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ABSTRACT

One highly desirable objective of preventive medicine is to find predictive markers that could
identify neonates who are at risk of developing atopic diseases. However, no one laboratory
test is sufficiently sensitive and specific to be used for this purpose. The objective of this
study was to evaluate the use of an in vitro IgE synthesis by cord blood lymphocytes of
neonates with or without a family history of atopy. Cord blood mononuclear cells (CBMC)
of 11 neonates with a family history of atopy and 9 neonates without a family history of
atopy were incubated for 48 hr with human recombinant IL4 (hrIL4) in Petri plates. Cord
blood lymphocytes (nonadherent cells) were then washed and incubated for an additional 9
days with various stimuli. hrIL4, hrIL4 1 human recombinant interferon-gamma (hrIFNg),
hrIL4 1 anti-IL4 antibody (ab), hrIL-4 1 antiCD40 ab, hrIL4 1 anti-CD40 ab 1 betalac-
toglobulin (BLG) hrIL4 1 anti-IFNg ab. Unstimulated cultures were included as negative
controls. IgE concentrations in sera were measured by a fluorimmunoenzymatic method.
Concentration of supernatants IgE $ 2.8 kU/L and serum IgE $ 0.7 kU/L were considered
to be a positive test. Statistical analyses were performed using a Wilcoxon rank test,
Mann–Whitney test for the sum of ranks, chi-square test, and/or Fisher’s Exact test. Dif-
ferences were considered significant when p , 0.05. The stimulatory effects of hr IL4 alone
resulted in the highest production of IgE, which was significantly higher than the effects of
hrIL4 1 antiCD40 ab 1 BLG (medians: 2.9 vs 2.2 kU/L) or with hrIL4 1 anti IL4 ab (me-
dians: 2.9 vs. 2.4 kU/L) or the absence of any stimulus (medians of 2.9 vs. 0.5 kU/L). All
stimuli resulted in production of Ig E, which was significantly higher than the IgE serum
level alone (median of 0.17 kU/L). No significant differences were observed between the
neonates with a family history of atopy versus those without a family history of atopy, nei-
ther with regard to median values of IgE nor with regard to the percentages of infants hav-
ing IgE levels $ 2.8 kU/L in the culture’s supernatants or $ 0.7 kU/L in the serum. Our re-
sults confirm that the neonatal B lymphocytes have the capacity to synthesize normal levels
of IgE, if placed under adequate conditions. Low serum neonatal IgE levels are therefore
the result of a deficit of the T-lymphocyte cooperation. However, in vitro IgE synthesis af-
ter exposure to a nonspecific stimulus (IL 4, anti-CD40 ab) is not a reliable predictive marker
of atopy. (Pediatr Asthma Allergy Immunol 2001; 15[2]:97–105.)
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INTRODUCTION

OVER THE PAST 30 YEARS, an increasing prevalence of atopic disease has been observed in children with
no family history of atopy.(1) Because preventive measures such as the substitution of cow’s milk for-

mulas have shown uncertain efficacy, but may have significant costs, they are advisable only for neonates
with a high risk of developing allergy. Early and reliable identification of such neonates is needed. Currently,
the most reliable marker is a positive family history of atopy. However, 40% of neonates with biparental
family history of atopy and 70% with monoparental history of atopy do not develop atopic diseases. In con-
trast, 50% of atopic children have an absent family history of atopy.(2) Therefore, more sensitive and spe-
cific markers of atopy in neonates are needed. Over the past several years, studies have examined the neona-
tal lymphocyte activity and the production of cytokines such as interferon-gamma (IFNg) and interleukin-4
(IL4) as a possible predictors of atopy. A reduction in vitro production of IFNg at birth in neonates with a
family history of atopy(3,4) was found to be associated with development of atopic diseases.(5,6) Other stud-
ies did not confirm these findings.(7–10) Some authors have observed a persistent TH2 phenotype in the first
2 years of life in infants who develop atopy, while the switch to the TH1 phenotype was observed in non
atopic infants.(11,12) Thus, the in vitro measurement of cytokines, particularly IFNg, cannot be considered as
a useful screening test for atopy because of the inconsistent data in the literature. There is no laboratory
marker available at the present time that can significantly improve the predictability of the family history of
atopy and help identify neonates that will be at risk of atopic diseases in childhood. High elevated cord blood
levels of IgE have been confirmed to be an important risk factor for allergic sensitization, but they have a
very low level of sensitivity.(13) We have hypothesized that the sensitivity of the test may be improved by
measuring the cord blood lymphocytes (CBL) in vitro synthesis of IgE by stimulation. Bergmann et al.(14)

pointed out the utility of evaluating IgE in vitro production by neonatal mononuclear cells after an adequate
stimulus as a marker of atopic prediction. In fact, it has been demonstrated that the B lymphocyte of an al-
lergic subject have an enhanced capacity to produce IgE, if compared with a normal subject.(15) The aim of
this research was to evaluate any significant differences between neonates with or without a family history
of atopy with regard to in vitro IgE synthesis by CBL after adequate stimuli.

