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Interferon-y production by cord-blood
mononuclear cells is reduced in newborns
with a family history of atopic disease and is
independent from cord blood IgE-levels
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For newborn children both elevated serum IgE levels in the cord blood
and a positive family history of atopic disease have been shown to be
risk factors for the manifestation of atopic diseases. In adult patients
with atopic dermatitis, in vitro interferon-y (IFN-y) production is re-
duced and a negative correlation with serum IgE levels has been shown.
We have now raised the question if newborn infants at risk for the de-
velopment of atopic disease have similar abnormalities of cytokine pro-
duction at birth. In vitro production of interleukin 2, interleukin 6 and
interferon-y by peripheral blood mononuclear cells was measured in 53
newborns: 21 had cord blood IgE levels above 0.9 kU/I, 21 had a posi-
tive family history, 7 had both elevated IgE and a positive family his-
tory; 18 newborns with no identitiable risk for atopic disease served as
controls. Umbilical cord blood mononuclear cells were stimulated with
PHA or monoclonal antibody OKT3. Ir vitro production of interleukin
2 and 6 was comparable in all groups. Compared to controls IFN-y
production of peripheral mononuclear cells (PBMC) from newborns
with elevated cord blood IgE was not different, but PMBC from new-
borns with a familial risk showed a significant decrease in PHA induced
IFN-y production (p < 0.005, U-test). No correlation between umbilical
cord blood IgE and diminished IFN-y production was found in newborns
with or without a positive family history. We conclude that immunoreg-
ulatory abnormalities in newborns of atopic families are detectable al-
ready at birth and are unrelated to cord blood IgE.
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In atopic discases multiple immunologic abnormal-
ities have been described in the literature: Defec-
tive regulation of IgE-synthesis, decreased num-
bers of CD8+ T-cells and natural killer cells as well
as decreased suppressor and killer cell function. In
the murine system, IgE synthesis is controlled by
two T-helper cell subsets, Ty, and Ty, which ex-
hibit different cytokine production profiles (1).
Similar observations have recently been estab-
lished in humans (2). Ty,;-cells preferentially pro-
duce interleukin 2 (IL-2) and interferon-y (IFN-y).
In contrast, Ty, are the main source of interleu-
kin-4 (IL-4) and interleukin-5 (1). It is well known
that human IgE synthesis in vitro is regulated by
these T-cell factors (3). IL-4 induced IgE synthesis
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by switching of unprimed B-cells to produce e-
chains and maintains IgE production by stimula-
tion of B-cells (4). Conversely, IFN-y is a potent
inhibitor of both IgE synthesis and expression of
the CD23 low affinity IgE-receptor (5).

In patients with atopic dermatitis in vitro pro-
duction of IFN-y has been shown to be profoundly
decreased (6, 7). Serum IgE levels, in vitro sponta-
nous IgE production and expression of CD23 are
elevated. Using these data some promising ap-
proaches using IFN-y for treatment of atopic der-
matitis have been made and a reduction of in vitro
IgE production has been achieved during treat-
ment (8, 9).



For newborns, a positive family history has been
shown to be a risk factor for the development of
atopic discase. A reduced IFN-y production by
neonatal T-cells in general compared to adults has
been reported by several authors (10, 11). Un-
fortunately, none of these authors has taken a
family history for atopy into account. As a second
risk factor elevated IgE levels in the umbilical cord
blood have been shown to be of value for pre-
diction of atopic risk (12) as IgE does not pass the
placental barricr. However, the relevance of ele-
vated IgE levels in the umbilical cord blood to
predict atopic disease has been questioned because
a rapid decrease of IgE levels during the first week
of life occurred in half of the infants (13).

No data are available addressing a possible cor-
relation between elevated IgE and diminished
IFN-y synthesis in newborns. Therefore, we stud-
ied the production of cytokines involved in the
regulation of IgE production by cord blood mono-
nuclear cells. IL4 production, unfortunately, was
mostly below the detection limits of our assay sys-
tem and could, thus, not be analyzed. So, produc-
tion of cytokines 1L-2, I1L-6 and IFN-y in newborns
with or without risk factors for atopic disease was
investigated.

