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ABSTRACT. Testing of cytokine levels in colostrum, cord blood and amniotic fluid of healthy and allergic
mothers and their newborns (using protein microarrays and quantitative analysis by ELISA) revealed dif-
ferences in the levels of IL-5, IL-10, TGF-B, TNF-a, EGF and eotaxin between healthy and allergic groups.
Significantly higher concentration of IL-5 and IL-10 in the colostrum of allergic mothers and cord blood of
their children and also tendency to a higher level of IL-4 found at allergic mothers and their children (but with-
out statistical significance) indicate a bias to Ty2 response in this group. The higher level of TGF-B in the
colostrum of healthy mothers should be involved in beneficial immunological tuning of their children includ-
ing enhanced IgA formation and better intestine maturation. In amniotic fluid, concentration of TGF-3 was
higher in children of allergic mothers. A significantly higher level of EGF was proved in the colostrum of
healthy mothers and in cord blood of their children in comparison with allergic group. EGF deficiency in the
allergic group could impair or delay intestine maturation and support thus allergy development.

Abbreviations

EGF epidermal growth factor PDGF-BB platelet-derived growth factor BB
ELISA enzyme-linked immunosorbent assay RANTES regulated upon activation, normal
GIT gastrointestinal tract T-cell expressed and secreted
GRO-a growth related oncoprotein o SEM standard error of the mean

IL interleukin TGF-B transforming growth factor
IFN-y interferon y Ty helper T-lymphocyte

MCP-1 monocyte chemotactic protein-1 TNF-a tumor necrosis factor o

MIP-18 macrophage inflammatory protein 138 VEGF vascular endothelial growth factor

Apart from genetic predisposition in children of allergic parents, the development of allergy is pro-
moted by a number of external factors acting on the developing immune system of the individual. Maternal
milk, which is the main source of newborn’s nutrition after birth, contains not only all necessary nutrients sup-
porting growth, but also a broad range of immunologically active substances (interleukins, chemokines, inter-
ferons, antibodies, growth factors, hormones, etc.) and cells (epithelial cells, macrophages, neutrophils and
lymphocytes) that can affect the processes occurring in the immune system of the newborn (Field 2005;
Kverka et al. 2007; Newburg ef al. 2007). Breast feeding of an infant by healthy mother is generally taken to
be beneficial. Certain differences have been described between the composition of milk of healthy and aller-
gic mothers; a question therefore arises if the milk of an allergic mother has equally beneficial effects as that
of a healthy one (Duchén ef al. 1999, 2000; Friedman et al. 2005).

Since various proteinaceous substances have been shown to be able to penetrate through the intes-
tinal mucosal wall into the organism and a similar penetration of cells has been demonstrated on animal mo-
dels (Liebler-Tenorio et al. 2002; Schnorr et al. 1984) and indirectly also in humans (Schlesinger et al. 1977),
the still immature digestive tract of the newborn, with its increased permeability and lower ability to degrade
food components can be assumed to allow the transfer of immunological components of mother’s milk into
the newborn’s organism in their immunologically active form. They can then influence the immune system

*1st part of this study: Pediatr.Allergy Immunol. 17, 175-183 (2006).
**Corresponding author.
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of the child not only in intestinal mucosa but in the whole organism (Hanson ef al. 2003; Kelleher et al.
2001).

However, even during the prenatal period the child is exposed to the action of various substances
arriving from the mother and present in the amniotic fluid. The fetus swallows the amniotic fluid, whose
components thus come into contact with the immature mucosas of the digestive and respiratory tracts. These
substances can then be assumed to penetrate into the whole organism of the fetus and could influence the
development and tuning of the immature immune system already in the prenatal period (Warner et al. 2000;
Warner 2004).

To assess the possible differences in the influence of a healthy and allergic mother on the child’s
development, we compared the levels of some cytokines in colostrum and in amniotic fluid collected in mid-
gestation during diagnostic amniocentesis performed in healthy and allergic mothers. We paid attention mainly
to cytokines representative for Tyl (IFN-y) and Ty2 (IL-4-1L-6, IL-13) responses, cytokines with immuno-
suppressive function (IL-10, TGF-B), cytokines important for isotype switch (IL-4, IL-5, IL-10, TGF-f) and
factors influencing maturation of intestinal wall (TGF-B, EGF).

