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1. Introduction

Preeclampsia (PE) is a hypertensive disorder, with or without
proteinuria, that generally occurs after 20 weeks of pregnancy (1). PE is
associated with maternal and fetal morbidity, and mortality (2); it affects
maternal organs such as the liver, heart, lungs, and kidneys (3) and is a
major cause of fetal growth restriction (FGR) and preterm birth (4).

The incidence of PE, which affects 3 to 8% of all pregnancies, is
increasing worldwide, especially in developing countries (5, 6). Abnormal
placental implantation is a known cause of PE (7). During placental
implantation in normal pregnancy, trophoblasts of anchoring wvilli
penetrate deep into the inner third of the myometrium and the spiral
arteries of the maternal body, and these structural changes are
associated with the functional modification of lowering spiral artery
resistance (8). However, abnormal placental implantation leads to
increased maternal arterial resistance, placental ischemia, and fetal
complications (9). Recent studies have suggested that alterations in
molecular factors play a pathogenic role in PE (10 - 12). The molecular
mechanisms underlying the pathophysiology of PE are still not fully
understood. However, elucidation of the molecular features of PE may
contribute to a better understanding of its diagnosis, prevention, and
treatment.

FGR 1is traditionally defined as an estimated fetal weight of less than
the 10th percentile for a given gestational age, with conditions
associated with uteroplacental insufficiency, fetal malnutrition, or
restriction of the intrauterine space (13). FGR is identified in about 3 -

7% of all pregnancies (14). Clinically, FGR can be categorized into



placental, fetal, and maternal origin. Genetic anomalies and congenital
infections are the fetal causes of FGR, while wvarious maternal
morbidities can cause FGR. Structural anomalies in the placenta can also
cause FGR (15, 16). PE, which overlaps both maternal and placental
causes, 1s one of the major causes of FGR and the main cause of
perinatal mortality and morbidity (17). To investigate the molecular
effect of PE on FGR, I analyzed the molecular profile of cytokines in
the amniotic fluid (AF) of women with PE according to the presence of

FGR.



2. Materials and Methods

2.1. Patient and Sample Collection:

Forty-six women with PE who delivered at less than 34 weeks’
gestation due to uncontrolled hypertension were enrolled in the study,
between January 2017 and May 2022 at the Keimyung University
Dongsan Hospital, Daegu, Korea.

AF was collected at the time of delivery, and AF extracted during
cesarean section in high-risk pregnant women has been stored in the
Keimyung Human Resource Bank since 2017. All patients were educated
about the study purpose and informed consent was obtained from each
individual before their participation in the study. The study protocol was
approved by the Institutional Review Board of Keimyung University
Dongsan Medical Center.

AF and maternal hospital registration numbers were provided by the
Keimyung Human Resource Bank and analyzed. The clinical
characteristics of the pregnant women and their infants were
retrospectively reviewed. Among the 343 cases investigated, 107 were
excluded because they had multiple chorionicities; for example, twins or
triplets were at a high risk of FGR due to other mechanisms.

Ninety—five pregnant women had PE and 27 cases were excluded:
chorioamnionitis (n=6), placenta abruption (n=11), premature rupture of
membrane (n=4), polyhydramnios (n=1), fetal anomaly (omphalocele,
n=1), 1/5 min Apgar score <5 (n=2), and fetal cytomegalovirus infection
(n=2).

Considering the inflammatory response, pregnant women with preterm



premature rupture of membrane or histologic chorioamnionitis were
excluded from this study because the effect of inflammatory response on
amniotic fluid analysis was not clear.

The FGR group was observed in 21 women with PE, whose birth
welight was less than 10th percentile of the gestational age-specific birth
weight. As a control group without FGR, 25 women with PE who had
birth weights between the 25th and 75th pecercentile of the gestational
age-specific birth weight were selected.

To further analyze the clinical factors associated with FGR, 1
retrospectively investigated clinical characteristics, including maternal
age, maternal body mass index (BMI), parity, gestational age at
delivery, birth weight, appearance, pulse, grimace, activity and
respiration (APGAR) scores as well as history of assisted reproductive
technology and pregestational hypertension, the presence or absence of
hemolysis, elevated liver enzymes, and low platelet count (HELLP)

syndrome, gestational diabetes mellitus (GDM).

