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The (Pro)Renin
Receptor: A New Kid in Town

Geneviève Nguyen, MD, PhD

Summary: Renin inhibitors are now available in therapeutic doses and it is accepted that they
decrease blood pressure as efficiently as the classic inhibitors of the renin-angiotensin system
(RAS): angiotensin converting enzyme inhibitors and angiotensin II–receptor blockers (ARBs).
One major issue will be to know how, beyond the normalization of blood pressure, renin
inhibitors (RIs) will compare with angiotensin converting enzyme inhibitors and ARBs for
their ability to protect the organs against the tissue damage associated with overactivation of
the RAS. The mechanism(s) of tissue protection may involve the inhibition of a direct cellular
effect of renin and prorenin mediated by the (pro)renin receptor ([P]RR). This review updates
the recent findings on (P)RR; its role in hypertension, cardiac fibrosis, diabetic nephropathy,
and retinopathy; and the effects of a putative (P)RR antagonist.
Semin Nephrol 27:519-523 © 2007 Elsevier Inc. All rights reserved.
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he renin-angiotensin system (RAS) is be-
coming more and more complex. In 3
decades, the classic intravascular system

imed at the generation of angiotensin II (Ang
I), considered a unique biologically active pep-
ide, has been enriched with new enzymes,
uch as angiotensin converting enzyme 2 and
hymase, and new receptors such as for angio-
ensin IV and for (pro)renin ([pro]renin refers
o renin and prorenin collectively).1 These dis-
overies will affect our comprehension of the
AS profoundly, but they also may help to im-
rove the use of RAS blockers, which are
mong the most widely used drugs. Several
ecent reviews have discussed (pro)renin bind-
ng proteins,2-4 but this review focuses on the
pecific receptor of (pro)renin, called the
pro)renin receptor ([P]RR). We mainly discuss
he role of (P)RR in prorenin activation and the
ffects of the putative (P)RR antagonist in dia-
etic nephropathy, cardiac fibrosis, and endo-
oxin-induced uveitis.
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HE (P)RR

he (P)RR receptor is a 350-amino acid protein
ith no homology with any known protein.
he primary structure analysis showed the ex-

stence of the following: (1) a signal peptide,
hich is indicative of a secreted protein; (2) a

arge ectodomain responsible for renin and pro-
enin binding; (3) a single transmembrane do-
ain; and (4) a short cytoplasmic domain in-

olved in the intracellular signaling.
Renin and prorenin bind equally well to

P)RR and their binding has 2 fundamental ef-
ects: (1) binding increases renin catalytic activ-
ty, remarkably, allowing prorenin to become
ctive; and (2) binding triggers the activation of
itogen-activated protein kinases p44/p42 or

xtracellular regulated kinases 1/2 (ERK1/2).5

ncreased Catalytic Activity
f Receptor-Bound Renin and Prorenin

ne fundamental property of (P)RR is that its
xistence now provides a functional role for
rorenin, the proenzyme inactive form of re-
in. This functional role for prorenin was sus-
ected long ago.6-8 Prorenin is released consti-
utively from the kidney and its concentration
n plasma is 10-fold higher than the concentra-

ion of renin.9 Unlike other proteases, prorenin
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520 G. Nguyen
oes not undergo self-activation and the unique
aturation site of prorenin into renin is the
yoepithelioid cell of the juxtaglomerular ap-
aratus where the pro-segment of renin is
leaved-off by a still unknown pro-convertase.
his gain of activity of receptor-bound prorenin

s attributed to a conformational change, pro-
oking the loosening of the pro-segment and
aking the enzymatic cleft accessible to angio-

ensinogen. This phenomenon is reversible by
luting prorenin from the receptor and is called
onproteolytic activation, in contrast to the
roteolytic activation of prorenin caused by
leavage of the pro-segment to produce the
ature renin, which is an irreversible process.
he increased catalytic activity by a nonproteo-

ytic activation of receptor-bound prorenin was
onfirmed using recombinant rat (P)RR and
rorenin.10

The crystal structure of renin was established
ome time ago,11 but there is no crystal structure
f prorenin, and therefore of the pro-segment,
vailable so far. However, when comparing the
ro-segment of prorenin with the pro-segment of
epsinogen, another aspartate protease, one can

dentify 2 leucine residues in the sequence
10ILL13KKMPSV19 of the pro-segment. The pro-
egment of prorenin acts as a trapdoor that
overs the active site. In this trapdoor, leucine
3 (L13), which is extremely conserved among
spartyl-protease proenzyme and among spe-
ies, plays a crucial role in keeping the trapdoor
losed (Daniel Bur, personal communication).
utation of L13 results in an unstable pro-seg-
ent and spontaneously active prorenin.12 By

sing an antibody to this region that likely re-
cted with the central L13, Suzuki et al13 ob-
ained a nonproteolytic activation of prorenin
nd called this region the handle region (HR),
sing an analogy for the handle of a picnic
asket.

