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ABSTRACT

Allergic disease (AD), including atopic eczema, asthma, al-
lergic rhinitis, and food allergy, is characterized by an imbalance
between cytokines produced by distinct T-helper cell subtypes.
Whether this imbalance can be transferred from mother to breast
milk remains to be established. The objective was to investigate
the concentrations and interactions of nutritional and inflamma-
tory factors in breast milk. Breast milk samples were collected
from mothers with AD (n = 43) and without AD (n = 51). The
concentrations of transforming growth factor (TGF)-$3,, tumor
necrosis factor-a, 1L-4, IL-10, prostaglandin E,, and cysteinyl
leukotrienes were measured by immunoassays and fatty acid
composition by gas chromatography. Mothers with AD had a
lower concentration of TGF-f, in breast milk [median (inter-
quartile range), 420 (278 —701) ng/L] compared with those with-
out AD [539 (378-1108) ng/L; p = 0.003], whereas other
cytokines, prostaglandin E,, and cysteinyl leukotriene concen-
trations or fatty acid composition were not significantly different
between the groups. The breast milk inflammatory factors and
fatty acid composition were shown to be related. A positive
association was observed between TGF-f3, and the proportion of

Breast milk provides the infant with nutrients for growth and
development and immune protection to compensate for the
immature and inexperienced defense mechanisms at mucosal
surfaces. Although the evidence is inconclusive, breast-feeding
during the first months after birth seems to protect the infant
against AD, including atopic eczema (1), allergic rhinitis (2),
asthma (3), and food allergy (4). However, it has been docu-
mented that parental and particularly maternal AD increases
the risk of AD in the infant (5-8). The intensive relationship
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polyunsaturated fatty acids (p = 0.038) and a negative associa-
tion between TGF-f3, and the proportion of saturated fatty acids
(p = 0.029) in breast milk. The reduced TGF-f3, concentration in
the breast milk of mothers with AD may interfere with the
development of the mucosal immune system of the breast-fed
infant. The observed associations between nutritional and inflam-
matory factors in breast milk suggest that it may be possible to
influence the immunologic properties of breast milk by dietary
intervention of the mother. (Pediatr Res 53: 642—-647, 2003)

Abbreviations
AD, allergic disease
TGF-,, transforming growth factor 3,
TNF-a, tumor necrosis factor «
PGE,, prostaglandin E,_
Cys-LT, cysteinyl leukotrienes
PUFA, polyunsaturated fatty acids
SFA, saturated fatty acids
TH, T-helper cell
Tr, T-regulatory cell

between the mother and the infant during pregnancy and
breast-feeding may result in modulation of the immune system
of the infant to favor the development of allergic immune
responder phenotype. As allergic inflammation is typically
characterized by altered production of mediators such as cyto-
kines and immunoglobulins (9, 10), it is possible that the AD
of the mother influences the breast milk composition. Such
variation in composition may in turn affect the maturation of
the defense mechanisms of the gastrointestinal tract and thus
the health status of the breast-fed infant.

Cytokines, fatty acids, and eicosanoids—depending on the
mediator type—have the capacity to exert both proinflamma-
tory and antiinflammatory effects (11-13), but little is known
as to their concentrations and associations within breast milk.
In addition, whether the AD of the mother is reflected in the
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composition of her breast milk has not been ascertained. The
objectives of the present study were to investigate /) the
concentrations and interactions of the nutritional and inflam-
matory factors within breast milk and 2) the composition of
breast milk in mothers with AD compared with that of mothers
without.

METHODS

Subjects and study design. The study population comprised
43 mothers with and 51 mothers without AD. Breast-feeding
mothers from families participating in other, allergic unrelated
studies at Turku and Tampere University Hospitals were asked
to donate breast milk samples to the study. Mothers with
chronic diseases other than AD were excluded. AD in the
mothers was classified as atopic eczema, asthma, allergic
rhinitis, or food allergy according to the mothers’ own reports
of doctor-diagnosed AD or previous use of medication for
symptoms of AD. At the time of breast milk sample collection
the infants were on average 2.3 mo old. Fifty-nine of the
infants were exclusively breast-fed while 35 received solid
foods or infant formula in addition to breast milk.

Infants were allowed to suckle for a few minutes before a
breast milk sample was collected by manual expression, and
thereafter feeding was continued. The samples were stored at
—70°C until analysis.