The character of the cells and soluble components of newborn’s blood is determined by both the
genetic traits of the parents and the phenotypic properties of the mother’s organism with which the fetus is in
close contact throughout the gestation via the placenta and amniotic fluid. The newborn’s blood would then
allow us to assess the risk of future appearance of allergy. We therefore also tested a set of immunological
markers in the serum from cord blood collected after the delivery. In an attempt to evaluate the prognostic
significance of cord blood examination, we compared the cord blood composition of newborns from healthy
mothers with that of newborns of allergic mothers, who pose a higher risk of future allergy.

MATERIALS AND METHODS

Subjects. Two groups of mothers and children according to mothers’ clinical statement were used as
donors:

(1) healthy individuals — non-allergic mothers and newborn children of non-allergic mothers;
(2) allergic individuals — allergic mothers and newborns of allergic mothers.

The study was approved by the Ethical Committee of the Institute for the Care of Mother and Child
and was carried out with the informed consent of the mothers. Diagnostics of allergy in mothers was based
on clinical manifestation of allergy persisting for >2 years (allergy against respiratory and food allergens
manifested by various individual combinations of hay fever, conjunctivitis, bronchitis, asthma, eczema, efc.),
monitoring by an allergologist, positive skin prick tests or positive specific IgE and anti-allergic treatment
before pregnancy.

Tested samples. Colostrum specimens were collected on the 3rd day after delivery. Mothers expres-
sed their breast milk manually into sterile polypropylene tubes and stored it for 1-2 h at 4 °C until delivered
to laboratory; the fat layer and cell pellet were then removed by centrifugation (8000 g, 25 min, 4 °C) and
soluble fraction was stored in aliquots at —20 °C until processed.

Cord blood samples were collected in sterile tubes immediately after delivery with the usual pro-
cedures including careful cleaning of the cord and puncture of umbilical vein to avoid maternal contaminat-
ion. Serum obtained after centrifugation (1500 g, 10 min, 4 °C) was stored at —20 °C.

Amniotic fluid samples were obtained by amniocentesis made for diagnostic purposes in the 20th
week (£1 week) of pregnancy. All samples were centrifuged (8000 g, 10 min, 4 °C) to eliminate insoluble
parts and kept frozen at —20 °C.

Cytokine estimation by protein array method. RayBio Human Cytokine Array III (Raybiotech,
USA) was used for simultaneous detection of a large number of cytokines in one sample (Table I). Array
membranes were processed according to producer’s recommendation. LAS-1000 detector (Fujifilm, Japan)
was used for detection of luminescence and the data were then analyzed using AIDA 3.28 software (Raytest,
Germany). After subtracting the background staining, relative protein levels normalized to positive controls
(applied on the membrane by the manufacturer) were obtained for each single membrane.

Cytokine estimation by ELISA method. Cytokines (IL-4-1L-6, IL-8, IL-10, IL-12, IL-13, IFN-y,
TGF-B1, eotaxin, MCP-1, GRO-a, RANTES, TNF-a and EGF) were quantified by ELISA using high-ad-
sorption polystyrene microtitration plates (Nunc, Denmark). Paired antibodies, where the second antibody
was biotinylated (R&D System, Germany), were used according to producer’s recommendation. The results
were read from calibration curves of recombinant cytokines (R&D System) using Genesis software and ex-
pressed in pg/mL.
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Statistics. The data are presented as means + SEM for pro-
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- ; - Z E ; é A quantitative estimation by ELISA. Differences between groups
) were evaluated using unpaired Mann-Whitney test. Statistical sig-
nificance was set at p < 0.05.
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£ difference was not significant due to large individual variability.
f; Z By contrast, the concentration of TGF-B in amniotic fluid of
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il ,;% fluid, a high amount of this growth factor was found in colostrum.

