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5.1  Introduction  

The maternal decidua is the interface between maternal immune cells and fetus (1-3). It 

is home to decidual stromal cells which comprise of majorly (40-60%) maternal NK 

cells, macrophages and some T cells together with Extravillous trophoblast (EVT) cells 

of fetal origin(5-9).  

NK cells are cytotoxic innate lymphoid cells, and were first discovered thanks to their 

ability to kill tumor cells, and later found to also kill pathogen-infected cells (10-12). In 

humans, conventional NK cells are present in peripheral blood (pNK cells) and are 

distributed widely throughout the body(13-14). However, in addition to pNK cells, in 

humans NK cells are also found in peripheral tissues, such as the liver, lungs, skin and 

uterus, and are termed tissue-resident NK (trNK) cells (14-17). Most trNK cells are the 

subset of CD56
bright

 NK cells. Decidual NK (dNK) cells are a specialized type of trNK 

cells found at endometrial decidual tissue (18-23).They display a CD56 bright CD16-

KIR+ phenotype, lower cytotoxicity, and higher cytokine secretion capabilities(23-28). 

Different subsets of dNK have been identified, spanning from early placentation to the 

term of pregnancy. dNK1 cells express killer cell immunoglobulin-like receptors 

(KIRs) and Leukocyte Immunoglobulin-Like Receptor B1 (ILT2), which play a role in 

trophoblast invasion and establishing an immune-tolerant microenvironment by 

interacting with HLA molecules expressed by EVTs, such as HLA-C and HLA-G(24-

27). These cells also possess cytoplasmic granule proteins involved in immunity 

against placental infections and enzymes related to glycolysis(28-29). On the other 

hand, dNK2 cells express the chemokine receptor CXCR1, which mediate the 

recruitment of EVTs and dendritic cells at the fetal-maternal interface, specifically 

recruiting cDC1 cells through CCL5-CCR1 interactions(30-35). However, the 

frequency of dNK 3 cells remains relatively low in the decidua. The origin of dNK 

cells, in the uterus during pregnancy is still debated with  two main hypotheses 

proposing their recruitment from peripheral NK cells while others support 

differentiation within the uterus from local progenitor cells (35-39). Evidence from 

recent findings suggest that trophoblast cells expressing various chemokines such as  

CXCL10, CXCL12, CCL3, and CX3CL1 might  facilitate the recruitment and 

migration of NK cells from the peripheral blood towards the decidua, favoring 

pregnancy (40-42). 

https://www.frontiersin.org/articles/10.3389/fimmu.2021.728291/full#B11
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Chemokines are multifunctional molecules involved in intercellular communication 

and signal transduction (43-46). Chemokine/chemokine receptor interactions dominate 

the trafficking of leukocytes, the mechanisms underlying the recruitment and 

maintenance of DICs most likely involve the expression and secretion of chemokines at 

the maternal–fetal interface(45-48). Decidual cells produce various types of 

chemokines, such as CCL2, CXCL8, CX3CL1, CXCL10 and CXCL12, at significant 

levels (47-50).These chemokines are differently involved in the migration of peripheral 

NK (pNK) and decidual NK (dNK) cells into the decidua (51-53).Interestingly, 

CXCL12 and CX3CL1 preferentially attract CD161 pNK cells, while CXCL10 is 

essential for the recruitment of CD56
+
CD16

- 
pNK cells. Uterine expression of CXCL14 

may also play a role in uterine NK-cell recruitment during the early pregnancy (54-55). 

