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JAONMJIEP HA YTEPHHA APTEPHJA U CEPYMCKO HUBO HA UMYHUTE BUOMAPKEPH

KAJ MPEEKJIAMIICHJA - HALIE HCKYCTBO
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Simeonova Krstevska, Jadranka Georgievska and Vesna Antovska

University Clinic for Gynecology and Obstetrics, Faculty of Medicine, Ss. Cyril and Methodius University
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Abstract

Introduction. Important mechanisms are known to be
involved in the immunomodulatory pathways which
are crucial for maintaining an adequate utero-placental
circulation in pregnancy. Its disbalance brings to im-
paired tolerance, which leads to inflammation and auto-
immune processes in preeclampsia.

Aim. The aim of this study was to find if inadequate
uteroplacental hemodynamic was associated with im-
proper feto-maternal immune adaptation. The risk of
developing preeclampsia can be predicted by combi-
ning use of uterine artery flow and cytokine values.
The aim was to show their combination as a predictive
indicator of preeclampsia in the second trimester of
pregnancy.

Methods. This study enrolled 96 pregnant patients in
the second trimester (patients were between the 14th
and 20th gestational weeks). Their history data, routine
foetal ultrasound, bilateral uterine artery Doppler
ultrasound and cytokines were evaluated. All patients
were followed up till the end of pregnancy. Half of the
pregnant women consisted the study group (N=48),
which had presence of notch of the uterine artery. In
the control group (N=48), there was an absence of
uterine artery notch. In all patients, Doppler of the ute-
rine artery, pulsatility index (PI) and resistance index
(RI) were made and determined. The pro-inflamma-
tory cytokines (TNF-a, IL-1a, IL-2 and IL-6) and anti-
inflammatory cytokines (IL-4 and IL-10) from patient’s
serum were analyzed,

Results and Discussion, In the study group (N=48),
32 patients had changes in the cytokine serum levels.
Increased pro-inflammatory biomarkers (IL-6, TNF-a,
IL-1a) were with sensitivity of 78 to 91.2%. Accor-
ding to this, high predictive value was found. Of these
32 patients, 21 developed preeclampsia. When the
sensitivity of pro- and anti-inflammatory biomarkers
together with the uterine artery Doppler ultrasound was

Correspondence to: Maja Pejkovska Ilieva, University Clinic for
Gynecology and Obstetrics, 1000 Skopje, R. N. Macedonia; E-mail:
majapejkovska@yahoo.com

combined, a sensitivity resulted in 81.5%. Multiva-
riate regression analysis detected that IL-6 was the
most significant predictive parameter. This result is
similar to that presented in the study by Teran and
Hentschke et al.

Conclusion. Using predictive tests is imporatnt to
detect undeveloped preeclampsia in a timely manner
that would prevent possible developmental complica-
tions. After abnormal Doppler results, cytokines should
be investigated as a predictive method.

Keywords: preeclampsia, cytokines, immunobiomarkers,
pregnancy

ANCTPAKT

Bogea. BakHn MexaHH3MH ce BKIy4eHH BO HMYHOMO-
AYJATOPHHTE MATHLUTA, WTO € O KIYYHO 3HAUYCHE 3a
OJ1pXyBam€ Ha aJeKBaTHA yTEpo-TUlau€HTapHA UMPKY-
nauwja Bo 6pemenocta. Husunot ancbananc nosenysa
JI0 HapyuleHa ToJIepaKLIMja, WTOo N0BeayBa 10 wHdna-
MauHja ¥ aBTOMMYHH TIPOLIECH Kaj NpeeKkaaMicHjaTa.
Hen. Llenta Ha oBaa cTyanja € na OTKpHE Aann He-
COO/IBETHATA YTEPOTIALIEHTAPHA XEMOIHHAMHKA € NOo-
Bp3aHa Cco HenpaBHiiHA (!)CTOMGTCPHMH&I HMYHOII0WIKA
anantaumja. PU3ukoT 011 pa3Boj Ha npeeknamncuja Mo-
Xe la ce mpeaBHAH CO KOMOHHMpae HAa ynotpebara
Ha NMPOTOKOT Ha yTepHHATa apTepHja W BPEAHOCTHTE
Ha uutokunute. Llenta e ma ce npukaxe nuBHaTa
KoM6HHaLUMja KaKO NPEAHKTHBEH HHIAHKATOP Kako
PHIHK 32 NpeekNaMncHja BO BTOPHOT TPHMECTap o
6pemenocra.

