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ABSTRACT

Background: A generalised inflammatory response intricately involving
placenta formation and immune maladaptation is considered the main pathology
in pre-eclampsia. Pro-inflammatory cytokines: Interleukin-6 and Tumour
necrosis factor-alpha, amongst several other factors have been implicated in the
aetio-pathophysiology with their levels correlating to severity of pre-eclampsia.
This study was undertaken to describe the pattern of expression of IL-6 and TNF-
a, and their significance in determining severity of pre-eclampsia in Nigerian
pregnant women. Method: This was a prospective case-control study among 96
pregnant women; 48 with pre-eclampsia and matched 48 without pre-eclampsia
at the University of Benin Teaching Hospital, Benin City, Nigeria. Venous blood
serum levels of IL-6 and TNF-a were determined using enzyme-linked
immunosorbent assay procedures. Relevant socio-demographic, clinical
variables, and serum levels of IL-6 and TNF-a levels were obtained and analysed
using SPSS 17. The P value was set at <0.05. Results: Proteinuria was
statistically different (p =< 0.001) between cases and controls. The mean serum
concentrations of IL-6 and TNF-a for cases were 36.21 + 60.18 pg/ml and 3.26
+ 2.14 pg/ml as against 8.24 £ 15.26 pg/ml and 3.45 + 3.14 pg/ml for controls
respectively. The P values were <0.001 and 0.167 respectively. The mean serum
concentrations of IL-6 and TNF-a for mild pre-eclampsia were 13.89 + 23.27
pg/ml and 3.29 + 2.82 pg/ml as against 56.74 + 75.36 pg/ml and 3.23 + 1.31
pg/ml for severe pre-eclampsia respectively. The P-values were <0.001 and
0.160 respectively. The serum concentrations of IL-6 positively correlated with
the severity of pre-eclampsia. Conclusion: Serum concentration of IL-6 depicts
and positively correlates with severity of pre-eclampsia in our environment.
TNF-a, though also associated with pre-eclampsia, its serum concentration is not
positively correlated with severity of the disease from this study
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INTRODUCTION

Hypertensive disorders of pregnancy comprising
pre-eclampsia, eclampsia, gestational
hypertension, and chronic hypertension affect
about 10% of all pregnant women around the
world"-2. They are important causes of severe acute
morbidity, long-term disability and death among
mothers and babies'. Nearly one tenth of all
maternal deaths in Africa and Asia are associated
with hypertensive disorders of pregnancy’.

Pre-eclampsia, a  pregnancy-specific
disorder present in 2 - 8% of all pregnancies? stands
out among the hypertensive disorders considering
its impact on maternal and neonatal health. It is
clinically characterized by hypertension with
significant proteinuria (>300mg per-24-hour
period) and exaggerated maternal systemic
inflammatory response after 20 weeks of gestation.
It contributes about 19% of the over 40,000
maternal deaths reported annually in Nigeria* and
is documented to account for 12.4% maternal
deaths in Benin city”. It is also a leading cause of
preterm birth and intrauterine growth restriction,
leading to increased perinatal morbidity and death®.

Although the cause is uncertain, and it
remains a disease of theories, it is clear that pre-
eclampsia is triggered by factors released from the
placenta, since it only occurs in pregnant women
and placental tumours. Dysregulation of the
maternal immune response against the foetus has
been postulated as a possible causal factor’ and an
inflammatory response has been shown to occur in
pre-eclampsia® °. A comprehensive model of pre-
eclampsia'® suggests that immune maladaptation at
the implantation site contributes to impaired
trophoblast invasion and subsequent incomplete
transformation of the decidual spiral arteries and
arterioles'> '2. The resultant reduced utero-
placental blood flow produces placental ischaemia
and hypoxia'* %, The fore-mentioned is associated
with maternal circulation containing reduced levels
of angiogenic factors'> -7, elevated levels of anti-
angiogenic factor'” - '°, placental debris®® 2!,
reactive oxygen species’> 2 and pro-inflammatory
cytokines®*?%. Altered levels of these circulating
factors promote endothelial cell activation and
vascular damage leading to proteinuria and
hypertension; the leading symptoms of the
maternal syndrome of pre-elcampsia'® %,

Increased serum levels of pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumour
necrosis factor - alpha (TNF-a), transforming
growth factor beta 1 (TGF B1), and growth factors
in pre-eclampsia have been postulated to be
involved in the pathogenesis®**! and play an
important role in the maternal vascular dysfunction
observed in pre-eclampsia®’. The increased levels
of pro-inflammatory cytokines is thought to trigger
the maternal endothelial cell dysfunction seen in
pre-eclampsia®. It is postulated that women with
pre-eclampsia show an exaggerated inflammatory
response, characterized by aberrant cytokine
production towards harmful Thl type immunity>*-
36, The sources of the increased levels of pro-
inflammatory cytokines in the circulation of pre-
eclamptic women have not been fully determined.