However, a clear picture of the effects of CXCL14 on uterine NK-cell recruitment in 

the context of the uterus is still undecided (54-55). 

dNK cells are potent source of cytokines in the endometrium (56-58). The regulation of 

the endometrial immune system is crucial for successful implantation and maintenance 

of pregnancy, and this is achieved through the synchronized secretion of specific types 

of cytokines (59).The pro-inflammatory Th1 cell subtype secretes cytokines such as 

interferon-gamma (IFN-γ), tumor necrosis factor-alpha (TNF-α), and interleukins IL-1, 

IL-2, IL-12, IL-15, and IL-18. Conversely, the Th2 subtype secretes anti-inflammatory 

cytokines, including IL-4, IL-5, IL-10, IL-13, and granulocyte-macrophage colony-

stimulating factor (GM-CSF) (60). The balance between these cytokines, represented 

by the Th1/Th2 ratio, undergoes periodic changes throughout pregnancy, reflecting 

different stages and processes(61-62). Cytokines, such as IL-1, IL-6, IL-8, TNF, matrix 

metalloproteinases (MMPs), and prostaglandins, also contribute to cervical 

effacement/dilatation and rupture of the membranes, leading to labor and delivery(63-

64).  

Considering that dNK cells is crucial for modulating innate immune responses and 

preserving a balanced pro- and anti-inflammatory environment in the decidua 

throughout gestation(65), our study aims to investigate the NK cell phenotypes and 

their activation status and their regulation in early decidua and in term placenta, 

specifically in relation to SAB. 
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5.2. Materials and methods 

5.2.1. Study site, study design, and participants 

A hospital-based case-control study was designed with 97obstetric participants as the 

study cohort. The study was conducted at Tezpur Medical College and Hospital 

(TMCH) and Gogoi Nursing Home Complex (GNHC) in Tezpur, Assam. The SAB 

history group (N=16) included age-matched obstetric participants with one or more 

fetal losses before 15 weeks of gestation, while the control group (N=40) included 

women with at least one live birth.  

We included an additional  24 women who experienced spontaneous miscarriage 

between 12-15 weeks of pregnancy. Samples were collected from the products of 

conception, specifically from the spontaneous abortus, from  these participants after 

obtaining written informed consent. Additionally, we included  17 women who 

underwent voluntary medically induced termination of pregnancy at the same 

gestational age. Samples from the conceptus obtained from these women served as 

control abortus samples. The conceptus product were collected by the clinical staff only 

after obtaining written informed consent of the participants/their guardians .  

Ethical permission was obtained from the Institutional Ethics Committee of Tezpur 

Medical College and Hospital (TMCH) with sanction numbers IEC/14 dated 08-08-

2017. All participants were provided with a detailed patient information sheet and a 

patient consent form as per the guidelines of Indian Council of Medical Research 

(ICMR). The forms were provided in both English and the local language. Participants 

were recruited for the study only after obtaining their written informed consent and or 

that of their guardians. The following were the exclusion and inclusion criteria of the 

study- 

Inclusion Criteria 

1. Female participants of reproductive age group of median age, irrespective of 

pregnancy status 

2. History of SAB /RSAB (case)  

3. For Control group history with minimum one childbirth  
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Exclusion Criteria 

1. Uterine anomalies  

2. Hormonal imbalance . 

3. History of neonatal death/ any debilitating diseases . 

The information of obstetric history of the participants, ethnicity, demographic and 

other characteristics were collected and recorded in the form of proformas by the 

research staff of  both the hospitals. 

5.2.2.  Isolation of  RNA, cDNA and Protein  from tissue samples  

Placenta and abortus tissue samples were collected in 1.5 ml RNA later solution 

(Ambion, United States) and homogenized using a hand-held tissue grinder (G-

Biosciences, United States). DNA, RNA, and protein were extracted using Allprep 

DNA/RNA/protein kit (Qiagen, Hilden, Germany) according to the manufacturer’s 

instructions. RNA was converted to cDNA using the High capacity cDNA reverse 

transcription kit (Invitrogen, Applied Biosystems, Foster City, United States) according 

to the manufacturer’s instructions. The quantity and quality of the isolated genomic 

DNA, cDNA  and protein were assessed by Nano-VueTM plus spectrophotometer (GE 

Healthcare, Little Chalfont, United Kingdom). Quality assessment was done by 

checking the expression of the ß-actin protein in ELISA using the β-actin primary 

antibody (Invitrogen, Applied Biosystems, Foster City, United States). 

