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ABSTRACT

The identification of early markers of atopy in cord blood of newborns at delivery may
offer prediction of future allergic sensitization. The aim of this study was to evaluate the
relationship between cord blood interleukin-13 (IL-13) and interferon-gamma (IFN-y) and
development of allergic diseases during the first five years of life.

Umbilical cord blood samples were collected at the time of delivery from 62 newborns.
The families of these newborns were asked to complete a questionnaire about age and
education of parents, number of siblings, allergic diseases in family members, cigarette
exposure during pregnancy and presence of pets in their house. The same subjects were
evaluated when they were five years old. Venous blood samples were drawn and epidermal
skin prick tests were performed. IL-13 and interferon-gamma (IFN-y) levels were studied
from the blood samples which were taken during birth and five years later.

There was no significant relationship between gender, type of delivery, educational levels
of parents, exposure to cigarette smoke, atopy in parents, presence of pets in the house and
IL-13 and IFN-y levels in cord blood and at five years. Higher levels of 11.-13 in newborns
and five years olds, wete found significantly related to skin prick test positivity (p=0.004 and
$<0.0001, respectively) and presence of allergic diseases (p= 0.008 and p= 0.001,
respectively). Levels of IFN-y, both in cord blood and five years after, were not related with
the future of allergic status of children.

Higher levels of 11.-13 in cord blood may be a predictor of future development of allergic
sensitization.
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diseases are characterized by skewing of the T helper
(Th)1/Th2 balance away from Thl toward the Th2
cells.” While the Thl pathway is necessary for cell-
mediated immunity, Th2 pathway is essential for the
humoral immunity.>* Th2 type cytokines such as
interleukin (IL)-4, IL-5 and IL-13 are primarily
involved in the induction and maintenance of the IgE
antibody production while Thl type -cytokines,
interferon-gamma (IFN-y) and IL-12, antagonize Th2
immune responses.’

During pregnancy, the fetomaternal interface is
surrounded by high levels of Th2-like cytokines.®
Prenatal cytokines are thought to play an important role
in controlling the functional maturation of the
developing fetal immune system.” There is evidence
that maternal sensitization to allergens decreases the
ability to produce the Thl cytokine IFN-y in newborn
mice® and elevates production of the Th2 cytokine IL-
13 in the infants.” Allergen-specific cord blood immune
globulin (Ig) E may also be a predictor for atopic
sensitization and allergic diseases later on in life.'’
Current literature reflects conflicting results about the
relationship between cord blood cytokines and
paediatric atopic diseases. The aim of this study was to
evaluate the relation between cord blood Thl (IFN-y)
and Th2 (IL-13) cytokines and development of allergic
sensitization during the first five years of life in the
offspring.

MATERIALS AND METHODS

Umbilical venous cord blood (5 ml total) samples
were collected at the time of delivery from 62
newborns who were born in Dokuz Eylul University
Hospital, Izmir. Newborns whose mothers had chronic
diseases were excluded from the study.

IL-13 levels were studied with an ultrasensitive
enzyme-linked  immunosorbent  assay  (ELISA)
(BioSource USA, Camarillo, CA) and IFN-y with
enzyme-amplified sensitivity immunoassay (EAISA)
method in the serum samples which had been stored at
-70°C.

The families of these newborns were asked to
complete a questionnaire about age and education of
parents, number of siblings, allergic diseases in family
members, cigarette exposure during pregnancy and
presence of pets in their houses. The same subjects
were evaluated after five years. Five milliliters of
venous blood samples were taken from all children for
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detection of IL-13 and IFN-y levels. Epidermal skin
prick tests were applied with common allergens using
Allergopharma prick tests and evaluated according to
Aas and Berlin criteria.® Sensitization to house dust
mites, grasses, tree pollens, cereals, wild grass pollens,
animal danders, moulds, cockroach, food and latex
were evaluated with prick tests.

The study was approved by the Ethical Committee
of Dokuz Eylul University and was carried out with the
written informed consent of the parents.

Statistics

The calculations were made with the statistical
package SPSS 14.0 for Windows (SPSS Inc, Chicago,
IL, USA). Chi-square analyses were conducted among
the subgroups to test for statistically significant
differences. P <0.05 was accepted as significant.

RESULTS

Among 62 newborns whose cord blood samples were
taken and parents completed the questionnaire, only 40
(64.5%) finished the study. As 22 children and their
parents migrated out of the city, they could not come
for further evaluation performed five years later.
Characteristics of 62 newborns enrolled into the first

Table 1. Demographic data of 62 newborns whose cord
blood samples were taken

Demographic data Number (Percentage)

Gender
Female 28 (45.4 %)
Male 34 (54.8%)
Educational level of mother
Primary school 22 (35.5%)
Secondary school 24 (38.7 %)
High school 6 (9.7 %)
University 10 (16.1 %)
Educational level of father
Primary school 6 (9.7 %)
Secondary school 24 (38.7 %)
High school 29 (46.8 %)
University 3 (4.8 %)

