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ratio is associated with
lower immune cell
function, which may
result in lower immunity.
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Abstract

Inflammatory cytokine
storms in the lungs are a
potential consequence of RNA
viruses. One issue that may
increase the risk of developing
inflammatory cytokine storms
in the lungs during viral
infections is an imbalance in
the dietary omega-6/3 ratio.
Indeed, over the past 100 years
the omega-6/3 ratio in the
Western world has increased
from approximately 4:1 to
20:1. This has increased
the production of pro-
inflammatory metabolites
from omega-6 and reduced the
anti-inflammatory metabolites
from omega-3s. A high dietary
omega-6/3 ratio may promote
excessive inflammation,
which may be contributing
to inflammatory cytokine
storms in the lungs during viral
infections.

Introduction: The
Omega-6/3 Ratio and
Inflammation

Inflammation is important
in treating infections and
wounds as it promotes tissue
healing and the killing of
pathogens. The omega-6 fat
linoleic acid, and arachidonic

acid (AA) formed from it, are

important in responses such

as redness, swelling, heat,

and pain.! However, acute
inflammatory responses are
meant to be quickly suppressed
by resolvins formed from the
long-chain omega-3 fatty acids,
eicosapentaenoic acid (EPA),
and docosahexaenoic acid
(DHA). Thus, a balance in the
dietary omega-6/3 ratio may
be important for ensuring that
an excessive and prolonged
inflammatory response does
not occur, which could lead to
tissue damage and potentially to
autoimmune disease.

Up until about 100 years
ago, the omega-6/3 ratio had
been around 4:1 or less.?
However, the typical Western
diet now provides an omega-6/3
ratio approximately 20-fold
higher in favor of omega-6.?
While foods such as nuts,
seeds, and eggs are high in
omega-6, the increase in the
omega-6/3 ratio is primarily
due to an increase in the intake
of industrial seed oils (soybean,
corn, safflower, cottonseed, and
canola). Additionally, there has
been a reduction in the intake
of long-chain omega-3s, which
can primarily be found in
fatty fish and shellfish. A high

omega-6/3 ratio predisposes
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to supraphysiologic inflammatory responses and
perpetuates chronic low-grade inflammation.’ The
overconsumption of linoleic acid, mainly from
industrial omega-6 seed oils, and the lack of EPA
and DHA, has been proposed to put the population

in a pro-inflammatory and pro-thrombotic state.® *

The Immune System

One of the functions of our immune system is
to fight against pathogenic viruses, fungi, bacteria,
and parasites.” The immune system does this by
releasing inflammatory cytokines during infections
to defend against these pathogens. If our immune
system, and especially our gastrointestinal system is
healthy, then there is a lower risk of autoimmunity.®

There are two main types of immunity:

Innate (natural immunity) and acquired (adaptive
immunity).” Immune cells concentrate in
lymphoid organs (lymph nodes, thymus, spleen
and gastrointestinal lymphoid tissue) and in the
circulation as well as other parts of the body. The
innate immune system is a first line of defense
against infection. It functions to prevent and
eliminate infectious pathogens. Examples of

the innate immune system include complement,
skin, phagocytic cells (neutrophils, eosinophils,
basophils), monocytes, and macrophages.

The acquired immune system has “memory”
(unlike the innate immune system), whereby prior
exposure to pathogens improves its response.
Although the acquired immune system is slower
to respond than our innate immune system,
once it becomes effective it has a lasting effect.
Acquired immunity involves antibodies, which
help bind to and neutralize pathogens as well as
activate complement proteins, which promotes
phagocyte activation and pathogen elimination.
Once an invading pathogen is inside a host cell it
has escaped antibody defense, otherwise known
as humoral immunity. However, T lymphocytes
can eliminate these pathogens in conjunction with
helper T lymphocytes (indicated by the presence
of CD4 protein on their surface). Type 1 helper T
cells activate macrophages, cytotoxic T lymphocytes
(CD8+) and natural killer cells, whereas Type 2
helper T cells activate mast cells and basophils.
Regulatory T cells are involved with suppression
of inflammation and cell-mediated immunity via
production of IL-10.
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The Importance of Omega-3s for
Suppressing an Overactive Immune System
and Reducing the Risk of Inflammatory
Cytokine Storms

There is a need for an effective immune
system to prevent and eliminate infectious agents.
However, the immune system can become over
activated leading to self-attack. This can start by
the immune system mounting a response to dietary
or environmental allergens. Arachidonic acid is
the main fatty acid in immune cell membrane
phospholipids and mainly forms the inflammatory
2,4-series eicosanoids, whereas incorporation of
EPA/DHA will decrease AA-derived eicosanoids
and increase the anti-inflammatory 3/5-series
eicosanoids, docosanoids and resolvins/protectins,
leading to an overall anti-inflammatory state.
Consuming a typical Western diet leads to immune
cells (neutrophils, lymphocytes and monocytes)
that contain ~20% of fatty acids as arachidonic
acid with just 1% EPA and 2.0-2.5% DHA.
However, supplementing the diet with 3.2 grams
of EPA/DHA for 12 weeks has been shown to
increase phospholipid long-chain omega-3 fatty
acids to around 3.5% EPA and 3.5% DHA.> Thus,
a dietary increase in omega-3 PUFAs will lower the
omega-6/3 ratio in immune cells.