2.2. Proteomic Analysis:

For proteomic analysis, AF was collected from 46 PE women at the
time of delivery and stored at -80TC. The samples were sent to Olink
(Watertown, MA, USA) and analyzed using the Olink Explore 384
Inflammation Panel. This panel was selected because of its unique
inclusion of various inflammatory cytokines. The samples were
processed using the Olink Exlore platform, which comprises a Proximity
Extension Assay (PEA) with next generation sequencing (NGS).

Potential protein biomarkers were evaluated using PEA as described on



the manufacturer’'s website (https://www.olink.com). The manufacturer’s
website (https://www.olink.com) provides an extensive list of potential
protein biomarkers, comprising a total of 368 entries. Additionally, the
website offers comprehensive assay validation data, including details on
the limit of detection (LOD), lower and upper limits of quantification,
and within— and between-run precision coefficients of wvariation. The
assays’ ultimate protein concentration output is presented in terms of
Normalized Protein Expression (NPX) values. NPX is a logarithmic unit
on a base 2 scale, where elevated NPX values correspond to higher
protein concentrations. Protein expression data were obtained from 46
patients. 35 potential protein biomarkers have been identified. Based on
an adjusted p value of less than 0.05, values greater than 1 or less than
-1 were considered as differentially expressed proteins (DEPs),

regardless of whether the log, fold change was positive or negative.

2.3. Gene ontology (GO) Analysis of DEPs:

The biological implications of the DEPs were assessed using the
web-based tool Database for Annotation, Visualization, and Integrated
Discovery (DAVID) 2021 (DAVID, http://david.ncifcrf.gov/, accessed on
April 10, 2023). The Gene Ontology (GO) terms were categorized into
three distinct groups: biological processes (BP), cellular components
(CC), and molecular functions (MF). A p values < 0.05 were considered

significant.



2.4. Protein-Protein Interaction (PPI) Network analysis:

To analyze and visually represent the functional PPI network of the
identified DEPs, we utilized Cytoscape software (version 3.9.1) and
Search Tool for the Retrieval of Interacting Genes version 115
(STRING, http://string—db.org, date last accessed on 10 April 2023). The
criteria for selecting interactions were a maximum number of interactors
equal to 0, and a confidence score of > 0.9.

The Cytoscape plugin Molecular Complex Detection (MCODE) was
used to identify clustered modules within the PPI network using the
following parameters; degree cutoff = 2, node score cutoff = 0.2, k117

score = 2, and maximal depth = 100.

2.5. Enrichment Analysis of Hub Genes:

The Metascape Database (Metascape, https://metascape.org, date last
accessed on April 11, 2023) was used to perform enrichment analysis of
hub genes. The Metascape Database consolidates various authoritative
data resources, including GO, Kyoto encyclopedia of genes and genomes
(KEGQG), UniProt, and DrugBank. This integration significantly enhances
the pathway enrichment and annotation of biological processes, providing
comprehensive and reliable insights into the functional significance of

genes and proteins.



2.6. Statistical Analysis:

The data analysis was performed using SPSS version 26.0 for
Windows, developed by SPSS Inc. in Chicago, IL, USA. Differences in
clinical information between the groups were analyzed using Pearson’s
chi-square test for categorical variables. Student’s t-test were used to
analyze continuous variables. Statistical significance was defined as a p

value less than 0.05.



3. Results

3.1. Patients and Demographic Chracteristics:

Among a total of 46 pregnant women with PE, the FGR group
consisted of 21 women and the control group consisted of 25 women.
There were no differences in age, BMI, parity, history of assisted
reproductive technology, chronic hypertension, HELLP syndrome, or
GDM. Regarding fetal factors, the mean birth weight and 1-min APGAR
score of the FGR group were lower than those of the control group.
(9452 + 302.3 vs. 1590.0 + 393.2, p < 0.001, 58 + 1.3 vs. 6.7 + 1.3, p =
0.019, respectively). Gestational age at birth, 5-min APGAR score, and
mortality rate did not differ significantly among the groups (Table 1).

