
Hypertension Research (2019) 42:29–39
https://doi.org/10.1038/s41440-018-0092-7

ARTICLE

Novel biomarker profiles in experimental aged maternal mice with
hypertensive disorders of pregnancy

Kiichiro Furuya1 ● Keiichi Kumasawa1 ● Hitomi Nakamura1 ● Katsuhiko Nishimori2 ● Tadashi Kimura1

Received: 16 August 2017 / Revised: 26 February 2018 / Accepted: 14 March 2018 / Published online: 13 September 2018
© The Japanese Society of Hypertension 2018

Abstract
Recently, advanced maternal age (AMA) has increased in Western countries because of late marriage and advances in
assisted reproductive technology. One major complication of AMA is hypertensive disorders of pregnancy (HDP). While
clinical investigations into human AMA have been reported, there has been limited information obtained from basic
research. In this investigation, we established the AMA mouse model using aged pregnant ICR mice. We demonstrated
that the phenotypes of aged pregnant ICR mice reflect the same characteristics as human AMA. The significant findings
of our investigation are as follows: (1) The AMA mouse model manifested the same complication phenotypes of human
AMA, including maternal obesity, declining fertility, small for gestational age, and a higher rate of intrauterine fetal
death; (2) The AMA mouse model exhibited an increasing systolic blood pressure at late gestation (108.2 ± 7.7 vs. 92.7
± 5.7 mmHg, P < 0.01) that normalized after delivery similar to human HDP patients; and (3) While HDP and placental
dysfunction are complicated, AMA mice and human HDP AMA patients manifested a low serum soluble fms-like
tyrosine kinase-1 (sFlt-1) level in late gestation (AMA group vs. control group, mice, 16800.0 ± 10709.5 vs. 26611.9 ±
8702.0 pg/mL, respectively, P < 0.01; human, 8507.6 ± 3298.7 vs. 14816.9 ± 5413.5 pg/mL, respectively, P < 0.05). In
conclusion, the aged pregnant mouse model resembled human AMA. The AMA mouse model was complicated with
HDP despite the low serum sFlt-1 level. Our findings provide evidence that the serum sFlt-1 level does not necessarily
reflect the conventional pathogenesis of HDP in aged human and murine pregnancies and may contribute to the future
management of HDP in AMA.

Introduction

Recently, advanced maternal age (AMA) pregnancy have
been increasing in Western countries because of late mar-
riage and advances in assisted reproductive technology
(ART) [1–4]. AMA is associated with maternal and fetal
mortality and morbidity [2, 5–7]. In particular, hypertensive

disorders of pregnancy (HDP) is one of the major compli-
cations in AMA [1, 2]. While clinical research on human
AMA has been reported, there has been limited information
from basic research using mouse models suitable for AMA
research. Furthermore, the mechanisms of HDP compli-
cated with AMA remain unclear. Several HDP animal
models have previously been reported; however, they were
artificially established using surgical and transgenic
approaches [8–11]. These animal models have been insuf-
ficient to investigate the relationship between the likeliness
of the onset of HDP and late pregnancy. We examined the
effects of blood pressure and analyzed whether HDP
spontaneously develops using aged pregnant mice. The
purposes of this study were to establish an AMA mouse
model, compare its phenotypes to human AMA, and verify
the pathogenesis of HDP in AMA. The noteworthy points
included the complicated phenotypes associated with AMA
and HDP patients, blood pressure (BP), and the key factors
of HDP: serum soluble fms-like tyrosine kinase-1 (sFlt-1)
and placental growth factor (PlGF).
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Materials and methods

Animals

Refer to supplementary information.

Aged and young mice

The AMA mouse model was defined as pregnant Jcl:
ICR female mice more than 6 months old. Control Jcl:
ICR female mice were defined as 8–13 weeks old at
pregnancy. Refer to supplementary information for the
details.

Blood pressure measurement

Blood pressure measurement was performed as previously
reported [8].

Anesthesia

Refer to supplementary information.

