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Hypertension is a primary risk factor for cardiovascular and
renal impairments that increases the likelihood of heart
disease and stroke, two leading causes of mortality in the
United States. The pathogenesis of hypertension is complex
and multifactorial. Substantial experimental and patient data
suggest that the combined effects of an overactivated
sympathetic nervous system (SNS) and renin–angiotensin
system (RAS) lead to the initiation and maintenance of
hypertension. However, the underlying regulatory
mechanisms of aberrant SNS and RAS in hypertension,
particularly those determined by a genetic predisposition
that may link both abnormalities, remain mostly elusive.
Circulating and tissue-specific microRNAs (miRNAs) have
emerged as potent regulators of various cellular processes.
Abnormalities in the expression of these miRNAs can result
in pathological conditions, including hypertension [1, 2].
miRNAs are a group of highly conserved, short noncoding
RNAs (20–23 nucleotides long) that posttranscriptionally
regulate gene expression through a partial base-pairing
mechanism, which results in translational inhibition and/or
mRNA degradation [3]. The interaction between the
miRNA “seed” sequence (positions 2–8) and the com-
plementary “seed match” sequence in the 3′ untranslated
regions (UTRs) of mRNA determines the miRNA targets
[4]. This low complementarity requirement between
miRNA and its 3′ UTR target mRNA enables a single
miRNA to modulate many pathways and processes by
simultaneously targeting multiple proteins [5].

In the current issue of Hypertension Research, the data
presented by Jackson et al. suggest a causative role for miR-
181a in blood pressure regulation. Employing a mouse
model of hypertension (the Schlager hypertensive mouse—
BPH/2J), the findings point to a prohypertensive interplay
between renal sympathetic nerve activity and miR-181a-
mediated RAS activity [6]. This is particularly interesting
from a translational perspective, considering previous work
from Brian Morris’ and Geoff Head’s laboratories demon-
strating differential miR-181a expression in hypertensive
human kidneys, implicating miR-181a in renin mRNA
regulation [7], and illustrating an inverse relationship
between miR-181a and renin in blood pressure elevation in
BPH/2 mice [8]. While their previous work showed an
association between sympathetic overactivation in the BPH/
2 mouse and miR-181a-mediated RAS regulation (reviewed
in [9]), the extent to which miR-181a might act as a causal
missing link between SNS and RAS crosstalk was
unknown.

In the present study, the authors employed intravenous
injections of renal-targeted miR-181a mimic, telemetry
blood pressure recordings, and pharmacological assessment
of RAS in BPH/2J mice. Treated mice exhibited transient
decreases in arterial blood pressure, reduced renal renin
mRNA expression, and lacked a depressive response to
angiotensin-converting enzyme inhibition. Furthermore, the
authors found that bilateral renal denervation increased the
expression of miR-181a and its targeting transcription fac-
tor, Tcf7l2, with a concurrent reduction in renal renin
mRNA expression, reversing hypertension in BPH/2J mice.
Altogether, their findings suggest that renal sympathetic
nerves play a role in downregulating renal miR-181a, which
appears to be a novel contributor to RAS overactivity by
modulating renin levels in vivo and thereby elevating BP in
hypertensive BPH/2J mice (Fig. 1).

As acknowledged by the authors, many questions remain
to be elucidated. While the data support a link between the
differential abundance of miR-181a and hypertension due to
high sympathetic activity, it is unclear how renal
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denervation normalizes the expression of Tcf7l2 to allow for
increased miRNA-181a levels. Furthermore, although the
miR-181a mimic was specifically targeted to the kidney, it
is not entirely clear which renal cell types express this
miRNA. While the authors speculate that the effects of
miR-181a are primarily on intrarenal (tubular) renin
expression rather than circulating renin levels, the
mechanism(s) underlying the ability of tubular renin to
regulate blood pressure independently of juxtaglomerular
cell-derived circulating renin require further investigation.
In addition, it would be of interest to examine whether the
mechanism proposed by Jackson et al. is present in other
models of hypertension and cardiovascular diseases asso-
ciated with SNS and RAS abnormalities, as well as the
potential involvement of other miRNAs. For instance, our
group [10] has recently shown that miR-133a contributes to
the regulation of angiotensinogen within the central nervous
system, leading to increased SNS activity during heart
failure. Of interest, previous work shows that decreased
blood pressure in patients with hypertension who have
undergone renal denervation is associated with increased
serum levels of miR-133a over time. However, whether the
changes in miR-133a expression were directly related to the

reduction in SNS activity, decreased arterial blood pressure
itself, or a combination thereof was not determined [11].
Nevertheless, this work illustrates the importance of miR-
NAs in cardiovascular pathologies, emphasizing the com-
plexities of arterial blood pressure regulation in the
hypertensive state, and highlighting the potential for miR-
NAs to serve as biomarkers for treatment efficacy and end-
organ damage.
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Fig. 1 The miRNA-181a-mediated mechanism in regulating sympa-
thetic and renin–angiotensin-system overdrive in neurogenic hyper-
tension. (a) miR-181a is downregulated in Schlager genetically
hypertensive mice (BPH/2), which negatively regulates renin mRNA
expression, leading to increased blood pressure. Concurrently, BPH/2J
mice display sympathetic hyperinnervation of the kidney, contributing
to increased SNS activity in this model. (b) The in vivo administration
of renal-targeted miR181-a mimic decreases renal renin mRNA and
the depressor response to angiotensin-converting enzyme inhibition,
suggesting a role of miR-181a in the regulation of RAS during
hypertension. Furthermore, renal denervation (RSD) is associated with
increased Tcf7l2 mRNA levels leading to higher miR-181a abundance
in BPH/2J mice, presenting a possible mechanism by which SNS and
RAS crosstalk is linked in this model of neurogenic hypertension
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