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Background: Gestational hypertension (GH), a hypertensive disorder of pregnancy (HDP), 
is a leading cause of maternal and fetal mortality due to the lack of clarity on its exact 
etiology and clinically feasible prediction models. This study was performed to discover 
novel biomarkers before 20 weeks gestation and thereby construct an early GH prediction 
model.
Methods: This study was designed based on differentially expressed protein screening 
followed by clinical validation. In the screening phase, a nested case-controlled study was 
conducted by plasma proteomic analyses using label-free LC-MS/MS and plasma samples 
from seven pre-GH cases before 20-week gestation and seven age- and gestational week- 
matched controls. In the validation phase, 10 proteins with differential expression in the 
screening phase were validated by ELISA or electrochemiluminescence in an independent 
study consisting of 29 pre-GH cases before 20-week gestation and 29 matched controls.
Results: In the screening phase, 149 proteins were found to be differentially expressed 
between the two groups and were predominantly involved in complement and coagulation 
cascades, platelet degranulation and positive regulation of cell motility. Further validation 
showed that serpin family C member 1 (SERPINC1), serpin family A member 5 
(SERPINA5), complement factor H-related protein 5 (CFHR5), clusterin, cytokeratin 18 
(CK18) and histidine-rich glycoprotein (HRG) levels were significantly higher in women 
who later developed GH compared to women with uncomplicated pregnancies (P<0.05). 
Binary logistic regression analysis was used to determine the combination efficacy of models 
for early prediction of GH. The model with a combination of SERPINC1, CK18 and HRG 
had a significantly better discriminatory power (AUC = 0.91, 95% CI 0.83–0.98) compared 
to the models with those proteins alone as independent predictors of GH.
Conclusion: Plasma levels of SERPINC1, SERPINA5, CFHR5, clusterin, CK18 and HRG 
are potential novel predictive biomarkers of GH, and a prediction model using a combination 
of SERPINC1, CK18 and HRG has good discriminatory performance for GH before 20 
weeks gestation.
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Introduction
Gestational hypertension (GH) is defined as de novo hypertension after 20 weeks 
gestation without proteinuria. GH and preeclampsia (PE) belong to the spectrum of 
hypertensive disorders of pregnancy (HDP) that is a leading cause of maternal and 
fetal morbidity and mortality worldwide.1,2 GH can develop into PE and there are 
important similarities in the causes and pathophysiology of GH and PE, indicating 
that the two disorders represent different stages of the same disease.3,4 HDP can 
cause hematologic, cardiac, hepatic and renal complications in the mother, and fetal 
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growth restriction, prematurity, and low birth weight in the 
fetus. Furthermore, regardless of type, HDP can pose 
serious lifelong health consequences for the pregnant 
woman.5,6

In early onset severe cases, HDP can be life- 
threatening and requires premature delivery of the fetus. 
Therefore, only early identification of women at risk for 
HDP can enable them to get early intervention and inten-
sive antenatal surveillance, thereby preventing serious 
adverse clinical and long-term outcomes. Although the 
exact pathogenesis of HDP remains elusive, the general 
theoretical framework underlying the etiology of PE 
focuses on insufficient spiral artery remodeling due to 
incomplete trophoblast cell invasion and consequent pla-
cental oxidative stress.7–9 This results in placental 
hypoxia and stimulates the liberation of signal factors 
(eg, vasoactive factors, inflammatory cytokines, as well 
as syncytiotrophoblast debris) from the placenta into the 
maternal circulation. So abnormal expression of some 
circulating proteins may contribute to the pathophysiolo-
gical changes related to PE.10 Identification of these pro-
teins will help to clarify the molecular basis of the 
pathogenesis, as well as to discover potential biomarkers 
for early prediction. GH can progress to PE and they may 
share similar etiology.6 Early identification of GH will 
allow a decreased incidence of PE. Most studies have 
been focused on identifying predictive biomarkers of 
HDP or PE, whereas information regarding predictive 
biomarkers of GH alone is much more limited. 
Therefore, in the current study label-free nano-LC-MS 
/MS quantitative proteomics was used to discover the 
key predictive biomarkers related to GH alone and vali-
date their predictive use as biomarkers.

Materials and Methods
All women who had attended antenatal clinic and subse-
quently delivered at Southern Medical University 
Affiliated Maternal and Child Health Hospital of Foshan 
between July 2018 and June 2019 were recruited. This 
study was conducted in accordance with the Declaration 
of Helsinki. The study protocol was approved by the 
institutional ethics committee and written informed con-
sent was obtained from all participants.

