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cord blood B cel ls are mature in their capacity to switch to

IgE-producing cel ls in response to interleukin-4 ín vitro
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S U M N T  A R Y

Neonatal B cel ls have been considered imnrature becausc of thcir impaired capacit l '  to producr-

immunoglobulins in response to polyclonal activators trl t]i/ro' Hcre we demonstratc that cord blood

mononuclearcel ls (MNC) produce normal levels of IgE in r i tro when cultured in thc presence tr i

interleukin_4 (IL-4). indicating that the B cells are mature in their capacity to s*'itch to IgE-producing

cells. However, in contrast to adult peripherar blood r cells, cord blood r ceils failed to producr-

derectable levels of IL-4 upon activarion ú5 phytohaemagglut inin (PHA) concanavalin A (con A) or

combinations of PHA and the phorbol ester TPA. Interferon-gamma (lFN-;) production by cord

blood r cells follo*,in_e activation by con A or pHA rvas also strongly reduced- However, high ler.els

of IFN-i,. significantly highcr than those produced by adult T cells' were synthesizcd in responsc to

combinations of pHA and rp.\. indicaiing that IFN-} production by cord blood r cells is nt'rt

intr insical ly defective. In contrast. cor, l  brood r cel ls produced lcvels of IL-2 that were si*e' i f icantly

higher rhan those obtained b1, a,Jurt T cel ls rested in paralrcr. Collect ivcly, our data indicate that the

minimal levels of IgE production measured in cord blood ( < I  U/ml) arc not due to i t l l r ìraturi t)  of thc'

cord blood B cel ls. but may be associated *i th the f ai lure of cord blood r cel ls to produce detectabie

le'els of I L_4. which has been shown to be re sponsibre for ind uction of I gE synthesis both in t'irrt and

in t'it'tt .

KerT.ords interleukin-4 IgE synthesis cord blood mononuclear cel ls

I N T R O D U C T T O N

The reduced capacit) 'of neonates to deal rr i th a variety of

infect ious agents has been attr ibuted to the immaturi t l '  of the

immune system lrer. ieu'ed by Andersson er a/" l98l) '  Despite

thc prcscnce of a normal number of B cel ls '  including normal

percentages of Iglrf  posit ive B cel ls CD4 and CD8 T cel ls and

monocytes. neonattx havc ver\ lo$' serum IgM levels'  and

marginal levels of serum IgA and IgE, whereas the rc-lat ivel l '

higl i lcvels of serunr IeG are of marernal origin tcampbell  et al. .

1974 :  Ande rsson  t ' Í  a l . -  1981 ;  Ha1* ' a rd  &  Ku rn i ck '  l 98 l ) '

Thc impa i redcapac i t v top r t - r ducc ' l gM 'an ' l t heabs t -ncco f
signif icant endog.'nc'rus IgG. IgA or IgE srnthcsis has been

at t r ibutcd to  imnt : rur ì t i  o f  thr -  cord b lood B cc l ls .  s inc . '  thc i r

act iVaticln b.v pol i  clr-rnal act ir  l t t l rs. l ikc pokcu'L-L'd l ' l i l l ()sL': l

(PWM ) .  l i popo l r  secch r r r i dc  (LPS)  o r  Ep : ; t c i n  B l r r  r  i r us  r  E [ ] \ ' ) '

gc t rcr l t l l \ l  rcsu l tcc  i r t  t . t lOt lc r :  ic  or  rcduc" ;  lc r  c ls  t r i  lg \ f

i yp l l r cs i s ; . t t t c i  n t r  l ; : \ .  I gC ì  o r  i r [ -  p r " t i t r c l i r ' r '  \ t t dc rSS t ì l ì  t ' I  r Ì 1

i  i  r i r i r . i  t i

- - ' .  l ' . i l r t

( o r r c s p o t t c l c t . l c l  [ ) r  - f l t t t  l 1  ' 1 t '  \ ' : t e s '  I ) ' ; : ' ' - i t t t c t l i

I t t t t n t t r t o l r r g l  .  t ) \ ' \ \  l ì c . c n r c h  l i . ' - l ' ' u t e  '  ( ) ( ) l  (  ' r ' . . ' r r r i r r
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l g S l ) . D e f e c t i v e i m m u n o g l o b u l i n p r o d u c t i t r r ì h a s a l ' ' ' r b c e n
attr ibutcd to immature helper T ccl l  functions or supPr'ssor T

c e l l a c t i v i t y ( T o s a t o e t a l ' - 1 9 8 0 : A n d e r s s o n e t a l " l g E l ' O l d i n g
&oldstone, |97 ;o ldstone.T ishon&}v{oret ta . |977. .D. . i rand} , .
F ischer  & Gr iscc l l i ,  1979) '

Howevcr ,nconata lTcc l l responsc l . . 'g1 i11-rgensand: i i t rant t .
gens is in the normal rangc (Campbell  er ul ' '  197'1: \ l ford'

óar twr ight  & Sel l ,  1976:  Granbcrg '  Mannincn & Tt r r r 'an€n '

