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In this special topic “Herbal small RNAs, novel precision
medicine from Mother Nature”, we present four original
articles that study the entry of small RNAs derived from
herbs used in traditional Chinese medicine into mammalian
cells and their function within human and mouse cells, and
one review paper focusing on current trends in herb geno-
mics (Du et al., 2017; Huang et al., 2018; Zhang et al., 2018;
Li et al., 2019; Xin et al., 2018).

Controversy over whether plant-derived microRNAs could
enter and function in mammalian cells and organisms began
following publications by Zhang Chenyu in 2012 (Zhang et
al., 2012) and Dickinson et al. in 2013 (Dickinson et al.,
2013). Although the current knowledge may not be able to
explain how plant derived small nucleic acids enter mam-
malian cells and survive the nuclease degradation within,
plant-derived small RNAs have been successfully detected in
mammalian cells and tissues (Chin et al., 2016; Zhu et al.,
2017). Before we believe that regulation by small RNA oc-
curs across phylogenetic kingdoms, three critical questions
need to be answered: (1) What is the quantity of plant-de-
rived small RNAs entering mammalian cells and tissues? (2)
By which routes does entry occur? (3) What protects small
RNAs from degradation after entry?
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In the manuscript “Large-scale analysis of small RNAs
derived from traditional Chinese herbs in human tissues”,
Huang et al. discovered thousands of unique small RNA
sequences derived from 10 traditional Chinese medicine
herbs in human blood samples and mice lung tissues (Huang
et al., 2018). Over 90% of the small RNAs (sRNAs) se-
quences from the herbs Chuan Xin Lian and Hong Jing Tian
identified in the study could be mapped to herb genomes,
confirming their plant origins. These data suggest that large
amounts of plant-derived small RNAs can enter mammalian
cells and tissues, and the cross-kingdom regulation by mi-
croRNAs proposed by Zhang Chenyu group may be a
common phenomenon (Zhang et al., 2012).

An online publication by Du et al. in 2017 provided an
answer to the question of how plant-derived small RNAs
enter mammalian cells and tissues: “Plant-derived phos-
phocholine facilitates cellular uptake of anti-pulmonary fi-
brotic HIT-sSRNA-m7” (Du et al., 2017) described herb-
derived phosphocholines able to facilitate the entrance of
small RNAs into mammalian cells. Many traditional Chinese
medicines are administered by ingestion of a decoction, a
concentrated plant essence produced by boiling herbs with
water for 30—60 min, and consumed orally by patients. Li et
al. discovered that a heat-stable decoctosome—an exosome-
like nanoparticle isolated from a decoction and consisting of
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lipids, proteins, chemicals, and small RNAs—could enter
mammalian cells and tissues by oral administration. The
results are published in this issue: “Herbal decoctosome is a
novel form of medicine”.

A simple bencaosome, composed of synthetic lipids and
sRNAs, is a simulation of a decoctosome constructed for
medical applications. Li et al. found that for optimal ben-
caosome preparation, lipids and small RNAs should be
mixed at 90 degrees for 15 min (Li et al., 2019). Using a
critical micelle concentration assay, small RNAs in the
bencaosome were found to co-assemble with the lipid layers,
suggesting that these small RNAs may be protected from
degradation. A previous study reported that 2'-O-methyl
groups on small interfering RNAs (siRNAs) can stabilize the
siRNAs in serum without affecting their activity in mam-
malian RNA interference (Yu et al., 2005). Plant microRNAs
have a natural occurring methyl group on the ribose of the
last nucleotide (Khvorova and Watts, 2017), indicating that
herbal microRNAs are naturally stable in mammalian cells.
Other phosphodiester or ribose modifications may impact
both stability and affinity of microRNAs to their targets. The
main instability of RNA comes from 2'OH group in the ri-
bose. It acts as a nucleophile, reacting with the adjacent
phosphate and resulting in cleavage of the RNA backbone.
Thus, the ribose or phosphodiester modifications are likely to
impact the stability of RNA. Moreover, RNA backbone
modifications can impact base-pairing affinity. For example,
2'-O-methylnucleotides have been demonstrated to have
elevated melting temperature of resulting duplex molecules
(Majlessi et al., 1998). Future studies are necessary to ex-
plore additional modifications that might protect sRNAs
from nuclease degradation in cells.

In this special topic, the molecular mechanisms of some
herbal-derived small RNAs activities were elucidated. PGY-
sRNA-6 was identified in a screen of the anti-inflammatory
herb Pu Gong Ying and shown to target the RELA gene, a
component of transcription factor NF-kB (Li et al., 2019).
Bencaosomes with PGY-sRNA-6 inhibited poly(I:C) in-
duced inflammation both in vitro and in vivo (Li et al., 2019).
HJT-sRNA-m7 was selected from anti-fibrotic herb HJT and
targets three fibrotic genes simultaneously: alpha-SMA, fi-
bronectin, and Collagen type IIl alpha 1 (Li et al., 2019). The
design from Mother Nature is fantastic: the bencaosome with
HJT-sRNA-m7 improved lung fibrosis both in vitro and in
vivo (Li et al., 2019). Furthermore, RNAs resembling mi-
croRNAs were identified in Ophiocordyceps sinensis, a re-
nowned traditional Chinese medicine used to stimulate the
immune system, decrease blood pressure and inhibit tumor
growth (Zhang et al., 2018). The target predictions of these
microRNA-like RNAs and GO analysis have confirmed their
functions (Zhang et al., 2018). The large amounts of small
RNAs we have consumed from plants over time may pre-
cisely regulate human gene expression, suggesting that the
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phrase “You are what you eat” may have scientific founda-
tion. Further studies are necessary to discover sSRNAs from
herbs that target all human genes, so that a healthy balance of
gene expression can be achieved. It appears that Mother
Nature may have provided precise remedies for many human
diseases.

Useful nucleic acid therapeutics, including antisense oli-
gonucleotides, aptamers, and small interfering RNAs, are
understood to inhibit specific functions of particular genes
involved in disease. While hundreds of clinical trials are
underway around the world, few are approved by the FDA
(Vitravene 1998, Macugen 2004, Knamro 2013, Exondys 51
2016, Spinraza 2016, Defitelio 2016). Although quite a few
compounds have been shown to provide effective treatment,
delivery remains an important hurdle since oligonucleotides
do not enter cells by diffusion. In this issue, the bencaosome
has been used as a novel therapeutic to deliver oligonu-
cleotides to mice by oral administration, and showed marked
treatment effects (Li et al., 2019). By mimicking a decoc-
tosome, the bencaosome could consist of synthetic lipids,
sRNAs, chemicals, and proteins targeting different genes in
combination to achieve an optimal therapeutic effect. If the
problem of oligonucleotide delivery is resolved, the para-
digm of the drug market will be shifted: Mother Nature may
also provide the drug delivery tools for precision medicine.

Globally, many medicines including Chinese, Ayurveda,
Unani, Siddha, Persian, Islamic, Muti, and Mayan, as well as
traditional European medicine, were based on herbal treat-
ment with functional components extracted from herbs as the
therapeutic agents. Sources of modern pharmaceuticals in-
clude chemicals, proteins, and nucleic acids. The variety and
richness of sSRNAs may provide far more treatment options
than chemicals and proteins. Different medicines—be they
western or eastern, traditional or modern—may share com-
mon modes of action to relieve symptoms and cure disease.
Future studies may elucidate the molecular mechanisms of
these treatments and allow traditional and alternative thera-
pies to be seen together as one medicine, regardless of origin.
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