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Effect of human colostrum on interleukin-2
production and natural killer cell activity
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Abstract
The effect of human colostrum on the
production of interleukin-2 (IL-2) and on
natural killer (NK) cell activity by peri-
pheral blood mononuclear cells (PBMC)
was investigated in 50 healthy women. At
concentrations as low as 0/5%, human
colostrum stimulated IL-2 production; at
a higher concentration (10%), IL-2 secre-
tion was inhibited. A time and dose
dependent inhibitory effect of colostrum
on NK cytotoxicity was also observed.
This inhibition could be reversed by the
addition of human recombinant IL-2
(hrIL-2).
The stimulation of IL-2 production

induced by human colostrum might com-
pensate for its inhibitory effect on NK cell
activity. These findings suggest an addi-
tional mechanism by which breast feeding
may affect the neonatal immune system.
(Arch Dis Child 1995; 73: F99-F102)
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Breast milk, which contains carbohydrates, fats,
amino acids, minerals and vitamins, is a useful
food combination.1 It also provides infants with
various growth promoting factors, enzymes, and
substances such as epidermal growth factor,
insulin, and somatomedin.23 Passively trans-
ferred components such as immunoglobulins,4 5
lactoferrin,56 and lysozyme,7 all of which may
help the baby to fight off infections, have also
been detected in breast milk.
Compared with formula feed, breast feeding

significantly enhances the T cell mediated
response to BCG vaccine,8 and improves B
cell immunity to polyribose phosphate of
Haemophilus influenzae b conjugate vaccine.9

Recently, a dual effect of human colostral
protein on T lymphocyte proliferation has
been reported - that is, an inhibitory activity at
high concentrations of colostrum and an
enhanced lymphocyte proliferation at low
concentrations.'0 11
The aim of this study was to investigate the

effect of colostral milk on the secretion of inter-
leukin-2 (IL-2) and on natural killer (NK) cell
activity by normal peripheral blood mononu-
clear cells (PBMC).

Methods
Colostral milk was collected from 50 healthy
women who delivered spontaneously at
Hasharon Hospital, Golda Medical Center.
Samples collected on the first three days from

onset of lactation were centrifuged (1500Xg,
for 15 minutes at room temperature). The
supematant fluid was retained, avoiding pel-
leted cells and the overlaying fat pellicle.
Samples were stored at -70°C until tested.
The concentration of IL-2 in colostrum was

tested in 40 samples using the AMI-inter-
leukin-2 RIA kit for the quantitative measure-
ment ofhuman IL-2 (Advanced Magnetic Inc,
Cambridge, MA, USA).

Peripheral blood mononuclear cells
(PBMC) were isolated from whole blood of
healthy volunteers (blood bank donors) by
Ficoll Hipaque gradient centrifugation. PBMC
were suspended in RPMI- 1640 medium
containing 1% penicillin, streptomycin, and
nystatin, and supplemented with 10% fetal calf
serum (complete medium).
PBMC (1*5X 106) suspended in 1 ml com-

plete medium were incubated in the presence
of 1% phytohaemagglutinin (PHA-M; Difco).
Colostrum samples were added when the
cultures were started at concentrations ranging
between 0 5 and 10%. Cultures incubated in
the absence of colostrum served as controls.
Culture media were collected at 48 hours, the
cells were removed by centrifugation, and the
supematant fluids were kept at -200C until
assayed.

IL-2 activity in the supernatant fluids was
determined using the IL-2 dependent cell line
CTLD, as described before.'2 Fifty thousand
CTLD cells were incubated for 48 hours with
the tested samples of supematant fluids (four
serial dilutions, each in triplicate) in 96 flat-bot-
tomed microtitre plates. The results were cal-
culated as units/ml comparable with the
IL-2 preparation (supernatant fluid of Con-
cavalin A-stimulated rat splenocytes, arbitrarily
regarded as 1000 units).
As colostrum remains in the stomach at low

pH before its resorption, the pH of 10 colostral
milk samples was reduced to 4 0 by adding
HCI (1N, -4 pAl to 100 ,ul of colostrum), and
after incubating for 60 minutes at 37°C the pH
was adjusted back to 7 0 by the addition of
NaOH (1N). The influence of treated and
non-treated samples of colostrum on PHA-
induced IL-2 production by PBMC was
investigated.
The possibility that colostrum may directly

affect the IL-2 bioassay, and not the produc-
tion of IL-2, has been tested. Colostral milk
was added to supernatant fluids containing IL-
2 activity at concentrations that might have
been present in the supernatant fluids tested
for IL-2. After incubation IL-2 activity was
determined in the bioassay as described above.