1 9 8 0 ) b u t t h e i r c y t o t o x i c a c t i v i t y i s g e n e r a l i l i n r p a i r r . ' c t S t i t e s .
C a r r & F - u d c n b c r g . l 9 7 4 l R a 1 , ' f i e l d . B r e n i & R o d c . - i " 1 9 8 0 )
Na tu ra l k i l l c r (NK)cc - l l ac t i v i t yandan t i bo , j y -dcpend . -n t cc l l u "
lar cytotoxicity (ADCC) arc also rcduced in neonatcs (Gr' lnbcr!

e t  u1. ,1980;  Balcy  & Schacter '  1979) '  Montrc : " te-n13;1 ' - rphag(

f-unctions n.. g",. , . .u1|r norrr.ral in ncc-rnnl.es :: ld their ci : . ic i t1 tc

l " r l t agoc l , t t . l s cbac t c r i aand top rcscn t : ' t n t i c . ' n i sc t . l t t t r . . : l r b l c t c
l h r r t  t r l '  l i c l r l t l r y  l t d t r l t s .  I  l t r \ \  Cvc r '  f  hc i r  chc :  r r t l lC t iC  r J ' : \ ì l l s i \  c

r i c ss  i s  r c t l uccd  (wcs ton  t ' t  t t l . . l 976 ) .  Fu r thc : l no rc .  i n l : : - " r - r k i n - .

r l l - - l )  aut i  rn tcr lc ron-a lph l t  ( l  t rN-z)  prodt - - : i t ' " . '  1 r t  
" t ;  

f r l t r t ' r t
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i  I  t t r  l , . r r  . \  l l r - r  s r r t t .  i q s i :  \ \ ' l r k . t r t l t l  . \  \  ' ;  - '  ' : t l "  l ' ' '  :

\ , 1  r r l i r i c  l r t t t i  l l u t t t i t l t  s t t t c { i c s  h l l r  c  t ' c e c n :  l t t t i ì e  l r i t '  
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r ì -1



IL-4-indttct'd IgF- produ,'t i ttn b) t 'r)rd blo"' ' ! ;1/'\ '( '

Fig.  l .  Induct iorr  of '  lgE synthcsis by ct l rd b lood nront lntrc lcar cc l ì '

t vxc lb t , r ' a r i t . l usc t rnccn t ra t i t . l nso f lL -4 (D . l00U. i r r l l :D .500U, 'n r l : 8 .
2000  U /m l :  anc l  I . 500  U ln r l *an t i - l L -4 .  I  250 )  a r rd  i t s  i nh ib i t i on  b }

ant i - IL-4 ant lScrum. Prc- i t r r t r runc rabbi t  Scrunl  uscd as c()ntr ( ) l  \ \J .

inef fcct ivc in inhib i t ing IL-4 inducc<j  IgE s1'nthcsis in ct - r r t l  b lot 'c

s l l n r p l c s | . ì . 5 i r n d 7 ( t - t o t s l r o r r , n ) . I g E p r t l d u c t i t - r n i s c l p r c s s . - t . l l t .
nrcan *  s.d.  o[  t r ip l icatc cul turcs '

1988 ;  Pene  e t  a l . ,  l 988a ,  l 988b ,  Dc l  P rè te  c t  a l "  1988)  and

evidence has bcen prcsented that  IL-4can act  as an IgE su' i tch-

inducing factor  (Rothnran ct  u l ' ,  1988: Lcbman & ColTnran'

l  988) .
I n o r d e r t o d c t e r m i n c w h c t h c r t h e r ' i r t u a l a b s e n c c o [ I g E i n

cord blood was rclatcd to immaturc B or T ccl l  functions. th.-

capacity of cord blood MNC to producc IgE in rcsponsL- t(ì

.*àg.nou, IL-4 and thcir capacity to produce IL-4 upt ' t t l

act ivat ion was investigated. Thc prcscnt study dcntonstrntt '>

that cord blood MNC normally producc IgE in rcspol lsc tc

IL-4,  but  that  thcsc cc l ls ,  in  cont rast  to  b lood MNC of  adul i

donors, fai l  to producc dctcctablc levcls of I  L-4'

M A T E R I A I - S  A N D  M E T H O D S

C vtokincs untl reagenls

Pur i f ìcd recombinant  IL-4  (spec i f ìc  act iv i ty  I  x  l0r  u i 'ml )  $a.

kindly provided by Schering Rcscarch (Bloornfìcld. NJ). On.'

unit  of lL-4 is defined as t l Ìc conccntrat ion of I  L-4 inducing halt-

maximal prol i ferat ion of 5 x l0r T cel ls that wcrc prcactivatc'c

rv i th  PHA for  3  days.  The monoclonal  ant ibod ics  (MoAbsr

oKT-3 (an t i -CD3) .oKT-4 (an t i -CD4)a r rdoKT-8 (an t i -CDS,
rvcre purchased from ortho Pharmaceutical corporation (Ran-

tan,  NJ) .  The B ce l l -spec i f ìc  MoAb Leu-16 (ant i -CD20)  and thr .