Cytokines are proteins and peptides
secreted by cells, which act as humoral regulators
to modulate the intercellular actions of the cell®’.
Cytokines can be pro-inflammatory or anti-
inflammatory. The pro-inflammatory cytokines
identified include Interleukin-6 (IL-6) and Tumour
necrosis factor-alpha (TNF-o), amongst several
others.

IL-6, a glycosylated protein molecule
produced mainly by the Th 2 lymphocytes but also
by fibroblasts, endothelial cells, monocytes and
macrophages is the major physiological mediator

of the acute phase reaction®®. Endothelial
dysfunction and increased endothelial
permeability, characteristic findings as

pathophysiology of pre-eclampsia are thought to be
due to IL-6 activity of increasing the permeability
of endothelial cells* by changing the cell shape and
rearrangement of intracellular action fibres*. IL-6
inhibits the cyclooxygenase enzyme*! thus increase
the thromboxane A, to prostacyclin ratio; an
abnormality observed in pre-eclampsia. Oxygen
free radicals are implicated in the pathogenesis of
pre-eclampsia through endothelial damage, with
reduction in nitric oxide synthesis and distortion of
the balance of prostaglandin production induce
synthesis of IL-6 by the endothelium*?. IL-6 may
be the most useful circulating marker of endothelial
dysfunction and is observed in the arteries of
women suffering from preeclampsia® *.

TNF-a, a non-glycosylated protein is
produced mainly by T-helper cells, monocytes,
macrophages and neutrophils®.  In healthy
pregnant women, TNF-a is thought to modulate the
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growth and invasion of trophoblasts in maternal
spiral arteries®. It is thought to contribute to
abnormal placental invasion*® and endothelial cell
damage*’. TNF-a can stimulate IL-6 production®®
since IL-6 inhibits TNF-a release”. TNF-o
secreted by placental residing macrophages has
been suggested to collaborate with other molecules
to limit extravillous trophoblast invasion of spiral
arterial segments through apoptosis™.

Studies on IL-6 levels in maternal serum
generally show a significantly higher level in pre-
eclamptic women?> 2631 ad 49 " Some studies have
shown significant elevation of TNF-a in pre-
eclamptic women 2%3!-3! while others suggest non-
significant difference with normotensive pregnant
women?% 262452 Elevated serum levels of IL-6 and
TNF-a in patients with preeclampsia have been
found to correlate with severity of the disesae®* 3,
There may be ethnic/racial or regional differences
in the levels of IL-6 and TNF-o during normal
pregnancy and pregnancy complicated by pre-

eclampsia®.
Most studies implicating pro-
inflammatory ~ cytokines in  the  aetio-

pathophysiology of pre-eclampsia were carried out
among non-Africans and outside Africa. We
decided to undertake this study considering the
possibility of ethnic/racial or regional differences
in levels of pro-inflammatory cytokines during
normal and pre-eclamptic pregnancy®. Our study
describes the pattern of expression of pro-
inflammatory cytokines; IL-6 and TNF-a, and their
significance in determining severity of disease in
Nigerian pregnant women with pre-eclampsia in
our environment. It is expected to establish a
baseline for further research on this subject in our
environment.

MATERIALS AND METHODS

This was a prospective case control study at the
Department of Obstetrics and Gynaecology of
the University of Benin Teaching Hospital,
Benin City, Nigeria from October 2013 to
March 2014. Approval for this study was
obtained from the institution’s Ethics and
Research Committee.

The cases were consenting pregnant
women in the third trimester (from 28 weeks’
gestation) admitted for pre-eclampsia except

those in the exclusion criteria. The controls
were consenting normotensive and non-
proteinuric women with uncomplicated
pregnancy matched for gestational age, age,
weight, and parity. The study population (cases
and controls) were recruited consecutively
until the desired sample size was obtained. The
sample size of 48 subjects per group (96 total)
was calculated based on case control study (for two
sample t-test i.e., comparing 2 means) °. All
patients were interviewed and relevant information
and variables such as the biodata, social class,
investigations and interventions prior to
presentation was obtained. Social class was
determined using the scoring system of Olusanya
and colleagues”’.

