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Biologically active compounds such as miRNA

Biologically active compounds collectively known as small RNAs (miRNA, siRNA) are of increasing interest for 
researchers. Small RNAs are decisive for gene regulation in plants, animals, humans and microorganisms. Some of the 
known mechanisms are based on so-called gene silencing by adding blocking transcription of DNA (by methylation) or by 
the degrading of messenger substances (mRNA) needed for the production of proteins. These and other mechanisms 
are also collectively known as RNA interference (RNAi). It is known that plants in particular have a large variation of 
small RNAs enabling them to react to changing environmental conditions (Borges & Martienssen, 2015). In addition, 
funghi, bacteria and other microorganisms such as those which are part of the intestinal microbiome produce a great 
diversity of small RNAs (Beatty et al., 2014).

Many small RNAs are stable in a way that they can persist outside the cells, for example, in the bloodstream. Many 
experts assume that there are specific mechanisms that support the uptake of small RNAs from the environment (or the 
intestine). For example, they can be packed in vesicles and thereby transferred to other cells. This might be one reason 
why miRNA produced by intestinal microorganisms can be found in the blood and organs of humans and animals (Wang, 
et al. 2012; Beatty 2014). Small RNAs also play a role in the context of genetically engineered plants: For example, RNAI 
is used to reduce the production of specific fatty acids in soybeans and thereby to change their oil composition (see 
above). Furthermore, the plants are genetically engineered to produce small RNAs that act like an insecticidal toxin: If 
pest insects feed on the plant, they will take up additional miRNA, this will then interfere with the gene regulation of the 
insects in a way that will kill them (see for example Zotti & Smagghe, 2015). As yet, these plants are not allowed in the 
EU. 

In 2012, it was reported for the first time that miRNA produced by plants can enter the blood of mammals (including 
humans) at the stage of consumption (Zhang et al, 2012). These findings were called into question by several experts.1 
However, looking at more recent publications, one has to assume that plant miRNA can indeed enter the blood, organs 
and urine of mammals after ingestion (Yang et al., 2015; Liang et al., 2015; Hirschi et al, 2015). At the same time, the 
amount being taken up and the factors influencing biological impact need further research. This uptake of small RNAs via 
ingestion, but also via the lungs is relevant for risk assessment because many small RNAs have a structure that can 
universally interact with the gene regulation of plants, animals, humans and microorganisms.

There is evidence that small RNAs taken up from the intestine do indeed interfere with gene regulation in humans and 
animals. For example, it was found that miRNA transferred via milk shows biological activity (Baier et al., 2014). Small 
RNAs produced by plants are able to interfere with the immune system in humans and animals (Zhou et al., 2015; 
Cavalieri et al., 2015).

1 See for example FIFRA Expertenpanel des US EPA, 2014: https://www.epa.gov/sites/production/files/2015-
06/documents/012814minutes.pdf 
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Further, one has to assume small RNAs from the plants can also interfere with the microbiome during ingestion, and can 
thereby change the composition of the intestinal flora. In consequence this would change also the composition of the 
small RNAs that are taken up from the intestine and entering the blood stream and organs. Very generally, it has to be 
assumed that the genetic engineering of plants always causes a change in the composition of their small RNAs. And the 
real impact on human and animal health remains unknown. The biological relevance of these changes might be different 
from case to case. But, so far, EFSA has not requested any data in this context.
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