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Summary: Objective: We aimed to evaluate the usefulness of serum kisspeptin (KP), measured in the 1 trimester (11-14 weeks), as a new bio-
marker that can predict antenatal complications. Materials and methods: A prospective case-control study of prospectively collected data. Blood
samples of all patients (N = 124) were preserved at —70 °C for the assessment of serum KP-10 and KP-54 levels. The KP levels were analyzed for
comparison among women who experienced complications including fetal growth retardation (FGR), pregnancy-induced hypertension (PIH),
preterm delivery, gestational diabetes, and fetal death. The control group consisted of matching subjects who completed their pregnancies without
problems. The predictive effect of serum KP on adverse pregnancy outcomes was investigated. Results: Among all adverse pregnancy outcomes,
the KP-10 level was significantly higher in patients who developed FGR (P = 0.025). In the patient cohort affected by PIH, either accompanied by
preeclampsia or standalone, there was a trend towards higher KP-10 levels (P = 0.059), although statistical significance was not achieved. However,
regarding KP-10, the calculated cut-off value and the area under the curve (AUC) for predicting the onset of FGR were statistically significant (AUC:
0.684; P = 0.006). The model established with KP-10, PIH, and pregnancy associated plasma protein-A (PAPP-A) was found to be significant in
predicting the development of FGR (P = 0.006; NPV: 98%; PPV: 21.4%; OR: 0.10; 95% CI 0.016-0.611). Conclusions: First trimester maternal serum KP
levels may have the potential to be used as a 1t trimester biomarker that can predict the development of FGR.
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Souhrn: Cil: Nasim cilem bylo zhodnotit vyuzitelnost hladiny kisspeptinu (KP) v séru, méfeného v I. trimestru (11-14 tydnu), jako nového
biomarkeru, ktery mize predikovat prenatdlni komplikace. Materialy a metody: Prospektivni pfipadova kontrolni studie prospektivné
shromazdénych dat. Vzorky krve viech pacientek (n = 124) byly uchovény pfi =70 °C pro stanoveni hladin KP-10 a KP-54 v séru. Byly stanoveny
a srovnany hladiny KP u Zen, u kterych doslo ke komplikacim v¢. retardace rdstu plodu (FGR - fetal growth retardation), téhotenstvim indukované
hypertenze (PIH - pregnancy-induced hypertension), pfed¢asného porodu, gesta¢niho diabetu a umrti plodu. Kontrolni skupinu tvofily
odpovidajici subjekty, které dokoncily téhotenstvi bez problém(. Byl zkouman prediktivni Ucinek hladiny KP v séru na nepfiznivé vysledky
téhotenstvi. Vysledky: Mezi viéemi pacientkami s nepfiznivymi vysledky téhotenstvi byla hladina KP-10 vyznamné vy3si u téch, u kterych doslo
k FGR (p=0,025).V kohorté pacientek postizenych téhotenstvim indukovanou hypertenzi (PIH), bud’'samotnou nebo doprovézenou preeklampsii,
byla zaznamendana tendence k vy$sim hladindm KP-10 (p = 0,059), ackoli nebylo dosazeno statistické vyznamnosti. Nicméné pokud jde o KP-10,
vypoctena cutoff hodnota a plocha pod kiivkou (AUC - area under the curve) pro predikci ndstupu FGR byly statisticky vyznamné (AUC: 0,684;
p = 0,006). Bylo zjisténo, ze model vytvoreny s KP-10, PIH a plazmatickym proteinem A spojenym s téhotenstvim (PAPP-A) je vyznamny pfi
predikci vyvoje FGR (p = 0,006; NPV: 98 %; PPV: 21,4 %; OR: 0,10; 95% Cl 0,016-0,611). Zavéry: Hladiny KP v séru matky v I. trimestru mohou byt
vyuzity jako biomarker v I. trimestru, ktery mGze predikovat vyvoj FGR.

Klicova slova: kisspeptin-10 - kisspeptin-54 — vysledek téhotenstvi — omezeni riistu plodu — téhotenstvim indukovand hypertenze

Introduction

Kisspeptin (KP) is a polypeptide con-
sisting of 145 amino acids (aa), en-
coded by the KISS-1 gene and it was first

identified as a human malignant mela-
noma metastasis suppressor [1]. Other
KPs are formed by proteolysis of this po-
lypeptide: 54 aa (KP-54; metastin), 14 aa

(KP-14), 13 aa (KP-13), and 10 aa (KP-10).
They bind to the KISS-1 receptor (KISS-
1R; also known as GPR54) via a C-termi-
nal region containing Arg-Phe-NH2 [2].
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Tab. 1. Baseline characteristics of all pregnancies according to antenatal

complications.

