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Objective(s): Preeclampsia (PE) is a complication of pregnancy that might increase progeny risk 
of cardiovascular and metabolic problems, mainly in males. Renin angiotensin aldosterone system 
is known to be involved. (Pro) renin/renin receptor ((P)RR) has been shown to participate in 
cardiovascular pathology. The aim of this work was to evaluate (P)RR expression and function upon 
cardiovascular and renal tissues from PE dams’ offspring.
Materials and Methods: We used offspring from normal pregnant and preeclamptic rats, evaluating 
body, heart, aorta and kidney weight, length, and blood pressure along 3 months after birth. Subsets 
of animals received handle region peptide (HRP) (0.2 mg/Kg, sc). Another group received vehicle. 
Animals were sacrificed at first, second, and third months of age, tissues were extracted and 
processed for immunoblot to detect (P)RR, PLZF, β-catenin, DVL-1, and PKCα. (P)RR and PLZF were 
also measured by RT-PCR. 
Results: We found that offspring developed hypertension. Male descendants remained hypertensive 
throughout the whole experiment. Female animals tended to recover at second month and returned 
to normal blood pressure at third month. HRP treatment diminished hypertension in both male and 
female animals. Morphological evaluations showed changes in heart, aorta, and kidney weight, 
and HRP reverted this effect. Finally, we found that (P)RR, PLZF, and canonical WNT transduction 
pathway molecules were stimulated by PE, and HRP treatment abolished this increase. 
Conclusion: These findings suggest that PE can induce hypertension in offspring, and (P)RR seems to 
play an important role through the canonical WNT pathway and that gender seems to influence this 
response.
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Introduction
Pregnancy-induced hypertension comprises several 

alterations with common data. Preeclampsia (PE) is one of 
these illnesses, and it is important due to its high incidence 
and induction of several problems in the mother and the 
offspring (1). It has been reported that PE may induce severe 
cardiovascular problems in mother, even after delivery. 
In offspring, it has been associated to the development of 
diverse alterations including diabetes, metabolic syndrome, 
behavior problems, and hypertension, all of them reaching 
their maximum at adult ages. The study of pregnancy 
alterations and its effect upon appearance of illness in 
offspring at young ages or even adult stage, is the basis of 
the “disease origin in adult hypothesis”, first proposed by 
David Barker (2). There are different mechanisms that may 
participate in fetal programming: Epigenetic alterations, 
repression or activation of miRNAs, non-coding RNAs, and 
full systems alterations (3).

Cardiovascular alterations are frequent in children 
from PE mothers, being hypertension very common. The 
mechanisms that mediate fetal programming of adult 
hypertension are numerous (4, 5). For example, several 
authors have shown changes in kidney function (reduced 
number of nephrons), the neuroendocrine system 
(hypothalamic-pituitary-adrenal axis dysregulation), and 
the vascular system (vascular dysfunction and reduced 
density of arterioles and capillaries). In regards to this, Ligi 
et al., using colony-forming cells (ECFCs) isolated from 
umbilical cord blood from newborns, found abnormalities 
in the vascular and endothelial angiogenic properties of 
ECFCs from low birth weight (LBW) infants, compared 
with infants born at term and by normal delivery (6). 
Among systems participating in blood pressure regulation, 
renin angiotensin aldosterone system (RAAS) has been 
shown to suffer epigenetic and full system alterations 
during pregnancy (7, 8). The contribution of the RAAS to 
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programmed development of hypertension in adult life 
implies changes in the expression of components of this 
system. These changes seem to depend upon age and sex(9).

It has been described that the (P)RR is a 350 amino acid 
protein with a single transmembrane domain with high 
affinity for renin and prorenin. Its binding to renin increases 
the catalytic efficiency of conversion of angiotensinogen into 
Ang I, and binding to (pro) renin would cause activation 
of this peptide by a non-proteolytic pathway. The ability 
to activate (pro) renin is explained by a flexible region in 
the binding domain of this peptide called “handle region”.  
This region is a protruding pentameric segment with well 
conserved sequences in several species as mouse, rat, and 
human. Handle region peptide (HRP) is a segment of 
prorrenin described by Ichihara in 2004(10). This peptide 
binds to (P)RR and inhibits prorrenin/renin interaction 
with receptor, acting as a competitive blocker of (P)RR(11). 

