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The renin–angiotensin system (RAS) has an important role in the regulation of blood

pressure, electrolytes and fluid in the body.1 Accumulating evidence suggests that

overactivation of the RAS causes hypertension and other related diseases, such as stroke,

heart failure and renal failure.1,2 Therefore, RAS inhibition is one of the critical

therapeutical targets in the hypertension field. Currently, the central targets of RAS

inhibition in hypertension therapy are angiotensin II (Ang II) and its receptor (AT1) because

the main effects of the RAS are largely mediated by these two components. Renin, the rate-

limiting enzyme in Ang II production, and aldosterone, a downstream factor of Ang II, are

also important therapeutical targets for RAS inhibition in hypertension therapy. In addition,

angio-tensinogen (AGT) is the sole substrate of RAS and is also an important factor for RAS

regulation. In fact, there is clear evidence from basic and clinical studies that supports the

relationships between AGT and hypertension.1,3–8 For example, higher plasma AGT

concentrations were correlated with higher blood pressure in humans.7 Also, decreased AGT

levels using AGT antibodies or AGT-knockout mice caused a decrease in blood pressure.3,6

AGT infusion or AGT overexpression induced an increase in blood pressure in animals.4,5

Moreover, the AGT gene copy number and blood pressure level were positively correlated

in gene-targeted mice.8 As described above, decreased production of AGT appears to be a

useful target for novel antihypertensive drugs. However, it would likely be very difficult to

develop a drug that suppresses AGT production in humans by conventional methods.

Olearczyk et al. have studied the ability of siRNA and lipid nanoparticle (LNP) technologies

to inhibit AGT production in the liver, which is the main production site of circulating AGT

in the body. Published in this issue of Hypertension Research, their work investigates the

effects of LNP-encapsulated AGT siRNA on liver AGT mRNA expression, circulating AGT

levels and blood pressure levels in spontaneously hypertensive rats (SHR) and normotensive

rats.9

Olearczyk et al.9 used siRNA to reduce AGT production in the liver. For the delivery of

AGT siRNA to the liver, the authors used chemically modified LNP. This LNP delivered

AGT siRNA into the liver, which induced the reduction of liver AGT mRNA expression by

RNA interference. LNPs containing AGT siRNA did not affect AGT mRNA expression in

other tissues, such as the heart, kidney, fat, adrenal glands or aorta (Figure 1). In addition,
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the liver-specific decrease in AGT mRNA resulted in decreased plasma AGT and blood

pressure levels in both SHR and normotensive rats. The reduction in plasma AGT levels

may have been able to suppress circulating Ang II and RAS activation because of the

decreased precursor levels; however, the authors did not measure the plasma Ang II

concentrations due to the detection limits of their assay system (Figure 1). These findings

demonstrate that inhibition of liver AGT and the subsequent decrease in plasma AGT

concentrations lead to a sufficient lowering of blood pressure (Figure 1). As suggested by

previous studies, this study reinforces AGT as a useful target for hypertension therapy.3–8

The use of LNP-encapsulated AGT siRNA will likely become a valuable therapeutical tool

for the reduction of circulating AGT in vivo.

LNP-encapsulated AGT siRNA aims to reduce blood pressure by inhibiting liver AGT

mRNA expression. This mechanism is a completely novel method for RAS inhibition when

compared with current RAS inhibitors; thus, there may be combinational effects between

LNPs that contain AGT siRNA and other RAS inhibitors or antihy-pertensive drugs, such as

diuretics and calcium channel blockers. Olearczyk et al. report some combinational effects

on lowering blood pressure between the LNP-encapsulated AGT siRNA and candesartan, an

angio-tensin receptor blocker (ARB), in SHR. Further assessment of the combinational

effects of LNP-encapsulated AGT siRNA and other antihypertensive drugs on efficacy,

availability and safety are required in future studies. In addition, the long-term effects of this

siRNA therapy on Ang II and/or aldos-terone production will be important with regard to

Ang II/aldosterone breakthrough.10 A clinical study reported that some patients who

received long-term treatment with an angiotensin-converting enzyme inhibitor (ACEi)

and/or an ARB exhibited a restoration of plasma Ang II and/or aldosterone levels that had

been decreased by RAS inhibitors; furthermore, these breakthroughs reduced the beneficial

effects of RAS inhibitors.10 The precise mechanisms of these breakthroughs remain unclear;

however, some possible pathways have been suggested. For example, ACE-independent