Tab. 1. Zakladni charakteristiky vSech téhotenstvi podle prenatélnich

komplikaci.
Parameters Controls
(N=88)
Birthweight (g) 3,124 +389
BMI (kg/m?) 25.05 +4.64
Age (years) 28.11+£5.7
Hemoglobin (g/dL) 123+£1.2
Leukocyte (10%/uL) 85+24
AST (U/L) 164 +43
Parity (N) 1.2+1.07

All values are presented as mean (SD).

Antenatal complications

e P
2,993 + 646 0.353
26.76 + 4.86 0.054
2841 +£5.59 0.788

12.58 + 1.1 0.401
83+1.8 0.649
16.2+4.4 0.814
1.3+09 0.419

*Student’s T-test or Mann-Whitney U-test for differences between normal and antenatal

complications.

Antenatal complications: fetal growth retardation (FGR), gestational diabetes mellitus
(GDM), preterm birth (PTB), small for gestational age (SGA), fetal death.

AST - aspartate aminotransferase/aspartataminotransferaza, BMI - body mass index/index
télesné hmotnosti, N — number/pocet, P — value/hodnota, SD - standard deviation/sméro-

datna odchylka

In recent years, it has become clear
that both KISS-1 and KISS-1R are highly
expressed in the early invasive pla-
centa [2], are produced by trophoblast
cells throughout pregnancy at increas-
ingly higher circulating levels, and the
major circulating isoform is KP-54 [3].
Notably, there is a significant increase
in circulating KP-54 immunoreactivity
from 1,230 pmol/L in the 1t trimester to
9,590 pmol/L in the 3™ trimester, which
subsequently returns to non-preg-
nancy levels postpartum (8 pmol/L) [4].
Among all KPs, KP-10 has a major role
in regulating trophoblast invasion.
KP-10 exclusively triggers the release
of intracellular calcium in early placen-
tal trophoblasts [5]. It has been shown
that KP-10 reduces collagenase activ-
ity and dose-dependent matrix metal-
loproteinase-2 (MMP-2) activity, which
causes a decrease in trophoblast mi-
gration but does not prevent prolif-
eration [5]. It was also reported that
KP-10 was separated from KP-54 be-
fore reaching the circulation and that it
was the KP with the highest affinity for
KISS-1R [6].

The hypothesis that KPs regulate tropho-
blast invasion during implantation has
been proven by showing that KISS-1 and
KISS-1R expression decreases in chorio-
carcinoma cells [7]. Again, the demonstra-
tion that KP/GPR-54 expression decreases
invitro in habitual abortion suggests that
KP plays a role in the embryo implantation
process [8]. It has also been reported that
KP plays a role in immune regulation to
prevent maternal-fetal rejection [9].

Evidence indicates that the placen-
tal-based KP/KISS-1R signaling systems
play a regulatory role in pregnancy, as
demonstrated in conditions like fetal
growth restriction (FGR) and preeclamp-
sia (PE), both of which are fundamen-
tally associated with issues in placenta-
tion [10]. It has also been suggested that
serum KP levels are associated not only
with FGR, pregnancy-induced hyperten-
sion (PIH), and PE, but also with gesta-
tional diabetes (GDM) [11] and preterm
birth (PTB) [12]. All of these findings may
mean that KPs are involved in a complex
process during pregnancy.

Antenatal complications are asso-
ciated with acute and chronic maternal

and fetal outcomes worldwide. There-
fore, the search for a new, non-invasive,
and useful marker that will enable early
diagnosis continues intensively. KP has
the potential to be such a marker. For
this purpose, in our study, we planned to
investigate whether 1 trimester KP lev-
els have a place in predicting antenatal
complications.

Materials and methodology

In this case-control study, 124 female
patients between the ages of 18 and
35 years, who were admitted to a tertiary
hospital for routine pregnancy control
and had a pregnancy between 11 and
14 weeks between April 2022 and March
2023, were included. The study was ap-
proved by the Afyonkarahisar University
of Health Sciences Clinical Research Med-
ical Ethics Committee (No: 2022/514 and
2023/231) and conducted under the
Helsinki Declaration on human subject
research.