Number of siblings (+/-) 28/34 (45.2/ 54.8 %)
Exposure to cigarette smoke during 20 /42 (32.3/67.7%)
pregnancy (+/-)

3/59 (4.8/95.2 %)
4/58 (6.5/93.5 %)
7/55 (11.3/88.7 %)

Atopy in mother (+/-)
Atopy in father (+/-)
Presence of pets in house (+/-)
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step of study were given in Table 1. Forty children
were evaluated five years after birth and venous blood
samples were taken and skin prick tests were
performed. IL-13 and IFN-y levels of cord blood and
venous samples from 40 five-year olds are given in
Table 2. No significant difference was found between
IL-13 and IFN-y levels in cord blood and venous blood
samples which were taken over a five-year interval.

At the end of five year follow up, 25% (10/40)
children had doctor-diagnosed symptoms of allergy
whereas 75% (30/40) of infants were not diagnosed to
have allergies. Of these, 12.5% (5/40) of infants had
bronchial asthma, %35 (2/40) had allergic rhinitis and
2.5% (1/40) had atopic dermatitis. All patients with
positive skin prick test had symptoms of allergic
diseases. The relationship between all demographical
data and cytokine levels were summarized in Table 3.
There was no significant relationship between gender,
type of delivery, educational level of parents, exposure
to cigarette smoke during pregnancy, atopy in parents,

presence of pets in the house and IL-13 and IFN-y
levels in cord blood after five years. Although no
significant ~ relationship was  found  between
demographic data and cytokine levels, a significant
relationship was detected between IL-13 levels and
skin test positivity (Figure 1-2). Although higher levels
of IL-13 in birth (Figure 1) and five years later (Figure
2) were found significantly related with skin prick test
positivity (p= 0.004, p< 0.0001, respectively) and
presence of allergic diseases (p= 0.008 and p= 0.001,
respectively), no significant relationship was found
between IFN-y levels, skin prick test positivity of
studied subjects and presence of allergic diseases
(Table 3).

No significant difference was noted in terms of
gender, type of delivery, educational level of parents,
exposure to cigarette smoke during pregnancy, atopy in
parents or the presence of pets in skin prick test
positive and negative children (Table 4).

Table 2. Levels of IL-13 and IFN-y in the cord blood and venous blood samples after five years.

IL-13 (pg/ml)

IFN-y (IU/ml)

Cord blood 3.82+8.98
(0-37.1)

5 years old 2.96+9.59
(0-42.2)

P-value 0.611

3.7246.52
(0-22.42)
4.4323.12
(1.2-142)
0.534

Data were presented as mean + SD (minimum—maximum)

Table 3. Relationship between demograhic data and IL-13 and IFN-y levels (p values).

IL-13 (pg/ml) IFN-y (IU/ml) IL-13 (pg/ml) IFN-y (IU/ml)

(Cord blood) (Cord blood) (5™ year) (5™ year)
Gender 0.924 0.741 0.793 0.837
Type of delivery 0.516 0.215 0.698 1.0
Educational level of mother 0.782 0.760 0.257 0.448
Educational level of father 0.806 0.784 0.392 0.514
Exposure to cigarette smoke 0.103 0.215 0.604 0.940
during pregnancy
Atopy in mother 0.494 0.049 0.445 0.082
Atopy in father 0.260 0.177 0.594 0.153
Presence of pets in house 0.310 0.454 0.267 0.392
Positivity of skin prick test 0.004* 0.603 0.000%* 0.393
Presence of allergic diseases 0.008* 0.720 0.001* 0.493

*: p <0.05
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Table 4. Demographical data of children according to skin test positivity.
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Demographic data Skin Prick Test P value
Positive Negative
(Number of children)  (Number of children)
Gender Female 5 12 0.113
Male 2 21
Type of delivery Vaginal 2 18 0.407
Section 5 15
Educational level of mother Primary/secondary school 5 11 0.076
High school/University 2 22
Educational level of father Primary/secondary school 4 14 0.383
High school/University 3 19
Exposure to cigarette smoke Yes 0 6 0.567
during pregnancy No 7 27
Atopy in mother Yes 0 2 0.677
No 7 31
Atopy in father Yes 0 1 0.825
No 7 32
Presence of pets in house Yes 0 4 0.448
No 7 29
Positivity of siblings Yes 3 18 0.441
No 4 15
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Figure 1. Cord IL-13 levels in skin prick test positive and negative children.
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Figure 2. IL-13 levels (5™ year) in skin prick test positive and negative children.

DISCUSSION

Immunological events driving Th development at
cytokine level begin during the fetal period.'' Fetal
intra-uterine environment is characterized by a Th2
cytokine profile.'"* A characteristic feature of atopy is
a Th2 immune response and its related cytokines are
IL-4, IL-5 and IL-13."* It is shown that the fetus is able
to produce IgE after the 22" week of gestation.15
Antenatal factors may be important in determining
susceptibility to atopy. Prenatal cytokine environment
may have an important role in controlling the
functional maturation of the developing fetal immune
system.'® The identification of early markers of atopy
in cord blood of newborns at delivery may offer the
possibility of effective preventative strategies in
subjects at high risk.