3.2. Identification of DEPs:

Sixteen DEPs were identified. All 16 genes were upregulated in the
FGR group compared to the control group. The gene symbols,
description, logs fold change, and p values are listed in Table 2, and a

heatmap showing the identified DEPs is shown in Figure 1.

3.3. DEPs Enrichment Analysis:

To analyze the functional profiles of the DEPs, GO term analysis was



performed using the DAVID software. In the biological processes, the
DEPs were mainly involved in the positive regulation of the ERK1 and
ERK2 cascade, chemokine-mediated signaling pathway, neutrophil
chemotaxis, cellular response to interleukin—1, inflammatory response,
chemotaxis, cellular response to tumor necrosis factor, immune response,
induction of positive chemotaxis, cell-cell signaling, signal transduction,
calcium-mediated signaling wusing an intracellular calcium source,
lymphocyte chemotaxis, monocyte chemotaxis, negative regulation of
neuronal death, and negative regulation of cell proliferation. In the
cellular components, these genes were mainly distributed in the
extracellular region, space, and matrix. In the molecular function
analysis, DEPs were mainly involved in cytokine activity, chemokine
activity, heparin binding, metalloendopeptidase inhibitor activity, and CCR
chemokine receptor binding (Table 3).

3.4. PPI Network and Hub Gene Analysis:

I obtained a PPI network composed of 16 nodes and 19 edges, with
an average node degree of 2.38 (p = 2.36E-10) (Fig. 2). Further analysis
was performed using the MCODE plugin, and six hub genes were
identified: C-C motif chemokine (CCL20), granulocyte colony-stimulating
factor (CSF) 3, erythropoietin (EPO), vascular endothelial growth factor
A (VEGFA), Interleukin (IL)-17C, and Granzyme (GZM) B (Figure. 3).



3.5. Enrichment Analysis of the Hub Genes:

CCL20, CSF3, EPO, VEGFA, IL17C, and GZMB were subjected to
additional enrichment analysis using the Metascape database, which
combines GO function and KEGG pathway analyses. These genes were
predominantly enriched in processes related to the positive regulation of
peptidyl-tyrosine phosphorylation, cytokine-mediated signaling pathways,
and positive regulation of the mitogen—activated protein kinase cascades.

KEGG pathway enrichment analysis showed that hub genes were

significantly enriched in cytokine—cytokine receptor interactions (Fig. 4).
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Table 1. Maternal and Fetal Characteristics

FGR group Control group b value
(n = 21) (n = 25)
Maternal factors
Age (year) 32.8 + 34 339 + 3.8 0.284
BMI 282 + 7.3 304 + 5.0 0.228
Parity, n (%) 7 (33.3) 9 (36.0) 0.850
ART, n (%) 3 (14.3) 2 (8.0) 0.495
Chronic hypertension, n (%) 1 (4.8) 1 (4.0 0.900
HELLP syndrome, n (%) 5 (23.8) 5 (20) 0.516
GDM, n (%) 1 (4.8) 2 (8.0) 0.658
Fetal factors
Gestational age (week) 212.1 + 180 2195 + 13.2 0.112
Birth weight (g) 945.2 + 302.3 1590.0 + 393.2 < 0.001
APGAR score, 1 min 58 + 1.3 6.7 + 1.3 0.019
APGAR score, 5 min 79 £ 08 82 = 0.7 0.135

Data are presented as the mean + SD unless otherwise indicated.

Abberviations: APGAR, appearance, pulse, grimace, activity and respiration;
ART, assisted reproductive technology; BMI, body mass index; FGR, fetal
growth restriction, GDM, gestational diabetes mellitus; HELLP, hemolysis,

elevated liver enzyme and low platelet; PE, preeclampsia.
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Table 2. Differentially Expressed Genes According to the Presence of
Fetal Growth Restriction

