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Cord blood B cells are mature in their capacity to switch to
IgE-producing cells in response to interleukin-4 in vitro
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SUMMARY

Neonatal B cells have been considered immature because o
immunoglobulins in response to polyclonal activators in vitro.
mononuclear cells (MNC) produce normal levels of IgE in
cells are maturein t

interleukin-4 (IL-4), indicating that the B

cells. However, in contrast to adult peripheral bloo
detectable levels of IL-4 upon activation by phytohaemag

f their impaired capacity to produce
Here we demonstrate that cord blood
vitro when cultured in the presence of
heir capacity to switch to 1gE-producing
d T cells, cord blood T cells failed to produce
glutinin (PHA) concanavalin A (Con A) or

combinations of PHA and the phorbol ester TPA. Interferon-gamma (IFN-7) production by cord
blood T cells following activation by Con A or PHA was also strongly reduced. However, high levels

of IFN-;, significantly higher than those produced by adu
combinations of PHA and TPA. indicating that IFN-y
s produced levels of I

intrinsically defective. In contrast. cord blood T cell

higher than those obtained by adult T cells tested in para
minimal levels of IgE production measured in cord blood (<
cord blood B cells. but may be associated with the failure of co
levels of 1L-4. which has been shown to be responsible for induction of 1

in rivo.

Kevwords

INTRODUCTION

The reduced capacity of neonates to deal with a variety of
infectious agents has been attributed to the immaturity of the
immune system (reviewed by Andersson ez al.. 1981). Despite
the presence of a normal number of B cells. including normal
percentages of IgM positive B cells CD4 and CD8 T cells and
monocyles, neonates have very low serum IgM levels. and
marginal levels of serum IgA and IgE, whereas the relatively
high levels of serum IgG are of maternal origin (Campbell ez al..
1974; Andersson ¢ al.. 1981; Hayward & Kurnick. 1981).
The impaired capacity to produce IgM. and the absence of
significant endogenous 12G. IgA or IgE synthesis has been
attributed to immaturity of the cord blood B cells. since their
activation by polclonal activators. like pokeweed mitogen
(PWM). lipopolyvsaccharide (LPS) or Epstein-Barr virustEBV).
of lgM
synthesis and no 1gAL [eGor 2B production - Anderssen o? al..

generally resulted in moderzie or reduced levels
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1t T cells, were synthesized in response 1o
production by cord blood T cclis is not
L-2 that were significantly
llel. Collectively, our data indicate that the
1 U/ml) are not due to immaturity of the
rd blood T cells to produce detectable
¢E synthesis both in citro and

interleukin-4 IgE synthesis cord blood mononuclear cells

1981). Defective immunoglobulin production has also been
attributed to immature helper T cell functions or suppressor T
cell activity (Tosato et al.. 1980; Andersson e al.. 1981: Olding
& Oldstone, 1974; Oldstone, Tishon & Moretta. 1977: Durandy.
Fischer & Griscelli, 1979).

However, nconatal T cell response to mitogens and ziloanti-
gens is in the normal range (Campbell er ul., 1974 Alford.
Cartwright & Sell, 1976: Granberg, Manninen & Tervanen.
1980) but their cytotoxic activity is generally impairec tStites.
Carr & Fudenberg. 1974; Rayfield. Brent & Rodeck. 1980)
Natural killer (NK) cell activity and antibodv-dependent cellu:
lar cytotoxicity (ADCClare also reduced in neonates (Granberg
et al., 1980; Balcy & Schacter. 1976). Monocyle-macrophag
functions are gencrally normal in neonates 2nd their capacity U
phagocytose bacteria and to present antigen is comparable K«
that of healthy adults. However. their chemotactic res
ness is reduced (Weston ezal . 1976). Furthermore. interieukin-.
(1L-2) and interferon-alpha (1FN-x) produciion by vond bloo
mononuclear cells (MNC) was in the normal range. wt

onsive

TEN-gamma (IFN-} production was repmiad o hoofotecu

{Tavlor & Bryson, 1985 Wakasual & Vire e J9nT
Murine and human studies have recent indicated 2 1L-