Material and methods
Patients and controls

Peripheral blood of 4 healthy adults (age 21-25
years) and umbilical cord blood of 105 consecutive
term neonates was used for in vitro cytokine pro-
duction. Atopic disease (bronchial asthma, allergic
rhinoconjunctivitis, atopic eczema) in 1st degree
relatives was found in 21 cases, elevated IgE levels
(> 0.9 kU/) in 21 cases (7 cases had both a posti-
tive family history and elevated IgE levels); 18 of
the remaining 70 neonates were chosen as controls
by random.

Culture conditions

Mononuclear cells were separated and washed
from heparinized peripheral blood of healthy adult
volunteers and umbilical cord blood according to
methods described elsewhere (14). 1 x 10° cells/ml
were cultured in a total volume of 1 ml in 48-well
plates (Costar) in RPMI 1640 supplemented with
antibiotics, L-glutamine, HEPES-buffer and 10%
(v/v) fetal calf serum. Stimulation was performed
with purified phytohaemagglutinin (PHA-P, Well-
come) and the T-cell stimulatory monoclonal anti-
CD3 antibody OKT3 (Orthoclone). Unstimulated
cultures were done in parallel.

In preliminary experiments, optimal stimulation
conditions had been established using PHA at 1
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pug/ml and OKT3 at 5 ng/ml for IFN-y and IL-2
production and PHA at 100 pug/ml and OKT3 at
500 ng/ml for IL-6 production. Cultures were per-
formed in duplicates at 37°C in a humidified atmo-
sphere containing 5% CO,. Supernatants were
harvested after 24 h (I1L-2-production) and 72 h
(IL-6 and IFN-y production). Supernatants were
stored at —72°C. Determination of cytokine con-
centrations was done in batches after collection of
supernatants of all 105 neonatal cord blood speci-
mens.

Assays of cytokines and IgE

For determination of Interleukin-2 a radioimmu-
noassay (Medgenix) with a lower detection limit of
0.5 U/ml was used. Interleukin-6 was determined
by ELISA (Medgenix, detection limit 3.5 pg/ml)
and IFN-y by radioimmunoassay (IRMA, Medge-
nix, detection limit 1 U/ml)). All measurements
have been performed in duplicates. The intra assay
and inter assay variations were lower than 5% as
stated by the manufacturer of the cytokine assays
used. IgE was quantified by a commercial ETA
(Phadezym IgE Prist Pharmacia, detcction limit
0.35 kU/N).

Statistics

Statistical analyses were performed using Mann-
Whitney-U-test, chi-square test and t-test.

Results
Cytokine production of newborn infants compared to adults

In preliminary studies, optimal concentrations of
mitogens and kinetics of cytokine production were
established. Conditions were found to be optimal
for adults and newborns. Using thesc conditions,
OKT3- or PHA-induced production of 1L-6 was
similar in newborn infants and adults. Maximum
IL-6 production was reached after 72 h of culture
and tended to be higher in neonates (kinetic data
not shown). Because of small numbers of speci-
mens investigated this difference lacks significance
(p = 0.08, t-test). Maximum IL-2-production was
also higher in the neonatal group. In newborns,
peak production of IL-2 occurred after 24 h and
decreased later on. Under the same conditions the
peak of IL-2 production by adult lymphocytes was
reached at 24-48 h. PHA or OKT3 induced IFN-y
production of both groups showed the same kinet-
ics with a peak production reached after 72 h, but
was significantly lower in newborns compared to
adults (p < 0.001).
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Fig. 1. IL-2 and IL-6 production of neonates at risk. PHA induced IL-2 (A) and IL-6 (B) production of PBMC from nconates with a
positive family history (Group 1), neonates with both familial risk and elevated cord blood IgE (Group 2), neonates with clevated
cord blood IgE alonc (Group 3) and controls are shown. No differences were found between the groups and controls or between

the different risk groups.

Cytokine production of newborns at risk

Of the 105 neonates there were 21 (20%) with a
familial risk of atopic disease. Of these 7 (33%)
showed elevated IgE of more than 0.9 kU/l in the
umbilical cord blood. From the remaining 84 new-
borns 14 (17%) were selected according to their
elevated IgE alone. This group was devoid of a
positive family history. The frequency of elevated
IgE in the group with a positive family history was
not significantly different from the group without a
family history (33% vs 17%, p > 0.05).