It is described that prorenin or renin binding to (P)
RR induces an intracellular signal with phosphorylation 
of serine and tyrosine residues in addition to a rapid 
activation of the MAP kinases ERK1 (p44) and ERK2 (p42), 
demonstrating effects of renin and prorenin independent of 
those of Ang II(12). An accepted marker of this action is 
activation of promyelocytic leukaemia zinc finger protein 
(PLZF), expressed as a down-regulator molecule for (P)
RR. (P)RR has also been described as a constituent part 
of the vacuolar ATPase V6, responsible for acidifying the 
intracellular medium(13) and, independently, is able to 
activate the WNT pathway. WNT signaling plays a key 
role in several physiological processes such as embryonic 
development, cell fate specification, and organogenesis. The 
pathway has been described, in fact, as two intracellular 
pathways: canonical and non-canonical. Canonical pathway 
involves participation of β-catenin complex targeted to 
activate several genes important in cadherin-mediated cell 
adhesion and synthesis of extracellular matrix components. 
Non-canonical pathway does not include β-catenin 
participation. Instead, DVL-1 may activate Ca++-dependent 
or JNK pathways, conducting to activation of effector 
proteins, like PKC α. Interestingly, recent studies suggest 
that WNT signaling is involved in the pathophysiology 
of atherosclerosis and, in consequence, with high blood 
pressure (14) (Figure 1).

We have previously shown that (P)RR seems to participate 
in hypertension in mothers suffering PE (7); however, it is not 
known if (P)RR participates in the genesis of hypertension 
in offspring from PE mothers and if gender influences 
this effect. So, the aim of this work was to evaluate (P)RR 
expression and possible function upon cardiovascular and 
renal tissues in male and female offspring from PE dams by 
blocking it with a selective peptide (HRP).

Materials and Methods
Animals. All procedures described here were approved 

by the Animal Care Committee in our institution, according 
to the Mexican Official Norm (NOM-062-ZOO-1999), 
SAGARPA; and National Institutes of Health Guide for the 
Care and Use of Laboratory Animals (NIH Publications No. 
8023, revised 1978, USA)

The experiments were divided in two periods: A first 
period using adult female rats to induce PE using the sub-
renal aortic coarctation model and, a second period where 
only pups were used. In the first period, we used female 
Wistar rats weighing 250 ± 20 g with free access to tap water 
and a standard pellet diet (Lab Diet 5001, Purina) and kept 
at constant temperature (21 ± 1 °C) and humidity (50-55 
%) under a 12:12 hr light/dark cycle. Animals were divided 
randomly in non-pregnant and pregnant groups. Subrenal 
aortic coarctation (SRAC), a model that resembles several 
human disease features, based upon indirect placental 
ischemia, was performed as previously described (7, 15-
19). Briefly, under general anesthesia using pentobarbital 
(50 mg/Kg), abdominal aorta was exposed below the level 
of the renal arteries. After careful dissection, a silk suture, 
and an angled syringe gauge (22 gauge) were placed around 
it and progressively constricted until the syringe was tightly 
tied to the aorta(20). A control, sham group was also set 
but with no SRAC. Pregnancy was accomplished two weeks 
later in both groups by coupling sets of 3 female rats with a 
competent male per set for 48 hr; first day of pregnancy was 
determined when spermatozoa were observed in a vaginal 
smear. Both groups, normal (N=6) and SRAC animals 
(N=8) were allowed to deliver, progenies were wined at day 
21 and pups were separated by sex. For the second period 
of experiments, three groups of 6 male and 6 females pups 
were randomly set and used at 4, 8, and 12 weeks after 

