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Omega-3s Coordinate Innate and
Adaptive Immune Teamwork

Omega-3 fatty acids are known to be incorporated into the cell membranes of
every type of immune cell tested. Many immune cells possess enzymes needed
to produce omega-3 metabolites called specialized pro-resolving mediators
(SPMs/PRMs), which in turn regulate their function. This review details how
omega-3s (mainly eicosapentaenoic and docosahexaenoic acids, EPA and DHA)
influence the activity and genetic expression of immune cells from both innate
and adaptive compartments of the immune system.

The innate immune system is tasked with rapid identification and response to immune threats,
but acts with limited specificity against potential invaders. The acquired immune system, on the
other hand, benefits from immune memory, and has a highly-tailored response to specific
targets. However, ramping up specialized immune cell populations and aiming their efforts takes
time. In effect, the innate response is quick and sensitive, yet is not specific, while the acquired
response is highly specific yet somewhat delayed. To optimize the efficiency and efficacy of an
immune response, these divisions of the greater immune system actively and intensively share
information.

In regard to the major immune cell populations of the innate immune system:
● Macrophages surveil organs for the presence of immune threats that have

pathogen-associated molecular patterns (PAMPs) they recognize. This recognition
process polarizes macrophages into an M1 phenotype that engulf invaders through
phagocytosis and subject them to biochemical attack and breakdown. M1 macrophages
secrete proinflammatory cytokines and chemokines that recruit other immune cells to
join the protective response. M1 macrophages also ‘present’ antigens from neutralized
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pathogens to T and B cells of the acquired immune system. Once an immune threat is
addressed, macrophages are transformed into the M2 phenotype that secrete
immune-modulating interleukin-10 (IL-10) and transforming growth factor-beta (TGFβ)
and facilitate healing and tissue renormalization. M2 macrophages tend to encourage T
cell differentiation into regulatory T cells.

● Neutrophils are the most numerous white blood cells, and most neutrophils are found in
circulating blood. Neutrophils are the first immune cells summoned in an inflammatory
response, and they, in turn, can trigger naïve T cells of the acquired immune system to
transform into T-helper cells. Neutrophils produce reactive oxygen species (ROS) to
break down pathogens and present antigens to B cells. Neutrophils can metabolize
omega-3 fats into lipid mediators, and are highly responsive to both parent and
metabolite species.

In regard to the major immune cell populations of the acquired immune system:

● T cells are a diverse set of lymphocytes that originate in the thymus. T cells recognize
the molecular patterns of pathogens presented by macrophages and dendritic cells of
the innate system and organize a specific immune response. T cells are named
according to their cell markers and functional roles: cytotoxic T cells carry the CD8 cell
marker and help eliminate pathogen-affected cells, while T-helper cells carry the CD4
cell marker and may differentiate into Th1, Th2, Th3, Th9, Th17, Th22, or regulatory T
cells, depending on the immune environment in which they develop. T-helper cells
secrete specific arrays of cytokines that regulate the function of specialized immune cell
populations, while regulatory T cells suppress immune cell activation by secreting IL-10
and TGFβ.

● B cells are lymphocytes that originate in bone marrow. B cells recognize molecular
patterns of pathogens presented by macrophages and neutrophils, and produce
antibodies and cytokines to aid the development of a specific immune response and
catalog immune memories. B cells may also independently bind PAMPs, and certain B
cells can act as antigen-presenting cells.

According to this Swedish team of researchers:
“Generally, ALA [alpha-linolenic acid], DHA, and EPA exert an inhibitory effect
on the activation of immune cells from both the innate and the adaptive
branch. Interestingly, some specific immune functions are promoted by dietary
omega-3 fatty acids in specific immune cell types, i.e. phagocytosis by
macrophages and neutrophils or Treg [regulatory T cell] differentiation,
suggesting that omega-3 fatty acids do not act as unspecific
immune-repressors.”
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Review Summary

● After analyzing and reviewing over 150 clinical and preclinical studies investigating how
omega-3 fatty acids and their SPM/PRM metabolites influence the immune response,
the authors note the following:

● DHA and EPA moderate M1 macrophage-driven activation of the innate immune
response by altering cytokine/chemokine signaling and genetic expression of relevant
immune factors, especially the TNF (tumor necrosis factor) messaging network,
interleukin-6 (IL-6), and IL-1β. Omega-3 administration also heightened macrophage
secretion of immune-dampening IL-10.

● EPA and DHA show distinct effects on the regulation of macrophage-related genes; DHA
influenced genes involved in immune response messaging pathways, whereas EPA
influenced cell cycles of growth, differentiation, replication, and death.

● Omega-3s encourage macrophage differentiation into the resolution-oriented M2
phenotype. Their administration has also been seen to heighten macrophage phagocytic
activity, though this surprising finding may be due to omega-3-related changes in cell
membrane structure and function rather than direct signaling effects.

● SPMs/PRMs can increase or reduce neutrophil migration, depending on which
SPMs/PRMs are present, the cause of immune activation, and the phase of the immune
response.

● DHA and EPA have both been found to improve neutrophil phagocytosis, though DHA
displays more consistent effects.

● EPA and DHA show variable influence on neutrophil generation of reactive oxygen
species, depending on the age of the study subject and the cause provoking the immune
response.

● Administration of omega-3 fats affects T cells directly as well as indirectly, through
dampening the behavior of antigen-presenting cells that activate T cells. Omega-3s and
their SPM/PRM metabolites tend to reduce cytokine secretion by T-helper cells while
bolstering that of regulatory T cells, and may influence T cell subpopulation numbers
accordingly.

● DHA and EPA appear to downregulate the antigen-presenting functions of dendritic cells
and thereby reduce T cell activation, according to early research.

● Omega-3 fatty acid administration has shown variable effects on B cells. Omega-3s tend
to reduce B cell activation, yet several studies indicate that they may heighten B cell
elaboration of immunoglobulin M (IgM). These findings suggest that omega-3 fatty acids
may have a blunting effect on the initial immune response without blunting the
development of immune memory, and may therefore facilitate a quicker future response
to immunologically similar challenges.

● Administration of omega-3 fatty acids has been seen to decrease IgE-mediated
activation of mast cells and to reduce the activation and circulating levels of basophils.
This dampening of these innate cells’ function may impact the course of allergic and
atopic conditions.

The authors remark that functional linkages between innate and adaptive immune divisions are
many and complex, allowing for rapid refinement of the overall immune strategy as immune
responses (single or multiple) progress and change. As one example, they note that omega-3
encouragement of M2 macrophage differentiation may then further promote the development of
immune-moderating regulatory T cells for synergistic reduction in immune cell activation.
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NUTRITION CONCLUSION

The immune response is intricately choreographed and is extremely adaptive
to changing conditions through rapid coordination of highly-specialized
immune cell populations. Omega-3 fatty acids and their metabolites are known
to directly influence the development and function of all immune cells so
studied, and generous dietary intakes of these essential lipid mediators may
alter the immune response in numerous immune-mediated health conditions.
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