induces lgie synthesis (Coffman of wi. 1~ Fainkelman or
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Fig. 1. Induction of IgE synthesis by cord blood mononuclear celis
(MNC) by various concentrations of IL-4 (0. 100 U/ml: O, S00 U/ml: 3.
2000 U/ml: and ®, 500 U/ml+anti-1L-4. 1:250) and its inhibition by
anti-1L-4 antiserum. Pre-immune rabbit serum used as control was
ineffective in inhibiting I1L-4 induced IgE synthesis in cord blood
samples 1-3. 5 and 7 (not shown). IgE production is expressed as
mean + s.d. of triplicate cultures.

1988: Péne et al., 1988a, 1988b, Del Préte et al., 1988) and
evidence has been presented that IL-4 can act as an IgE switch-
inducing factor (Rothman et al., 1988: Lebman & Cotfman.
1988).

In order to determine whether the virtual absence of IgEn
cord blood was related to immature B or T cell functions, the
capacity of cord blood MNC to produce IgE in response to
exogenous 1L-4 and their capacity to produce IL-4 upor
activation was investigated. The present study demonstrates
that cord blood MNC normally produce IgE in response te
IL-4. but that these cells, in contrast to blood MNC of adult
donors, fail to produce detectable levels of 1L-4.

MATERIALS AND METHODS

Cytokines and reagents

Purified recombinant 1L-4 (specific activity I x 107 U/ml) was
kindly provided by Schering Research (Bloomfield. NJ). One
unit of [L-4 is defined as the concentration of [L-4 inducing hali-
maximal proliferation of 5x 10* T cells that were preactivated
with PHA for 3 days. The monoclonal antibodics (MoAbs:
OKT-3 (anti-CD3), OKT-4 (anti-CD4) and OKT-8 (anti-CD%
were purchased from Ortho Pharmaceutical Corporation (Ran-
tan, NJ). The B cell-specific MoAb Leu-16 (anti-CD20) and the
monocyte marker Leu-M3 (anti-CD14) were obtained from
Becton Dickinson (Mountain View, CA). The polycional rabbit
anti-1L-4 antiserum that blocks the biological acuvity of IL-+
has been described previously (Chrétien et al.. 1989).

11.-4-induced IgE synthesis

12E synthesis induced by IL-4 was carried out in a (wo-steD
culture procedure. resulting in maximal 1gE synthesis o~
described (Chrétien er al.. 1990). Cord blood MNC were
collected from umbilical cord veins, upon delivery. and tsobated
by centrifugation over Ficoll Hypaque (Pharmacia. Uppse
Sweden). The cord blood MNC or adult peripheral blood M\
(PBMC) were resuspended in Yssel's medium (Ysseleral s
supplemented with 37 fetal calf serum (FCS) and the caleros

Table 1. Effects of 1L-4 on gk, 1eGllgA and 1M synthess by cord
blood mononuclear cells

Cord
hiood Incubarod fel teG TeA 1oM
donor with e mb) (g mb g mb g mi)
1 Medium <02 2642 e 1043
-2 93+ 15 55+4 9+2 N5+ 0
[L-d—ant-1L-4  09+02 1942 9+ 1242
2 Medium <02 MES 6+0 0+0
1L-4 7128 60+ 7+ 1 99 + X
[L-4+anu-tL-4 03 1941 6+ 1 0+0
K Medium <02 2741 104+2 2348
1L-4 294 -1 6340 1040 140 + 10
IL-4+anu-1L-4 03205 2542 9+l 17+2
s Medium <02 2245 12+4 0+0
1L+ 1-§+02 1942 1041 0+0
IL-4+anu-IL-4 <02 2443 14+2 0+0
7 Medium <02 2542 16+ 1 68+ 3
L= 61412 22+4 12+1 1g+7
IL-4+anu-1L-4 <02 2242 1542 78+9

1L~ was added at 500 U;ml (50 ng/ml), anti-1L-4 at a ditution of 1/
250. Pre-immune rabbit serum used as a control did not effect 1L-4
induced IgE synthesis (not shown).

were carried out as described in the accompanying paper
(Pastorelli er al.. 1990). Where indicated. anti-IL-4 antiscrum
was added at a finat dilution of 1/500. Rabbit pre-immunc serum
was used as a control. The supernatants of these cultures were
harvested and tested for their 1gE. 1gM, 12G and IgA content.

