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INTRODUCTION
Preeclampsia (PE) is a hypertensive gestational disorder
characterised by a rise in blood pressure and proteinuria.
It has been labelled as the disease of placental origin.
Impaired remodelling of the uterine spiral arteries results
in defective placentation and decreased perfusion. The
resultant ischemia and hypoxia create a favourable
environment for oxidative stress in placental bed with
resultant release of proinflammatory cytokines and
vasoactive compounds.1 Widespread systemic inflam-
mation and endothelial dysfunction is the hallmark of
preeclampsia. 

Nuclear factor-B (NF-B) is an oxidation-reduction
sensitive transcription factor. It modulates a number of

genes involved in the regulation of inflammation. In
inactive state, NF-B is attached to IkappaB (IB), a
member of inhibitory protein family in the cytosol.2 A
number of cytokines and oxidants can activate NF-B.3

This activation is a result of a serine specific protein
kinase activity, IB kinase (IKK) complex. TNF- and
Interleukin-1 (IL-1) are the most notable and potent
activator of NF-B through stimulation of IKK activity.4

Activation of NF-B results in displacement of its units to
the nucleus leading to modification of expression of a
number of genes involved in inflammation such as
growth factors, cytokine receptors and tumor necrosis
factor alpha (TNF-).3,4 NF-B is known to be activated
in a number of pathologies associated with excessive
oxidative stress and inflammation, e.g. atherosclerosis,
AIDS, ischemia-reperfusion injuries, rheumatoid arthritis,
etc. In chronic inflammatory diseases continuous
activation of NF-B influences severity of the disease
due to increased production of adhesion molecules and
chemotactic chemokines.5 Intermittent ischemia and
reperfusion in the placental bed leads to release of
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reactive oxygen species (ROS), with resultant actuation
of NF-B in the placental tissue in pregnancies compli-
cated with preeclampsia. TNF-, a proinflammatory
cytokine is secreted by the trophoblast and this secretion
is increased markedly in ischemia of the placenta.6 TNF-
binds to its receptors and activates downstream
signalling pathway, IB kinase-NF-B pathway.7 TNF-
enhances the actuation of NF-B in trophoblast cells.8

Considering the role of widespread systemic inflam-
mation with activation of haemostatic system in the
pathogenesis of PE, it was hypothesised that mRNA
expression of TNF- is elevated and correlates with
increased mRNA expression of NF-B in peripheral
blood mononuclear cells (PBMCs) in preeclampsia. 

To test the hypothesis, the aim of the study was to
evaluate mRNA expression of TNF- and NF-B in
PBMCs in preeclampsia and normotensive pregnancies
quanti-tatively by real time polymerase chain reaction
(PCR). 

METHODOLOGY

After approval from the Ethical Review Board, University
of Health Sciences, Lahore (No: UHS/Education/126-
16/2754, dated 27/10/2016), the study was conducted
following the guidelines of the Declaration of Helsinki.
Informed written consents were taken from all the
participants. Blood samples were collected at a tertiary
care hospital of Lahore by purposive sampling from
October 2016 to March 2017. The formula for hypothesis
test for two populations from WHO sample size calcu-
lator was used to calculate the sample size.9 Twenty-
seven pregnant women (between the ages of 18-40
years) in the third trimester (28-40 weeks) diagnosed as
preeclamptic were recruited as cases; and 27 age-
matched normotensive pregnant women at the same
gestational age were included as controls. Criteria to
diagnose preeclampsia (PE) were: new onset systolic
blood pressure of more than 140 mmHg or diastolic
blood pressure >90 mmHg after 20 week of gestation
accompanied by 24 hours proteinuria >300 mg (>1+ on
dipstick), in at least two random urine samples collected
4-6 hours apart. All the study participants were non-
smoker. Preeclamptic group was further divided into
two subgroups i.e., early onset preeclampsia (EOP) with
onset of disease at gestational age of 28-32 weeks
and late-onset preeclampsia (LOP) having disease at
32.1-40 weeks of gestation. There were 13 participants
in EOP and 14 in the LOP subgroup. Women with history
of chronic illness like chronic hypertension, diabetes
mellitus, renal disease, inflammatory bowel disease,
arthritis, cardiovascular illness (e.g. ischemic heart
disease), or other chronic inflammatory disease were
excluded. Complete medical, obstetric and family history
was recorded along with demographic data. Blood
pressure was recorded with sphygmomanometer. 

