
Background: According to data from animal and in vitro stud-
ies, transforming growth factor-β (TGF-β) has a crucial effect
on 2 essential parts of the mucosal immune system: IgA pro-
duction and oral tolerance induction.
Objective: We sought to ascertain whether TGF-β in breast
milk is associated with specific IgA production and atopic dis-
ease in human subjects.
Methods: Forty-seven infants with several atopic family mem-
bers were followed during their first year of life. The concen-
trations of TGF-β1 and TGF-β2 in maternal colostrum,
mature milk, and the infants’ sera were determined. The
enzyme-linked immunospot assay was used to assess the
infants’ specific IgA production in response to β-lactoglobulin,
casein, gliadin, and ovalbumin.
Results: At 12 months, atopic dermatitis was confirmed in 29
of 47 infants; in 11, atopic disease had begun during exclusive
breast-feeding (preweaning onset), whereas in 18 the disease
manifested itself after weaning (postweaning onset). The con-
centrations of both TGF-β1 and TGF-β2 were higher in mater-
nal colostrum, but not in mature milk and infants’ serum, in
infants with postweaning-onset atopic disease compared with
those with preweaning-onset disease (P = .0008 and P = .015,
respectively). The concentration of TGF-β2 was, and that of
TGF-β1 tended to be, higher in the colostrum of mothers
whose infants had specific IgA-secreting cells at 3 months in
response to at least one of the dietary antigens tested com-
pared with those who did not have such cells (P = .048 and P =
.076, respectively).
Conclusion: TGF-β in colostrum may prevent the development
of atopic disease during exclusive breast-feeding and promote
specific IgA production in human subjects. (J Allergy Clin
Immunol 1999;1251-7.)
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The atopic diseases have been on the increase both in
prevalence and severity during recent decades.1 As to
severity, atopic disease may manifest itself during the first
months of life, even during exclusive breast-feeding, thus
considerably predisposing to the subsequent development

of allergic airway disease2 and interfering with normal
growth and development.3 Early sensitization has been
explained by the presence in breast milk of maternal
dietary antigens in low amounts, ranging from picograms
to nanograms per milliliter depending on the antigen mea-
sured and the method used.4-6 Defective low-dose oral
tolerance induction to such antigen exposure may explain
atopic disease during exclusive breast-feeding.7

Oral tolerance is a fundamental immunologic mecha-
nism by which the immune system maintains unrespon-
siveness to nonpathogenic antigens previously encoun-
tered on mucosal surfaces (eg, from the gut lumen).8 Oral
tolerance to low-dose antigen feeding is characterized by
the induction of regulatory T cells producing suppressor
cytokines, such as transforming growth factor-β (TGF-
β). TGF-β is a multifunctional growth factor belonging
to a superfamily of structurally related regulatory pro-
teins. There are 5 different isoforms of this molecule, 3
of which (TGF-β1, TGF-β2, and TGF-β3) are expressed
in mammals.9 Human milk contains TGF-β1 and TGF-
β2 at both messenger (m)RNA and protein levels, with
TGF-β2 being the major isoform.10,11 TGF-β has been
shown both in vitro and in animal studies to have an
important effect on IgA production.12,13 Hence TGF-β
may be a key mediator in 2 essential parts of the muco-
sal immune system (ie, IgA production and oral tolerance
induction). According to animal studies, the impact of
TGF-β in breast milk may culminate at an early age,
when new antigens are first encountered by the enteric
route and the production of endogenous TGF-β in the gut
is minimal.14

We hypothesized that TGF-β in maternal milk may be
a decisive factor in diminishing the risk of early sensitiza-
tion and atopic disease during breast-feeding. We fol-
lowed 47 infants at high risk of atopic disease during their
first year of life and determined the concentrations of
TGF-β1 and TGF-β2 in maternal colostrum, mature milk,
and the infants’ sera. The enzyme-linked immunospot
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assay (ELISPOT) was used to assess the infants’ specific
IgA production in response to the dietary antigens β-lac-
toglobulin, casein, gliadin, and ovalbumin.

