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ABSTRACT

CONTEXT AND OBJECTIVE: Preeclampsia is a multi-systemic disease and one of the most frequent severe
health problems during pregnancy. Binding of insulin triggers phosphorylation and activates cytoplasmic
substrates such as phosphatidylinositol 3 kinase (PI3K). Phosphorylation of membrane phosphoinositide
2 (PIP2) to phosphoinositide 3 (PIP3) by PI3K starts Akt/PKB activation. Defects in phosphorylation of the
insulin receptor and its substrates have an important role in insulin resistance. Studies have shown that
insulin resistance is associated with preeclampsia and its pathophysiology. The aim here was to investigate
insulin stimulation of the Akt/PKB pathway in the placenta, in normal and preeclampsia parturients.
DESIGN AND SETTING: Cross-sectional study in a tertiary public university hospital.

METHODS: Placentas were collected from 12 normal and 12 preeclampsia patients. These were stimu-
lated and analyzed using Western blot to quantify the Akt/PKB phosphorylation.

RESULTS: The insulin stimulation was confirmed through comparing the stimulated group (1.14 = 0.10)
with the non-stimulated group (0.91 + 0.08; P < 0.001). The phosphorylation of Akt/PKB did not dif-
fer between the placenta of the normal patients (1.26 + 0.16) and those of the preeclampsia patients
(1.01+£0.11; P =0.237).

CONCLUSIONS: In vitro insulin stimulation of the human placenta has been well established. There was
no difference in Akt/PKB phosphorylation, after stimulation with insulin, between placentas of normal and
preeclampsia patients. Nevertheless, it cannot be ruled out that the Akt/PKB signaling pathway may have a
role in the pathophysiology of preeclampsia, since the substrates of Akt/PKB still need to be investigated.

RESUMO
CONTEXTO E OBJETIVO: Pré-eclampsia (PE) € uma doenca multissistémica das mais frequentes e graves
durante a gestacéo. A ligacdo da insulina inicia a fosforilacdo e ativagao de substratos citoplasmaticos, tais
como fosfatidil-inositol 3 quinase (PI3K). A fosforilagédo do fosfoinositol 2 (PIP2) da membrana em fosfoino-
siltol 3 (PIP3) pela PI3K inicia a ativacdo da Akt/PKB. Defeitos na fosforilagéo do receptor de insulina e seus
substratos tém papel importante na resisténcia a insulina. Estudos demonstraram que resisténcia a insu-
lina esta associada com pré-eclampsia e sua patofisiologia. O objetivo foi investigar a via de estimulacéo
com insulina da Akt/PKB em placenta de parturientes normais e com pré-eclampsia.
TIPO DE ESTUDO E LOCAL: Estudo do tipo transversal em um hospital universitério publico de nivel
terciario.
METODOS: Vinte e quatro placentas (12 normais, 12 com PE) foram coletadas, estimuladas e analisadas
por Western blot para quantificar a fosforilacao da Akt/PKB.
RESULTADOS: A estimulacéo com insulina foi confirmada comparando os grupos estimulados (1,14 +0,10)
e nado estimulados (0.91 + 0.08; P < 0.001). A fosforilagcdo de Akt/PKB nao foi diferente na placenta de pa-
cientes normais (1,26 = 0,16) e com PE (1,01 £ 0,11; P =0,237).
CONCLUSOES: A estimulacdo in vitro da placenta humana com insulina foi bem estabelecida. Ndo houve
diferenca na fosforilacao da Akt/PKB ap6s estimulagcdo em placentas de pacientes normais e PE. Contudo,
nao é possivel descartar a participagao desta via de sinalizacdo na patofisiologia da PE, uma vez que os
substratos da Akt/PKB ainda precisam ser investigados.
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INTRODUCTION

Preeclampsia is a multi-systemic disease and is considered to be
one of the most significant health problems in pregnancy. It occurs
mainly in nulliparous women, particularly after the 20™ week of
gestation, and most frequently near delivery.' It is diagnosed when
the patient presents gestational hypertension associated with pro-
teinuria, vasoconstriction of the maternal vascular bed and, conse-
quently, increased vascular resistance.** The incidence ranges from
2-5% to more than 10% of pregnancies in developing countries,
where prenatal care is still inadequate.! It can affect both maternal
and fetal health,” leading to fetal growth restriction, prematurity
and, in severe cases, maternal and perinatal death.®® Studies have
shown that insulin resistance is associated with preeclampsia and
contributes towards its pathophysiology.’