Exclusions were made for patients
with multiple pregnancies, smoking
habits, fetal anomalies, maternal infec-
tions, chronic diseases, malignancies,
gestational trophoblastic disease, and
ectopic pregnancy. Among the preg-
nant women included in the study,
those who reached term without
any antenatal complications formed
the control group. Pregnant women
with FGR, PIH and/or PE, PTB, GDM,
and fetal death constituted the study
group.

The gestational age was verified via
15t trimester ultrasound. Obstetric exam-
ination findings and laboratory results
for all patients were documented. Pa-
tients received ongoing monitoring and
treatment in accordance with interna-
tional guidelines until delivery.

Antenatal complications

PIH is characterized by blood pressure
readings of > 140/90 mmHg on two sep-
arate occasions, atleast4 hours apart, oc-
curring after the 20" week of pregnancy,
following a previously normal blood
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pressure [13]. PIH can lead to complica-
tions such as PE. Aside from the require-
ment of blood pressure levels reach-
ing = 140/90 mmHg for diagnosing PE,
singleton pregnant women meeting the
subsequent criteria were enrolled in the
study group: glomerular endotheliosis,
proteinuria (= 300 mg/day of protein or
protein/creatinine ratio = 30 mg/mmol),
or any other indications of organ dys-
function. Two subtypes of PE have been
defined: early (< 34 weeks’ gestation)
and late (= 34 weeks’ gestation) onset
PE [14].

FGR included individuals with esti-
mated fetal weight below the tenth per-
centile for gestational age, alongside
abnormal umbilical artery Doppler find-
ings (such as a pulsatility index exceed-
ing the 95 percentile and/or the pres-
ence of reverse diastolic flow or loss of
diastolic flow [15].

PTB encompassed women who deliv-
ered after 24 weeks but before 37 weeks
of gestation, either due to spontaneous
onset or preterm premature rupture of
membranes [16].

To diagnose GDM, patients under-
went an oral glucose tolerance test after
20 weeks of gestation, where a fasting
plasma glucose level of > 5.6 mmol/L
or a glucose level of > 7.8 mmol/L two
hours after ingesting 75 g of glucose in-
dicated GDM [17].

All patients were requested to un-
dergo a double screening test at
11-14 weeks of gestation. Simulta-
neously, approximately 10 mL of blood
was collected into biochemistry tubes
containing ethylenediaminetetraacetic
acid (10 mg/mL blood) for serum
KP-10 and KP-54. These samples were
then stored at =70 °C until analysis, with
serum KP analyses conducted at the end
of the study upon completion of sam-
ple collection. Serum KP-10 and 54 were
tested by an enzyme-linked immuno-
sorbent assay (ELISA, BT LAB, Shanghai
Korain Biotech Co., Ltd., China) using
a commercially available kit according
to the manufacturer’s instructions (run

Tab. 2. Comparison of pregnancy complications results for KP-10 and

Tab. 2. Porovnani vysledkd téhotenskych komplikaci pro hladiny KP-10 a KP-54.

KP-54 levels.
Parameter

none
P e

2P level

none
PTB yes

2P level

none
GDM yes

2P level

none
PIH (+ PE) yes

2P level

none
FGR yes

2P level

none
SGA yes

2P level

none
Placental placenta previa
pathology ablatio placenta

5P level

none
Fetal death yes

2P |evel

All values are presented as mean (SD).

KP-10 KP-54
1.89+1.07 338.14+224.73
1.79+£1.12 339.92 £217.76

0.161 0.847
1.86 +1.09 340.04 +224.23
1.87 £0.95 305.68 + 169.53

0914 0.785
190+ 1.10 343.12 £ 226.44
1.59+0.88 303.52 +184.98

0.209 0.564
1.81+1.05 329.60 +215.26
259+1.38 469.90 + 287.22

0.059 0.179
1.82+1.11 331.67 £225.92
2.17+0.84 393.51 £ 184.51

0.025 0.089
1.85+1.09 336.85 +223.75
2.05+0.87 381.64 +185.26

0.435 0.473
1.83 +1.07 329.26 £211.85
2.28 +2.09 629.85 +616.80

3.29 £ 0.065 611.25+61.02

0.169 0.148

1.86 +1.09 335.9 + 220.66
133 673.4
0.665 0.142

2Mann-Whitney U-test or ?Kruskal-Wallis test for differences between KP-10 and

KP-54 levels.