METHODS

Subjects and study design

The study involved a cohort of 47 voluntary families with 47
newborn infants who were randomly selected from the population
of an allergy prevention study evaluating the preventive potential of
probiotics in allergy. In this study population 19 (40%) of 47 infants
had one and 28 (60%) of 47 had several first-degree family mem-
bers with atopic eczema, allergic rhinitis, or asthma.

The study was approved by the Committees on Ethical Practice
in Turku University Central Hospital and the Health Office of the
City of Turku. Written informed consent was obtained from the
children’s parents.

The infants were born between the 36th and 43rd week of gesta-
tion (median, 40 weeks). They were clinically examined at the ages
of 2 days, 2 weeks, and 3, 6, and 12 months. Any signs and symp-
toms of atopic disease were recorded. The diets of lactating moth-
ers and infants were recorded as previously described.3 Atopic sen-
sitization was evaluated by skin prick tests at the age of 12 months.
Double-blind placebo-controlled cow’s milk challenges (DBPC-
CMC) were applied when symptoms, clinical signs, or skin prick
test results were suggestive of cow’s milk allergy.

Two venous blood samples were obtained by cubital venipunc-
ture at the age of 3 months. The lithium-heparinized blood sample
was analyzed by the ELISPOT method, and serum from the other
sample was isolated for TGF-β analyses. A maternal colostrum
sample was obtained immediately after commencement of nursing.
A mature milk sample was obtained when the infant was 3 months
old. Colostrum and milk samples were frozen and stored at –20ºC
until analyzed for the determination of TGF-β1 and TGF-β2 levels.

Diagnosis of atopic disease and cow’s milk

allergy

At the age of 12 months, the infants were grouped as having or
not having atopic disease. The age of onset of atopic disease was
determined at scheduled visits. Specifically, those with atopic dis-
ease were classified as having a preweaning-onset atopic disease if
the disease had set in during exclusive breast-feeding or a post-
weaning-onset atopic disease if disease manifested itself after
weaning. Infants free of atopic disease were evaluated as a
nonatopic control group.

The diagnosis of atopic dermatitis was based on criteria
described elsewhere.15 Briefly, atopic dermatitis was confirmed if at
least 3 of 4 major features were detected: pruritus, typical morphol-
ogy and distribution, chronic or recurrent dermatitis, and a family
history of atopy.

The diagnosis of cow’s milk allergy was based on an unambigu-
ous relationship between ingestion of cow’s milk and clinical symp-
toms (ie, if symptoms disappeared after elimination of cow’s milk
from the diet and an unequivocal relapse occurred in a DBPCCMC).
DBPCCMCs were carried out as described elsewhere.16

Evaluation of atopic sensitization

Atopic sensitization was determined by skin prick testing as pre-
viously described.16 Briefly, skin prick testing was carried out on
the volar side of the forearm with a 1-mm, 1-peak lancet (Allergol-
ogisk Laboratorium A/S (ALK), Horsholm, Denmark) with a shoul-
der to prevent deeper penetration. Ten milligrams per milliliter his-
tamine dihydrochloride (ALK) was used as positive control.
Reactions were read at 15 minutes, and half of the histamine reac-

tion size (2+) or more was recorded as positive on the condition that
the mean diameter of the wheal was at least 3 mm, and the negative
control (ALK) at the same time was 0 mm. Antigens tested includ-
ed a milk-containing 1.5% fat (Valio, Ltd, Turku, Finland), egg
white (ALK), and wheat flour diluted 1:10 (wt/vol) with 0.9%
(wt/vol) sodium chloride.

