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Abstract

Purpose Kisspeptins regulate the trophoblast invasion. The disturbance of this process might lead to the development of
preeclampsia (PE). Diabetes mellitus (DM) is associated with the high rate of this complication. The main hypothesis was
to investigate the placental protein expression of kisspeptin-1 (KISS1) and its receptor (KISSIR) in diabetic, preeclamptic,
and healthy pregnancies.

Methods Placentae (n=65) were divided into the following groups: the control group (n=20), either PE or non-PE type-1
diabetes mellitus (T1DM) (n=10), either PE or non-PE type-2 diabetes mellitus (T2DM) (n = 10), either PE or non-PE ges-
tational diabetes mellitus (GDM) (n=10) and preeclampsia without diabetes (PE) (n = 15). Immunohistochemistry analysis
was used for demonstrating the presence and location of KISS1/KISS1R in placental tissue and to measure the area of
immunopositive expression. Correlation analyses were performed to detect the links between protein expression of these
biomarkers and the main obstetric outcomes.

Results The highest placental protein expressions of KISS1 were detected in the PE (35.4%) and GDM (33.2%) groups. In
case of DM, levels of KISS1 expression depended on the presence of PE and were higher compared with DM no PE and
control groups: (30.6%) in TIDM + PE and (30.1%) in T2DM + PE group. The lowest expression was detected in the con-
trol group (14.1%). The expression of KISS1R was higher in DM and PE compared to the control group. We detected the
strong direct link between PE and placental expression of KISS1 (r=0.81) and KISS1R (r=0.56), and inverse correlation
link between KISS1 and preterm birth weight (r=—0.73). The low correlation links were found between KISS1 and IUGR
(r=0.29), and preterm birth (r=0.24). The same trend was detected for KISS1R. We did not find any significant correlations
between placental expressions of KISS/KISS1R and placental weight or HbAlc levels.

Conclusion Increased expression levels of KISS1 and KISS1IR in case of diabetes mellitus may play a role in the altered
placentation process and lead to the development of preeclampsia.

Keywords Placenta - Kisspeptins - Preeclampsia - Pre-gestational diabetes - Gestational diabetes

Introduction

Syncytiotrophoblast invasion into the uterine spiral arter-
ies is one of the most crucial moments for the develop-
ing placenta and fetus. An adequate invasion provides an

P4 R. V. Kapustin
kapustin.roman @ gmail.com

D.O. Ott Institute of Obstetrics Gynaecology,
and Reproductive Medicine, 3 Mendeleyevskaya Line,
Saint Petersburg 199034, Russian Federation

appropriate blood flow, nutrient and oxygen supply for the
growing fetus, but a dysregulation associated with a wide
spectrum of pregnancy complications [1]. This mechanism
is regulated by cytokines, hormones, and growth factors that
are produced by both the maternal and fetal tissues. The
family of kisspeptins (metastins) may be considered as one
of the key regulators of this mechanism [1, 2].

Kisspeptins regulate the implantation and placental
development [1, 3]. The trophoblast is one of the sources
for the synthesis of kisspeptins [1]. Additionally, extra pla-
cental structures synthesize these peptides [4]. The key
role among all the kisspeptins in the gestational process is
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played by kisspeptin-1 (KISS1). Kisspeptin-1 acts via a G
protein-coupled receptor (GPR-54) and activates KISS1R
in trophoblast cells [5]. There are several KISS1 mecha-
nisms responsible for the regulation of placental invasion.
Ohtaki et al. (2001) showed that the KISS1 phosphorylated
focal adhesion kinase and paxillin, which are required for
cell migration [5]. Another mechanism of decreasing cell
migration for KISS1 is to diminish the matrix metallopro-
teinase-9 (MMP9) expressions by reduced NFkB (NFKB1)
[6]. Therefore, kisspeptin-1 and its receptor might play an
important role in the control of trophoblast invasion and sub-
sequent placental development [3].

The expressions of KISS1 and KISSIR have been
demonstrated in a variety of human tissues including the
hypothalamus, aorta, coronary artery, and umbilical vein
[4]. However, the highest expression of these proteins was
observed in the placenta [3, 4]. The mRNA and protein pla-
cental expression of KISS1 and KISS1R are the highest in
the first trimester of pregnancy and decrease to the end of
term [7]. Therefore, the activity of these peptides is associ-
ated with the most critical period of invasion regulation. The
expression of KISS1 is highly observed in syncytiotropho-
blast cells with localization in villous and extravillous cyto-
trophoblast cells [8]. Serum circulation levels of KISS1 in
pregnancy increase dramatically to the end of term and fall
rapidly after delivery [9]. These observations confirmed the
role of KISS1 and KISS1R in early pregnancy as regulators
for placental development [8]. Altered placental expression
of KISS1 and KISS1R may be associated with poor placen-
tation and linked with the development of adverse perina-
tal outcomes such as fetal intra-uterine growth restriction
(IUGR), preterm birth, and preeclampsia (PE) [7].