MeTonu, Oaa ctyaunja ondaru 96 Gpemenn naumen-
TKH BO BTOPHOT TPHUMeCTap (nauHeHTknTe Gea nomery
14 u 20 recrauucka Henena). Bea esanyupaun nona-
TOLHTE O/ HHBHATA HCTOPHjA, PYTHHCKH YNTPA3BYK HA
thetycor, GunatepanuioT A0MIEp HA yTepHHATA apTepHja
H BPEaHOCTHTE HA LHTOKHHUTE, CuTe nauuenTkH Oune
caenenn a0 kpajot Ha Gpemerocta. Kaj cute nauuen-
TkH Oca Braydenn [lonnep Ha yTepunata aptephja,
unaeke Ha nyncatuanoct (Pl) u pesnctenc unaekce (R1).
[TonoBHHA OA TPYAHHUNTE KO Ja COMHHYBAAT HCNKTY-
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Banata rpyna (N=48) umaa npucycrso ua notch Ha
yTepuHarta aprepuja. Kaj naunenTkuTe oa KOHTponHa-
Ta rpyna (N=48) umawe orcycrso na notch na yrte-
punata aprepuja. [ponndaamaropunre unroknnn (TNF-
a. IL-1a, IL-2 v 1L-6) n autunndaamaTopuuTe UKTO-
Kuun (IL-4 n IL-10) Gea ananuszupann oa cepymMoT Ha
NALUMCHTKHTE.

Pesyaratn m amckycuja. Bo ucnuryBanata rpyna
(N=48), 32 naumMcHTKM HMane NPOMCHH BO CCPYMCKH-
TC BPCAHOCTH HA UMTOKHHMTC. 3rOJCMEHHTE MPOHH-
¢pnamaropun Guomapkepn (IL-6, TNF-a, IL-1a) Gca
€O CeH3UTHBHOCT 0a 78 10 91,2%, pesyaTar co BUCOKa
npcavkTHBHA Bpeanoct. On uue, 21 pa3ssuja mpeek-
namncuja. Kora ceH3HTHBHOCTA Ha NMpo H anTuuHna-
MAaTOPHUTE GHOMApKEpH 3aCHO CO YTEPHHHOT apTe-
pucku Jlonaep Gewe KOMOGMHMPAHA, CEH3WTHBHOCTA
pesyarupawe co 81,5%. On myaTusapujaThaTa perpe-
CHOHa aHanK3a OTKPHEHO € acka IL-6 e Haj3Havajunor
napameTap 3a npeankuuja. OBoj pe3yarTar € canueH Ha
cTyamnjata na Tepan u Xenuke u Kosierure.
3akayuok. KopucTeeTo Ha NpeanKTHBHU TECTOBH €
BAKHO 32 HABPEMCHO OTKPHBA-€ HA HEPa3BMEHA NpPCCK-
Aamncuja wto GM M CNpeunno MOXHUTE pa3BOjHH
Komnaukauuu. [lo abnopmanuu [lonneposu pesynra-
TH, BPEAHOCTHTE HAa UMTOKMHHMTE Tpeba Aa ce MCnu-
TaaT Kako METO/ 3a NpeABHaYBalbe.

Kayunn 360poBu: npeeknamncuja, UHTOKHHH,
umyHnobuomapkepu, 6pemenoct

Introduction

Matemnal immunological tolerance in pregnancy to-
wards the semi-allogenic fetus is crucial for main-
taining a normal pregnancy. Immune imbalance may
lead to a higher risk of developing pregnancy compli-
cations such as preeclampsia. Preeclampsia is a mul-
tisystem disorder that occurs in 3 to 7% of pregnancies
[1], and it is the most common cause of matemal and
perinatal morbidity and mortality worldwide. Accor-
ding to American College of Obstetricians and Gyne-
cologists (ACOG) (2], preeclampsia is defined as hy-
pertensive disorder after 20 gestational weeks with
presence of proteinuria at previously normotensive
women, or absence of proteinuria but with other clini-
cal manifestations expressed. There are several impor-
tant mechanisms known that are involved as immuno-
genic and immunomodulatory pathways crucial for
maintaining balance, and their loss leads to weakened
tolerance, strong inflammation and autoimmunity, thus
describing preeclampsia [3].

The vascular layers of the myometrium are properly
invaded by the extravillous trophoblast to precede ute-
rine spiral artery remodulation. The process is depen-
dent on the balance in the produced immunological
biomarkers from the deciduas. SFlt-1 (soluble fins-like

tyrosine kinase-1 factor) is expressed by the foetal ti-
ssue (trophoblast) and maternal tissue (endothelium)
[4]. In preeclampsia, it is well known that exacerbation
of clinical symptoms is a result of increased levels of
pro-inflammatory and decreased level of anti-infla-
mmatory cytokines [5].

