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Abstract

(Pro)renin receptor [(P)RR], a receptor for renin and
prorenin, was first cloned in 2002. Since then, the
pathophysiological roles of (P)RR have been growing
concerns. (P)RR binds renin and prorenin, with two
important consequences, nonproteolytic activation of
prorenin, leading to the tissue renin-angiotensin system
activation and the intracellular signalings. It is how also
known to play an important role as vacuolar H*-ATPase
associated protein, involving in Wnt signaling, main
component of embryonic development. Extracellular
domain of full-length (P)RR is cleaved in golgi-complex
forming soluble (P)RR [s(P)RR]. The s(P)RR is now
possible to be measured in human blood and urine. It
is now measured in different pathophysiological states,
and recent study showed that elevated plasma s(P)RR
levels in the early stage of pregnancies are associated
with higher incidence of gestational diabetes mel-
litus later in the pregnancies. Plasma s(P)RR levels of
neonates are known to be higher than that of adults.
It was also shown that, increased s(P)RR concentra-
tions in cord blood, associated with a lower small for
gestational age birth likelihood. These data suggests
the involvement of (P)RR in embryo’s growth. In this
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review article, we attempt to figure out the possible
pathophysiological roles of the (P)RR in maternal glu-
cose intolerance and embryo’s growth, through review-
ing previous studies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Prorenin receptor [(P)RR] binds (pro)renin,
and leads to the activation of tissue renin-angiotensin
system and intracellular signalings. It also plays an im-
portant role as vacuolar H*-ATPase associated protein,
involving in Wnt signaling. Elevated plasma soluble
(P)RR [s(P)RR] levels in the early stage of pregnancies
are associated with higher incidence of gestational dia-
betes mellitus (GDM) during the third trimester. Also,
elevated s(P)RR levels in cord blood, associated with
a lower small for gestational age birth likelihood, sug-
gesting the involvement of (P)RR in embryo’s growth.
Here we attempt to elucidate the possible pathophysi-
ological roles of the (P)RR in GDM.
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INTRODUCTION

(Pro)renin receptor [(P)RR], a receptor for (pro)renin,
was first identified in 2002". The C-terminal domain of
this receptor had been previously described as ATP6AP2
protein, which associated with a vacuolar H'-ATPase (V-
ATPase)m, a proton pump essential for acidification of
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Figure 1 Structure of (pro)renin receptor. s(P)RR: Soluble (pro)renin receptor; V-ATPase: Vacuolar H'-ATPase; ADAM 19: A disintegrin and metalloproteinase 19.
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\'\l plasma s(P)RR levels in pregnant women during the first
trimester may predict the development of gestational
) diabetes mellitus (GDM) during the third trimester!'”.

Plasma s(P)RR concentrations of neonates are higher
than that of adults and the association between cord
Figure 2 (Pro)renin receptor and (pro)renin. (P)RR: (Pro)renin receptor; blood s(P)RR levels and small for gestational age (SGA)
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Angiotensin IT; ACE: Angiotensin converting enzyme; ATIIR: ATTI receptor; birth was shown™, suggesting the involvement of (P)RR

MAPK: Mitogen-activated protein kinase. in embry.o’s grgwth. .
In this review article, we make an attempt to figure

out the possible pathophysiological roles of the (P)RR in

intracellular compartments. (P)RR consists of 350-amino pathogenesis of GDM and on embryo’s growth.

acid with a single transmembrane domain and is known
to exist in different molecular forms. Some exist as a full-

length integral transmembrane protein, some as soluble (P)RR AND GLUCOSE INTORELANCE
(P)RR [s(P)RR] composed of extracellular domain, and Some data had shown the involvement of (P)RR on the

other as truncated form composed of the transmem- pathogenesis of diabetes through angiotensin 1 (Angll)
brane and cytoplasmic domains' (Figure 1). production. The activation of prorenin, without under-