GH was defined as de novo systolic blood pressure 
>140 mmHg or diastolic blood pressure >90 mmHg after 
20 weeks gestation without significant proteinuria. Normal 
control subjects were healthy pregnant women with nor-
mal blood pressure, without proteinuria and any medical 

or pregnancy complications. In this study, both cases and 
control pregnant women with one of the following items 
were excluded: multiple pregnancies, in vitro fertilization 
treatment, gynecological disease, trophoblastic disease, 
pre-existing hypertension, gestational diabetes mellitus, 
infectious diseases, and renal or liver disease. Each case 
was matched with one normal control individually for age, 
gestational week and sample collection date in order to 
eliminate the effect of these confounders.

Sample Collection
Peripheral blood samples (3 mL) were collected from 
women before 20 weeks gestation. Plasma was separated 
from blood cells by centrifuging at 3000g for 10 min, 
followed by a second centrifugation 3000g for 10 min, 
clear plasma supernatant was aliquoted, and stored at 
−80°C until required for use.

Label-Free Nano-LC-MS/MS Quantitative 
Proteomic Analysis
Plasma samples of 7 GH cases matched at 1:1 with con-
trols in the screening set were analyzed using label-free 
quantification by nano-LC−MS/MS (Thermo Fisher 
Scientific, Waltham, MA, USA).

Protein Preparation
Plasma samples were homogenised by a homogeniser in 
SDT1 lysis buffer (4% SDS, 100 mM Tris-HCl, 1 mM 
DTT, pH 7.6). Protein extraction was performed by soni-
cation (10 times at 80 W, with 10 s intervals) on ice and 
then boiled for 15 min. Supernatants were filtered 
through 0.22-μm filters, and protein concentration was 
measured using the BCA Protein Assay Kit (Bio-Rad, 
Hercules, CA, USA). These filtrates were stored at 
−80 °C for further analysis. The protein pellets were 
resuspended prior to tryptic digestion, and 100 mM 
HEPES with 100 μL 1% SDC added to the samples and 
vortexed before centrifugation. Then, the samples were 
sonicated in a sonicating water bath for 5 min to solubi-
lize the protein pellet. Trypsin was resuspended to 
a concentration of 0.5 μg/μL in resuspension buffer and 
incubated for 5 min at room temperature. Four micro-
liters of the prepared trypsin solution was then added to 
each sample at a ratio of 1:50 (trypsin: protein). The 
samples were mixed thoroughly before centrifugation 
and incubated overnight at 37°C to achieve complete 
digestion.
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LC-MS Analysis
Three replicates of each sample were analyzed by nano- 
LC–MS/MS. Each sample (1 μg protein/sample) was 
injected onto a 100 μm i.d. × 10 cm reverse-phase C18 
BEH column (Waters, Milford, MA, USA). 
Chromatography was performed using 0.1% formic acid in 
water (solvent A) and 0.1% formic acid in acetonitrile (sol-
vent B). Peptides were eluted from the column using 
a gradient of 3% to 35% solvent B for 90 min. At 140 min, 
the gradient was increased to 95% solvent B and held for 10 
min. At 160 min, the gradient returned to 3% to re-equilibrate 
the column before the next injection. A linear gradient blank 
was run for 50 min between samples to ensure no carry-over. 
Peptides eluting from the column were analyzed by data- 
dependent MS/MS using a Thermo Scientific Q Exactive 
Orbitrap mass spectrometer (Thermo Fisher Scientific, 
Waltham, MA, USA). The top-15 method was used to 
acquire data. Briefly, the instrument settings were as follows: 
resolution, 70,000 for MS scans and 17,500 for the data- 
dependent MS/MS scans to improve the speed; counts, 106 
for MS AGC target and 105 for MS/MS AGC target. The MS 
scan range was 300 to 2000 m/z. MS scans were acquired in 
profile mode and MS/MS were acquired in centroid mode. 
The repeat count for dynamic exclusion was set to 1 with 
a 25 s duration. Internal quality control samples were ana-
lyzed after every 10th sample.