Figure 1. The frizzled (FZD) and LRP5/6 (lipoprotein-related receptor protein) complex binds to Wingless int-1 genes (WNT) receptor, leading to the 
recruitment of the disheveled (DVL) protein to the cell membrane
Following this, various elements of the beta-catenin destruction complex are brought to the membrane, hindering the phosphorylation of beta-catenin. As a result, beta-catenin 
can accumulate in the cytoplasm and move into the nucleus, where it associates with transcription factors to activate the transcription of WNT target genes like cyclin-D1, c-myc, 
and axin2. B. In the absence of Ang II, the (P)RR-prorenin triggers extracellular-signal-regulated kinase 1 (ERK1), ERK2, and p38 mitogen-activated protein kinase (MAPK) 
signaling pathways. These pathways, in turn, initiate the expression of genes associated with fibrosis and inflammation
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birth. In every period of time, body weight and size were 
registered, and blood pressure was measured as described 
below. Kidney, aorta, and heart samples were taken from 
every group at 4, 8, and 12 weeks of age and kept frozen to 
-70 °C until use. 

Pregnancy-induced hypertension model indicators in 
pregnant rats. Blood pressure was measured by a tail cuff 
method using a pressure transducer coupled to a LETICA 
system (Panlab, Barcelona, Spain). Animals were placed in 
metabolic cages (Tecniplast, Italy) to measure proteinuria in 
24 hr urine samples using a commercial Bradford kit (Quick 
Start Bradford protein assay, Bio Rad, Hercules, Ca, USA). 
This parameter was expressed as g/L. Pups weights and 
lengths were obtained and recorded after delivery.

HRP treatments. HRP, 0.2 mg/kg/day, was administered 
by subdermal way during 7 consecutive days in 0.9 % saline 
as vehicle. The control group received same volume of 0.9 % 
saline. Treatments were administered during the last week 
of every period of time, i.e., during the 4th week in the 4 
weeks group, the 8th week in the 8 weeks group and the 12th 
week in the corresponding group.

Blood pressure was measured in offspring from both 
groups as previously described. At the end of every period 
of time, (P)RR, PLZF, DVL-1, β-catenin, and PKCα were 
measured by immunoblot and RT-PCR in tissues mentioned 
above.

Immunoblot assays. Protein expression was assayed 
by immunoblot. Experiments were performed on tissues 
from PE and non-PE offspring, male and female. At the 
end of 4, 8 and 12 weeks, animals (and corresponding 
time-control animals) were sacrificed with pentobarbital 
(65 mg/Kg), to obtain heart, aorta, and kidney. All tissues 
were dissected and homogenized with Tris 100 mM, pH 
7.4 using a cocktail of protease inhibitors (Complete Mini, 
EDTA-free, Roche Diagnostics, Germany), centrifuged, and 
protein concentration was measured in the supernatant 
using Bradford´s method. 100 µg of protein of each 
sample were loaded in 10% SDS-PAGE under reducing 
conditions. Afterward, proteins in the gel were transferred 
to polyvinylidene fluoride (PDVF) membranes using a 
semi-dry electroblotting system (BIORAD, Hercules, CA, 
USA). Membranes were incubated with rabbit polyclonal 
specific antibodies against (P)RR (ATP6AP2, BIOSS, 
USA), PLZF, DVL-1, β- Catenin, PKC α, and β-actin (Santa 
Cruz Biotechnology, CA, USA). Secondary antibodies 
conjugated with horseradish peroxidase were used and 
bands were identified by chemoluminescence (Amersham 
International, Arlington Heights, IL, USA). Membranes 
were photographed and the image digitalized to carry out 
densitometric analysis using Quantity One software (Biorad, 
Hercules, CA, USA).  The relative presence of each protein 

was normalized with β-actin as housekeeping protein.
RNA Isolation and real time PCR. Heart, aorta, and 