Fetal weight and litter size measurement (mouse
model)

For evaluation of the clinical complications of human
AMA at term, we analyzed the following factors: fertility
decline, small for gestational age (SGA), and intrauterine
fetal death (IUFD) rates. All fetuses and placentas were
removed by cesarean section at E18.5 (i.e., term preg-
nancy in mice). The samples were weighed and numbered.
The experimental procedures described are as follows.
The mice received sevoflurane anesthesia, were held on a
hot plate, and were subjected to abdominal sterilization,
followed by vertical incision of the abdominal wall. The
uterus was exteriorized from the incision, and the pups
were removed from the uterus by cesarean section [8, 12].
The percentage of IUFD was defined as the number of
IUFD for all pups (%).

Blood and urinary samples

Serum samples from mice were collected as described
in our previous report [8]. Serum samples from HDP
patients at 36–38 weeks of gestation were obtained from
Osaka University Medical Hospital (Ethics committee
registration no. 17381). The serum levels of sFlt-1 and
PlGF-2 in mice and sFlt-1 and PlGF in humans were
measured with ELISA kits (R&D Systems, USA). Urinary
protein levels were analyzed with VetScan VS2 (Abaxis,
USA).

Tissue collection (Snap freezing and RNA extraction)

Tissue collection and RNA extraction were performed as
previously described [8, 13].

Real time PCR (RT-PCR)

Following DNase treatment (TURBO DNA-free Kit,
Thermo Fisher Scientific, USA), 2 μg of total RNA was
reverse transcribed into complementary DNA (cDNA)
using SuperScript VILO Mastermix (including Super-
script III reverse transcriptase, Invitrogen, USA) accord-
ing to the manufacturer’s protocol. Real time PCR (RT-
PCR) was performed using SYBR-Green (Applied Bio-
systems, USA). We used primer sets to amplify mouse
p53 and mouse hif1-α, which have been used in previous
reports. The primers for mouse p53 were: 5′-CCCGAG
TATCTGGAAGACAG-3′ (forward) and 5′-ATAGGT
CGGCGGTTCAT-3′ (reverse) [14–16]. The primers for
mouse hif1-α were: 5′-CAAGATCTCGGCGAAGCAA-
3′ (forward) and 5′-GGTGAGCCTCATAACA-
GAAGCTTT-3′ (reverse) [17]. We also used a primer set
for human sflt-1. The primers for human sflt-1 were: 5′-
ACA ATC AGA GGT GAG CAC TGC AA-3′ (forward)
and 5′-TCC GAG CCT GAA AGT TAG CAA-3′
(reverse).

Perfusion fixation

Perfusion fixation was performed using 4% paraformalde-
hyde (PFA). Refer to the supplementary information for
further details.

Tissue processing

Paraffin-embedded sections: After perfusion fixation, tis-
sue samples were immersed in 4% PFA for 36 h at 4 °C,
rinsed with flowing water for 1 h, dehydrated and per-
meated with ethanol and xylene, and embedded in paraf-
fin. The blocked tissue was sectioned at 3−4 μm
(SM2000R, Leica), dried, and placed on a heat pad
overnight.

Cell culture

The human trophoblast-derived cell line HTR-8/
SVneo, purchased from the manufacturers (American
Type Culture Collection; ATCC, USA), was cultured
at 37 °C in a 5% CO2 incubator in RPMI 1640 medium
that contained 5% fetal bovine serum (FBS) in a 6
well cell culture plate (FALCON, USA).
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H2O2 treatment and sample collection

Eighty to ninety percent confluent HTR-8/SVneo cells
were exposed to a range of H2O2 concentrations from 0 to
200 μM for 2 h. This treatment has been reported to induce
artificial senescence conditions according to several reports
[18–21]. All cells and cell cultures were collected after
H2O2 treatment. RNA and proteins were extracted from the
collected cells after treatment.