5.2.2. Gene Expression Profiles: IL1B, IL2, IL15, IL18, IL21, TGFB, IFNG, TNF, 

IL10, VEGFA, Cyclin D, Ki-67, Keratin 18 in abortus and placenta 

Expression of  the genes were studied in term placenta and abortus samples. Gene 

expression study was performed using SYBR green-based assays (Applied Biosystems, 

USA) on QuantStudio 3 Time PCR System (Applied Biosystems, USA). GAPDH was 

used as the endogenous control for normalization of expression levels.10 term placenta 

from women with  history of minimum two live births and without any medical 

anomalies were used as the calibrators for mRNA quantification by the comparative CT 

method. Primer sequences to amplify  the above mentioned genes have been tabulated 

in Table 26. RT
2
 qPCR Primer Assays (Qiagen, Hilden, Germany) were used to study 

the expression of the marker genes as given in Real-time PCR was carried out in 10µL 

of reaction volume consisting of 1X Sybr green PCR master mix, 0.4 µM of each 

primer, 100ng of cDNA and water to adjust the volume. Cycling conditions for Real-
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Time PCR are  presented in Table 1. The relative expression of the target genes was 

determined using the formula 2
-ΔΔCt

 method which was derived as follows-  

ΔΔCt = ΔCtof patient – ΔCtof the calibrator 

where ΔCt= Ct of target gene – Ct of endogenous control (GAPDH) 

RQ (Relative quantification) = 2
-ΔΔCt 

which represents the fold change in expression of 

the target gene relative to the calibrator. 

Targetted genes were  successfully amplified without any nonspecific amplification as 

presented in AppendixI.                

 

Table 26 : Primers of RT
2 

qPCR Primer Assays 

 

S. No Gene Primer 

1 MKI67 PPH01024E, RT
2 
qPCR Primer Assays (Qiagen, 

Hilden, Germany) 

2 KRT18 PPH00452F, RT
2 

qPCR Primer Assays (Qiagen, 

Hilden, Germany) 

3 VEGF A PPH00251C, RT
2 

qPCR Primer Assays (Qiagen, 

Hilden, Germany) 

4 CCND1 PPH00128F, RT
2 

qPCR Primer Assays,  (Qiagen, 

Hilden, Germany) 
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5.2.2.2  Protein expression study of  cytokine ,chemokines and  cell markers .  

5.2.2.2.1 Expression of NK surface marker CD56, growth factor: VEGFA, Ki-67, 

keratin 18  and SOCS 3 proteins by ELISA in abortus and placenta 

 Indirect ELISA was performed to quantify CD56, Ki-67, Keratin 18 ,VEGFA and 

SOCS 3 in in 97 tissue samples . The anitbodies used were CD56 (BD Biosciences, 

United States) , Ki-67 (Sigma-Aldrich, Merck, Germany), keratin 18 (Invitrogen, 

Applied Biosystems, United States), VEGF (Invitrogen, Applied Biosystems, United 

States), SOCS 3  ( Invitrogen, Applied Biosystems, Foster City, CA, USA). Goat anti-

mouse HRP conjugated antibody was used as the secondary antibody (BD Biosciences, 

United States). Twenty adjacent normal tissues were used as negative controls. The 

optical density (O.D.) was determined in duplicate readings in Varioskan Lux 

multimode microplate reader (Thermo Fisher Scientific, United States). The mean 

(O.D.) plus three standard deviations of the ten controls was used as the cut off reading. 

The total protein levels were expressed as an arbitrary unit or AU which was calculated 

as described in section 4a.2.5.  