Under aseptic measures, 5 ml venous blood was drawn
and collected in EDTA coated vacutainer. Samples were
centrifuged, buffy coat was separated and stored at -20o C
within an hour of sample collection. For RNA extraction,
Favor Prep total RNA Isolation Kit (Favorgen, Taiwan)
was used following the manufacturer's instructions.
Extracted RNA concentrations were measured using
Nano-drop and stored in RNase/DNase free water at
-80oC.

RevertAid First-strand cDNA Synthesis kit (Thermo
Scientific, USA) was used for cDNA synthesise by
reverse transcription of two micro gram of total RNA from
each sample. Gene expression was measured for 27
cases and 27 controls by using synthesised cDNA.
Specific gene primers (Table I) and 2 X SYBR green
master mix (Fermentas, USA) for real-time PCR were
used on CFX 96 (Biorad, USA) following the provided
protocol. All reactions were carried in 20 µl of the
reaction mixture with 1 µl of cDNA, 8 µl of 2 X SYBR
green real-time PCR master-mix, 0.5 µl of each forward
and reverse primers, and RNase-free water (Fermentas,
USA). Real-time-PCR protocol was as: 94°C for 4 min,
succeeded by 30 cycles of 94°C for 30 s. Annealing time
was 30 s at 60°C. Extension was done at 70°C for 42 s
in a thermal cycle followed by melt curve analysis. All
samples were assayed in duplicate and three house-
keeping genes were used for data normalisation.
Relative analysis of the gene expression was performed
by using 2-ct method. Confirmation of the products of
the expected size was done by electrophoresis on
agarose gel.

SPSS Version 22.0, Statistical Package for the Social
Sciences, Armonk, New York, USA was used for analysis.
Distribution of the data was analysed by Shapiro-Wilk
test. The clinical parameters were expressed as median
with interquartile range (IQR) and compared by Wilcoxon
Rank Sum test. Mean of mRNA expression of three
housekeeping genes i.e., GAPDH, -actin, and 18srRNA
was used to normalise the expression of the studied
genes. The mRNA expression was compared using fold
change values between two groups by Student's t-test.
Gene expressions were reported as mean fold change
with standard deviation (SD). Comparison within multiple
groups was done by one-way ANOVA with post-hoc
Tukey's test. Correlation between different gene ex-
pressions was estimated by Pearson's correlation. The
p-value <0.05 was considered statistically significant.

RESULTS

The study population consisted of 27 women with pre-
eclampsia and 27 healthy normotensive controls.
Maternal ages and gestational age at sampling of the
participants were not statistically different between
preeclampsia and controls; p-value 0.49 and 0.17,
respectively (Table II).
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Gene expression between the two groups was reported
as fold change. The PBMCs mRNA expressions of NF-B
and TNF- were significantly different between the
preeclamptic and normotensive group with an increase
in the diseased group (p <0.001) (Table III). There was

an increase of 2.79 fold in mRNA expression of TNF-
while the result for NF-B mRNA expression was 2.28
fold (Table III). The difference for both NF-B and TNF-
remained significant within EOP and LOP with a more
marked increase in the LOP (p <0.001, Table III). TNF-
was found to be strongly correlated with NF-B (p <0.01)
(Figure 1). 

DISCUSSION

Inflammation has a central role in the generation and
development of diseases of placental origin, e.g.
preeclampsia, intra-uterine growth retardation (IUGR).
Excessive inflammatory response in pregnancies
complicated with preeclampsia leads to disturbance in
the immune balance at fetal maternal interface and
vascular lesions in placental bed.10 TNF- is secreted by
trophoblast and the secretion of this proinflammatory
cytokine increases in response to ischemia in the
placental bed.6 In vitro studies have described an
increase in the expression of TNF- in placental tissue
in response to oxidative stress produced by intermittent
hypoxia and re-oxygenation. This increase in TNF- in
turn results in a local inflammatory reaction with
increased leukocyte infiltration and interaction with
syncytiotrophoblast. These activated cells have been
proposed to contribute to systemic endothelial cell
activation in preeclampsia.11 Furthermore, lack of the
normal shift of maternal immune system towards T
helper 2 response in preeclampsia, results in excessive
proinflammatory type 1 cytokines including TNF-.12