monocyte marker Leu-M3 (anti-cDl4) rvcrc obtaincd frtrn' ,

Bccton Dick inson (Mounta in  v icw,  cA) .  Thc po l l ' c lona l  rabb, l

anr i - l l - -4  ant iserum that  b locks thc  b io log ica l  ac t iV i t l '  o f - lL- l

has bccn dcscribed previously (Chrct icn at ul" l9u9)'

I L-4-induted I,qE slrll/tc'ri'r

Ig I  synthcs is  induccd by I I - -4 'uv i ls  c : t r r icd  o t t t  ln  i l  t \ \ '0 - \11 ' :

. , ,1 t r . , , .a  pr .cc t iurc .  rcsu l t ing i r i  tn t t r i t t t l t l  lg [ -  \ \  t ì thcs i \  - : \

t lcscr ibc t l  (C l i rc t icn t ' t  u l ' .  1990) '  1-61d $ lqoc i  \ '1N( ' r tc : ;

c . l lec tcc i  l - r t r t t r  u t t lb i l i c l r l  cord vc ins.  t t1 ' ron c ic l iv t r r  '  l l t t t l  i so le l ; ' :

I r  ccpt r i l -Lrgut i6 t l  6rcr  F ic t l l l  I  I l "p l rq t rc  (P l t ; t r r t l l tc i l t '  t '1 ' r ' ' "  - '

S u e t l c t t ) I - l r c c t l r d b l t l t r d M N C ( ) r i l d t l l t l l c r i l l l t c r - l i l b ] t r t r t l \ 1 \ r .
r l ) l l i \ { (  |  \ \ c f c  r r \ u5 l ) c r ì dcc l  i n  Yssc l ' s  l l ì c ( l i u l ì ì  ( \ ' s : e  I  t ' 1  , t 1 . .  l ' r ' - l

\ u i l l _ r l c l ì l r n r . c t . l  $ i t h  _ i  ,  l ì t a l  c u l l - s c t - t t t t t  ( l j ( ' s ) a t r t l  i l t c  c t r l t t . : , '
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IL-- l  was a<idtr j  at 500 Uiml (50 ngiml) '  anti- lL-4 at a di lut ion of I  i

] 5 0 . k e - i m m u n c ' r a b b i t s e r u m u s e d a s a c o n t r o l d i d n o t e f l . c c t l L . 4
intlu.:,.i lgE svnth+iis (nt'rt shorvn)'

u'ere carrigd lrut as dcscrib'cd in thc acconÌpalrf ing papcr

(Pa'r. . ,rcl l i  et ( I l - .  1990). Whcrc indicatcd' anti- lL4 antiscrum

$ as a. l , lcd at a f inal di lut ion of l7'500. Rabbit prc-i t t lmunc scrurì1

rr.as u.;ed as iì ctìntrol- Thc supernatants of thcsc culturcs rvcrc

hansted and t.-stcr l  for thcir lgE' lgM' IgG end IgA contcnt '

ELIS.ls.for IgE. Iz ' l l  '  IgG und IgA

ELISAs for lgE' lg\ ' l .  lgG and lgA u'cre carr icd out as

des r - -nbc rJ i n rhe i l c con lpany ingpapc r (Pas to rc l l i r ? tu l ' ' 1990 ) '

L.t nt : fu * i tt c' P r <<lu t' I i<trt
pB\f c or cord 

'oloori  \ , tNC werc rcsuspcnd.'d in Ysscl 's culturc

me,J:um supplt-nÌcnted \\ ' i th 5'Z' FCS at a conccntrat ion ol- l0n

cel ls ml. Thc t-el ls *ere incubatcd at 17 C in a hunridif ìcd

atmr\pherc u' i ih 5' l ' , ,  CO: in 24-well  plates (Bccton Dickinson)

in rhe prcscn.. of phl ' tohacmagglut inin P (PHA) (Difco'

Dct ro i t .  M I  )  a t  e  t ìna l  conccnt ra t ion o f  100 pg 'ml l  PHA (  100 /g

ml)  in  combin. i t ion g ' i th  t f tc  phorbo l  cs tcr  TPA ( l  pg 'nr l )

(S igna) :  or  Con A (10 1rg, 'ml )  (Pharrnac ia '  Uppsala '  Swct lcn) '

The ,upcrnatants  o f  the cu l turcs  $crc  harrestcd af tc r  24.  48 or

7l :- .  of incut- i tron and storct l  at - l (J c unti l  tcst ing for
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1 . , r r . _  _ j l r t r t i

I  l - - J  t  t _ - l

[ ) o n o r  ( p g , ' n ] l  r  r l i m ì ]

\ t l  u l t  h l t , , r t l

I L  {  l i . - l

I ) r rn ( ) r  (pg  n t l )  (  l  L i  r ì r l )
I I ' N . ,

I r ì , r  n t l )

l [ j \ - ,

1 r ì r  r ì l i )

ì \1. 'd iunr
PTiA
PH..\ r TP.A

Con A

lr lediunr

PU.{
PHA +TPA
Con A

It ledium
PHA
P H A + T P A
Con A

N{edium
PHA
PHA+TPA
Con A

À{edium
PHA
PHA+TPA

Con A

ì\{edium
PHA
PHA+TPA
Con A

Nfedium
PHA
PHA+TPA
Con A

< -s() ().1
< 50 .1(, S
< 50 "tE5.-1
< 5 0  6 l

< 5 0  0
< _50 -14.s
< 50 ,170'8
<  5 0  1 . 2

< 5 0  0
< 50 20-0
< 50 ,120'0
<  50  16 . l

<_s0 0
< 50 49-2
< 50 367-6
< 50 28.2

< 5 0  0
< 50 29.8
<  50  189 .5
< 50 22.1

< 5 0  0
< 50 38.0
< 50 158._ì
<  50  l 3 -5

< 50 N.T,
< 50 N.T.
< 50 N.T.
< 50 N.T.