Determination of TGF-β levels in milk

We were able to get 43 maternal colostrum and 38 mature milk
samples. Both samples were obtained from 35 mothers, and 1 sam-
ple only was obtained from 12 mothers. The milk and colostrum
samples were thawed and subsequently centrifuged at 10,000g for 10
minutes to separate fat and cells from whey. The concentrations of
total TGF-β1 and TGF-β2 in whey were determined by using com-
mercial sandwich ELISAs specific to these molecules (R&D Sys-
tems Europe Ltd, Abingdon, UK). Latent TGF-β1 was activated as
described elsewhere.17 Briefly, the whey was incubated at room tem-
perature for 1 hour with 1 mol/L HCl and neutralized with an equal
volume of 1.2 mol/L NaOH/0.5 mol/L HEPES. Latent TGF-β2 was
activated as previously described.18 Briefly, the whey was incubated
at room temperature for 1 hour with 1 mol/L acetic acid and neu-
tralized with 2 volumes of 1.2 mol/L NaOH/0.5 mol/L HEPES.
Other assays were performed as recommended by the manufacturer.
Recovery in our spiking experiments was within the range reported
by the manufacturer. All assays were performed in duplicate.

Determination of TGF-β levels in serum

We were able to obtain a serum sample for the TGF-β1 analysis
in 33 infants and TGF-β2 analysis in 34 infants. The concentrations
of total TGF-β1 and TGF-β2 in serum were determined by using
commercial sandwich ELISAs specific to these molecules (R&D
Systems Europe Ltd). Activation of latent TGF-β and all determi-
nations were made according to the instructions provided by the
manufacturer. All assays were performed in duplicate.

Enzyme-linked immunospot assay

The ELISPOT method was applied as described in greater detail
elsewhere.19 The total number of immunoglobulin-secreting cells
(ISCs) and that of antibody-secreting cells (ASCs) directed against
dietary antigens were measured. In brief, mononuclear cells con-
taining mainly lymphocytes (PBMCs) were obtained by Ficoll-
Paque (Pharmacia LKB Biotechnology AB, Uppsala, Sweden) cen-
trifugation of lithium-heparinized blood. Isolated cells, which were
washed 3 times in HBSS, were subsequently suspended in RPMI-
1640 medium (Gibco Brl Life Technologies, Paisley, Scotland) con-
taining 10% FCS (Gibco Brl, Life Technologies, Eggenstein, Ger-
many) and adjusted to a concentration of 1 to 2 × 106 cells/mL.

To determine the number of specific ASCs against dietary anti-
gens, coating was done for 2 hours at 37ºC with the following con-
centrations of the antigens (all from Sigma Chemical Co, St Louis,
Mo): 20 µg/mL β-lactoglobulin from bovine milk, 20 µg/mL casein
from bovine milk, 20 µg/mL gliadin, and 40 µg/mL ovalbumin.
Uncoated binding sites were blocked with 1% BSA (Boehringer
Mannheim, GmbH, Germany) in PBS (pH 7.4) for 30 minutes at
37ºC. After washing, the lymphocyte suspension was incubated on
antigen-coated, flat-bottomed, 96-well microtiter plates (Immuno-
plate RI; A/S Nunc, Roskilde, Denmark) at 37ºC for 2 hours. The
antibodies secreted during that time were detected with alkaline
phosphatase–conjugated goat anti-human IgA, IgG, and IgM anti-
sera (all from Sigma Chemical Co) diluted in 1% BSA-PBS (pH
7.4), incubated overnight at room temperature, followed by a sub-
strate agarose overlay and observation of the colored spots.

For the determination of ISCs, as an index of antigen-nonspecif-
ic immune response, the wells were coated with rabbit anti-human
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IgA (Dako A/S, Glostrup, Denmark) and IgM (Dako A/S) and goat
anti-human IgG (Sigma Chemical Co) diluted 1:100 in PBS (pH
7.4). Subsequent steps were the same as described above.