METHODS

Study population

Twenty caucasian parents of neonates (8 males and 12 females) who were born at term by natural de-
livery were contacted to participate in this study. Informed consent and approval by the ethics committee
was obtained for this study. The parents were evaluated for evidence of history of atopy. The finding of at
least one parent affected by atopic disease was considered as a positive family history of atopy. The fol-
lowing findings were regarded as evidence of atopic disease in parents: (1) asthma: recurrent episodes of
wheezing or dyspnea or medically confirmed asthma; (2) food allergy: weeping, erythematous itching, papu-
lar and vesicular lesions involving primarily the face and the flexural folds, recurrent vomiting, diarrhea,
or crampy abdominal pain and/or urticarial skin reaction a few minutes after the ingestion of a specific food,
that is, milk, eggs, fish, etc; (3) rhinitis: episodes of nose rubbing, fits of sneezing, sniffing with nasal dis-
charge and/or blockage excluding obvious infectious rhinitis. The allergic diagnosis of the symptoms was
confirmed by skin prick tests and double-blind, placebo-controlled food challenge (DBPCFC)(16): 9 
neonates had a negative family history of atopy (atopic risk 5 0) and 11 had a positive history (9 uni-
parental, atopic risk 5 1; 2 biparental, atopic risk 5 2) of atopy. The mothers did not take any special pre-
caution regarding their own diet during the pregnancy.

Blood sampling

Approximately 12–14 mL of cord blood samples of all neonates were aseptically collected in heparinized
tubes immediately after delivery with the usual procedures, including careful cleaning of the cord and stick
puncture of the umbilical vein, to avoid maternal contamination. Moreover, total serum IgA concentrations
were measured in all cord samples by a standard nephelometric technique (Beckman IgA test kit; Beckman
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Instruments Inc., Brea, CA). If IgA levels were .1.8 mg/dL the sample was considered contaminated and
not used.(17) An aliquot (4 mL) of every blood sample was centrifuged to obtain autologous serum.

Mononuclear cell isolation

The remaining aliquots (8–10 mL) of blood were placed into heparinized sterile tubes for leukocyte iso-
lation. Cord blood mononuclear cells (CBMC) were obtained by Ficoll–Hypaque gradient centrifugation
and then were washed three times with Ca11 and Mg11 free phosphate-buffered saline (PBS). Thereafter,
CBMC were resuspended at a concentration of 1 3 106 cells/mL in culture medium (RPMI 1640; Flow
Laboratories, Irvine, Scotland) supplemented with antibiotics (100 U/mL of penicillin and 100 mg/mL of
streptomycin; Flow Laboratories, Irvine, Scotland), L-glutamine (2 mmol/L; Gibco Laboratories, Grand Is-
land, NY) and 10% autologous human serum.

CBL stimulation for IgE synthesis

CBMC were then incubated at 37°C in a humidified atmosphere with 5% CO2 for 48 hr in Petri dishes
at 1 3 106 cells/mL concentration in medium supplemented with 200 U/mL of human recombinant IL4
(hrIL4, cod. 2181-01, Genzyme). After 48 hr of incubation, CBL (the nonadherent cells) were gently re-
moved. CBL were then washed three times in PBS, counted, and tested for viability by Trypan blue dye
exclusion and resuspended at concentrations of 106 per mL of medium. Then, several kinds of cell culture
were prepared containing the following components:

1. hrIL4 (500 U/mL);
2. hrIL4 (500 U/mL) 1 hrIFNg [250 U/mL of human recombinant IFNg, cod. 80-3348-01, Genzyme, in

accordance to Rouset et al.(18)];
3. hrIL4 (500 U/mL) 1 anti-IL4 receptor antibody (anti-IL4R ab) [10 mg/mL of monoclonal mouse anti-

human IL4 receptor (CDw124) IgG1, cod. 80-3285-01, Genzyme, in accordance to Snapper et al.(19)];
4. hrIL4 (500 U/mL) 1 anti-IFNg receptor (anti-IFNgR) ab (10 mg/mL of monoclonal mouse anti-human

IFNg receptor ab, cod. 1223-00, Genzyme, in accordance to the instructions of the producer);
5. hrIL4 (500 U/mL) 1 anti-CD40 ab (5 mg/mL of monoclonal anti-CD40 ab, cod. CDP40, Ylem, in ac-

cordance to the instructions of the producer);
6. hrIL4 (500 U/mL) 1 anti-CD40 ab (5 mg/mL) plus betalactoglobulin [100 mg/mL of betalactoglobulin

(BLG) (SARM Allergeni, Pomezia, Italy) in accordance to our previous experience(9) and to other au-
thors(20)];

7. A culture without any added stimulus, apart from the initial incubation with hrIL4, was included as a
negative control.