An informed consent was asked from all the mothers par-
ticipating in the study, and the study was approved by the First
Ethical Committee of the Hospital District of South-West
Finland and the Ethical Committee of Tampere University
Hospital.

Analysis of cytokine concentrations in breast milk. The
breast milk samples were thawed, mixed by vortex, and sub-
sequently centrifuged at 8832 X g for 5 min at room temper-
ature to separate fat and cells from whey. The concentrations of
TNF-«, IL-4, IL-10, and TGF-B, in whey were determined
using commercial sandwich ELISAs specific to these mole-
cules (R&D Systems Europe Ltd, Abindgon, U.K.). Assays
were performed as recommended by the manufacturer, except
that latent TGF-3, was activated as previously described (14).
Briefly, the milk was incubated at room temperature for 1 h
with 1 M acetic acid and neutralized with 1.2 M NaOH/0.5 M
HEPES. All assays were performed in duplicate.

Analysis of eicosanoid concentrations in breast milk. PGE,
was measured by RIA using reagents supplied by Amersham
Pharmacia Biotech (Biotrak RPA 530; Buckinghamshire,
U.K.). The amount of Cys-LTs was measured by ELISA using
reagents supplied by Amersham Pharmacia Biotech (Biotrak
RPN 224).

Analysis of fatty acid composition of the breast milk. The
breast milk samples were thermostated at 40°C for an hour and
thoroughly mixed before aliquots of 0.5 g were taken for fatty
acid analysis. Methyl nonadecanoate (5.0 mg; 99+%; Nu-
Check Prep. Inc., Elysian, MN U.S.A.) in ethanol was added as
the internal standard, and the ethanolic solution was alkalinized
with ammonium. Lipids were extracted three times with petro-
leum and diethyl ethers according to the FIL-IDF standard
(15). Fatty acids were methylated with boron trifluoride (16)
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before analysis by capillary gas chromatography. Fatty acid
methyl esters were injected using on-column technique to a
NB-351 column (25 m X 0.32 mm X 0.2 wm; HNU Nordion,
Helsinki, Finland). The gas chromatography conditions were as
follows: injector and oven temperatures were programmed
from 60°C to 240°C; flame ionization detector temperature was
260°C, and helium was used as the carrier gas with a constant
flow rate of 2.0 mL/min. Fatty acid methyl esters were assumed
to give equal responses in the detector. Fatty acid contents
were calculated from the respective methyl esters and triacyl-
glycerol contents by multiplying the total fatty acid contents by
1.046 (17). Each breast milk sample was analyzed for fatty
acids in duplicate.

Statistical analysis. Differences between two unpaired groups
were evaluated by the independent samples ¢ test or by differences
between the means and their confidence intervals (18) for nor-
mally distributed variables and by the Mann-Whitney U test for
variables not normally distributed. Correlations between two vari-
ables were calculated by the Spearman rank correlation coeffi-
cient. Values are reported as mean and SD or as median and range
or interquartile range, unless otherwise specified. A p value of
< 0.05 was considered statistically significant. All statistical
analyses were performed on SPSS for Windows (version 10.0.5;
SPSS Inc., Chicago, IL, U.S.A.).

RESULTS

The clinical characteristics of the mothers and their infants
are summarized in Table 1. The two groups were comparable
except for the presence or absence of AD. The most common
AD in the mothers was allergic rhinitis, followed by food
allergy and atopic eczema.

The prevalence and concentrations of the analyzed cytokines
and eicosanoids in breast milk are presented in Table 2.

Table 1. Clinical characteristics of mothers with and without AD
and of their infants

Mothers with AD

Mothers without AD

(n =43) (n =151)
Mothers
Type of AD*
Atopic eczema 13 24)t
Asthma 3(6)
Allergic rhinitis 24 (44)
Food allergy 14 (26)
Duration of gestation 40 (36—42)% 40 (37-42)
(weeks)
Mode of delivery§
Vaginal 38 (83)F 44 (92)
Cesarean 5(12) 4(8)
Children

Birth weight (g) 3634 (2750-4950)% 3644 (2950—4590)

Birth length (cm) 50 (47-53)% 51 (47-54)
Head circumference at 35(33-38)% 35(33-37)
birth (cm)§
Siblings
0 37 (86)F 33 (66)
1 or more 6 (14) 17 (34)

* 11 mothers were classified into more than one category of AD.