FGR - fetal growth retardation/zpomaleni rdstu plodu, GDM - gestational diabetes
mellitus/gestac¢ni diabetes mellitus, KP - kisspeptin, PE — preeclampsia/preeklampsie, PIH —
pregnancy-induced hypertension/téhotenstvim indukovana hypertenze, PTB — preterm
birth/predcasny porod, SGA - small for gestational age/maly na gestacni vék

at 450 nm with a Thermo Scientific Mul-
tiskan FC Microplate [Thermo Fisher
Scientific Instruments Co. Ltd. Shang-
hai/China] reader). Results are expressed
as ng/mL.

Statistical analysis
Continuous variables were described
using mean and standard deviation

(SD), while categorical variables were
expressed as proportions and percent-
ages of the total. Spearman correlation
analysis was conducted to assess the re-
lationship between KP levels and preg-
nancy/birth variables, age, hemoglobin,
aspartate aminotransferase (AST), and
body mass index (BMI). To determine
the KP cut-off value and its predictive
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accuracy for FGR, receiver operating
characteristic (ROC) analysis was em-
ployed, and the area under the ROC
curve was calculated. MedCalc software
(Medcalc Software, Ghent, Belgium) was
utilized for these analyses. For the signif-
icant KP-10 cut-off value identified, pa-
tients were stratified into two groups:
group 1 (< 1.75) and group 2 (= 1.75).
Continuous variables between these
groups were compared using either Stu-
dent’s t-test or Mann-Whitney U-test
based on the distribution’s normality,
while categorical variables were com-
pared using Pearson’s chi-square or
Fisher's exact test. Logistic regression
analysis was employed to assess the sig-
nificance of the established model for
FGR and KP-10, followed by sensitivity
and specificity analyses. Statistical anal-
ysis was conducted using the Statistical
Program for Social Sciences v.23.0 (SPSS,
Chicago, IL, USA) with a significance
level set at P < 0.05 for all tests.

Results

Demographic and pregnancy charac-
teristics of 124 pregnant patients in-
cluded in the study (mean + SD) were
as follows: age: 28.2 + 5.65 (years); BMI:
25.55+4.7 (kg/m?),Hb: 12.43 £ 1.23(g/L),
gestational age at the time of blood
sampling: 12.53 + 0.82 (weeks),
NT: 1.35 = 0.37 (mm), PAPP-A:
1.16 = 0.57 (MoM), week of birth:
37.84 * 3.54 (weeks), and baby weight
at birth: 3,089 + 474.52 (g). Fifty-six pa-
tients (45.2%) had a vaginal birth at term,
and 66 patients (53.2%) had a cesarean
section. Ninety patients did not develop
any complications during pregnancy,
while one (0.8%) had curettage due to
abortion, eight (6.5%) had fetal death,
seven (5.6 %) had PIH (with or without
PE), 6 (4.8%) had preterm delivery (with
or without PPROM), GDM was present in
four (3.2%), FGR (without PIH) was pre-
sent in four (3.2%), and amniotic fluid
pathology was present in four (3.2%)
patients; overall, a total of 34 patients
had antenatal complications. There was
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AUC - area under the curve/plocha pod kfivkou, FGR - fetal growth retardation/zpomaleni
rdstu plodu, KP - kisspeptin, P — value/hodnota, ROC - receiver operating curve

Fig. 1. ROC curve for KP 10 for prediction of FGR (AUC: 0.684; P = 0.006; KP 10:
1.749; Youden index J: 0.4052; 95% Cl 0.594-0.764).
Obr. 1. ROC kiivka pro KP 10 pro predikci FGR (AUC: 0,684; P = 0,006; KP 10: 1,749;

Youden(yv index J: 0,4052; 95% Cl 0,594

no difference between patients with
and without antenatal complications in
terms of age, BMI, birth weight, hemo-
globin (Hb), leukocytes, AST, and parity
(P >0.005) (Tab. 1).