Logs  Adjusted

Gene symbol Description FC b value

EPO Erythropoietin 1.98 0.037
Kazal, i lobulin, Kuni

e Vi S im0y
CLSTNZ Calsyntenin-2 1.46 0.017
CSF3 Granulocyte colony-stimulating factor 1.44 0.017
COL9A1 Collagen alpha-1(IX) chain 1.33 0.031
SCG3 Secretogranin-3 1.30 0.028
CCL23 C-C motif chemokine 23 1.26 0.038
SKAP2 Src kinase—associated phosphoprotein 2 1.25 0.037
CCLZ20 C-C motif chemokine 20 1.15 0.006
GZMB Granzyme B 1.14 0.047
TIMPS3 Metalloproteinase inhibitor 3 1.14 0.029
FISI Mitochondrial fission 1 protein 1.06 0.028
1L17C Interleukin-17C 1.03 0.017
PONS3 Serum paraoxonase/lactonase 3 1.02 0.006
VEGFA Vascular endothelial growth factor A 1.02 0.006
CXCLS Interleukin-8 1.02 0.017

Abberviations: Logs FC, log, fold change.
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Table 3A. Gene Ontology Terms of Differentially Expressed Genes According

to the Presence of Fetal Growth Restriction

Category Term Gene names p value
GO:0070374 Positive regulation of CCL20, CCLZ23,
< 0.
GO_BP ERK1 and ERK2 cascade EPO, VEGFA 0.05
GO:0070098 Chemokine-mediated CCL20, CCL23, < 005
signaling pathway CXCLS '
. . CCL20, CCLZ23,

: < 0.
GO:0030593 Neutrophil chemotaxis CXCLS 0.05
GO:0071347 Cellular response to CCL20, CCL23, <005
interleukin-1 CXCLS '

. CCL20, CCLZ23,
GO:0006954 Inflammatory response CXCLS, ILI7C < 0.05

. CCL20, CCLZ23,

: < 0.
GO:006935 Chemotaxis CXCLS 0.05
GO:0071356 Cellular response to CCL20, CCL23, <005
tumor necrosis factor CXCLS '

) CCL20, CCLZ23,
GO:0006955 Immune response CXCLS, CSF3 < 0.05
GOIOO509I?O Induction of positive CXCLS, VEGFA <005
chemotaxis

. . . CCL20, CCLZ23,
GO:0007267 Cell-cell signaling 11170 < 0.05

CCL20, CCLZ23,
GO:0007165 Signal transduction CXCLS8, EPO, < 0.05
SKAP2

GO:0035584 Calcium-mediated

signaling using intracellular calcium CCL20, FISI < 0.05
source

GO:0048247 Lymphocyte chemotaxis CCL20, CCL23 < 0.05
GO:0002548 Monocyte chemotaxis CCL20, CCL23 < 0.05
GO:1901215 Negative regulation of CSE3, EPO <005

neuron death

,13,



Table 3B. Gene Ontology Terms of Differentially Expressed Genes According

to the Presence of Fetal Growth Restriction (continued)

Category Term Gene names p value

GO:0008285 Negative regulation CCL23, CXCLS,
of cell proliferation SKAP2

CCL20, CCLZ3,
CXCLS, TIMPS,
COLY9AI, CSF3,
EPO, GZMB,
1LI7C, PONS,
SCG3, VEGFA

CCL20, CCL23,
CXCLS, TIMPS3,
. WFIKKNZ,
GO:0005615 Extracellular space COLIAL, CSF3, < 0.05
EPO, IL17C,

PON3, VEGFA
TIMP3, COL9AI,
VEGFA

. . . CSF3, EPO,
GO_MF  GO:0005125 Cytokine activity [LI7C, VEGFA < 0.05

. . .. CCL20, CCL23,
GO:0008009 Chemokine activity CYCLS < 0.05

CCLZ23, CXCLS,
VEGFA

GO:0008191 Metalloendopeptidase TIMPS3,
inhibitor activity WFIKKNZ

GO:0048020 CCR chemokine
receptor binding

GO_BP < 0.05

GO_CC  GO:0005576 Extracellular region < 0.05

GO:0031012 Extracellular matrix < 0.05

GO:0008201 Heparin binding < 0.05
< 0.05

CCL20, CCL23 < 0.05

Abberviations: BP, biological process; CC, cellular component; GO, gene ontology;

MEF, molecular function.
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— Control group 1T FGR group R |

Figure 1. Heatmap showing the identified differentially expressed genes
between the fetal growth restriction (FGR) and control groups

in the amniotic fluid of women with preeclampsia.
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Figure 2. Protein-protein interaction network composed of 16 nodes.
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Figure 3. Identified 6 hub genes.