Senescence-associated beta-galactosidase (SA-β-gal)
staining

Staining of SA-β-gal, which is a senescence marker [20,
22], was performed according to the manufacturer’s
instructions (Abcam, USA). Stained cells were observed
microscopically by using one hundred-fold magnification
(BZ-X700, KEYENCE, Japan). The positive staining dots
for SA-β-gal were quantified (n= 6 fields per dish under
one hundred-fold magnification; three wells per concentra-
tion group).

NO determination

NO is stoichiometrically converted to nitrate (NO3-) and
nitrite (NO2−), the stable metabolites of NO. Therefore, the
NO levels were determined by measuring NO3

− and NO2
−.

The NO levels in the cell culture supernatants were mea-
sured as the total NO2

− (NO2
− and NO2

− converted from
NO3

−) by using a Nitric Oxide Colorimetric Assay Kit
(BioVision, USA).

Statistics

All data are presented as the mean and standard deviation
(mean ± SD), and nonparametric statistical analysis was
applied for the limited numbers in the experiments. The
differences between multiple groups were analyzed by a
one-way or two-way analysis of variance (ANOVA) with

Tukey’s post-hoc test. Student’s t-test was used for com-
parisons between the two groups. P values of < 0.05 indi-
cated significant differences.

Results

Characterization of the AMA mouse model

The characteristics before and after pregnancy in both
groups are shown in Table 1. The age and body weight
before pregnancy manifested a wide range in both groups.
The maternal body weight before pregnancy in the AMA
mice was significantly heavier than in the control mice. The
body weights of the AMA mice at E18.5 were not sig-
nificantly heavier than those of the control mice. The
visceral fatty tissues before pregnancy, at E14.5, and at
E18.5 were not significantly different in both groups. The
weight of brown fat tissue was not significantly different
between the AMA mice and young mice, as a result of
individual differences (Supplementary Figure 3). The fetal
weight for the AMA mice was significantly decreased
compared with that of the control mice (Fig. 1a). The pla-
cental weight was not significantly different between the
two groups (Fig. 1b). In contrast, the fetal/placental weight
ratio in the AMA mice was significantly smaller than in the
control mice (Fig. 1c). The litter size of the AMA mice was
significantly less than that of the control mice (Fig. 1d). The
IUFD rates of the AMA mice were significantly higher than
those of the control mice (Table 1).

Evaluations of phenotypes of HDP in the AMA
mouse model

Blood pressure was measured before pregnancy, at E8.5, at
E18.5, and postdelivery within one week in both groups.
The systolic blood pressure before pregnancy was not sig-
nificantly different in both groups, whereas the systolic
blood pressure of the AMA mice at E18.5 was significantly

Table 1 Characteristics of AMA
model mice and control mice
before and during pregnancy

Control (n) Aged (n) P value

Age (weeks) 13.7 ± 2.3 (26) 33.0 ± 9.7 (28) P < 0.05

Before pregnancy BW (g) 32.1 ± 3.5 (16) 47.1 ± 9.4 (24) P < 0.05

E18.5 BW (g) 72.1 ± 5.3 (16) 73.5 ± 9.3 (24) P= 0.60

Pregnancy BW gain (From before pregnancy to E18.5) (g) 40.1 ± 4.3 (16) 26.9 ± 9.2 (24) P < 0.05

BW gain per fetus (g) 2.9 ± 0.5 (15) 2.4 ± 0.5 (20) P < 0.05

Rate of IUFD (%)a 1.1 ± 2.8 (23) 9.9 ± 17.8 (30) P < 0.05

Data are presented as the mean ± SD. All numbers of aged and control pregnant mice are shown in
parentheses

BW body weight, E embryonic day, IUFD intrauterine fetal death
aRate of IUFD: (number of fetal deaths/number of fetuses) multiplied by 100 (%). Student’s t-test was
performed against control mice
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higher than that of the control mice. After delivery, the
blood pressure of the AMA mice recovered to the same
level as that of the control mice (Fig. 2a). The protein/
creatinine ratio of urine was not significantly different
between the AMA and control mice throughout pregnancy
(Fig. 2b).