KP-10 level was found to be signif-
icantly higher in patients who devel-
oped FGR (group with FGR: 2.17 £ 0.84,
non-FGR group: 1.82 + 1.11; P = 0.025).
KP-10 level was higher in patients with
PIH £ PE, although the result was not
significant (in patients with PIH £ PE,
2.59 + 1.38 vs. 1.81 = 1.05, P = 0.059)
(Tab. 2). The results for KP-54 were not
significant (P > 0.05). In the ROC analysis,

0,764).

the KP-10 cut-off value and AUC predict-
ing the likelihood of developing FGR
were significant (AUC: 0.684; P = 0.006;
KP-10: 1.749; Youden index J: 0.4052,
95% Cl 0.594-0.764) (Fig. 1). In 79 pa-
tients (group 1), the maternal serum
KP-10 value was below 1.75 ng/mL,
whereas in 45 patients (group 2), it was
1.75 ng/mL or higher. Group 2 exhibited
a significantly higher number of patients
with FGR and PIH with or without PE com-
pared to Group 1 (P = 0.004; 0.026, resp.)
(Tab. 3). A noteworthy positive correla-
tion was found between KP-10 and KP-54.
However, no correlation was observed
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between KP-10 and patient age, maternal
BMI, blood count parameters, gestational
week, PAPP-A MoM value, and infant
birth weight (P > 0.05) (Tab. 4). For the ef-
fect of KP-10 level on the development of
FGR, the model established with PIH + PE,
Hb level, and PAPP-A parameters was sig-
nificant (P = 0.006) (Tab. 5). In the model,
while KP-10, Hb, and PAPP-A alone were
not significant, the FGR risk increase with
PIH £ PE was significant (NPV: 98%; PPV:
21.4%; OR: 0.10; 95% Cl 0.016-0.611)
(Tab. 5).

Discussion

In our study, the KP-10 level of patients
who developed FGR was significantly
higher than that of healthy pregnant
women, and the predictive effect of
KP-10 for FGR was significant together
with the development of PIH rather than
alone. There was no difference in serum
KP-10 and KP-54 levels between pa-
tients with antenatal complications and
healthy pregnant women. Furthermore,
there were no disparities between the
two groups regarding clinical and de-
mographic factors such as age, BMI, and
parity. Upon reviewing the literature, it
becomes evident that kisspeptins (KPs)
have been extensively investigated in
patients with PE. In addition to exam-
ining the association between KPs and
PE, research has also delved into their
relevance to FGR. Numerous studies
have reported decreased levels of kiss-
peptins in cases of FGR compared to un-
complicated pregnancies [10,18]. Ab-
bara etal. [10] examined both FGR and
PE in their study and found the KP levels
of women with PE and FGR to be lower
than those with only PE, but higher
than those of women with only FGR
(P = 0.0004). In contrast to our findings,
previous studies have reported signifi-
cantly lower plasma levels of kisspeptins
(KPs) in pregnancies complicated by
FGR both at the end of the 1 trimes-
ter (9-13 weeks) and in the 3 trimes-
ter (28-40 weeks) compared to preg-
nancies in the control group. Although

Tab. 3. Comparison of pregnancy parameters for groups 1 and 2.
Tab. 3. Porovnani parametr( téhotenstvi 1. a 2. skupiny.

Group 1,

Group 2,

LELEIGED KP-10<1.75 (ng/mL) KP-10>1.75(ng/mL) ' eV
Birthweight (g) 3,109.8 + 423.7 3,053.8 £ 553.1 20.744
BMI (kg/m?) 2579+ 441 25.12+533 20.218
Age (years) 2891 +6.24 26.95+4.19 0.064
Haemoglobin (g/dL) 1235+ 1.24 1258 £1.22 0.365
Leukocyte (10%/uL) 8.61+2.41 824+1.94 £0.413
Platelets (10%/pL) 255.28 £63.0 261.10+77.74 0.667
AST (U/L) 16.16 £ 4.65 16.69 + 3.76 0.541
Gravida (N) 2.67 £1.39 220+ 1.16 20.062
Parity (N) 1.43+1.14 1.0+ 0.76 20.058
Miscarriage (N) 0.3+0.64 0.29+0.78 20.538
Down syndrome risk 0.0014 + 0.0070 0.0005 + 0.00067 20.726
Fetal nuchal translucency 1.35+0.36 1.37£0.39 20.772
PAPP-A 1.22 £ 0.59 1.075 £ 0.51 0.216
Free beta-hCG 1.23+0.75 130+ 1.23 20.622
Delivery weeks 37.57 £4.15 38.31+£2.03 20.722
Maternal birth weight (kg) 75.03 + 14.08 76.03 + 15.94 20.981
FGR % (N) 4.96% (4/124) 12.4% (10/124) €0.004
PIH % (N) 2.48% (2/124) 7.44% (6/124) 40.026
Saer;t;;i:;?‘lvigeist oo 12.47 +0.85 12.64+0.76 20336
Delivery mode 40.573
Vaginal delivery, N (%) 37 (66.1%) 19 (33.9%)