PE is one of the most severe pregnancy complications,
which affects up to 8% of the women [10]. The precise
pathophysiological mechanisms underlying this disorder
remain unclear. It is suggested that the inadequate remod-
eling of uterine spiral arteries during the invasion of tropho-
blasts leads to the failure of transformation processes into
low-resistance vessels [10]. As a result, these vessels are
capable of reacting to vasoactive triggers. It may induce
local ischemia and endothelial dysfunction in the placen-
tal-uterine interface [11]. Ultimately, it leads to the develop-
ment of hypertension and fetal hypoxia, which are typical
for PE. Risk factors for PE include increased maternal age,
family history, black race, obesity, parity, pre-existing, and
gestational diabetes mellitus (GDM) [10].

Diabetes mellitus (DM) is one of the most unfavorable
diseases during pregnancy, which confidentially leads to
the development of adverse perinatal outcomes [11]. It
is known that the DM is associated with structural and
functional placental disturbances including impairment
of cellular function, extracellular matrix, and basement
membrane [12]. The severity of these changes depends on
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the type of diabetes (pre-gestational type 1, pre-gestational
type 2 or GDM) and glycemic control [13]. Despite many
reports referred to the placental expression of KISS1 and
KISSI1R in case of PE, there is a lack of these trials in dia-
betic pregnancy. Understanding the expression of factors
involved in trophoblast invasion across the maternal—fetal
interface is critical in providing further insights about the
pregnancy-related pathologies associated with DM.

The objective of the study was to investigate the pla-
cental protein expression of KISS1 and KISSIR in women
with different types of DM (1, 2, and GDM), PE and nor-
mal pregnancy, and match the results with the main obstet-
rical outcomes.

Materials and methods

The study was carried out as a retrospective cohort study.
The participants were recruited from D.O. Ott Research
Institute of Obstetrics, Gynaecology and Reproductive
Medicine, Saint Petersburg, Russia. The inclusion crite-
ria for this study were: singleton pregnancy, women with
type-1 or -2 diabetes mellitus, gestational diabetes, and an
informed consent to take part in the study. We excluded
cases of DM with nephropathy, diabetes insipidus, twin
pregnancy, severe extragenital pathology, and those who
did not give an informed consent. The study was approved
by the local ethical committee.

The women (n=65) were divided into the following
groups and subgroups:

1. Control group; n=20
2. Group TIDM; n=10

e TIDM+PE;n=5
e TIDMnoPE;n=5

3. Group T2DM; n=10

e T2DM+PE;n=5
e T2DMno PE; n=5

4. Group GDM; n=10

e GDM+PE;n=5
e GDMnoPE;n=5
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5. Group PE no DM; n=15

Body mass index (BMI) was calculated for each
participant. The diagnosis of GDM was set up accord-
ing to the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) thresholds: fasting
plasma glucose >5.1 mmol/l (92 mg/dl); 1-h plasma
glucose >10.0 mmol/l (180 mg/dl); 2-h plasma glucose
> 8.5 mmol/l (153 mg/dl) [14], and PE according to the
definition of the International Society for the Study of
Hypertension in Pregnancy (ISSHP) [15]. The correlation
analyses have been performed with the main obstetrical
adverse outcomes: preeclampsia, UIGR, and preterm birth.

The level of glycosylated hemoglobin (HbAlc) was
evaluated by Bio-Rad D-10. Blood pressure was meas-
ured manually according to the recommendations of
ISSHP. Proteinuria level was detected using 24-h urine
collections. Ultrasound investigations were performed by
a standard procedure using Voluson E8 Expert (General
Electric Medical Systems, USA).