IL-2 and IL-6 production of newborn infants
with a positive family history (Group 1), with both
positive family history and elevated IgE levels
(Group 2) in the umbilical cord blood, with ele-
vated IgE levels alone (Group 3) and controls are

shown in Fig. 1. PHA-induced interleukin 2 pro-
duction varied over a wide range. No significant
differences were found between the groups. Using
OKT3 as a T-cell mitogen, IL-2 production was
detectable in only 4 fo 14 cultures in Group 3,
compared with 8 of 18 controls and 8 of 14 of
Group 1. No IL-2 was detectable in the 7 cuitures
of Group 2. However, these proportions were not
significantly different from each other (p > 0.05).

In our assay system, high amounts of 1I-6 had
been produced. IL-6 production after stimulation
of cells with PHA was higher than OKT-3 induced
IL-6 production in all groups. PHA induced IL-6
production tended to be lower in Group 3 than in
controls. However, using the U-test no significant
difference was found between the groups (p =
0.07).
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Fig. 2. IFN-y production induced by PHA (A) and OKT3 (B). Neonates with a positive family history showed a significantly
decrcased IFN-y production induced by PHA compared to controls (p <0.05, Fig. 2A). This difference is exclusively due to
diminished IFN-y production in neonates with a positive family history, but normal cord blood IgE (p <0.005). Neonates of
Group 2 had a higher IFN-y production compared with Group 1 (p < 0.05). OKT3-compared with PHA-induced IFN-y production
was lower in all groups (p <0.001 for Group 1, Group 3 and controls and p <0.01 for Group 2) and no differences were found
between the groups (Fig. 2B).
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Production of IFN-y induced by OKT3 was
markedly lower than PHA induced production in
all groups (controls p <0.001, Group 1 p <0.001,
Group 2 p<0.01, Group 3 p<0.001) as depicted
in Fig. 2 A+B. No difference was found between
PHA induced IFN-y production in neonates with
elevated IgE (Group 2 and Group 3) compared to
controls. Using the Mann-Whitney U-test, PHA-
induced IFN-y-production in neonates with fam-
ilial risk was significantly decreased compared to
both controls and neonates with elevated IgE
(p <0.05). Especially in newborns with a positive
family history but negative IgE (Group 1), IFN-y
production was significnatly decreased compared
to controls (p <0.005).

In the 7 cases of Group 2 PHA induced IFN-y
production was comparable to IFN-y production of
the control group, but significantly higher than in
neonates with a familial risk alone (U-test
p<0.05).

Discussion

The following major points emerged from the
study:

1) PHA-induced IFN-y production by cord blood
mononuclear cells of neonates of atopic families
is significantly reduced compared to age-
matched controls. Therefore, immunoregula-
tory abnormalities in these newborns are al-
ready detectable at birth.

2) There is no evidence for a relationship between
elevated IgE and diminished IFN-y production
in neonates.

IgE-production is up-regulated by several cyto-
kines, most pronounced by IL-4. IL-2, IL-5 and
IL-6 are further stimulatory factors (15-17). Con-
versely, IFN-y is known to be a potent inhibitor of
IgE production in adults (4, 18). The capacity of
cord blood T-cells to produce IFN-y is markedly
decreased compared to adults (11). However, it
was not known to date whether in the group of
newborns displaying low IFN-y production ca-
pacity there was a difference between those with or
without a family history for atopy or those with or
without an elevated cord blood IgE. Our study
now indicates that in newborns with a family his-
tory for atopy IFN-y production is significantly
lower than in those without familial risk. In con-
trast, there is no relationship between IFN-y pro-
duction and cord blood IgE.

The reduced capability of cytokine secretion by
neonatal lymphocytes compared to adult lympho-
cytes may be related to differences in the fre-