Data Processing
Following LC–MS/MS acquisition, the data and its reverse 
decoy were searched using MaxQuant (version 1.5.6.0), 
against the human protein sequence database 
(UniProt_human_2016_09) at a false discovery cut off ≤1%. 
Trypsin was set as the specific proteolytic enzyme, with two 
maximum missed cleavages allowed. Carbamidomethylation 
was considered as a fixed modification, whereas oxidation (M) 
and acetylation (Protein N-term) were set as variable modifica-
tions. The minimum and maximum peptide lengths were set to 
7 and 4600 amino acids, respectively.

Bioinformatics Analysis
Differentially expressed proteins with a fold change ≥1.1 
(up-regulated or down-regulated) between the two groups 
and the P-value ≤0.1 were considered for further analysis. 
The functional annotation clustering of the differentially 
expressed proteins was performed using Database for 
Annotation, Visualization and Integrated Discovery 
(DAVID) and the Gene Ontology (GO).

Candidate Biomarker Validation
To construct the prediction model, plasma candidate bio-
markers were validated in another 29 GH cases matched at 
1:1 with controls. Interleukin-6 (IL-6) levels were measured 
by electrochemiluminescence using an e411 automatic ana-
lyzer (Roche, La Jolla, CA, USA). Serotransferrin levels 
were measured using an i2000 electrochemiluminescence 
analyzer (Abbott Laboratories, Lake Forest, IL, USA). 
Serpin family C member 1 (SERPINC1), serpin family 
A member 5 (SERPINA5), complement factor H-related 
protein 5 (CFHR5), cytokeratin 18 (CK18), histidine-rich 
glycoprotein (HRG), placenta growth factor (PlGF) and 
soluble fms-like tyrosine kinase 1 (sFlt-1) levels were mea-
sured by human immunoassay (Raybiotech, Norcross, GA, 
USA). Clusterin levels were measured by Human Clusterin 
ELISA kit (Abcam, Cambridge, UK). The OD value was 
read at a wavelength of 450 mm using the Multiskan™ FC 
Microplate Photometer (Thermo Fisher Scientific, Waltham, 
MA, USA). Assays were performed according to the man-
ufacturer’s instructions. All samples were assayed in 
duplicate.

Statistical Analysis
Two group comparisons of categorical variables were per-
formed using chi-square test and continuous variables 
were compared using paired t-tests. The quantitative com-
parison of plasma proteome profile between the two 
groups was analyzed using fold change. Logistic regres-
sion models were used to evaluate the efficacy of the 
construction of combination models for GH and receiver 
operating characteristic (ROC) analysis used to evaluate 
a model’s predictive performance.

Statistical analyses were conducted using SPSS 18.0 
for Windows and GraphPad Prism. P<0.05 was considered 
statistically significant.

Results
Clinical Characteristics
In the screening phase, 286 pregnant women were 
recruited, of which 7 developed GH and satisfied all the 
inclusion and exclusion criteria for the GH group. For the 
differential expression validation, 1050 pregnant women 
were recruited, of which 29 developed GH and satisfied all 
the criteria. GH was associated with adverse pregnancy 
outcomes such as premature rupture of membranes and 
cesarean section (Table 1).
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Candidate Protein Screening
Based on at least two unique peptides, a total of 769 
proteins were identified by LC-MS/MS analysis. 
Through proteomic examination and analyses, it was 
shown that 82 serum proteins were increased, and 67 
were reduced in women who later developed GH after 
20 weeks gestation (pre-GH) compared with controls 
(Supplementary Table 1). SERPINC1, SERPINA5, clus-
terin, CK18, sFlt-1 exhibited the highest fold change 
among the up-regulated proteins, while PlGF exhibited 
the third largest fold change among the down-regulated 
proteins in GH patients compared with controls 
(Supplementary Table 1). The identified 149 differen-
tially expressed proteins were classified according to 
molecular function, cellular component and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
using DAVID and GO annotation. The major groups of 
the identified differentially expressed proteins were 
associated with complement and coagulation cascades 
(15%), platelet degranulation (15%) and positive regula-
tion of cell motility (12.4%) (Figure 1).