Statistical analysis

Because of skewed distribution, the data are expressed as medi-
ans with interquartile ranges (IQRs). The Fisher exact test or χ2 test
was applied to determine differences in contingency tables. The
total number of patients with data in every table was over 20. The
Fisher exact test was used if the total number of patients was
between 20 and 40 and the smallest of the 4 expected values was
less than 5. In other cases, the χ2 test was applied. The Kruskal-
Wallis test was used in comparisons between the groups; in case of
statistical significance, the Mann-Whitney U test was used in pair-
wise comparisons. The Mann-Whitney U test and Wilcoxon signed-
rank test were used in comparisons between 2 unpaired and paired
groups, respectively. Correlation between 2 variables was calculat-
ed by using the Spearman rank correlation coefficient. A P value of
less than .05 was considered statistically significant.

RESULTS

Clinical characteristics

At the age of 12 months, atopic dermatitis was con-
firmed in 29 (62%) of 47 children. None of the children
had other manifestations of atopic disease. On the basis
of our above-described criteria, 2 groups were identified:
those with preweaning- and postweaning-onset atopic
disease. In the former, atopic dermatitis had begun dur-
ing exclusive breast-feeding at the median age of 2.5
months (IQR, 1.6-3.0 months) and in the latter after
weaning at the median age of 4.3 months (IQR, 2.5-6.0
months; P = .0076).

The clinical characteristics of the atopic children are
shown in Table I. Infants with preweaning-onset atopic der-
matitis tended to have more frequently positive skin prick
test reactivity to cow’s milk than those with postweaning
onset of disease, although the difference did not reach sta-
tistical significance. All the patients with cow’s milk aller-
gy had chronic symptoms of atopy. Isolated gastrointestinal
reactions to cow’s milk without skin symptoms were not
seen. None of the control subjects had positive reactions to
skin prick tests or cow’s milk allergy. The number of
infants with older siblings were 4 (22%) of 18, 4 (36%) of
11, and 5 (28%) of 18 infants who had no, preweaning, and
postweaning onset of atopic disease, respectively (P = .71).
The median (IQR) age of mothers whose infants had no,

preweaning, and postweaning onset of atopic disease was
30 years (27-34 years), 30 years (28-34 years), and 28 years
(26-31 years), respectively (P = .15). None of the mothers
were smokers. Furry pets were kept in 6 (33%) of 18, 2
(18%) of 11, and 2 (11%) of 18 homes of the respective
infant groups (P = .25). Maternal atopic history was
observed in 12 (67%) of 18, 7 (64%) of 11, and 16 (89%)
of 18 infants with no, preweaning, and postweaning onset
of atopic disease, respectively (P = .20).

Number of specific ASCs and nonspecific

ISCs

We were able to obtain a blood sample for the
ELISPOT at 3 months of age in 38 of 47 infants. The
results of this assay are shown in Table II. Specific ASCs
in response to at least one of the tested antigens (β-lac-
toglobulin, casein, gliadin, or ovalbumin) in the IgA,
IgM, and IgG classes were observed in 31 of 38, 32 of
38, and 16 of 38 infants, respectively. Total numbers of
ISCs were comparable in infants with and without spe-
cific ASCs to dietary antigens (Table II). 

Concentrations of TGF-β in serum

The median (IQR) TGF-β1 concentrations in serum
were identical at the age of 3 months in control subjects
and infants with preweaning- and postweaning-onset
atopic disease: 61 ng/mL (45-80 ng/mL), 66 ng/mL (60-
76 ng/mL), and 54 ng/mL (32-65 ng/mL), respectively (P
= .28). The serum concentration of TGF-β2 was lower
than that of TGF-β1, and again it did not differ between
control subjects and infants with preweaning- and post-
weaning-onset atopic disease: 0.33 ng/mL (0.31-0.39
ng/mL), 0.34 ng/mL (0.28-0.42 ng/mL), and 0.32 ng/mL
(0.31-0.34 ng/mL), respectively (P = .52).

Concentrations of TGF-β in breast milk

TGF-β2 was the major form in colostrum and mature
milk, representing up to 95% of TGF-β in these samples.
The concentrations of TGF-β1 and TGF-β2 were signifi-
cantly higher in colostrum compared with mature milk
(Table III). The Spearman rank correlation between the con-
centrations in colostrum and mature milk of TGF-β1 was
0.29 (P = .089), and that of TGF-β2 was 0.10 (P = .55).

