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Abstrak

Preeklampsia adalah hipertensi pada kehamilan yang berhubungan dengan 2% sampai 8% komplikasi kehamilan di
seluruh dunia. Preeklampsia didiagnosis bila tekanan darah > 140/90 mmHg setelah usia kehamilan 20 minggu pada
dua kali pemeriksaan dengan selang waktu minimal 4 jam atau > 160/100 mmHg dalam interval pendek. Beberapa
biomarker telah diidentifikasi. Salah satunya adalah placental growth factor (PIGF) yang merupakan bagian dari faktor
pertumbuhan endotel vaskular. Biomarker ini terlibat dalam aktivasi sel yang berasal dari sumsum tulang, stimulasi
endotel, dan angiogenesis patologis. Beberapa jalur pensinyalan terlibat dalam preeklampsia, seperti jalur pensinyalan
JAK-STAT. Penelitian ini bertujuan untuk meninjau karakteristik biomolekular PIGF sebagai parameter pada
preeklampsia.

Kata kunci: preeklampsia, faktor pertumbuhan plasenta, bioinformatika

Abstract

The role of placental growth factor as a parameter in preeclampsia: a review of its biomolecular characteristics.
Preeclampsia is hypertensive disorder in pregnancy related to 2% to 8% of pregnancy-related complications
worldwide. Preeclampsia is diagnosed when blood pressure > 140/90 mmHg after 20 weeks of gestation on two
occasions at least 4 hours apart or > 160/100 mmHg in a short interval. Several biomarkers have been identified. One
of them is placental growth factor (PIGF) which is a member of the vascular endothelial growth factor family. It is
involved in bone marrow- derived cell activation, endothelial stimulation, and pathological angiogenesis. Several
signaling pathways involve in preeclampsia, such as JAK-STAT signaling pathway. This study aims to review the
biomolecular characteristics of PIGF as a parameter in preeclampsia.

Keywords: preeclampsia, placental growth factor, bioinformatics

1. INTRODUCTION
Preeclampsia a common and serious
hypertensive  disorder  in  pregnancy,

(PGF) is a part of VEGF-like family coded
in 14g24.3, spanning 13.7 kilobases long.>”’

responsible for one-tenth of maternal mortality
in Africa, Asia; up to 25% of maternal
mortality in Latin America is associated
hypertension in pregnancy. Preeclampsia is
mainly diagnosed in clinical sense: blood
pressure above 140/90 mmHg in the second
half of pregnancy and proteinuria (more than
300 mg/24 h urine protein).t?

Some potential markers of preeclampsia are
hCG, INHA, PAPPA, PGF, and sFlt-1, with
PGF showing most consistent predictor across
different studies.®>* Placental Growth Factor

PGF acts as growth factor and involved in
positive regulation of cellular proliferation.®’
PGF acts as growth factor controlling
trophoblast growth and differentiation during
invasion to decidua.® In preeclampsia and
IUFGR, significantly lower serum PGF level
is observed.!® Therefore, we aim to bring
shine the light to PGF, based on
bioinformatics, the biomolecular
characteristics of PGF gene and its
physiological role.
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2. METHOD

FASTA of PGF gene and PGF protein was
obtained from NCBI GenBank (gene ID: 5228;
NC_00014.9; NP_003864.2). Physiochemical
properties of PGF were conducted on
ProtParam and ProtScale. Protease activity
prediction was performed on PeptideCutter.
Prediction of transmembrane helices of PGF

3. RESULTS

Although the official name of gene

enco
ding [ 74203951

was conducted in TMHMM-2.0. The
location of target protein was conducted on
TargetP. The pathway analysis of PGF was
conducted on KEGG Pathway.

PGFL; PIGF; PLGF; PIGF-2; D1251900; and
SHGC-10760. The PGF is identified in
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wth factor is PGF, PGF has few aliases:

number:; 5228.

Figure 1. location of PGF gene

Current (at the time of writing) accession
version of PGF numbered NC_000014.9. PGF
is located in chromosome 14g24.3 in human.®

Highest expression of PGF is in placenta, as
can be expected, then followed by thyroid
gland and prostate as distant third. Study of

« Project title: HPA RNA-seq normal tissues

PGF expression was performed with 95
individuals tissue samples (representing 27
different tissues) (BioProject no. PRJIEB4337,
April 2018). Placental expression of PGF is
highest, with mean of 36.087 + 24.433 RPKM
in 4 samples.

