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Summary

The purpose of this investigation was to measure cytokine production by maternal peripheral blood lymphocytes from women
with intrauterine growth restriction (IUGR) and from healthy pregnant women, and to investigate the relationship between cy-
tokine profiles and IUGR. Thirty-six women with IUGR and 22 control healthy pregnant women with normal fetal growth were
studied. Levels of pro-inflammatory cytokines (IFNy, TNFa, IL-8, IL-12, IL-18, IL-23) and anti-inflammatory cytokines (IL-4, IL-
10, IL-13) produced by mitogen-stimulated peripheral blood mononuclear cells were measured by ELISA. Levels of the anti-in-
flammatory cytokine IL-4 were higher in normal pregnancy compared to [UGR, indicating an anti-inflammatory bias. Levels of
the pro-inflammatory cytokines IL-6, TNFa, and IL-12 were significantly higher and levels of the anti-inflammatory cytokine IL-
10 lower in IUGR with placental insufficiency than in [IUGR without placental insufficiency, suggesting a stronger pro-inflamma-
tory bias in IUGR with placental insufficiency. Ratios of pro- to anti-inflammatory cytokines suggest a dominance of
pro-inflammatory cytokines. The authors conclude that an increased pro-inflammatory cytokine bias is observed in [IUGR compared
to normal pregnancy, and an increased pro-inflammatory cytokine dominance is seen in [IUGR with placental insufficiency com-

pared to IUGR without placental insufficiency.
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Introduction

Despite our understanding of some of the causes and risk
factors of intrauterine growth retardation (IUGR), a defi-
nite cause of [IUGR remains unidentified in nearly 50% of
the cases [1]. While the pathophysiologic mechanisms un-
derlying IUGR are not completely understood, a critical
role for the placenta has long been suspected. Research on
immunological aspects of other pregnancy complications
like recurrent spontaneous miscarriage, pre-eclampsia, and
preterm labor have revealed important roles for maternal
immunologic factors such as natural killer cells, activated
macrophages, and cytokines in these complications. Sev-
eral cytokines play critical roles in normal pregnancy both
in the maintenance of placental growth and in the modula-
tion of maternal immune responses to avoid antagonistic
reactivity against the conceptus [2-4]. The maternal im-
munologic state that is most beneficial to reproductive fit-
ness appears to be nurtured by the local secretion of T
helper 2 (Th2) cytokines; as a corollary, recurrent sponta-
neous miscarriage [5], preterm labour [6, 7], and pre-
eclampsia [8] are reported to be associated with a
predominance of T helper-1 (Th1) or pro-inflammatory cy-
tokines in the mother [3,4].

Th1 and Th2, the two major subsets of CD4" T helper
cells have different patterns of cytokine production and
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different roles in immune responses [9]. Thl cells secrete
IFNy, TNFp, IL-2, and TNFaq; these inflammatory cy-
tokines activate macrophages and cell-mediated im-
munologic reactions. Th2 cells secrete IL-4, IL-5, IL-10,
and IL-13 which are predominantly anti-inflammatory cy-
tokines and augment humoral immunity.

While there are numerous studies on cytokine profiles
in pregnancy complications like recurrent miscarriage,
preterm delivery, and pre-eclampsia [4-8], immunologi-
cal studies in IUGR are limited. The demonstration of in-
creased levels of some cytokines and decreased levels of
other cytokines in these conditions have led us to consider
the possibility of abnormal cytokine profiles in IUGR as
well. This study aimed at investigating possible relation-
ships between cytokine production patterns of maternal
peripheral blood lymphocytes and IUGR, with and with-
out placental insufficiency.

Materials and Methods

Study center

This prospective study included a total of 36 consecutive
women attending the antenatal clinic at Kuwait Maternity Hos-
pital with a diagnosis of IUGR, and 22 healthy control subjects
with normal fetal growth. Informed consent was obtained from
all women in the study. This study was approved by the Ethics
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Committee of the Faculty of Medicine, Kuwait University.

Subjects

Subjects underwent early ultrasound scan to confirm gestational
age. IUGR is defined as an estimated birth weight of less than the
10" centile for gestational age by ultrasound scan. Inclusion cri-
teria in this group were fetuses with less than 10" centile abdom-
inal circumference measured by ultrasound scan.