ELISAs for IgE. IgM. 1gG and IgA
ELISAs for IgE. IgM. IgG and IgA were carricd out as
described in the accompanying paper (Pastorelli er al., 1990).

Lymohokine production

PBMC or cord blood MNC were resuspended in Yssel's culture
medium supplemented with 5% FCS at a concentration of 10°
cells ml. The cells were incubated at 37 C in a humidified
atmosphere with 3% COz in 24-well plates (Becton Dickinson)
in the presence of phytohaecmagglutinin P (PHA) (Difco.
Detroit, MI)at a final concentration of 100 pg/ml; PHA (100 pg
mly in combination with the phorbol ester TPA (1 ng/ml)
(Sigma); or Con A (10 pg/ml) (Pharmacia. Uppsala. Sweden).
The supernatants of the cultures were harvested after 24, 48 or
77 & of incubation and stored at —20 C until testing for
lvmphokine acuvity.

Determination ¢ 1L-2.11-4 and 1FN-;
The [L-2 activity ot the supernatant was assessed by its ability to

supzort the proiferation ofan 1L-2-dependent murine CTLL as
de~tbed (Paiard ef al.. 1988 Pastorelli er al. 1990).

“L-4 and IFN- present in the culture supernatants were
guzntified by immuUnoCnZymatic assays pertormed as desceribed
pro-ooushy (Comstien ol o VORYT Favre of al T98K) Senstivity
o et e e was SO pe ml 0> Umi, and the sensitivity of
TF - BELISA was 360 pe FEN- mibsee pPastorelh ¢c al.c 1990).
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Table 2. Lymphokine produciion by cord blood and peripheral blood mononuciear cells
following different modes of activation

Cors ~lood Adult blood

14 -2 TFN- IL-4 12 1B N-
Sumulus Donor (pg/mli «Umb rmgml) Donor (pgmb) (U ml)  mzmb
Medium 1 <50 0-1 <03 1 <30 0 <03
PHA <350 408 04+00 94 =11 23 0901
PHA +TPA <50 4854 26400 278 =2 139 1++01
Con A <50 61 03+00 7T=7 I 2904
Medium 2 <350 0 <03 2 <30 0 <03
PHA <350 348 <03 23019 10 14+01
PHA + TPA <50 470-8 44400 RANE 35 21402
Con A <50 -2 <03 59425 3 1-:3+0-1
Medium 3 <50 0 <03 3 <30 0 <03
PHA <50 2000 06100 {89 +23 18 22401
PHA +TPA <50 4200 48+01 47415 80 32402
Con A <50 162 07401 71+0 N.T. 1:6£02
Medium 4 <50 0 <03 4 <50 0 <03
PHA <50 492 03+01 520+21 38 29404
PHA + TPA <50 367-6 35101 575 +41 50 36+02
Con A <50 282 06401 139+2 4 1-:5+00
Medium 5 <50 0 <03 5 <50 0 <03
PHA <50 29-8 07400 242 +21 20 0-8+0-1
PHA +TPA <50 189-5 41400 320+31 124 1-2+0-1
Con A <50 224 04400 140 +2 8 [-:3+00
Medium 6 <50 0 <0-3 6 <50 0 <03
PHA <30 380 034£00 256 +21 24 I-22+01
PHA +TPA <50 1583 63401 500+ 1S 96 20401
Con A <50 133 <03 110+4 5 1-3401
Medium 7 <50 N.T. <03 7 <30 0 <03
PHA <50 N.T. 08+00 420+9 15 09+00
PHA +TPA <50 N.T. 29400 620+ 32 124 19401
Con A <50 N.T. 06+00 176 +8 7 1-4+0-1

Mononuclear cells (1 x 10%) were incubated in [ ml volumes for 48 h. PHA was added at
100 ug/ml, TPA at 1 ng/m} ané Con A at 10 ug’'ml. NT. not tested.