Cesarean section, N (%) 40 (60.6%) 26 (39.4%)

Curettage, N 2 -

Amniotic fluid pathologies 90.242
Normal amniotic fluid, N (%) 70 (88.6%) 40 (88.9 %)
Olygohydramnios, N (%) 5 (6.3%) 5(11.1%)

Polyhydramnios, N (%) 4 (5.1%) -

All values are presented as mean (SD).
2Mann-Whitney U-test or ® Student’s T-test for differences between normal and elevated

KP-10 groups.
¢Pearson Chi-Square.
dFisher’s Exact Test.

AST - aspartate aminotransferase/aspartataminotransferaza, BMI - body mass index/index
télesné hmotnosti, FGR - fetal growth retardation/zpomaleni riistu plodu, hCG — human
chorionic gonadotropin/lidsky choriovy gonadotropin, KP - kisspeptin, N - number/pocet,
PAPP-A - pregnancy associated plasma protein-A/plazmaticky protein-A spojeny s téhoten-
stvim, PIH - pregnancy-induced hypertension/téhotenstvim indukovand hypertenze, SD -
standard deviation/smérodatna odchylka

various maternal and environmental fac-
tors have been proposed to contribute
to the pathogenesis of FGR, impaired
uteroplacental perfusion resulting from

abnormal trophoblast invasion and in-
adequate remodeling of spiral arteries,
which limits oxygen supply to the pla-
centa, plays a crucial role. This ischemic
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Tab. 4. Correlation analysis results between KP-10 levels and quantitative
parameters.
Tab. 4. Vysledky korelac¢ni analyzy hladinam KP-10 a kvantitativnich parametrd.

KP-10

Parameter

R P
KP-54 0,82 <0.001
Maternal age -0.267 0.003
Hb 0.065 0.494
Leukocyte -0.037 0.698
Platelets 0.034 0.716
AST 0.068 0.472
Miscarriage -0,128 0.156
Week of pregnancy -0.022 0.811
Down syndrome risk -0,005 0.955
Fetal nuchal translucency 0.017 0.852
PAPP-A -0.023 0.80
Free beta-hCG -0.017 0.850
Birth week 0.050 0.578
Baby weight 0.07 0.444
Maternal BMI -0.012 0.185

AST - aspartate aminotransferase/aspartataminotransferaza, BMI - body mass index/index
télesné hmotnosti, Hb — hemoglobin, hCG — human chorionic gonadotropin/lidsky choriovy
gonadotropin, KP - kisspeptin, P — value/hodnota, PAPP-A - pregnancy associated plasma
protein-A/plazmaticky protein-A spojeny s téhotenstvim, R - Spearman rho correlation
coefficient

Tab. 5. Predictive effect of pregnancy parameters and KP-10 on FGR
(Omnibiis tests of model coefficients: P = 0.006; NPV: 98%, PPV: 21.4%). In
the model, the increase of PIH has resulted in higher FGR (OR: 0.10; 95% Cl
0.016-0.611).

Tab. 5. Prediktivni vliv parametr( téhotenstvi a KP-10 na FGR (Omniblisovy testy
modelovych koeficientl: p = 0,006; NPV: 98 %, PPV: 21,4 %).V modelu mélo
zvyseni PIH za nasledek vy3si FGR (OR: 0,10; 95% C1 0,016-0,611).

Independent variable P OR 95% Cl

KP-10 0.665 1.124 0.662-1.907
PAPP-A 0.199 0.401 0.100-1.617
PIH 0.013 0.10 0.016-0.611
Hb 0.085 1.625 0.936-2.82

FGR - fetal growth retardation/zpomaleni ristu plodu, Hb — hemoglobin, KP - kisspeptin,

P — value/hodnota, PAPP-A — pregnancy associated plasma protein-A/plazmaticky protein-A
spojeny s téhotenstvim, PIH — pregnancy-induced hypertension/téhotenstvim indukovana
hypertenze

insult leads to the generation of reactive
oxygen radicals, and ultimately apopto-
sis, contributing to the development of
FGR [19]. Based on this information, the

researchers argued that low circulating
KP levels reflected low placental mass in
FGR. In studies where the KP level was
measured in early pregnancy, it may not

be appropriate to explain the results
only with this effect. Contrary to studies
arguing that it decreases, Ibanoglu
etal. found the median serum KP level
in the patient group with late-onset
FGR to be significantly higher than in
the control group (79.4 vs. 39.8 pg/mL;
P =0.001) [20].