Women in the [UGR group were subdivided into [UGR with-
out placental insufficiency (i.e. symmetrical IUGR; 17 women)
and IUGR with placental insufficiency (i.e. asymmetrical [IUGR;
19 women) by assessment of fetal anatomy and biometry, amni-
otic fluid dynamics, uterine, umbilical, and fetal middle cerebral
artery by Doppler. Placental insufficiency was diagnosed if pul-
satility index in the umbilical artery was raised, with either ab-
sent end diastolic flow, or reversed end diastolic flow. Exclusion
criteria for the [IUGR group included diagnosis of fetal malfor-
mations and the presence of co-morbid maternal disease such as
pre-eclampsia and infectious diseases.

Controls consisted of women with a history of at least two suc-
cessful pregnancies with no previous spontaneous miscarriage,
pre-eclampsia, preterm labor or IUGR.

Lymphocyte stimulation

Five ml of venous blood samples were taken after spontaneous
vaginal delivery at term. Peripheral blood mononuclear cells
(PBMC) were separated from blood samples by Ficoll hypaque
density gradient centrifugation, suspended in RPMI medium con-
taining 10% fetal calf serum, aliquoted into 96-well tissue culture
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Figure 1. — Mean levels of anti-inflammatory cytokines IL-4 (A),

IL-10 (B) and IL-13 (C) in the different study groups. Results are
expressed as mean + SEM.

plates at 10° cells per well, and then challenged with the mitogen
phytohemagglutinin (PHA) at a concentration of five pg/ml for a
period of 96 hours. Culture supernatants were collected after 96
hours of culture and the levels of cytokines estimated by ELISA.

ELISA for cytokines

Samples were tested in triplicate and absorbance values were
read using an ELISA Reader. Accurate sample concentrations of
cytokines were determined by comparing their respective ab-
sorbencies with those obtained for the reference standards plot-
ted on a standard curve.

Statistical analysis

The standard Mann-Whitney-U test was used for non-paramet-
ric comparisons of stimulation indices and median cytokine lev-
els, as the data were not normally distributed. Differences were
considered significant if the p-value was < 0.05.

Results

The mean levels of IL-4 were significantly higher in the
normal pregnancy group compared to IUGR subjects as a
whole and also compared to IUGR with and without pla-
cental insufficiency (Figure 1A).

While the mean levels of IL-10 were not significantly
different in the normal control group versus the IUGR
group as a whole, the IUGR group with placental insuffi-
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ciency had significantly lower levels of IL-10 compared to
ITUGR without placental insufficiency (Figure 1B).

Interestingly, the Th2 cytokine IL-13 was significantly
higher in the IUGR group as a whole when compared to
the normal pregnancy group. The IUGR group with pla-
cental insufficiency had higher levels of IL-13 than the
TUGR group without placental insufficiency (Figure 1C).

Mean levels of IL-6 were significantly higher in IUGR
with placental insufficiency compared to IUGR without
placental insufficiency; higher levels of IL-6 in IUGR with
placental insufficiency might suggest a possible connection
between this inflammatory cytokine and IUGR with pla-
cental insufficiency. IL-6 levels were not significantly dif-
ferent when the IUGR group as a whole was compared to
the normal pregnancy control group (Figure 2A).

Levels of the pro-inflammatory Th1 cytokine TNFa were
higher in IUGR with placental insufficiency compared to
ITUGR without placental insufficiency and also compared
to normal pregnancy (Figure 2B), suggesting that [TUGR
with placental insufficiency is associated with higher lev-
els of this inflammatory cytokine.

IL-12 is a Thl-inducing inflammatory cytokine and is
thus responsible for influencing the Th1/Th2 patterns of T
cell reactivity. Compared to normal pregnancy, mean lev-
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Figure 2. — Mean levels of inflammatory cytokines IL-6 (A),
TNFa (B) and IL-12 (C) in the different study groups. Results are
expressed as mean + SEM.

els of IL-12 were significantly higher in the IUGR group,
as well in [UGR with and without placental insufficiency
(Figure 2C). Higher levels of IL-12 might indicate a
propensity towards a Th1 profile in [UGR.

