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1. ABSTRACT 
 

Recently we showed that fructose feeding in 
rats induced nonproteolytic activation of prorenin and 
subsequent angiotensin II production in skeletal muscle. In 
addition, a pharmacological inhibitor of prorenin/(pro)renin 
receptor interaction attenuated the development of insulin 
resistance. However, the inhibitor did not ameliorate the 
glucose intolerance in transgenic rats overexpressing the 
human renin gene. This review article summarizes the 
current knowledge of the effects of the prorenin/(pro)renin 
receptor system on insulin resistance and its potential as a 
therapeutic target. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. PRORENIN/(PRO)RENIN RECEPTOR 
 

(Pro)renin receptors are expressed in the kidney 
as well as in various other organs, including liver, pancreas, 
and adipose tissue (1, 2). It is believed that its physiological 
ligands are renin and prorenin.  

 
Prorenin, which is known as a physiologically 

inactive precursor of renin, has an amino-terminal 
prosegment that is thought to cover its enzymatic cleft and 
obstruct access to its substrate, angiotensinogen. The N-
terminal prosegment of human prorenin has a protruding 
pentameric segment known as the “handle region” and an 
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adjacent tetrameric segment known as the “gate region” 
that is not accessible by its specific monoclonal antibodies 
until it is loosened from the active cleft (3). When the 
handle region of the prorenin prosegment binds to the 
(pro)renin receptor, the receptor-bound prorenin changes its 
conformation, exposing the enzymatic cleft, and gains 
“renin activity” similar to that of free renin without 
proteolytic cleavage of its prosegment (3, 4).  

 
The non-proteolytically activated prorenin is 

believed to accelerate the local production of angiotensin II 
(Ang II) (1). Locally produced Ang II acts as an 
autocrine/paracrine factor and induces local actions, which 
could be independent of the systemic actions induced by 
circulating Ang II. In addition to the Ang I generating 
ability, the (pro)renin receptor triggers its own intracellular 
signal transduction in response to (pro)renin, which is 
believed to be an Ang II-independent phenomenon(1, 5). 
The currently available pharmacological inhibitor of the 
prorenin/(pro)renin receptor system is a decoy peptide that 
is capable of competing with the handle region of prorenin 
for binding to its receptor and inhibiting the nonproteolytic 
activation (handle region decoy peptide, HRP) (6-8). 
 
3. INSULIN RESISTANCE AND 
PRORENIN/(PRO)RENIN RECEPTOR 
 

Insulin resistance is a common pathological 
state in which target tissues, such as muscle, adipocytes and 
liver, fail to respond to insulin (9). This condition occurs in 
a wide variety of pathological states, such as obesity, 
hypertension, chronic infection and cardiovascular 
diseases, and is a central component of type 2 diabetes 
mellitus (9-12).  

 
Recent studies have suggested that upregulation 

of the renin-angiotensin system (RAS) impairs insulin 
sensitivity (10, 13), and treatment with angiotensin AT1 
receptor blockers prevents the development of insulin 
resistance in hypertensive patients (14-16). This indicates 
that Ang II contributes to the development of insulin 
resistance. However, the mechanisms by which RAS is 
activated during the development of insulin resistance are 
unclear because plasma renin activity and Ang II levels are 
often in the normal range in patients with insulin resistance. 
Therefore, we hypothesized that the prorenin/(pro)renin 
receptor system was activated in the tissues that are 
important for insulin action and contributed in the 
development of insulin resistance. We investigated this by 
using a fructose feeding-induced experimental model for 
insulin resistance in rats (17). We found that treatment with 
HRP markedly improved glucose intolerance assessed by 
an oral glucose tolerance test in high fructose-fed rats. In 
addition, HRP-treated rats showed a smaller increase in 
insulin level in response to oral glucose administration than 
non-treated rats, suggesting that nonproteolytic prorenin 
activation contributed to the fructose-induced insulin 
resistance. Importantly, fructose feeding stimulated 
nonproteolytic activation of prorenin in skeletal muscle, but 
not adipose tissue, and the increase in the fructose feeding-
induced Ang II content in skeletal muscle was attenuated in 
HRP-treated rats. These findings indicate that 

nonproteolytic activation of prorenin participates in the 
development of insulin resistance through local skeletal 
muscle RAS activation in high fructose-fed rats, and that 
the (pro)renin/(pro)renin receptor/angiotensin system may 
be one of the therapeutical targets not only for diabetic 
complications (6, 18, 19), but also for insulin resistance to 
prevent the development of diabetes. 