Candidate Protein Validation
Among the differentially expressed proteins identified in 
the screening phase, SERPINC1, SERPINA5, clusterin, 
CK18, sFlt-1, and PlGF exhibited the largest fold change, 
and CFHR5, HRG, IL-6 and serotransferrin have known 
effects on vascular endothelial damage, inflammation and 
oxidative stress, respectively (Supplementary Table 1). In 
the differential expression validation phase, the 10 candi-
date proteins were examined in 29 pre-GH cases before 
20 weeks gestation and 29 matched controls. These pro-
tein levels were significantly increased in pre-GH com-
pared with normal pregnant women: SERPINC1 (147.6 
±61.8 vs 88.3±56.1 ng/mL, P<0.001), SERPINA5 
(1544.5±559.9 vs 1297.7±602.9 μg/mL, P<0.05), 
CFHR5 (17.3±4.7 vs 14.1±3.8 ng/mL, P<0.001), clusterin 
(416.5±198.9 vs 337.6±143.8 μg/mL, P<0.01), CK18 
(222.2±246.0 vs 100.4±95.9 pg/mL, P<0.05) and HRG 
(209.1±34.0 vs 166.0±47.5ng/mL, P<0.001). But the 
plasma levels of IL-6, serotransferrin, PlGF and sFlt-1 
did not differ significantly between the two groups 
(Figure 2, Table 2).

Table 1 Characteristics of Pre-GH Patients and Uncomplicated Pregnant Woman as Control

Factors The Screening and Validation Set

n Cohort n Cohort P

Pre-GH (%) Control (%)

Gestational week (weeks) 36 16.8±3.1 36 16.8±3.1 0.963

Demographic characteristics
The Han nationality, n (%) 36 36 (100) 35 35 (100) 1.000

Maternal age (years) 36 30.8±3.9 36 30.7±3.7 0.644

BMI (kg/m2) 36 27.2±3.4 35 26.3±2.7 0.211

Medical history
Family history of DM, n (%) 36 1 (2.8) 35 0 (0) 0.324
Family history of HDP, n (%) 36 1 (2.8) 35 1 (2.9) 0.984

Maternal adverse outcomes
Postpartum anemia, n (%) 36 7 (27.8) 35 2 (5.7) 0.167

PROM, n (%) 36 9 (25) 35 1 (2.9) 0.019

Oligohydramnios 28 4 (14.3) 25 0 (0) 0.149
Umbilical cord around neck, n (%) 36 5 (13.9) 35 6 (17.1) 0.705

Caesarean section, n (%) 36 22 (61.1) 35 0 (0) <0.001

Postpartum hemorrhage, n (%) 36 0 (0) 35 2 (5.7) 0.149
Gestation week of delivery (weeks) 36 39.1±1.2 36 39.3±0.8 0.448

Infants
Birth weight (g) 3094.3±547.7 35 3135.4±341.8 0.694

Notes: Data of continuous variables presented as the mean ± SD were compared using paired t-tests. Data of categorical variables presented as n (%) were compared using 
chi-square test or Fisher’s exact test. Women who later developed GH and women with uncomplicated pregnancies were matched by age and gestational week. 
Abbreviations: GH, gestational hypertension; BMI, body mass index; DM, diabetes disease; HDP, hypertension disorder of pregnancy; PROM, premature rupture of 
membranes.
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Figure 1 Differentially expressed proteins between pre-GH patients and healthy pregnant woman. (A) Volcano plot was used to analyze differentially expressed proteins. 
Gray nodes represent no differentially expressed proteins, red nodes represent upregulated proteins, and blue nodes are downregulated proteins. Fold change ≥1.1 and 
P-value ≤0.10. (B) GO and KEGG enrichment analysis of differentially expressed proteins. The top six significantly enriched GO terms and pathways are represented. (C) 
Network of enriched terms: the intensity of the color represents the size of the P-value (a deeper color indicates a smaller P-value) and the node size represents the number 
of genes (the larger node indicates more genes). 
Abbreviation: FC, fold change.
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Construction of a Predictive Model for 
GH
To examine the efficacy of each validated candidate pro-
tein on potential prediction before 20 weeks gestation, area 
under the curve (AUC), sensitivity and specificity were 
examined. AUC of SERPINC1 was 0.79 (95% CI 0.67– 
0.91) with sensitivity of 0.90 and specificity of 0.66 based 
on the optimal cutoff point; SERPINA5, 0.63 (95% CI 
0.50–0.76) with sensitivity of 0.62 and specificity of 
0.69; CFHR5, 0.71 (95% CI 0.57–0.84) with sensitivity 

of 0.90 and specificity of 0.45; clusterin, 0.62 (95% CI 
0.48–0.74) with sensitivity of 0.38 and specificity of 0.86; 
CK18, 0.75 (95% CI 0.62–0.88) with sensitivity of 1.00 
and specificity of 0.52; and HRG, 0.81 (95% CI 0.68– 
0.93) with sensitivity of 0.83 and specificity of 0.83 for 
GH prediction. A prediction model for GH using 
a combination of SERPINC1, CK18 and HRG was con-
structed according to the logistic regression. The AUC of 
this model increased to 0.91 (95% CI 0.83–0.98) with 
sensitivity of 0.90 and specificity of 0.83 based on the 
optimal cutoff point for GH prediction (Figure 3).