Mean levels of IFNy (Figure 3A) and IL-8 (Figure 3B)
were not significantly different in the four groups studied.
Given that cytokines are part of a large network of cy-
tokines, receptors and antagonists, cytokine levels by them-
selves may not provide sufficient information on the overall
immune reactivity; the relative levels of cytokines may pro-
vide a better picture of possible biases in cytokine profiles
and thus immune reactivity. Keeping this in mind, the au-
thors calculated the means of ratios of inflammatory to non-
inflammatory cytokines in different permutations.

In most of the combinations, ratios involving IL-4 were
higher in IUGR compared to controls (Table 1). For exam-
ple, the TNFo/IL-4, IFNy/IL-4, IL6/IL-4, IL-8/IL-4, and
IL-12/IL-4 ratios were significantly higher in the IUGR
group compared to normal pregnancy controls. These ra-
tios were also significantly higher in the [IUGR with pla-
cental insufficiency and IUGR without placental
insufficiency as compared to normal controls. This is sug-
gestive of a stronger inflammatory bias in the [UGR groups
compared to the normal control group.
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Table 1. — Ratios of pro- to anti-inflammatory cytokines.

Cytokine Total IUGR with IUGR without Normal Significant differences
ratio TUGR (I)  placental placental pregnancy
insufficiency (W) insufficiency (WO) control (C)
TNEF/IL-4 1543 1469 1621 283 Tvs. C=p<0.002; WO vs. C=P<0.02; Wvs. C=p<0.005
IFN/IL-4 3668 3251 4176 873 Ivs. C=p<0.01; WOvs. C=P<0.05; Wvs. C=p<0.05
IL-6/1L-4 19270 18254 19701 4429 Tvs. C=p<0.007;, WO vs. C=P<0.04; Wvs. C=p<0.04
IL-8/IL-4 516 466 571 124 Tvs. C=p<0.006
IL-12/IL-4 3.7 4.2 2.9 0.38 Tvs. C=p<0.0001; WO vs. C=p<0.002; Wvs. C=p<0.01
TNF/IL-10 33 5.1 2.5 23 Ws. S=p<0.03
IFN/IL-10 7.8 11.2 6.5 7 Ws. S=p<0.008
IL-6/IL-10 41 63 31 35 Ws. S=p<0.03
IL-8/IL-10 1.1 1.6 0.9 1 WO vs. C=p<0.0001; Wvs. C=p<0.0001; Wvs. S=p<0.03
IL-12/IL-10  0.008 0.02 0.005 0.003 Ws. C=p<0.012
TNF/IL-13 45 49 43 41
IFN/IL-13 108 107 109 126
IL-6/1L-13 563 605 516 640
IL-8/1L-13 15 16 15 15
IL-12/IL-13 0.1 0.1 0.08 0.05

All TUGR samples = I; IUGR with placental insufficiency = W; IUGR without placental insufficiency = WO; Control = C.

12000

3A
= 10000 (7 ]
E
g 8000
»
- 6000
2
2
=~ 4000
=
% 2000/
Total IUGR with IUGR without Normal
IUGR placental insuff. placental insuff. Pregnancy
1600 3B
E 1200
o)
=
[
= 800
>
D
o 400
—
0 . - " : ;
Total IUGR with IUGR without Normal

IUGR placental insuff. placental insuff. Pregnancy

Figure 3. — Mean levels of inflammatory cytokines IFNg (A) and
IL-8 (B) in the different study groups. Results are expressed as
mean + SEM.

Ratios involving IL-10 revealed an interesting pattern.
TNFo/IL-10, IFNy/IL10, IL-6/1L-10, and IL-8/IL-10 were
all higher in [IUGR with placental insufficiency compared

to IUGR without placental insufficiency. IL-10 is a char-
acteristic Th2 cytokine that antagonizes the generation of
Thl responses. Higher ratios involving IL-10 can be inter-
preted as a stronger Thl bias in IUGR with placental in-
sufficiency as compared to IUGR without placental
insufficiency.

