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ABSTRACT. In this study, we demonstrate that mononu-
clear cells of human milk have a potential for production
of many different cytokines. We applied a technique for
cytokine detection at the single-cell level using cytokine
specific MAb and immunofluorescence. The characteristic
staining pattern obtained represents intracellular cytokine
production, which allows for the assessment of the cellular
origin of production. Milk mononuclear cells were mitogen-
stimulated in vitro and cultured for 4 h and then stained
for 13 cytokines. Lipopolysaccharide stimulation induced
extensive production of the following monokines: 1L-1a,
IL-18, IL-1ra, IL-6, IL-8, and tumor necrosis factor-a. 1L-
10 and granulocyte-macrophage colony-stimulating factor
were smaller products, although detectable in most sam-
ples. The abundant monokine production correlated with
the high number of macrophages in milk. Spontaneous
monokine production in unstimulated cells could be de-
tected in six out of 11 samples. The highest incidence was
evident for IL-8. No spontaneous lymphokine production
was detected. Considering the low proportion of lympho-
cytes, stimulation with phorbol myristate acetate in com-
bination with ionomycin resulted in considerable produc-
tion of the following lymphokines: 1L-2, IL-3, IL-4, IL-10,
interferon-vy, tumor necrosis factor-a. Macrophages con-
tributed to the high production of tumor necrosis factor-a
and GM-CSF. IL-5 synthesis was detectable in only one
sample. This work reveals that human milk mononuclear
cells are potent producers of cytokines when mitogen stim-
ulated in vitro. The in vivo implications of these findings
remain to be investigated further. (Pediatr Res 34: 213-
216, 1993)
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Breast feeding provides well-balanced nutrition combined with
growth factors and immunologic protection. The anti-microbial
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influence of breast milk mediated by secretory IgA and other
humoral factors is well established (1).

Numerous viable cells are transferred to the child (2). The
macrophages and lymphocytes, constituting 75 to 95% and 5 to
25%. respectively, of the mononuclear cells in breast milk. have
been shown to be immunocompetent, exhibiting diverse biologic
activities (3, 4). Moreover, it has been demonstrated that the
aqueous phase of the human milk contains soluble factors with
immunoregulatory potential (5-8). It has been suggested that
certain of these effects are mediated by cytokines.

IL-1 (9-11), IL-2 (11), IL-6 (12), and TNF-« (13) have previ-
ously been detected in the aqueous phase. Most of these studies
have applied different bioassays for cytokine detection. The
shortcomings of such assays concern specificity and sensitivity
and an inability to assess the site of production. This study was
initiated to clanfy possible mechanisms whereby breast-milk cells
may exert immunoregulatory effects.

We have developed a method for detection of cytokines in
individual cells using cytokine-specific MAb and indirect im-
munofluorescence (14). The specific staining pattern obtained
through this procedure represents production within the cells as
opposed to uptake of externally produced cytokines (15). We
have applied this method to study the potential for production
of 13 different cytokines in mononuclear cells from human breast
milk. Maximal polyclonal T cell activation has been induced by
the direct protein kinase C activator PMA in combination with
a calcium ionophore, ionomycin (16). Escherichia coli-derived
endotoxin, LPS, which exclusively activates the macrophage
population in the mononuclear cell fraction, has been used in
parallel cultures to study the potential for monokine production.

MATERIALS AND METHODS

Collection of milk. Milk was collected (semiaseptically by low-
pressure breast pump) from 11 healthy women 3 to 5 days after
full-term delivery. Informed consent was obtained from volun-
teers. The milk was kept at room temperature and processed
within 2 h of collection.

Preparation of MMNC. Applying a modification of the tech-
nique of Saito (12), the whole milk was centrifuged at 3000 X g
for 30 min. The fat layer and whey were removed. Cells were
resuspended in BSS. Mononuclear cells were obtained by cen-
trifugation on a density gradient (Lymphoprep; Nycomed AS,
Oslo, Norway). To detect possible spontaneous cytokine produc-
tion, a portion of the cells was removed for immediate staining
without prior culturing and mitogen stimulation (see below).
These cells were stained for IL-1«, IL-1g3, IL-1ra, IL-2, IL-5, IL-
6. IL-8, IL-10, TNF-a, GM-CSF, and IFN-y.

Frozen PBMNC, which previously were isolated from healthy
blood donors by centrifugation on a density gradient (Lympho-
prep). were used as a control of culturing and staining conditions.

Cell culture and cytokine induction. The rest of the cells were
cultured (1 X 10° cells/ymL) at 37°C for 4 h in RPMI-1640
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medium (Flow Laboratories, Irvine, UK) supplemented with
endotoxin-free 5% heat-inactivated human AB serum and 2
mmol/L L-glutamine in pyrogene-free cell culture polystyrene
wells (Costar, Cambridge, MA).