The level of EGF in the colostrum of healthy mothers was signifi-
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cantly higher than in allergic ones (p = 0.04). Higher amount of EGF (p = 0.03) was also in cord blood of
children of healthy mothers (Table IV).

Table II. Relative levels of selected cytokines (exceeding at least 10 % of positive controls) in amniotic fluid (at the 20th week of
gestation), colostrum (3rd day after delivery) and cord blood collected from individuals of healthy and allergic group detected by pro-

tein microarray method®P
Amniotic fluid Cord blood Colostrum
Cytokine
HI Al HI Al HI Al

EGF 53+ 20 56+ 14 121 +£352 105 £41.0 460 +137 432 +£147
ENA-78 23+ 1.0 27+ 13 38+ 1.8 47+ 1.6 240+ 12.1 349+ 24.1
GRO 106+ 7.7 89+ 44 46.9+21.0 79+ 83 203.0+ 177 183  +£147
IL-6 524+61.7 69.4+77.7 09+ 04 0.7+ 0.9 51+ 6.1 24+ 1.6
IL-8 53.8+49.2 36.6+16.3 83+ 34 10.1+ 5.0 825+ 469 102 =+ 42.0
IGF-1 1.3+ 0.6 1.7+ 0.4 87+ 6.3 6.6+ 49 299+ 247 259+ 158
Leptin 423+434 269+22.6 22.6+169 9.7+ 9.2 26+ 14 62+ 4.6
MCP-1 13.6+ 8.2 216+ 8.0 8.7+ 3.2 42+ 23 159 =+ 82.1 105 <+ 439
MIP-18 103+ 5.8 10.8+ 5.2 31.7+19.3 20.5+ 14.1 87+ 63 102+ 54
PDGF-BB 1.5+ 0.5 19+ 05 86.0+37.2 63.7+36.2 40+ 07 33+ 03
RANTES 50+ 33 51+ 34 49.5+14.0 373+ 74 44+ 1.8 6.0+ 1.1
VEGF 38+ 1.2 43+ 1.7 64+ 24 5.0+ 3.6 275+ 16.0 255+ 84
Angiogenine 60.5+28.8 66.9+14.9 139 +284 81.7 +£30.9 207 + 63.1 179 + 414

4Mean values normalized to positive controls (i.e. 100 %) = SEM of 8 samples (amniotic fluid) or 4 samples (cord blood, colostrum).
bHI healthy individuals Al allergic individuals

DISCUSSION

The children of allergic parents (mainly of allergic mothers) are in a larger risk of future develop-
ment of allergy (Peden 2005; Tariq et al. 1998). There is a great effort to define some prognostic markers to
be able to anticipate the future ailment and to make possible preventive measures. Some differences in
immunological indices in newborn children (mainly in cytokine concentrations) were reported but there are
many controversies in this respect (Amoudruz et al. 2005; Hauer et al. 2003; Kopp et al. 2001). Many data
concerning differences in milk composition of healthy and allergic mothers were published but they are also
not unambiguous (Bottcher et al. 2000a,b; Snijders et al. 2006). The most reliable factor increasing the pro-
bability of the rise of allergy in a child has so far been the allergy of the mother. The decisive role of genetic
background is generally accepted but it is well known that also environmental factors and phenotypic fea-
tures of the mother influence the development of child’s immune system and can modulate its tuning in the
direction of allergy development (Peden 2005). The main influence of maternal organism is mediated by breast
feeding. Amniotic fluid, the constituents of which are both of fetal and maternal origin, can exert a similar
effect during intrauterine development of the fetus.

We intended to contribute to better characterization of factors signaling the increased probability of
future allergy occurrence. For this reason we analyzed the cytokine spectrum in cord blood and maternal
colostrum, and we also examined the amniotic fluid taken by amniocentesis in the middle of gestation for
other diagnostic reasons which has as yet not been much addressed in connection with allergy.

The protein microarray method used for the first screening revealed relative levels of cytokines
(normalized to positive controls present on each microarray membrane) in all three body fluids tested. This
quantification can serve only for rough orientation since the detection sensitivity of individual cytokines is dif-
ferent. Also the comparison of healthy and allergic groups is unreliable because of the small number of sam-
ples we were able to test by this method. More exact comparison was done after quantitative estimation of
selected cytokines using ELISA method.