Figure 2 Plasma levels of 10 candidate proteins were validated in 29 pre-GH cases and 29 matched controls before 20 weeks gestation. (A) *P<0.05, **P<0.01, ***P<0.001. 
(B) The levels of IL-6, serotransferrin, PlGF and sFlt-1 did not differ significantly between the two groups. 
Abbreviations: GH, gestational hypertension; SERPINC1, serpin family C member 1; CFHR5, complement factor H-related protein 5; CK18, cytokeratin 18; HRG, 
histidine-rich glycoprotein; SERPINA5, serpin family A member 5; IL-6, interleukin 6; PlGF, placenta growth factor; sFlt-1, soluble fms-like tyrosine kinase 1.

Table 2 Candidate Proteins in the Screening/Validation Set

Protein Screening Set (pre-GH=7) Validation Set (pre-GH=29)

FC P Pre-GH Normal P

SERPINA5 2.06 0.015 1544.5±559.9 1297.7±602.9 μg/mL 0.041
SERPINC1 1.80 0.064 147.6±61.8 88.3±56.1 ng/mL <0.001

CFHR5 1.28 0.100 17.3±4.7 14.1±3.8 ng/mL <0.001

Clusterin 1.91 0.034 416.5±198.9 337.6±143.8 μg/mL 0.003
Cytokeratin 18 1.88 0.036 222.2±246.0 100.4±95.9 pg/mL 0.015

HRG 1.10 0.009 209.1±34.0 166.0±47.5 ng/mL <0.001

IL-6 1.20 0.010 2.3±2.5 1.7±0.6 pg/mL 0.222
Serotransferrin 1.45 0.012 2.5±1.0 2.7±0.8 ng/mL 0.321

PlGF 0.69 0.001 190.9±157.7 261.9±253.6 ng/mL 0.263

sFlt-1 2.03 0.049 1343.2±493.8 1332.0±902.5 pg/mL 0.958

Abbreviations: GH, gestational hypertension; FC, fold change; SERPINA5, serpin family A member 5; SERPINC1, serpin family C member 1; CFHR5, complement factor 
H-related protein 5; HRG, histidine-rich glycoprotein; IL-6, interleukin 6; PlGF, placenta growth factor; sFlt-1, soluble fms-like tyrosine kinase 1.
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Discussion
This study demonstrated that increased plasma levels of 
SERPINC1, SERPINA5, CFHR5, clusterin, CK18 and 
HRG were associated with the development of GH and 
a prediction model combining multi-biomarkers showed 
good discriminatory performance (AUC, 0.91) for GH 
before 20 weeks gestation. Our model has favorable dis-
criminatory power compared with that of first trimester 
levels of placental hormones and angiogenic factors, 
including AUC of 0.57 using soluble endoglin, 0.87 
using pregnancy associated plasma protein A, 0.82 using 
placental protein 13, as reported in first trimester for HDP 
prediction.11 Therefore, SERPINC1, SERPINA5, CFHR5, 
clusterin, CK18 and HRG could serve as novel potential 
biomarkers for early prediction of GH before 20-week 
gestation. However, some caution must be exercised in 
comparing to other biomarkers studies as the majority of 

them relate to prediction of PE and not GH alone. But due 
to the lack of studies on prediction of GH, the results of 
the current study have been compared with PE prediction 
studies. Either way, the model developed here shows good 
efficacy for prediction of GH and requires validation in 
larger independent cohorts.