S. No Gene Primer 

5 IL-10 FORWARD - GTGATGCCCCAAGCTGAGA 

REVERSE -  CCCCCAGGGAGTTCACATG 

6 TGF- FORWARD- CTATTCAAGACCACCCACCTTCTG 

        REVERSE-   CTCCCGGCAAAAGGTAGGA 

7 IFN-γ PPH00380C, RT
2 

qPCR Primer Assays (Qiagen, Hilden, 

Germany) 

8 GAPDH PPH00150F,  RT
2 

qPCR Primer Assays (Qiagen, Hilden, 

Germany) 

9 HLA -G PPH23053B,  RT
2 

qPCR Primer Assays (Qiagen, Hilden, 

Germany 
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5.2.2.2.2 Cytokine  and chemokine study in tissue samples by Cytometric Bead 

Array in flow cytometry platform. 

 Protein expression of cytokines (IL-10, IL-12p70, TNF-, IL-1β, IL-6, and IL-8) and 

chemokines (CCL2, CCL5, CXCL8, IP-10, and CXCL9) was determined in abortus (15 

SAB, 15 healthy) and placenta (5 healthy and 5 SAB history). CBA kit for 

inflammatory cytokines and for chemokines (BD Biosciences, United States) was used 

for the same according to manufacturer’s instructions. Both the kits were used to 

determine the quantity of the sets of inflammatory cytokines and chemokines in 

individual samples. Mean Fluorescence Intensity (MFI) was recorded and the quantity 

of cytokine and chemokine protein (pg/mL) in each sample was determined by FCAP 

array software (BD Biosciences, United States). 

5.2.3 . Single cell preparation , phenotyping and NK activation study  

5.2.3.1 Single cell  suspension preparation  

Media preparation 

The RPMI-1640 media was sterilized by passing it through a 0.2 μm membrane filter 

using a 10 ml syringe. This filtered media was then mixed with 1% antimycotic-

antibiotic to create incomplete media. The required amount of incomplete media was 

transferred to a new 15 ml Falcon tube, and 10% Fetal Bovine Serum (FBS) was added 

to make it complete media. 

Tissue processing  

1. To process the tissue, a fresh tissue sample obtained from the hospital was suspended 

in 2 ml of RPMI-1640 incomplete media. The media was discarded, and the tissue was 

washed by resuspending it in 5-7 ml of PBS (Phosphate-Buffered Saline). This washing 

step was repeated three times until a clearer mass of tissue was obtained. 

2. Next, the tissue mass was transferred onto a petri dish containing 1-2 ml of 1% 

antimycotic-antibiotic solution to prevent dehydration. A portion of the tissue was set 

aside for explant culture, while the remaining tissue mass was further processed. 

3. The remaining tissue mass was finely minced using a lancet or blade. The minced 

fragments, along with the antibiotic solution, were transferred to a 15 ml Falcon tube 

containing 5 ml of PBS. The tube was then centrifuged at 600g for 5 minutes at 4°C. 
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The supernatant was discarded, and the minced tissue fragments were resuspended in 5-

7 ml of PBS. This step was followed by another centrifugation at 600g for 5 minutes at 

4°C. Again, the supernatant was discarded, and the tissue fragments were resuspended 

in RPMI-1640 incomplete media. A subsequent centrifugation at 600g for 5-7 minutes 

at 4°C was performed, and the supernatant was discarded. 

4. Next, 3 ml of an enzyme cocktail containing trypsin, elastase, hyaluronidase, and 

collagenase was added to the Falcon tube containing the minced tissue fragments. The 

tube was placed on a thermoblock and incubated for 45 minutes at 450 rpm and 37°C. 

After this incubation, a short centrifugation step was performed. 

5. The resulting supernatant was transferred to a new 15 ml Falcon tube, and 200 μl of 

trypsin inhibitor was added to it. The tube was then centrifuged at 600g for 10 minutes 

at 4°C. The cell pellet obtained after centrifugation was resuspended in 2-4 ml of 

RPMI-1640 complete media. 

6. To obtain a single-cell suspension, the resuspended cells were strained into a 50 ml 

Falcon tube using a cell strainer. A portion of the cell suspension was plated in a 12 or 

24 well plate and placed in a CO2 incubator for further culture. The remaining cell 

suspension was transferred into a 2 ml microcentrifuge tube (MCT) for further analysis 

using a flow cytometer. 