The insulin receptor belongs to the family of tyrosine kinases
(RTKs). The binding of insulin triggers phosphorylation and acti-
vates cytoplasmic substrates such as phosphatidylinositol 3 kinase
(PI3K). Phosphorylation of membrane phosphoinositide 2 (PIP2)
to phosphoinositide 3 (PIP3) by PI3K starts Akt/PKB activation.'®!!
Defects in phosphorylation of the insulin receptor and its sub-
strates, and non-activation of PI3K-Akt/PKB has an important
role in developing insulin resistance.'*'? If not activated, the Akt/
PKB pathway will also not phosphorylate its substrates, which par-
ticipate in various cell functions, such as control of metabolism,

survival, glucose uptake, proliferation, growth and angiogenesis."

OBJECTIVE

The aims of this study were to achieve in vitro insulin stimulation
of the human placenta and to investigate the expression of the
protein Akt/PKB in the baseline state and after stimulation, in the
placentas of normal and preeclampsia patients.

METHODS

A cross-sectional study with control group was performed. Twen-
ty-four women participated, including 12 patients who presented
a medical diagnosis of preeclampsia and 12 normotensive preg-
nant women (control group). The samples were divided into four
groups: stimulated controls, non-stimulated controls, stimulated
preeclampsia patients and non-stimulated preeclampsia patients.
Information such as age, use of hormonal medication, family his-
tory of diabetes mellitus, gynecological and obstetric history, fast-
ing glucose, blood pressure, proteinuria, glucose tolerance test of
the mother and gestational age was gathered before the birth.
This study was submitted to and approved by the Research Ethics
Committee of the Research and Postgraduate Program Group of
Hospital de Clinicas de Porto Alegre (GPPG 08-124).

Sample preparation
Approximately 30 g of placenta were obtained immediately after

cesarean sections. The samples were washed with phosphate-

buffered saline (PBS) (4 °C) to remove excess blood and were
taken to the laboratory for preparation and stimulation with
insulin.

The preparation of the placenta was performed in accor-
dance with Klein et al.,'* with modifications. The tissue was
weighed in the laboratory, separated from blood vessels and cut
in slices. One gram of tissue was incubated in 5 ml of bovine
serum albumin (BSA) buffer: 32 mM of HEPES, 195 mM of
NaCl, 7.2 mM of KCl, 1.8 mM of KH,PO,, 8.3 mM of glucose
and 1% albumin in distilled H,O. Briefly, the placental tissue
was digested with collagenase type I (Gibco, Invitrogen Corpo-
ration) and incubated at 37 °C under orbital stirring (100 rpm)
for 45 minutes. After this, a 250 mm filter was used to sepa-
rate out and remove large particles and remaining fibrin. For
cell separation, the sample was divided into two 50 ml tubes
and centrifuged at 2000 x g for 10 minutes at 30 °C. After the
supernatant had been discarded, a small portion of the sample
was viewed under a microscope to observe the viability of the
cells for stimulation. The cells were then homogenized with 0.5
ml of PBS. These samples were transferred to two 1.5 ml tubes,
which were incubated with 0.5 ml of a stimulation buffer con-
taining 50 mM of Tris-HCI (pH 7.4), 0.01% BSA, 1 mM of ATP,
2 mM of MgCl,, 1 mM of EDTA, 5 mM of sodium pyrophos-
phate, 1 mM of sodium orthovanadate and 50 mM of sodium
fluoride, with and without insulin [107 M] for eight minutes at
37 °C.° For analysis, placental pieces were pooled and homog-
enized. Protein concentrations were measured using Bradford’s
method.”

The samples were analyzed using Western blot.'®'” Samples
of 60 ug of protein (per lane) were loaded onto 10% acrylamide
gel. The proteins were transferred to nitrocellulose membranes
by means of a semidry system. Rabbit polyclonal antibodies
(Santa Cruz, California, United States) were used: total anti-Akt
(sc-8312) and phosphor-Akt (Serd73) (sc-7985).

Statistical analysis

Statistical analysis was performed by means of the Statistical
Package for the Social Sciences (SPSS) 15.0 software. The data
were tested using Student’s t test for paired samples and inde-
pendent samples, for parametric variables, and were shown as
means =+ standard deviations (SD). The significance level was
taken to be P < 0.05.