Although this is the first study to report on the correla-
tion between SERPINC1 or SERPINA5 levels and GH, 
Auer et al demonstrated that circulating levels of 
SERPINA3 (another member of the same family) were 
increased in hypertensive placental diseases and that 
SERPINA3 was expressed in syncytiotrophoblast, indicat-
ing that this protein could be released into the maternal 
circulation by the placenta, therefore leading to increased 
circulating levels.12 SERPINC1 is also named antithrom-
bin III, a physiological anticoagulative protein produced 
by hepatocytes.13 Recent studies have shown that 

Figure 3 ROC curve for GH prediction (n=29). ROC curves of SERPINA5, SERPINC1, CFHR5, clusterin, CK18, HRG alone, and the combined model are marked by 
different colors and AUCs are listed in the bottom right corner. 
Abbreviations: AUC, area under the curve; SERPINA5, serpin family A member 5; SERPINC1, serpin family C member 1; CFHR5, complement factor H-related protein 5; 
CLU, clusterin; CK18, cytokeratin 18; HRG, histidine-rich glycoprotein.
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thrombin is involved development of a more malignant 
tumor phenotype in vivo by activating tumor adhesion to 
the subendothelial matrix, growth, metastasis and 
angiogenesis.14–16 These results conclude that SERPINC1 
can repress the proliferation and migration of cancer cells 
by interacting with thrombin. SERPINC1 was also 
reported to efficiently inhibit migration and induce apop-
tosis of endothelial cells by perturbing focal adhesion 
kinase (FAK) signaling and consequently disrupting cell- 
matrix interactions, which inhibit tumor angiogenesis.17 

The process of trophoblast invasion in placentation is 
similar to tumor growth and metastasis, although it is 
more tightly controlled. We can speculate that the 
increased SERPINC1 observed in pre-GH may be asso-
ciated with increased trophoblast cell apoptosis and 
decreased trophoblast invasion, which is related to the 
etiology of GH. SERPINA5, also named protein 
C inhibitor, is a member of the serine protease inhibitor 
superfamily that is a multifunctional protein family, 
including anti-metastasis and anti-angiogenesis factors in 
tumor cells.18 Overexpression of SERPINA5 has been 
shown to result in a decreased cell invasion, metastatic 
ability and angiogenesis in tumor cells.19 One of the 
mechanisms by which SERPINA5 contributes to these 
processes is dependent on protease inhibitory activity by 
inactivating urokinase-type plasminogen activator (uPA) 
and its downstream activation of matrix metalloproteinase 
9 (MMP9), leading to failed conversion of plasminogen 
into plasmin and subsequent extracellular matrix degrada-
tion. Another mechanism is through direct interaction with 
fibronectin and inhibition of the fibronectin-integrin β1 
signaling pathway and subsequent downstream activation 
of MMP9. uPA and MMP9 have been shown to play 
pivotal roles in trophoblast invasion.20 Therefore, we spec-
ulate that increased SERPINA5 may exert similar effects 
on the incomplete trophoblast invasion in GH through 
targeting uPA and MMP9.

Many studies have shown that the altered activation of 
the complement system is associated with the development 
of HDP. Previous studies have shown increased C1s and 
FIB-γ levels in PE compared with controls.21,22 Increased 
shedding of placenta debris caused by trophoblast apopto-
sis, reperfusion and oxidative stress into the HDP maternal 
circulation initiates the activation of the classical pathway 
(CP) and alternative pathway (AP).23 CFHR5 is an analog 
of complement factor H that enhances local AP activation 
by interference with the C-inhibiting function of factor 
H in cell membranes.24,25 Increased levels of CFHR5 

have been reported in immunoglobulin A nephropathy, 
and therefore it may be involved in renal complications 
observed in HDP.26 CFHR5 mutation has been reported as 
the cause of the atypical hemolytic uremic syndrome.27 

We speculate that increased CFHR5 could cause excessive 
activation of AP, leading to vascular endothelial damage, 
excessive inflammation, and renal injury in the HDP 
mother. Clusterin, a disulfide-linked heterodimeric glyco-
protein, is a multifunctional protein implicated in various 
pathophysiological states including apoptosis, oxidative 
stress, hypoxia, renal injury and metabolic syndrome.28 

Increased clusterin in the syncytiotrophoblast and villous 
endothelial cells of PE placentae and elevated circulating 
levels of clusterin in peripheral blood of PE patients have 
been previously reported.29–31 HDP is accompanied by 
hypoxia and oxidative stress of the placenta. Clusterin is 
proposed to be a form of secreted heat shock protein or 
a chaperone molecule, since its expression is inducible by 
oxidative, thermal, or mechanical stress.28 Based on these 
findings, increased plasma clusterin levels seem to reflect 
increased oxidative stress or endothelial cell dysfunction 
in HDP. Clusterin is stored in platelet granules from where 
it is released into extracellular fluid following platelet 
activation.32 Therefore, increased plasma clusterin levels 
may also reflect platelet activation in HDP.