There are some studies evaluating the status of
cytokines in cord blood in order to detect the risk of
allergic diseases. Although a few of them found no
relationship between cytokines in cord blood and
allergic diseases, most of them suggest that there is an
association between some cytokines in cord blood and
future atopy. Macaubas ef al.'” reported that cord blood
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concentrations of IL-4 and IFN-y were associated with
lower risk of asthma and atopy (sensitization to some
inhalant allergens) outcome in six year olds. A study
reported by Kondo et al suggested that newborns with
atopy risk had a lower IFN-y producing capacity at
birth."® In a cohort study, the predictive value of a cord
serum screen test and possible subsequent development
of allergic disease in infants is evaluated and it is
reported that infants who had allergic diseases in the
first year of life had significantly elevated IgE and
significantly low IFN-y levels in cord serum."’
Herberth et al. also suggested that low levels of IFN- y
and high levels of IL-4-producing T cells at birth may
enhance the risk of subsequent development of atopic
dermatitis.”® The results of a recently published
prospective study indicate that low cord blood Treg
numbers may predict early atopic dermatitis.*'

Perinatal factors during delivery might be
associated with the development of allergic diseases
later.?? Conflicting results were found in studies about
the mode of delivery as a risk factor of later-developing
allergic diseases.” Pistiner er al?® found that
cesarean delivery is associated with allergic rhinitis and
atopy among children with a parental history of asthma
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or allergies. They suggested that this could be
explained by lack of contact with the maternal
vaginal/fecal flora or reduced/absent labor during
cesarean delivery. It is known that cesarean section
babies have a different gut flora,”” which has been
suggested to prolong immunological immaturity and
thereby increase the risk of later development of
allergic disease.”® In a meta-analysis performed by
Bager et al, an association was found between
delivery by cesarean section and a moderate risk
increase for allergic rhinitis, asthma and perhaps food
allergy, but not with inhalant atopy or atopic dermatitis.
In our study, neither cytokine levels nor status of atopy
were associated with the type of delivery.

IL-13 is a Th2 -type cytokine that is primarily
produced by activated T cells,” with the highest levels
derived from CD4* ThO and Th2 T-cell clones. Human
basophils and mast cells are also capable of producing
IL-13.3'% [L-13 has been shown to be a critical
mediator of the effector arm of the allergic response.
Overproduction of this cytokine has been shown to
induce airway hyperresponsiveness, eosinophilic
inflammation, IgE production, mucus hypersecretion,
and subepithelial fibrosis.”> Williams ez al.'® found that
IL-13 is spontaneously produced by fetal blood
mononuclear cells. The detection of this Th2-type
cytokine from as early as 27 weeks of gestation
indicates that the fetal immune system is capable of
cytokine synthesis and secretion. Prokesovd er al.**
tested cytokines IL-4, IL-5, IL-6, IL-10, IL-13, IFN-y
and transforming growth factor (TGF)-f in 21 healthy
and 21 allergic mothers and their children of up to one
year of age by taking samples at the time of delivery,
four days post-partum and then after three, six and 12
months. They found that there were relatively high
levels of IL-13 in cord blood, which showed a marked
decrease till the fourth day after delivery. They
suggested that the decrease could reflect the largely
placental origin of newborn’s IL-13. Some studies have
shown an association between IL-13  gene
polymorphism and IgE levels.>>*® Sadeghnejad er al.’
recently reported an important relation between IL-13
polymorphism and cord serum IgE for the first time in
literature. In our study both cord blood and serum IL-
13 levels in children in their five year of life were
significantly and positively associated with allergic
sensitization.

Improved hygiene practices may be partly
responsible for the increased prevalence of atopy.™®
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Exposure to infectious agents in childhood stimulates
the immune system in favour of a Thl response which
inhibits Th2 cells.” It was shown that larger family size
and domestic crowding had a protective effect on
atopic sensitization.***' According to the hygiene
hypothesis, the presence of a large family size and
older siblings protects the development of allergic
disease by mediating infection acquired from contact
with siblings.*” In our study no association was found
between the number of siblings and the presence of
atopy. We also found no relationship between the
presence of pets at home and allergic sensitization in
the current study. In a study performed by Kuyucu et
al,** higher paternal education level was the strongest
risk factor showing a linear positive relationship with
atopic sensitization. Also there are some studies
showing positive associations between the skin test
positivity and higher socioeconomic status*™*!  or
parental education status in the literature.*’ We also
found no relationship between the educational levels of
the parents and the skin test results.

In summary, the results of this study showed that
IL-13 levels in cord blood and venous samples in
five year olds were significantly related with
presence of allergic diseases and skin prick test
positivity. Higher levels of IL-13 in cord blood may be
used as a predictor for atopic sensitization later in
life.
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