Angiogenic factors of HDP in the AMA mouse model
and human AMA

The serum level of mouse sFlt-1 increased with pregnancy
in both groups. The AMA mice had increasing blood
pressure at late gestation, whereas the serum sFlt-1 levels
were significantly lower than those in the control mice at
E18.5+ E19.5 before delivery (AMA mice: 16800.0 ±
10709.5 vs. control mice: 26611.9 ± 8702.0 pg/mL, P <
0.05, Fig. 3a). The serum PlGF-2 in the AMA mice at late
gestation was also significantly lower than in the control
mice (Fig. 3b). Human serum sFlt-1 and serum PlGF were
measured using serum samples obtained from “aged” (over
40 years old) and “young” (under 30 years old) HDP

patients who delivered at Osaka University Medical Hos-
pital. Similar to the mouse results, the serum sFlt-1 level in
the aged HDP patients was significantly lower than that of
the young HDP patients (Aged HDP patients: 7174.9 ±
3698.9 vs. young HDP patients: 14816.9 ± 5413.6 pg/mL,
P < 0.05, Fig. 3c).

To evaluate the biomarker profiles between blood pres-
sure and vessel or tissue aging at the gene transcription
level in the AMA model mice, an investigation was per-
formed using real-time PCR (RT-PCR). The expression of
p53 in the fatty and placental tissues of the AMA mice
at E18.5 was significantly higher than in those of the control
mice (Fig. 4a, b). The expression of hif1-α in the placenta
of the AMA mice was also significantly elevated at E18.5
compared with that of the control mice (Fig. 4c). In
immunohistopathological staining of the uterine artery,
positive p53 staining in the AMA mice increased
during the course of gestation to reach its highest level at
E18.5; however, the level of p53 staining was very low in
the control mice at the same period (Supplementary
Figure 6).
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Induction of senescence conditions in HTR-8/SVneo
cell line

The SA-β-gal staining intensity significantly increased in a
dose-dependent manner for H2O2

− treated HTR-8/SVneo
cells (Fig. 5a, b).

Senescent cells showed low sFlt-1 and NO2− levels

The levels of NO2
− significantly decreased in a dose-

dependent manner for H2O2
−treated HTR-8/SVneo cells

(Fig. 5c). In RT-PCR, the expression of sflt-1 in HTR-8/
SVneo increased in a dose-dependent manner from 0 to
150 μM H2O2 supplementation; however, the expression of

sflt-1 in cells treated with 200 μM H2O2 was significantly
decreased (Fig. 5d).

Discussion

AMA is associated with many complications, with HDP
representing one of the major perinatal problems for
mothers and babies. Moreover, epidemiological investiga-
tions have recently indicated that a history of HDP is
associated with the future risk of heart disease, stroke,
arrhythmia, diabetes mellitus, renal failure, and hyperten-
sion [23]. Therefore, various methods have been used in
experiments to predict HDP. For example, the sFlt-1/PlGF
ratio [24] and serum angiopoietin-2 levels have been
assessed with uterine artery Doppler [25]. In this investi-
gation, we established the AMA mouse model and eval-
uated its complication phenotypes to assess the contributing
factors between middle-age pregnancy and hypertensive
disorder in pregnancy. First, we demonstrated that the aged
pregnant ICR mouse manifested the same characteristics of
human AMA without genetic or mechanical interventions.
Second, the AMA mouse model had an increasing systolic
blood pressure in the late gestation period, thus reflecting
human HDP. Third, while the AMA mouse model
demonstrated hypertension and a low serum PlGF level,
which reflects placental dysfunction, the serum sFlt-1 level
in the AMA mice was significantly lower than that in the
control mice. This phenomenon was also identified for the
serum sFLT-1 profile in human AMA complicated with
HDP. To the best of our knowledge, these results are the
first evidence of low serum sFlt-1 levels in AMA mice and
human AMA HDP patients. These results showed that the
AMA mouse model had the same features as human AMA,
which should make it useful for in vivo studies of human
AMA. In AMA complicated with HDP, it may be necessary
to establish a new standard value for serum sFlt-1 levels.