« Description: RNA-seq was performed of tissue samples from 95 human individuals representing 27 different tissues in order to determine tissue-specificity of all protein-

coding genes
* BioProject: PRJEB4337
* Publication: PMID 24309898
* Analysis date: Wed Apr 4 07:08:55 2018
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Figure 2. Expression of PGF Across Different Organs

Thyroid expressed PGF at 23.087 + 14.075
RPKM in 4 samples, while prostate expressed
PGF at 4.641 £ 2.926 RPKM in 4 samples.

Other tissues expressing PGF is adrenal,
appendix, brain, colon, duodenum,
endometrium, esophagus, fat, gallbladder,
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heart, kidney, liver, lung, lymph node, ovary, stomach, testis, and urinary bladder.®
salivary gland, skin, small intestine, spleen,

mpvmrlfpctf lgllaglalp avppgwalsa gngssevevv pfgevwgrsy cralerlwvdv
vseypseveh mfspscvsll rctgccgden lhovpwvetan vitmgllkirs gdrpsyvelt
fsghvrcecr plrekmkper rrpkgrgkrr rekgrptdch lcgdavprr

Figure 3. FASTA sequence of PGF protein (NP_002623.2)

The PGF expressed into PGF protein. can be conducted. First, we determined the
Current accession version of PGF at the time theoretical physical and chemical properties of
of writing is NP_002623.2 and the sequence PGF. In this regard, ProtParam was used. Input
can be found above. From the available of FASTA sequence of PGF yielded results
sequence information, the next step of analysis shown below.

Figure 4. Composition of PGF

Number of amino acids: 169
Molecular weight: 19218.34
Theoretical pI: 8.96

Amino acid composition: | CSV format

Ala (A) 8 A.7%
arg (R) 2@ 11.8%
Asn (N) 3 1.8%
Asp (D) 5 3.0%
cys (C) 11 6.5%
Gln (Q) 6 3.6%
Glu (E) 14 8.3%
Gly (G) 1e 5.9%
His (H) 4 2.4%
Ile (I) 1 0.6%
Leu (L) 17 10.1%
Lys (K) 6 3.6%
Met (M) 5 3.0%
Phe (F) 5 3.0%
Pro (P) 15 8.9%
ser (s) 12 7.1%
Thr (T) 5 3.0%
Trp (W) 2 1.2%
Tyr (Y) 3 1.8%
val (v) 17 10.1%
Pyl (0) @ ©.0%
sec (U) 5] e.0%

(B) @ ©.0%

(z) e 0.0%

(X) o 0.0%

Total number of negatively charged residues (Asp + Glu): 19
Total number of positively charged residues (Arg + Lys): 26
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Atomic composition:

Carbon C 832
Hydrogen H 1344
Nitrogen N 254
Oxygen 0 237
Sulfur S 16

Formula: Cg3sHi344N3540737516
Total number of atoms: 2683

Extinction coefficients:

Extinction coefficients are in units of

Ext. coefficient 16095
Abs 0.1% (=1 g/1)

Ext. coefficient 15470
Abs 0.1% (=1 g/1)

Estimated half-life:

1

MLl cml, at 280 nm measured in water.

0.838, assuming all pairs of Cys residues form cystines

0.805, assuming all Cys residues are reduced

The N-terminal of the sequence considered is M (Met).

The estimated half-life is: 3@ hours (mammalian reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).

Instability index:

The instability index (II) is computed to be 74.81

This classifies the protein as unstable.

Aliphatic index: 75.44

Grand average of hydropathicity (GRAVY): -0.385

Figure 5. Expected Chemical Properties of PGF

ProtParam analysis showed PGF was
formed by 169 amino acids, with estimated
weight of 19.2 kDa. The estimated isoelectric
point (pl) of PGF is 8.96, resulting from
combination of both negatively charged
residues (aspartic acid and glutamine: 19) and
positively charged residues (arginine and
lysine: 26). The main constituting amino acids
of PGF is arginine (11.8%), followed by
leucine and valine at equal terms (10.1%).

