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Background: Decidual Natural Killer (dNK) cells are expressed slightly in the maternal fetal 
interface and serve the trophoblast to invaded decidual tissue in normal pregnancy. In preeclampsia, 
Decidual Natural Killer (dNK) expression increases as a result of maternal immune maladaptation,  
causing the decreased of VEGF expression. Recombinant VEGF-121 therapy is thought to decrease 
the expression of dNK cells. This study aims to determine the effect of recombinant VEGF-121 on 
dNK cell expression in preeclampsia mice model. 
Methods: Experimental. The sample size was 30 pregnant mice divided into 3 groups: 10 normal 
pregnant mice (N), 10 preeclampsia pregnant mice models, (PE) and 10 preeclampsia mice model 
with recombinant VEGF-121 therapy (VEGF). Preeclampsia mice model was made with injection of 
an intra venous 10 ng anti-Qa-2 which would eliminate the expression of Qa-2 (homologous HLA-G 
in humans) from day 1 to 4th of pregnancy. Recombinant VEGF-121 therapy is administered on the 
12th to 15th day of pregnant mice with an intravenaous injection of 125 mg / kgBW / day. On day 
16, all samples were examined of dNK/ CD56 by using Immunohistochemical methods. Data were 
analyzed by using Kruskal Wallis and Mann Whitney test. 
Result: Mean of dNK/ CD56 cell in N group =1.20±0.62; PE group =2.32±1.33 with p value =0.01. 
Mean of dNK/ CD56 cells in VEGF group =2,25±0,94, with p value =0.02. 
Conclusions: Recombinant VEGF-121 therapy had an effect on decreasing dNK/ CD56 cells in 
preeclampsia mice model. 
 
 
 

  

  
 

 
 

 
 

 

 
 
 
 

 
 

 
 
 

 
 

 

 
 

 
 

 
 
 

 
 

 
 
 

  
 
 
 

INTRODUCTION 
 

Preeclampsia is one of the complication of pregnancy, char-
acterized by high blood pressure and proteinuria that appear 
after 20 weeks of gestation, and it affects 5 to 10% of all 
pregnancy. According to the World Health Organization 
(WHO), 20% of 15 million premature births are related to 
preeclampsia. In developing countries, the incidence of 
preeclampsia is higher, and the mortality for both the mother 
and the premature baby are 20 times higher than in developed 
country.1 

 

The etiology of preeclampsia until now has not been known for 
certain, but many believe their hypotheses about placentation 
failure during early pregnancy because of the failure of 
trophoblast invasion and spiral artery remodeling lead into the 
placenta ischemia then endothelial dysfunction that is the 
hallmark/ pathognomonic in preeclampsia.2 

 

In normal pregnancy, trophoblast invaded well  into the 
decidua and myometrium because of their adaptation to the 
maternal immune tolerance both locally during early pregnancy 
and systemic.3 Maternal immune tolerance occurs because the 
trophoblasts express the HLA class 1b (HLA-C, E and G) to be 
recognized and considered as part of "self", not to trigger 
maternal immune reactions. In preeclampsia, immune 
maladaptation occurs because of the trophoblast considered as 
a foreign object/ non self that causes invasion of trophoblast 
and inadequate spiralis arteria remodeling that will trigger the 
occurrence of hypoxia and inflammation in the placenta that 
ends up as preeclampsia.4,5 

 

Immune cells in the decidual in early gestation are the decidual 
Natural Killer cells (dNK cells), macrophages, T cells and 
dendritic cells. The majority of these immune cells are NK 
cells accounted for 70% of all leukocytes in the decidua.3 
Decidual Natural Killer cells are a part of immune cells that are 
Large Granular Lymphocytes (LGL) that play a role in the 
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innate immune system of the human reproductive system by 
recognizing and destroying foreign cells. Decidual Natural 
Killer phenotype cells are different from the peripheral NK 
cells there are CD56bright CD-16. Natural Killer cells also 
expressing Killer cells Immuno Receptor (KIRS) and produce 
cytokines that are important and has angiogenic factors such as 
TNF-α, IFN-ɤ, VEGF, IL-8, chemokines, and also ligand 10 
which are essential for trophoblast invasion, angiogenesis, 
spiralis artery remodeling and successful placentation.2 

 

At the time of implantation, dNK cells will react and form a 
receptor called Killer Immunoglobulin Receptor (KIR) to 
recognize trophoblast cells. The KIR will then bind to the HLA 
gene expressed by Extra Villous Trofoblast (EVT) cells so that 
EVT cells will be recognized and considered part of "self". 
KIR will then give a signal to dNK cells to inhibit cytolysis 
function of dNK cells so that the EVT implantation and 
invasion process can take place. If the process of the 
recognition is going well, the dNK cells will then generate a 
proangiogenic factors such as angiopoietin (Ang-2), Vascular 
Endothelial Growth Factor (VEGF), Placental Growth Factor 
(PlGF), and TNFα, IL, IFN, TGFβ cytokine to help 
implantation and placentation process. 
 