< ( ) i  I  < : ( )
r - l + 0 0  9 l - l l
r f i + 0 0  l 7 S - 2
{ } - i + 0 0  1 l * 1

0  < 0 . 1
l l  0 v - ( )  I

1 3 9  l - 1 + 0  I
I  I  a  + 0 ' 4

0  < 0 . j
l 0  l J + 0 1
_ ì5  I  |  - 0 .2
3  t . - ì + 0 . t

0  < 0 - 3
1 8  I  l + 0 . 1
80  I  :  +0 .2

N . T .  l 6 + 0 - 2

0  < 0 . 3
i8  1 .9  + 0 .4
50 3-6 + 0.2
4  l . j + 0 . 0

0  < 0 - 3
2 0  0 - s + 0 . 1

t24 l - :  +  0- I
g  I  _ ì+0 .0

0  < 0 . 1
2 4  t - l + 0
9 6  I 0 + 0
5  l - _ i + O

0  < 0 . 3
t5  0 .9  +  0 .0

t24 l -9  +  0 .1
'7 l --1+ 0. I

< 0.3 -i < _i0

0 6 + 0 . 0  1 8 9 + 2 3
. 1 S + 0 ' l  . 1 7 { + 1 5

{ )  7 + 0 . 1  7 l - ! 0

< 0 . 3  4  < 5 0
r j . 5 + 0 . 1  5 1 0 + 2 1

5 . 5 + 0 . 1  5 7 - i + 4 1
() .6 + 0.1 l - ì9 + 2

< 0.- i  l
<  0 . 3

- : i + 0 0

<  I J . J

< 0.3 _5
0 7 + 0 . 0
- l  l + 0 . 0
0-J + 0-0

< 0.3
t r  5+0 .0
6 _ l + 0 . 1

< 0.3

<  0 .3
r"ì E + 0.0
1.9 + 0 .0
( r 6 + 0 . 0

< -i0

t r o -  l 9
l-iE -'- 5

_Í9 + 25

< 5 0
212+21
3 2 0 + 3 1
t10+2

< 5 0
2 5 6 + 2 1
500+  l 5
l l 0 + 4

< ) 0
4 2 0 + 9
610 + 32
l 7 ó + 8

Mononuclear cel ls  1 l  x  106) $ere incubated in I  ml  volumes for  48 h.  PHA was aided at

l@ pg, 'ml .  TPA at  I  ng;ml and Con A at  l { , . ) ,ug 'ml .  NT. not  tested.

Cell sur.face morker analrsis
PBMC ( l0ó) rvere resuspended in PBS, in a volume of 100 pl.  and
incubated for 30 min at 4'C w' i th 5 l l  of anti-CDi. anti-CD-l.
ant i -CD8,  ant i -CD20 or  ant i -CDl4 MoAbs.  Immunosta in ine
and analysis were carr ied out as described in the accompanvine
paper (Pastorel l i  et al. ,  1990).

Statistical analysis
Statist ical analysis was carr ied out by Student's l- tests on paired

or unpaired samplcs.
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As  has  bcen  de  n rons t ra tcd  b1 '  t r t he r  i nvcs t iga to rs  (AnJc ' r sson  r  ;

u l . .  1981)  the  e igh t  co rc i  b loc - rc  san rp l cs  t cs tcd  hc r . -  c . rn t l rn . ' c
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l ì nd  mon t rcv tcs  : ì s  j t l dgcc  b1  :1 . : rn i r rg  u ' r th  thc  ! ! c , \ " :  OKT- - '

O K T - . i  a n d  O K T - t i .  I - c - u - i 6  a n c  L c u - M - i  ( n o t  s h c r r i  n  r .  I n  r r r u : .

t o  t i . l a r n ' t 1 n c  r v h c t h e r  l L - - i  c o : : i d  i n d u c c  I s [ ]  s v n t h t i l :  h \  u t ' : . -

1 . .  - :  t  a

Trr : - :  .  h  )

Ò-Ò:O-
24 48 72

F i g .  l .  K i n e t i e .  t r l - I L - J  l a .  I r g  r l t l  r ;  I  I I - :  r J .  [ ' r t t ]  ' r  l )  l r r : . i

t l : \ - ,  ( 1 .  n g  m i l p r o d u c t i ( ) t r  b } ' e . ' : l  f ' r l r ' . , r i  \ 1  \ ( ' l - r , r n l  i : r - , " . ' ( 1 , . ) l l ( \ : - r

r , v l j l r ' *  i n q  a c t i r  e t t o n  b r  I ' i l . \  - - f I )  \

ó-Ò-Ò-_
24 48 72



n
li*,
i:l(''