Mitogen activation. The cells were stimulated either with 0.5
pmol/L ionomycin (ATC 31005, Calbiochem, La Jolla, CA) in
combination with 1 ng/mL PMA (Sigma Chemical Co., St.
Louis, MO) for induction of IL-2, IL-3, IL-4, IL-5, IL-10, IFN-
v, TNF-a, and GM-CSF or with LPS from E. coli serotype
0128:B12 (Sigma) at 100 ng/mL for induction of IL-1«, IL-18,
IL-1ra, IL-6, IL-8, IL-10, TNF-a, and GM-CSF.

Cytokine-specific antibodies. The following cytokine-detecting
MADb were used for indirect immunofluorescence staining: 1L-2
(17.H.12), IL-3 (3.G.11), IL-4 (25.D.2), IL-5 (39.D.10), IL-10
(19.F.1), TNF-a (20.A.4), GM-CSF (5.A.2) (all rat IgG MAb
from J. Abrams, DNAX, Palo Alto, CA) (17), IL-la and IL-18
{mouse IgG1 MADb, from Harry Towbin, Ciba Geigy Ltd., Basel,
Switzerland) (18), IL-6 (Ig-61 mouse IgGl MAD, from Toray
Industries, Kamakura, Japan) (19), IL-1ra (BDA-29, goat poly-
clonal IgG from British Bio-technology Products, UK), and IFN-
v (DIK-1 mouse IgG1 MAb from G. Andersson, Kabi Pharma-
cia, Stockholm, Sweden) (20). FITC-labeled second-step antisera
with specificity against IgG subclasses of murine IgG or goat IgG,
respectively, were purchased from Caltag Laboratories, South
San Francisco, CA, and against rat IgG1 from Vector Laborato-
ries, Burlingame, CA). For direct staining, FITC-conjugated spe-
cific human IL-8 MAb (mouse IgG from Miroslav Ceska. Vi-
enna, Austria) (21) was used.

Identification of monocytes was obtained through the staining
with DAKO-MAC387 (IgG1, Dakopatts, Glostrup, Denmark)
diluted 1:100, which reacts with a cytoplasmatic antigen ex-
pressed in monocytes and macrophages (Fig. 1D). This was done
to calculate the proportion of monocytes to lymphocytes in
individual milk samples.

Immunofluorescence staining of cytokines. Cultured cells were
harvested after 4 h and washed in BSS (Gibco Ltd., Paisley,
Scotland) supplemented with 0.01 mol/L N-2-hydroxyethylpi-
perazine-N'-2-ethanesulfonic acid buffer. Cells were transferred
to adhesion slides (BioRad Laboratories, Munich, Germany) and
were allowed to adhere electrostatically to the slides for 10 min

Fig. 1. A, Immunofluorescence staining of IL-6 in milk macrophages
after LPS-stimulation for 4 h. The local, perinuclear staining reflected
accumulation in the Golgi organelle. B, Imnmunofluorescence staining of
IL-2 in milk lymphocytes after PMA /ionomycin stimulation for 4 h. C,
The morphology of MMNC as visualized by interference contrast light
microscopy. The milk macrophages constituted a majority. They were
large, vacuole-filled cells, whereas the lymphocytes were small, round,
dense cells. D, Milk macrophages stained with MAC387 for phenotypic
identification. The cells in this photograph correspond to the ones in
Figure 1C.
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at room temperature. Excess cells were washed away, and the
unbound surface area on the adhesive fields was blocked with
2% FCS in BSS for 10 min at 37°C.

The cells were fixed on each field with phosphate-buffered 4%
paraformaldehyde at pH 7.4 for 20 min. After subsequent washes
with BSS, the cells were permeabilized with BSS supplemented
with 0.1% saponin (Riedel-de Haén AG, Seelze, Germany) to
allow the intracellular entrance of the cytokine-specific MAb.
Ten uL of the MAD, diluted to a final concentration of | to §
ug/mL, were added and left to incubate for 20 to 30 min at 37°C.
The cells were then washed in BSS-saponin. Ten uL of the FITC-
coupled second-step antibody were added for 30 min of exposure
in darkness at room temperature. Dilution of all antibodies was
performed in BSS-saponin with the addition of 10% human AB
serum. The FITC-labeled anti-mouse IgG1 was used at a final
concentration of 1:300 and FITC anti-rat IgG at 1:100.

After several washings with BSS-saponin, the final washings
were performed with BSS exclusively. This prevented leakage of
stained cytokines from the cells. The cells were left to dry on the
slides. Buffered glycerol containing 2% diazobicyclo-octane was
used at the mounting medium to reduce UV quenching.

Fluorescence microscopy. The slides were examined with a
Reichert-Jung (Reichert Scientific Instruments, Buffalo, NY)
fluorescence microscope equipped with a 200-W mercury lamp.

Evaluation of results. The results are presented as the percent-
age of positively stained cells of total mononuclear cells counted
(100 to 1000 cells, depending on cell yield). No consideration
was made with respect to the proportion of monocytes to lym-
phocytes in milk.

RESULTS

Milk cells. We found that the total cell yield and proportion
of individual cell types varied considerably between donors.

The predominant cell within the MMNC population was the
macrophage constituting 75 to 95%. Morphologically, the milk
macrophage, a large, lipid-filled cell, differed from its counterpart
in peripheral blood (Fig. 1C).