The diagnostic criteria for pre-eclampsia
was systolic blood pressure (SBP) of 140mmHg or
higher or a diastolic blood pressure (DBP) of
90mmHg or higher on two occasions at least 6
hours apart occurring after 20 weeks of gestation in
a pregnant woman with previously normal
blood pressure and detectable urinary protein
(>1+ by dipstick). Severe preeclampsia was
defined as SBP > 160mmHg; DBP >
110mmHg with a urine dipstick protein at least
3+. Other evidence of severe disease
considered were elevated serum creatinine,
eclampsia, pulmonary oedema, oliguria (urine
less than 500ml/24hr), foetal growth
restriction, oligohydramnios and symptoms
suggesting significant end-organ involvement
(headache, visual disturbance, or epigastric or
right upper quadrant pain). Women who met
the criteria of pre-eclampsia, but not severe
pre-eclampsia were classified as mild.

Pregnant women with the following
conditions were excluded from the study; multiple
gestation, diabetes mellitus, renal disease,
hypertension, infectious disease recognized in
pregnancy, premature rupture of membrane, active
labour, polyhydramnios, acute inflammatory
diseases (tonsillitis, urinary tract infections
chorioamnionitis), chronic inflammatory diseases
(systemic lupus erythematosus, rheumatoid
arthritis, inflammatory bowel disease), and any
with fever defined as temperature > 37.2°C.

Patients with  preeclampsia and
matched controls had 5ml of venous blood
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collected into a sterile container. Blood
samples from pre-eclamptic women were
taken after diagnosis and admission to hospital,
while that from matched controls were taken at
the Antenatal Care Clinic. The blood sample
was allowed to stand for 30 min to clot and
then centrifuged at 2000xg for 10 min to clarify
serum. Serum IL-6 and TNF-a concentrations
were determined by enzyme linked
immunosorbent assay (ELISA) procedures
using kits by ABCAM, UK (manufacture date
23.01.2014, Lot no. GR154988-1, for IL-6;
GR157122-1, for TNF- ).® The standard
curves were drawn and used to find the
appropriate concentrations of IL-6 and TNF-a
from optical density. Quality Control (QC) was
ensured by carrying precision studies to
determine the co-efficient of variation (CV)
which was 4 - 8% for IL-6 and 2-5% for TNF-
a. QC materials provided in the kit as well as
those available routinely in the laboratory were
used and assayed along with the specimens.
QC results were all within the acceptable range
of + 2SD.
Data was analysed using Statistical Package
for the Social Sciences (SPSS) version 17.
Continuous variables were presented as means
with standard deviations and the differences
were determined with the student’s ¢ test. P-
value less than 0.05 was taken as significant.

RESULTS

Table 1 shows the socio-demographic and
clinical characteristics of the study. A higher
proportion of the study; cases (17, 35.4%) and
controls (14, 29.2%) were in social class V. All
the cases were proteinuric while none of the
controls were. Twenty-one (43.8%) of the
cases had ++, 13 (27.1%) had +, 12 (25.0%)
had +++ while 2 (4.2%) had ++++ proteinuria.

Table 2: Means of socio-demographic and clinical
variables

Variable CONTRO t-test P-
CASES LS value
(Mean+ (Mean +
SD) SD)
Age 30.67+ < 0.683
(years) 5.7 067494601
GA 3535+ 35.354337 < 0.799
(weeks) 3.40 0.001
Parity 1.04+ < 0.999
1473 1.04+1.473 0.001
Weight 85.85+11 85.29+10.8 0.615
(ke) s ) 0.247
Social 3.40 + 391 4 1.46 0.631 0.934
class 1.46
SBP 167.08+ 105.62+10. 1597 <
(mmHg) 24.66 09 9 0.001
*
DBP 104.58+ 65.21+6.84 16.66 <
(mmHg) 14.87 & 0.001

k

Proteinur 2.06+ .84 0.00+0.00 17.10 <

ia 2 0.001
(+tto *
++++)

*Significant
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Table 1: Socio-demographic and clinical variables

