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Food derived microRNAs
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Foods provide fats, carbohydrates, and proteins as well as vitamins, minerals and trace elements. These

dietary factors may influence cellular processes by regulating endogenous microRNA expression. Micro-

RNAs are non-coding regulatory molecules which affect gene expression at the post transcriptional level.

Received 5th December 2014,
Accepted 20th January 2015

DOI: 10.1039/c4fo01119h

www.rsc.org/foodfunction

Over the last decade it has become apparent that nutrition
does not only provide fats, carbohydrates, proteins, vitamins,
minerals and trace elements. Beside macro- and micronutri-
ents, plant and animal derived foods also contain considerable
amounts of so-called microRNAs.

MicroRNAs are evolutionarily conserved small non-coding
RNAs consisting of on average 22 nucleotides.' ™ They mediate
post-transcriptional changes in gene expression usually
through binding to the 3’ untranslated region (3'UTR) of target
mRNAs with their seed region (nucleotides 2-7). Depending
on the base pair complementarity between the microRNA and
the target mRNA, the target mRNA is either degraded (perfect
match) or the ribosomal translation is blocked (imperfect
binding) which in turn influences the cellular phenotype
(for microRNA processing see Fig. 1).

It has become increasingly evident that microRNAs are
involved in the regulation of a large number of cellular pro-
cesses.® MicroRNAs are found in all human cells and currently
almost 2000 sequences are listed in the microRNA database
http:/www.mirbase.org. Other important microRNA databases
include http:/www.microRNA.org, http:/www.ncrna.org and
http:/www.mirdb.org. It has been hypothesized that as many
as 60% of the human protein-coding genes may contain micro-
RNA binding sites.” In line with this estimation, microRNAs
play a role in the genesis of obesity, diabetes, neurodegenera-
tive diseases and cancer.®® Consistently, microRNAs were
shown to influence insulin production in pancreatic f-cells by
regulating transcriptional repressors,’® miR-33 and other
microRNAs were shown to affect lipid metabolism,"" miR-15
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It has been shown that plant and animal derived foods also contain microRNA. Yet, it is unclear if and to
what extent plant and animal food derived microRNAs are absorbed by mammals. Thus, future studies
need to better address absorption, tissue distribution and function of dietary plant and animal derived
microRNAs in the context of human health and disease.

and miR-16 promote apoptosis through inhibiting the
expression of pro-apoptotic Bel-2'* and miR-376b and miR-30a
regulate autophagy by targeting pro-autophagic beclin 1.'*'*
Given these implications for health and disease, interest in
developing microRNAs as therapeutics for illnesses is rising
and a first liposome-based microRNA mimic (MRX34) has
reached phase I clinical trials."®

Diet may also influence cellular processes by regulating
microRNA expression'® (Fig. 2). Food components such as vita-
mins (e.g. vitamin D, vitamin E, folate) and secondary plant
metabolites (e.g. epigallocatechingallate, curcumin, resveratrol,
quercetin, isothiocyanates) were reported as modulators of
microRNA levels.*'” ™" Moreover, there has been a report that
microRNAs from food may regulate gene expression in
mammals. It was shown that miR-168a from rice is transported
from the gastrointestinal tract to target organs in mice. In
murine liver, this plant-derived microRNA bound to low-
density lipoprotein receptor adapter protein 1 (LDLRAP1)
mRNA and inhibited LDLRAP1 expression, thereby interfering
with cholesterol transport.>® Another recent study published
by the same group suggests that in influenza-infected
mice honeysuckle exhibits its anti-viral potency via micro-
RNA-2911.>" Yet, a so-called cross-kingdom regulation by
microRNAs is still under debate®*>* since a different group of
researchers could not detect plant microRNAs after feeding in
mice® and studies in humans did not lead to detectable
amounts of microRNAs in the plasma after consumption of
fruits®® and broccoli sprouts.?” In contrast, Lukasik and Zielen-
kiewicz*® identified plant-derived microRNAs in exosomes of
human and porcine breast milk and, by using a bioinformatics
approach, predicted their potential human target mRNAs.
Interestingly, Melnik and co-workers®® relate the atopy-prevent-
ing effect of raw cow milk to exosomal miR-155 which is
present in high amounts in raw cow milk (especially
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Fig. 1 microRNA processing. Primary microRNAs (pri-miRNAs) are specifically transcribed from microRNA genes by polymerase Il (Pol Il). Pri-

microRNA is cleaved by an enzyme complex consisting of Drosha and DGCR8 (DiGeorge critical region 8) into a precursor microRNA (pre-miRNA)
of ~70 nucleotides which is exported from the nucleus into the cytoplasm by the nuclear export protein exportin 5. Once in the cytoplasm the pre-
miRNA is processed by the enzyme Dicer into a miRNA : miRNA* duplex which is then unwound by Ago2 into two single strands. Ago2 is part of the
miR-RISC (microRNA — RNA induced silencing complex; miR-RISC). The miRNA strand is the mature strand whereas miRNA* represents the passen-
ger strand which is usually degraded. However, some passenger strands enter the RISC and function as a “normal” microRNA. The mature miRNA-
strand connects to the RISC and finally targets the mRNAs. Depending on the complementarity between mRNA and microRNA either the translation
is inhibited or the mRNA is degraded. x indicates mismatch between microRNA and mRNA (modified according to ref. 4).