By using the HR peptide, Ichihara et al14-16

ubsequently showed that infusion of HR pep-
ide was able to inhibit cardiac and renal dam-
ge induced by hypertension and diabetes, and
o provide protection from uveitis induced by
ipopolysaccharide.17 In all these studies the
nvestigators showed an increase of nonproteo-
ytic activation of prorenin by immunohisto-

hemistry using an antibody that recognizes d
pecifically the nonproteolytically activated
rorenin and not the native prorenin or mature
enin.

In diabetic rats, HR peptide infusion normal-
zed renal angiotensin I and angiotensin II levels
hat retuned to values comparable with those of
ontrol animals, whereas plasma angiotensins
ere not modified. The proteinuria was nor-
alized and glomerulosclerosis was inhibited

ompletely.14

In stroke-prone spontaneously hypertensive
ats (SHRsp), HR peptide infusion was able to
revent cardiac fibrosis as a result of increased
xpression of cardiac (P)RR.15 Furthermore, HR
eptide also could prevent renal damage and
ormalized transforming growth factor-�1
TGF-�1) in SHRsp.16

But the most convincing argument of the
athogenic role of prorenin nonproteolytic ac-
ivation and of (P)RR activation came from the
tudy of the protective effect of HR peptide in
iabetic angiotensin II type 1a receptor–defi-
ient mice. Not only did HR peptide attenuate
he development of proteinuria and glomerulo-
clerosis, but it also inhibited the increased
RK1/2 of p38 and of c�Jun N�terminal ki-
ase (JnK) activation in the diabetic kidney,
onfirming once more that (P)RR can exert a
athologic role independently of Ang II gener-
tion. Most importantly, the renal protection
chieved with HR peptide was superior to that
f an angiotensin converting enzyme inhibitor

n diabetic wild-type animals.18

To summarize, the results of these experi-
ental studies have raised 2 interesting hypoth-

ses: (1) that prorenin was the main ligand of
P)RR in vivo and (2) that HR peptide may act as
n antagonist of (P)RR.

However, many questions still remain unan-
wered.

hat is the Exact
echanism of Action of HR Peptide?

lthough the effect of HR peptide was impres-
ive in vivo, its mechanism of action was never
hown. Indeed, it was reported that HR peptide
ay block the binding of prorenin to Chinese
amster ovary (CHO) cells overexpressing
P)RR, however, no data were shown.18 In ad-

ition, there was a mention that HR peptide
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ehaves similar to a partial agonist of (P)RR and
as able to activate ERK1/2,19 and this is in

omplete contradiction with the report that HR
eptide infusion inhibited ERK1/2, p38, and
nK activation in the kidney of diabetic mice.18

Much work is needed and data should be
rovided that show the binding of HR peptide
o the (P)RR and the inhibition of (pro)renin
inding by HR peptide before the HR peptide is
alled a (P)RR antagonist.

hat Would be the Effect
f HR Peptide on Situations
ssociated With Increased Renin?
ecent reports of rats treated with angiotensin
onverting inhibitor and on a low-salt diet sug-
ested that the receptor was down-regulated in
ivo by high concentrations of renin, although
he mechanism of this negative feedback was
ot established.20 However, this observation
upports the in vitro demonstration of (P)RR
ene expression down-regulation by renin via
he activation of the transcription factor promy-
locytic zinc finger (PLZF).21 Therefore, if HR
eptide behaves similar to an agonist, even a
artial one as mentioned by Ichihara et al,18 one
ould expect a down-regulation of the recep-

or during HR peptide infusion, but this was not
he case in any of the models described by this
roup. Moreover, if (P)RR binds renin and pro-
enin,5,6 then why does HR peptide infusion
nhibit all the deleterious effects of increased
enin and prorenin? Because it was postulated
hat the HR peptide mimics the domain of pro-
enin supposedly involved in the interaction
ith (P)RR, one would expect a competitive

nhibition of prorenin binding, but not of renin,
nd therefore only a partial protection by HR
eptide infusion and not a complete inhibition
f tissue damages such in SHRsp rats.9,22

