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Introduction

Preeclampsia is a common condition of pregnan-
cy, marked by the onset of hypertension and pro-

teinuria (English et al., 2015; Sibai et al., 2005). It 
is a leading cause of maternal mortality, responsible 
annually for over 50,000 maternal deaths worldwide 
(Karrar et al., 2024). According to WHO (2013), the 

likelihood of death due to pregnancy-related com-
plications is 14 times higher in developing countries 
compared to developed ones. 

Preeclampsia is a two-stage disease, beginning with 
defective placentation, followed by the release of 
pro-inflammatory factors from the affected placen-
ta (Redman and Sargent, 2009). This triggers an in-
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flammatory response, leading to altered expression 
of acute-phase proteins (Stubert et al., 2016). These 
plasma proteins play a crucial role in restoring home-
ostasis (Steel and Whitehead, 1994).

These pro-inflammatory factors may further activate 
monocytes (Faas and de Vos, 2017). Activated mono-
cytic cells and macrophages have also been shown to 
produce and secrete SAP and CP (Mazumder et al., 
1997; Xi et al., 2015).

SAP, in particular, serves as an opsonizing protein and 
is involved in the resolution or repair phase of tissue 
injury (Haudek et al., 2008; Pilling et al., 2007; Pepys 
et al., 1994; Familian et al., 2007). This suggests that 
SAP may contribute to the regulatory mechanisms 
attempting to counterbalance inflammation in preec-
lampsia, though its exact role in disease progression 
remains to be fully elucidated.

Ceruloplasmin may increase by approximately 50 
percent during inflammation (Steel and Whitehead, 
1994). It is involved in host defense and repair pro-
cesses during inflammation (Gitlin, 1988).

The objective of this study was to identify differen-
tially regulated proteins in the plasma of preeclamptic 
patients. We identified differential expression of SAP 
and CP in the plasma of PE patients as compared 
to healthy controls. Their increased expression in PE 
suggests a compensatory response against placental 
ischemia, tissue injury and systemic inflammation.

Materials and Methods

Preeclampsia is characterized by the presence of el-
evated blood pressures (i.e., systolic blood pressure 
≥ 140 mmHg and/or diastolic blood pressure ≥ 90 
mmHg) and proteinuria after 20 weeks gestation.

Subjects with preeclampsia and normotensive preg-
nancies were selected from women attending the Ob-
stetrics and Gynecology Department of different hos-
pitals of Lahore. All participants provided informed 
consent before being enrolled in this study. Blood 

samples were obtained from normotensive pregnant 
women (n=20) and PE groups (n=10 severe and n=10 
mild) between 29–40 weeks of gestation. Each blood 
sample was collected in vacutainer tubes containing 
EDTA. For separation of plasma, these tubes were 
centrifuged at 6000 rpm for 15 min, poured in labe-
led Eppendorf vials, and stored at −80°C. Total pro-
tein content of plasma samples was determined using 
the Bradford Protein Assay. After quantification, we 
performed 2-dimensional polyacrylamide gel electro-
phoresis (2D-PAGE) analysis.

Gel image analysis was carried out using the Image 
Master 2D-Platinum software. Plasma proteins were 
successfully identified by the Swiss 2D page data-
base. Protein expressions were compared between PE 
groups and normotensive group.

Ethics statement
This study was conducted as part of a PhD research 
project submitted to the Department of Zoology, 
University of the Punjab, Lahore, Pakistan (2015). At 
the time of the study, formal ethical approval doc-
umentation was not routinely issued or is currently 
unavailable. Nevertheless, all procedures were carried 
out in accordance with the ethical principles and in-
stitutional guidelines applicable at that time.

Results

The use of two-dimensional gel electrophoresis and 
the following Image Master 2D Platinum Software 
analysis showed that the plasma levels of two proteins 
were differentially expressed between PE and normo-
tensive controls. SAP and CP showing alterations in 
different stages of preeclampsia are presented in Ta-
ble 1.

Serum amyloid P-component
Serum amyloid P-component showed up regulation 
by 1.12 and 1.1-fold in preeclamptic patient as com-
pared to control. Its expression elevated 1.0-fold in 
severe PE compare to mild PE (Figure 1 and 2).

Table 1: List of proteins altered in different stages of preclampsia
Spot no. Accession no. Protein name Function Reference
1 P00450 Ceruloplasmin Copper-containing iron transport protein with antioxidant 

ferroxidase properties
Guller et al., 2008

15 P02743 Serum amyloid P 
component

Involved in innate immunity as well as acute-phase responses 
to inflammation.

Biro et al. 2007
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Ceruloplasmin
Ceruloplasmin, in severe preeclampsia and mild 
preeclampsia, exhibited 3.04 and 1.44-fold up-regu-
lation respectively as compared to control (C). Level 
of ceruloplasmin was enhanced 2.1-fold in severe PE 
as compared to Mild PE (Figure 3 and 4).
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Figure 1: Raw volume of Serum amyloid P-component 
in comparable groups. Values are Mean±SEM
*** Significant at p<0. 01

Figure 2:  Three-dimensional spot volumes of serum 
amyloid P-component.