Discussion

A few previous studies have estimated some cytokines in
the serum and amniotic fluid of [IUGR pregnancies, but none
have focused on cytokine production by maternal lympho-
cytes. In this report, maternal peripheral blood mononuclear
cells were stimulated with a mitogen after which cytokine
production profiles were assessed in three groups of sub-
jects, IUGR with placental insufficiency, IUGR without pla-
cental insufficiency, and normal pregnant women.

IL-4 levels are significantly lower in [IUGR with placen-
tal insufficiency, [IUGR without placental insufficiency, and
the IUGR group as a whole, when compared to normal
pregnancy controls. This suggests the possibility of a de-
creased Th2 profile in [IUGR and therefore a stronger Thl
bias in IUGR, which is supported by the significantly
higher TNFo/IL-4, IFNy/IL-4, IL-6/IL-4, 1L-8/IL-4, and
IL-12/1L-4 ratios in IUGR. IL-4 is the hallmark Th2 cy-
tokine that directs Th2 development [10]. Because of its
strong Th2-stimulating properties, high levels of IL-4
would eventually result in preferential stimulation of Th2
(i.e. anti-inflammatory) activity.

The present authors found higher levels of IL-10 in [IUGR
without placental insufficiency compared to IUGR with pla-
cental insufficiency. Most of the ratios of inflammatory cy-
tokines to IL-10 are higher in IUGR with placental
insufficiency compared to IUGR with placental insuffi-
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ciency, suggestive of a stronger pro-inflammatory bias in
TUGR with placental insufficiency compared to [UGR with-
out placental insufficiency. IL-10 is a Th2-type immunosup-
pressive cytokine which antagonizes the generation of Thl
cells and exerts strong anti-inflammatory functions [10, 11].
Amu et al. reported a significant decrease in serum and de-
cidual IL-10 in [UGR pregnancies compared to normal preg-
nancies and propose that low levels of IL-10 in the placenta
may be associated with the pathogenesis of [UGR [12].

IL-13 also makes significant contributions to Th2 re-
sponses [10, 13]. However, in contrast to the trends sug-
gested by IL-4 and IL-10 levels and ratios, IL-13 levels
produced in mitogen-stimulated cultures were actually
higher in IUGR than in normal pregnancy. On the other
hand, the IL-13-related ratios were not significantly differ-
ent between the different groups.

This study also found significantly elevated production of
the pro-inflammatory cytokine IL-6 in IUGR with placen-
tal insufficiency compared to [UGR without placental in-
sufficiency, as well as higher IL-6/IL-4 and IL-6/IL-10
ratios, suggesting a stronger pro-inflammatory bias in
IUGR with placental insufficiency. IL-6, along with other
inflammatory cytokines such as IL-1, TNFa, and IL-12,
plays very significant roles in the development of acute and
chronic inflammatory responses [14]. The present authors
did not observe significantly higher production of IFNy in
the IUGR groups but found higher IFNy/IL-4 and I[FNy/IL-
10 ratios in IUGR with placental insufficiency compared
to [UGR without placental insufficiency. This could be sig-
nificant considering that the relative levels of IL-10 and
IFNy may influence the balance between immunopatho-
logic reactions and weak cell-mediated responses [15].
IFNy is a classical Thl/inflammatory cytokine and is re-
sponsible for triggering Th1 responses and inhibiting Th2
responses [10, 16]. Interestingly, increased cord blood lev-
els of IFNy were reported in small-for-gestational age preg-
nancies compared to normal babies; these authors suggest
that IFNy levels at birth are related to fetal growth restric-
tion [17].

TNFa levels are higher in IUGR with placental insuffi-
ciency compared to [UGR without placental insufficiency
and to normal control pregnancy. The ratios of TNFa/IL-4
and TNFo/IL-10 are also higher in IUGR than in normal
pregnancy, indicative of a stronger pro-inflammatory bias
in IUGR versus normal pregnancy and in [UGR with pla-
cental insufficiency versus IUGR without placental insuffi-
ciency. Known to be a strong mediator of inflammatory
reactions, TNFa is a cytotoxic cytokine which also promotes
thrombotic processes. Along with IL-1 and IL-6, TNFa in-
duces many of the localized and systemic changes observed
in the acute inflammatory responses, such as increased vas-
cular permeability, chemokine induction, increased expres-
sion of adhesion molecules on vascular endothelium, and
coagulation. TNFa also plays a central role in chronic in-
flammation [ 18]. Interestingly, Johnson ef al. did not find an