From several studies it was found that in preeclampsia, dNK 
cells produced a lower proangiogenic VEGF than in normal 
pregnancies.6,7 This suggests that dNK cells also have an 
important role in angiogenesis and the occurrence of 
preeclampsia. 
 

Recombinant VEGF-121 is an exogenous VEGF that can be 
used in research, the proangiogenic protein that has role to 
process vasculogenesis and angiogenesis which have receptor 
in endotel wall such as VEGFR-1. The provision recombinant 
VEGF-121 as a treatment of preeclampsia in experimental 
animals has the ability to decrease the sFlt-1 level in blood 
circulation, clinically lowers blood pressure, 
histopathologically improves the endothelial function and 
reduces placental hypoxia.8,9 

 

This study used experimental animals, that are Mus Musculus 
mice due to a short reproductive and developmental period, 
their ability to adapt well in a laboratory environment and 
genetically resemble humans.10 

 

This study aims to determine the effect of recombinant VEGF-
121 on the expression of dNK cells on preeclampsia, and it is 
expected to be one of the solution to reduce the incidence of 
preeclampsia. 
 

Subjects and Methods 
 

This research is an experimental analytical research based in In 
Vitro & Biomedical Laboratory of Veterinary Faculty of 
Airlangga University Surabaya, Indonesia. The study sample 
was decidual tissue of 30 female pregnant mice (Mus 
musculus) divided into 3 groups: 10 normal pregnant of mice 
group (N), group of preeklampsia pregnant mice model (PE) as 
many as 10 and group of preeclampsia mice model with 
Recombinant VEGF-121 therapy (VEGF) as many as 10 mice. 
Recombinant VEGF-121 therapy was performed by intra 
venous injection through a mice tail vein of 125 mg / kgBW / 
day on day 12 to -15 gestational mice followed by termination 
and decidual tissue sampling on day 16. 

Preeclampsia Mice Model 
 

The way to make a pregnant mice is to synchronized lust, 3-
month-old adults mice weighing 20-25 grams injected by 5 IU 
Pregnant More Serum Gonadotropin (PMSG) hormone, 48 
hours later injected by using 5 IU Human Chorionic 
Gonadotropin (hCG). Female mice synchronized lust married 
with male mice aged 7 months weighing ± 60 grams, 17 hours 
after mated can be diagnosed pregnant when there is copulatory 
plug (a plug covering the vaginal mice from the cervix to the 
vulva). 
 

On the 1st day of pregnancy, the whole sample was divided 
into three groups, namely: 10 mice in normal group of pregnant 
mice (N) was kept without intervention, 20 pregnant mice with 
preeclampsia model (on day 1 to day 4 of pregnancy given 
anti-Qa-2 as much as 10 ng iv to be a preeclampsia model that 
will be divided into PE 10 and VEGF 10 mice of groups. On 
the day of 12-15 in the gestation of mice in the VEGF group 
was given Recombinant VEGF-121 125 mg/ kgBW. On the 
16th day, all the pregnancy was terminated, then the mice then 
tested by using ketamine and necropsy was followed after 
opening the abdominal cavity, the uterus is taken and inserted 
into a pot containing 10% Formalin Neutral Buffer, then the 
Immunohistochemistry is performed by using reagents/ kits, the 
anti-Qa2 antibody kit (5K44 ), Recombinant Kit VEGF-121 
(Recombinant mouse) 125 mg/ kgBW Xeno-freeTM, Pregnant 
More Gonadotropin Serum (PMSG) PG 600, Human Chorionic 
Gonadotropin (hCG) Chorulon 1500 iu and Anti CD56 
monoclonal antibody. 
 

dNK cell examination was performed by counting the number 
of dNK surface cell expression, CD56 in samples that had been 
immunohistochemically stained with anti-CD56 monoclonal 
antibodies. Determination of the number of immunopositive 
CD56 expression was calculated by Remmele Method 
modification.12 Data were analyzed by using Kruskal Wallis 
Test followed by Post Hoc Mann Whitney test with 
significance level of 0.05 (CI-95%). 
 

Ethical Clearence 
 

Ethical eligibility was obtained from the Research Ethics 
Commission of the Faculty of Veterinary Medicine of 
Airlangga University. 419-KE, March 18th, 2015 
 

RESULT 
 
 
 
 
 
 
 
 
 
 
 

Table 1 presents dNK cell surface / CD56 cell positive data in 
each group. Mean of CD56 expression in control group (N) or 
group of normal pregnant mice is 2,25±0.94. Mean CD56 
expression in group (PE) or preeclampsia model is 2,32±1.33. 
Mean CD56 expression in the group (VEGF) or group of 

Table 1 Dyscription of dNK Cells/ CD56 

 

Group Total Mean 
Deviation 
standard 

CI-95% 
Mini
mum 
value 

Maxim
um 

value 

N 10 2,25 0,94546 
1,574 - 
2,926 

0,90 3,60 

PE 10 2,32 1,33733 
1,363 - 
3,277 

0,50 5,40 

VEGF 10 1,20 0,62716 
0,751 - 
1,649 

0,30 2,30 
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preeclampsia pregnant mice who received recombinant VEGF-
121 injections is 1,20±0.62. 
 