Placental tissue was collected from the women undergo-
ing spontaneous birth or caesarean section. Tissue samples
from the central and marginal parts (1 cm®) were routinely
fixed in 10% buffered formalin, included in paraffin and
serially sectioned for the histological and the immuno-
histochemical analysis (IHC). Five-micron-thick sections
were then cut and placed on charged poly-lysine coated
slides (Thermo Fisher Scientific, USA). The sections were
deparaffinized, rehydrated in graded alcohols, and further
processed for staining. For histological analysis routine
procedure, hematoxylin and eosin (H&E) stain was used.
For immunostaining, the sections were first submitted to
antigen retrieval by incubation in citrate buffer (pH 6.0) for
25 min at 96 C, the slides were subsequently incubated in
a protein block for 30 min to block the nonspecific immu-
noreactivity. The primary monoclonal mouse antibody
to kisspeptin (KISS1 ab55384, 1:150, Abcam, UK) and
KISSIR (ab140839, 1:350, Abcam, UK) was layered over
the section and incubated for 60 min at room temperature.
The sections were then incubated with secondary antibod-
ies Alexa Fluor 488 and 647 (1:1000, Abcam, UK) for
30 min in the dark. Nuclear counter-staining was realized
with DAPI A4099 (AppliChem, USA). The slides were
then enclosed in Fluorescent Mounting Medium (Dako,
USA). A negative control without primary antibodies and
positive control (first-trimester trophoblast) were done.

The morphometric investigation was carried out using a
system of computer analysis of microscopic images, which
includes a confocal microscope Fluo View 1000 (Olym-
pus, Japan). Moreover, software FW10 was employed
for the acquisition of images. Software Morphology 5.2
(Videotest, Russia) was used to measure the staining area,

which was calculated as the ratio of the area of dyed tissue
to the total tissue in the field of view (in %).

Statistical analyses

Statistical tests were performed using SPSS software (Sta-
tistical Packages for Social Sciences version 23, IBM).
For the evaluation of sample distribution, the Kolmogo-
rov—Smirnov test was performed. The mean value was
calculated with 95% confidence interval (95% CI). The
Kruskal-Wallis (one-way ANOVA) or Mann—Whitney U
test was used for multiple group comparisons followed by
the Dunn’s post hoc test to examine significant differences.
Spearman’s rank correlation coefficient examined the rela-
tionships between the placental kisspeptin expression and
clinical and obstetric outcomes. The correlation coefficient
value (r) was either positive (direct correlation) or nega-
tive (inverse correlation), with values < 0.3 representing
no correlation, 0.3 < 0.5 weak correlation, 0.5 < 0.7 mod-
erately strong correlation, and > 0.7 strong correlation.
Statistical significance was assumed at p values <0.05.

Results
Characteristics of participants

The total of 65 pregnant women was recruited. There were
no significant differences between the groups with respect
to their age (Table 1). But the tendency to the higher age in
the T2DM and GDM groups was observed. The maternal
body mass index was higher in the T2DM + PE (33.4 kg/
m?) and GDM + PE (28.5 kg/m?) patients, in comparison
to those with PE (22.4 kg/m?), TIDM (23.1 kg/m?), and
the control group (21.3 kg/m?). The mean gestational
age of delivery was lower in pregnancies complicated
by PE (36.3 + 1.8 weeks) and TIDM (36 + 0.8 weeks)
compared to the healthy control group (39.5 +0.9 weeks)
(p <0.05). The rate of cesarean section was higher in PE
and DM + PE groups compared to the other groups. All
the groups showed no significant differences in the baby
weight (p < 0.05). There were no differences between par-
ity among the groups. The average level of HbAlc was
higher in diabetic groups compared to the control and
PE (Table 1). Cases of preterm birth were observed only
in the TIDM and PE groups. Most of them were after
36 weeks of pregnancy (Table 1). One case of fetal [IUGR
was observed in the T2DM and GDM groups, and four
(26.7%) in preeclampsia. All the demographic and clinical
data are summarized in Table 1.
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Localization and expression of KISS1 and KISS1R
in preeclamptic and diabetic placentae

Immunohistochemical method was performed to examine
the expression of the placental protein kisspeptin. KISS1/
KISS1R immunolabelings were detected in all the placental
samples. The expression of these markers was observed in
the cell layers of the syncytiotrophoblast and villous cyto-
trophoblast (Fig. 1).

There were significant differences in the staining area of
KISS1 among the study groups. The highest KISS1 immu-
nostaining was observed in the syncytio and cytotrophoblast
layers of preeclampsia and GDM groups in comparison to
healthy pregnancies (Table 2, Fig. 2). The placental protein
expression of KISS1 in groups with pre-gestational types of
diabetes and preeclampsia was higher compared to the sam-
ples with DM no PE cohorts. In type-1 and -2 diabetes with-
out PE, the placental staining of KISS1 was lower compared
to the PE and GDM, but higher than in the control group
(Table 2, Fig. 2). In the GDM cohorts, significant differences
of KISS1 expression between the groups were not observed.

