
Human milk is composed of multiple immune factors which interact to form the 
“immune system of milk” [1]. These components include monocytes, 
macrophages, antibodies, communication molecules (cytokines), antimicrobial 
proteins, and commensal microbes. 

The immune system of milk is critical to understanding connections between 
maternal and infant health. The immune system of milk may both protect infants 
against infectious disease and guide their immune development [2, 3].

We developed a protocol to measure milk immune activity in vitro to microbial 
agents, including pathogens and commensal microbes. Responses to these 
microbes were characterized with cytokines:

•  Interferon-γ (IFN-γ; a promoter of type I immune responses)
•  Interleukin-4 (IL-4; a promoter of type II immune responses)
•  Interleukin-6 (IL-6; a pro-inflammatory cytokine)
•  Interleukin-10 (IL-10; an anti-inflammatory cytokine)

Here, we describe the development of the protocol for describing immune 
responses in whole human breast milk in vitro. Our priorities were to develop a 
protocol that:

•  generates results interpretable at the level of the immune system of milk
•  is practical for population-based, international research 

Some of the questions we addressed in protocol development were:

1) une system of milk!

!

!  Which gastrointestinal bacteria prompt the greatest response?
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Negative controls (Figure 2):
•  Immune responses (increases in cytokines) to the Negative (unstimulated 

control) condition were apparent in many of specimens
•  We employed a variety of measures to reduce contamination of milk with 

bacteria or endotoxin (equipment was cleaned and sterilized after each use, 
participants were asked to use sanitizing wipes on their hands and breasts 
before pumping). 

•  Immune responses to the “Negative control” may result from milk’s natural 
composition which are inherently active. 

ρ: 0.6988 for IL-6 and 0.9592 for IFN-γ; Figure 3). •  We concluded incubation in either vessel was suitable. We prefer 6-well plates for practical concerns, such as avoiding the dangers of broken glass, minimizing milk spillage, and stackability. Were minimizing cost the priority, our findings support use of glass culture tubes. Incubation duration (24, 48, 72 hours):•  Cytokine concentrations were generally higher after 48 h or 72 h of incubation than after 24 h (Figure 4), but not significantly so. •  No specimens for which a cytokine was undetectable after 24 h of incubation exhibited detectable cytokines after 48 or 72 h. In one case, cytokine was detectable after 24 h of incubation, but was undetectable after 72 h of incubation. •  It is unlikely that incubation for 72 h would lead to different conclusions about milk immune responses than 24 h, nor to observation of different patterns, and so we conclude that incubation beyond 24 h is not necessary.  It i49 1461.754 Tm (: n 23941 30Do 958nd 0.Drs):)Tjndetectable a:  0 Td (), butTJ /ine waster 4ticcvesseabl /TT4 ing milk spillag[f isiccator)54095 27