Cell surface marker analvsis

PBMC (10%) were resuspended in PBS, in a volume of 100 ul. and
incubated for 30 min at 4°C with 5 yl of anti-CD3. anti-CD4.
anti-CD8, anti-CD20 or anti-CD14 MoAbs. Immunostaining 8 — — —

and analysis were carried out as described in the accompanying i
paper (Pastorelli et al., 1990). i
61 B s
Statistical analysis L L ./
Statistical analysis was carried out by Student’s /-tests on paired 4 |
or unpaired samples.
RESULTS 2 wa
Induction of IgE svathesis by cord blood MNC by 114 ¥
As has been demonstrated by other investigators (Andersson «: o—o—0_ L o-0e—0_ L o=0—0
al.. 1981) the eight cord blood samples tested here contained 24 48 72 24 45, e 24 a8 72
norimal percentages of CD3I . CD4* and CDE" T celis, B cells e
and monocvtes as judged by steining with the MoA»s OKT->. Fig. 2. Kinetics of IL-3 (@ pgmi- 6 7 11200 Uil e o 5y and
OKT-4and OKT-8. Leu-16 ané Leu-M-3 (not showni. In orézr [FN- (8. ng mb production by corZ blood MNC from th-oe doners

to determine whether 1L-4 could induce IgE svnthesis by corl following activation by PHA+TPA
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Fig. 3. Kinetics of IL-4 production by PBMC of threc different adult
donors following activation by PHA + TPA.

blood B cells, MNC derived from eight different cord blood
samples were incubated in the presence of various concentra-
tions of IL-4. In Fig. 1 it 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 1L-4 at 2000 U/ml.
IgE synthesis was specifically induced by IL-4, since IgE
production was completely blocked by anti-IL-4 antibody in the
five cases tested (donors [-3, 5 and 7; Fig. 1).

Effects of IL-4 on IgG, IgA or IgM synthesis

We have demonstrated previously that 1L-4 predominantly
induces IgE production, whereas the synthesis of the other
isotypes was not affected, or, in the case of IgG, only marginally
enhanced (Péne er al., 1988b) and probably reflects the produc-
tion of 1gG4 (Lundgren er al., 1989). Table 1 shows that 500 U.
ml of IL-4 did not affect the low degree of spontancous IgA
production by the five cord blood MNC cultures tested. but 1gG
production was enhanced by two- to three-fold in three out of
five donors (donors 1-3) tested. IgM production was enhanced
three-fold or more in four out of five (donors 1-3 and 7) donors
tested. 1L-4 assayed at 500 or 2000 U/ml had comparable
enhancing effects on IgG and IgM production (not shown). The
enhancing effects of IL-4 on IgG or IgM production were
completely inhibited by the anti-IL-4 antiserum (Table I).
confirming the notion that total IgG and IgM synthesis in these
cultures are also either directly. as in the case of IgG4 (Lundgren
et al., 1989), or indirectly (for [gM) induced by 1L-4.

Cord blood T cells fail to produce detectable levels of 11.-4
Having estabiished that cord blood B cells are able to produce
normal levels of 1gE in response to exogenous 1L-4 in vitro, we
investigated whether cord blood T cells were capable of
producing IL-4. Table 2 shows that cord blood MNC from the
seven donors tested failed 1o produce detectable levels of 11-4
atter actnvation by Con AL PHA (100 pg) mb.or PHA (100 ¢
mb)+TPA (1 ng mlj for 48 h, whereas these cells produced 11.-2
and [FN- indicating that the lack of detectable 1L-4 production
wis not due to insutlicient activation of the cord blood MNC.