increase in serum levels of the pro-inflammatory cytokines
IL-6, IL-8, and TNFa in fetal growth restriction [19]. On
the other hand, Bartha et al. showed that women with [UGR
due to placental insufficiency had significantly higher serum
levels of TNFa and a higher rate of detectable TNFa than
did normal pregnant women [20]. These researchers suggest
that elevations of TNFa could be a specific phenomenon of
certain subsets of IUGR, identifying cases with placental
dysfunction. Amarilyo ef al. (2011) found increased cord
blood concentrations of IL-6 and TNFa in small-for-
gestational age infants when compared with controls [21].

While IL-8 levels by themselves were not significantly
different in the different groups, the IL-8/IL-4 ratio was
higher in IUGR compared to normal pregnancy. Similarly,
the IL-8/IL-10 ratio was higher in [IUGR with placental in-
sufficiency. IL-8 is a powerful chemokine that functions
primarily as a chemoattractant and activator of neutrophils
and plays important roles in inflammatory responses. The
authors also found higher levels of IL-12 in the I[UGR
group as a whole and in both ITUGR subgroups when com-
pared to normal pregnancy. IL-12/IL-4 and IL-12/IL-10 ra-
tios are also higher in [UGR. IL-12 is a potent regulator of
Thl differentiation and also has potent pro-inflammatory
capabilities [22]. In the cord blood of small-for-
gestational age preterm infants, Lindner et al. recently re-
ported elevated levels of IL-12 [23].

Overall the present results suggest that peripheral blood
mononuclear cells from women with [TUGR show a pro-in-
flammatory bias. The observation of increased levels of the
inflammatory cytokines IL-6 and TNFa in [UGR with pla-
cental insufficiency than in [IUGR without placental insuf-
ficiency, and higher levels of the anti-inflammatory
cytokine IL-10 IUGR without placental insufficiency point
to the possibility of a stronger inflammatory bias in [UGR
with placental insufficiency when compared to [UGR with-
out placental insufficiency. This is supported by higher
TNFo/IL-10 and IFNy/IL-10 ratios in [IUGR with placental
insufficiency.

In a recent companion study, the present authors found
interesting differences in the levels of cytokines produced
by maternal PBMC upon antigenic stimulation with tro-
phoblast antigens. IL-8 was produced at higher levels by
blood cells of the IUGR group than in normal pregnant
women, while IL-13 was produced at lower levels. IL-8,
IFNy, and TNFa were higher in IUGR with placental in-
sufficiency than in normal pregnancy. IL-12 levels were
higher and IL-10 levels were lower in [IUGR with placen-
tal insufficiency than in IUGR without placental insuffi-
ciency [24].

If the association between cytokine profiles and IUGR is
confirmed in studies with larger sample sizes, how might
cytokines bring about adverse effects? TNFa inhibits the
growth of the trophoblast [25], interferes with placental de-
velopment and invasion of the spiral arteries, is directly
toxic to the endothelium, and may damage the decidual vas-
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culature [26]. TNFa interferes with the anticoagulant sys-
tem and may induce placental thrombosis. In fact, massive
chronic intervillositis and thrombotic vasculopathy [27] are
known to cause IUGR and it is suggested that inflammatory
cytokines like TNFa may contribute to these pathologies
[25]. Inflammatory cytokines may also cause trophoblast
dysregulation at a subcellular level and the loss of func-
tional mass of the villous trophoblast via cell death path-
ways [28]. It is also proposed that increased TNFa in the
vicinity of the placenta may lead to [UGR by preventing
nutrient uptake by the fetus. A pro-Thl bias would result
in higher levels of TNFa, hence the possible association
between Thl reactivity and IUGR is of interest.

Investigations on the associations and the roles of in-
flammatory mediators like cytokines, will contribute not
only to the elucidation of the pathophysiology of this dis-
ease, but also to the identification of markers that can pre-
dict neonatal complications, as well as fetal maturity and
weight.
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