colostrum) and also in human breast milk. miR-155 is known
to play a pivotal role in the development of the immune
system and especially in the activity of regulatory T cells
(Treg).>**" While naked microRNAs are highly unstable and
are quickly degraded by omnipresent RNases several papers
note that circulating microRNAs in blood and various body
fluids are highly stable which predisposes them as a potential
biomarker for malignant and non-malignant diseases. This
exceptionally high stability is owed to the fact that microRNAs
can either form complexes with proteins or be packed into
small vesicles originating from endosomal membrane com-
partments or the plasma membrane itself.>* A high number of
microRNAs in human breast milk are present in microvesicles
or exosomes which protect them from rapid degradation by
RNases.**** It has been proposed that microRNAs are involved
in cell-cell communication and play an important role in
the immune system maturation of the infant.>*»** There is

This journal is © The Royal Society of Chemistry 2015

evidence that exosomes are transported by human cells
through phagocytosis and carrier-mediated processes. It was
shown that cow-milk-derived exosomes are transported by
human intestinal cells following a saturated kinetic process
which can be inhibited at low temperatures as well as through
an elimination of exosome surface proteins.**

Recently Zempleni and co-workers have demonstrated that
humans seem to absorb cow milk derived microRNAs in sig-
nificant concentrations and that these microRNAs seem to
affect gene expression in human white blood cells, cultured
kidney cells, and mouse liver. In fact, post prandial pharmaco-
kinetic analyses suggested that miR-29b and miR-200c were
absorbed in humans and, most importantly, the expression
of RUNX2 (runt-related transcription factor 2), a target of
miR-29b, was modulated after milk consumption indicating
that microRNAs in milk may be considered as bioactive
food compounds regulating gene expression and signal
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Fig. 2 Dietary factors (e.g., macronutrients, minerals, trace elements,
vitamins, plant bioactives) have been demonstrated to target mammalian
microRNA. In addition, following absorption, secretion and tissue distri-
bution, plant (e.g., rice) and animal (e.g., cow milk) derived microRNAs
have been suggested to affect gene expression, thereby modulating
cellular phenotypes.

transduction in humans. Interestingly, the authors could also
show that endogenous microRNA-synthesis cannot compen-
sate for the milk-derived microRNAs in mice fed a microRNA
depleted diet.””

Based on dietary surveys of European consumers, we con-
ducted a literature search into the microRNA composition of
commonly consumed food such as milk, meat, cereals and oil
plants like rape. We searched Pubmed for studies up to 2014
and included 15 foods in our final analysis and if data were
available we filtered the results for the 15 most abundant
miRNAs present in the corresponding food items (Table 1).

Sophisticated tools (e.g. microRNA.org) allow the identifi-
cation of corresponding mRNA targets of these food-derived
microRNAs. It may be possible to predict the regulatory func-
tion of foods on the basis of their microRNA composition.
However, it has to be taken into account that one microRNA
normally targets several mRNAs and one mRNA can be tar-
geted by several microRNAs. In addition it has to be con-
sidered that the biological activity of microRNAs does not
necessarily correlate with their abundance but rather with
their presence in exosomes. However before comprehensive
food microRNA data bases are released, it needs to be assured
if and to what extent microRNAs are absorbed in the gastro-
intestinal tract. Moreover, the mechanisms of intestinal
absorption, bioavailability, tissue distribution and function of
exogenous microRNAs should be established.
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Table 1 microRNAs in various foods. If known microRNAs are listed according to their expression levels, starting with the most abundant

Ref.

Food

Low

microRNA expression level

High

30d 542-3p 21 let-7a 36
15b 221 21 125b 37
2111-3p 2911 166k 1135 38

140
16¢
1132

127
128
172a

10b
let-7b
2199

130b
4

let-7f 148a
107
1074

130a
1869

30a-5p 206

let-7f
156¢

133a-3p
103
166a

143-3p
let-7j
167a

378
let-7¢
168a

1

miRNA 156a

miRNA
miRNA 206

Poultry (gallus gallus)
Wheat (triticum aestivum)

Pork (sus scrofa)
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