Animal models have demonstrated that
omega-3 polyunsaturated fatty acids (PUFAs)
have immunomodulatory effects and are useful
in inflammatory disorders.® Infections can also
increase arachidonic acid and decrease the anti-
inflammatory omega-3 PUFA DHA.” Dietary, or
supplemental omega-3 PUFAs, can incorporate
into the cellular membranes of all immune cells
investigated to date.® Numerous clinical studies
in humans have found that supplementing with
EPA/DHA (reducing the omega-6/3 ratio) lowers
inflammation in humans, whereas oxidized linoleic
acid metabolites (OXLAMs) activate nuclear
factor kappa-beta (NF-kB), which increases
proinflammatory cytokines.? Importantly, cytokine
storms and lung injury in persons infected with
coronaviruses, such as severe acute respiratory
syndrome (SARS-CoV) or middle east respiratory
syndrome (MERS), are usually the result of NF-kB
activation.” '’ Studies show that inhibiting NF-kB-
mediated inflammation increases survival in animal

models of SARS-CoV."" Considering that SARS-
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Table 1. Potential mechanisms of omega-3s for reducing cytokine storm in the lungs

resolvins/profectins/maresins/lipoxins.>

Decrease AA-derived eicosanoids and increase the anfi-inflammatory 3/5-series eicosanoids, docosanoids and

Lower omega-6/3 ratio in immune cells.s

Inhibiting NF-kB activation.?

Resolving inflammation and potentially improving survival in sepsis.!214

inflammatory interleukins and cytokines. 152!

Suppression of arachidonic acid-derived eicosanoids and leukotrienes produced from immune cells as well as

Increase in neutrophil and monocyte phagocytic activity.2s

CoV and SARS-CoV2 are both coronaviruses,
and that the latter can lead to COVID-19,
inhibiting NF-kB activation by increasing
omega-3 intake and reducing processed omega-6
seed oil intake,” may be an important strategy in
combating inflammatory cytokine storms in the
lungs and acute respiratory distress in patients
infected with RNA viruses such as influenza
and coronaviruses. Moreover, considering that
the dietary intake of omega-6/3 is now ~ 20:1
or higher, compared to an ancestral intake of -
4:1 or less, this may predispose to inflammatory
cytokine storms and chronic inflammatory
conditions.”? Omega-3 PUFAs are important
for resolving inflammation and may improve
survival in sepsis and acute respiratory distress
syndrome (ARDS).!>!4

EPA/DHA not only reduces AA-metabolites
by competition in the cellular membrane
phospholipids, but they also inhibit AA
metabolism via inhibition of cyclooxygenase
and lipoxygenase. Inhibiting the metabolism
of arachidonic acid to proinflammatory
metabolites is likely more consequential in
preventing a supraphysiological inflammatory
response than reducing the phospholipid
content of arachidonic acid. Many studies have
shown that fish oil (between 2.4 and 14.4 grams
of EPA/DHA/day) suppresses the arachidonic
acid-derived eicosanoids and leukotrienes
produced from immune cells as well as

inflammatory interleukins and cytokines."?!

Moreover, the metabolites from EPA/DHA are
considered less inflammatory compared to those
from arachidonic acid.>**>

A higher omega-6/3 ratio is also associated
with lower immune cell function, which may
result in lower immunity.?* DHA-rich fish
oil (3 grams per day, 26% EPA, 54% DHA)
has been shown to increase neutrophil and
monocyte phagocytic activity by 62% and 145%,
respectively,” whereas changes in neutrophil and
monocyte phagocytic activity was not found with
EPA-rich fish 0il.?® In other words, DHA may
strengthen the immune system while at the same
time suppressing its overactivation.

Long-chain omega-3s can also inhibit
inflammatory cytokine production from
monocytes, macrophages, and endothelial cells.
Many of the benefits of long-chain omega-3s are
due to their ability to reduce gene expression
for producing inflammatory cytokines partly
by reducing the activation of NF-kB.! Thus,
supplementing with long-chain omega-3s not
only reduces inflammatory eicosanoids derived
from arachidonic acid but also increases the
anti-inflammatory eicosanoids and resolvins/
protectins/maresins/lipoxins derived from EPA/
DHA, thereby reducing inflammatory cytokine
production from NF-kB. Table 1 summarizes
the potential mechanisms of omega-3s for
reducing cytokine storm in the lungs.
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