Cytotoxicity was quantified by the standard
chromium-5 1 specific (51Cr) release assay in
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Figure I Effect ofhuman colostrum on IL-2 production
by human PBMC. Colostrum was added at concentrations
as indicated. Bars represent SEM. *P<0 05;
**P<0-0025.

which 5'Cr-labelled K562 erythroleukaemia
cells (targets-T) were incubated with PBMC
(effectors-E),13 in the absence or presence of
the indicated concentrations of colostrum.
Final effector to target (E:T) ratios varied from
100:1 to 3:1. Cultures were set in 96-well
microtitre plates (v-shaped). The plates were
incubated for four hours at 37°C. At the end of
the incubation the plates were centrifuged, 150
,ul of the supernatant fluids were harvested
from each well, and the radioactivity was tested
in a ry-counter (LKB). All reactions were
carried out in triplicate and the specific 5eCr
release was calculated, as described before. 13
The effect of colostrum on NK activity was

also tested following incubation of aliquots of
PBMC (2x 106/ml complete medium) at 37fC
for 24 and 48 hours respectively, in the
absence or presence of the indicated concen-
trations of colostrum. At the end of the incuba-
tion period, the cells were sedimented,
resuspended in complete medium, and tested
with the cytotoxicity assay.
The effects of human recombinant IL-2

(hrIL-2, Genzyme, Boston, ofA, USA) and
human leucocyte interferon (IFN, Biological
Research Institute, Nes-Ziona, Israel) on NK
cell activity were studied on PBMC incubated
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with or without colostrum for 24 hours at
37°C. HrIL-2 was added at 100 BRMP
units/ml and IFN at 300 units/ml, both at the
start of the cultures. Following the incubation
period 51Cr-labelled K562 cells were added at
an E:T ratio of 100:1 for an additional four
hours and the radioactivity in the supernatant
fluids was measured as described above.

Statistical analysis was performed using
Student's t test. The results are expressed as
mean (SEM).

Results
The concentration of IL-2 in 37 out of 40
colostral milk samples tested was 10-6 (1 3)
pg/ml, a value below the sensitivity of the assay
kit (40 pg/ml). However, three samples of
colostrum showed high concentrations of IL-2:
646 pg/ml, 693 pg/ml, and 1331 pg/ml.

EFFECT OF COLOSTRUM ON IL-2 PRODUCTION
Colostrum at concentrations as low as 0 5%,
1%, and 2% showed a significant enhancement
of IL-2 production by 14 5 (5*9)%; 41 (8*7)/%,
and 30 (6&3)%, respectively (P<0.05;
P<0-0025, respectively). At a higher concen-
tration (10%), the IL-2 production was signifi-
cantly inhibited by 35 (9A4)% (P<0-0025) (fig
1). These effects on IL-2 production were not
altered when the pH of the colostral milk
samples was reduced to 4 0 (data not shown).
The possibility that colostral milk may directly
affect the IL-2 bioassay, and not the produc-
tion of IL-2, has been ruled out as the addition
of colostrum to supernatant fluids containing
IL-2 activity had no effect on that activity (data
not shown).

EFFECT OF COLOSTRUM ON NK CELL ACTIVITY
The addition of colostrum to PBMC resulted
in a dose and time dependent inhibitory effect
on the cytotoxic response. At colostrum con-
centrations of 2, 5, and 10%, the spontaneous
killing, tested after four hours of incubation,
was significantly decreased by 20 (2.6)%,
25 (3 5)%, and 35 (2.2)%, respectively

50 * Control
* Colostrum:4 hours

4040 A Colostrum:24 hours
x Colostrumn:48 hours

x
0 20

0

10 0: 0: 0* :

incbaton imeandeffector:target ratiosaincte.Eh

experimental point is the mean of at least seven
experiments. Bars represent SEM. *P<0.05;
**P<0.0025; ***P<0-0005.
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Figure 4 Effect of human recombinant IL-2 (hrIL-2)
and human leucocyte interferon (IFN) on NK cell activity.
HrIL-2 and IFN were added to PBMC at 100 BRMP
units/ml and at 300 unit/ml, respectively. Cultures were
incubatedfor 24 hours before the cells were tested forNK
activity at an E:T ratio of 100:1. Bars represent SEM.

