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Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by an aberrant immune
response and persistent inflammation. Epigenetic changes are dynamic and susceptible to modification in
response to environmental stimuli, which provides a feasible intervention to influence epigenetic homeostasis
through an “epigenetic diet.” The term epigenetic diet was previously described by Daniel et al., referring to the
consumption of certain foods, such as soy, grapes, vegetables, and green tea, which exert mechanisms against
aging and cancer.

systemic lupus erythematosus methyl donor nutrients DNA methylation MiRNAs

| 1. Folate

Folate, also known as vitamin B9, is an essential micronutrient vital for cellular functions, such as DNA synthesis
and methylation &I Its immune functions have been previously described. According to Courtermanche et al. &,
dietary folate deficiency is likely to affect most dividing cells and could cause DNA breaks in human T lymphocytes,
affecting their proliferation and increasing apoptosis rate. Similarly, folate deficiency affects cell function and T
helper cell differentiation, which suggests that folate plays a relevant role in maintaining Th cell homeostasis &. In
this sense, folate may directly influence the immune system by influencing immune cell homeostasis and indirectly

by influencing the DNA methylation of immune genes.

Under normal dietary conditions, the folate absorbed is metabolized to its bioactive form of 5-
methyltetrahydrofolate (5-methylTHF); this metabolite is required to maintain the flux of methyl groups for the re-
methylation of homocysteine to methionine. Methionine is the substrate for SAM or S-adenosyl-L-methionine
(AdoMet), a methyl group donor for methylation reactions that most commonly occurs at the 5 positions of cytosine
to generate 5-methylcytosine [4. The evidence suggests that folate-deficient diets may induce DNA
hypomethylation. A study conducted on women aged 65-80 reported that inadequate folate intake during 7 weeks
resulted in DNA hypomethylation in leukocytes B!, which highlights the role of folate in the modulation of DNA
methylation (Figure 1).
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Figure 1. The role of the diet in epigenetic changes. Nutrients have a role in epigenetic modifications. (a) B
vitamins and choline donate methyl groups to promote DNA methylation and could reduce the expression of
immune-related genes and subsequently reduce cytokine overproduction. (b) Fatty acids stimulate DNMT1
expression, which could compensate for the downregulation of DNMT1 in SLE patients. (¢) The methionine intake
reduces hydroxymethylation a step before demethylation. Altogether, these mechanisms promote epigenetic
homeostasis. Therefore, a healthy epigenetic diet that provides an adequate amount of these nutrients acts as an

adjuvant therapy for SLE. SLE: systemic lupus erythematosus. DNMT1: DNA methyltransferase 1.

In humans and rats, hypomethylation may be induced by low dietary folate and reversed by folate repletion. In a
randomized controlled trial, supplementation with 400 pg per day of folate led to an increase in DNA methylation of
31% in leucocytes and 25% in colonic mucosa; however, the statistical effect was marginal . In a similar study,
DNA hypomethylation by folate repletion was reversed with supplementation of 286-516 pg for 3 weeks [8l.
Notably, DNA hypomethylation reversibility depends on folate depletion duration. In a study conducted in rats with
folate deficiency for 9, 18, 24, and 36 weeks, the repletion of the adequate folate diet just increased the DNA
methylation in those with 9 weeks of folate depletion [, which suggests that hypomethylation is not reversibly after

prolonged folate deficiency.

| 2. Choline and Betaine

Choline is an essential nutrient involved in synthesizing the neurotransmitter acetylcholine, methyl group donor,
betaine, and phospholipids. It has also been associated with preventing cognition alterations, hepatic steatosis,
cardiovascular disease, and cancer. Choline also has a relevant role in epigenetic regulation through SAM
synthesis (Figure 1) during its oxidation to betaine [&l.
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Studies of global and gene-specific DNA methylation in rodent models exposed to a maternal choline-deficient diet
showed global and specific hypomethylation of cyclin-dependent kinase 3 (CDKNS3), calbindinl, and vascular
endothelial growth factor (VEGF-C) genes. Notably, this study also observed global hypomethylation but gene-
specific hypermethylation of insulin-like growth factor-2 (IGF-2) 2. This demonstrates that methyl donor nutrients
could act differently by depending on global or gene-specific methylation and by depending on the gene evaluated;
however, more studies are necessary to prove this theory. Another similar study has demonstrated that Maternal
choline supply modifies fetal histone and DNA methylation in rat fetal liver and brain, suggesting that choline exerts

epigenetic mechanisms during stages of embryonic development 19,

Betaine is a nonessential nutrient found in several food sources and can be synthesized from choline; it has an
essential role in DNA methylation, playing as a methyl donor. Recently, it has been suggested that betaine plays an
anti-inflammatory role through the betaine NF-kB signaling pathway, and NLRP3 inflammasome inhibition 22, Due
to its epigenetic and anti-inflammatory effects, adequate choline and betaine intake should be ensured in SLE

patients.