kidney from rats sacrificed at 4, 8, and 12 weeks were 
used (N=4). Total RNA was isolated using a standard 
extraction procedure (Trizol, Invitrogen, USA) and cDNA 
was obtained with the SuperScript II Reverse Transcriptase 
kit, (Invitrogen, USA). Total RNA was quantified using a 
spectrophotometer (IMPLEN Nanophotometer, UK), and 
2 µl of RNA were used. Specific primers were designed 
for rat (P)RR (Fwd: 5’-GGCTCATCTCCGCTTTAGCA-3 
‘; Rev: 5’-GCACTCGACACCAGAGAAGA-3’), for rat 
PLZF (Fwd: 5’-AGAGCACACTCAAGAGCCAC-3’; 5’- 
GCTGAACTTCTTGCCACAGC-3’), and rat GAPDH 
(Fwd: 5’-CTACTGGCGTCTTCACCACC-3’; 5’- 
GGCGGAGATGATGACCCTTT-3’). All samples were 
analyzed by using a Techne Genius FGEN02TP Light Cycler 
(Techne, Cambridge, UK). Cycling conditions were: 10 sec 
at 95 ºC, 30 sec at 60 ºC, 10 sec at 72 ºC, and cooling of 
30 sec at 0 ºC. The total amplification run was 30 cycles. 
The relative expression was calculated using the 2-ΔΔCT 
method. Expression levels of the targeted mRNAs were 
normalized using 18S RNA.

Statistical analysis
All results are expressed as mean ± SD. ANOVA followed 

by Bonferroni´s or Tukey test were used to compare groups 
using Graph Pad Prism 10 software. Differences were 
considered significant when P<0.05.

Results
We have previously shown that SRAC induces a 

preeclampsia-like illness in rats. In Table 1, blood pressure 
and proteinuria induced in dams are shown. To study the 
effect of PE upon intrauterine development, we measured in 
all pups birth weight and size. In Table 1 these parameters 
are included. Mean size in normal animals was 5.8 ± 0.1 
cm, and PE-derived animals mean was 4 ± 0.04 cm. On the 
other hand, mean body weight was 6.8 ± 0.13 g in normal 
pregnancy offspring, while in PE-derived offspring, mean 
body weight was 4.6 ± 0.17 g. Number of pups was also 
diminished in animals from PE, being 10 ± 0.7 pups, while 
in normal pups, it was 14.75 ± 0.47. Clearly, animals from 
preeclamptic pregnancy presented a low number of pups, 
weight and a small size compared to animals from normal 
pregnancy, which indicates that model functioned as 
expected.

To also explore the role of gender in offspring development, 
we followed body weight for 4, 8, and 12 weeks after birth, 
both in male and female animals. In Figure 2 we show body 
weight at these times.  In 1 month-old offspring, there were 
normal differences between males and females from normal 

Table I. PE model indicators: Blood pressure, proteinuria and intrauterine growth restriction

NS: Non SRAC, 3rd week pregnant rats. PE: SRAC, 3rd week pregnant rats. Groups were set with at least 4-6 rats. Systolic and diastolic blood pressure is 
expressed in mmHg; proteinuria is expressed in mg/mL, pup weight and length are expressed in g and cm, respectively. *P<0.05 compared to NS group.
SRAC: Subrenal aortic coarctation; PE: Preeclampsia

 

 NS PE 
Systolic pressure 100.3 ± 1.9 168.7 ± 6.5 * 
Diastolic pressure 71.31 ± 2.1 118.4 ± 2.5 * 
Proteinuria 0.7527 ± 0.042 1.364 ± 0.07440 * 
Number of pups 14.75 ± 0.47 10 ± 0.7 * 
Pup weight 6.8 ± 0.13 4.6 ± 0.17 * 
Pup length 5.8 ± 0.1 4 ± 0.04 * 
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pregnancy animals. Body weight in PE-derived animals, in 
contrast, was lower than control animals.

Interestingly, at 12 weeks after birth, only males from PE-
pregnancies remained with lower body weight compared 
to respective control animals. Female animals from PE 
recovered body weight, and there were no differences 
compared to their corresponding control group. 

Treatment with HRP (Figure 3), induced a slightly higher 
recovery rate of both parameters; however, this recovery was 
not substantial. This seems to indicate that sexual maturity, 
probably with female hormone-induced changes, might 
contribute to a “normalization” of this parameter. 