Molecular formula of PGF is expected to be
C832H1344N2540237S16 with  estimated
half-life of PGF is around 30 hours in
mammalian reticulocytes. The predicted
extinction coefficient at 280 nm in water is
16,095 M-1cm-1 (15479 M-1cm-1 when all
cysteine residues are reduced). The predicted
instability index is 74.81 (thus, classified as
unstable protein).
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Figure 6. Hydrophobicity Analysis of PGF with ProtScale
The hydrophobicity analysis was conducted Similar  method was utilized with
using ProtScale. The simulated data showed ProtParam: FASTA sequence was pasted into

hydropathy ranged from -3.822 to 2.111 and the input area.
shown with Kyte-Doolittle Plot.
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Figure 7. Peptide Cutter Prediction of Proteinases Activity
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Analysis of predicted protease activity was
conducted on PeptideCutter. Highest predicted
possible number of cleavages come from
proteinase K (72 cleavages), followed by
thermolysin (39 cleavages), low- specificity
chymotrypsin (31 cleavages). Other possible

proteinases include Arg-C proteinase, Asp-N
endopeptidase, Asp-N endopeptidase with N-
terminal glutamine, high-specificity
chymotrypsin, clostripain, glutamyl
endopeptidase, pepsin  (at pH 1.3),
staphylococcal peptidase I, and trypsin.

TMHMM result

WEBSEQUENCE Length: 169

WEBSEQUENCE Exp number,

EBSEQUENCE TMHMM2 . 0

#

# WEBSEQUENCE Number of predicted TMHs:
# WEBSEQUENCE Exp number of AAs in TMHs:
# first 60 AAs:
# WEBSEQUENCE Total prob of N-in:

W

.28871
.28871
-.03741
outside & 169

[eNeNeNo

TMHMM posterior probabilities for WEBSEQUENCE

probability
Q
o

20 40 680
transmembrane

80 100 120 140 160

inside outside

# plot in postscript, script for making the plot in gnuplot, data for plot

Figure 8. predicted Transmembrane Helices of PGF

Afterwards, we conducted prediction of
PGF transmembrane location using TMHMM-
2.0. Our result predicted zero transmembrane
helix (TMH) of PGF. Our result also predicted
that < 1 amino acid is located in
transmembrane helices, with < 1 of first 60
amino acids are located in transmembrane
region. Total probability of N-terminus of PGF

Protein type Other

Likelihood 0.0042  0.9951

Signal peptide

to be located in transmembrane region is very
slight (0.03741). Overall, TMHMM-2.0
predicted that all 169 amino acids of PGF are
located outside of cells, in accordance with our
knowledge that PGF is known soluble growth
factor5,7. To further confirm our suspicion, we
conducted analysis of PGF role with TargetP-
2.0.

Mitochondrial transfer peptide

0.0008

Figure 9. Predicted Role of PGF

The probable function of PGF was analyzed
with TargetP-2.0. From available protein
sequence data, the PGF protein very highly

likely serves as signal peptide (0.9951). This is
in accordance with our knowledge, where PGF
serves as soluble growth factor.>’
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Figure 10. AlphaFold Predicted Structure of PGF

Structural simulation of PGF protein was amino acids and structured in similar way with
shown above. The data was taken from VEGF, acting on same receptors.
AlphaFold database. The PGF consists of 169
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The PGF is a known growth factor in
placental development. It is known that PGF
acts in JAK/STAT pathway® and has been
pictured above (originally from KEGG
Pathway). Highlighted yellow part shows
growth factors, including PGF, acts on its
receptors, invoking JAK pathway through
STAT into DNA and acts on cell cycle. The
STAT pathway can also involve MAPK and
PIBK-AKT  to  regulate  proliferation,
differentiation, and survival of the cell.®