The activity of the antigen presentation is weakened,
therefore the immune tolerance towards the fetus is
inadequate [6]. It is reflected in the shallow nidation of
the extravillous trophoblast [7,8]. Because of the
immunological changes during nidation at the level of
extravillous trophoblast according to findings in the
literature, there are antiangiogenic and pro-inflamma-
tory factors released in circulation as a result of poor
placental perfusion [9]). This imbalance leads to ische-
mia that leave consequences due to a multiorgan dys-
function [10].

IL-6 together with TNF-a stimulates the production of
endothelin 1, reactive oxygen species and antibodies, like
a ROS and AT1-AA I, and IL-10 decreased values exa-
cerbate hypertension and endothelial dysfunction [11].
Changes of uterine artery flow results in impaired ute-
roplacental circulation, an insufficient vascular arbori-
sation in tertiary placental villi. The notch is exami-
ned, with a lower sensitivity value, but also Pl and Rl
with higher sensitivity in relation to the prediction of
vascular deviations.

According to literature data, preeclampsia which is
developed before 34 g.w. is mostly dependent on the pla-
cental insufficiency, whereas after 34 weeks of gesta-
tion the maternal etiological factors are more expressed.

Aim

The aim of this study was to find if inadequate utero-
placental hemodynamic was associated with improper
feto-maternal immune adaptation. The risk of develop-
ping preeclampsia can be predicted by combining the
use of uterine artery flow and cytokine levels. The aim
was to show their combination as a predictive indica-
tor for preeclampsia in the second trimester of pregnancy.

Material and methods

Pregnant patients were recruited successively for this
prospective cohort study. They were between 14 to 20
weeks of pregnancy, a total number of 96 patients. The
study was performed at the University Clinic for
Gynecology and Obstetrics in Skopje, RN Macedonia
in a period of 12 months (the year 2019). An approved
consent to participate in the study was signed by each
patient. The study was approved by the Research Ethics
Committee at the University Clinical Center in Skopje.
This study enrolled 96 pregnant patients in the second
trimester (patients were between the 14th and 20th
gestational weeks). Their history data, routine foetal
ultrasound, bilateral uterine artery Doppler ultrasound
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Immunobiomarkers in preeclampsia

and cytokines were evaluated. All patients were follo-
wed up till the end of pregnancy. Half of the pregnant
women consisted the study group (N=48), which had
presence of the uterine artery notch. In the control
group (N=48), there was an absence of uterine artery
notch. In all patients, Doppler of the uterine artery,
pulsatility index (PI) and resistance index (RI) were
made and determined. The pro-inflammatory cytokines
(TNF-qa, IL-1a, IL-2 and IL-6) and anti-inflammatory
cytokines (IL-4 and IL-10) from patient’s serum were
analysed.

Inclusion criteria were: single pregnancy, normoten-
sive patient before pregnancy, live foetus - without
malformation. Exclusion criteria were multiple preg-
nancy and stillbirth.

In patients, the data were obtained from patient his-
tory, family history and previous comorbidities. After
an ultrasound assessment of the fetal biometry (14-20
g.w.) normal appearance of foetus was confirmed
without ultrasound visible malformation, as well as
placenta and amniotic fluid and umbilical cord. By
Doppler method, Mindray Dc 7, Voluson 8, according
to the ultrasound software, examined the flow of the
uterine artery, where in addition to the presence of
notch, the values of pulsatility (PI) and resistance (RI)

Table 1. Characteristics of patients

indexes were measured (according to the reference
values of the ultrasound software). Serum levels of
pro-inflammatory cytokines (TNF-«, IL-la, IL-2 and
IL-6) and anti-inflammatory cytokines (IL-4 and IL-
10) were examined using the ELISA methodology
(Magnetix Luminex Assay multiplex kit) at the In-
stitute of Immunobiology and Human Genetics of the
Faculty of Medicince, Ss. Cyril Methodius University
in Skopje. Patients were followed by ultrasound and
other additional diagnostic procedures according to
clinical protocol until delivery. The obtained data were
statistically processed (STATISTICA 21, SSPS for
Windows).

Results

Of a total number of 96 patients, regarding the history
data (Table 1), statistical significance was found in the
study group compared to the control group regarding
history of previous pregnancy with preeclampsia, for
was p<0.05 (16.67% vs. 4.17%). In the study group,
27.08% were smokers versus 10.42% in the control
group (p-0.03).