Excessive TNF- has harmful effects by directly binding
to specific receptors on the cells or indirectly by
induction of other inflammatory mediators, e.g. ROS.
This study has reported an increase in the mRNA
expression of TNF- in the PBMCs in preeclampsia in
the third trimester as compared to normotensive group.
This excessive expression of TNF- in PBMCs provides
an extra-placental source of this inflammatory mediator.
In addition to trophoblast, macrophages and monocytes
have been reported to produce excessive amount of
TNF- in the placental bed.13 Extra-placental sources
like peripheral leukocytes, might contribute to the
increased levels of this proinflammatory mediator. The
present results highlight the contribution of systemic
inflammation with involvement of the haemostatic
system in the development of preeclampsia. TNF- is
known to enhance the release of eosinophil oxidants
and activate the respiratory burst in the endothelial
cells.14 Nitric oxide, a potent vasodilator is synthesised
by vascular endothelium and its levels are decreased in
preeclampsia. TNF- inhibits the synthesis of nitric
oxide. In addition, it modifies the endothelial cells from
an anticoagulant to a procoagulant state by increasing
the expression of tissue factor. Besides, TNF- induces
transcription of vascular cell adhesion molecules-1
(VCAM-1), a factor responsible for increased neutrophil
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Table I: Sequence of primers for quantitative real time-PCR.

Gene Sequence PCR product
length (bp)

TNF--FP 5' -GGAGAAGGGTGACCGACTCA- 3' 362bp

TNF--RP 5' -CTGCCCAGACTCGGCAA- 3'

NF-B-FP 5'-TACTCTGGCGCAGAAATTAGGTC- 3' 264-bp

NF-B-FP 5'-CTGTCTCGGAGC TCGTCTATTTG- 3'

GAPDH-FP 5' -ACG GAT TTG GTC GTA TTG GG- 3' 214bp

GAPDH-RP 5' -CGC TCC TGG AAG ATG GTG AT -3'

-actin-FP 5' -TCC ACC TTC CAG CAG ATG TG -3' 75bp

-actin-RP 5' -GCA TTT GCG GTG GAC GAT -3'

18s rRNA-FP 5'-AGA AAC GGC TAC CAC ATC CAA -3' 91bp

18s rRNA-RP 5' -CCT GTA TTG TTA TTT GTC ACT ACC T -3'

Table II: Clinical characteristics of the participants.

Preeclampsia Normotensive group p-value

n = 27 n = 27

Maternal age (years) 26 (23-30) 25 (22-28) 0.49

BMI (kg/m2) 28.9 (27.6-30.3) 26.1 (23.8-28.6) *<0.01

Gestational age 32 (29.2-36) 30.5 (28-33.5) 0.17

Systolic BP 150 (140-160) 100 (100-110) *<0.001

Diastolic BP 100 (90-100) 70 (60-70) *<0.001

Parity 2 (2-3) 1 (1-2) 0.64

Values presented as Median with Inter Quartile Range (IQR) 
*Significant difference between preeclampsia and normotensive group, calculated by
Wilcoxon Rank Sum test.

Table III: Gene expression between different groups.

Gene Normotensive Preeclampsia EOP LOP p-value

(a) (b) (c) (d) 

TNF- 1.00 2.79 ±0.48 2.49 ±0.40 3.08 ±0.37 a-b <0.000*

c-d =0.000**

a-c <0.000**

a-d <0.000**

NF-B 1.00 2.28 ±0.77 1.56 ±0.16 2.95 ±0.40 a-b <0.000*

c-d <0.000**

a-c =0.000**

a-d <0.000**

Fold Change presented as Mean ± Standard deviation.
*p value calculated by Student's t-test. **p value calculated by one-way ANOVA with post hoc
Tukey's test. EOP: Early-onset preeclampsia, LOP: Late-onset preeclampsia.

