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Cocaine-Responsive miRNA and Blood Pressure Elevation
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Abuse of cocaine is a major societal problem that crosses the boundaries of user age, sex,
race, and ethnicity. Cocaine use has surged since 2011, and nearly one million individuals in
the United States initiate cocaine use annually.? The financial impact of cocaine use in the
United States includes costs associated with healthcare services, lost work productivity, and
contact with the criminal justice system. Weekly use of cocaine, particularly in older adults,
carries a high risk of cerebral and cardiovascular events, with 6800 deaths attributed to
cocaine toxicity in 2015.2 The acute cardiovascular effects of cocaine are attributed
primarily to block of catecholamine reuptake into central and peripheral sympathetic
neurons. The elevated circulating and synaptic norepinephrine increases heart rate and
contractility and mediates vasoconstriction and hypertension. Acute norepinephrine-
independent effects of cocaine relate to its effect on proteins involved in cardiac signaling,
including voltage-gated sodium, calcium and potassium channels, and calsequestrin.34
Ultimately, cocaine toxicity may trigger lethal cardiac arrhythmias, myocardial infarction,
and stroke.

In addition to acute cardiovascular effects, cocaine use also is implicated in the development
of long-term and adverse cardiovascular consequences, including aortic stiffness and
hypertension.® The molecular pathways by which cocaine contributes to these diseases are
poorly understood, but recognition of the pathways may allow for therapeutic intervention to
lower cardiovascular risk in patients with a history of cocaine use. In this regard, Zhu et al®
provide an intriguing study in this issue of Hypertension, which identifies a cocaine-
responsive microRNA in vascular smooth muscle cells (VSMCs) that mediates the
development of aortic stiffness and hypertension in mice. For their studies, Zhu et al®
injected mice with cocaine (20 mg/kg IP body weight) for 10 consecutive days. It should be
noted that they used a unit dose of cocaine within the range of doses typically used to elicit
behavioral effects of locomotor stimulation and conditioned place preference in mice, at
least 5-fold less than the median lethal dose. Cocaine methiodide (CM), a peripherally
restricted cocaine analog, was administered at the same dose to distinguish the central
nervous system versus non-central nervous system effects of cocaine on cardiovascular
parameters. Saline-treated animals were used as controls. Relying on tail cuff measurements
obtained 1 hour after cocaine treatment, the authors determined that diastolic and systolic
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blood pressure, but not heart rate, progressively increased over the 10-day course of
treatment with either cocaine or CM. Ultrasound estimates of pulse wave velocity revealed
increased aortic stiffness 2 days after the last injection of cocaine or CM, suggesting a
persisting impact of cocaine on vascular function that did not rely on central nervous system
effects. Fluorescent staining of aortic cryosections indicated elevated reactive oxygen
species (ROS) in aorta from cocaine or CM-exposed mice compared with saline controls.

Subsequently, the authors detected a loss of the antioxidant enzyme, Mel (malic enzyme 1),
in aorta of cocaine- and CM-treated mice. Using miRNA target prediction programs, Mel
was identified as a target of the microRNA, miR-30c-5p. Initially, the authors relied on
primary cultures of mouse aortic VSMCs to establish whether miR-30c-5p mediated the
cocaine-induced loss of Mel expression. Accordingly, when miR-30c-5p was overexpressed
in VSMC:s, or the cells were treated with cocaine, Mel levels decreased and ROS increased
in the VSMCs. Although it is surprising that additional cocaine treatment further potentiated
loss of Mel in VSMCs overexpressing miR-30c-5p, cocaine addition to VSMCs transduced
with an miR-30c-5p-antagomir failed to downregulate Mel, suggesting that miR-30c-5p was
the critical mediator of Mel loss. Because miRNAs usually target multiple transcripts, the
authors also transduced VSMCs with 3’UTR (untranslated region)-deleted Me1, which is
resistant to miR-30c-5p. The Mel expression level in these cells was unaffected by the
addition of cocaine, and ROS elevation was abrogated. The fact that cocaine-induced
generation of ROS in VSMCs was abolished by an antagomir of miR-30c-5p or by deleting
the 3'UTR of Mel support a critical role of the miR-30c-5p-Mel axis in cocaine-induced
upregulation of ROS in VSMCs.

