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HIGHLIGHTS GRAPHICAL ABSTRACT

This review summarizes the current
knowledge of miRNA role in condition
of xenobiotic exposure.

miRNA in regulating mitochondria and
the effect of xenobiotic on mitochon-
drial function

Modulation of miRNA levels may pro-
vide a new therapeutic approach.
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ARTICLE INFO ABSTRACT
Article history: Mitochondria play a crucial role in energetic metabolism, signaling pathways, and overall cell viability. They are
Received 14 May 2018 in the first line in facing cellular energy requirements in stress conditions, such as in response to xenobiotic ex-
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posure. Recently, a novel regulatory key role of microRNAs (miRNAs) in important signaling pathways in mito-
chondria has been proposed. Consequently, alteration in miRNAs expression by xenobiotics could outcome
into mitochondrial dysfunction, reactive oxygen species overexpression, and liberation of apoptosis or necrosis

Editor: D. Barcelo activating proteins. The aim of this review is to show the highlights about mitochondria-associated miRNAs in
cellular processes exposed to xenobiotic stress in different cell types involved in detoxification processes or sen-
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1. Introduction

In eukaryotic cells, mitochondria are the main source of adenosine
triphosphate (ATP) production as well as reactive oxygen (ROS) and ni-
trogen species (RNS) (Heise et al., 2003; Donaghy et al., 2012; Putti
et al., 2015; Rivera-Ingraham et al., 2016). Reviews by Donaghy et al.
(2015) and Zeeshan et al. (2016) point to the endoplasmic reticulum
(ER) as another source of ROS. The synthesis of mitochondrial ROS as
well as other essential biological processes seems to be regulated by
microRNAs (miRNAs, miRs), both in mammals and non-mammalian or-
ganisms (Kren et al., 2009; Christian and Su, 2014; Duarte et al., 2014;
Burgos-Aceves et al., 2018a). The miRNAs are a group of small endoge-
nous noncoding segments of RNA, ~18-25 nucleotide (nt) long that play
a critical role in modulating gene expression (Filipowicz et al., 2008). To
date, there is growing evidence that miRNAs are also present in or asso-
ciated with other organelles (Fig. 1) such as mitochondria (Sripada et al.,
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2012; Tomasetti et al., 2014), ER (Li et al., 2013; Montgomery and
Ruvkun, 2013; Axtell, 2017), processing bodies (P-bodies), stress gran-
ules, multivesicular bodies, and exosomes (Nguyen et al., 2014). Fur-
ther, it has been suggested that cytosolic miRNAs can be transferred
within the mitochondria (Li et al., 2012) or generated within it
(Latronico and Condorelli, 2012; Sripada et al., 2012; Bandiera et al.,
2013), and modulate genes expression and regulate important signaling
pathways (Li et al., 2012). Thus, deregulation of miRNAs biosynthesis
can be associated with mitochondrial dysfunction (Wang et al., 2017).

The aim of this review is to summarize the current knowledge on the
role played by miRNA in regulation of mitochondrial function in condi-
tion of xenobiotic exposure. In the first part of the review, we intro-
duced the role played by miRNA in regulating mitochondria and the
effect of xenobiotic on mitochondrial function. In the second part, we
summarized current knowledge on xenobiotic effect on mitochondrial
associated-miRNA in cells from both hazards sentinel organisms and

Cyvtoplasm

Degradation

> miR duplex

> Mature miR  tmbmmmmm ————

Fig. 1. Schematic microRNAs (miRNAs, miRs) translocation to mitochondrion. Once the biogenesis process (canonical) of miRNAs has been carried out, both pre-miRNAs and mature
miRNAs can be translocated to various subcellular locations as nucleus, mitochondria, endoplasmic reticulum, P-bodies, etc. Mitochondrial outer membrane may itself serve as a novel
platform for the miRNA transport or assembly, and the presence of pre-miRNAs also in mitochondria, suggesting that mitochondria may provide a miRNAs assembly platform. miRNAs
have been suggested to augment translocation under specific circumstances through a separate importation of miRNAs and argonaute (Ago) protein by a yet unidentified protein
import complexes located in the mitochondrial intermembrane space (channels in red and green). Abbreviations: RISC, RNA-induced silencing complex; Exportin, 5 XPO5; DGCRS, Di-
George syndrome critical region gene 8. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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