Figure 1: Correlation of TNF- with NF-kB in Preeclampsia, Pearson's r = 0.53,
p <0.01 (Pearsons's rank correlation test showing strong positive correlation
between TNF- and NF-kB). 



activation and serum levels of VCAM-1 are reported to
be increased in preeclampsia.15 

Li et al. reported higher expression of NF-kB in the
placental tissue in preeclampsia.16 Greater expression
of NF-kB, an important transcription factor for genes
involved in inflammation, has also been observed with
immunohistochemical staining in systemic vessels in
preeclampsia. The expression was increased both in
endothelium and vascular smooth muscles of the
vessels and was coincident with increased expression of
an inflammatory mediator, cyclooxygenase-2 (COX-2).
The leukocytes in the vessel lumen as well as those
adhered to intima also showed increased expression of
both NF-kB and COX-2.17 It was hypothesised that the
expression of NF-kB is increased in the PBMCs in
preeclampsia; and to the best of our knowledge, this
finding of increased mRNA expression of NF-kB in the
PBMCs by real time PCR in preeclampsia is novel to this
study. The expression of both TNF- and NF-kB was
significantly different within the two subgroups of
preeclampsia with a more marked increase in LOP. In
contrast, previously, Borges and colleagues (2015)
reported higher levels of TNF- in the blood18 while
Weel et al. reported an increase in TNF- in the
placental tissue in EOP.19 Both these studies reported
significant difference in TNF- in pregnancies complicated
with preeclampsia as compared to controls (p value <0.05).
Early-onset PE patients present with more severe
disease and higher levels of blood pressure and
proteinuria. Although the percentage of patients with
higher systolic and diastolic blood pressures was high in
the EOP, the difference in the severity of the disease
was not statistically significant in the current study
(p value >0.05). The difference in the results might be
attributed to small sample size. Adcock et al. have
reported stimulation and translocation of NF-kB by 200
percent on exposure of PBMCs to TNF-.20 We tested
the hypothesis that the elevated expression of TNF- in
PBMCs in preeclampsia correlates with increased NF-kB
expression. This study has reported a strong positive
correlation between mRNA expression of TNF- and
NF-kB in PBMCs in preeclampsia. This increase in NF-kB
expression in PBMCs might contribute as an extra
placental source to enhance widespread maternal
endothelial dysfunction. In support of our results are the
increased levels of proinflammatory TNF-, IL-6 and
NF-kB in monocytes exposed to plasma from pre-
eclamptic pregnancies reported by Rahardjo and
colleagues in 2014.21 NF-kB regulates the expression of
various genes concerned with inflammation and immune
responses, e.g. interleukin-8, E-selectin and TNF-. Co-
activation of the expression of these genes leads to
stimulation of leukocytes, enhancing inflammation. In
turn, the products of these genes activate NF-B,
forming a positive regulatory loop and amplifying
inflammatory response.5 In 2018, Zheng and colleagues

stratified the patients by severity of disease as mild and
severe preeclampsia and studied the mRNA expression
of NF-B in the placental tissue. They reported higher
NF-B expression in the placental tissue in severe PE as
compared to mild PE.22 In view of these results, where
expression intensity of NF-B reflects the severity of
the disease, role of NF-B can be implied in the
pathogenesis of preeclampsia. Our findings of increased
expression of NF-kB in PBMCs support the theory of
generalised immune activation in preeclampsia. These
results augment the previously reported finding of
activation of PBMCs through NF-kB pathway.23 Although
a lot of work has been done on placental tissue, the role
of PBMCs in altered immune system and inflammation in
preeclampsia needs further investigation. If future
studies support the present results, detection of these
markers at an early stage might help in diagnosis of the
disease. Furthermore, targeting these inflammatory
markers may be a promising interventional approach for
preeclampsia. It is easy to collect blood samples as
compared to placental tissue. One-time sample
collection in the third trimester is the limitation of this
study. Multiple serial samples in all the trimesters would
highlight the role of these inflammatory markers in the
development of preeclampsia.

CONCLUSION

In conclusion, mRNA expression of both NF-kB and
TNF-a in PBMCs is elevated in preeclampsia and this
extra placental source of these inflammatory mediators
might have a role in the pathogenesis of widespread
maternal systemic inflammation. 
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