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Role of decidual natural Kkiller cells & macrophages in pre-eclampsia

Pre-eclampsia (PE) is defined as the newly developed
maternal hypertension (diastolic blood pressure more than
90 mmHg), proteinuria (more than 300 mg in 24 h) and
oedema at or after 20 weeks of pregnancy'. It is a relatively
common disease (seen in 3% of pregnant women) and is
an important cause of maternal morbidity and mortality.
Till date, the exact aetiology of PE is unknown; however,
the predominant hypothesis is the disturbed placentation in
the early part of pregnancy due to impaired trophoblastic
invasion and defective remodelling of spiral artery in PE?.
This may cause ischaemia in the placental bed and release
of soluble fms-like tyrosine kinase and other mediators.
These mediators subsequently lead to generalized
endothelial dysfunction and systemic inflammation’
(Fig. 1). Three types of cells play a vital role in optimal
placentation (proper trophoblastic invasion and spiral
artery remodelling): decidual natural killer (DNK) cells,
extravillous trophoblast (EVT) and macrophages (Table).

DNK cells: These cells are major constituents of
leucocytes (75%) in the decidua. These are accumulated
in the placenta probably by chemoattractants or are
differentiated in situ from the stromal cells. DNK cells

Impaired trophoblasticinvasion

{

‘ Defective remodelling of spiral artery ‘

¥

‘ Deficient blood supply ‘

Placental hypoxia and oxidative stress

]

Soluble endoglin and s-Flt-1 liberated from
syncytiotrophoblast

4

Generalized endothelial dysfunction and systemic
inflammation leading to pre-eclampsia

Fig. 1. Schematic diagram showing the possible actiopathogenesis
of pre-eclampsia. sFlt-1, soluble fms-like tyrosine kinase.
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are more concentrated around the spiral arteries, and
these are in close proximity with EVT. The DNK cells
are phenotypically different from the peripheral natural
killer cells. The DNK cells are phenotypically CD56 e
CD16". These are rich with CD94/NKG?2 receptors and
adhesion-mediating L-selectin*. DNK cells also express
killer cell immunoglobulin-like receptors (KIRs)
and produce important cytokines and angiogenic
factors such as tumour necrosis factor-alpha (TNF-a),
interferon gamma (IFN-y), vascular endothelial growth
factor (VEGF), macrophage colony-stimulating factor,
interleukin-8 (IL-8) and chemokine (C-X-C motif)
ligand 10 (CXCL10)>". These factors are essential for
extravillous trophoblastic invasion, angiogenesis, spiral
artery remodelling and successful placentation.

Extravillous  trophoblast (EVT): Extravillous
trophoblast comprised syncytio and cytotrophoblastic
cells that are present outside the villi. In the early
part of pregnancy (before week 20), EVT invades in
the functional endometrium of the mother. It plays an
important role in remodelling of the spiral artery. The
smooth muscle of the vessel wall is discretely lost,
and the endothelial cells of the vessels are completely
replaced by EVT. The spiral artery becomes large and
flaccid and provides increased blood in the intervillous
space to the growing foetus (Fig. 2).

Interaction of EVT and DNK cells: There is growing
evidence that DNK cells regulate the invasion of EVT
and thereby remodelling of spiral artery’. The receptors
of DNK cells combine with the ligands of the EVT
cells resulting in the release of cytokines: IL-8 and
interferon-inducible protein-10 chemokines’. These
cytokines are helpful in trophoblastic invasion and
angiogenesis. DNK cells also liberate various matrix
metalloproteinases (MMP2 and MMP9Y), urokinase
plasminogen activator, etc., that help in the breakdown
of extracellular matrix for the successful invasion
of EVT? EVT expresses human leucocyte antigen
(HLA) — C, E and G antigens which bind with the
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Table. Characteristic features and functions of decidual natural killer (DNK) cells, extravascular trophoblasts and macrophages in the

and fibronectin

Source: Refs 3-7

placental bed
Cells Characteristic features Functions
DNK cells CD56 e CD16~ Control extravascular trophoblastic
Rich with CD94/NKG2 receptors and adhesion-mediating invasion and vascular remodelling
L-selectin by producing cytokines.
Express KIRs Angiogenesis
Produce TNF-a, IFN-y, vascular endothelial growth factor,
macrophage colony-stimulating factor, IL-8 and CXCL10
Extravillous Express HLA - C, E and G antigens Remodelling of spiral artery into
trophoblasts (EVT) HLA-C is the ligand of KIR large and flaccid vessel
HLA-E is the ligand of CD94-NKG2A/C
HLA-G is the ligand of LILR B1
Macrophages Positive for CD68 Vascular remodelling.