Cvtokine staining patterns. As previously demonstrated for
PBMNC, intracellularly produced cytokines, except IL-1« and
IL-8, accumulated in MMNC in the Golgi organelle. This ren-
dered the positively stained cells a characteristic pattern readily
identified in the UV microscope (Fig. 14), a pattern that was
never seen after the addition of exogenous cytokines. As ex-
pected, the staining patterns for IL-1« and IL-13 were diffused
throughout the cytoplasm (18, 22). It is known that IL-la and
IL-18 are secreted through a different pathway than the classical
endoplasmatic reticulum-Golgi route (23). We find it unlikely
that any of the diffuse IL-1 staining occurred due to uptake of
IL-1, because very little of this cytokine is secreted during the
first 4 h of culture. The staining pattern for IL-1ra was of the
Golgi type, both in uncultured and cultured cells.

Cytokine production in unstimulated cells. In PBMNC (75 to
85% lymphocytes and 15 to 25% monocytes), the occurrence of
spontaneous monokine and lymphokine production was con-
sistently below 1:100 and 1:1000. respectively.

In unstimulated MMNC (5 to 25% lymphocytes and 75 to
95% macrophages), occasional production of IL-1qa, IL-18, IL-
lra, IL-6, IL-8, and TNF-a was demonstrated, and in some
instances the monokine-production was substantial (Fig. 2). The
highest frequencies of producing cells were seen for IL-8. No
spontaneous production was evident for lymphokines.

LPS-induced monokine production. In vitro stimulation of
human milk with LPS (100 ng/mL) for 4 h resulted in a high
incidence of monokine-producing cells (Fig. 3). Extensive pro-
duction of IL-l1q, IL-18, IL-ra, IL-6, IL-8, and TNF-a was
demonstrated. The highest production was estimated for IL-8
ranging between 25 and 75%. IL-10 and GM-CSF were in
evidence in low quantities. The diversity in response profiles for
monokine production between milk donors was striking. This
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Fig. 2. Monokine production in unstimulated and uncultured
MMNC. Samples without demonstrable synthesis are not listed. The
figure indicates the frequency, in percentage of total cells counted, of
cytokine-producing cells.
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Fig. 3. Monokine production in MMNC («) and PBMNC (b) after
LPS stimulation.
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Fig. 4. Lymphokine production in MMNC (a) and PBMNC () after
PMA/ionomycin stimulation.

differed from the relative conformity in response profiles ob-
tained for PBMNC.

Lymphokine production induced by PMA in combination with
ionomycin. After stimulation with PMA and ionomycin for 4 h,
lymphokine production reached high levels, considering the low
numbers of lymphocytes present in human milk (Fig. 4). The
most abundant lymphokines produced were IL-2 and IFN-v.
The producing lymphocytes were small, round, dense cells, mor-
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phologically resembling lymphocytes in peripheral blood (Fig.
1B). IL-5 production was detectable in only one of the milk
samples. IL-4 and IL-10 were infrequent products, although
certain samples exhibited up to 1% producing cells. Half of the
donors showed production of IL-3 ranging from 0.2 to 3% of
total cells. Macrophages contributed to the high levels of TNF-«
and GM-CSF production.

DISCUSSION

The results of this study revealed a capacity of human breast
MMNC to produce all of the studied 13 cytokines ex vivo. The
biologic consequences in vivo for the recipient infant remain to
be clarified. In particular, there is a need to understand what
kind of stimuli may activate the milk cells in the gastrointestinal
tract of the infant and for how long and at what localization the
milk cells will stay viable in the recipient. It has been shown that
human milk leucocytes, enterally administered to baboons, ad-
hered to the mucosa and remained there for up to 60 h (24).

If we make the assumption that the abundant number of cells
present in human breast milk do indeed play an active part after
being exported, we can speculate about the biologic consequences
based on the findings in this study. The significant production
of monokines after exposure to LPS, present in all gram-negative
bacteria, could increase the capacity of the infant to withstand
microbial challenge. Previous reports about the presence of mon-
okines such as IL-1 (9-11), IL-6 (12), and TNF-« (13) in the
aqueous phase of breast milk and the findings in our study of
monokines in noncultured milk cells indicate that such protec-
tive mechanisms may exist. However, in this study. we cannot
exclude that contaminating endotoxins might have induced the
cytokine production ex vivo after the sampling. This factor may
certainly also operate in the natural breast-feeding situation.

Viable milk T cells could have the potential to react and be
activated by the exposure to the semiallogeneic cells present in
the gastrointestinal tract of the infant. It has been indicated in
one study that cell-mediated immunity may be transferred in
human neonates from the mother via breast feeding (25). Con-
cerning the potential for synthesis of lymphokines in milk T
lymphocytes, it may also contribute to the anti-microbial defense
by influencing B lymphocyte and macrophage differentiation
and activation. The fact that a high proportion of the milk
lymphocytes were conducive to lymphokine production may be
explained by the presence of a dominance of phenotypical mem-
ory T cells in the T cell population (26).

In summary, we found that breast milk cells have a potential
for cytokine production, the in vivo relevance of which needs to
be studied further.
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