






1,613.0 pg/ml) vs. 994.8 pg/ml (541.2-2,026.3 pg/ml) 
vs. 837.6 pg/ml (479.4-2,166.3 pg/ml) (Fig.1C).  However,  
the activated (pro)renin concentrations were signifi-

cantly higher in the third trimester than in the second 
trimester in the preeclampsia group: second trimester 
vs. third trimester,  599.4 pg/ml (330.6-896.6 pg/ml) vs. 
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Fig. 2　 Immunohistochemical staining of HIF-1α and (P)RR at 400× magnification.  Positive staining is shown in brown (black arrow).  
A,  Immunohistochemical staining of HIF-1α in preeclampsia placentas; B,  Immunohistochemical staining of HIF-1α in normal pregnancy 
placentas; C,  Immunohistochemical staining of (P)RR in preeclampsia placentas; D,  Immunohistochemical staining of (P)RR in normal 
pregnancy placentas.

Fig. 1　 Activated (Pro) renin con-
centrations.  A,B,  Compar ison of 
activated (pro)renin concentrations in 
the second and third trimester between 
the normal pregnancies and pree-
clampsia pregnancies; □,  Normal 
pregnancy; ■,  Preeclampsia preg-
nancy; C,D,  Comparison of acti-
vated (pro)renin concentration 
between the normal pregnancies and 
preeclampsia pregnancies in each 
trimester; □,  Normal pregnancy; ■,  
Preeclampsia pregnancy.  ＊p＜0.05.



717.0 pg/ml (660.4-1,018.1 pg/ml) (Fig. 1D).
Immunohistochemical staining of HIF-1α and (P)

RR in human placental tissues. Preeclampsia pla-
centas are hypoxic,  and we thus performed immuno-
histochemical staining for HIF-1α in human placental 
tissues.  To confirm that the expression of (P)RR is 
increased under hypoxic conditions,  we also performed 
the immunohistochemical staining of (P)RR.

The expression of HIF-1α was increased in the pre-
eclampsia placentas (Fig. 2A) compared to that in the 
women with normal pregnancies (Fig. 2B).  The expres-
sion of (P)RR was also increased in the preeclampsia 
placentas (Fig. 2C) compared to that in the women with 
normal pregnancies (Fig. 2D).  The proportion of a 
moderate-to-strong expression of (P)RR was signifi-
cantly higher in the preeclampsia placentas: women 
with normal pregnancies vs. women with preeclampsia,  
2/12 (16.7%) vs. 13/17 (76.4%).

The mRNA expressions of HIF-1α, (P)RR, PAI-1, 
TGF-β, and ET-1 in HTR-8/SVneo cells under hypoxic 
conditions. We performed experiments using 
HTR-8/SVneo cells to investigate the role of intracellu-
lar signaling via (P)RR.  The mRNA expressions of all 
targets were significantly higher in the hypoxic condi-

tions than in the controls cultured for 24 h (Fig. 3).  The 
control value in this experiment was set to 1,  and the 
value of hypoxic conditions was calculated as the ratio 
to the control value.

The mRNA expressions of PAI-1, TGF-β, and ET-1 
in HTR-8/SVneo cells treated with human recombi-
nant (pro)renin under hypoxic conditions. The 
mRNA expressions of all targets were significantly 
higher in the (pro)renin group than in the hypoxic con-
ditions cultured for 24 h (Fig. 4A-C).  The hypoxic con-
dition value in this experiment was set to 1,  and the 
value of the (pro)renin group was calculated as the ratio 
to the hypoxic condition value.

ET-1 concentration in maternal blood. To deter-
mine whether ET-1 is also elevated in vivo,  we measured 
the ET-1 concentration in maternal blood.  In the third 
trimester of pregnancy,  the ET-1 concentration in the 
preeclampsia group at 1.30 pg/ml (0.16-2.78 pg/ml) was 
significantly higher than that in the women with normal 
pregnancies at 0.66 pg/ml (0.23-1.48 pg/ml) (Fig. 5).