4. DISCUSSION

Preeclampsia is  common,  serious
hypertensive disorder in pregnancy affecting
approximately 5%. Around 10% of maternal
mortalities in Africa and Asia came from
preeclampsia. Meanwhile, around a quarter of
maternal mortalities in Latin America is
associated  with  hypertension  during
pregnancy. Preeclampsia is associated with
increased blood pressure (in excess of 140/90
mmHg) in later half of pregnancy and
proteinuria in excess of 300 mg/24 h.
Preeclampsia is considered as one of the three
leading causes of maternal and fetal mortality
and/or related complications.!  Screening
criteria of preeclampsia diagnosis are: systolic
blood pressure > 140 mmHg and/or diastolic
blood pressure > 90 mmHg from two
measurements at least 4 hours apart, or shorter
interval of systolic blood pressure > 160
mmHg or diastolic blood pressure > 110
mmHg. the increased blood pressure must be
first identified after 20 weeks of gestation to
qualify as preeclampsia.®

Although  preeclampsia is commonly
sporadic (and sporadically common), genetic
factors are thought to play a role in disease
susceptibility. More than 70 candidate
preeclampsia-related genes have  been
studied.®” In addition, biomarkers, such as
hCG, INHA, PAPPA, PGF, and sFlt-1 have
been widely investigated as predictors for
adverse outcomes.>*!! In one example,
measurement of maternal serum PGF and
PAPP-A, in combination with known maternal
risk factors (i.e., maternal age, obesity,

hypertension, family health history, etc.) and
uterine artery measures by Doppler ultrasound,
is able to detect 95% of early- onset
preeclampsia (< 34 weeks) with a 5% false
detection rate in a Caucasian population.
Despite the promising result, these risk factors
can vary by population. Among different
studies, maternal serum PGF level has been
shown to be the most consistent predictor for
preeclampsia.®

PGF is a member of VEGF family,
containing 75.13 kb6,7. The human PGF is
located in chromosome 14q24.3; the analogue
gene of the mouse is located on chromosome
12gD. Both genes are formed by seven exons
spanning 13.7 kb in human and 10.4 kb in
mouse exclusive of the upstream and
downstream regulatory sequences. The name
itself, placental growth factor, refers to
placenta since the gene was first cloned from a
human placental cDNA library.® The PGF
codes PGF; a protein located in extracellular
region and active in extracellular space. PGF
in circulation enables its action as a growth
factor and is involved in positive regulation of
cell proliferation.>’

Alternative splicing of the PGF yields three
different isoforms of the mature human PGF
protein. The two predominant forms, PGF-1
and PIGF-2 (also known as PIGF-131 and
PIGF-152, respectively), differ only by the
insertion of a highly basic 21-amino acid
stretch at the carboxyl end of the protein. This
additional basic region allows PGF-2 to bind
heparinl. Alternative splicing of PGF encodes
four isoforms: PGF 1-4, composed by 131,
152, 203, and 224 amino acids after the
removal of signal peptide (18 amino acids
residues in length), respectively. The primary
difference between the four isoforms is that
PGF-1 and PGF-3 are non-heparin binding
diffusible isoforms, while PGF-2 and PGF-4
have additional (highly basic 21 amino acids)
heparin binding domains. The PGF-1 dimer
consists of two a-helices and seven B-strands
per monomer, which are covalently linked by
two inter-chain disulphide bonds in an anti-
parallel fashion. Structural and mutagenesis
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analyses indicated that two negatively-
charged residues located in the B3-p4 loop
(Asp72 and Glu73) are critical for receptor
binding. Other residues crucial for receptor
recognition are located in the N-terminal o-
helix as well as on the 6 strand. The mutation
of one (Asn84) of the two glycosylated
residues of PGF reduced binding activity,
indicating that, unlike VEGF-A12,
glycosylation plays an important role in
receptor binding function of PGFs.®

PGF is highly expressed in placenta
throughout all stages of gestation. It has been
proposed to control trophoblast growth and
differentiation, thus suggesting a role for the
protein during invasion of the trophoblast into
the maternal decidua. Immunohistochemistry
analyses revealed the presence of PGF in the
vasculosyncytial membrane and in the large
blood wvessels of the placenta. In-situ
hybridization analysis also reveals the
presence of PGF in the villous trophoblast.
Meanwhile, VEGF-A is expressed in cells of
mesenchymal origin within the chorionic plate
outside placenta cells.®*2

PGF expression is also controlled at a post-
transcriptional level with a mechanism already
described for other growth factors and for
many oncogenes. The 5’ untranslated region of
PGF mRNA contains a small open reading
frame, potentially coding for a short peptide
(13/15 amino acids in human and five amino
acids in mouse), whose deletion or mutation of
potential initiator codons,  substantially
increase PGF expression.®

