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Definition

1. Introduction
With advancing knowledge of the importance of adequate nutrition, and increased public health
awareness about diet, there is growing attention on the health benefits of natural products including
those that are rich in polyphenols. Polyphenols are the most extensive group of non-energetic secondary
metabolites and are produced by plants in response to stress  (Figure 1). Polyphenols have been called
‘lifespan essentials’ due to their significant impact on health . There are as many as 8000 different
polyphenols which are divided into different classes based on their chemical structure. Despite the
different classifications, all polyphenols have the key structural features of an aromatic ring and at least
one hydroxyl group . Dietary polyphenols are abundant in plant-based foods such as fruits,
vegetables, dry legumes, cereals, olives, cocoa, tea, coffee and wine . Some common dietary
polyphenols include the lignins present in nuts and whole-grain cereals; pro-anthocyanidins in grapes,
pine bark and cocoa; anthocyanins/anthocyanidins in brightly colored fruits and vegetables like berries;
isoflavones in soybeans; catechins in green tea, grapes and wine; tannins in tea and nuts; quercetin in
grapes and onion; resveratrol in wines and naringenin/hesperidin in citrus fruits .

Figure 1. Classification and health benefits of polyphenols.

Functional and nutraceutical foods provide an alternative way to improve immune function to aid in
the management of various diseases. With the development of research into nutraceuticals, dietary
polyphenols are getting attention due to their immunomodulatory role. There is evidence that dietary
polyphenols can influence dendritic cells, have an immunomodulatory effect on macrophages,
increase proliferation of B cells, T cells, and suppress Type 1 T helper (Th1), Th2, Th17, and Th9 cells.
Further, polyphenols have a beneficial role in the prevention and treatment of inflammatory bowel
disease, allergy, asthma, and auto-immune diseases (type 1 diabetes, rheumatoid arthritis, and
multiple sclerosis).
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Research into the beneficial health effects of polyphenols has increased considerably over the last two
decades . Polyphenols have shown anti-inflammatory, antimicrobial, antioxidant, anticarcinogenic,
antiadipogenic, antidiabetic and neuroprotective effects . Polyphenols may also counteract
cytotoxicity and apoptosis due to their immunomodulatory properties  and regulate innate and
adaptive immunity. Polyphenols have also been shown to reduce oxidative stress and inflammation ,
modulate immune cells, regulate gut microbiota composition and immunity (Figure 1). Through this
regulation of the immune system, polyphenols could beneficially impact a number of chronic diseases

.

2. Immune Modulation of Polyphenols to Immune Cells
The immune system as a whole consists of innate and adaptive immunity, each with different roles and
functions . The innate immune system is the first line of defense, and protects against foreign antigens
through the skin, pulmonary system, and gut epithelial cells, forming a barrier between the organism and
its environment . The innate system is broadly divided into cellular and non-cellular systems. The
cellular system consists of several cell subsets, including dendritic cells (DCs), monocytes, macrophages,
granulocytes and natural killer (NK) cells. The non-cellular system is very diverse, ranging from simple
mucus barriers to complex protein pathways, such as the complement cascade, however all function to
prevent pathogen entry, and facilitate pathogen destruction by phagocytosis . The adaptive immune
system comprises T and B cells. B cells secrete antibodies, whilst T cells are involved in the production of
cytokines, direct cytotoxic destruction of infected or malignant tissue, and activation of other immune
cells . Polyphenols modulate immune responses in both the innate and adaptive systems, having both
stimulatory and inhibitory effects in different areas  (Figure 2).

Figure 2. Immunomodulatory effects of polyphenols on immune cells.

2.1. Effects of Polyphenols on Dendritic Cells

DCs are the most potent antigen-presenting cells which act to prime the adaptive immune system to
recognize foreign antigens, and so are vital in the initiation and regulation of the adaptive immune
response . It has been shown that polyphenols can influence the differentiation of DCs . In fact,
resveratrol has been identified as affecting human DC differentiation from monocytes, with a strong
potential for regulatory action . Likewise, epigallocatechin gallate (EGCG) induces apoptosis and affects
the phenotype of developing DCs. Molecules that are essential for antigen presentation by DCs such as
CD83, CD80, CD11c, and major histocompatibility complex (MHC) class II, are downregulated by EGCG,
suggesting an immunosuppressive action . Other polyphenols, including EGCG, curcumin, quercetin,
apigenin, silibinin, and blackberry polyphenols cause inhibition of murine bone marrow-derived DC
maturation and expression of MHC molecules, reducing antigen uptake and decreasing secretion of the
pro-inflammatory cytokines interleukin-1 (IL-1), IL-2, IL-6, IL-12 . A study in an animal model
showed that administration of fisetin (50 mg/kg) decreased DC migration and DC allo-stimulatory capacity