 
 
 
 
 
 
 
 
 

Table 2 indicates that there are 2 pairs of groups with 
significant difference of CD56 values in group pairs of (N) 
with (PE) group, p = 0.01 and group pairs of (PE) with (VEGF) 
group, p = 0.02, so it can be concluded that recombinant 
VEGF-121 administration had an effect on decreasing 
expression of dNK cells in pregnant mice of preeclampsia 
model. Pair group of (N) with (VEGF) group was not 
significant with p = 0.85 indicating that recombinant VEGF-
121 therapy decreased the NK decidual cell just nearly normal. 
CD56 examination of dNK cells by using Mixon Eclip CY1 
light microscope with 400x magnification on 10 randomly 
selected fields from each sample on the glass object. 
Immunopositive CD56 expression in dNK cells was 
demonstrated by chromogenous brown cytoplasmic membrane 
features. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

DISCUSSION 
 

dNK cells play an important role in the implantation and 
placentation process. In normal pregnancy, dNK cells in the 
endometrium at 8-10 weeks gestation produce proangiogenic 
VEGF (C), PLGF and Ang-2 factors. Furthermore, at 12-14 
weeks gestational age, dNK cells will produce cytokines to 
regulate the ongoing process of trophoblast invasion and 
angiogenesis.13,14,15 

 

dNK cell activation in preeclampsia occurs because of failure 
of cell tolerance against the products of conception so as to 
increase the number of DNK cells  / CD56 + compared to 
normal pregnant cause implantation trophoblasts failure that 
result in decreased of VEGF level .6,7 

 

VEGF proangiogenic factor in humans consists of several 
subtypes such as VEGF-A, VEGF-B, VEGF-C, VEGF-D and 
PlGF. Recombinant VEGF121 is an external VEGF included in 
the VEGF-A subtype. Recombinants VEGF-121 have activity 
such as VEGF that will bind to the VEGFR-1 receptor in the 
endothelial wall. Provision of recombinant VEGF-121 can 
trigger the process of vasculogenesis and angiogenesis at the 

time of invasion and implantation of trophoblast cells.16,17       
In several studies, we found the provision of recombinant 
VEGF-121 in pregnant mice with preeclampsia models will 
provide improvements to the pre-eclampsia syndrome in the 
form of a decrease in systolic blood pressure, decreased 
glomerular proteinuria and renal histological improvement 
without significant side effects in mice.8,18 This is possible 
because recombinant  VEGF-121 can reduce the activation of 
dNK cells, as not to trigger the mother's immune response. 
 

In this study, the expression of dNK cell/ CD56 increased in 
the group of pre-eclampsia compared to normal pregnant mice 
because their dNK cell activation that will reduce VEGF levels. 
The results are consistent with the concept that the failure of 
trophoblast invasion in preeclampsia is caused by a failure of 
the maternal immune cell tolerance, in this regard, dNK cells 
against the products of conception. Increased expression of 
cytotoxic dNK cells destroys the trophoblast. Provision of 
recombinant VEGF-121 125 mg/ kgBW/ day in the group of 
pre-eclampsia will cause a significant decrease in the 
expression of dNK / CD56 in this study, so VEGF-121 therapy 
will provide improvement in the process of angiogenesis and 
implantation of the trophoblast. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

Recombinant VEGF-121 therapy decreases the expression of 
dNK cell / CD56 in preeclampsia model mice. 
 

Limitations of Research 
 

The dNK cells in humans have CD56bright CD16- surface 
markers that are less cytotoxic and inhibitory.19 In mice, the 
isolated dNK cells are CD3-CD122+. Although the CD56 
antibody can be used as a marker for both humans and mice, 
Hayakawa Y (2006) found that the use of CD27 as a marker to 
describe mature cell NK in the decidua will give more specific 
results.20 

 

Similarly, VEGF proangiogenic factor in humans consists of 
several subtypes, namely VEGF-A, VEGF-B, VEGF-C, 
VEGF-D and PlGF. VEGF-121 has a protein belongs to the 
VEGF-A subtype. In this study we have not been able to 
investigate the VEGF subtypes produced by dNK cells early in 
the implantation period and the effect of recombinant VEGF-
121 on these VEGF levels and the effect of recombinant 

Table 2 Post Hoc Mann-Whitney Test of dNK Cells / 
Positive CD56 in Normal Pregnant model, Preeclampsia 

Model, and Preeclampsia Model with Recombinant 
VEGF-121 Therapy 

 

Pair group Probability 
(N) group  –  (PE) group 0,01* 

(PE) group  –  (VEGF) group 0,02* 
(N) group  –  (VEGF) group 0,85 

 

             *Significant p<0,05 
 

 
                     (N) 

 
(PE) 

 
(VEGF) 

 

Figure 1. A. CD56 microfotographic representation in dNK cells (appointed by arrows) in normal group of pregnant mice (N). Figure 1. B. Group of 
preeclampsia model (PE) and figure 1. C. Group model of preeclampsia with VEGF therapy (VEGF). 
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VEGF-121 administration in different doses and modes of 
administration. 
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