PGF is proposed to regulate vascular
development and trophoblast growth and
differentiation. Unlike VEGF, which is
required for angiogenesis and endothelial cell
maintenance, PGF is redundant for vascular
development and selectively binds Flt-1/sFlt- 1
(soluble FMS-like tyrosin Kinase-I). in this
regard, sFlt-1 acts as binding protein, reducing
free PGF able to impart its action on VEGFR
receptors.>t3*  PGF is necessary for
stimulating endothelial cell growth, migration,
and survival and plays a primary role in
pathologic angiogenesis, including in cancer

and tissue ischemia. In normal pregnancy,
serum PGF level significantly increases. In
placenta, PGF is expressed in giant trophoblast
cells and decidua natural Killer cells.® Lower
PGF level in pregnancy significantly predicts
the risk of preeclampsia and IUFGR,
suggesting reduced expression of PGF might
be significant in pathological placenta-related
conditions.8415

In addition to regulation of cellular
proliferation and trophoblast invasion, PGF
also regulates vasodilation of uterine,
myometrial, mesenteric, and subcutaneous
arteries.’® In pregnancy, this effect s
particularly pronounced in uterine arteries,
suggesting PGF contribution towards uterine
vascular remodeling of pregnancy. These
findings are consistent, utero-placental
hypoperfusion and hypertension in
preeclampsia patients is related with lower
plasma PGF level; excessive sFlt-1 release
binds to higher-than-normal amount of PGF,
causing endothelial dysfunction in maternal
tissue.21416

Fusion and differentiation of
trophoblasts ~ occur  through  unknown
mechanisms, but laboratory studies were able
to mimic this process by treating placental
villous explants and choriocarcinoma cell
cultures with cAMP or forskolin. The studies
showed upregulation of PGF by cAMP. In
addition, VEGF expression is also upregulated
by cAMP, although its expression pales in
comparison with PGF expression. The later
result  might  explain non-significant
upregulation of VEGF during syncytialization
process in the cDNA microarray studies.
Circulating VEGF-A and PGF proteins are
detectable in maternal serum as early as 8
weeks’ gestation. Free serum PGF continues to
increase during the course of pregnancy, but
starts to decline at around 29 to 32 weeks of
gestation.®

The cAMP is a strong activator of PGF
expression in human trophoblasts through
activation of PKA .87 Other research indicates
that the main target of PKA in the nucleus is
CREB, which is phosphorylated on 133rd
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serine residue. The serine phosphorylation
allows interaction with the coactivator
CBP/p300 and recruitment of the ternary
transcription complex. Complicating the
matter further, two functional CREs in the
PGF has been identified; both are partly
necessary for CAMP activation for PGF
transcription.’® Overexpression of a CREB-

dominant negative mutant significantly
inhibited  forskolin-induced  upregulation.
Meanwhile, overexpression of wild-type

CREB protein in JEG-3 cells only slightly
increased forskolin-induced PGF. Recent
discovery found GCM1-binding site lays
approximately 230 bp upstream of the CRE
motifs. GCM1 might be a target of PKA, since
it was previously shown that cAMP enhanced
GCML1 transcriptional activity and increased
its interaction with CBP/p300.8:17:18

Interesting candidate ligands that could
increase intracellular cAMP via GPCRs
include calcitonin  gene-related  peptide
(CGRP) and adrenomedullin (AM). Both
molecules are expressed in the placenta and
are known to affect vascular functions. Both
ligands share a common membrane receptor:
the calcitonin receptor-like receptor (CRLR),
which is associated with specific receptor
activity modifying proteins (RAMPSs) and the
G-protein complex8. The major cell signaling
pathways involved during trophoblast invasion
and migration are schematically described in
Figure 10 above. Various mediators that are
responsible for either promoting or inhibiting
invasion/migration of trophoblast cells and

activation of the respective signaling
pathway(s).%1%-2

Mitogen-Activated Protein Kinases
(MAPKS) Signaling Pathway
Ligand-receptor  interaction  activates

receptor tyrosine kinases (RTKs) which
phosphorylate tyrosine residues on the
cytoplasmic  domains of the receptor.
Phosphorylated form of ERKL2 was
significantly higher in invasive trophoblast
cells from normal pregnancy as compared to

invasive trophoblast in placental bed biopsies
from women with preeclampsia.®*°
Phosphoinositide  3-Kinase
Signaling Pathway