IFN-y production by cord-blood cells

quency of naive versus memory CD4+ T cells (20,
22). In freshly isolated cord blood, most of CD4+
cells expressed the CD45RA phenotype of naive
T-cells and only low numbers were of the CD45R0
phenotype of memory T cells, expressing also
some activation antigens like CD25, CD29 and
HLA-DR antigens (21). While purified CD4+
CD45R0+ CD29+ cord blood T cells were equally
effective in helper inducer function as the compa-
rable adult cell population, their helper inducer
function was profoundly suppressed even in the
presence of small numbers of CD4+ CD45RA+
cord blood T-cells (22) which therefore have “sup-
pressive” activity. This suppressor inducer func-
tion may also contribute to the reduced capability
of neonatal T-cells to produce cytokines. How-
ever, in vitro activation of CD4+ CD45R0+ T-
cells by PHA usually results in conversion to the
CD45RA phenotype (22). In our experiments im-
paired production of IFN-y by neonatal T-cells of
newborns with positive atopic family history com-
pared to the neonatal control population was also
seen after stimulation of the cells with PHA and
OKT3. However, PHA and OKT3 induced IL-2
and IL-6 production were comparable in all
groups. Possible explanations for this are first an
impairment of naive “suppressive” T-cells of new-
borns with atopic risk to become activated T-cells,
second a prenatal acquisition of a specific suppres-
sor activity toward IFN-y production or an intrinsic
inborn error of IFN-y production, persisting also in
the later life. IL-4 has been shown to be one pos-
sible inhibitor of IFN-y production. Unfortu-
nately, we were unable to detect I1-4 production
by neonatal T-cells. A diminished in vitro response
of neonatal T-cells to stimulation via the CD2 or
the CD3 pathway by anti-CD3 antibodies is a well-
known phenomenon (23, 24). This means that also
in the individual neonatal T-cell the activation
mechanism is controlled by so far unknown factors
not present in the adult T-cells. A diminished capa-
bility to produce cytokines after stimulation with
OKT3 was seen in all groups compared to PHA
induced cytokine production and no significant dif-
ferences were found between the groups.
Especially in neonates with a positive family his-
tory of atopic diseases, IgE levels were not corre-
lated to decreased IFN-y production. We found
higher IFN-y production in newborns with both
elevated IgE and familial risk than in neonates
with a familial risk only, which is in agreement
with the observation that in vitro production of IgE
by neonatal lymphocytes can be enhanced by
IFN-y (19). Production of cytokines exerting en-
hancing effects on IgE synthesis did neither differ
significantly between adults and newborns nor
among newborns of the different groups. Il-4, un-
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fortunately, could not be measured because of in-
sufficient sensitivity of the assay system.

Clinically, we do not yet know to date whether

newborns with decreased IFN-y production are
more prone to develop atopic disease than those
with age-related normal production. All children
will have to be followed carefully in order to de-
cide whether neonatal IFN-y production has a pre-
dictive value with respect to the development of
atopic disease within the risk group defined by a
positive family history.

References

1.

10.

11.

MosManN TR, CHERWINSKI H, BoND MW, GIELDIN MA,
Corrman RL. Two types of murine helper T cell clone. 1.
Definition according to profiles of lymphokine activities
and secreted proteins. J Immunol 1989 143: 2887-93.

. Romagniant S, Magai E, DEL PreTE GF, PARRONCHI P,

MaccHia D, Tirl A, Riccr M. Role of interleukin 4 and
gamma interferon in the regulation of human IgE syn-
thesis: possible alterations in atopic patients. Int Arch
Allergy Apl Immunol 1989: 88: 111-113.

MosmanN TR, CorrMaN RL. TH1 and TH2 cells: different
paterns of lymphokine secretion lead to different func-
tional properties. Annu Rev Immunol 1989: 7: 145-73.
IsHizAKA A, SakiyaMA Y, NAKaNISHI M et al. The in-
ductive effect of interleukin-4 on IgG4 and IgE synthesis
in human peripheral blood lymphocytes. Clin Exp Immu-
nol 1990: 79: 392-396.

. Rouisser F, MALEFUT RDW, SLIERENDREGT B et al. Regu-

lation of Fc Receptor for IgE (CD23) and Class I1 MHC
antigen expression on Burkitt lymphoma cell lines by hu-
man IL-4 and IFN-y. J Immunol 1988: 140: 2625-2632.

. Coffman RL, Carty J. A T cell activity that enhances

polyclonal IgE production and its inhibition by inter-
feron-y. J Immunol 1985: 136: 949-954.

. REINHOLD U, WEHRMANN W, KUKEL S, KreyseL HW.

Evidence that defective interferon-y production in atopic
dermatitis is ‘due to intrinsic abnormalities. Clin Exp Im-
munol 1989: 79: 374-379.