Already at an early stage of intrauterine development, amniotic fluid is very rich in various lympho-
kines, chemokines and growth factors (Nowicki et al. 2005). The levels of Ty2 cytokines IL-4 and IL-6 are
higher in amniotic fluids from the allergic group but the differences between allergic and healthy groups are
not significant. The only significant difference between amniotic fluids of children of healthy and allergic
mothers is the higher concentration of TGF-f in allergic group, which is a situation quite opposite to that in
colostrum. TGF-f role in IgA formation, peripheral tolerance induction and intestine maturation implies the
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importance of this cytokine for immunological tuning of the organism. However, its concentration both in
amniotic fluid and colostrum is relatively low in comparison with the concentration in newborn’s blood and
its active synthesis is supposed to take place in newborn’s organism (ProkesSova et al. 2006); hence, TGF-3

Table III. Levels of cytokines in amniotic fluid (at the 20th week of gestation), in colostrum (3rd day after delivery), and in cord
blood of children of healthy and allergic mothers detected by ELISA (pg/mL)?

Healthy individuals Allergic individuals
Cytokine pb
n Ql median Q3 n Ql median Q3
Amniotic fluid
IL-4 16 0 0 5.0 16 0 0 0.1 0.9231
IL-5 16 0.6 9.2 56.2 16 0.8 5.2 61.5 0.7914
IL-6 16 87.1 137 309 16 72.1 137 273 0.8065
IL-8 16 93.4 198 434 16 121 232 378 0.8459
IL-10 16 10.1 12.1 24.5 16 8.1 10.6 175 0.1343
IL-12 16 9.5 12.9 415 16 10.4 15.5 485 0.9335
IL-13 16 14.9 413 420 16 55 12.6 125 0.4282
IFN-y 16 0 0 0.1 16 0 0.1 417 0.2209
TGF-B 16 45.0 262 382 16 325 602 1320 0.0195
Eotaxin 16 74 325 57.9 16 55 11.1 57.3 0.8830
MCP-1 16 284 432 1240 16 438 616 733 0.8911
GRO-a 16 231 305 604 16 184 326 602 0.5167
RANTES 16 43 10.2 32.8 16 1.6 4.0 8.5 0.0705
TNF-o 16 16.7 25.8 32.9 16 40.9 474 58.8 0.0013
EGF 16 1.1 1.8 45 16 1.5 2.0 7.9 0.3656
Colostrum
IL-4 43 73.0 119 231 64 86 147 428 0.0851
IL-5 43 5.0 73.0 128 64 59.5 122 188 0.0079
IL-6 43 29.0 74.0 159 64 38.0 84.5 177 0.7315
IL-8 13 245 55.5 97.1 15 223 53.3 95.9 0.5140
IL-10 37 20.0 154 321 60 151 300 464 0.0042
IL-12 14 1.3 4.8 10.2 17 34 6.8 15.7 0.5589
IL-13 39 9.0 243 1900 63 39.0 397 1710 0.5375
IFN-y 9 155 115 1120 63 47.0 211 577 0.7536
TGF-B 44 299 581 824 62 95.2 229 510 0.0009
Eotaxin 14 1.6 37.3 71.3 16 2.1 8.8 20.3 0.0203
MCP-1 16 142 225 528 24 106 217 468 0.5194
GRO-a 20 208 287 702 21 215 287 554 0.8081
RANTES 16 33.1 493 61.2 16 17.5 44.6 61.9 0.5820
TNF-a 15 11.0 258 301 15 12.0 163 271 0.7208
EGF 22 119%x10° 235x 103 451 x 103 22 106 X 103 166 x 103 255 % 103 0.0431
Cord blood