In today’s conditions, it does not seem
possible to diagnose and prevent FGR
before the symptoms appear. In clini-
cal practice, it can be said that the most
commonly used method for the early
diagnosis of FGR is the uterine artery
Doppler, but its sensitivity in predict-
ing FGR is very low [21]. In recent years,
there have been reports suggesting that
microRNAs (miRNAs) could serve as po-
tential biomarkers for predicting or dia-
gnosing pregnancy complications [22].
However, the practical utility of these
tests is limited by their costliness. The
situation does not seem to be much dif-
ferent for PE. Diagnosis is usually made
late after the disease appears. Although
many markers have been studied to pre-
dict the development of PE, no relia-
ble marker other than sFlt-1 and sEng
has been identified [23]. Currently, the
most common screening tool used for
PE risk is the Doppler ultrasound analy-
sis, which has low predictive value [24].
Therefore, it is important to find more
useful biomarkers with high sensitivity
and specificity for FGR and PE. KP has,
therefore, become a remarkable marker.
However, in studies conducted, there
are conflicting results regarding the cir-
culating KP level for PE, similar to FGR.
Early studies showed lower plasma or
serum KP levels in women with PE. Ma-
dazli etal. [25] found significantly lower
levels of KP-54 in the 1°t trimester ma-
ternal serum of women with PE com-
pared to the control group. Armstrong
etal. [18] reported that between the 16"
and 20™ weeks of pregnancy, KP levels
in women who later developed PE were
significantly lower than in controls. These
findings were inconsistent with the pro-
posed role of KP in inhibiting trophoblast
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invasion. Some researchers associated
this finding with the size of the placenta
and argued that a small placenta, which
is frequently observed especially in EOPE
patients, leads to lower KP levels [3].
Later studies showed that preeclamptic
women exhibited elevated plasma [10]
or serum [26,27] levels of KP compared
with healthy women. In a recent study,
Fang etal. revealed that both serum and
placental KISS-1 levels were upregulated
in patients with PE and they reported
that KISS-1 may be an autocrine/para-
crine factor that locally regulates tropho-
blast invasion [26]. Again, Ibanoglu etal.
also found that the KP level was signifi-
cantly higher in late-onset PE (LOPE) pa-
tients than in the control group [28]. Un-
like these studies, Nijher etal. did not find
a significant difference in plasma KP con-
centrations between hypertensive preg-
nant women and normotensive pregnant
controls [29]. Interpreting conflicting re-
sults poses challenges due to the incom-
plete understanding of the pathophysiol-
ogy underlying hypertensive disorders
in pregnancy, particularly those stem-
ming from PE. PE exhibits diverse etiolo-
gies depending on its onset timing, thus
it should not be perceived as a singu-
lar disease manifesting across different
pregnancy stages [30]. While the EOPE
phenotype is associated with impaired
placental development and FGR, the
LOPE phenotype is more associated with
endothelial dysfunction [14].

Research involving protein and ex-
pression analysis has been conducted to
elucidate the involvement of KP in preg-
nancy. In an intriguing study on KP ex-
pression, researchers observed a cir-
cadian rhythm in KISS-1 expression
during term pregnancies, characterized
by peaks at4:00a.m.and 12:00 p.m.[31].
A similar situation may apply to circu-
lating KP levels. In our study and al-
most all other studies, the hours dur-
ing which patients were sampled were
not taken into account. In addition, the
reason for the different results may be
due to different measurement methods
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Fig. 2. ROC curve for KP-10 for prediction of PIH (AUC: 0.700; P = 0.051; KP-10:
1.799; Youden index J: 0.4569; 95% Cl 0.612-0.779).

Obr. 2. ROC krivka pro KP-10 pro predikci PIH (AUC: 0.700; P = 0.051; KP-10: 1.799;
Youden index J: 0.4569; 95% C| 0.612-0.779).

used for KP, the fact that some measure-
ments were performed in serum and
some in plasma, the fact that some au-
thors measured total KP concentration
while others studied only a single KP iso-
form, and the lack of standardization in
laboratory tests. As a biomarker, stud-
ying KP in serum is more sensitive, and
the tests used here are more stable [32].
Accordingly, it may be advantageous to
investigate serum values for KP in our
study.