Variable CLASSES CASES [N CONTROL t- P-

(%)] SN (%)] test value

Age (years) 21-25 8 (16.7) 7 (14.6) <0.00 0.683
26 —30 15(31.2) 18 (37.5) !
31-35 14 (29.2) 14 (29.2)
36-42 11(22.9) 9(18.8)
Parity Nullipara 27 (56.2) 27(56.2) <0.00 0.999
Primipara 7(146)  7(14.6) !
Multipara 12 (25.0) 12 (25.0)
Grand 2(4.2) 2(4.2)
multipara
GA (weeks) 28-30 4(8.3) 3(6.2) <0.00 0.799
31-33 15(31.2) 16 (33.3) 1
34-36 9(18.8) 11(22.9)
37-40 20 (41.7) 18 (37.5)
Weight (kg) 69.0 —78.9 13(27.1) 14 (29.2) 0.247 0.615
79.0 — 83.9 17 (35.4) 17 (35.4)
89.0 -98.9 12 (25.0) 11 (22.9)
99.0 — 4(8.3) 4(8.3)
108.9
109.0 - 119 2(4.2) 2(4.2)
Social class Class I 6 (12.5) 7(14.6) 0.631 0.934
Class II 9(18.8) 11(22.9)
Class IIT 10 (20.8) 9(18.8)
Class IV 6(12.5) 7 (14.6)
Class V 17 (35.4) 14 (29.2)
Proteinuria NAD* 0(0.0) 48(100.0) 17.10 <0.001
(Urinalysis) 4 13 27.1) 0(0.0) 2 *
++ 21 (43.8) 0(0.0)
-+ 12 (25.0) 0(0.0)
-+ 2(4.2) 0 (0.0)
Severity of ~ Mild pre- 0(0.0)
pre- eclampsia 23 (47.9)
eclampsia  govere pre- 25 (52.1) 0(0.0)
eclampsia
Total 48 (100.0) 48 (100.0)

*NAD = No abnormality detected

The cases (n=48) were 23 with mild
preeclampsia and 25 with severe preeclampsia.
While age, gestational age, parity, weight and
social class showed no statistically significant
relationship between the cases and controls,
proteinuria was statistically different (p = <
0.001).

The mean socio-demographic and
clinical characteristics are shown in Table 2.
The mean blood pressure (SBP; DBP) and
proteinuria were different, with statistically
significant relationship between cases and
controls (p =< 0.001).

Table 3: Comparison of mean [L-6 and TNF-a serum concentrations
in cases and controls

Variable CASES (n=48) CONTROLS (n= t-test  P-value
(Mean £ SD) 48)
(Pg/ml) (Mean = SD)
(Pg/ml)
IL-6 36.21£60.18 824+1526  3.121 <0.001*

TNF-a 326+2.14 345+3.14 0333 0.167

*Significant

There was a statistically significant
relationship between cases and controls in
mean [L-6 serum concentration (p = < 0.001)
which was not observed for TNF-a. (Table 3)

Table 4: Comparison of mean IL-6 and TNF-a serum concentrations
with severity of pre-eclampsia

Variabl MILD PRE- SEVERE t-test P-
e ECLAMPSIA PRE- valu
(n=23) ECLAMPSIA e
(Mean + SD) (n=25)
(Pg/ml) (Mean + SD)
(Pg/ml)
IL-6 13.89+23.27 <
56.74 +75.36 2613 0.001
*
TNF-a  329£282 3.23+1.31 0.083 0.160

*Significant

There was a statistically significant relationship in
the mean IL-6 serum concentrations with severe
pre-eclampsia (p = <0.001) while there was none
observed with TNF-a levels.
From Tables 3 and 4, the mean serum
concentrations (Pg/ml) of TNF-a for controls
(3.45 +£3.14), mild pre-eclampsia (3.29 = 2.82)
and severe pre-eclapmsia (3.23 = 1.31) showed
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a downward trend. The reverse was the case for
IL-6; as the mean serum concentrations (Pg/ml)
increased with increasing severity: 8.24 + 15.26,
13.89 +23.27, and 56.74 + 75.36 for controls, mild
pre-eclampsia, and  severe  pre-eclampsia
respectively with P-value <0.001.

DISCUSSION

The exact pathogenesis of pre-eclampsia, a
disorder unique to pregnancy remains unknown. It
has been suggested that pro-inflammatory
cytokines such as interleukin — 6 (IL-6) and
Tumour Necrosis Factor—alpha (TNF-a) have
important roles in the pathogenesis of pre-
eclampsia and may cause generalized endothelial
dysfunction, a disorder widely seen in pre-
eclampsia. There is paucity of publications, if any
on pro-inflammatory cytokines profiles among
pregnant women with pre-eclampsia in our
environment.