 
Prorenin is the translational product of the renin 

gene. Thus, if the (pro)renin/(pro)renin receptor system 
participates in insulin resistance like we demonstrated, one 
could expect that genetic manipulation of the renin gene 
affects insulin sensitivity. Although this is likely to be the 
case, the involvement of the (pro)renin/(pro)renin receptor 
system has yet to be cleared. Mice lacking the renin gene 
are lean and have high insulin sensitivity (Table 1) (20). 
Surprisingly, supplemental administration of Ang II 
abrogated the changes induced by the deletion of the renin 
gene. This suggests that the byproduct of renin or 
nonproteolytically activated prorenin, Ang II, intrinsically 
exaggerated the insulin sensitivity in these mice. 
Alternatively, that the lack of the renin gene might Ang II-
independently increase insulin sensitivity in these mice by 
unknown mechanisms and exogenous Ang II might reduce 
insulin sensitivity independently from the gene knockout.  

 
Conversely, renin transgenic animals are obese and seem to 
have low insulin sensitivity (Table 1) (21, 22). Human 
renin gene transgenic mice are obese, hyperglycemic and 
hyperinsulinemic with hypertrophied pancreatic islets (21), 
even though human renin has limited ability to 
enzymatically convert the mouse angiotensinogen to Ang I 
because of species differences (23, 24). Rat models 
carrying the human renin gene developed moderate obesity 
and glucose intolerance with greater food intake than 
normal Sprague Dawley control rats (22). In contrast with 
the results from the knockout mice, none of the angiotensin 
converting enzyme inhibitors (ACEI), renin inhibitor or 
HRP attenuated the obesity, glucose intolerance and 
appetite. Since both ACEI and aliskiren appear to inhibit 
Ang II production by (pro)renin, the result indicates that 
neither Ang II from renin nor from nonproteolytically 
activated prorenin is responsible for the metabolic changes 
caused by (pro)renin in human renin transgenic rats. The 
remaining known physiological function of (pro)renin to 
possibly cause the changes in renin transgenic animals is by 
intracellular signaling triggered by the (pro)renin/(pro)renin 
receptor interaction as summarized in Table 1. The 
transgenic rats showed a marked increase in plasma 
(pro)renin (25). Because either prorenin or renin triggers 
the intracellular signaling, the high ligand levels in the 
transgenic rats might induce excessive intracellular 
signaling and be involved in the development of obesity 
and glucose intolerance. HRP might not elicit its 
pharmacological effect due to its limited inhibitory effect 
on the interaction of renin/(pro)renin receptor (26) and/or 
its disadvantage as a decoy inhibitor on the competition 
with high levels of prorenin. Another possibility is that 
(pro)renin/(pro)renin receptor interactions in the brain 
could be responsible for the metabolic changes, such as 
increased appetite, obesity and glucose intolerance, in the 
transgenic animals, because both (pro)renin and (pro)renin
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Table 1. Summary of phenotype change and the effect of RAS inhibitors in renin gene manipulated rodents 
 Knockout Transgenic 
Phenotype Lean, high insulin sensitivity Obese, glucose intolerance 
Product from the gene − Renin Prorenin 
Action induced by the products − Ang I generation* Intracellular Signal Ang I generation* Intracellular Signal 

ACEI −  +# −  +# − 
Aliskiren − + − + − 

Inhibitory effect 
of blocker 

HRP − − − + +/− 
The lack of renin increases insulin sensitivity, and the renin transgene results in the impaired glucose tolerance, indicating that 
prorenin and/or renin participates in the insulin sensitivity. If Ang II is responsible on these phenotype changes, both ACEI and 
aliskiren can inhibit these phenotype changes, but the drugs had no effect (22). Thus, the intracellular signaling that is likely 
insensitive for the drugs could be the cause of the phenotype changes.−: no effect (including no evidence), *: Ang I generating 
activity of human renin is limited in transgenic rodents because of high species specificity between human renin and rodent 
angiotensinogen, #: Inhibitory effect for the subsequent Ang II production, RAS: renin-angiotensin system, ACEI: angiotensin-
converting enzyme inhibitor, HRP: handle region peptide. 
 
receptors are found to be expressed in the brain (1, 25, 27). 
However, the role of the central (pro)renin/(pro)renin 
receptor system has not yet been clarified.  

 
4. CONCLUSION 
 
The (pro)renin/(pro)renin receptor system may play a role 
in insulin resistance. However, the physiological and 
pathophysiological roles of (pro)renin and its receptor in 
the tissues that are important for insulin action are still 
unclear, despite the fact that the tissues, such as liver and 
pancreas, highly express the (pro)renin receptor gene. 
Because of the phenotype changes in transgenic animals it 
is likely that (pro)renin is involved in the regulation of 
insulin sensitivity. Therefore, transgenic technology may 
advance the issue that we face by generating, for example, 
inducible tissue-targeted (pro)renin receptor transgenic or 
knockout animals. Furthermore, it is necessary to explore 
the intracellular signaling pathway triggered by (pro)renin 
receptor activation, and examine if it may interact with the 
signal induced by insulin receptor activation as is the case 
with angiotensin II (28) and aldosterone (29).   
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