. Similarly, in vitro resveratrol has an inhibitory effect on DC maturation .
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2.2. Effects of Polyphenols on Monocytes and Macrophages

Macrophages are phagocytes that ingest pathogens and dead cells, which differentiate from the
transitory monocyte. Like DCs, macrophages can also function as antigen-presenting cells (albeit with less
potent activity) being able to activate naïve T cells into effector T cells in the presence of an antigen .
Macrophages play an important role in inflammation, host defense, and tissue repair . Importantly,
macrophages also play a pathogenic role in various chronic diseases including asthma, inflammatory
bowel disease, atherosclerosis and rheumatoid arthritis . Macrophages are classically considered
in two categories, known as polarization: the classical inflammatory M1 and immunosuppressive/anabolic
M2 phenotypes. Initiation of M1 differentiation is by interferon-γ (IFN-γ) stimulation and the activation of
toll-like receptors (TLRs) by bacterial lipopolysaccharides (LPS); while M2 polarization is triggered by IL-4

. It has been shown that polyphenolic cocoa extract suppressed M1 mediated inflammation and drove
M2 polarization of activated macrophages . Polyphenol-rich green tea has anti-tumor effects secondary
to the activation of macrophages and NK cells . Inonotus sanghuang, a plant known for its medicinal
value, rich in rutin, quercetin, quercitrin, isorhamnetin and chlorogenic acid, has been shown to reduce
inflammation by modulating the interaction between macrophages and adipocytes. It was suggested that
in this way it may improve insulin resistance and metabolic syndrome . Moreover, Overman et al.
reported that grape powder extract decreased LPS-stimulated inflammation in macrophages and reduce
insulin resistance .

Monocytes and macrophages play a fundamental role in the progression of atherosclerosis . Increased
oxidative stress causes low-density lipoprotein oxidation (oxLDL), with the resulting lipoproteins engulfed
by macrophages resulting in the formation of foam cells. This process triggers an inflammatory response
in the neighboring endothelial cells which secrete pro-inflammatory cytokines and chemokines .
When monocytes migrate towards the intima, they transform into macrophages on stimulation by
macrophage colony-stimulating factor, increasing the expression of scavenger receptors outside the cell

. Polyphenols are known to regulate this interplay between immune and vascular endothelial
function. Evidence has shown that polyphenols reduce atherosclerotic progression by increasing high-
density lipoprotein (HDL) levels and decrease LDL accumulation in macrophages, reducing foam cell
formation .

2.3. Effects of Polyphenols on Natural Killer Cells

NK cells are a subset of lymphocytes, but are part of the innate immune response, with the function of
eliminating infected or malignant cells . NK cells have a strong cytolytic function and a considerable
role in immune regulation . NK cells are activated by CD4+ T cell secretion of IL-2 and IFN-γ . Once
activated NK cells secrete perforin and granzyme B, which induce apoptosis and necrosis in target cells.
Polyphenols have immunomodulatory effects on NK cells, increasing their number and activity. Green tea
catechin metabolites increase NK cell cytotoxicity  and quercetin enhances NK cell lytic activity  in
animal models. In a clinical trial, healthy participant prescribed a diet low in polyphenols and
supplemented with juices rich in polyphenols increased lymphocyte proliferative responsiveness, IL-2
secretion and lytic activity by NK cells . Berries rich in flavonoids and pro-anthocyanidins have a
cancer-preventive effect but are also involved in the modulation of NK cells . A study in marathon
runners noted that daily consumption of 250 g of blueberries for six weeks resulted in doubled NK cell
counts . Evidence showed that purple sweet potato leaves that are rich in flavonoids enhanced the
lytic activity of NK cells in 16 healthy participants .
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