr  n thcs is  u  as duc t t l  cxccss ivc  c t tc l t rsc t tous IF-N- , '

production by T ccl ls present in the culturcs. si t tcc in t l ie

presence of  ant i - lFN- ;  ant ibod l ' .  IL-4  r ias  unable  to  inducc IgE

synthesis (not sht ' '*  n). This indicatcs that thc l l  ce l ls of thcsc' six

patients may be rntr insical ly defective.

Apart l iom pt ' 'ssiblc defccts in B ccl ls. i t  is clcar that paticnts

with CVI also hare defects in re-qulatorl  T cel ls. PBMC of f i r 'c

out of six patients fai led to produce IL-4 upon activation.

PBMC of these f ir  e patients also fai lcd to sccretc IgE in response

to exogeneous IL{ in r i tro. The only exception u'as patient H,

whose PBMC lai led to produce IgE despite normallevels of IL-

4 secretion.
Collect ively. our data indicate that fai lure to produce

normal IgE levels in t ' i t 'o ntay bc attr ibuted to both defective IL-

4 production b1' '  T cel ls of these f ir 'e patients and to tai lure of the

B cel ls to respond ro I L--1 appropriatelr.  whcreas the abscnce of

IgE synthesis in l i lo in thc sixth paticnt seems to be relatcd to a B

cel l  defect. On the other hand. i t  is possiblc that thr '  lack of IgE

synthesis is due te-r other defects in hclp^-r functions of the CD4 *

T cel ls, incrcase,j  supprcssivc effccts of thc CDB t T ccl ls or

de fect ive -un6gr te l 'unctions. The lack of production of

detectablc levels of IL-4 confirms our prcvious obscrvations

which demonstrared that the capacit) ' to sL-crctc IL-4 by PBMC

of a group of l  I  CVI patients rvas signif ìcantl l  rcduccd as

comparcd wi th  thet  o f  PBMC of  hcahhy donors  (Pastorc l l i  i ' l

a t . ,  1989) .  In  adc i t ion.  in  that  s tudy 'ovcra l l  IL- l  and IFN-7

production were also found to be reduced. cornpared with thosc

obtained by PB\lC oIan agc- and sex-matched group of control

donors (Pastorelh et ul. .  1989); this is confìrmed in the prcsent

studl ' .
Furthermorc. rt  is clear that although thc prec-ise cascade of

events leading ro IgE production induced by IL-a r)r r , i lo st i l l

rcmains to bc ceterntincd, the frcquencv o[ succcssful IgE

production in r i tr , , t  by PBi\4C of patients rvith CVI is rnuch lo*'cr

than that  by PB\{C of  hca l th l  donors  (2 /8  r 'e r . r r rs  7 i8) .  l t

rcmains to bc clanficd rr 'hv PBN'Í C of hcalthy donor 6 fai lcd to

producc IgE.  but  reccnt  s tud ics  in  our  laborator l 'havc ind icatcd

the PBMC of  a  ;mal l  propor t ion o f  hca l th l '  donors  do not

producc IgE unc. ' r  thc  prcscnt  cu l turc 'cor rd i t ions (Chrc t icn c l

a / . .  199 ( ) ) .
I t  has  bcc t t . l -  r r r n  t l r a t  l ì  c c l l :  o l ' p . t i i c t l t s  u i t h  CV I  hcha rc

f 'Lrnct ionu l l r  l i kc  :nn l i t turc  cord h lc ' ro . i  B cc l ls  (d , - '  ( ì r ls t  t ' t  u l . .

I 9 t ì ( ) :  T o s a t ( ) i ' r . ;  . I t ) S 0 .  I ) l a t t s - \ 1 j l l s . : , r / . .  I t ) . \ I . P c r r c i r l t , ' / , t / . .

l 9 3 l .  l l u b c r r ' r , . .  i 9 3 . ì :  [ J r c r t r ] c r r ' /  r t l  .  l 9 S ' 1 .  \ l l n c r  t ' t  i t l . .  l 9 s - 1 ] .

S t r r , - r u l a t r t ' n  o l ' l j  , c i l :  . r f ' 1 ' l l t t i c l t ì \  \ \ l l i ì  ( ' \ ' I  b r  [ : [ ] \ ' .  I ' } \ \ ' \ f  o r

\ u p t  r t l r ì t  r t l t s  r r l  . , , 1 1 \  l r t c t i  
. l -  

c c ' l l :  r c : u : i \ .  i t s  \ \  t i l l  e  , l t ' t i  b l t t t l . j  l J

t ' e  l l r .  t r r c r l ( r t ì ì i l ' , . : - . '  l i  t t l  : t C I ' c t i t r t l  t ' r l -  i r \ t  a n t i  I l ( r  ( r l '  I c r r  l . t t v
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lcr ,c ls  of- lg-{  t rnd Ig( ì .  [ ì t r \ \ 'c \ i - r .  sc havc f r runcl  that  cr)rd hkror l

c e - l l s  l i o m  s  S  d o n o r s  l r o d L r c c d  I g E  i n  t l t c ' p r c s c n c r - ' o f ' l l - - - 1 .

i nc1 ica t ing  th i ì l  co rd  b l t rù t i  B  cc l l s  and  [ ]  cc l l s  o f 'CVI  pa t i c r r t :

c i i l ì i r  i n  t l r c r r  c ; . r1 -x rc i t r  i o  J r r r ) ( i ucc  IgE  in  r csp t t r . r sc  to  l l . - -1

(Pr rs t t r l c l l r  < ' t  t t i . .  u r t l ' r t 1 [ r ] r . [ 1gd ) .  l - hc rc l ì t r c .  [ ]  cc l l s  l ì ' t r r t t  p l r t i c r r t :

lv i th C\ ' l  Ci . ì r ' ìnt ) t  bc c, . ' , r : rnurct l  l ' r r r rct i t lnul l r  r r  i th cort i  b lood t l

cc l  I  s .

The  s tu r i l  o f -  t l i c  r rechan is rns  undc r l r  i ng  dc l ' cc t i vc  Ig [ :

s1 'n t  hesi  s br  P B \4 C ol '  cc ' r tzr i  n pa t i r 'n ts rv i  t  h i  rn rn unodct ìc icncics

n lav  con t r i bu tc '  t o  ou r  undc rs tand ing  o f  thc  r  a r ious  s teps  in  thc '

c r i scadc  o f  r - \en ts  l cad ing  to  IgE  p roduc t ion  in  bo th  no rn ra l  and

a l l c ' r g i c  i n d i r  r d u a l s .
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