In a final set of studies, Zhu et al® returned to systemic cocaine administration in the mouse
to determine whether the finding of cocaine-responsive miR-30c-5p-Mel1-ROS signaling in
VSMCs translates to the in vivo situation and to establish a link between this pathway and
the development of aortic stiffness and hypertension. Indeed, mice receiving a smooth
muscle cell-specific promoter (SM22a.)-driven antago-miR of miR-30c-5p exhibited
upregulation of Mel and reduction of ROS in the aortas of cocaine-treated mice, and these
animals showed attenuation of cocaine-induced hypertension. Additionally, treatment of
mice with the antioxidant, A-acetyl cysteine, also dampened cocaine-induced elevations of
aortic ROS, aortic stiffness, and blood pressure without affecting Mel expression,
supporting an upstream role of Mel in ROS generation. It should be noted that additional
studies will be needed to verify the presence of similar cocaine-responsive signaling in
VSMCs of resistance vessels and to evaluate whether the cocaine-responsive
miR-30c-5p-Mel-ROS signaling pathway directly influences vascular reactivity in addition
to arterial stiffness. Identification of the precise mechanism by which cocaine increases
miRNA-30c-5p in VSMCs also is delegated to future studies.

Collectively, as shown in the Figure, Zhu et al® provide compelling data to suggest that
cocaine exposure stimulates miR-30C-5p in VSMCs, which downregulates Mel, elevates
ROS, and contributes to the development of hypertension and aortic stiffness in mice.
However, the association between cocaine use and enduring cardiovascular disease is not
fully resolved because vascular parameters were obtained just 2 days after final cocaine
administration. Also, because the authors used tail-cuff recordings instead of direct blood
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pressure measurement, they captured only limited blood pressure values. Additionally, the
utilization of a single dose of cocaine precluded an assessment of dose-dependence in
cocaine’s ability to promote aortic stiffness and hypertension in mice and the full extent to
which the drug may elicit these persistent, adverse changes. Finally, it should be recognized
that the C57BL/6 mice used for in vivo experiments may have different sensitivity to the
cardiovascular effects of cocaine compared with other mouse strains. Strain differences in
sensitivity to cocaine have been extensively demonstrated with regard to its behavioral and
convulsant effects and pharmacokinetic profile.”-11 Thus, the results of Zhu et al® may not
readily translate to other murine strains, or the dose of cocaine may have to be modified.
Finally, assuming that the preclinical findings of Zhu et al® extend to human cocaine users,
the development of an miRNA-based therapy to mitigate the development of hypertension in
these individuals still would face many challenges, including target and tissue specificity.
Regardless, a recent clinical report indicating a distinct profile of VSMC-modulating
miRNAs in peripheral blood mononuclear cells from humans with essential hypertension2
raises the possibility that normalizing the expression level and function of distinct miRNAs
represents a potential antihypertensive strategy for patients.

In summary, Zhu et al® report a cocaine-responsive miRNA in VSMCs, which seems to
contribute to the development of vascular stiffness and hypertension in mice subjected to
daily cocaine administration. The findings add to our growing knowledge of the diverse
miRNA signaling pathways in VSMCs that influence blood pressure and contribute to
cardiovascular pathologies. Moreover, the findings support the concept that repeated
exposure to cocaine can elicit long-term and detrimental changes in cardiovascular function,
which are distinct from its acute toxicity. Finally, the findings of Zhu et al® lend scientific
impetus to the concept that health professionals should obtain a drug history to ascertain
cocaine use as a risk factor for cardiovascular disease. Patients should be aware of the
consequences of chronic cocaine use within the larger framework of cardiovascular disease
and realize that using cocaine not only carries immediate risk for a cardiovascular event but
also may cause long-term consequences for cardiovascular health that persist after ending
drug use.
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Figure.
The molecular pathway by which cocaine use may contribute to the development of

hypertension. Distinct from cocaine’s acute hypertensive effect, Zhu et al® propose a
cocaine-responsive miRNA (miR-30c-5p) in vascular smooth muscle cells (VSMCs), which
may contribute to the development of chronic hypertension in a rat model of daily cocaine
administration. The authors suggest that stimulation of miR-30c-5p in VSMCs by cocaine
downregulates the antioxidant molecule, Mel (malic enzyme 1), resulting in elevated
reactive oxygen species (ROS). The generation of ROS in VSMCs was associated with
enhanced aortic stiffness and hypertension. The authors acknowledge that miR-30c-5p may
modulate the expression of other transcripts in VSMCs that elevate ROS and promote the
long-term elevation of blood pressure.
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