The concentrations of TGF-β1 differed in the maternal
colostrum of patients with no, preweaning, and post-

TABLE I. Clinical characteristics of atopic children at the age of 12 months

Preweaning onset* Postweaning onset* 

(n = 11) (n = 18) P value

Positive skin prick test responses
For any antigen tested 6/11 (55%) 8/18 (44%) .60†
Egg 6/11 (55%) 8/18 (44%) .60†
Cow’s milk 5/11 (45%) 2/18 (11%) .07‡
Whey 2/11 (18%) 1/18 (6%) .54‡

Positive DBPCCMC result 8/11 (73%) 10/18 (56%) .45‡

*Atopic children were classified as having preweaning-onset atopic disease if atopic disease had begun during exclusive breast-feeding or postweaning-onset
atopic disease if the onset was after weaning.
†Preweaning onset versus postweaning onset (χ2 test).
‡Preweaning onset versus postweaning onset (Fisher’s exact test).
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weaning onset of atopic disease (P = .0016). This dis-
tinction was due to the higher concentrations of TGF-β1
in the colostrum of mothers of infants with postweaning
onset of atopic disease compared with those with no and
preweaning onset of disease (P = .0056 and P = .0008,
respectively; Fig 1, A). The concentration of TGF-β2 in
maternal colostrum also differed between these groups
(P = .04), with the median concentration being signifi-
cantly higher in the colostrum of mothers of infants with
postweaning-onset disease compared with those with
preweaning-onset disease (P = .015), while being com-
parable with that of the nonatopic control subjects (Fig 1,
B). In mature milk these differences were no longer
detectable (Fig 1, A and B).

As shown in Table IV, the median concentration of
TGF-β2 was significantly higher in maternal colostrum
in the case of infants who had specific IgA-secreting
cells at the age of 3 months in response to at least one of
the dietary antigens tested (β-lactoglobulin, casein,
gliadin, or ovalbumin) compared with those who did not
have such cells (P = .048). Again, the median concentra-
tion of TGF-β1 tended to be greater in the colostrum of
mothers of infants with specific IgA-secreting cells than
that in the colostrum of mothers of infants with no spe-
cific IgA-secreting cells (P = .076). The distinction was
confined to the antigen-specific IgA response. The medi-
an (IQR) concentrations of TGF-β1 and TGF-β2 in the
colostrum of mothers whose infants had ASCs in IgM
class were 132 pg/mL (53-164 pg/mL) and 2370 pg/mL

(1250-4413 pg/mL), respectively. Compared with the
concentrations in the colostrum of mothers whose infants
did not have ASCs in IgM class (193 pg/mL [97-220
pg/mL] and 3224 pg/mL [1650-3738 pg/mL], respective-
ly), there was no difference (P = .17 and P = .73, respec-
tively). The median (IQR) concentrations of TGF-β1 and
TGF-β2 in the colostrum of mothers whose infants had
ASCs in IgG class were 145 pg/mL (60-171 pg/mL) and
2266 pg/mL (1067-4172 pg/mL), respectively. Again,
compared with the concentrations in the colostrum of
mothers whose infants did not have ASCs in IgG class
(132 pg/mL [51-173 pg/mL] and 2830 pg/mL [1486-
4413 pg/mL], respectively), no difference was detected
(P = .49 and P = .69, respectively). Infants’ exposure to
these antigens through breast-feeding was considered
similar, as determined by the mothers’ dietary record-
ings. Moreover, none of the infants had been exposed to
egg or cereals in their own diet.