I

a
;
oir

s
I)

II--4-induccd Iglt pro7l116'1i,tn hr cord hlttrtr!  ̂ Àll 'C r t7

Thc ovcr: r l l  lcr . - ls  of-  I  [ r \ - ; '  product ion : t l - tcr  act i r ' : . t t ion b-r '  Pt- lA

r ' ì r  Con A scrc s igni t ìcent lv  l r tu 'cr  th i tn thosc produccd b1'

P t l \ 1C  rso l r r t r ' t l  f ' r o t t ' t  a t l u l t  hca l thv  t l ono rs  (P  <  0 '0  |  and

/ ' . -  r ) ' (X l  I  .  r c -s l ' r c t i r  c l r  ) .  *  hc rc l t s  l t ' r  c l s  o l "  I  I - -2  p r t r t l t t c t i t - l t ì  \ \  c rc

s t s t l t t ì c ; . t t l l l r  i l i g l r c r  l l t l t t l  i l t o s c  o h t r t i t l c c i  b r  P I ì Ì \ 4 ( ' l ì ' ( ) l l ì : t t l t t l t s

t c : l cd  i n  p l r . r ì i c l  (  / , ,  <  ( )  0 l  u t t r i  / ' . -  ( )  0 ; l .  r cspcc t i vc l r  )  ( l - l b l c  l ) .

I n t c r c s t i n g l r .  t h c  l c v c l s  o t -  l F N - l '  a n d  I L - 2  p r o c l t r c t i o n  b r  t h c

c t ' t rd  b lo r - rd  ìU \C  a l - [ c r  ac ( i va t i on  b ! '  t l t c  con rb i t ì a t i ( ì n  o f 'P I IA

(100  1 rg  n r l ) - -TPA ( l  ng , rn l )  * ' c rc  n ruc l t  h ighc r  th : tn  th t r sc

obsc ' r vcd  a l ì r ' r  l c t i v i t t i on  by  PHA o r  Con  A .  Thcsc  IFN- ; ' l r nd

IL- l  lcvcls \ \ ' t - - r t  cvcn s igni f ìcant l l '  h ighcr than t l rosc obtaincd by '

s i m i l a r l l  a c t i \ 3 t c d  P B \ l C  f } o m  a d u l t s  ( P < 0 ' 0 1  i n  b o t h  s i t u a -

t  l r rns ) .

I t  cou ld  
' r " . *  

c rc ludcd  tha t  k inc t i cs  o f  I L -4  p roduc t ion  b1 ' co rd

b lood  MNC r ras  d i f ì c rc 'n t  f ron l  t ha t  o l ' hca l thy  adu l t  donors .

s ince act ivat ion of  cord blood N' ÍNC by PHA. Con A or

PHA +TPA lor  per iods of  24-72 h fa i led to resul t  in detcctablc

le re l s  o f  I L {  p roduc t ion .  u 'he reas  max ima l  IL -2  and  IFN- ;

product ion uas obserred af ter  48 h and 72 h incubat ion.

respcct ivelv.  rv i th the thrcc donors tcstcd (Fig.  2) .  In contrast .

act ivat ion of  PBMC of  thrcc adul t  donors resul tcd in s igni f icant

levels of  ILJ product ion af ter  24 h,  whereas nraxinral  IL-4

product ion sas observed af ter  72 h incubat ion ( l ; ig .  3) .

D I S C U S S I O N

Cord blood B cel ls are considered to be immature because of

their reduccd r-apacity to produce immunoglobulins or to su' i tch

to IgG- or l-eA-producing cel ls in response to pol l 'c lonal

activators l ike PWM. LPS or EBV (a spccif ic B cel l  st imulator).

General l l '  the capacit l '  to produce IgM in rcsponsc to EBV or

LPS is ful l l '  maturcd in nconatal B cel ls. but the ccl ls fai l  to

produce IgA rrr lgG (Andersson et al. ,  l98 I ) .  Activation of cord

blood MNC b1 PWM resulted in a reduccd production of IgM

and no IgA or  IgG synthes is  (Andersson cr  n / . ,  l98 l ) .  In

addit ion to the immaturi ty of the B cel ls. defe-ct ive isot l 'pe

production has been attr ibuted to immature helper T cel l

function (Anciersson eI ul. ,  l98l) or suppression by autologous

Tcel fs  (Old ing & Oldstonc,  l974.Oldstonc et  a l . ,  1977,  Durandl '

et al. ,  1979: Tosato et al. ,  1980). Serum IgE lo'els are also

strongly reduced in neonates. suggesting that nconatal B cel ls

may also be immature in their capacity to dif ferentiate and to

ss' i tch to IgE-producing ccl ls in t ' i t 'o.