Ang II production and AT2 receptor stimulation by Ang II, which are not blocked by ACEi

and ARB, respectively, may be involved in the restoration of Ang II and aldosterone

levels.11,12 It seems more likely that AGT siRNA decreases Ang II and/or aldosterone

breakthrough better than an ACEi or ARB because the direct suppression of AGT, the

precursor of Ang II, reduces Ang II production even for long-term treatments. In the study

by Olearczyk et al., liver-specific AGT inhibition by LNP-encapsulated siRNA did not

affect AGT production in other tissues, indicating that a restoration of plasma AGT levels by

tissues other than the liver is not possible. Additional long-term studies and the evaluation of

plasma Ang II and/or aldosterone levels are important issues that need to be addressed.

In the study by Olearczyk et al., chemically modified LNP-encapsulated AGT siRNA

selectively inhibited AGT mRNA expression in the liver but not in other tissues, such as the

heart or the kidney (Figure 1). These results are concerning because LNP-encapsulated AGT

siRNA treatment may not suppress the local activation of the RAS, such as the intrarenal

RAS.1 The local intrarenal RAS is independent from the circulating RAS, and intrarenal

RAS activation is one of the critical triggers for kidney injury in various pathological

conditions, such as hypertension, diabetes and obesity.1 An increase in renal AGT mRNA

expression is one of the critical factors for intrarenal RAS activation and subsequent renal
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injury.1 Indeed, it was proven that renal AGT expression is enhanced in animal kidney

injury models and kidney disease patients.1 Thus, there is a possibility that LNP-

encapsulated AGT siRNA cannot sufficiently suppress local intrarenal RAS activation,

although it effectively reduces blood pressure by inhibiting the circulating RAS. In addition,

the local RAS is found in other tissues, such as the heart and the kidney. These findings

indicate that LNP-encapsulated AGT siRNA may be less efficient in inhibiting local RAS

activation and organ injuries such as kidney injury when compared with current RAS

inhibitors. By contrast, if AGT siRNA encapsulated by other chemical chaperones can be

effectively incorporated into the kidney, the siRNA could potentially suppress intrarenal

RAS activation and subsequent renal injury better than current RAS inhibitors. Further

investigation is required to evaluate the efficacy of LNP-encapsulated AGT siRNA on local

RAS activation-induced organ damage.

Previous research has revealed the importance of blood pressure control and RAS inhibition

for the prevention of multiple forms of hypertension-related organ damage, such as brain,

cardiovascular and kidney injuries.1,2 The use of several RAS inhibitors, such as a direct

renin inhibitor, ACEi, ARB and a mineralocorticoid receptor antagonist, was shown to

successfully reduce blood pressure and cardiovascular event outcomes in clinical studies.2 It

may appear that these various RAS inhibitors are a sufficient treatment option for

hypertensive patients. However, it is impossible to cure all hypertensive patients using

current antihypertensive drugs, and there are still some patients resistant to this form of

medication. In addition, hypertensive patients are required to take antihypertensive drugs

daily; therefore, improvements in compliance and medical costs can still be found. Further

research into the development of novel RAS inhibitors is necessary and important for the

next-generation of hypertension therapies that will improve on the drawbacks of current

treatments. Olearczyk et al.9 reported that the novel therapeutical approach of using LNP-

encapsulated AGT siRNA produced a significant and sustained reduction in blood pressure

via inhibition of liver AGT production in hypertensive and normo-tensive rats. Specifically,

the blood pressure-lowering effects of AGT siRNA were sustained for >1 week, indicating

that this siRNA treatment does not need to be administered daily, which could improve the

compliance and long-term blood pressure control of hypertensive patients. Taken together,

the tissue-specific inhibition of AGT by siRNA is a novel and useful target for future

hypertension therapies; however, further detailed studies, such as toxicity, side effects,

reproducibility and efficacy in humans, are required.
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Figure 1.
Lipid nanoparticle (LNP)-encapsulated angiotensinogen (AGT) siRNA reduced blood

pressure by decreasing the liver AGT expression and circulating AGT levels in

spontaneously hypertensive and normotensive rats. LNP-encapsulated AGT siRNA does not

affect AGT mRNA expression in other tissues. Ang II, angiotensin II.
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