We measured blood pressure (BP) in both males and 
females after 4, 8, and 12 weeks after birth. As may be seen 
in Figure 4, one month-old normal offspring showed BP 

values ranging around 110 ± 4 mmHg in systolic and 73 ± 
3 mmHg in diastolic pressures, both in males and females. 
Notoriously, more than 95 % of PE-derived animals showed 
high blood pressure, which remained throughout the 
experiment. In fact, systolic blood pressure was 140 ± 4 
mmHg and diastolic was 94 ± 3 mmHg in both males and 
females. At 8 and 12 weeks, similarly to body weight, high 
blood remained elevated in males from PE compared to 
normal pregnancy-derived animals.  These results strongly 
suggest that PE might induce illness in offspring, affecting 
mainly males. Once again, female animals showed lowering 
of blood pressure at these two periods of time, remarking 
the probable role of sexual hormones, which starts to 
increase in puberty. Puberty in rats is described beginning 
in weeks 8–9, which corresponds to our findings in markers 

Figure 2.  Body weight and length in offspring from normal (SHAM) and PE (SRAC) pregnancies
Animals were followed for 3 months. Results from male and female rats are shown. Body weight is expressed in g, length in cm. N = At least 6 animals per group. * P<0.05 compared 
to sham male group. # P<0.05 compared to sham female group
SRAC: Subrenal aortic coarctation; PE: Preeclampsia

Figure 3. Body weight and length in offspring from normal (SHAM) and PE (SRAC) pregnancies with Handle region peptide (HRP) treatment
HRP, 0.2 mg/kg/day, was administered subdermally for 7 days. Control group received same volume of 0.9 % saline.  Animals were followed for 3 months. Both treatments were 
given last week of every month. Results from male and female rats are shown. Body weight is expressed in g, length in cm. N = At least 6 animals per group. * P<0.05 compared to 
sham male group. # P<0.05 compared to sham female group.
SRAC: Subrenal aortic coarctation; PE: Preeclampsia
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described (21).
We also measured blood pressure in animals treated with 

HRP. As shown in Figure 4, systolic and diastolic blood 
pressures in normal animals with or without HRP were not 
modified. Whereas, pressures were elevated, both in male and 
female animals from PE pregnancies. HRP administration 
lowered systolic blood pressure in 4-week animals, from 140 
± 5 mmHg to 112 ± 3 mmHg in males; while in females, 
systolic blood pressure lowered from 141 ± 3 mmHg to 113 
± 4 mmHg. Regarding diastolic blood pressure, values in 
males and females were lowered from 91 ± 1 to 79 ± 2 mmHg 
and from 90 ± 2 to 79 ± 3 mmHg, respectively. At 8 weeks 
after birth, HRP diminished both systolic and diastolic 
blood pressures in males. In female animals, as we described 
above, hypertensive changes were not as evident as in males. 

HRP though, exerted a hypotensive effect only in diastolic 
pressure. Systolic blood pressure was not modified. At 12 
weeks, only males remained hypertensive both in systolic 
and diastolic pressures, and HRP reverted these to normal 
values. Female animals were not hypertensive at this stage, 
and HRP did not show any effect upon blood pressure. 
These findings confirm that (P)RR seems to have a pro-
hypertensive role, but also discovered a potential regulatory 
role of sexual female hormones on this effect.

Because hypertension is a multi-systemic disease 
involving different organs, and after considering our weight 
results, we decided to measure the weight of different 
organs related to cardiovascular system, as heart and aorta, 
and kidneys in normal and PE-derived animals. In Figure 
5 we show these results.  We found that the three organs’ 

Figure 4. Blood pressure in offspring from normal (SHAM) and PE (SRAC) pregnancies with and without Handle region peptide (HRP) treatment
Systolic (SBP) and diastolic (DBP) pressures are shown in mmHg. Animals were followed for 3 months. Results from male and female rats are shown. HRP was given as described in 
Figure 2. * P<0.05 compared to sham male group. # P<0.05 compared to SRAC male group. ** P<0.05 compared to sham female group. ## P<0.05 compared to SRAC female group.
SRAC: Subrenal aortic coarctation; PE: Preeclampsia

Figure 5. Heart, kidney, and aorta weight in offspring from normal (SHAM) and PE (SRAC) pregnancies with and without Handle region peptide (HRP) treatment
Organ weight was normalized using total body weight and shown as arbitrary units (AU). Animals were followed for 3 months. Results from male and female rats are shown. 
HRP was given as described in Figure 2. * P<0.05 compared to sham male group. # P<0.05 compared to SRAC male group. ** P<0.05 compared to sham female group. ## P<0.05 
compared to SRAC female group.
SRAC: Subrenal aortic coarctation; PE: Preeclampsia
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relative weight was different between control and PE-
derived animals at all periods of time. Indeed, heart, aorta, 
and kidney weights were lower in both male and female 
animals delivered from PE pregnancies compared to normal 
pregnancy offspring. We did not find any recovery in any 
organ weight in females at 8 or 12 weeks. 