However. in the present study we demonstrate that cord

b lood MNC producc cons idcrab le  amounts  o f  IgE *hen

incubated in the presence of IL-4. In the prescncc of saturating

conccnt ra t ions (500 U ml)  o f  IL-4 ,  MNC of  a l l  c ight  cord

b loods tcs ted produced IgE leve ls  vary ing betwecn l '8  and l4 ' l

ng ml ,  the samc range as the IgE product ion by '  adu l t  PB\ lC
(Pènc  e t  a l . . l 9$ t ì a .  1988b .  1988c :  De l  P re te  e t  u l . , 1988 ;Ch ró t i cn

et al. .  1990) Howevc-r. i t  should be noted that induction o[

optinral IgE svnthesis by N' lNC from adult blood gcnr-ral lv

rcqu i rcd s l ight l l '  loucr  IL-4  conccnt ra t ions (100-200 U ml)
(P r ìnc  e Í  u l . .  ì 91 Ì t l a .  l 98sb .  1988c ) .  I nduc t i on  o f ' I gE  s rn thc -s i s

i r . rs  spcc i f ìc . : i l r  nrcd i r tcd b1 I  L- -1 .  s incc i t  u 'a :  cornp lc t ! ' l v

b l . rckcd br  en ent i - l  I - - -1  ant iscrunr .  
- l -hcsc 

rcs t t l ts  c lcar lv  de nton-

str ir tc t lutÌ  ct ' i t i  blor-r. ì  I ì  ccl ls arc l l ' l : . I t t trc in thcir cl tpraci lr  t t ' r

\ \ r ì t hcs i r c  I r f  . r t  r c l i ì t r \ c l \  h i uh  ra t cs  i n  t hc  p r c \ c r ì cc  o f  I L - -1 .

rn t l  ic l r t ing t i , . , :  t l i c r  e . tn  bc in . iuccc i  to  sr t i tc l t  t t t  [ ! ' l : . -pro t j t tc i t tg

,c ì l r  i r r  I l - - j  l i - - - t r  r t i : , r  r t t t t  t tcc . i  s ( ) r ì t t  dcqrcc ( lu 'o-  t i r  thrcc- l . r l . l

r n ù r c r r : i c )  , r t ' i : ( ì  s r r r t i t c s i s  t ' t ' .  c i l r d  h l t l o c l  \ l N ( ' o l ' t l t t ' c c  t r L l  i  t r t

24 48 72

T i m e  ( h )

Fig. 3. Kinetics of IL-4 production bv PBMC of threc diffcrcnt adult
donors fol lowing activation by PHA +TPA.

blood B cells, MNC derived from eight different cord blood

samples *'ere incubated in the presence of various concentra-

t ions of IL-4. In Fig. I  i t  is shown that IL-4 at 100 U/ml (10 ng/

ml) induced suboptimal IgE production (by MNC of donors 6-

8). Maximal levels of IgE were generally synthesized in the
presence of 500 U/ml of IL-4. IgE production was not further

increased when the cells were incubated with lL-4 at 2000 U/ml.

IgE synthesis was specifically induced by IL-4, since IgE

production was completely blocked by anti- lL-4 antibody in the

five cases tested (donors l*3. 5 and 7; Fig. l) .

Effects of IL-4 on IgG, IgA or IgI{ svntlrcsis
We have demonstrated previously that IL-4 prcdominantl l '

induces IgE production, whereas the synthesis of the other
isotypes was not affected, or, in the casc of IgG, only marginalli '
enhanced (Pène et al. , l988b) and probably ref lects the produc-

t ion of IgG4 (Lundgren et al. ,  1989). Table I shows that 500 U

ml of IL-4 did not affect the low degree of spontaneous IgA
production by the f ive cord blood MNC cultures tested. but I-sG
production was enhanced by two- to three-fold in three out of
f ive donors (donors l-3) tested. IgM production was enhanced
three-fold or morc in four out of f ive (donors I -3 and 7) donors

tested. IL-4 assayed at 500 or 2000 U/ml had comparable
enhancing effects on IgG and IgM production (not shorvn). The

enhancing effects of IL-4 on IgG or IgM productiorÌ wcre

complete l f  inh ib i ted by the ant i - lL -4  ant iserum (Table  l ) .

confirming the notion that total IgG and IgM synthesis in thesc'

cultures are also either direct ly. as in thc case o[ lgGa ( Lundgren

et al. ,  1989), or indirect ly (for IgM) induced by IL-4.