Our study carried out at UBTH, Benin
City, Nigeria showed a mean age for preeclampsia
of 30.67 = 5.17 years with most within 26 — 35
years. This reflects the peak reproductive age range
and correlates with that found at cytokine mapping
in sera of pre-eclamptic and normal pregnant
women by Jonsson and colleagues®®. The mean
gestational age was 35.35 + 3.40 weeks correlating
the study by Xiao and colleagues** that had more
patients with late onset pre-eclampsia. Majority of
the cases in our study (56.2%) were nulliparous
women, which was not surprising as most cases of
pre-eclampsia occur in nulliparous women> The
social class for the cases and controls as determined
by Olusanya and colleagues®’ scoring system were
similar.

The mean level of IL-6 in the cases was
elevated compared to the matched controls in our
study. This was in consonance with studies done in
Europe, some Asian countries and local studies*
26,51,54,60‘

Our study showed that serum levels of IL-
6 positively and consistently correlated with

disease severity at the point of diagnosis as shown
by other studies®®. It however did not correlate with
disease severity progression since a one-point
blood sample was taken, which would have been
taken care of, if a longitudinal study was done
involving baseline and subsequent serial
measurements of the serum cytokines (IL-6, TNF-
ALPHA) levels at a later gestational age.

In effect, assays of IL-6 can be used both

as a diagnostic indicator of pre-eclampsia and
degree of severity at the point of diagnosis.
The high concentration of serum IL-6 seen in pre-
eclamptic patients in our study population may be
partly due to the significant role of inflammation
and infection in the pathogenesis of pre-eclampsia
in developing countries. The high incidence of
chronic subclinical infections may contribute to the
high incidence of pre-eclampsia. Since the study
was carried out in women with established pre-
eclampsia, it is not possible to determine whether
the observed increased serum concentration of IL-
6 is a cause or consequence of the disease.

The mean TNF-a serum concentration in
the study population did not show statistically
significant difference in the cases and controls. A
similar finding has been documented in studies
done in Iran and Turkey®> *. The mean TNF-a
serum concentrations however showed decreasing
trend in controls, mild pre-eclampsia, and severe
pre-eclampsia respectively though not statistically
significant. This observation is not surprising since
IL-6 inhibits TNF-o, release®. The mean levels of
TNF-a may be reducing with increasing severity of
preeclampsia due to progressively elevated 1L-6
levels.

The findings from this study suggest a
significant role for IL-6, and the need for more
studies to further elucidate the role of pro-
inflammatory cytokines in the pathogenesis of pre-
eclampsia in our environment. Studies on larger
numbers of pregnant women from different
populations of Nigeria and a longitudinal one
would be necessary, more so to determine mean
values for pro-inflammatory cytokines across the
trimesters in normal pregnancy and pre-eclampsia.

Vol. 38 No. 3 (2021): Tropical Journal of Obstetrics & Gynaecology/ Published by Journal Gurus 227



Nkencho O et.al., Serum Pro-Inflammatory Cytokines and their Correlation with Pre-Eclampsia

REFERENCES

10.

11.

12.

Duley L. The global impact of pre-eclampsia
and eclampsia. Semin Perinatol 2009; 33(3):
130-7

Steegers EA, Von Dadelszen P, Duvekot JJ,
Pinjenborg R. Pre-eclampsia. Lancet 2010; 376
(9741): 631 - 44

Khan KS, Wojdyla D, Say L, Gulmezoglu AM,
Van Look PF. WHO analysis of causes of
maternal death: a systematic review. Lancet
2006; 367(9516): 1066 - 74

World Health Organization, United Nations
Children’s Fund, United Nations Population
Fund, and World Bank. Trends in Maternal
Mortality: 1990 to 2010: WHO, UNICEF,
UNFPA and The World Bank Estimates. 2012.
Geneva

Omo-Aghoja LO, Aisien OA, Akuse JT,
Bergstrom S, Okonofua FE. Maternal mortality
and emergency obstetric care in Benin City,
South South Nigeria. J Clin Med Res 2010; 2
(4): 55-60

Makris A, Xu B, Yu B, Thornton C, Hennessy
A. Placenta deficiency of interleukin 10 (IL-10)
in preeclampsia and its relationship to an IL-10
promoter polymorphism. Placenta 2006; 27:
445-51.