AMA mouse model had the same complications
of human AMA

Human AMA is associated with maternal and fetal mortality
and morbidity. The fetal risks in human AMA include
increased miscarriage, aneuploidy, IUGR, and IUFD
[2, 5–7]. AMA also involves maternal complications, such
as HDP, which is one of the most life-threatening compli-
cations [2, 26]. We verified whether our mouse model had
the same major complications, such as hypertension, as
human AMA. In our mouse model, aged pregnant ICR mice
represented a wide range of ages and body weights
(Table 1). These results reflected the physical conditions of
human AMA consisting of women ranging from 35 to
approximately 40 years of age. IUGR and IUFD were
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significantly increased in the AMA mouse model (Fig. 1a;
Table 1). It is well known that age-related aneuploidy
chromosomes in murine oocytes are very rare [27]. There-
fore, we did not verify the existence of chromosomal
abnormalities in our mouse model.

AMA mouse model represented HDP as well as
human AMA

In our mouse model, proteinuria was not observed in both
groups, whereas systolic blood pressure in the AMA mouse
model at late gestation was 15.5 mmHg (16.2%), which is
higher than in control mice at the same time (P= 0.01). The
systolic blood pressure of both groups was at the same level
before and during early pregnancy. These results corre-
sponded with a previous report indicating that over 50% of
human AMA is complicated by hypertensive disorder [2]. It
is important to distinguish between HDP and essential
hypertension. In this study, blood pressure decreased within
weeks after delivery. Therefore, the AMA model mice
turned out not to be essential hypertension but was HDP.
According to the current criteria, in some cases, HDP is
discussed without the complication of proteinuria [28–30].

From our results and recent criteria, the AMA mouse model
was complicated with HDP at term pregnancy similar to
human AMA. The serum PlGF-2, an angiogenesis factor
that reflects placental function, was significantly decreased
in the AMA mouse model during late gestation. Moreover,
the expression of hypoxia induced factor 1-α (HIF1-α) of
AMA at E18.5 was significantly higher than that of control
mice (Fig. 4c). These results also indicated and supported
the existence of placental dysfunction as the pathogenesis of
HDP. These results demonstrated that increasing blood
pressure in the AMA mouse model at late gestation could be
defined as HDP, including gestational hypertension (GH).
In our results, AMA model mice represented the char-
acteristics of gestational hypertension as the subtypes of the
new criteria of HDP. Additionally, the AMA mouse model
had similarities to the life-threatening maternal complica-
tions present in human AMA.

Profiles of biomarkers associated with HDP in AMA

According to the current investigations, the “two step the-
ory” has been advocated as the pathogenesis of HDP. Pla-
cental dysfunction is associated with the development of
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hypertension during pregnancy [9, 31–33]. In current clin-
ical investigations, the anti-angiogenic factor soluble fms-
like tyrosine kinase-1 (sFlt-1), which antagonizes vascular
endothelial growth factor, has been reported as the key
factor for human HDP. The angiogenic factor placental
growth factor (PlGF) is decreased in HDP. Clinical studies
have reported that increased serum sFlt-1 level and
decreased serum PlGF level correspond to the severity of
HDP; [34–37] however, investigation into these factors in
AMA patients is insufficient. Surprisingly, blood pressure
in the AMA mouse model at E18.5+ E19.5 was increased,
whereas the serum sFlt-1, the critical factor of HDP, was
significantly lower than in the control mice (16,800.0 ±
10709.5 (n= 16) vs. 26,611.9 ± 8702.0 (n= 12) pg/mL,
respectively, P < 0.05; Fig. 3a). These data are the first
evidence that the serum sFlt-1 in aged pregnant mice