Corrl hlood T cells .fail Ío produce detectable lerels o/ II--4

I- laving estabi ished that cord blood B cel ls arc ablc to producc'

nornra l  lc rc ls  o f  IgE in  rcsponse to  c \ogenous I [ - -4  i t t  r i t r r r .  r rc

invcst igatcd rvhcthcr  cord b lood T cc l ls  r ic rc  capablc  r . r î '
producinu f L-4. Tablc ? sirorvs that cord blood lvf NC l-ront tht '
sc\,crì clrrnors tcstcd fai lcd to producc dctcctablc lcvc-ls ol- I [---1

r u l - t c r  u e t r r i ì t i o n  b ) ' C o n  A .  P I - { A  ( 1 0 0  l t g )  n r l ) .  o r  P } 1 . ' \  ( 1 0 ( }  r i g
rn l )  + - IP  \  (  I  ng  rn l )  l c r  48  h .  r l hc r c r t s  t hcsc  cc l l s  p ro t l t r cc t l  I  I - - l

lnc l  I  [ ' \ -  ind icat ing that  thc  lack o l -c ic - tc -c tab lc  I  I - - '1pr ( rd t rc t r ( ì r ì

\ \ ' l ts n(ì l  Jue t i ' r  i r tsufììcicl i t  l lct ivi ì t ion ol- thc Ct)rt l  hl i) t ' r t t  \ '1 \( '
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l ì r ,c  dont t rs  tcs tcc l .  shcrcas lgM s- r 'n thcs is  u 'us  c t ' rns idcrab l r
cnh l r r rccc l  ( (hrcc- f  t l l t i  o r  n lorc)  in  f  our  out  t t l ' f ì r ,c  c l ts , - . .  tcs lcd.
Th is  indt rc t ion o l ' Ig ( ì  ant ' l  IgN, f  svnthcs is  \ \ ,us  sr r i . ;1 l l r lq l l1
n rc t l i r r l c c l  v i r r  I I - - . 1 .  s i r r cc  t he  i l t c re t r sc  i n  l s ( ì  i r n r i  I gN , l  : . n i hcs i :
\ \ ' l ìs  conrp lc tc ly  b lockcd br  thc  lu ì t i - l l - - .1  l rn l iscrLr : ; t  

' I 'hc

cnhunccc l  product ion o f -  to ta l  lgCì  synthcs is  n l ry  rc i ì i .c t  t l rc
induct ion o l ' lgG4 s) ,n t l ìcs is-  s incc i t  has bccn dcrnonst r r : lc .d  that
I t - - .1 .  in  ac ld i t ion to  induc ing su, ' i tch ing to  lg t l .  car r  inc iuc. '  [ l  cc l ls
to  ss i tch to  IgG4-produc ing cc l ls  (Lundsrcn t , Í  t t t . .  l9 r9y.

Thc fìnding that IL-.1 induccs considcrablc lcvcls t-r l-  lgG and
IgM product ion sccn ls  to  bc a  par t icu lar  propcr ty  o f  cord,  b lood
MNC. s incc r l , i th  b lood or  tons i l  MNC f ì 'onr  adul ts .  on i r  a  ve r \
lou' dcgrcc of- total IgG and no cfìcct on IgM producrr. ' 'n rvas
obscrvcd (Penc et  u l . .  1988b) .  The IgM- induc ing c f lècr .  . r t ' IL - -1
arc probably indirect and mcdiatcd via thc relcasc trt '  other
factors by the cord blood MNC in the culturc, that enhance IgM
synthesis fol lowing activation by IL-4.

We have demonstrated that although IL-4 is thc sole inducer
of  IgE synthes is  by MNC (Pène et  a [ . ,1988a) ,  i t  fa i led to  induce
IgE synthesis by highl l ,puri f ied B cel ls. Reconsti tu(ion expcri-
ments have indicated that in addit ion to IL-4, aurologous CD4-
T cells are required for IgE synthesis and these IgE levels can be
further enhanced by monocytes (Pene et a1.,1988b, l9E9). The
fact that cord blood B cells present in the MNC cukures
(sirni lar ly as mature B cel ls) produce IgE in response to IL-4
indicates that the extremely low levels of serum IgE found in
cord blood (cord blood serum IgE levels of the eighr donors
tested in this study varied between 0.8 and 1.7 nglml) and in ven.
young chi ldren, are not due to immaturi ty of the B cel ls. Our
f inding that cord blood T cel ls fai l  to produce detectable ievels of
IL-4 ( < 50 pg/ml; < 0'5 UTrnl) upon activation r)r rr i tro sugresrs
that the low levels of IgE in cord blood may be relarerj  ro the
absence, or to very lou' Ievels of IL-4 produced by cord blood T
cel ls. I t  could be excluded that the fai lure to produce dc'rectable
IL-4levels was due to suboptimal st imulat ion condit ions. since
activation of cord blood MNC with PHA. Con A- or a
combination of PHA+TPA resulted in production of IL-2 and
IFN-7. In addit ion, aberrant kinetics of IL-4 production by cord
blood T cel ls was ruled out.

Although the series of cord blood samples tcsted here is
relat ively small ,  IFN-; production after act ivat ion br PHA or
Con A was considerabl l ' reduced, comparcd with that bi adult
PBMC. In contrast, cord blood MNC produced quanii t ies of
IL-2 that were higher rhan those secreted by blood \f  NC of
adult healthy donors. part icularly alìer act ivari trn b1,
PHA + TPA. Intercst ingl l ' .  this modc of act ivat ion also resulted
in levels of IFN-i '  production by thc cord blood MNC i i iar *,ere
h igher  than the quant i r ics  o f  IFN- ; '  secrercd by b lood MNC
fronr adults act ivated in a similar \ \ ,ay. I--urthermore. Bn'son-
Winter  & Gard (1980)  repor ted that  IFN- i 'p roduct ion br  cord
b lood or  newborn MNC upon act ivat ion by PHA was d. ' tec t ivc .
Houcvcr ,  o ther  invcst igators  ha l 'c -  dcmonst ra tcd that  rnpai rcd
IFN- ; '  proc ' luc t ion by 'c t - r rd  b lood MNC was l lo r  an j : r r ins ic

clcÍìct.  [rLrt rclatcd to inclc-:-r ic-d str:ccptibi lr ty of '  thc:., '  ;cl ls t t ' r
supprcss ivc  c t ì -cc ts  o f 'PGE;  r \ \ /akasugi  c r  a / . .  l9 l Ì5) .