Cytotrophoblasts differentiate and fuse with existing 
syncytiotrophoblast to form the multinucleated layer, pro-
viding for growth of the syncytium during placental devel-
opment and for reepithelization of aged or damaged 
portions of villi. During differentiation and fusion, aged 
or damaged portions of the multinucleated syncytiotropho-
blast, also called syncytial nuclear aggregates (SNAs), are 
extruded into the maternal circulation. This process of 
trophoblast turnover is essential for ensuring normal fetal 
development, but is increased in PE.33,34 CK18, an inter-
mediate filament protein, is expressed in most epithelial 
cells and epithelial-derived tissues including trophoblast 
cells. It has been previously reported that CK18 is 
increased in the syncytiotrophoblast of PE placentae com-
pared with normal placentae.35–37 Increased circulating 
levels of CK18 have also been reported in PE and the 
origin of circulating CK18 is the placental 
syncytiotrophoblast.35,36 The increased circulating levels 
of cytokeratins reflects increased shedding of damaged 
syncytiotrophoblast into the maternal circulation from PE 
placentae.35,36 Furthermore, increased CK18 may be 
related to the difference in villous morphology featured 
by increased SNAs and decreased syncytial bridges, which 
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is indicative of aberrant trophoblast turnover related to 
HDP.37 However, increased CK18 levels before 20 weeks 
gestation in pre-GH in our study suggested that those 
pathological changes may occur prior to the onset of the 
clinical symptoms of the disease.

HRG is an abundant plasma glycoprotein with a multi- 
domain structure that can interact with a variety of ligands 
and has different functions in anti-angiogenesis, pro- 
angiogenesis, and coagulation that affect the function of 
the female reproductive system. These effects include 
ovarian function, embryonic implantation and placenta-
tion, especially in HDP.38,39 HRG alters the balance of 
angiogenesis during the development of HDP.40–42 HRG 
also has an impact on platelet and fibrinogen levels, and 
coagulation, which is associated with HDP.39,43,44 Plasma 
HRG levels in our study were significantly increased 
before 20 weeks gestation in pre-GH compared with con-
trols. This result was contrary to the findings of Bolin et al 
who observed significantly lower plasma HRG levels in 
women who later developed PE compared with controls at 
10, 25, and 28 weeks gestational age.40,41 However, simi-
lar to our study, Karehed et al demonstrated that HRG 
levels in the placental endothelial and stromal cells were 
increased in pregnant women with PE.42 The difference 
could possibly be explained by the fact that HRG has 
different expression levels at different gestational ages, 
and may have either positive or negative effects on HDP 
progression. HRG has been found to impact on tumor- 
associated macrophages of phenotype M1 and M2, 
promoting the anti-tumor angiogenesis function of M1 
macrophages and inhibiting the tumor angiogenesis func-
tion of M2 macrophages.44 The interaction between HRG 
and M1/M2 macrophages has been confirmed in the decid-
ual stroma.45 An increased function of M1 macrophages 
and decreased function of M2 macrophages negatively 
affects uterine spiral artery remodeling, a critical process 
in the pathogenesis of HDP.45 Another possibility is that 
HRG exerts its antiangiogenic effects through signal trans-
duction targeting focal adhesions and thereby interrupting 
vascular endothelial growth factor (VEGF)-induced 
endothelial cell motility, eventually disturbing the forma-
tion of new blood vessels.46,47

However, angiogenic factors (sFlt-1 and PlGF) and 
iron status (serotransferrin) as known factors involved in 
the pathogenesis of PE were not confirmed in the present 
study.48,49 sFlt-1, PlGF or serotransferrin was not altered 
in GH, which perhaps reflected that the trophoblast 

invasion and spiral artery remodeling were not as severely 
affected in GH than as in PE.

The strength of this study is that the clinical cohort was 
designed and recruited in a prospective manner and the 
samples were collected before onset of the disease. On the 
other hand, one limitation in this work is the relatively 
small pre-GH sample size and further study on these 
proteins is warranted to elucidate their biological functions 
during trophoblast invasion and vascular remodeling.

Conclusion
This study indicated that plasma levels of SERPINC1, 
SERPINA5, CFHR5, clusterin, CK18 and HRG are 
increased before 20 weeks gestation in pregnant women 
who later developed GH. In addition, a prediction model 
using a combination of multi-biomarkers with good discri-
minatory performance for GH prediction was developed.
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