. Boguniewicz M, Jaffe HS, Izu A, Sullivan MJ, York D,

Geha RS, Leung DYM. Recombinant gamma interferon
in treatment of patients with atopic dermatitis and ele-
vated IgE levels. Am J Med 1990: 88: 365-370.

. REInHOLD U, WEHRMANN W, KUkeL S, Kreyser HW.

Recombinant interferon-y in severe atopic dermatitis.
Lancet 1990: 1282.

WiLsoNn C, WESTALL J, JoENSON L, LEwis D, Dower S,
ALPerT A. Decreased production of interferon-gamma by
human neonatal cells. Intrinsic and regulatory deficien-
cies. J Clin Invest 1986: 77: 860-867.

Lewis DB, Yu CC, Mever J, EncLisH BK, Kanun SJ,
WiLson CB. Cellular and molecular mechanisms for re-

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

duced interleukin 4 and interferon-y production by neona-
tal T cells. J Clin Invest 1991: 87: 194-202.

KseLLmaN NIM, CronNER S. Cord blood IgE determination
for allergy prediction — a follow-up to seven years of age in
1651 children. Ann Allergy 1984: 53: 167-171.

Lisa G, JonanssoN SGO, Kusorrsky E, Oman H. IgE
levels in cord blood and 4-5 days of age: relation to clinical
symptoms of atopic disease up to 18 months of age. Al-
lergy 1990: 45: 436-444.

BURMESTER GR, KALDEN JR, PETER HH, ScHEDEL I, Beck
P, WiTTENBORG A. Immunological and functional charac-
teristics of peripheral blood and synovial fluid lympho-
cytes from patients with rheumatoid arthritis. Scand J
Immunol 1978: 7: 405-417.

PeNE J, Rousser F, BRrIEre F et al. IgE production by
normal human lymphocytes in induced by interleukin 4
and suppressed by interferons y and a and prostaglandin
E,. Proc Natl Acad Sci USA 1988: 85: 6880-6884.

DEL PReTE GF, MaGal SR, ParroncHl P et al. IL-4 is an
essential co-factor for the IgE synthesis induced by human
T cell clones and their supernatants. J Immunol 1988: 140:
4193-4198.

VERCELLI D, Jasara HH, Aral K-I, Gena RS. Induction
of human IgE synthesis requires interleukin 4 and T/B cell
interactions involving the T cell receptor/CD3 complex
and MHC chlass 11 antigens. J Exp Med 1989: 169: 1295-
1307.

CHRETIEN I, PENE J, BRIERE F, MALEFIT RDW, ROUSSET F,
DE VRIES JE. Regulation of IgE synthesis. I. Human IgE
synthesis in vitro is determined by the reciprocal antag-
onistic effects of interleukin 4 and interferon-y. Eur J
Immunol 1990: 20: 243-251.

PELEMAN R, DELESPRESSE G. In vitro synthesis of human
IgE by neonatal lymphocytes: enhancing effect of interfe-
ron-y. Cell Immunol 1990: 129: 299-309.

Haywarp AR, Lee J, BEverLy PCL. Ontogeny of expres-
sion of UCHL1 antigen on TCR-1+ (CD4/8) and TCR&+
T cells. Eur J Immunol 1989: 19: 771-773.

EHLERS S, SmitH KA. Differentiation of T cell lymphokine
gene expression: the in vitro acquisation of T cell memory.
J Exp Med 1991: 173: 25-36.

CLeEMENT LT, Vink PE, BrabLEY GE. Novel immunoreg-
ulatory functions of phenotypically distinct subpopulation
of CD4+ cells in the human neonate. J Immunol 1990: 14:
102-108.

GerLi R, BertorTo A, CRUPI S, ARCANGELI C, MARINELLI
I, Seinozzi F, CerNETT1 C, ANGELELLA P, RamBoTT! P.
Activation of cord T lymphocytes. 1. Evidence for a defec-
tive T cell mitogenesis induced through the CD2 molecule.
J Immunol 1989: 142: 2583-25589.

BEeRTOTTO A, GERLI R, LANFRANCONE L, GRUPL S, ARAN-
GeLl C, CerNeTTI C, SPINOZZI F, RAMBOTTI P. Activation of
cord T lymphocytes. II. Cellular and molecular analysis of
the defective resonse induced by anti-CD3 monoclonal
antibody. Cell Immunol 1990: 127: 247-259.