To evaluate participation of (pro)renin/renin receptor, 
a receptor of RAAS participating in hypertension, we 
administered HRP. This peptide forms part of the (pro)
renin molecule that binds to (P)RR and is removed after 
conversion to renin. Ichihara developed this peptide as a 
competitive inhibitor for (P)RR, thus blocking its action 
(10). We administered 0.2 mg/Kg/day to similar groups of 
pups from PE pregnancies or from normal pregnancies. In 
Figure 5, the effect of HRP upon heart, aorta, and kidney 
weights, both in male and female animals is depicted. This 
peptide was able to increase weight in every organ after 7 
days of treatment. In heart, HRP showed a marked increase 
in organ weight at 4 weeks after birth, from 0.001831 ± 
0.00004 arbitrary units (AU) (SRAC group) to 0.0024 ± 
0.00006 arbitrary units (AU)  (SRAC + HRP) with P<0.005 
in males; and from 0.001631 ± 0.00005 arbitrary units 
(AU)  (SRAC group) to 0.001989 ± 0.00007 arbitrary units 
(AU)  (SRAC + HRP) in females, with P<0.005. At 8 and 
12 weeks however, increasing was not significant as in the 
first month, changing from 0.002844 ± 0.00008 arbitrary 
units (AU)  (SRAC group) to 0.003004 ± 0.00006 arbitrary 
units (AU)  (SRAC + HRP) in males, and from 0.002705 ± 
0.0001 arbitrary units (AU)  to 0.002938 ± .0001 arbitrary 
units (AU)  in females at 8 weeks. At 12 weeks, change was 
also small. In both cases, weight recovery did not reach 
control values. Similar findings were obtained in aorta, and 
although weight recovery was higher in 8 and 12 weeks, this 
marker did not reach control values. Kidney showed heart-
comparable changes: a marked increase at 4 weeks, but a 
modest increase after 8 and 12 weeks.  These results suggest 
a possible participation of (P)RR upon organ development, 
and apparently gender does not influence this effect.

It has been described that (P)RR activates PLZF and the 
WNT signal transduction pathway, which, in turn, activates 

the canonical WNT pathway through β-catenin and DVL-
1, and the non-canonical WNT pathway, through DVL-
1 alone, and being PKCα a marker of activation of this 
pathway (22, 23). We explored these paths in 4, 8, and 12 
weeks after birth animals in both males and females using 
immunoblot. 

In Figure 6 we show immunoblot results from male hearts 
and in Figure 7, from female hearts. We also ran kidney and 
aorta blots with similar results (data not shown). In same 
figures, we show the effect of HRP upon same proteins. We 
found a basal expression of (P)RR, PLZF, β-catenin, PKCα, 
and DVL-1 in hearts, kidneys, and aortas in both groups and 
at all ages explored. We found however, (P)RR expression 
increased importantly in animals from PE pregnancies in 
all tissues and ages. PLZF is an accepted marker of (P)RR 
activation (7). This protein also increased expression in all 
tissues and ages explored in PE-derived animals, both males 
and females, indicating a multi-place activation of this 
receptor. 

In same figure, we show that β-catenin was also increased 
significantly in the studied organs in both males and females 
with all ages tested. Interestingly, HRP treatment completely 
abolished this protein expression in these groups. This 
seems to indicate that HRP effect could be mediated by the 
canonical pathway. Indeed, DVL-1 and PKCα, proteins from 
the non-canonical pathway, were partially recovered in same 
groups, but did not reach basal levels. In this context and 
taking a closer look into gender differences, we found that 
the puberty-induced changes found in the other markers 
described above, seems to affect the canonical pathway and 
not the non-canonical pathway. As can be seen in the same 
figures, differences in DVL-1 and PKCα remain similar 
in male animals. β-catenin, on the other hand, showed 
a significant difference at 4 weeks of birth, was lower at 8 
weeks, and there were no differences at 12 weeks in female 
animals in kidney and aorta (data not shown).