T (%).

i Mean (range).

§ Data on 1-3 subjects missing because of delivery in another hospital.
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Table 2. Prevalence and concentrations of cytokines and eicosanoids in breast milk of mothers with and without AD

Mothers with AD

Mothers without AD

Cytokine Detection limit Positive samples* Median Range Positive samples* Median Range
TNF-« 4.4 ng/L 4/31 (13) <44 <4.4-213 7/38 (18) <44 <4.4-15.1
IL-4 10.0 ng/L 0/37 (0) 0/37 (0)

IL-10 39ng/L 3/38 (8) <3.9 <3.9-10.8 4/40 (10) <39 <3.9-49.4
TGF-B, 7.0 ng/L 37/37 (100) 420% 153-42,117 38/38 (100) 539 255-21,094
PGE, 6.3 ng/L 36/36 (100) 184 58-829 46/46 (100) 175 39-902
Cys-LTs 0.015 ug/L 36/36 (100) 28 3-139 46/46 (100) 23 2-226

* Number of samples above detection limit in relation to total number of measurements (%).

T Different from mothers without AD; p = 0.031 (Mann-Whitney U test).

TGF-f, of cytokines and PGE, and Cys-LTs of eicosanoids
were detected in all breast milk samples, whereas cytokines
TNF-« and IL-10 were detected in 16% and 9% of the samples,
respectively. None of the samples reached the detection limit
for IL-4. The concentration of TGF-B, was lower in mothers
with AD compared with mothers without (p = 0.003; Fig. 1),
whereas concentrations of the other cytokines and eicosanoids
were similar in the two groups.

The total amounts of triacylglycerols in the breast milk were
not significantly different in mothers with AD compared with
mothers without (mean = SD: 40 = 21 g/L, n = 28 and 37 =
18 g/L, n = 39, respectively; NS). The fatty acids docosa-
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Figure 1. Concentrations of TGF-8, in breast milk in mothers with AD (n =
37) and without AD (n = 38). Median and interquartile range; p = 0.0031.

hexaenoic acid (22:6w-3), docosapentaenoic acid (22:5w-3),
and +y-linoleic acid (18:3w-6) could not be detected or were
insufficiently separated (22:6w-3) in the samples in the gas
chromatographic conditions used in the study. The proportions
of other individual fatty acids or fatty acid groups were not
different between the two groups (Table 3).

The breast milk inflammatory factors and fatty acid compo-
sition were shown to be related. A positive association was
observed between TGF-S, and proportions of PUFA (o =
0.29, p = 0.038, n = 53) and w-6 fatty acids (o = 0.34, p =
0.012, n = 53) in total fatty acid content and a negative
association between TGF-B, and proportion of SFA (o =
—0.30, p = 0.029, n = 53) in total fatty acids (Fig. 2). TGF-j3,
was not associated with the proportion of w-3 fatty acids. PGE,
was related with Cys-LTs (o = 0.34, p = 0.002, n = 82) and

Table 3. Prevalence of the major fatty acids (% of total fatty acids)
in breast milk of mothers with and without AD

Mothers Mothers
with AD without AD
Fatty acid (n = 28)* (n = 40)* Difference

Saturated

10:0 141 £0.44 1.45 +0.55 —0.04 (—0.29, 0.21)

12:0 5.63 £ 1.83 6.06 = 2.44 —0.43 (—1.52,0.65)

14:0 6.34 = 1.77 6.88 = 2.25 —0.54 (—1.56, 0.48)

16:0 22.62 = 2.30 21.73 = 5.55 0.89 (—1.33,3.11)

18:0 8.54 = 1.94 7.93 £ 1.75 0.61 (1.51, 1.53)
Monounsaturated

16:1w-9 0.33 +£0.09 0.36 = 0.11 —0.03 (—0.08, 0.03)

16:1w-7 246 = 0.74 2.79 £0.95 —0.33 (—0.76, 0.10)

18:1w-9 3537 = 3.15 35.50 = 4.39 —0.12 (—2.05, 1.82)