(P<0 005) at an E:T ratio of 100:1 (fig 2).
Following 24 and 48 hours of incubation of
PBMC with 5% and 10% of colostrum, its
inhibitory effect on cytotoxicity was more pro-
nounced, showing a reduction of 30 (2)% and
44 (5 5)% after 24 hours and 40 (9)% and 63
(5.3)% after 48 hours, respectively (P<0 005;
at the same E:T ratio). At lower concentrations
of colostrum there was a slight, but not signifi-
cant reduction in NK activity (fig 2).
As shown in fig 3 the reduced NK activity

caused by colostrum was observed at the four
E:T ratios tested in this study - that is, 100:1,
30:1, 10:1, and 3:1.

Fig 4 shows that the inhibitory effect of
colostrum on NK cell activity could be
abolished by addition ofhrIL-2, whereas human
leucocyte interferon did not have any effect.

Discussion
Our study provides additional evidence that
human colostral milk contains substances
which exhibit both stimulatory and inhibitory
effects on immune function. At concentrations
as low as 0-5%, human colostrum enhanced
IL-2 production by human PBMC, whereas at
a higher concentration (10%), IL-2 secretion
was inhibited. We also observed a time and
dose dependent inhibitory effect of colostrum
on NK cytotoxicity. This inhibition could be
reversed by the addition of hrIL-2.

These results support previous findings
which indicated that human colostral milk
proteins have both enhancing and inhibitory
effects on the proliferative response of human
T cells activated by mitogens or alloantigens.'I
As the proliferation of T cells is mediated
via IL-2, we suggest that the increased and
reduced secretion of IL-2 induced by
colostrum may provide a possible explanation
for the dual effect observed on human cell
proliferation. Our results show that the con-
centration of colostrum needed to achieve
stimulation of IL-2 production was 20 times
lower than that needed for suppression, a ratio
similar to that of colostral milk protein which

induced the enhancement and inhibition of
cell proliferation.10
We have shown that both effects of

colostrum on IL-2 production are acid stable,
allowing them to resist the action of the low pH
in the stomach.
The inhibitory effect of colostrum on the

secretion of IL-2 by PHA stimulated PBMC
agrees with the findings of Hooton et al,14 who
found suppression of IL-2 production by
Concanavalin-A activated human PBMC and
T lymphocytes induced by colostrum.

Because the newborn's immune response
is known to be immature, we suggest that
enhanced synthesis of IL-2 induced by col-
ostrum may be of importance for the stimula-
tion of the newborn's immune function.
We have ruled out the possibility that

colostrum directly affects the IL-2 bioassay,
and not the production of IL-2, as the addition
of colostral milk to supernatant fluids contain-
ing IL-2 activity had no effect.
The contribution of breast milk to the

infant's defence mechanisms has been
described before. In addition to a large amount
of antibodies (mainly of the secretory IgA class
and some IgM and IgG15) and receptor
analogues, human milk contains a substantial
number of white cells, mainly macrophages
(70%), lymphocytes (15%), and granu-
locytes.'6 17 The colostral macrophages and
granulocytes possess a phagocytic capacity
whereas lymphocytes exhibit a proliferative
response on stimulation with mitogens and
antigens. 16 17 Furthermore, supernatant fluids
from cultivated colostral cells, on stimulation,
can produce IL-1'8 19 (Sodar 0. Abstract
presented at VI International Congress of
Immunology, Toronto, Canada, 1986), IL-2,18
and chemotactic factor activity.20 According to
our results, IL-2 concentrations in colostral
milk were very low or even undetectable, sug-
gesting that, although colostral cells are able to
produce cytokines on stimulation in vitro, com-
parable stimulation for IL-2 production does
not exist in vivo. Other cytokines such as epi-
dermal growth factor (EGF),2' IL-13,22
tumour necrosis factor-ot (TNF-ct)23 and trans-
forming growth factor (TGF)24 have also been
found in colostrum. The latter has been shown
to have an inhibitory effect on IL-2 production
by EL-4-NOB-1 murine thymoma cells25 and
thus may also be responsible for the suppres-
sion of IL-2 secretion reported here. In addi-
tion, we have not excluded the possibility that
some components of human milk may alter
detection of IL-2, as has been described for
TNF-ot.23
Some of the humoral factors that suppress

maternal NK activity in pregnancy13 may be
present in colostrum and are most probably
responsible for the lower NK activity reported
in the newborns.2628 In addition, the high
concentrations of immunoglobulins found in
colostrum may also suppress NK activity, as
has already been documented.29 According to
our findings, the inhibitory effect of colostrum
on NK activity can be completely reversed by
the addition of hrIL-2. Thus, the stimulation of
IL-2 production induced by low concentrations
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of colostrum which we observed may compen-
sate for its inhibitory effect on NK activity.
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