Finally, to explore if the effects upon PRR and PLZF 
involve genetic expression, we carried out RT-PCR 
experiments. As shown in Figures 8 and 9, (P)RR and PLZF 
expression increased in animals from PE pregnancies. HRP 

Figure 6. Immunoblot for PRR, PLZF, β-catenin, PKCα, and DVL-1 in male offspring from normal (SHAM) and PE (SRAC) pregnancies with and without 
Handle region peptide (HRP) treatment
Heart (shown here), kidney and aorta (shown in supplemental material), from at least 4 males were normalized using β-actin as housekeeping protein. Samples were taken at the 
end of every month the experiment lasted. * P<0.05 compared to sham group. # P<0.05 compared to sham, HRP treated group.
SRAC: Subrenal aortic coarctation; PE: Preeclampsia
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treatment reverted these changes in a similar way to the 
ones described for immunoblot experiments.

Discussion
In this work we showed that PE affects offspring in a severe 

way, inducing cardiovascular changes as hypertension and 
developmental problems. Interestingly, we found that these 
changes are partially mediated by RAAS, specifically (P)
RR through the canonical WNT pathway, and that gender 

influences these changes.
PE belongs to a series of illnesses gathered under the 

name of pregnancy-induced hypertension and is relevant 
due to its negative effect upon mother and offspring (24). In 
mothers, it may induce several alterations after delivery. Of 
greater interest for us are the alterations that PE may induce 
in offspring. In fact, several morphological and physiological 
changes have been described (25). Among them, low birth 
weight and length are consistent changes. We found in our 
experiments that birth weight and length of pups were 
smaller than normal pregnancies offspring, both in male 

Figure 7. Immunoblot for PRR, PLZF, β-catenin, PKCα, and DVL-1 in female offspring from normal (SHAM) and PE (SRAC) pregnancies with and without 
Handle region peptide (HRP) treatment.
Heart, kidney, and aorta from at least 4 females were normalized using β-actin as housekeeping protein. Samples were taken at the end of every month the experiment lasted. * 
P<0.05 compared to sham group. # P<0.05 compared to sham, HRP treated group.
SRAC: Subrenal aortic coarctation; PE: Preeclampsia

Figure 9. RT-PCR for PRR and PLZF in female offspring from normal 
(SHAM) and PE (SRAC) pregnancies with and without Handle region 
peptide (HRP) treatment
Heart, kidney, and aorta from at least 4 females were taken and expression levels of the 
targeted mRNAs were normalized with 18S mRNA. Samples were taken at the end of 
every month the experiment lasted. * P<0.05 compared to the sham group. # P<0.05 
compared to sham, HRP treated group.
PLZF: Promyelocytic leukaemia zinc finger protein; PRR: Pro renin/renin receptor

Figure 8. RT-PCR for PRR and PLZF in male offspring from normal (S) and 
PE (C) pregnancies with and without Handle region peptide (HRP) treatment
Heart, kidney, and aorta from at least 4 males were taken and expression levels of the 
targeted mRNAs were normalized with 18S mRNA. Samples were taken at the end 
of every month the experiment lasted. * P<0.05 compared to sham group. ** P<0.05 
compared to sham, HRP treated group.
PLZF: Promyelocytic leukaemia zinc finger protein; PRR: Pro renin/renin receptor
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and female animals. Changes in these parameters have been 
described also in female mice (25); however, that recovery 
could not be related to gender. In our work, we found that 
male animals were not able to recover body weight even 
when they reached adult stage after 3 months. Female 
animals, on the other side, recovered both body weight and 
length at the third month, apparently due to sexual maturity. 
When we measured these parameters in animals under HRP 
treatment, we found a very slight change in both male and 
female animals, suggesting a possible role of (P)RR.