RESULTS

The patients with preeclampsia fulfilled the diagnostic crite-
ria, presenting proteinuria over 300 mg/dl and hypertension. In
the normotensive group, there were no patients with proteinu-
ria over 300 mg/dl. The normotensive and preeclampsia groups
did not differ significantly in age (26.8 = 4.1 versus 27.8 + 8.2;
P = 0.714), body mass index (BMI) (28.4 = 3.5 versus 31.3 + 4.1;
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P = 0.08) or number of pregnancies (2.5 + 2.1 versus 1.8 = 1.1;
P =0.303) (Table 1). The mean gestational age was approximately
four weeks shorter in the preeclampsia group (35.6 = 0.5 versus
39.1 = 0.4; P < 0.001), while the fasting glucose levels (mg/dl)
were significantly higher in the preeclampsia group (91.58 = 2.83
versus 76.00 = 2.39; P < 0.001). Diastolic and systolic blood
pressures were significantly higher in the preeclampsia patients
(P <0.001) (Table 1).

Sample stimulation

Sample stimulation was assessed by comparing the expression of
phosphor-Akt (Ser473) in samples stimulated with insulin (+) and
not stimulated (-), both in the control group and in the preeclamp-
sia group. The values were normalized according to total anti-Akt
protein expression (60 kDa) (Figure 1).

In the control group (n = 12), the expression of phosphor-
Akt (Ser473) was 1.26 = 0.16 for samples stimulated with insu-
lin (+) and 0.93 = 0.12 for samples not stimulated (-), with a sig-
nificant difference of P < 0.001. In the PE group (n = 12), the
expression was 1.01 = 0.01 for samples stimulated with insulin
and 0.89 = 0.11 for samples not stimulated, with a significant dif-
ference of P = 0.001, thus confirming that the samples had been
stimulated (Figure 2).

Protein expression in the preeclampsia group and control
group
To compare the expression of Akt/PKB between the preeclamp-
sia and control group, the analyses were performed in two states:
baseline state (no stimulation with insulin) and stimulated state.
In the baseline state, the expression of phosphor-Akt (Ser473)
was 0.93 = 0.13 in the control group (n = 12) and 0.89 = 0.11 in
the preeclampsia group (n = 12) (P = 0.82) (Figure 3A). Among
the samples stimulated with insulin, the expression in the con-
trol group (n = 12) was 1.26 + 0.16 and in the preeclampsia group
(n =12), it was 1.01 = 0.11 (P = 0.23) (Figure 3B). There was no
statistically significant difference between the preeclampsia group
and the control group, either in the baseline state or in the stimu-
lated state.

DISCUSSION
Preeclampsia occurs frequently during pregnancy, and it is a multi-
system disease of unknown etiology.>'® Insulin resistance and obe-
sity have been defined as risk factors for the development of this
disease.”%2

In the present study, age and BMI did not differ between the
control and preeclampsia groups. Age seems to be a risk factor for
preeclampsia, since women older than 40 years and younger than 20
years are at higher risk of preeclampsia. Being pregnant for the first
time, among young women, may also be a factor that increases the

risk of preeclampsia among these patients.?' In the control group, six

Table 1. Clinical characteristics of women with preeclampsia and

control subjects

Normal
Age (years) 268 4.1
BMI (kg/m?) 28435
Gestational age (weeks) 39.1+04

Systolic blood pressure (mmHg) 1185+10
Diastolic blood pressure (mmHg) 706 +6.4
Number of pregnancies 25+2.1

Fasting glucose (mg/dl) 76.0x2.3

PE
27.8+82
31341
356+0.5
154.8 10
97.5+59

1.8+1.1
915+28

PE = preeclampsia; BMI = body mass index. *Student’s t test.
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Figure 1. Representative Western blot analysis on placenta samples
from patients with preeclampsia (PE) and normal controls (C): sample
stimulated with insulin (+); sample not stimulated with insulin (-).
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Figure 2. Expression of phosphor-Akt (Ser473) in stimulated and non-
stimulated samples. In the control group (A), 0.93 = 0.12 for the non-
stimulated samples (-) and 1.26 + 0.16 for the stimulated samples (+)
(P <0.001). In the preeclampsia group (B), 0.89 + 0.11 for the non-stimulated
samples (-) and 1.01 £ 0.11 for the stimulated samples (+) (P = 0.001).
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Figure 3. Expression of phosphorylation of Akt/PKB compared
between the non-stimulated control group and preeclampsia group (A)
(P =0.828), and between the stimulated control group and preeclampsia