When prorenin binds to (P)RR, a conformational going cleavage to renin was observed and AngIl contents
change occurs in the prorenin molecule and gains full increased in skeletal muscle tissues of fructose-induced
enzymatic activity without passing through proteolytic rat models of insulin resistance”. Treatment with handle
cleavage to renin'. Of different molecular forms of region peptide, inhibitory tool against prorenin binding
(P)RR, full-length and s(P)RR have a capacity of binding (P)RR, markedly improved glucose tolerance, and this
tenin and prorenin. Thus, prorenin which is bound to ei- was associated with inhibition of nonproteolytic activa-
ther forms of (P)RR activates the tissue renin-angiotensin tion of prorenin by (P)RR and inhibition of increase
system (RAS) and for s(P)RR-bound prorenin, may also in AngIl contents. Insulin resistance observed in obese
activate the circulating RAS. Also, when renin/prorenin Otsuka Long-Evans Tokushima Fatty rats was also as-
binds to (P)RR, intracellular signaling pathways are trig- sociated with nonproteolytic activation of prorenin and
gered. In vitro experiments showed that the cell signal- increase in Angll contents in the skeletal muscle and
ings are caused by both renin and prorenin in a manner adipose tissues™. It has also been known that tissue RAS
independent of angiotensin[s’m (Figure 2). Full-length also exists in human pancreas and that it may directly af-

and truncated (P)RR are capable of binding V-ATPase fect B-cell function™. These findings indicate that (P)RR-
and are essential for V-ATPase assembly and function, bound prorenin may participate in the development of
Extracellular domain of (P)RR binds Wnt receptor and insulin resistance and B-cell function through tissue RAS

serves as an adaptor for Wnt receptor and V-ATPase, and activation.

is now known to play important role in Wnt signaling, a Binding of (pro)renin to (P)RR also mediates Ang
: 14-16, . . . . .

key component of embryonic development*'. I-independent signaling cascades. In vitro experiments
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using the cells expressing the (P)RR showed the cell
signaling caused by (pro)renin in an AngIl-independent
manner. In the presence of angiotensin receptor antago-
nists, angiotensin converting enzyme inhibitors and/or
renin inhibitors, the administration of prorenin/renin
induced the activation of mitogen-activated protein ki-
nases (MAPK), extracellular signal-regulated kinase 1/2,
leading to upregulation of transforming growth factor
B1, independent of Angll generationm’m’m. (P)RR also
activates the MAPK p38 and subsequent phosphoryla-
tion of heat shock protein[s’()], and the phosphatidylino-
sitol-3 kinase-p85 pathwayw. Since activation of MAPK
and transforming growth factor-f1-dependent pathways
induced by insulin are known to contribute to the patho-
genesis of insulin resistance™”” and MAPK p38 cascade
is considered to regulate B-cell function™ ", (P)RR-in-
duced activation of these intracellular pathways may also
contribute to the pathogenesis of glucose intolerance.
(P)RR also plays important role as V-ATPase associ-
ated protein”, Tt has been reported that a3 isoform of
V-ATPase regulates the exocytosis of insulin from pan-
creatic B—cellsm. It has been also shown that V-ATPase
is involved in insulin-stimulated glucose transport in
3T3-F442A adipocytesm. From these data, we may can
hypothesize that (P)RR contributes to development of
diabetes also through V-ATPase-linked functions.

MATERNAL (P)RR
Human RAS physiologically undergoes drastic changes

during pregnancy. Since ovary and maternal decidua pro-
duces renin, early increase in plasma renin activity is seen
during pregnancy. Circulating estrogen released from the
growing placenta increases angiotensinogen synthesis by
the liver, leading to increase in serum AngIl and aldoste-
rone levels. Previous study has demonstrated that fasting
blood glucose (FBG) in pregnant women is inversely
correlated with the plasma renin activity, whereas plasma
aldosterone concentration showed a significant positive
correlation with FBG during pregnancy. Moreover, PAC
1s significantly higher in pregnant women with GDM as
compared to those with normal glucose tolerance dur-
ing pregnancyml. These data support an idea that the
RAS during pregnancy is involved in the pathogenesis of
GDM.