All cell cultures were then incubated for 9 days and supernatants were collected and stored at 270°C un-
til testing for IgE concentrations.

IgE measurement

Total IgE was measured in cell culture supernatants and in sera of each subject using a fluoroimmu-
noenzymatic procedure kit (Pharmacia CAP IgE FEIA, cod. 10921301, Pharmacia & Upjohn diagnostic
AB; Pharmacia, Uppsala, Sweden) capable of detecting total IgE in various fluids, including cell cultures
supernatants and serum, within a range of 0.35 to 100 kU/L. We considered the test positive when IgE in
the supernatant samples was $ 2.8 kU/L. This cut-off was chosen on the basis of a previously used cut-off
for cord serum IgE of 0.7 kU/L, which was quadrupled when we used IL4, the cytokine recognized to be
the principal inducer of IgE synthesis as a stimulus.

Statistical analyses

For a correct analysis of the results, the values under the sensitivity level of the method were considered as
half of the sensitivity level as suggested by Khalak et al.,(21) which means in our case 0.17 kU/L. Nonpara-
metric tests were used as the data did not follow the normal distribution. Wilcoxon rank test was adopted to
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compare the different stimuli among each other and with the serum, considering the whole group of subjects,
without distinguishing the neonates with and without a family history of atopy. Mann–Whitney sum ranks test
was adopted to compare the neonates with a family history of atopy versus those without a family history of
atopy with regard to each stimulus and to the serum. Finally, chi-square test or Fisher’s Exact test when in-
dicated, were used to compare the percentages of neonates with a family history of atopy and those without
a family history of atopy that had IgE $ 2.8 kU/L in the supernatants or $ 0.7 kU/L in the serum. The data
were analyzed by the means of a program “Primer of biostatistics” of Stanton A. Glanz, version 4.02i.

RESULTS

Table 1 shows the results of IgE concentrations for each stimulus and for serum. The results are ex-
pressed as medians plus ranges, percentiles, and standard errors. In this table the neonates were not divided
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TABLE 1. COMPARISON AMONG MEDIANS OF IgE LEVELS OF ALL 20 NEONATES, CONSIDERED AS AN ONLY GROUP

All neonates (20) Significance

hrIL4 median 2.9 a,b,c,d

range 0.6–8.2
centiles 2.1 (25°)–3.8 (75°)
standard error 0.38

Unstimulated median 0.5 a

range 0.17–6.3
centiles 0.17 (0°)–3.8 (75°)
standard error 0.48

hrIL4 1 hrIFNg median 2.6
range 0.17–10.6
centiles 2.1 (25°)–3.3 (75°)
standard error 0.46

Anti-CD40 ab 1 hr IL4 median 2.2 b

range 0.7–3.6
centiles 2.1 (25°)–2.3 (75°)
standard error 0.18

Anti-CD40 ab 1 hrIL4 1 BLG median 2.2 c

range 0.4–3.7
centiles 2.1 (25°)–2.3 (75°)
standard error 0.17

hrIL4 1 Anti-IFNgR ab median 2.5
range 1.2–4.2
centiles 2.2 (25°)–3.2 (75°)
standard error 0.19

hrIL4 1 Anti-IL4R ab median 2.4 d

range 0.17–3.9
centiles 2.3 (25°)–2.5 (75°)
standard error 0.18

Serum median 0.17
range 0.17–3.5
centiles 0.17 (0°)–0.7 (75°)
standard error 0.18

a,b,c,dp , 0.05.
The level obtained from each stimulation was compared with the levels obtained from the other stimulations and from

the serum, one by one.
Medians of the IgE levels of all cultures were significantly different from that of the serum (there are not symbols in the

table for this comparison).



according to the family history and each stimulus was compared with other stimuli and with serum using
Wilcoxon signed rank test. All stimuli induced an IgE level significantly higher than that measured in serum.
The highest level of all was obtained after stimulus of the CBL with hrIL4 alone; significant differences
were observed also among this culture and the cultures stimulated with hrIL4 1 anti-CD40 ab 1 BLG, with
hrIL4 1 anti-IL4 ab and the unstimulated cultures.