complicated with HDP exhibited low levels despite being
complicated by HDP. In previous studies in humans, the
age groups of “aged” HDP patients from whom serum
samples were obtained for HDP investigations have been
approximately 35–40 years old [38, 39]. To the best of our
knowledge, no previous reports have analyzed these factors
using subjects who were of extremely AMA (over 40 years
old) with HDP. Therefore, we measured human serum
sFlt-1 obtained from HDP patients, including individuals
who were of extremely AMA over 40 years of age. Sur-
prisingly, the human serum sFlt-1 levels in extremely AMA
patients were significantly lower than those of the young
patients (7174.9 ± 3698.9 pg/mL; extremely AMA patients
(n= 8) vs. 14,816.9 ± 5413.6 pg/mL; young patients
(n= 5), P < 0.05; Fig. 3c), which is consistent with the
results in our mouse model. The mechanism of this effect
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remains unclear; however, we demonstrated that the
experimental results in vivo corresponded with the clinical
results.

While the aged pregnant mice and AMA were compli-
cated with HDP, serum sFlt-1 demonstrated a low level. To
verify the cause of hypertension in AMA, we focused on the

vessel senescence and arteriosclerosis as a result of the
expression of p53, which is a well-known aging marker and
a key signal of senescence [40–42]. Previous researchers
have reported that arteriosclerosis and endothelial dys-
function result in hypertension. They cause hypertension
and are one of the processes of aging [43–45]. Therefore, it
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Fig. 5 H2O2 supplementation in
HTR-8/SVneo cells induced
senescence. a SA-β-gal staining
increased in high H2O2

concentration-treated HTR-8/
SVneo cells. Blue dots show
positive SA-β-gal staining. Scale
bar: 200 μm b SA-β-gal relative
staining intensity in H2O2-
treated HTR-8/SVneo cells; the
positive staining for SA-β-gal
was quantified (n= 6 fields per
well under x100 magnification;
three wells per H2O2

concentration group). c NO2
-

level in cell culture medium of
H2O2-treated HTR-8/SVneo
cells (n= 3 per H2O2

concentration group). d The
expression of sflt-1 in senescent
HTR-8/SVneo cells decreased in
an H2O2 dose-dependent manner
(n= 3 per H2O2 concentration
group). The results are presented
as the mean ± SD. *P < 0.05 vs.
0 μM group. **P < 0.01 vs.
0 μM group
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was important to examine p53 expression in vessels and
tissues. Investigations have reported that blood vessel
senescence plays a role in the development of hypertension.
The aged cell accelerates arteriosclerosis because of the
secretion of inflammatory cytokines. Endothelial cells with
a high expression of p53 and high activation of SA-β-gal are
observed on the plaques present in human coronary arter-
iosclerosis [43–46]. The development of arteriosclerosis and
vessel injury as a result of metabolic disease is also asso-
ciated with vessel cell senescence involved in the activation
of p53. It has been demonstrated that the endothelial cell
senescence triggered by p53 signal activation plays an
important role in promoting arteriosclerosis and decreasing
angiogenesis by hypertension and diabetes [46, 47].
Therefore, it has been demonstrated that metabolic and age-
related factors stimulate blood vessel senescence and pro-
gress hypertension. These results indicate that arterio-
sclerosis and hypertension are associated with vessel
senescence.

In our AMA mouse model, the expression of p53 in the
placenta and fatty tissues was significantly higher than that
in control mice (Fig. 4a, b). The placental dysfunction in the
AMA mouse model was implied by the increasing expres-
sion of p53 in the placenta and the low serum PlGF-2 levels
late in gestation. These results support the finding that the
AMA mouse model involves factors associated with HDP
and indicate that AMA could result in HDP with low serum
sFlt-1. This investigation of our AMA mouse model shows
the progression of vessel and tissue senescence during the
course of pregnancy. These tissue senescence observations
may contribute to hypertension in the AMA mouse model.
These results show that the AMA mouse model has the
same features of complications, such as hypertension, in
advanced-age pregnancies in women despite low serum
sFlt-1 levels.