Ne se tocno numerirani tabelite, da se sredat

Characteristics of patients Study group (48) Control group (48) P- value
Parity: nulliparous 28(58.33%) 21 (43.75%) 0.15
Multiparous 20 (41.67%) 27 (56.25%) 0.15
Diabetes 6 (12.50%) 3 (6.25%) 0.29
Smokers 13 (27.08%) 5(10.42%) 0.03
Previous pregnancy with PE 8 (16.67%) 2(4.17%) 0.04
BMI 245 222 0. 56
Systemic lupus erythematosus (SLE) 2(4.17%) 0 0.15 -
Morbus von Willebrand 2(4.17%) 0 015
Family history of PE 7(14.58%) 2 (4.17%) 0.08

Regarding the results of the flow indexes, a significant
result was obtained in terms of RI and PI values
between the two groups for p-0.005 (Table 2). The
mean PI value in the study group was 1.95, and 1.43 in

Table 2. Doppler evaluation (Pl and Rl)

the control group, showing a statistical significance.
The mean RI value in the study group was 0.64, and in
the control group 0.51, which demonstrated a
statistical significance (p-0.007).

2 Cranaapana Cranaapaua
Presence of notch Mm:.b"l of Avelrage AeBHjauuja rpewka T Df 5 IP'I i
patients value (SD) (SE) (2-tailed)
PI study group 48 1.9585 0.15269 0.02204 11.959 94 0.005
control group 48 1.4327 0.26359 0.03805 » 75.351 ;
RI study group 48 0.6498 0.10558 0.01524
control group 48 0.5094 0.03878 0.00560 H040 59.455 0.907

Increased resistance in Pl and Rl values above 1.75
and 0.68, respectively, and the presence of a diastolic
notch were abnormal results,

Of the 48 pregnant patients from the study group, 32
had changes in cytokine levels. Pro-inflammatory bio-
markers (IL-6, TNF-a, IL-1a) were elevated, and anti-
inflammatory biomarker (IL-10) was decreased. There

were changes in IL4 level in the study group, but no
changes in the control group. Also, there were no
changes in the minimum and maximum 1L-2 levels,
but little difference in the mean level.

The analysis of the cytokines showed that the result
obtained for IL-6 represented the most signiticant pre-
dictive indicator in comparison with other cytokines.
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Statistical analysis with Pearson’s coefficient with co-
rrelation confirmed an increase in the pro-inflamma-
tory biomarkers (IL-6, TNF-a, together with IL-6 and
TNF-a in correlation IL-1a with p <0.001).

By using ANOVA test and logistic multivariate regre-

Statistical procedure 1. Sum value

sston analysis, IL 6 had highest influence as a pro-
inflammatory cytokine (described in statistical proce-
dures 1, 2 and 3).

Model R R Square

Adjusted R Square

Std. Error of the Estimate

1 0.452 0.204

0.160 0.46

a) Predictors : (Constants ), IL-2,IL-4,IL-6,IL-10. TNF-a

Statistical procedure 2. ANOVA for analysis of cytokine variations in

preeclampsia

Model Sum of Squares Mean Square F P
Regression 4 ]R2 0976 461 0.001
Residual 19.024 0.211
Total 23.906

Dependent variable: patients with preeclampsia; Predictors (Constant): 1L-2, IL-

4,1L-6, IL-10, TNF-a

Staustical procedure 3. Result of the Logistic multivaniate regression analysis

Model Unstandardized CoefTicients Standardized Coefficients T P
B Std. Error Beta
(Constant) 1.817 0.360 5.044 0.000
TNF-a 0.008 0.041 0.020 0.197 0.844
) IL-6 -0.072 0.016 -0.432 -4.351 0.000
IL-10 0.002 0.002 0.122 1.279 0.204
IL4 -0.010 0.008 -0.124 -1.313 0.192
IL-2 -0.017 0.033 -0.050 -0.519 0.605

Mutual interaction of the pro-inflammatory cytokines
in the study group showed a sensitivity of 78% to 91.2%
in detecting the risk of preeclampsia. The combined
usage of the Doppler method with immunobiomarkers
resulted in: sensitivity of 81.5% (69.2-90.2%), specificity
of 45.7% (32.2-60.1%), negative predictive value of
67.7% (50-81%) and positive predictive value of 63.8%
(52-74%), which was a reliable predictive indicator.
The anti-inflammatory cytokines resulted in high sen-
sitivity (95%) but low specificity (25%) for IL-10. IL-
4 had no valuable range changes.