_17_



4. Discussion

PE is a major cause of both maternal and fetal morbidity and
mortality and is traditionally considered a consequence of abnormal
placental implantation (18). Inadequate remodeling of the spiral arteries
during placental implantation results in failure to lower the resistance of
the uterine circulation and leads to high maternal blood pressure and
hypoperfusion of the placenta (19). Mechanical stress may result in
maternal organ damage, including systemic endothelial damage and FGR
(20). To date, PE treatment mainly focused on regulating maternal blood
pressure (21). However, accumulating evidence reveals that PE is a
metabolic rather than a mechanical disorder (22, 23). Similarly, recent
studies have focused on aberrant cytokine production in PE, and the
evidence supports the hypothesis that abnormal cytokine expression
plays a key role in the development and manifestation of PE (24-27).
However, the molecular mechanisms underlying PE remain unclear.

In the present study, we analyzed the AF of 21 PE women with FGR
and 25 PE women without FGR, and identified six hub genes (CCL20,
CSF3, EPO, VEGFA, ILI7C, and GZMB) from 16 overexpressed
proteins in the AF of PE women with FGR. The proteins encoded by
these genes are mainly involved in cytokine-cytokine receptor
interactions. CCL20 is a chemokine ligand (28) which regulates the
inflammatory reaction by recruiting regulatory T cells and Thl7 cells
(29, 30). Wang et al. reported that CCL20 is upregulated in the late and
early pregnancy plasma of patients with PE, and concluded that CCL20
might be a novel potential predictive and diagnostic biomarker of PE

(31). EPO regulates red blood cell production (32). Hypoxic events

,18,



induce renal EPO-producing cells, leading to increased plasma EPO
levels to promote erythropoiesis (33). There are studies reporting results
consistent with findings that the EPO level is elevated in AF in PE or
FGR (34, 35). IL-17 plays a key role in T-cell activation. IL-17 mainly
regulates the Innate immunity against pathogens by promoting
neutrophilic inflammation (36). Excessive IL-17 activity leads to
autoimmune and inflammatory diseases (37). Lu et al. reported that
IL-17 levels were elevated in both the maternal serum and placenta in
women with PE (38). VEGF is produced by various cells, and mainly
involves in angiogenesis (39). Interestingly, Sahay et al. reported that
VEGF levels were higher in the control group than in the PE group
(40). However, there are reports that VEGF levels are increased in the
maternal serum and AF of patients with PE (41, 42). CSF3 is known to
play a key role in embryo implantation and placental development;
however, to the best of our knowledge, there are no reports of CSF3
level changes in the AF of women with PE (43, 44). Sheikh et al.
reported that GZMB miRNA was frequently differentially expressed in
screening studies of PE (45). These studies showed that the six hub
genes identified in our study were overexpressed in PE compared with
normal conditions. Our study has a strong point in that it compared the
AF of PE patients with FGR to that of PE patients without FGR. This
condition is a manifestation of severe or uncontrolled PE. Taken
together, these cytokines, encoded by 6 hub genes from 16 upregulated
genes In the FGR group, were upregulated when exposed to certain
conditions such as hypoxia, oxidative stress, and inflammatory stress.
Likewise, in the AF of uncontrolled PE with FGR, in which the fetus is
in a hypoxic state with exposure to oxidative stress and exXcessive

inflammation, cytokines such as CCL20, CSF3, EPO, VEGFA, IL17C and
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GZMB can be amplified. Moreover, this is the first study to report that
CSE3 levels are increased in the AF of women with PE and FGR.
Therefore, large-scale studies are warranted to validate our findings.
According to our study results, changes in expression levels of CCL20,
CSF3, EPO, VEGFA, IL1I7C and GZMB in AF may be novel potential
biomarkers of PE with FGR, and may provide new insights into the

pathophysiology of PE and FGR caused by PE.
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5. Summary

PE is a major cause of both maternal, fetal morbidity and FGR. To
investigate the molecular effect of PE on FGR, I analyzed the molecular
profile of cytokines in the AF of women with PE according to the
presence or absence of FGR.