IL-4 42 215 132 276 55 91.0 167 386 0.0629
IL-5 9 31.5 86.5 127 55 71.0 108 198 0.0405
IL-6 41 41.0 63.0 127 55 253 45.6 120 0.7727
IL-8 43 40.7 58.2 80.4 43 432 65.8 120 0.3206
IL-10 36 25.5 141 315 50 135 238 369 0.0290
IL-12 14 140 151 180 13 131 153 165 0.6066
IL-13 38 89.5 732 2215 54 145 1400 3275 0.2046
IFN-y 41 19.5 92.0 1455 55 44.6 69.3 300 0.4146
TGF-B 43 28%x103  69x10° 105x 103 53 23x10°  42x103  88x10°  0.1250
Eotaxin 13 865 1275 1765 13 15.5 138 998 0.0060
MCP-1 14 2.0 8.0 12.5 13 1.0 5.0 124 0.9419
GRO-a 14 153 600 1010 13 66.5 250 672 0.0746
RANTES 14 9200 12x103  20x 103 13 9845 16x103  21x103  0.5816
TNF-o 40 27.8 73.6 356 44 42 66.8 446 0.7505
EGF 40 743 1500 2540 44 701 1305 1945 0.0312

4, — number of tested samples, Q1 — 1st quartile, Q3 — 3rd quartile. bStatistically significant results are in boldface.
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received by swallowing amniotic fluid or colostrum cannot play any decisive role in immunological regulat-
ions in the newborn.

Table IV. Levels of EGF in amniotic fluid (at the 20th week of gestation), colostrum (at the 3rd day after delivery) and cord blood
of healthy and allergic mothers detected by ELISA (pg/mL)?

Healthy individuals Allergic individuals
Sample P
n Ql median Q3 n Ql median Q3
Amniotic fluid 16 1.1 1.8 45 16 1.5 2.0 7.9 0.3656
Colostrum 22 119x10° 235%x 103 451 x 103 22 106 X 103 166 x 103 255x 10> 0.0431
Cord blood 40 743 1500 2540 44 701 1300 1940 0.0312

3See footnotes of Table III.

Significantly higher levels of IL-5 and IL-10 and the tendency to higher levels of IL-4 in colostrum
of allergic mothers in comparison with healthy mothers point to an increased bias to Ty2 response in this
group. The same trend is evident in sera of newborns of allergic mothers where IL-5 and IL-10 levels are
significantly and IL-4 nonsignificantly higher. The increased level of IL-10 in allergic group was surprising.
We suggest it could represent compensatory mechanism in the group with increased risk but still without
allergy manifestation. We detected relatively low levels of IL-8 and RANTES in colostra of both healthy
and allergic mothers, which is not in correspondence with the data of Bottcher et al. (2000a) and Meki ef al.
(2003) who found high levels of IL-8 and RANTES in allergic mothers. These authors suggested that the
high levels of IL-8 and RANTES in milk compensated delayed chemokine formation in newborns; however,
we proved high RANTES levels in cord blood sera. The only difference between healthy and allergic mothers
in cytokine composition in colostrum shown by Laiho et al. (2003) was a lower concentration of TGF-f2 in
allergic mothers. We demonstrated a lower concentration of TGF-1 as well but the role of colostral TGF-3
is probably not decisive, as mentioned above.

The mediator which has not been studied in connection with allergy development is EGF. This growth
factor is (beside other functions) extremely important for the development of the gastrointestinal tract (Cum-
mins et al. 2002; Takeda et al. 2004); in amniotic fluid of mid gestation it is hardly detectable. Its concen-
tration in cord blood is high but it is lower in children of allergic mothers than the level in newborns of
healthy mothers (p = 0.03). Remarkably, EGF concentration in maternal colostrum is two orders of magni-
tude higher than the concentration in cord blood; this is in accordance with the positive role which is played
by colostrum in GIT development. The lower EGF concentration in allergic colostra (p = 0.04) could con-
tribute to the possible delayed development of intestine of children breast-fed by allergic mothers; this could
be a cause of increased intestinal permeability facilitating allergy induction. The results allow us to suggest
the low levels of neonatal and colostral EGF as a factor pointing to increased probability of future develop-
ment of allergy.

The low degree of significance in some cases where the trend is quite evident is caused by exten-
sive individual variability.

This work was supported by the grant no. IGA/MZ NR/8040-3 of the Ministry of Public Health of the Czech Republic.
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