The overall levels of ITFN-; production after activation by PHA
or Con A were sigmticantly lower than those produced by
PBMC 1solated from adult healthy donors (P<0-01 and
P < 0-:001 . respectivelv). whereas levels of TL-2 production were
sientticantly higher than those obtained by PBMC from adults
tested in paralicl (P <001 and £ <0-04, respectively) (Tabie 2).
Interestingly. the levels of TFEN-; and IL-2 production by the
cord blood MNC after activation by the combination of PHA
(100 pg mly=TPA (1 ng/ml) were much higher than those
observed after activation by PHA or Con A. These 1FN-y and
1L-2 levels were even signiticantly higher than those obtained by
similarly activated PBMC from adults (P <001 in both situa-
tions).

[t could be excluded that kinetics of 1L-4 production by cord
blood MNC was different from that of healthy adult donors,
since activation of cord blood MNC by PHA. Con A or
PHA + TPA for periods of 24-72 h failed to result in detectable
levels of IL-4 production, whereas maximal IL-2 and IFN-y
production was observed after 48 h and 72 h incubation,
respectively. with the three donors tested (Fig. 2). In contrast.
activation of PBMC of three adult donors resulted in significant
levels of 1L-4 production after 24 h, whercas maximal 1L-4
production was observed after 72 h incubation (Fig. 3).

DISCUSSION

Cord blood B cells are considered to be immature because of
their reduced capacity to produce immunoglobulins or to switch
to 1gG- or IgA-producing cells in response to polyclonal
activators like PWM., LPS or EBV (a specific B cell stimulator).
Generally the capacity to produce IgM in responsec to EBV or
LPS is fully matured in nconatal B cells, but the cells fail to
produce IgA or IgG (Andersson ez al., 1981). Activation of cord
blood MNC by PWM resulted in a reduced production of IgM
and no IgA or 1gG synthesis (Andersson er al., 1981). In
addition to the immaturity of the B cells, defective isotype
production has been attributed to immature helper T cell
function (Andersson et al., 1981) or suppression by autologous
T cells (Olding & Oldstone, 1974; Oldstone et al., 1977; Durandy
et al., 1979: Tosato et al., 1980). Serum IgE levels are also
strongly reduced in neonates. suggesting that nconatal B cells
may also be immature in their capacity to differentiate and to
switch to IgE-producing cells in vivo.

However. in the present study we demonstrate that cord
blood MNC produce considerable amounts of IgE when
incubated in the presence of IL-4. In the presence of saturating
concentrations (300 U'ml) of IL-4, MNC of all eight cord
bloods tested produced IgE levels varying between 1-8 and 14-1
ng ml, the same range as the IgE production by adult PBMC
(Pénc er al.. 1938a, 1988b, 1988c: Del Prete er al., 1988; Chrétien
et al., 1990). However. it should be noted that induction of
optimal IgE svnthesis by MNC from adult blood generally
required slightly lower [L-4 concentrations (100-200 U ml)
(Péne er al.. 1988a. 1988b. 1988c¢). Induction of IgE svnthesis
was specifically mediated by IL-4, since it was completely
blocked by an anti-1L-+4 antiserum. These results clearly demon-
striate that cord blood B cells are mature in their capacity to
ssnthesize TeE at relatvely high rates in the presence of {14,
mndicating thes they can be induced to switeh 1o 1gk-producing
cells by T4 1L-3 also induced some degree (two- to three-told

increase) of 126G svithests by cord blood MNC ot three out of
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five donors tested. whereas 1eM synthesis was considerably
cnhanced (three-fold or more) in four out of five cases tested.
This induction of IgG and IgM svnthesis was spectticalls
mediated via TL-4, since the nerease in TgGoand 1M sonthesis
was completely blocked by the ant-fL-4 antiscrum. The
cnhanced production of total TgG synthesis may resfiect the
induction of 1gG4 synthesis. since it has been demonstrzied that
1L-4.in addition to inducing switching to IgE, can induce B cells
to switch to IgG4-producing cells (Lundgren er af., 1939).