S PE M PE C
0

2000

4000

6000

Groups

R
aw

 v
ol

um
e 

%

**

***
***

Figure 3: Raw volume of ceruloplasmin in comparable 
groups. Values are Mean±SEM
*** Significant at p<0. 01

Figure 4:  Three-dimensional spot volumes of ceruloplas-
min

Discussion 

Preeclampsia is a chronic hypertensive disorder 
marked by persistent high blood pressure and pro-
teinuria, usually developing in the second trimester. 
(Aouache et al., 2018). Oxidative stress of the pla-
centa is considered to be a key intermediary step in 
the pathogenesis of preeclampsia (Hung and Burton, 
2006). In response to this oxidative imbalance, the 
body may enhance the activity of antioxidant pro-
teins as a compensatory mechanism to mitigate cel-
lular damage and restore homeostasis (Krishna et al., 
2017). 

This suggests that while oxidative stress plays a central 
role in disease progression, the upregulation of anti-
oxidant defenses represents an attempt to counteract 
its harmful effects, potentially influencing disease se-
verity and progression.

In this study, proteins whose concentrations were as-
sociated with preeclampsia included Serum amyloid 
P component (SAP), and Ceruloplasmin (CP). Se-
rum amyloid P component (SAP), a glycoprotein, be-
longs to the pentraxin protein family and plays a role 
in innate immunity and acute-phase inflammatory 
responses. Typically, SAP is believed to be produced 
and secreted only in hepatocytes. However, in certain 
diseases, it can also be generated by macrophages and 
smooth muscle cells (Xi el al., 2015). 

 SAP was found to be upregulated in plasma of both 
mild and severe PE mothers in compared to normo-
tensive control, with Atkinson et al. (2009) also re-
porting its over-expression in preeclamptic plasma 
relative to healthy pregnant women. Vascular en-
dothelial dysfunction is considered a key abnormality 
in preeclampsia. Previous research suggests that en-
dothelial dysfunction arise due to abnormal placen-
tation, potentially resulting in placental ischemia. The 
ischemic placenta then releases bioactive circulating 
factors including pro-inflammatory cytokines that 
may contribute to maternal vascular endothelial dam-
age (Roberts and Cooper, 2001; Dekker and Sibai, 
1998; Reslan and Khalil, 2010).
 
Koenig (2007) reported association of elevated SAP 
with inflammation and ischemia. SAP facilitates 
the resolution of inflammation and mitigates fibro-
sis through several mechanisms (Pilling and Gomer, 
2014).

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093730
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093730
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093730
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Greater incidence of trophoblast apoptosis has been 
observed in preeclampsia (Straszewski-Chavez et al., 
2005). SAP serves as an opsonising protein, it attach-
es to apoptotic cells and other debris formed during 
inflammation, enhancing their clearance through 
phagocytosis (Murray et al., 2011; Lu et al., 2012).

Ceruloplasmin (CP), a ferroxidase enzyme, is crucial 
for regulating iron metabolism and redox reactions 
(Zhao et al., 2018). It is synthesized in the liver con-
taining 6 atoms of copper in its structure (O’Brien 
and Bruce, 2009). It is encoded by the CP gene (Royle 
et al., 1987).

In the current study, ceruloplasmin showed an overall 
enhanced expression in mild and severe PE in com-
parison to control. Aksoy et al. (2003) reported that 
the plasma ceruloplasmin levels of the severe and 
mild preeclamptic groups was found to be upregu-
lated compared with those of the healthy pregnant 
group. 

Hypoxia later in pregnancy is often linked to compli-
cations such as preeclampsia and intrauterine growth 
restriction (Rytting and Audus, 2007). Hypoxia 
transactivate CP gene via hypoxia inducible factors-1 
(HIF-1) activation and increases Cp mRNA tran-
scription in hepatocytes (Mukhopadhyay et al., 2000). 
Sarkar et al. (2003) and Guller et al. (2008) reported 
that under hypoxic conditions, concentration of ceru-
loplasmin and its ferroxidase activity is up-regulated. 
It inhibits the production of harmful oxygen com-
pounds and shield cells from oxidative stress (Healy 
and Tipton et al., 2007). 

In preeclampsia, Ischemic placental tissue and de-
struction of RBC’s due to vasospasm may be a source 
of toxic iron. Excess iron reacts with free radicals of 
cell membrane and lipoproteins tiggering lipid per-
oxidation, oxidative stress and endothelial cell inju-
ry (Serdar et al., 2006). Ceruloplasmin converts tox-
ic Fe2+ to less toxic Fe3+ because of its ferroxidatic 
activity, thus reduces oxidative damage to DNA and 
lipids (Hellman and Gitlin, 2002; Patel et al., 2002).

The results of this study advocate that the upregulation 
of SAP and CP in preeclamptic patients represents 
a defensive response against oxidative stress, inflam-
mation, and endothelial dysfunction linked with the 
disease. SAP, by promoting the clearance of apoptotic 
cells and inflammatory debris, may help lessen exces-

sive inflammation and vascular injury. Similarly, CP, 
through its ferroxidase activity, plays a crucial role in 
reducing oxidative stress and preventing iron-induced 
cellular damage. These proteins appear to function as 
compensatory mechanisms aimed at restoring home-
ostasis in preeclamptic pregnancies. Further studies 
are required to explore their potential as predictive 
biomarkers or therapeutic targets for early diagnosis 
and management of preeclampsia.

Conclusions 

We demonstrated that plasma serum amyloid p 
component and Ceruloplasmin concentrations were 
up-regulated in both mild and severe PE relative to 
normal pregnancy. This suggests that overexpression 
of these proteins activate a defense mechanism to 
counteract the effects of inflammation, hypoxia, ap-
optosis and ischemic placenta in preeclampsia. Serum 
amyloid p component and Ceruloplasmin may serve 
as potential predictive biomarkers for the progression 
of preeclampsia.
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