In conclusion, I identified 16 differentially expressed proteins in the
AF of women with PE according to the presence of FGR.

Moreover, six hub genes (CCL20, CSF3, EPO, VEGFA, ILI7C and
GZMB) were overexpressed in the FGR group, and these genes were
mainly involved in cytokine-cytokine receptor interactions. These
upregulated 6 hub genes may serve as novel biomarkers of PE with
FGR. Further investigation i1s warranted to validate the results of our
study, but they may contribute to a better understanding of the
pathogenesis of FGR in women with PE.

,21,



References

. Vest AR, Cho LS: Hypertension in pregnancy. Curr Atheroscler Rep
2014; 16(3): 395.

. Lindheimer MD, Umans JG: Explaining and predicting preeclampsia.

N Engl J Med 2006; 355(10): 1056-8.

. Ghulmiyyah L, Sibai B: Maternal mortality from preeclampsia/
eclampsia. Semin Perinatol 2012; 36(1): 56-9.

. Takahashi M, Makino S, Oguma K, Imai H, Takamizu A, Koizumi
A, et al:. Fetal growth restriction as the initial finding of
preeclampsia 1s a clinical predictor of maternal and neonatal

prognoses: a single—center retrospective study. BMC Pregnancy

Childbirth 2021; 21(1): 678.
. Rana S, Lemoine E, Granger JP, Karumanchi SA: Preeclampsia:
Pathophysiology, Challenges, and Perspectives. Circ Res 2019; 124(7):

1094-112.

. Duley L: The global impact of pre-eclampsia and eclampsia. Semin

Perinatol 2009; 33(3): 130-7.

. Roberts JM, Escudero C: The placenta in preeclampsia. Pregnancy
Hypertens 2012; 2(2): 72-83.

,22,



10.

11.

12.

13.

14.

da Cunha Castro EC, Popek E: Abnormalities of placenta
implantation. APMIS 2018; 126(7): 613-20.

. Vahanian SA, Vintzileos AM: Placental implantation abnormalities: a

modern approach. Curr Opin Obstet Gynecol 2016; 28(6): 477-84.

Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF, et
al.: Circulating angiogenic factors and the risk of preeclampsia. N

Engl J Med 2004; 350(7): 672-83.

Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, et al:
Excess placental soluble fms-like tyrosine kinase 1 (sFltl) may

contribute to endothelial dysfunction, hypertension, and proteinuria in

preeclampsia. J Clin Invest 2003; 111(5): 649-58.

Romero R, Chaiworapongsa T: Preeclampsia: a link between
trophoblast dysregulation and an antiangiogenic state. J Clin Invest
2013; 123(7): 2775-7.

Gordijn SJ, Beune IM, Thilaganathan B, Papageorghiou A, Baschat
AA, Baker PN, et al: Consensus definition of fetal growth

restriction: a Delphi procedure. Ultrasound Obstet Gynecol 2016;
48(3): 333-9.

Romo A, Carceller R, Tobajas J: Intrauterine growth retardation
(IUGR): epidemiology and etiology. Pediatr Endocrinol Rev 2009; 6
Suppl 3: 332-6.

,23,



15.

16.

17.

18.

19.

20.

21.

22.

Shrivastava D, Master A: Fetal Growth Restriction. J Obstet
Gynaecol India 2020; 70(2): 103-10.

Mecacci F, Avagliano L, Lisi F, Clemenza S, Serena C, Vannuccini
S, et al.. Fetal Growth Restriction: Does an Integrated Maternal
Hemodynamic-Placental Model Fit Better? Reprod Sci 2021; 28(9):
2422-35.

Hodgins S: Pre—eclampsia as Underlying Cause for Perinatal Deaths:

Time for Action. Glob Health Sci Pract 2015; 3(4): 525-7.

Yagel S, Verlohren S: Role of placenta in development of
pre—eclampsia: revisited. Ultrasound Obstet Gynecol 2020; 56(6):
803-8.

Kalafat E, Thilaganathan B: Cardiovascular origins of preeclampsia.

Curr Opin Obstet Gynecol 2017; 29(6): 383-9.