Produce VEGF, fibroblast growth factors, MMP, TGF-f3,

MMP, matrix metalloproteinases; TNF, tumour necrosis factor; IFN, interferon; TGF, tumour growth factor; KIRs, killer cell
immunoglobulin-like receptors; HLA, human leucocyte antigen; IL-8, interleukin-8; VEGF, vascular endothelial growth factor
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Fig 2. Schematic diagram showing the interaction of extravascular
trophoblast, decidual natural killer cells and macrophages along
with vascular remodelling. EVT, extravascular trophoblast; DNK
cell, decidual natural killer cell; VEGEF, vascular endothelial
growth factor; FGF, fibroblast growth factor; MMP, matrix
metalloproteinase, TGF, tumour growth factor.

corresponding receptors on the DNK cells such as KIR,
CD 94-NKG2A/C and LILR B1 ligand, respectively®!°.
Hiby et al'' have shown that the mother lacking
activating KIR (AA genotype) and foetus containing
HLA C2 generate a strong inhibitory response on DNK
cells leading to impaired remodelling of the uterine
spiral arteries due to lack of adequate cytokines from
the DNK cells. They noted that this group of patients
were prone to develop PE.

Macrophages: Macrophages in the placental bed are
responsible for vascular remodelling and angiogenesis
by producing VEGF, fibroblast growth factors (FGFs),
matrix metalloproteinases (MMPs), tumour growth
factor-beta (TGF-B) and fibronectin'?. These also help
in the removal of the apoptotic bodies during invasion of
EVT and remodelling of spiral arteries'>. Macrophages
are infiltrated in the placenta by the chemoattractant
CCL2, CCL7, CCLA4, etc., produced by decidual cells
and trophoblasts'®. Compared with normal pregnancy
increased macrophage infiltration is noted in PE".

There are conflicting studies regarding the number
of DNK cells and macrophages in PE. Increased',
decreased!” and no alteration of the number of DNK
cells in the decidua in PE patients have been reported'®.
Milosevic-Stevanovic et al” in this issue analysed the
number of DNK cells and macrophages in PE and
normal pregnant women. They did CD56 and CD68
immunostaining for DNK cells and macrophages,
respectively, on the curettings from the placental bed at
the time of caesarean section. They noted significantly
lower number of macrophages in the cases of PE than
normal control. The number of CD56 positive DNK
cells was less in PE patients than control; however,
this was not significant. They also noted significantly
greater number of DNK cells in PE with intrauterine
growth retardation (IUGR) compared to PE without
IUGR. The variation in the demonstration of the
number of DNK cells in this study from the others may
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be due to the difference in sampling (curettings from
the placental bed versus attached decidua with placenta)
and measurement technique (immunocytochemistry
versus flow cytometry)?. The gestational age of the PE
patients and the control group was not matched in this
study. Moreover, the pathogenesis of PE begins in early
weeks of pregnancy followed by the late appearance
of the disease. Therefore, it is possible that the all
the alterations in the number of the DNK cells and
macrophages may be the effect of PE but not the cause.

The mere increase or decrease in DNK cells may
not have much role in the pathogenesis of PE. Hiby
et al' have described that the functional activity of the
DNK cells is very important which depends mainly
on the fine balance between activating or inhibiting
receptors of KIR of DNK cells with corresponding
ligands of HLA of EVT. The pathogenesis of the PE is
possibly multifactorial including DNK cell receptors,
HLA typing of the mother and the cytokine profiles
of the local placental area. At present, more data are
needed to understand the pathogenesis of PE and
preventing this menace of pregnancy.
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