H2O2−supplemented HTR-8/SVneo cells showed
senescence conditions

We subsequently investigated cell senescence in the human
trophoblast cell line HTR-8/SVneo to elucidate the mechan-
isms by which blood pressure increased with lower sFlt-1
levels in aged HDP patients and the AMA mouse model.
One of the best-known ways to induce senescence in cells is
H2O2 supplementation [19, 20]. We attempted to induce
senescence in the human trophoblast cell line HTR-8/SVneo
as described in previous reports [18, 21]. As previously
reported, several concentrations of H2O2 (0–200 μM) were
supplemented in HTR-8/SVneo cell culture medium [18, 21,
48, 49]. H2O2

− supplemented cells exhibited a high intensity
of SA-β-gal staining in a dose-dependent manner. This result
indicates that the cell senescence advanced depending on
the H2O2 concentrations.

Artificial senescence-induced human trophoblast
cells showed low NO2

− levels and low expression
of sflt-1

Both aged HDP patients and AMA model mice repre-
sented phenotypes of HDP; moreover, the serum sFlt-1
levels were significantly lower than those in
control groups. To understand the characteristics of aged
HDP patients and the AMA mouse model, we elucidated
the expression of sflt-1 and NO2

− levels using the HTR-8/
SVneo cell line and cell culture medium that contained
H2O2. The expression of sflt-1 increased with concentra-
tions of H2O2 from 50 to 150 μM; however, it significantly
decreased at 200 μM. This result was consistent with
the low level of sFlt-1 in human AMA-HDP patients and
the AMA mouse model.

We subsequently measured NO2
-, which is an established

vasodilator. From the results of our investigation, the NO2
-

levels decreased in a dose-dependent manner, which indi-
cated the effects of senescence. We also measured the
serum NO2

- levels in AMA and control mice before preg-
nancy, at E14.5, and at E18.5. Consistent with previous
in vitro results, the serum NO2

- levels in AMA mice at the
E18.5 period were significantly lower than those in control
mice during the same period (Supplementary Figure 7).
These results supported the fact that human AMA and the
AMA mouse model exhibited increasing blood pressure
despite lower levels of sFlt-1. Unfortunately, we could not
discover evidence that NO2

- was decreased in aged HDP
patients. Moreover, the limitation of this study includes the
limited number of human serum samples. Accordingly,
further investigation and the collection of more samples will
be needed.

In summary, we established an AMA mouse model using
aged pregnant ICR mice and discovered several novel
findings. The AMA mouse model had similarities to the
complication phenotypes of human AMA. The AMA
mouse model demonstrated HDP as blood pressure
increased in late gestation and decreased soon after delivery.
Both human AMA and the AMA mouse model demon-
strated HDP and lower serum levels of sFlt-1 than young
subjects. Our mouse model showed similar characteristics to
those of human aged HDP patients.

This is the first report that AMA mice and human
aged HDP patients manifested lower serum levels of sFlt-
1 despite complicating hypertension. In previous
studies, the serum sFlt-1 level in HDP patients has not
been categorized according to age. Our results demon-
strated that the serum sFlt-1 level in aged HDP patients
is lower than that in the control group. These
results indicated that the serum levels of sFlt-1, as a
marker of HDP, should be evaluated depending on
maternal age.
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Additional studies will be needed to verify the mechan-
ism of hypertension with low serum sFlt-1. For future
investigations, we suggest that the recruitment of clinical
subjects and analysis of human AMA blood vessels will be
needed.

Summary from the corresponding author

HDP is one of the major complications that arises during
pregnancy, particularly in AMA. However, there has been
limited information derived from basic research regarding the
relationship between HDP and AMA. In our research, aged
pregnant ICR mice exhibited the same characteristics as
human AMA. Obesity, declining fertility, small for gesta-
tional age (SGA), IUFD, elevated blood pressure, and pla-
cental dysfunction are complications in AMA. AMA mice
and human AMA patients exhibited lower serum sFlt-1 levels
than control subjects. Our findings provide evidence that HDP
occurred concurrently with lower serum sFlt-1 levels com-
pared with younger groups, and these findings will contribute
to the future management of HDP in AMA.
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