DISCUSSION

TGF-β1 is considered indispensable for postnatal
life.20 The important postnatal immunoregulatory effect
of milk TGF-β1 was substantiated in a recent study in
which TGF-β1-null newborn mice were able to survive
and develop normally only if TGF-β1 was present in
maternal milk.21 Earlier studies have shown that breast
milk contains TGF-β1 and TGF-β2 at both mRNA and
protein levels.10,11 Our results would indicate that TGF-
β in breast milk may also have a crucial role in the devel-
opment of the mucosal immune system in the gut in
human subjects.

The gut mucosal immune system is immature at birth.
The intestinal mucosa is devoid of IgA, and the number
of IgA-containing cells increases progressively until at
least 4 years of age.22,23 TGF-β has a fundamental role in
the production and class switching of IgA in vitro.12 A
recent study on an experimental animal model demon-
strated a direct association between the expression of
TGF-β in the lymphatic system and the mucosal IgA
antibody response in vivo.13 In our study the concentra-

TABLE II. Infants with specific ASCs to dietary antigens and total numbers of ISCs in infants with and without specific
ASCs to dietary antigens at the age of 3 months

IgA IgG IgM

ASCs in response to*
β-Lactoglobulin 21 (55%) 7 (18%) 21 (55%)
Casein 18 (47%) 6 (16%) 11 (29%)
Gliadin 12 (32%) 4 (11%) 24 (63%)
Ovalbumin 17 (45%) 7 (38%) 25 (66%)
Any antigens tested 31 (82%) 16 (42%) 32 (84%)

Total ISCs in infants
With specific ASCs† 1020 (693-1448) 980 (550-1660) 375 (229-579)
Without specific ASCs‡ 1760§ (1135-2058) 1195�� (810-1410) 219¶ (140-720)

Numbers of ASCs and ISCs were assessed by using ELISPOT assay.
*Values represent the number (percentage) of the tested 38 infants having greater than 0 ASCs × 106 PBMCs to a dietary antigen.
†Values represent median (IQR) numbers of ISCs (per 106 PBMCs) in 31, 16, and 32 infants with specific ASCs in IgA, IgG, and IgM classes, respectively.
‡Values represent median (IQR) numbers of ISCs (per 106 PBMCs) in 7, 22, and 6 infants without specific ASCs in IgA, IgG, and IgM classes, respectively.
§P = .13, ��P = .52, and ¶P = .47 in statistical comparison between infants with specific ASCs versus infants without specific ASCs (Mann-Whitney U test).

TABLE III. Concentrations of TGF-β1 and TGF-β2 in
colostrum and mature milk

Colostrum Mature milk P value*

TGF-β1 (pg/mL)† 140 (67-186) 83 (17-114) <.0001
TGF-β2 (pg/mL)† 3325 (1376- 1644 (592- .0016

5394) 2697)

*Colostrum versus mature milk (Wilcoxon signed-rank test).
†Values represent median (IQR) concentrations in 43 colostrum and 38
mature milk samples.
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tion of TGF-β2 was significantly higher in the maternal
colostrum in the case of infants with specific IgA-secret-
ing cells in response to dietary antigens compared with
those with no specific IgA-secreting cells. A similar
trend was observed for TGF-β1. The difference was not

found in mature milk. Previous animal studies provide a
potential explanation for this discrepancy. The endoge-
nous TGF-β production increases with age, whereas the
exogenous supply (ie, TGF-β in maternal milk) decreas-
es with age.14 Moreover, TGF-β has been shown to have

TABLE IV. Concentrations of TGF-β1 and TGF-β2 in maternal colostrum and mature milk in infants with or without spe-
cific IgA-secreting cells in response to dietary antigens

Infants with Infants with no 

specific IgA specific IgA P value*

Colostrum†
TGF-β1 (pg/mL) 145 (74-185) 53 (51-104) .076
TGF-β2 (pg/mL) 3280 (1410-4792) 1489 (1123-1645) .048

Mature milk‡
TGF-β1 (pg/mL) 87 (15-121) 55 (21-94) .48
TGF-β2 (pg/mL) 1840 (627-2779) 1215 (307-2087) .70

*Infants with specific IgA versus infants with no specific IgA (Mann-Whitney U test).
†Values represent median (IQR) concentrations of TGF-β1 and TGF-β2 in maternal colostrum and mature milk of 28 infants with specific IgA-secreting cells
and 7 infants with no specific IgA-secreting cells.
‡Values represent median (IQR) concentrations of TGF-β1 and TGF-β2 in maternal colostrum and mature milk of 24 infants with specific IgA-secreting cells
and 6 infants with no specific IgA-secreting cells.