group (B) (P =0.237).
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patients were overweight (BMI from 25 kg/m”to 29.9 kg/m?*) and
four patients were obese (BMI = 30.0 kg/m?), while in the preec-
lampsia group, five patients were overweight and six were obese.
Obesity is a major risk factor for preeclampsia, given that an increase
in BMI of 7 kg/m?* doubles the risk of disease.””

Soonthornpun et al. demonstrated that even with no significant
difference in BMI, women with preeclampsia had higher serum trig-
lycerides and lower HDL levels than seen in the control group.” Villa
et al. investigated the fatty acid profile in women with preeclampsia
and controls, and found that even without a difference in BMI, the
preeclampsia group showed higher levels of oleic acid, linoleic acid
and arachidonic acid, and increased insulin resistance.

Preterm delivery (defined as gestational age < 37 weeks) is a
common complication in preeclampsia patients (15-67%).> As
expected, in this study, the mean gestational age at delivery was
lower in the preeclampsia group. However, this did not seem to
influence our results.

Preeclampsia is one of the most important diseases during
pregnancy, but its molecular mechanisms are not fully under-
stood yet.?* Since the role of the placenta in the pathogenesis of
preeclampsia is undisputed, and Akt/PBK action in insulin resis-
tance is evident,”* we analyzed the expression of Akt/PKB at
the baseline and with insulin stimulation, in placental tissue from
preeclampsia and normal pregnancies. After insulin binding,
the receptor is autophosphorylated, and it phosphorylates cyto-
plasmic substrates such as insulin receptor substrate 1 and PI3
kinase (PI3K). After phosphorylation, PI3K triggers phospho-
rylation of Akt/PKB at serine (ser473) and threonine (thr308)
sites.”” Phosphorylated Akt/PKB translocates to the cytoplasm or
to the nucleus, where it activates substrates with different actions
on metabolism, growth and cell survival.”® Scioscia et al. showed
that there was a decrease in tyrosine phosphorylation of IRS1, in
insulin-stimulated preparations of human placenta from preec-
lampsia patients, compared with normal placenta, thus demon-
strating that there is a lower level of insulin signaling in women
with preeclampsia.’

In our study, sample stimulation was confirmed when the
expression of phospho-Akt/PKB (p-Ser 473) was compared
between insulin-stimulated and non-stimulated placenta cells. This
signaling transduction pathway is an important milestone in the
molecular mechanisms for insulin resistance syndrome in patients
with preeclampsia.” Data from Scoscia suggested that there was sig-
nificantly higher serine phosphorylation of IRS1 and IRS2 in insu-
lin-treated samples from preeclampsia patients. On the other hand,
the insulin signal transduction signal was impaired in the controls,’
as also described in other insulin resistant states (diabetes type 2).
Kunjara et al. demonstrated that accumulation of inositol phospho-
glycan (P-IPG), a putative second insulin messenger, exerted sev-
eral insulin-mimetic actions in placental tissue from preeclampsia

patients and might be associated with insulin resistance.*

Orcy et al. previously studied the Akt/PKB expression pathway in
the baseline state in the placenta, skeletal muscle and adipose tissue of
preeclampsia patients. However, their findings did not show any sig-
nificant difference in protein between the groups of patients.® Simi-
larly, our results also showed that there were no significant differences
in baseline protein expression of Akt/PKB between the placentas of
preeclampsia patients and controls. Likewise, there was no difference
in stimulated Akt/PKB phosphorylation.

CONCLUSIONS

In vitro stimulation of the human placenta using insulin has been
well established. The expression of Akt/PKB in preeclampsia patients
and controls, both at the baseline and in insulin-stimulated placenta
samples, was similar. This suggests that there is similar activity of
this pathway in these groups of women. Nevertheless, it cannot be
ruled out that the Akt/PKB signaling pathway may have a role in the
pathophysiology of preeclampsia, since the phosphorylation of Akt/
PKB substrates still needs to be investigated.
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