In Table 2 we compare medians of IgE concentrations in the two groups of neonates with a family his-
tory of atopy or without a family history of atopy using the Mann-Whitney test. No significant difference
was observed. Significant differences were observed comparing different stimuli among each other and with
serum within each group of neonates, that is an analysis like that shown in Table 2. Significant differences
are identified by a couple of symbols. So to simplify the table we did not add symbols for the differences
among the different cultures and serum. Such differences were always significantly apart from the unstim-
ulated culture in the group of neonates with a family history of atopy.
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TABLE 2. COMPARISON OF MEDIANS OF IgE LEVELS OBTAINED FROM EACH STIMULATION AND FROM THE

SERUM BETWEEN THE TWO GROUPS OF NEONATES AND INSIDE EACH GROUP OF NEONATES

Neonates with family Neonates without family
history of atopy (11) history of atopy (9)

hrIL4 median 2.7a 3.5b,c

range 1.1–8.2 0.6–5.6
25°–75° per centiles 1.9–3.8 2.1–3.7
standard error 0.59 0.49

Unstimulated median 0.17a 0.8b

range 0.17–5.2 0.17–6.3
0°–75° per centiles 0.17–3.99 0.17–3.83
standard error 0.62 0.8

hrIL4 1 hrIFNg median 2.3 2.7
range 1.3–10.6 0.17–4.03
25°–75° per centiles 1.8–3.2 2.5–3.3
standard error 0.8 0.37

Anti-CD40 ab 1 hr IL4 median 2.2 2.2c

range 1.05–3.6 0.7–3.5
25°–75° per centiles 2.21–2.27 2.08–2.25
standard error 0.26 0.26

Anti-CD40 ab 1 hrIL4 1 BLG median 2.2 2.2
range 1.3–3.7 0.4–3.4
25°–75° per centiles 2.15–2.22 2.21–3.04
standard error 0.18 0.31

hrIL4 1 Anti-IFNgR ab median 2.5 2.5
range 1.6–4.2 1.2–4.1
25°–75° per centiles 2.28–3.02 1.5–3.4
standard error 0.22 0.35

hrIL4 1 Anti-IL4R ab median 2.4 2.4
range 0.17–3.4 1.2–3.9
25°–75° per centiles 1.8–3.2 2.39–2.54
standard error 0.26 0.26

Serum median 0.17 0.17
range 0.17–1.32 0.17–3.5
0°–75° per centiles 0.17–1.23 0.17–0.7
standard error 0.15 0.31

a,b,cp , 0.05.
Difference between stimulation and serum is not shown with symbols: in fact, this difference was always significant 

except for the unstimulated culture in neonates with family history of atopy.



In Table 3 we compare the percentages of subjects with IgE $ 2.8 in supernatants and IgE $ 0.7 kU/L
in serum between the neonates with a family history of atopy and those without a family history of atopy.
Analysis was performed using chi-square and Fisher’s Exact test. No significant differences were observed.

DISCUSSION

The aim of this study was to evaluate if the in vitro IgE synthesis by CBL, after exposure to various ad-
equate stimuli was significantly different in neonates with and without a family history of atopy. The mol-
ecular events at the basis of IgE synthesis have been widely studied.(22) The B lymphocyte requires at least
two stimuli for the isotypic switching, the IL4 receptor (IL4R) stimulation by IL4(23) and the link between
the CD 40 ligand, expressed on the cell surface of the activated T cells, and the CD40 receptor. constitu-
tively expressed on the surface of the B lymphocytes.(24) CD40 ligand provides the initial signal for the IgE
switching by the means of the RNA C« transcription.(23) The monoclonal anti-CD40 ab has been demon-
strated to be able to substitute the signal provided by the CD40L.(25) IFNg has a suppressive action,(26) and
also the anti-IL4 ab inhibits IgE synthesis.(23) The inhibition of the IL4 induced IgE synthesis by IFNg does
not take place on the B lymphocytes that already undergone the switch to IgE synthesis,(27) and is no longer
IL-4-dependent.(28) IgE synthesis is a complex process; many factors interact by unknown mechanisms.
Atopic subjects show an abnormal pathogenetic pathway for IgE synthesis. In general, the IgE synthesis is
made easier than in nonatopic subjects.(15,29–31)