18:1w-7 2.90 = 1.06 3.18 £ 1.21 —0.27 (—0.84, 0.29)
Polyunsaturated

18:2w-6 9.31 = 2.00 9.17 + 1.71 0.14 (—0.76, 1.04)

20:3w-6 0.28 = 0.08 0.28 = 0.09 0.003 (—0.04, 0.05)

20:4w-6 0.31 £0.09 0.34 £0.12 —0.03 (—0.08, 0.03)

18:3w-3 2.04 = 0.71 1.95 = 0.64 0.09 (—0.24, 0.42)

20:5w-3 0.10 = 0.06 0.09 + 0.06 0.007 (—0.02, 0.04)
Total

SFA 4531 =522 4483 = 7.12 0.48 (—2.67, 3.64)

MUFA 42.13 = 3.69 42.85 =535 —0.72 (—=3.06, 1.61)

PUFA 12.24 = 2.54 12.01 = 2.29 0.23 (—0.95, 1.41)

-6 10.10 = 2.07 9.96 = 1.84 0.14 (—0.81, 1.09)

-3 2.14 = 0.71 2.05 = 0.66 0.09 (—0.24, 0.43)
Ratios

18:2w-6/18:3w-3  4.88 £ 1.24 5.16 = 1.83 —0.28 (—1.08,0.51)

w-6/w-3 5.02+1.24 5.37 £2.05 —0.35(—0.52, 0.45)

* Mean * SD.

+ Mean (95% confidence intervals).
MUFA, monounsaturated fatty acids.
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Figure 2. Relations between concentration of TGF-f, and proportion of SFA (¢, 4) and PUFA (O, @) among total fatty acids in breast milk. Mothers with

AD are indicated by open symbols and mothers without by solid symbols.

with the proportion of dihomo-vy-linolenic acid (20:3w-6; o =
0.26, p = 0.036, n = 64) in the total fatty acids. Breast milk
Cys-LTs were associated with the proportions of dihomo-+y-
linolenic acid (20:3w-6; ¢ = 0.32, p = 0.011, n = 64) and
eicosapentaenoic acid (20:5w-3; o = 0.41, p = 0.001, n = 64)
in total fatty acids. However, neither PGE, (o = 0.23, p =
0.067, n = 64) nor Cys-LTs (o = 0.19, p = 0.125, n = 64)
were associated with the proportion of arachidonic acid
(20:4w-6) of total fatty acids.

DISCUSSION

The immunologic hallmark of AD is an imbalance between
regulatory cytokines produced by distinct TH cell subtypes.
Interestingly, this study revealed that in addition to cytokines,
other mediators may also regulate the delicate immunologic
balance. The possibility that aberrant properties of breast milk
may be transferred from mother to child and the composition of
breast milk be influenced presents a particular challenge in the
fight against AD.

Several studies have indicated that maternal atopy and AD,
even more profoundly than paternal AD, increases the risk of
atopy and AD in the infant (5-8). In a recent study, in
comparison to paternal atopy, maternal atopy involved a more
than 3-fold risk of atopy in child (8). Although some of the
transmission of AD may be inherited, the differential impact of
the maternal and the paternal AD on the risk of disease in the
infant implies that the relationship between the mother and the
fetus or infant is a stronger determinant of the immune re-
sponder type of the child, possibly enduringly. The relations
between immunologic factors, including cytokines, fatty acids,
and eicosanoids, in breast milk may influence the delicate
balance of the gut immune milieu of the infant and thus may
have health effects on the breast-fed infant. Indeed, a major
mechanism whereby a healthy immune homeostasis is main-
tained takes place via control of cytokines produced by THI,
TH2, and Tr-like cells (19). In the context of AD, harmful

properties have been extensively described for IL-4, TNF-q,
and interferon-vy, whereas antiinflammatory or protective prop-
erties, mainly via induction of oral tolerance, have been de-
scribed for TGF-, and IL-10 (20). Particularly breast milk
TGF-f3, may play a key role with respect to the prevention of
AD (21).

In the present study we demonstrate a lower concentration of
TGF-B, in breast milk in mothers with AD compared with
those without. Furthermore, our results imply that regulatory
circuits of fatty acid, eicosanoid, and cytokine metabolism may
be connected. The associations observed suggest that the im-
munomodulatory properties of breast milk may not be envis-
aged in terms of single factors; a joint action may be required.