Jonsson Y, Matthiesen L, Berg G, Ernerudh J,
Nieminen K, Ekerfelt C. Indications of an
offered immune balance in preeclampsia; a
decrease in in vitro secretion of IL-5 and IL-10
from blood mononuclear cells and in blood
basophil counts compared with normal
pregnancy. J Reprod Immunol 2005; 66: 69-84
Hu W, Wang H, Wang Z, Huang H, Dong M.
Elevated serum levels of interleukin-15 and
interleukin-16 in preeclampsia. J Reprod
Immunol 2007; 73: 166-71

Wilizynski JR, Tchorzewski H, Banasik M,
Glowacka E, Wieczorek A, Lewkowicz P et al.
Lymphocyte subset, distribution and cytokine
secretion in third trimester decidua in pre
normal pregnancy and preeclampsia. Eur J
Obstet Gynaecol Reprod Bol 2003; 109: 8-15
Sibai BM, Dekker G, Kupferminic M. Pre-
eclampsia. Lancet 2005; 365: 785-99

Yeh CC, Chao KC, Huang SJ. Innate
immunity, decidual cells, and preeclampsia.
Reproductive Sciences. 2013 Apr; 20(4):339-
53.

Zhou Y, Damsky CH, Fisher SJ. Preeclampsia
is associated with failure of human
cytotrophoblasts to mimic a vascular adhesion
phenotype. One cause of defective

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

endovascular invasion in this syndrome? J Clin
Invest 1997; 99: 2152-64.

Roberts JM. Pathophysiology of ischemic
placental disease. In Seminars in perinatology
2014 Apr 1 (Vol. 38, No. 3, pp. 139-145). WB
Saunders.

Soleymanlou N, Jurisica I, Nevo O, Letta F,
Zhang X, Zamudio S, Post M, Caniggia I.
Molecular evidence of placental hypoxia in
preeclampsia. J Clin Endocrinol Metab 2005;
90: 4299-308.

Palei AC, Spradley FT, Warrington JP, George
EM, Granger JP. Pathophysiology of
hypertension in pre-eclampsia: a lesson in
integrative physiology. Acta physiologica.
2013 Jul;208 (3):224-33.

Nadar SK, Karalis I, AI Yemeni E, Blann AD,
Lip GY. Plasma markers of angiogenesis in
pregnancy induced hypertension. Thromb
Haemost 2005; 94: 1071-6.

Thadhani R, Mutter WP, Wolf M, Levine RJ,
Taylor RN, Sukhatme VP, Ecker J,
Karumanchi SA. First trimester placental
growth factor and soluble fms-like tyrosine
kinase 1 and risk for preeclampsia. J Clin
Endocrinol Metab 2004; 89: 770-5.
Chaiworapongsa T, Romero R, Kim YM, Kim
GJ, Kim MR, Espinoza J, Bujold E, Gonclaves
L, Gomez R, Edwin S, Mazor M. Plasma
soluble vascular endothelial growth factor
receptor — 1 concentration is elevated prior to
the clinical diagnosis of pre-eclampsia. J
Matern Fetal Neonatal Med 2005; 17: 3-18.
Levine RJ, Lam C, Qian C, Yu KF, Maynard
SE, Sachs BP, Sibai BM, Epstein FH, Romero
R, Thadhani R, Karumanchi SA, CPEP Study
Group. Soluble endoglin and other circulating
antiangiogenic factors in preeclampsia. N Eng!/
J Med 2006; 355: 992-1005.

Sargent IL, Germain SJ, Sacks GP, Kumar S,
Redman CW. Trophoblast deportation and the
maternal inflammatory response in pre-
eclampsia. J Reprod Immunol 2003; 59: 153-
60.

Levine RJ, Qian C, Leshane ES, Yu KF,
England LJ, Schisterman EF, Wataganara T,
Romero R, Bianchi DW. Two stage elevation
of cell-free DNA in maternal sera before onset
of preeclampsia. Am J Obstet Gynaecol 2004;
190: 707-13.

Barden A, Ritchie J, Walters B, Michael C,
Rivera J, Mori T, Croft K, Berlin L. Study of
plasma factors associated with neutrophil
activation and lipid peroxidation in
preeclampsia. Hypertension 2001; 38: 803-8.
Hubel CA, Mclaughlin MK, Evans RW, Hauth
BA, Sims CJ, Roberts JM. Fasting serum

Vol. 38 No. 3 (2021): Tropical Journal of Obstetrics & Gynaecology/ Published by Journal Gurus 228



Nkencho O et.al., Serum Pro-Inflammatory Cytokines and their Correlation with Pre-Eclampsia

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

triglycerides,  free  fatty acids, and
malondialdehyde are increased in
preeclampsia, are positively correlated, and
decrease within 48hrs postpartum. Am J Obstet
Gynaecol 1996; 174: 975-82.