Little is known about the IgE synthesis in the neonate. Two studies have previously evaluated the in vitro
IgE synthesis in neonates.(32,33) Pastorelli et al.(32) reported that, after the preincubation of CBL from in-
cubation for 48 hr with hrIL4, the CBL stimulated with pokeweed (PWM) or unstimulated did not produce
IgE, while the CBL incubated with hrIL4 produced levels of IgE not significantly different from the adult
controls.(32) The addition of anti-IL4 ab inhibited the IgE synthesis. Fuleihan et al.(33) have stimulated the
CBMC of 4 neonates for 9 days with 5 ng/mL of hrIL4 with or without the addition of 5 mg/mL of anti-
CD40 ab. These authors have observed the absence of IgE in the supernatant of the unstimulated cultures
and a low or absent IgE production in the supernatant of cultures stimulated with hrIL4 alone. The addi-
tion of anti-CD 40 ab to hrIL4 cultures significantly increased the IgE production in all samples. The adult
controls showed a high IgE production after stimulus with hrIL4, with or without the addition of the anti-
CD40 ab. The significant difference between the cultures stimulated with hrIL4 alone and the cultures stim-
ulated with hrIL4 1 anti-CD40 ab is an indirect demonstration that the neonatal T lymphocyte does not ex-
press CD40L normally.

We hypothesize that neonates with a familial atopic predisposition may show a disregulation of IgE syn-
thesis from birth. We reproduced in vitro the conditions for IgE synthesis; the addition in vitro of the main
known stimuli,(34) such as hrIL4 and anti-CD40 ab, should take the place of the CD40L that is significantly
reduced in neonates.(35) This was expected to demonstrate an increased synthesis of IgE in neonates that
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TABLE 3. NUMBER OF SUBJECTS WITH IgE LEVELS ABOVE THE CUT-OFFS OF SUPERNATANT AND OF

SERUM IN THE TWO GROUPS OF NEONATES (NO SIGNIFICANT DIFFERENCES WERE OBSERVED)

Neonates with family history Neonates without family history
of atopy (11) of atopy (9)

hrIL4 5/11 (45%) 5/9 (55%)
Unstimulated 5/11 (45%) 4/9 (44%)
hrIL4 1 hrIFNg 5/11 (45%) 4/9 (44%)
Anti-CD40 ab 1 hr IL4 3/11 (27%) 1/9 (11%)
Anti-CD40 ab 1 hrIL4 1 BLG 1/11 (9%)0 3/9 (33%)
hrIL4 1 Anti-IFNgR ab 4/11 (36%) 4/9 (44%)
hrIL4 1 Anti-IL4R ab 2/11 (18%) 2/9 (22%)
Serum 4/11 (36%) 2/9 (22%)



would develop atopic disease in childhood and were more likely to have a positive family history of atopy.
We also added a common food allergen such as BLG to cultures of CBL with hrIL4 and anti-CD40 ab. Re-
cent studies show a different cytokine pattern expression of CBL when stimulated with food allergens such
as BLG(6) or ovoalbumin(12) between neonates with a family history of atopy and without a family history
of atopy. Our study confirms that the neonatal B lymphocyte are able to produce IgE if cultured in ade-
quate conditions; the low capacity to produce IgE in vivo observed in the neonate is therefore due not to
an intrinsic deficit of the B lymphocyte, but to an immature T-helper lymphocyte cooperation.(33) Also, in
our samples hrIL4 induced the IgE synthesis, a significant difference was observed if compared with un-
stimulated culture or to the serum IgE levels. The significant reduction of IgE synthesis observed when
anti-IL4 ab was added to the culture with hrIL4 demonstrate that IgE synthesis is IL4-dependent. We did not
appreciate either a significant reduction of the IgE synthesis after the addition of hrIFNg or a relevant increase
after the addition of anti-CD40 ab to hrIL4. The preincubation for 48 hr of CBMC with hrIL4 may have ac-
tivated the switch of a great part of B lymphocytes towards the IgE synthesis. As we discussed previously,
the B lymphocyte IgE1 is no longer responsive to the inhibiting action of IFNg(27) nor to the stimulus of IL4
towards the Ige synthesis.(28) Also the anti-CD40 ab may lose its action on the B lymphocyte IgE1.

CONCLUSIONS

Neonates with a family history of atopy and those without a family history of atopy were compared with
regard to the IgE in vitro synthesis capability. If compared for each stimulus, the two groups did not show
any significant difference with regard to the medians nor to the number of subjects with IgE $ , 2.8 kU/L.
It is also possible that different experimental conditions would show a significant difference between the
two groups of neonates. For example, the elimination of the pre-incubation with hrIL4 and of the separa-
tion of nonadherent cells could be useful. Besides the use of nonspecific stimuli, such as hrIL4 and anti-
CD40 ab, specific stimuli such as BLG or other foods or inhalant common allergens may be employed ac-
cording to the studies on IFNg and IL4 in vitro production.(6,8,10–12)
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