Of the 48 patients in the study group, 32 had elevated
levels of pro-inflammatory and decreased levels of
anti-inflammatory cytokines; in 16 patients there were
no changes in the levels. In the third trimester, 21
patients (43.75%) developed preeclampsia. Of these,
six patients (12.5%) had preterm birth (mean of 34.4
gestational weeks), versus the control group (38.3
gestational weeks). Complications had occurred in one
patient having eclamptic seizure (2.08%), one patient
had HELLP syndrome and pulmonary oedema (2.08%).
Four patients had abruption of the placentas intrapar-
tum (8.33%) and three foetuses had IUGR (6.25%).
Six patients did not have complications (12.5%). In the
same group with the presence of notch and elevated
cytokines, three patients had gestational hypertension
(6.25%) and three had gestational diabetes (6.25%), 5

resulted false positive. In those with presence of notch
and normal cytokine range, two patients had SLE
(4.17%), two had M. Von Willebrand (4.17%) and 12
resulted false positive (25%). In the control group,
three patients had gestational hypertension (6.25%),
two had gestational diabetes (4.17%) and two foetuses
were diagnosed with IUGR (4.17%). There were 41
patients (85.42%) without complications.

Discussion

Preeclampsia is a multifactorial disorder which inclu-
des matemal, genetic, immunological, environmental,
oxidative stress and angiogenic factors.

According to Mannisha Kar et al. [12] and ISSHP
guidelines [13], multiparametric approach is required
for detection of the risk for developing preeclampsia.
Also, matemal factors are important in prediction preec-
lampsia such as previous pregnancies with preeclamp-
sia and those who had been smokers.

Doppler measurement had sensitivity from 34 to 76%.
Implementation of biomarkers are increasing the sensi-
tivity of detection of patients which will develop preec-
lampsia in the second trimester [14,15].

The values obtained for flow indexes (PI above 1.75
and RI above 0.68) correspond to those from ISUOG
where cut-off values are proposed for each trimester.
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Between 14™ and 20th gestational weeks, studies em-
phasize that a score of 1.75 for PI and 0.68 for RI
indicates a risk of developing preeclampsia. According
to Plasencia, Pl in the firsy, as well as in the second
trimester, a sensitivity of 77% for early preeclampsia
and 27% for late preeclampsia were detected [16] The
value of 95 percentile for PI was associated with a risk
of developing more serious complications as we found
in our study [17].
Goma detected PI value greater than or equal to 1.75
representing a sensitivity of 99%, and by using cytoki-
nes, he measured a sensitivity of 88.6% and specificity
of 100% detection rate.[18] This corresponds to the
findings in our study. Of all pro-inflammatory cytoki-
nes, single sensitivity of IL-6 was 85% [19].
The results of the combined usage of the uterine artery
Doppler ultrasound together with pro-inflammatory and
anti-inflammatory cytokines showed sensitivity of 81.5%,
and the mutual correlation of the pro-inflammatory
cytokines was 78 to 91.2%. This as a predictive tool in
the second trimester, from the 14th to the 20th gesta-
tional week, which is applied in patients who are prone
to develop preeclampsia after 28 weeks of gestation in
the third trimester.
Teran [20) and Hentschke ez al. [21] verified an in-
crease in [L-6 in preeclampsia. Also, IL-6 analyzed with
multivariate regression analysis was the most signi-
ficant predictive parameter. In line with the results of
this study, we should be more vigilant in monitoring
these patients. The risk is detectable according to FMF
in the first trimester of pregnancy [22] and the patients
shoud be given Aspirin (120-160mg) as soon as we
confirm the risk [23]. The final target is appropriate
time for admission in tertiary care facility.

Conclusion

Usage of predictive test in the early second trimester
for preeclampsia will help an appropriate monitoring
of patients who have a risk of developing preeclamp-
sia. If abnormal Doppler result is obtained, especially
in patients with a known risk of preeclampsia, we su-
ggest levels of cytokines, especially IL6, to be measu-
red. Thus, we can prevent unfavourable outcome of
development of preeclampsia and its complications.
Different therapeutic modalities and predictive me-
thods can improve the overall health of both, the mo-
ther and the foetus. Taking into account that preec-
lampsia is a multifactorial disorder, the investigations
for the disease never stop. Preeclampsia will be a field
of research in the years to come. Qur study is a little
contribution to this issue, with the results obtained in
our patients,
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