Plasma prorenin/renin ratio differs in each patho-
physiological state. In the plasma, prorenin levels mark
approximately 10-fold higher than renin levels in normal
physiological condition™. Tn the diabetic patients and in
pregnant women, plasma prorenin levels increase up to
50 to 100-fold higher than that of renin®. Particularly,
plasma prorenin concentrations can be used as an early
predictor of microvascular complications in the diabetic
patients[35]. High levels of prorenin are also observed in
infants. In these states in which plasma prorenin/renin
ratio increases, (P)RR may play the main role in their
pathophysiology.

(P)RR is abundantly expressed in placentam. As men-
tioned above, higher levels of plasma s(P)RR in an early
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stage of pregnancy were significantly associated with a
higher possibility of developing GDM in a later stage in
pregnacym. Women in the highest plasma s(P)RR level
quartile were 2.90-fold more likely to develop GDM than
women in the lowest quartile. This data also supports the
theory that (P)RR may be involved in the pathogenesis
of GDM.

FETAL (P)RR

S(P)RR levels in umbilical cord blood were significantly
higher than that of normal adult®. In addition, high
plasma s(P)RR level in cord blood is associated with a
lower SGA birth likelihood””. Developmental studies in
Xenopus and Drosophila have revealed an essential role

of (P)RR to promote the canonical and non-canonical
Wt signaling pathways'"*. Wnt proteins form a family
of highly conserved secreted signaling molecules that
regulate cell-to-cell interactions during embryogenesis.
Now that it is indicated that (P)RR plays key role in Wnt
signaling, these data indicate that (P)RR may be essential
for embryo’s growth.

(P)RR POSSIBLY CAUSES GDM AS A
RESULT OF STIMULATING AN EMBRYO’S
GROWTH

Fetuses of mothers who have diabetes are more likely to

be large for gestational age (LGA) than fetuses of non-
diabetic women. From the data that high s(P)RR level
in cord blood associates with a lower SGA birth likeli-
hood™. it can be speculated that plasma s(P)RR levels
are also high in LGA fetuses. If the inappropriate growth
stimulation of embryo precede the onset of maternal
glucose intolerance, fetal s(P)RR may be a factor which
triggers the onset of GDM. As full-length (P)RR does,
s(P)RR also activates proreninm, thereby leading to the
activation of RAS, resulting in development of GDM.
However, there are some limitations to this hypothesis
(Figure 3).

First, the mechanism of placental transfer of s(P)RR
1s unclear. It has been known that molecules larger than
1000 molecular weight is incapable of passing from fetal
circulation to maternal circulation””. The s(P)RR may
be too large to pass through placenta, since its molecu-
lar weight is 28000, However, upstream factors which
regulates the expression of (P)RR may pass through pla-
centa from fetus, leading to the augmentation of (P)RR
also in maternal tissues.

Second, it is now considered, regarding mechanism
of LGA birth in GDM, that maternal glucose passes
through placenta and induces fetal hyperglycemia lead-
ing to increase in plasma insulin levels™. This theory
conflicts with our hypothesis that stimulation of embryo’
s growth precedes the development of GDM. However,
increase in fetal (P)RR expression, as a result of hyper-
insulinemia, may affect maternal pathological condition,
creating a vicious cycle and at least in part explain the
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Figure 3 (Pro)renin receptor in the pathogenesis of gestational diabetes
mellitus. (P)RR: (Pro)renin receptor; s(P)RR: Soluble (P)RR; RAS: Renin-
angiotensin system; GDM: Gestational diabetes mellitus.

pathogenesis of GDM.

In conclusion, contribution of (P)RR to the patho-
genesis of glucose intolerance has been speculated from
previous studies. Although there is a lack of direct evi-
dence, we highlighted the possibility of (P)RR-mediated
fetal-maternal interaction as a pathogenesis of GDM.
Measurement of maternal and cotd blood s(P)RR levels
in GDM patients at delivery will be needed to consolidate
the theory. Also, time-course analysis of maternal and fe-
tal s(P)RR in animal GDM model may provide evidences
which may support pathogenetic role of (P)RR-mediated
fetal-maternal interaction. Further investigations are
needed, but this novel hypothesis may lead us to new di-
agnostic and therapeutic strategies for GDM.
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