In our hypertensive pregnant group,
all patients who developed PE were
LOPE, and since the pregnant women
with PIH and without PE reached term,

very low birth weight and small placenta
were not out of the question. In addition
to abnormal placentation, immune dys-
regulation and maternal inflammatory
response have been shown to play a role
in the pathogenesis of PIH, and recent
research suggests that genetic factors,
environmental factors, and epigenetic
modifications play a role together [33].
The fact that there was a more heter-
ogeneous hypertensive patient group
than the pure PE group may also have
affected our results. The type of KP and
the week of maternal blood sample col-
lection were widely distributed across
studies (8, 12, 14, 16, and 20 weeks) and
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were not standardized across studies. In
our study, the average week for blood
sampling was 12.5 weeks.

Interestingly, it has been suggested
that KP is a regulator of vascular tone that
may induce the development of maternal
hypertension [34]. KISS-1R expression has
been detected in maternal smooth mus-
cles, aorta and coronary arteries, and um-
bilical cord [35]. Also, angiogenesis in-
hibition and vasoconstriction effects of
KP-10 have been observed [36]. These
findings suggest that KP may play a role
in the pathogenesis of LOPE by affecting
vascular tone, as well as its effect on pla-
centation in EOPE, and may be an expla-
nation for the high KP results in the de-
velopment of LOPE, as in our study. Here,
the significant cut-off value for KP-10 pre-
dicting FGR was 1.75 ng/mL. There were
significantly more FGR and PIH patients
above this value. Additionally, the FGR
predictive effect of KP-10 was signifi-
cant when evaluated together with PIH.
The development of immune tolerance
mechanisms that prevent syncytiotroph-
oblast rejection during implantation is
alsoimportant for a successful pregnancy.
Although the antimetastatic function of
KP during pregnancy is more empha-
sized, the fact that immunologic func-
tions such as inhibiting cytotoxic reac-
tions, supporting Th2-type response, and
increasing the population of T regulatory
cells have also been demonstrated [31].
These findings may be taken into consid-
eration in explaining the contradictory
results.

When the literature is examined,
studies on the relationship between
GDM and KP are insufficient, and the re-
sults are contradictory. It was reported
that placental KISS-1 and KISS-1R expres-
sion increased in pregnant women with
GDM in the 3" trimester [11], plasma KP
levels were lower than controls [37], and
in another study, similar to our study, no
difference was observed [38]. It has been
reported that placental expression of KP
increases significantly in women with
PTB compared to those who give birth

at term [12], but no change in circulat-
ing KP was observed [12]. Abbara etal.
found plasma KP levels to be higher
in pregnant women who performed
PTB (P = 0.014). In our study, there was
no significant difference in KP-10 and
KP-54 levels between those who were
monitored for PTB and pregnant women
who gave birth at term. Qiao etal.
showed that KISS-1 expression was in-
creased in the placenta of patients with
PE with intrauterine death and birth as-
phyxia compared to normal newborns,
and they argued that abnormal upreg-
ulation of KISS-1 expression may con-
tribute to the underlying mechanism of
birth asphyxia [39]. In our study, there
was no significant relationship between
fetal death and serum KP.

The reason for the many conflict-
ing results put forward for the relation-
ship of KP with antenatal complications
may be the rather complex interactions
between KISS-1 signaling in the brain,
pancreas, liver adipose tissue, and pla-
centa [40]. These interactions need to be
clarified through more comprehensive
studies.

Conclusion

As a result, in our study, KP-10 was signif-
icantly higher in pregnant women with
FGR, and there were significantly more
pregnant women with FGR and PIH
above the threshold value. Overall, given
that there is no conclusive evidence
showing that circulating KP levels con-
sistently decrease or increase during an-
tenatal complications, our study contrib-
utes to our understanding of the role of
KP in antenatal complications. Also, the
prospective design of our study and the
fact that two separate KP isoforms were
studied in serum in all patients simulta-
neously are its strengths. However, our
study has some limitations. First, the pa-
tient population is relatively small. In ad-
dition, the times at which patients were
sampled were not taken into account,
and the circadian rhythm observed in
KISS-1 expression [31] may also affect

the results, as it may also be relevant
for circulating KP. Although our study
suggests that KP-10 has the potential
to be used as a 1* trimester marker to
predict the development of FGR, espe-
cially in association with PIH, prospec-
tive cohort studies that are compre-
hensive prospective cohort studies are
needed.
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