PIBK/AKT signaling is associated with a
variety of cellular processes including cell
growth, proliferation, migration, and survival.
After activation of RTKs or G- protein-
coupled receptors (GPCRs), p85 and pll10
subunits of PI3K are recruited to the
membrane, respectively.1%2°

(PI3K)/AKT

JAK-STAT Signaling Pathway

Receptor aggregation by cytokine binding
brings Janus Kkinases (JAKS, receptor-
associated tyrosine kinases) in close proximity,
enabling cross-phosphorylation of JAKs and
cytoplasmic domains of the receptor. These
phosphorylated domains can bind PTB
domains or proteins possessing SH2-like
signal transducer and activator of transcription
(STATs) and phosphorylate them on specific
tyrosine and serine residues (Fig. 11).
Following activation, STATs dissociate from
the respective ligands and translocate to
nucleus as homo- or heterodimers where they
bind to specific promoter sequences of the
targeted genes, thereby regulating their
transcription.®1®

Whnt Signaling Pathway

A recent study has also shown that
canonical Wnt signaling plays a crucial role in
EVT differentiation, promoting motility by
upregulating the expression of promigratory
genes'®?t,  with result of trophoblast
proliferation and invasion in pregnancy.

Focal Adhesion Molecules (FAKs) and
Rho/ROCK Signaling Pathway

FAK signaling can be activated by integrin
clustering, growth factors, and stimulus from
GPCR. FAK has two prominent domains: a
central kinase domain, which binds to integrin
and activate other non- tyrosine receptor
kinase; and c-terminal domain containing focal
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adhesion targeting sequences, which bind
integrin related proteins paxillin and talin.®

Ligand Ligand

Frizzied Integrins

A — T i — M

JAKs ¥ X
” STATI/3/5 , Gprotein
Smad23 - 5 . / Km0 B GAP:
. r PI3K v
ERKS / / SH2 Grhy 2 - GEFy
r ;
STATS GSK3| CKlu
STATS Ras u
STAT3
. STt STAT1
S " RhoA/CT Cde-42
S - Catenin
ROCK  Racl
Stress fiber
formation
Transcription of Transcription of invasion promoting genes Transcription of migration promoting genes
invasion inhibiting genes \ }

Decrease in invasion
and migration
—p Activation
weomvel Pomk inction
== = => Cross
=+ => Not reported

Increase in invasion

Increase in migration

Figure 11. Schematic representation of the signaling pathways activated during the invasion and migration of
trophoblast cells. Various cytokines and growth factors are known to activate Erk12, Akt, and STAT1, STAT3, and
STATS during the process of trophoblast invasion. It has been shown that there is a cross talk between Erkl2 and
STAT1/STATS3 effecting each other’s phosphorylation. Although reports indicate role of JNKs and ERKS5 in placental
development, but they have not been studied in context of trophoblast invasion and migration, whereas p38MAPK isnot
involved. Smad2/3 is activated through TGFR and is known to negatively regulate trophoblast invasion. Wnt3a
stimulates trophoblast cell migration and release of MMP-2, thus may have a role in invasion. FAK activation through
integrin-mediated signaling plays an important role in trophoblast invasion and migration. Activation of FAK by
various growth factors leads to RhoA/Racl/cdc42/ROCK activation and stress fiber formation which increase migration

of trophoblast cells. Cited from: Gupta SK, et al.*°

TGF-beta Superfamily Signaling

Using explants culture of first-trimester
chorionic villi, activin-A but not inhibin-A,
stimulated  the  out-growth  of  the
cytotrophoblast associated with increased
expression of MMP-2 and MMP-9 suggesting
that it has a role in promoting cytotrophoblast
column formation during placentation19,22.

5. CONCLUSION
In short, our study shows relationship

between PGF and preeclampsia by direct or
indirect regulation of angiogenesis. PGF
binding and activation of VEGFR-1 creates
cascade of events necessary for trophoblast

invasion, and disruption of PGF action may
partially explain the preeclampsia.
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