P)RR Activates
ntracellular Signaling and Gene
xpression of Profibrotic Molecules

nitial identification of (P)RR showed that
pro)renin binding increased the synthesis of
lasminogen activator inhibitor 1, a profibrotic
olecule.23 This observation was confirmed

nd extended by Huang et al,24 who nicely

howed that at physiologically relevant concen- A
rations, renin could induce an increase of
GF-�1 expression in rat mesangial cells that in

urn up-regulates the expression of other profi-
rotic molecules such as plasminogen activator

nhibitor 1, fibronectin, and collagen I. This
ncrease of TGF-�1 was abolished when cells

ere transfected with small inhibiting RNA
siRNA) targeting rat (P)RR, thereby proving
nequivocally that this effect of renin was me-
iated by the (pro)renin receptor. Then Huang
t al25 confirmed that the up-regulation of the
xpression of TGF-� and other profibrotic mol-
cules was indeed caused by ERK 1/2 activa-
ion. In addition, the activation of (P)RR also
as shown to induce mitogen-activated protein

inase p38 and heat shock protein (Hsp)-27
hosphorylation in rat cardiomyocytes, which
ay in turn regulate actin filament dynamics,

nd the integrity of cell architecture, growth,
otility, survival, and death.26

Indeed, the activation of the ERK1/2 signal-
ng pathway and the up-regulation of profi-
rotic molecules may participate in the fibrotic
rocess that underlies the organ damage asso-
iated with hypertension and diabetes.

ENETIC ALTERATIONS OF THE (P)RR

he gene of the (P)RR is called ATP6ap2 and is
ocated on the X chromosome in the locus
11.4. The genetic alterations of the (P)RR gene
ave unexpected results.

verexpression of (P)RR is Associated
ith High Blood Pressure and

ncreased Cyclooxygenase-2 Expression
ransgenic rats overexpressing the human
P)RR in smooth muscle tissue have high blood
ressure and increased plasma aldosterone,27

hereas ubiquitous overexpression induced in-
reased cyclooxygenase-2 expression in the re-
al cortex.28 Because there was neither change

n plasma renin activity nor in tissue angioten-
in II content in the animals, it is likely that the
henotype was dependent on the overexpres-
ion of the receptor but independent of Ang II.

P)RR Gene Ablation is not Possible
f the overexpression of (P)RR could be
chieved, the total ablation of the (P)RR/

TP6ap2 gene in mouse embryonic stem
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522 G. Nguyen
ells was not possible but appeared to be
ncompatible with their incorporation into
he blastocyst (Michael Bader, personal com-
unication), and (P)RR/ATP6ap2 gene abla-

ion in the zebra fish provoked the death of the
sh before the end of the embryogenesis.29

Remarkably, a mutation in the (P)RR/
TP6ap2 gene is associated with mental retar-
ation and epilepsy and, surprisingly, no cardio-
ascular or renal dysfunctions were observed in
hese patients.30 However the patients were
oung at the time of examination and we can-
ot exclude that the dysfunctions will appear

ater in life.
The impossibility of a total ablation of the

P)RR/ATP6ap2 gene and the mental retarda-
ion associated to (P)RR/ATP6ap2 gene muta-
ion point to an essential role of (P)RR in cell
urvival and in the central nervous system de-
elopment. To add another degree of complex-
ty to the (P)RR, the gene of (P)RR has many
ifferent names when performing a search for
he nucleotide sequence homology because the
rotein was cloned from different sources.
owever, there is only one single gene named
TP6ap231 for proton adenosine triphos-
hatase (ATPase) accessory protein 2 because a
runcated form of (P)RR initially was described
o co-precipitate with a vacuolar proton-ATPase
V-ATPase).32 Altogether, these data suggest
hat the (P)RR is a complex molecule and that
ts gene might originate from the fusion of 2
enes, one ancestral gene coding for the C-
erminus transmembrane and cytoplasmic re-
ions and responsible for conserved cellular
unctions, and one gene coding for the N-termi-
us ectodomain conserved in vertebrates and
esponsible for (pro)renin binding and signal-
ng.33

ONCLUSIONS

ow that the receptor is becoming a reality,
ne of the major issues is to show its physio-

ogic role and to study its involvement in
ardiovascular and renal pathologies. These
tudies are fundamental and deserve careful
xamination because the question of a potential
herapeutic benefit of a (P)RR antagonist de-
ends on their results.

The results of recent studies have suggested
hat in tissues the major effector is prorenin and
hat renin would have a negligible role. If this is
ndeed the case, then we should ask whether
enin inhibitors that now are available for ther-
peutic use would be able to inhibit receptor-
ound nonproteolytically activated prorenin
nd therefore could be beneficial for tissue pro-
ection. Nevertheless, there are renin inhibi-
ors known to modify the structures of renin
nd of prorenin drastically34 and it would be
f interest to know whether these inhibitors
lso can modify (pro)renin and receptor in-
eraction.
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