Vince GS, Starkey PM, Austgulen R.
Kwigtkowski D, Redman CW. Interleukin-6,
tumour necrosis factor and soluble tumour
necrosis factor receptors in women with
preeclampsia. BrJ Obstet Gynaecol 1995; 102:
20-5.

Ellis J, Wennerholm UB, Bengtsson A, Lilja H,
Pettersson A, Sultan B, Wennergren M,
Hagberg H. Levels of dimethylarginines and
cytokines in mild and severe preeclampsia.Acta
Obstet Gynaecol Scand 2001; 80: 602-8.

Greer IA, Lyall F, Perera T, Boswell F, Macara
LM. Increased concentrations of cytokines
interleukin-6 and interleukin-1  receptor
antagonist in plasma of women with
preeclampsia: a mechanism for endothelial
dysfunction? Obstet Gynaecol 1994; 84: 937-
40.

Takacs P, Green KL, Nikaeo A, Kauma SW.
Increased vascular endothelial cell production
of interleukin-6 in severe preeclampsia. Am J
Obstet Gynaecol 2003; 188: 740-4

Freeman DJ, McManus F, Brown EA, Cherry
L, Norrie J, Ramsay JE, Clark P, Walker ID,
Sattar N, Greer IA. Short-and long-term
changes in plasma inflammatory markers
associated with preeclampsia. Hypertension
2004; 44:708-14.

Gammill HS, Roberts JM. Emerging concepts
in preeclampsia investigation. Front Biosci
2007; 12: 2403-11.

Gathiram P, Moodley J. Pre-eclampsia: its

pathogenesis and pathophysiology.
Cardiovascular journal of Africa. 2016 Mar; 27
(2):71.

Teran E, Escudero C, Moya W, Flores M,
Vallance P, Lopez-Jaramillo P. Elevated C-
reactive  protein and  pro-inflammatory
cytokines in  Andean women  with
preeclampsia. Int J Gynaecol Obstet 2001; 75:
243-9.

Granger JP, Maternal and fetal adaptations
during pregnancy: lesions in regulatory and
integrative physiology. Am J Physiol Regul
Intergr Comp Physiol 2002; 283: R1289-92.
Szarka A, RigoJr J, Lazar L, Beko G, Molvarec
A. Circulating cytokines, chemokines and
adhesion molecules in normal pregnancy and
preeclampsia  determined by  multiplex
suspension array. BMC Immunol 2010; 11: 59.
Schminkey DL, Groer M. Imitating a stress
response: a new hypothesis about the innate

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

immune system’s role in pregnancy. Medical
hypotheses. 2014 Jun 1;82 (6):721-9.

Saito S, Umekage H, Sakamoto Y, et al.
Increased T-helper-1-type immunity and
decreased T-helper-2-type immunity in
patients ~ with  preeclampsia. Am J
Reprodlmmunol 1999; 14: 297-306.

Raghupathy R. Pregnancy: success and failure

within the Th1/Th2/Th3 paradigm.
Seminlmmunol 2001; 13: 219-27.
Sprague AH, Khalil RA. Inflammatory

cytokines in vascular dysfunction and vascular
disease. Biochemical pharmacology. 2009 Sep
15;78(6):539-52

Hunter CA, Jones SA. IL-6 as a keystone
cytokine in health and disease. Nature
immunology. 2015 May;16(5):448

Akira S, Taga T, Kishimoto T: Interleukin-6 in
biology and medicine. Adv Immunol 1993; 54:
1-78.

Maruo N, Morita J, Shirao M, Murota S: IL-6
increases endothelial permeability in vitro.
Endocrinology 1992; 131: 710-4.

Maruo N, Morita I, Ishizaki Y, Murota S:
Inhibitory effects of interleukin-6 on
prostaglandin 1, production in cultured bovine
vascular endothelial Cells. Arch Biochem
Biophys 1992; 292: 600-4.

Ala 'Y, PalluyoO, Favero J, Bonne C, Modat G,
Dornand J: Hypoxia/reoxygenation stimulates
endothelial cells to promote interleukin-1 and
interleukin-6 production. Effects of free radical
scavengers. Agents Actions 1992; 37: 134-9.
Founds SA, Powers RW, Patrick TE, Ren D,
Harger GF, Markovic N, Roberts JM. A
comparison of circulating TNF-alpha in obese
and lean women with and without preeclampsia.
Hypertens Pregnancy 2008; 27: 39-48.

Tracey KJ, Ceremi AF. Tumour Necrosis
Factor: An updated review of its biology. Crit
Care Med 1993; 21: S415-S22.