Ct r l lcc t ivc l ) ' .  oL l r  rL .su l rs  inc l ic ; . r t t  that  uc t ivat ion
r c s L r l t i n u  i n  o p t i n r a l  I  [  - ]  r r n . j  I ] j N - ,  p r o t i u c t i o n  l ì r r l  r , '
l l . - -1  p r t l r l uc i i o t ì  bv  c t r r . l  h lo t r t j  i t {  \ ( '  [ . . re  n  r r1 - lon  uc t i ' \ . :
c o n r l r i r r : r t i o r r s  t r l '  P t { . \  -  l - P - \  r r  l r r c l r  h . r r l  [ 1 g g 1 1  s l 1 1 r i . : .

op t i r ì l i r l  t o r  I I - - -1  p r ( ) c l  u i t i ( rn  b r  l r t i t r l t  I ) l lM( ' l r r . r t i  c l t t r . r , - - ,
( [ ) r r l i a r i i  t t  u l . .  1 9 , î f ( ]  l . l : ì t r i  r o  i n r l i r e e  { - l e t c c t i ! b l c  l c r c l .

sr  t t t l tcs is.  Our c ia l l t  l ì t r thcrr t t r r rc indic l t tc  t l rut  d i l ' l -crcrr t  nrrr t lcs o l '
. i c t i v l r t i on  t r l ' co rd  b l t ro t l  \ l  NC rcsL r l t  i n  t1u l r r r t i t t r t i vc  r l i l ì r . r cnccs

r r r  I [ ] \ - , '  l r n t l  I [ - - ]  l ) r ' ( )duc t i ( )n .  l t  r cn r ; . t i r r s  to  bc  t l c t c rn r incd  rvh r

. l c t i r l t t i i r r ì  t r l  c ( ) r ( l  l ì l ( ) ( ) ( i  \ f  \ ( ' b r  [ ) l l . - \  l ' l ' l ' . ' \  r ' r ì s u l t \  r r r  l r r c l :

, . ' 1 '  I l - ' \ - ,  . r r t r ì  l l - - l  l i r t r d u c t i t ) r r  t l t r r t  l r r c  l r i s l t c r  t l t r r i t  t h t r : r .

t rb le incd  l r r  P [ ] [ -  t r l ' l r du l i s :  h t ru ' cvc r ' .  i t  i s  c l cu r  f ì - r l n r  t r r r r -d r r t l

t i u r t  c r - r r t l  h looc i  T  cc l l s  u rc  n t - r t  i n t r i ns i c : r l l y ' t l c f cc t i vc  i n  IFN- -

s r  n thc -s i s .  bu t  r cqL r i r c  p ; . t r t i cu l t r  ac t i r ; . r l i o r r  s iqnu ls .  T l t c  1 ìn t l i n r

that  thc ctr rd b lot ' rc i  N' lNC producc,J norrnal  lcvcls o l -  lg l i  in

rc-Spr)nSc'  lù cxoscnous l l - - -1.  togcthcr rv i t l i  thc l ì rc t  thut  thcst '

cc l l s  p roc iuccd  non-c j c t cc tab lc  l cvc l s  o l ' I L -4  i nc1 ica tcd  rha t  th r '

r t t in inrul  lc ' rc ls  of  IgE l ì11 'asurcci  in cord blood anci  l rcr ' , ,bt rn:

b lood î r -c-  r r t ) t  due t t - r  thc i r t r rnatur i t l '  o f ' thc cord blood [ ]  cc l ls .

bu t  n ra r  bc '  r c la t cd  to  l ack  o f ' t hc  co rd  b lood  T  cc l l s  to  p roducc

dctcctablc '  lcvcls of  IL-4 upon act ivat ion.  Furthcrnrorc.  these

data suggest  that  the capaci ty of  human T cel ls  to produce

norma l  l c rc ' l s  o f  I L -4  n rav  devc lop  la t c r  i n  l i f e .  a l though  i r
prr 'sent l ) 'cannot be excluded that  cord blood MNC, in contrasr

to adul t  b lood MNC. upon act ivat ion produce factors supprcss-

ing lL-4 s l 'nthesis.  Cel l  f ract ionat ion and T ccl l  c lc ' rn ing

erper inrents are current l l ,  in  progress in ordcr to dctcrnr ine rnore
precisely the re lat ive contr ibut ion of  each of  the cel lu lar

components in the cord blood MNC preparat ions to lvmpho-

kine product ion.
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