Burton GJ, Redman CW, Roberts JM, Moffett A: Pre-eclampsia:
pathophysiology and clinical implications. BM]J 2019; 366: 12381.

Magee LA, Smith GN, Bloch C, Coté AM, Jain V, Nerenberg K, et
al.. Guideline No. 426: Hypertensive Disorders of Pregnancy:
Diagnosis, Prediction, Prevention, and Management. J Obstet Gynaecol

Can 2022; 44(5): 547-71.

Wolf M, Sandler L, Munoz K, Hsu K, Ecker JL, Thadhani R: First

trimester insulin resistance and subsequent preeclampsia: a

,24,



23.

24.

25.

26.

21.

28.

prospective study. J Clin Endocrinol Metab 2002; 87(4): 1563-8.

Hu M, Li J, Baker PN, Tong C: Revisiting preeclampsia: a metabolic
disorder of the placenta. FEBS J 2022; 289(2): 336-54.

Wang CN, Chang SD, Peng HH, Lee YS, Chang YL, Cheng P]J, et
al.. Change in amniotic fluid levels of multiple anti—angiogenic
proteins before development of preeclampsia and intrauterine growth

restriction. J Clin Endocrinol Metab 2010; 95(3): 1431-41.

Cho HY, Cho Y, Shin Y], Park J, Shim S, Jung Y, et al.: Functional
analysis of cell-free RNA wusing mid-trimester amniotic fluid
supernatant in pregnancy with the fetal growth restriction. Medicine

(Baltimore) 2018; 97(2): e9572.

Udenze I, Amadi C, Awolola N, Makwe CC: The role of cytokines
as inflammatory mediators in preeclampsia. Pan Afr Med J 2015; 20:
219.

Stefanska K, Zielinski M, Jankowiak M, Zamkowska D, Sakowska ],
Adamski P, et al.: Cytokine Imprint in Preeclampsia. Front Immunol

2021; 12: 667841.

Baba M, Imai T, Nishimura M, Kakizaki M, Takagi S, Hieshima K,
et al.. Identification of CCR6, the specific receptor for a novel
lymphocyte—-directed CC chemokine LARC. J Biol Chem 1997,
272(23): 14893-8.

,25,



29.

30.

31.

32.

33.

34.

Li Q, Laumonnier Y, Syrovets T, Simmet T: Recruitment of CCR6
—expressing Thl7 cells by CCL20 secreted from plasmin-stimulated
macrophages. Acta Biochim Biophys Sin (Shanghai) 2013; 45(7):
593-600.

Yamazaki T, Yang XO, Chung Y, Fukunaga A, Nurieva R, Pappu B,
et al.. CCR6 regulates the migration of inflammatory and regulatory

T cells. J Immunol 2008; 181(12): 8391-401.

Wang X, Yip KC, He A, Tang J, Liu S, Yan R, et al.: Plasma Olink
Proteomics Identifies CCL20 as a Novel Predictive and Diagnostic
Inflammatory Marker for Preeclampsia. J Proteome Res 2022; 21(12):
2998-3006.

Kaneko H, Katoh T, Hirano I, Hasegawa A, Tsujita T, Yamamoto
M, et al.. Induction of erythropoietin gene expression in epithelial
cells by chemicals identified in GATA inhibitor screenings. Genes

Cells 2017; 22(11): 939-52.

Suzuki N, Hirano I, Pan X, Minegishi N, Yamamoto M: Erythropoietin
production in neuroepithelial and neural crest cells during primitive

erythropoiesis. Nat Commun 2013; 4: 2902.

Teramo KA, Hiillesmaa VK, Schwartz R, Clemons GK, Widness JA:
Amniotic fluid and cord plasma erythropoietin levels in pregnancies
complicated by preeclampsia, pregnancy-induced hypertension and

chronic hypertension. J Perinat Med 2004; 32(3): 240-7.

,26,



3.

36.

37.

38.

39.

40.

41.

Seikku L, Rahkonen L, Tikkanen M, Himaildainen E, Rahkonen P,
Andersson S, et al. Amniotic fluid erythropoietin and neonatal
outcome in pregnancies complicated by intrauterine growth restriction
before 34 gestational weeks. Acta Obstet Gynecol Scand 2015; 94(3):
288-94.