Our results on the prevalence and concentrations of cyto-
kines in the breast milk in healthy mothers are similar to those
reported elsewhere, showing that TGF-f3, has frequently been
measured in breast milk (21-25). Moreover, in accord with
previous data, cytokines IL-4, IL-10, and TNF-a were not
detected or were only detected in low concentrations (23, 24,
26). Whereas Bottcher and coworkers (25) found a higher
concentration of IL-4 in the colostrum of mothers with AD
compared with mothers without AD, we were not able to
demonstrate such a difference in the breast milk given to older
infants. A key difference between the present study and that of
Bottcher and coworkers (25) is that they described AD as
symptoms and a positive IgE response to inhalant allergens, i.e.
expression of atopy and AD together. Because IgE is under
regulation by IL-4, their cohort may have been focused on a
more extreme population as reflected also in breast milk
composition.

Compared to cytokines, PUFAs are considered to have both
proinflammatory and antiinflammatory properties. Generally
w-6 PUFAs, as well as eicosanoids derived from them, are
considered proinflammatory, whereas w-3 PUFAs are consid-
ered antiinflammatory (11). However, evidence is accumulat-
ing to suggest that w-6 fatty acids may actually be antiinflam-
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matory via the effects of TH3 or Tr cells and thus via TGF-£3,
and IL-10 production. In the present study the breast milk
samples were collected in a systematic way, and the results are
presented as a proportional fatty acid composition rather than
concentrations to reduce the variability in the fatty acid com-
position caused by factors other than biologic variability. Our
results would imply than in addition to w-6 fatty acids, the
proportion of total PUFA, and more surprisingly total SFA,
may be an important regulator of the immune milieu of breast
milk. Nonetheless, no difference was found in the proportional
fatty acid composition or in the concentrations of PGE, and
Cys-LTs in the breast milk of mothers with and without AD.
Our results for fatty acid composition are similar to those
obtained by Schroten and associates (27). Decreased levels,
particularly of PGE, precursor fatty acids in the breast milk of
mothers with AD, have previously been observed (28-30).
Eicosanoids, particularly PGE,, have been measured in breast
milk (24, 31-33), but no comparisons between allergic and
healthy mothers have been undertaken. Consequently, an al-
tered fatty acid composition in breast milk in mothers with AD
has hitherto commonly been explained by an impaired capacity
to metabolize PUFA, and it has been estimated that this would
result in altered eicosanoid production (28, 29, 34, 35).

An alternative explanation for a defect in PUFA metabolism
in AD may be put forward. The development of AD may rather
be caused by the immune responses resulting from metabolic
events occurring after the synthesis of eicosanoids. In studies
by Rocklin and coworkers (36, 37) it was shown in vitro that
the sensitivity and the amount of PGE, receptors in the effector
T cells is reduced in AD. This would result in a deficient PGE,
feedback inhibition and would prevent the differentiation and
proliferation of TH precursor cells to Tr and TH3 cells and thus
the production of TGF-f3,. In the same way, the role of PGE,
as a modulator of immune function was shown in a recent
experimental animal study in which antigen stimulation up-
regulated PGE, production from arachidonic acid and conse-
quently suppressed antigen-specific T-cell proliferation in gut-
associated lymphoid tissue, thus contributing to an
antiinflammatory intestinal environment (38). These events
might also explain the reduced TGF-£3, concentration in the
breast milk of mothers with AD observed in this study.

CONCLUSIONS

The breast milk cytokines, eicosanoids, and fatty acids were
shown to be related. In view of the several beneficial effects of
TGF-3, on the development of the mucosal immune system of
the breast-fed infant, a low TGF-[3, concentration observed in
this study may represent a health risk for the infant. The
observed associations between the nutritional and inflamma-
tory factors in breast milk suggest that it may be possible to
influence the immune milieu of the gut depending on the breast
milk composition. By modifying the breast milk fatty acid
composition in a specific manner it may be possible to enforce
those properties of the milk that are immune-protective for the
infant. Failure to achieve this in a preliminary attempt (39)
calls for experimental studies with precise documentation of
the intervention and evaluation of the background diet, espe-
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cially because diet is always a combination of many foods and
nutrients, and their interactions and effects on immune function
may outweigh the significance of using single-nutrient
supplements.
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