Discussion

In preeclampsia,  the vascular resistance of the 
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Fig. 3　 The mRNA expressions of HIF-1α,  (P)RR,  PAI-1,  TGF-β and ET-1 under hypoxic conditions.  Gray bars: Control.  Black 
bars: Hypoxic conditions.  Values are mean ± SEM.  ＊p＜0.05.



maternal uterine spiral artery does not decrease due to 
inadequate remodeling in the early stage of pregnancy,  
and this hypoxic condition persists in preeclampsia pla-
centas [15].  As a result of persistent hypoxia due to 
placental blood flow disturbance,  the preeclampsia 
placenta becomes hypoplastic [16 , 17].  In the present 

study,  the activated (pro)renin concentration in the 
preeclampsia patients was significantly lower than in the 
women with normal pregnancies in the second trimes-
ter.  However,  we observed the opposite results in the 
third trimester.  Compared to the production in women 
with normal pregnancies,  the production of activated 
(pro)renin in the preeclampsia placenta is reduced 
because of placental hypoplasia.  However,  as the 
hypoxia condition persists in preeclampsia,  the expres-
sions of HIF-1α and (P)RR in the placenta are 
increased,  and thus the activated (pro)renin concentra-
tion in maternal blood is increased in the third trimes-
ter.  It has been reported that the expressions of HIF-1α 
[18] and (P)RR [19] are increased in the preeclampsia 
placenta.  In our present study,  immunohistochemistry 
was performed on the human placental tissue using 
anti-HIF-1α and anti-(P)RR antibodies.  Both expres-
sions were increased in the women with preeclampsia 
compared to the women with normal pregnancies.

We also examined the involvement of the pathogen-
esis of preeclampsia via (P)RR-mediated intracellular 
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Fig. 5　 Comparison of ET-1 concentration in the third trimester 
between the normal and preeclampsia pregnancies.  □,  Normal 
pregnancy; ■,  Preeclampsia pregnancy.  ＊p＜0.05.
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signaling in the human trophoblast HTR-8/SVneo cell 
line,  and we observed that the mRNA expressions of 
HIF-1α,  (P)RR,  PAI-1,  TGF-β,  and ET-1 were signifi-
cantly increased in the HTR-8/SVneo cells under 
hypoxic conditions.  Moreover,  the mRNA expressions 
of PAI-1,  TGF-β,  and ET-1 were significantly increased 
in the HTR-8/SVneo cells treated with human recombi-
nant (pro)renin under hypoxic conditions.  It has been 
reported that the expression of (P)RR is increased in 
chorionic cells under hypoxic conditions [19].  We 
obtained similar results in the hypoxic HTR-8/SVneo 
cell cultures in this study.

(P)RR-mediated intracellular signaling has been 
shown to activate mitogen-activated protein kinase and 
extracellular signal-regulated kinase 1/2 [20-23],  and it 
was observed that the expressions of PAI-1 and TGF-β 
are increased through their intracellular signaling 
[24 , 25].  TGF-β is a cytokine that causes the produc-
tion of ET-1; in the present study,  the ET-1 production 
in HTR-8/SVneo cells increased.  ET-1 is a potent vaso-
constrictor,  and a relationship between ET-1 and pre-
eclampsia has been described in recent years [26-29].  
The ET-1 maternal plasma level is increased in pre-
eclampsia [26].  ET-1 has been reported to correlate 
with antiangiogenic factors such as sFlt-1,  and it has 
been considered to play an important role in the patho-
genesis of preeclampsia [27].  By the binding of (pro)
renin to (P)RR in chorionic cells,  the production of 
PAI-1 and TGF-β increases through intracellular signal-
ing.  As a result,  the production of ET-1 increases,  and 
this increase is thought to contribute to the onset of 
hypertension in preeclampsia.

The activated (pro)renin concentration during preg-
nancy depends on the placenta,  and its concentration 
in the second trimester in preeclampsia is low due to 
placental hypoplasia.  However,  the expression of (P)
RR is increased by the persistence of hypoxia due to 
uteroplacental circulation failure,  and the activated 
(pro)renin concentration is increased in the third tri-
mester.  An increased expression of (P)RR in the pla-
centa of preeclampsia activates intracellular signaling 
via (P)RR,  resulting in increased productions of PAI 
and TGF-β.  The production of ET-1 consequently 
increases,  and it has been speculated that this increase 
contributes to the development of hypertension.  Our 
present analyses revealed a relationship between the 
(pro)renin concentration during pregnancy in pre-
eclampsia and the expression of (P)RR in the placenta.  

This report is also the first to clarify the importance of 
the production of ET-1 via the intracellular signaling of 
placental (P)RR in the pathogenesis of preeclampsia.

As a study limitation,  we did not investigate the 
relation between (pro)renin and antiangiogenic factors 
and angiogenic factors,  and it is unclear how much 
ET-1 is involved in hypertension in preeclampsia.  
Further studies in vivo are required to determine 
whether suppressing the production of ET-1 inhibits 
hypertension.
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