The finding that IL-4 induces considerable levels of 1¢G and
[gM production seems to be a particular property of cord blood
MNC, since with blood or tonsil MNC from adults, onls @ vers
low degree of total IgG and no effect on 1gM production was
observed (Pénc er al.. 1988b). The [gM-inducing ceffects of 1L-4
arc probably indirect and mediated via the release of other
factors by the cord blood MNC in the culture, that enhance IgM
synthesis following activation by 1L-4.

We have demonstrated that although IL-4 is the sole inducer
of IgE synthesis by MNC (Péne er al., 1988a), it failed 1o induce
IgE synthesis by highly purified B cells. Reconstitution experi-
ments have indicated that in addition to 1L-4, autologous CD4~
T cells are required for IgE synthesis and these IgE levels can be
further enhanced by monocytes (Péne et al., 1988b, 1989). The
fact that cord blood B cells present in the MNC cultures
(similarly as mature B cells) 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 eight donors
tested in this study varied between 0-8 and 1-7 ng/ml) and in very
young children, are not due to immaturity of the B cells. Our
finding that cord blood T cells fail to produce detectable ievels of
IL-4 (<50 pg/ml; <0-5 U/ml) upon activation in vitro suggests
that the low levels of IgE in cord blood may be related to the
absence, or to very low levels of 1L-4 produced by cord blood T
cells. It could be excluded that the failure to produce detectable
1L-4 levels was due to suboptimal stimulation conditions. 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 addition, aberrant kinetics of IL-4 production by cord
blood T cells was ruled out.

Although the series of cord blood samples tested here is
relatively small, IFN-; production after activation by PHA or
Con A was considerably reduced, compared with that by adult
PBMC. In contrast, cord blood MNC produced quantities of
IL-2 that were higher than those secreted by blood MNC of
adult  healthy donors. particularly after activation by
PHA + TPA. Interestingly. this mode of activation also resulted
in levels of IFN-y production by the cord blood MNC that were
higher than the quantities of [FN-; secreted by blood MNC
from adults activated in a similar way. Furthermore. Bryson.
Winter & Gard (1980) reported that IFN-y production by cord
blood or newborn MNC upon activation by PHA was detfective.
However, other investigators have demonstrated that impaired
IFN-; production by cord blood MNC was not an intrinsic
defect. but related to increased susceptibility of these cells to
suppressive effects of PGE: (Wakasugi er «f.. 1985).

Collectively, our results indicate that activation pratocols
resulting in optimal 11.-2 and IFN- production fail 1o mnduce
[L-4 production by cord blood MNC. Even upon actis 22on by
combimations of PHA - TPA which had been shown to be
optimal for IL-4 production by adult PBMC and cloned T celis
(Paliard er af.. 1988) failed 1o induce detectable levels 0 1L-4

svnthesis, Qur data furthermore indicate that ditferent modes of
activation of cord blood MNC result in quantitative ditferences
m [FN-=and 1L-2 production. Tt remains to be determined why
activation of cord blood MNC by PHA 4 TPA results mlevels
of TEN- and 11.-2 production that are higher than those
obtained by PBL of adults; however. it is clear from our data
that cord blood T cells are not intrinsically defective in FFN-
svathesis. but require particular activation signals. The finding
that the cord blood MNC produced normal levels of 1gE in
response 1o exogenous 1L-4, together with the fact that these
cells produced non-detectable levels of 1L-4 indicated that the
minimal levels of IgE mecasured in cord blood and newborn
blood are not due to the immaturity of the cord blood B cells.
but may be related to lack of the cord blood T cells to produce
detectable levels of IL-4 upon activation. Furthermore. these
data suggest that the capacity of human T cells to produce
normal levels of 1L-4 may develop later in life, although 1t
presently cannot be excluded that cord blood MNC, in contrast
to adult blood MNC. upon activation produce factors suppress-
ing IL-4 synthesis. Cell fractionation and T ccll cloning
experiments are currently in progress in order to determine more
precisely the relative contribution of each of the cellular
components in the cord blood MNC preparations to lvmpho-
kine production.
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