From the pioneer work from Barker, several authors 
have shown that PE and PE-induced low birth weight 
could affect offspring, especially males, by developing 
hypertension, metabolic syndrome, diabetes, and other 
morbidities (2, 3, 26). In our work, we found that both males 
and females suffered hypertension since the first month of 
age until the 3rd month the experiment lasted. Along with 
it, they had low birth weight and length. We found that 
HRP treatment reverted this hypertension throughout 
the whole experiment in males. In females, the effect was 
also presented until the third month, where HRP had no 
more effect. This seems to confirm that (P)RR has a role in 
male hypertension. In females, it has a similar effect until, 
probably, sexual hormones normalize high blood pressure. 
This pro hypertensive role of (P)RR has been previously 
described(27); however, this is the first time that the effect 
is described in female animals and, even more, the effect of 
gender upon its role. 

It is also described that (P)RR participates in tissue 
maturity and development (12, 22). We described in 
offspring, both sexes, that heart, kidney, and aorta showed 
a clear reduction of organ weight caused by PE. When HRP 
was given, these reductions were consistently reverted on 
the three periods of time explored. Renin angiotensin 
aldosterone system (RAAS) has been widely related 
to development of cardiovascular, nervous, metabolic, 
and immunological illnesses (28, 29). Since (P)RR was 
described, it has been related to several pathological stages 
such as diabetic nephropathy, hypertension, and diabetes 
mellitus (22, 27, 30, 31). We have previously reported its 
prohypertensive role in PE when studied in pregnant rats 
(7). Our findings seem to point out that this receptor also 
possess a role in offspring illness, as we have shown with 
reduction of blood pressure values with HRP treatment, 
and corrections of morphological alterations in three 
different organs, all of them related to the hypertensive 
process.  A very interesting finding in our work was the fact 
that, apparently, female sexual hormones seem to have a 
regulatory role upon its function.

We finally showed that (P)RR seems to activate the 
canonical WNT pathway to induce changes. Several pathways 
have been related to the function of this receptor: MAPK 
pathway, WNT pathway and acidification of intracellular 
media by activation of ATPase6AP2 (12, 32). WNT pathway 
is a biologically relevant pathway related to embryonic 
development, tissue homeostasis, injury repair and several 
diseases, such as cancer (33). Two main downstream paths 
have been described, both activated by (P)RR: Canonical 
and not canonical. The first one is activated by β-catenin. 
The second one is related more to DVL-1 and intracellular 
Ca++ movement, affecting cell polarity (34). We found that 
PE activates importantly β-catenin expression in three 
different tissues from PE-derived offspring throughout the 
whole experiment. Also, DVL-1 and PKCα are increased in 

both males and females at 1, 2, and 3 months after birth. 
However, and very interestingly, HRP treatment completely 
abolished β-catenin expression, while DVL-1 and PKCα 
remained elevated in same animals and same periods of 
time. PCR experiments for (P)RR and PLZF confirm that 
HRP effect seems to be at the genetic expression level. 

Several reports have related RAAS and WNT canonical 
pathway to cardiovascular pathologies, as hypertension and 
cardiac hypertrophy (14, 33). Inhibition of RAAS has also 
an inhibitory role upon WNT signaling, indicating a close 
interrelationship between these two systems (35). We found 
that HRP, acting as a (P)RR blocker, abolished β-catenin. 
This finding could explain the anti-hypertensive effect 
of the peptide in offspring from PE pregnancies. Given 
that WNT also have an injury repairing role, the reversal 
of morphological changes found in the heart, kidney, and 
aortas from PE-derived animals after HRP treatment could 
be explained by this action. It is necessary to mention that, 
regarding these transductional pathways, we did not find any 
modification related to gender or period of time. Although 
this does not rule out the possible role of age and gender, 
it strongly suggests that the effect could be explained by a 
more complex interaction of RAAS, specifically (P)RR, with 
other physiological systems as sexual hormones or another 
endocrine, cardiovascular, nervous, or immunological 
systems. More work is needed to answer these possibilities.

Conclusion
We showed in this work that PE affects offspring, 

inducing cardiovascular alterations as hypertension and 
developmental problems. We also demonstrated, for the 
first time, that these changes might be mediated by (P)
RR through the canonical WNT pathway, and that gender 
influences these changes.
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