Kupferminc MJ, Peaceman Ann, Wington TR,
Tamura RK, Rehnberg KA, Socol ML:
Immunoreactive tumour necrosis factor-o is
elevated in maternal plasma but undetected in
amniotic fluid in second trimester. Am J Obstet
Gynaecol 1994; 171: 976-9

Hunt JS, Soares MJ, Lei MG, Smith RN,
Wheaton D, Atheron RA: Products of
lipopolysaccharide-activated macrophages
(tumor necrosis factor, transforming growth
factor) but not lipopolysaccharide modify
DNA synthesis by rat trophoblast cells
exhibiting the 80-kDa lipopolysaccharide-
binding protein. J Immunol 1989; 143: 1606-
13.

Vol. 38 No. 3 (2021): Tropical Journal of Obstetrics & Gynaecology/ Published by Journal Gurus 229



Nkencho O et.al., Serum Pro-Inflammatory Cytokines and their Correlation with Pre-Eclampsia

47.

48.

49.

50.

51.

52.

53.

Nawroth PP, Stern DM: Modulation of
endothelial cell haemostatic properties by
tumour necrosis factor. J] Exp Med 1986; 163:
740-5.

Stark JM: Preeclampsia and cytokine induced
oxidative stress. Br J Obstet Gynaecol 1993;
100: 105-9.

Shalaby MR, Waage A, Aarden L, Espevik T:
Endotoxin, tumour necrosis factor-
alpha/cachectin and interleukin-1 induced
interleukin-6 production in vivo. Clin Immunol
Immunopathol 1989; 53: 488-98.

Reister F, Frank HG, Kingdom JC, Heyl W,
Kaufmann P, Rath W. Macrophage induced
apoptosis limits endovascular trophoblast
invasion in the uterine wall of preeclamptic
women. Lab invest 2001; 81: 1143-52.

Singh A, Sharma D, Raghunandan C,
Bhattacharjee J. Role of inflammatory
cytokines and eNOS gene polymorphism in
pathophysiology of pre-eclampsia. Am J
Reprod Immunol 2010; 63 (3): 244-51.
Afshari J.T., Ghomian N, Shamel, A., Shakeri
MT, Fahmidehkar MA, Mahajer E,
Khoshnavaz R and Emadzadeh M.
Determination of interleukin — 6 and Tumour
Necrosis Factor—Alpha Concentrations in
Iranian—Khorasanian patients with
preeclampsia. BMC Pregnancy and Childbirth
2005;5: 14.

Ozler A, Turgut A, Sak ME, Evsen MS,
Soydinc HE, Evliyaoglu O, Gul T. Serum
levels of neopterin, tumour necrosis factor-

54.

55.

56.

57.

58.

59.

60.

alpha and interleukin 6 in preeclampsia:
relationship with disease severity. Eur Rev
Med Pharmacol Sci 2012; 16 (12): 1707-12.
Xiao JP, Yin YX, Gao YF, Lau S, Shen F, Zhao
M, Chen Q. The increased maternal serum
levels of IL-6 are associated with the severity
and onset of preeclampsia. Cytokine 60
(2012): 856-60.

Velzing-Aarts FV, Muskiet FA, Van der Dijs
FP, et al. High serum interleukin-8 levels in
afro-caribbean women with pre-eclampsia.
Relations with tumour necrosis factor-alpha,
duffy negative phenotype and von willebrand
factor. Am J Reprod Immunol 2002; 48: 319-
22.

Bonita R, Beaglenhole R, Kjellstrom Basic
epidemiology 2™ edition. =~ World Health
Organization 2006.

Olusanya O, Okpere E, Ezimokhai M. Scoring
system for social class. West Afr J Med 1995;
4:205-12.

Manual on interleukin Human ELISA Kit.
Prepared by Abcam plc 2013.

Jonsson Y, Ruber M, Matthiesen L, Berg G,
Nieminen K, Sharma S e? al. Cytokine mapping
of sera from women with preeclampsia and
normal pregnancies. J Reprod Immunol 2006;
70: 83-91.

Ifeoma Udenze, Casimir Amadi, Nicholas
Awolola, Christian Chigozie Makwe The role
of cytokines as inflammatory mediators in pre-
eclamsia. Pan Afr Med J 2015; 20:219

Vol. 38 No. 3 (2021): Tropical Journal of Obstetrics & Gynaecology/ Published by Journal Gurus 230



	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	DISCUSSION

	REFERENCES