Zenobia C, Hajishengallis G: Basic biology and role of interleukin-17
in immunity and inflammation. Periodontol 2000 2015; 69(1): 142-59.

Shabgah AG, Fattahi E, Shahneh FZ: Interleukin—-17 in human
inflammatory diseases. Postepy Dermatol Alergol 2014; 31(4): 256-61.

Lu D, Peng Q, Chen D, Chen X, Jiang M: Expression imbalance of
IL-17/IL-35 in peripheral blood and placental tissue of pregnant

women in preeclampsia. Taiwan J Obstet Gynecol 2020, 59(3):
409-14.

Shibuya M: Vascular Endothelial Growth Factor (VEGF) and Its
Receptor (VEGFR) Signaling in Angiogenesis: A Crucial Target for
Anti- and Pro-Angiogenic Therapies. Genes Cancer 2011; 2(12):
1097-105.

Sahay AS, Jadhav AT, Sundrani DP, Wagh GN, Mehendale SS,
Chavan-Gautam P, et al.. VEGF and VEGFRI1 levels in different
regions of the normal and preeclampsia placentae. Mol Cell Biochem

2018; 438(1-2): 141-52.

Lee ES, Oh M]J, Jung JW, Lim JE, Seol HJ, Lee K], et al.. The

,2’7,



42.

43.

44,

45.

levels of circulating vascular endothelial growth factor and soluble
Flt-1 in pregnancies complicated by preeclampsia. ] Korean Med Sci

2007; 22(1): 94-8.

Lee SE, Kim SC, Kim KH, Yoon MS, Eo WK, Kim A, et al:
Detection of angiogenic factors in midtrimester amniotic fluid and

the prediction of preterm birth. Taiwan ] Obstet Gynecol 2016;
55(4): 539-44.

Robertson SA, Seamark RF: Granulocyte-macrophage colony stimulating
factor (GM-CSF): one of a family of epithelial cell-derived cytokines
in the preimplantation uterus. Reprod Fertil Dev 1992; 4(4): 435-48.

Smith A, Witte E, McGee D, Knott J, Narang K, Racicot K: Cortisol
inhibits CSF2 and CSF3 via DNA methylation and inhibits invasion

in first-trimester trophoblast cells. Am J Reprod Immunol 2017;

78(5): 10.

Sheikh AM, Small HY, Currie G, Delles C: Systematic Review of
Micro-RNA Expression in Pre-Eclampsia Identifies a Number of
Common Pathways Associated with the Disease. PLoS One 2016;
11(8): e0160808.

,28,



Profiling of Cytokines Associated with
Fetal Growth Restriction in Amniotic Fluid

from Women with Uncontrolled Preeclampsia
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(Supervised by Professor Kim, Shin)

(Abstract)

Preeclampsia (PE), a hypertensive disorder that occurs during
pregnancy, is associated with chronic immune activation resulting in
increased production of inflammatory cytokines. Although the frequency
of fetal growth restriction (FGR) is higher in PE, the pathophysiology of
FGR in PE is still not clear. To investigate the molecular effect of PE
on FGR, I analyzed the molecular profile of cytokines in the amniotic
fluid (AF) of women with PE according to the presence of FGR.

An observational cohort study was conducted using amniotic fluids
collected from January 2017 to May 2022, provided by the Keimyung
Human Bio—Resource Bank. Among a total of 46 pregnant women with

PE, the FGR group consisted of 21 women and the control group

,29,



consisted of 25 women. Amniotic fluids were analyzed using proximity

extension assay (PEA) technology (Olink Explore 384 Inflammation I

panel) for the discovery of potential protein biomarkers.

This study identified 16 differentially expressed proteins in amniotic

fluid between the FGR group and the control group. Moreover, among

the 16 upregulated cytokines in the AF of the FGR group, six hub

genes (CCL20, CSF3, EPO, VEGFA, ILI7C, and GZMB) were

identified, which are involved in cytokine-cytokine receptor interaction.
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Extension Assay(PEA)7]%< ©]&3 Olink Explore 384 Inflammation I
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