Placental KISSIR staining area was detected to be
higher in case of pathology than in normal pregnancy

(Table 2, Figs. 1, 2). KISSIR protein expression was
higher in pre-gestational diabetes, gestational diabetes,
and PE placental samples compared to standard term preg-
nancy (Table 2, Fig. 2). However, significant differences
were detected only for TIDM and preeclampsia groups.
The next step of investigation was to explore the cor-
relation links between the placental expression of KISS1/
KISSIR and the main obstetric outcomes. We detected
a strong direct link between the placental expressions of
KISS1 (r=0.81, p=0.0001), KISS1R, and preeclampsia
(r=0.56, p=0.001). Low correlation links were found
between the placental expression of KISS1 and cases of
IUGR (r=0.29, p=0.049) and preterm birth (r=0.24,
p=0.046). The same trend was detected for the kisspep-
tin-1 receptor (Table 3). A strong inverse correlation link
was observed between the KISS1 and preterm birth weight
(r=-0.73, p=0.008). We did not find any significant
correlations between the placental expressions of KISS/
KISS1R and placental weight or HbAlc levels (Table 3).

Biomark Control T1DM no PE T2DM no PE GDM no PE PE no DM
er
o -
o -
T1DM + PE T2DM + PE GDM + PE
- ...
o ..-

Fig. 1 Placental expressions of KISS1 and KISSIR in diabetic preg-
nancy, preeclampsia and normal term pregnancy. Immunostaining
predominantly present in syncytiotrophoblast and cytotrophoblast

cells. Positively labeled cells appear green and red, magnifica-
tion X 200. Red arrows indicate the syncytiotrophoblast; blue arrows
indicate the cytotrophoblast
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Table 2 The expression of KISS1 and KISSIR in placenta

T1DM no PE T2DM +PE T2DM no PE GDM +PE GDM no PE PE no DM F-level p

TIDM+PE

Control

Group

10

33.2(31.2-34.3) 32.28 (30.9-33.6) 35.4(34.7-36.2) 4194 0.01

10

Number of subjects

30.1 (27.2-32.1) 28.0 (22.8-35.6)

14.11 (13.23-14.9) 30.7 (28.4-33.1) 26.8 (24.7-28.8)

Staining area KISS1, %

(95% CI)

0.04

8.7

29.8 (25.4-31.2) 27.5(26.05-28.9) 27.4(23.3-29.2) 26.3 (24.67-31.9) 26.7 (24.2-28.2) 26.27 (24.8-27.7) 27.7 (27-28.32)

24.39 (23.3-25.3)

Staining area KISS1R,

% (95% CT)

Discussion

The normal trophoblast cell invasion and migration are
crucial to the adequate development of the placenta.
Alteration of these processes from the early stage leads
to ischemia, reduction of uteroplacental flow, and impairs
the structure and function of the placenta. Nowadays, the
exploration of new biomarkers that can affect this mech-
anism attracts a lot of attention. The increased level of
KISS1/KISS1R expression may play an influential role
in the inhibition of trophoblast cell invasion [8, 16]. As
a result, it leads to the inadequate transformation of the
spiral arteries that are accepted as a cornerstone in the
pathophysiology of PE.

The origin of PE is still unclear, but most of the investi-
gations highlight the pathogenetic differences between the
pre-existing and gestational co-morbidities and vascular
diseases [17, 18]. It is known that the pre-gestational types
of diabetes exist before the pregnancy and are associated
with vascular and endothelial dysfunction. These changes
can affect many biological processes in the developing
placenta: impair angiogenesis, structure, function, and
production of various placental biomarkers [12]. On the
contrary, the patients with GDM are characterized by a
mild form of hyperglycemia and associated with more
placental dysfunction, but not structural pathology [19].

In our study, we demonstrated that the placental expres-
sion of KISS1 and KISSIR is higher in case of PE and
diabetic pregnancy compared to the control group. Unex-
pectedly, we observed that in case of type-1 and -2 DM
the expression of KISS1 was slightly lower compared to
GDM and PE groups. It seems a little controversial taking
into consideration that the vasculopathy, which is a char-
acter for pre-gestational types of DM, plays a significant
role in the inhibition of trophoblast invasion. The possible
explanation of these findings is the influence of another
co-factor such as obesity, gestational weight gain, and the
mode of delivery. These factors can affect the placental
function and composition in diabetic pregnancy [19].