FIG 1. A, Concentrations of TGF-β1 in maternal colostrum and mature milk of infants with no, preweaning, and
postweaning onset of atopic disease. Columns represent medians, and errors bars represent IQRs. B, Con-
centrations of TGF-β2 in maternal colostrum and mature milk of infants with no, preweaning, and postwean-
ing onset of atopic disease. Columns represent medians, and error bars represent IQRs.

A

B
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an enhancing effect on its own production in vitro.24

Thus TGF-β in early milk may potentiate its own pro-
duction in the gut. As a consequence, endogenous TGF-
β production in intestinal B cells and epithelial cells
would then take over the regulation of mucosal IgA
secretion.25,26 TGF-β in breast milk may be a starter of
this process.

A key factor in oral tolerance induction appears to be
the dose of antigen. Oral tolerance to high-dose antigen
feeding is characterized by the induction of clonal dele-
tion, anergy, or both, whereas that to low-dose antigen
feeding is explained by the induction of regulatory T
cells producing suppressor cytokines, such as TGF-
β.8,27,28 It has been postulated that low-dose oral toler-
ance induction may occur in breast-fed infants receiving
dietary peptides present in breast milk.7 Interestingly, we
found lower concentrations of TGF-β1 and TGF-β2 in
the colostrum of mothers of infants who already had
atopic disease during exclusive breast-feeding compared
with those who had atopic disease after weaning. Thus
TGF-β in breast milk may act in preventing early atopic
sensitization during exclusive breast-feeding by promot-
ing low-dose oral tolerance induction as well as IgA gen-
eration in response to dietary antigens.

The ELISA kits we used have been thoroughly vali-
dated in studies of Ginjala and Pakkanen17 and Pakka-
nen18 in which bovine milk was used. In accord with data
from earlier studies, we found the concentrations of both
TGF-β1 and TGF-β2 to be significantly higher in
colostrum compared with mature milk.10,11 The concen-
trations of TGF-β1 and TGF-β2 in our study were lower
than those published by Saito et al,10 apparently because
of the completely different methods used in the determi-
nation of TGF-β concentrations. In contrast, discrepan-
cies in the concentrations of TGF-β in our study and that
by Srivastava,17 in which no free TGF-β was detected,
probably reflect differences in the preparation of breast
milk samples (eg, centrifugation of samples before vs
after freezing and differences in acid treatment of sam-
ples). We also demonstrated that the concentrations of
TGF-β1 and TGF-β2 were comparable in the maternal
colostrum in the case of infants in whom atopic disease
developed during exclusive breast-feeding and that in
nonatopic control subjects. It is thus clear that other
mechanisms act, independently or in concert with TGF-
β in breast milk, to prevent atopic disease.

Judging from our results, TGF-β in breast milk
appears to be a potential regulator of early atopic sensiti-
zation. It may even be a decisive element in the success-
ful primary prevention of allergy because of its potential
effect on 2 essential parts of the mucosal immune sys-
tem, namely IgA production and oral tolerance induc-
tion. A recent study showed TGF-β1 and TGF-β2 pro-
moter polymorphisms in allergies and asthma.29 In our
study the number of mothers having personal atopic his-
tory was similar in infants who had no, preweaning, and
postweaning onset of atopic disease. Our observation
calls for identification of possible effects of specific
atopic diseases on TGF-β in breast milk. More studies

are also needed to uncover the factors that determine
TGF-β concentrations in breast milk and to establish
whether these factors are amenable to therapeutic or pre-
ventive exploitation.
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