| 3. B Vitamins

B vitamins comprise a group of water-soluble vitamins that perform essential cellular functions in catabolic and
anabolic enzymatic reactions 22 but also play a relevant role in epigenetic regulation, acting as methyl donors or

as cofactors on the one-carbon metabolism (Figure 1) (3],

Vitamin B12, also known as cobalamin, in one-carbon metabolism acts as a cofactor for the enzyme methionine
synthase; thus, it is a regulator of DNA methylation (131, Cobalamin deprivation induced global hypomethylation in a
murine model, even when combined with a folate-rich diet 14, This indicates that the high consumption of other
methyl donors cannot compensate for the cobalamin deficiency. Vitamin B12 could also directly affect the immune
system; its deficiency has been associated with TNF-alfa overproduction 2 thus, adequate cobalamin

consumption may have anti-inflammatory effects on SLE.

Pyridoxine or vitamin B6 serves as a coenzyme in the transfer of a one-carbon unit from serine to tetrahydrofolate
(THF) to generate glycine and 5,10 methylenetetrahydrofolate (MTHF) 23], Moreover, its role in methylation, it has
been reported that B6 deficiency results in inflammation and has been involved in inflammatory diseases, such as

rheumatoid arthritis 2€l: however, there is no evidence of its specific role in SLE.

Riboflavin has potent anti-inflammatory and antioxidant effects; its deficiency has been associated with disturbing
MTHFR activity and to the risk of cancer by influencing DNA methylation patterns. In SLE, pyridoxine has been
inversely associated with atherosclerotic plague, a common alteration in these patients; there is no evidence of
pyridoxine and DNA methylation in SLE; however, an adequate intake of this vitamin may reduce cardiovascular
alterations in SLE and avoid disturbances of the MTHFR activity 271181,

| 4. Methionine
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Methionine is an essential sulfur-containing amino acid that must be consumed in the diet. Eggs, fish, dairy
products, and some meats are sources of it. Regarding its role in DNA methylation, it serves as a precursor of
SAM; thus, when the concentration of methionine is low, SAM synthesis is reduced, and DNA methylation is
theoretically reduced . A study conducted on 168 women of reproductive age showed that high methionine intake
reduces hydroxymethylation (a step that precedes demethylation) (Figure 1) 2. However, methionine’s biological
effects are controversial because it is necessary to preserve DNA methylation patterns; however, in cancer,
evidence suggests that methionine restriction inhibits cancer cell growth and may enhance the efficacy of
chemotherapeutic agents. In addition, methionine has been involved in oxidative and aging events 2921 pye to
these possible adverse effects of methionine, it needs to be clarified how to be the recommendation for methionine
intake in SLE patients; however, an adequate but not excessive amount of methionine may be included in the

dietary recommendations for SLE.

| 5. Fatty Acids

Fatty acids are no part of the methyl donor nutrients; however, emerging findings support that fatty acids can
modify the epigenome. Until now, the exact mechanisms through which fatty acids influence epigenetic changes
were not known; however, some mechanisms have suggested that short-chain fatty acids, such as butyric,
propionic, and valeric, can inhibit histone deacetylase activity. On the other hand, variation in energy intake led to
changes in cellular NAD+/NADH which may alter histone deacetylase activities; therefore, indirectly, fatty acid

could modulate histone deacetylase activity through energy changes [22],

The evidence in the murine model and humans reported that PUFAs and saturated fatty acid intake might alter the
methylation status; however, the specificity of such effects still needs to be clarified 22, In human colorectal cancer
cells, PUFA treatment increases the expression of DNMTs in HT29/219 (Figure 1) but suppresses other cell

lines 23], Thus, more evidence about fatty acids and their epigenetic roles is necessary.

Regarding the immune system, PUFAs, specifically omega-3 fatty acids, have been widely related to immune
function due to their anti-inflammatory properties. In macrophages, treatment with omega-3 decreases pro-
inflammatory cytokine synthesis and increases IL-10 cytokine production 24, Additionally, omega-3 fatty acid
promotes M2 polarization in murine models and may modulate T cell activation. Even omega-3 fatty acid
supplementation has demonstrated beneficial effects in T-mediated diseases, such as autoimmune hepatitis [24]
and probably SLE.

| 6. Other Environmental Factors That Impact DNA Methylation

Chronic alcohol consumption could promote DNA hypomethylation; it has been demonstrated that alcohol can

inhibit methionine synthase activity in the liver, resulting in a significant reduction in s-adenosyl methionine levels
28],
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In addition, tobacco compounds can promote cobalamin and folate inactivation and interfere with one-carbon

metabolism, consequently interfering with the availability of methyl groups . Therefore, promoting healthy habits

in SLE patients, such as avoiding or at least limiting alcohol intake and smoking, is crucial in treating the disease.
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