In patients with diabetes and PE, increased placental
expression of KISS1/KISS1R was associated with adverse
perinatal outcome. We established that the expression of
KISS1/KISSIR correlates positively with signs and sever-
ity of PE. Additionally, we detected another positive and
negative correlation links between the placental expression
of KISSI/KISSIR and placental insufficiency and birth
weight in case of preterm delivery. We did not establish
any correlations between the kisspeptins and levels of gly-
cosylated haemoglobin and placental weight, which is in
concordance with other reports [20].

The present results agree with reports concerning the
connection between the KISS1/KISS1R and development
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20.04 v 24.0
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15.01 i 22.0
10.01 20.0
Conluol GDMlno_P GDFJI_PE Preelclam TlDPvli_no_ T].D;JI_PE TZDN‘|_no_ TZD;JI_PE Con]lvol GDMIno_P CDIL_PE Pveelclam TlDN‘|_no_ TlD:vl_PE TZDAILno_ TZD;VI_PE
Group Group
Fig. 2 Placental protein expressions of KISS1 and KISSIR in the study groups
Table 3 . Relationships for Biomarker  Preeclampsia =~ IUGR  Preterm birth ~ Birth weight Placental weight  HbAlc
expression of KISS1 apd (term, preterm)
KISS1R in placenta with
obstetric outcomes KISSL, r 0.812 0.29 0.24 - 0.18 0.13 0.13
- 0.73
p-level 0.0001 0.049 0.046 0.32 0.56 0.56
0.008
KISSIR,r  0.56 0.14 0.35 - 0.12 0.17 0.17
0.15 — 0.06
p-level 0.0001 0.15 0.006 0.56 0.54 0.54
0.76

of PE and IUGR. Several studies have shown elevated
KISS1 mRNA and protein expression in the placenta in
case of PE. In the study of Vasquez-Alaniz et al. [21], a
higher expression of KISS1 was shown in the placenta
of women who had PE compared to the normal group.
Meanwhile, this result was confirmed by Zhang et al. [22].
Matjila et al. (2016) reported high placental kisspeptin
expression, but low circulating serum kisspeptin levels in
pregnancies complicated by PE [23].

Regarding KISS1R (GPR-54), no difference was found
between the healthy and preeclamptic pregnancies [23].
Interestingly, Qiao et al. found that the increased expression
of KISS1 at both RNA and protein levels in the placenta was
observed only in case of early PE. Additionally, they did not
find any difference in placental KISS1R mRNA and protein
expression between the normal and preeclamptic placentas
[24].

Despite this, a few studies reported a decreased level of
KISS1 expression in the placenta of pregnancies compli-
cated by PE. Cartwright et al. (2012) assessed protein and
mRNA levels of KISS1 and KISSIR in PE and normal term

pregnancy groups. They found that in preeclamptic patients,
the protein and mRNA placental expressions were reduced,
but KISSIR was higher compared to the normal group [7].
The same results were observed in an earlier study by Qiao
et al. (2005) [25].

There are only a few studies concerning placental kiss-
peptin expression in women with different types of diabe-
tes during pregnancy. In an experimental study, Loegl et al.
(2017) showed a significant increase in the gene expressions
of KISS1 in trophoblast cells in the placenta from women
with GDM [26]. Cetcovic et al. (2012) found that in pregnant
women with T1DM and patients with gestational hyperten-
sion serum kisspeptin levels were significantly lower com-
pared to the control group in all trimesters. In case of GDM
and PE, the decrease of serum kisspeptin level was observed
only in the second and third trimesters. They confirmed the
suggestion that low levels of kisspeptins are associated with
adverse perinatal outcome [20].

There are a few possible limitations of the present study.
The total sample size in diabetic groups is relatively small.
There are differences in time and mode of delivery between
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the normal pregnancy and the study groups. Our study only
included patients with late-onset PE (>34 weeks of gesta-
tion), which can affect the final results. The strong point
of this study is the comparison of the placental expression
of KISS1/KISS1R in pre-gestational DM, GDM, and PE
groups.

The study shows altered expression of KISS1 and its
receptor KISS1R in patients with DM and PE suggesting
their role in the pathophysiological changes that occur in
this disorder. KISS1 may be a perspective biomarker for
the prediction of PE [27, 28]. Further studies are required
to determine the exact role and amount of kisspeptins in the
placenta. It provides additional information in the under-
standing of the pathophysiology of PE.
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