5.2.3.1.1 NK phenotyping and activation status  

Preparation of reagents  

Staining buffer: 5% FBS in 1X PBS + 0.1% sodium azide (added if needed for long 

storage) 

Wash Buffer : 1X PBS + 0.1% Sodium azide (added if needed for long storage) 

Fixative : 1% parafolmaldehyde (stock of 4%) dissolved in 1X PBS 

Staining of Samples for NK Phenotype (CD56, CD16, CD9) and activation Status 

by CXCR4 and IFN-gamma 

1. Cells suspended in 200 μl of media were transferred to a 2 ml microcentrifuge tube 

(MCT) and centrifuged at 600g for 10 minutes at 4°C. 
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2. The supernatant was discarded, and 400 μl of staining buffer was added to the tube. 

The cells were resuspended in the buffer by gently flushing with a pipette. 

3. Fluorophore-conjugated surface marker antibodies: CD45,CD56,CD16,CD9 (BD, 

Biosciences, United States) and CXCR4 (Invitrogen, Applied Biosystems, United 

States) were added, followed by a brief centrifugation step. The cells were mixed by 

pulse vortexing and incubated in the dark for 20 minutes at room temperature. The 

information on antibodies. 

5. 1 ml of wash buffer was added to the MCT and centrifuged at 500g for 5 minutes. 

The supernatant was discarded, leaving a small amount at the bottom. 

6. RBC lysis was performed to obtain a white pellet containing the white blood cells 

(WBCs). A sample of 15 μl was taken aside for cell counting. 

7. 2 ml of fixative buffer was added to the MCT containing WBCs bound to antibodies. 

The mixture was mixed by pulse vortexing and incubated in the dark for 10 minutes at 

room temperature. 

8. After incubation, the MCT was centrifuged at 500g for 5 minutes at room 

temperature. The supernatant was discarded, leaving a small amount at the bottom to 

resuspend the pellet. 

9. 500 μl of permeabilizing buffer was added and mixed by pulse vortexing. The MCT 

was then incubated in the dark for 20-30 minutes at room temperature. 

10. After incubation, 1 ml of wash buffer was added to the MCT and centrifuged at 

300g for 5 minutes at room temperature. The supernatant was discarded, leaving 

approximately 150-200 μl at the bottom of the MCT to resuspend the pellet. 

11. IFN gamma antibody was added to the pellet, followed by a brief centrifugation 

step. Pulse vortexing was performed, followed by an incubation in the dark for 30 

minutes at room temperature and Final washing was done by adding 700 μl of wash 

buffer. 

12. The supernatant was discarded, leaving approximately 200 μl of wash buffer at the 

bottom of the MCT.300 μl of wash buffer was added to bring the volume to 

approximately 500 μl for resuspending the cells. 
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13.The MCT with cells bound to fluorophore-conjugated antibodies was then used for 

flow cytometry. 

5.2.3.2 Gating strategy used 

Cells that were gated in all events and identified as singlets were selected for further 

analysis. Among these cells, those positive for CD45 were considered lymphocytes. 

The population positive for CD56 was quantified. A scatter plot of CD56 versus CD16 

was generated, and the positive population for CD56 and negative for CD16 was 

designated as decidual cells, while the population with dim CD56 and positive CD16 

was identified as cytotoxic cells. In context of CD56+ population, we also examined 

the presence of CD9-positive cells. For signaling analysis, we gated on the CD56-

positive population and assessed the presence of CXCR4. Furthermore, we examined 

the production of IFN-gamma in these CD56-positive, CXCR4-positive cells. We also 

compared the overall production of IFN-gamma with the production in the CD56-

positive, CXCR4-positive population. Figure 30 provides a graphical depiction of the 

steps involved in selecting specific cell populations for analysis. 

 

    a     b     

c  
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d                                      e  

e                                    f  

Figure 30: CD45-positive cells were gated in singlets. The expression of CD56 and 

CD16 was then analyzed using specific markers (a-c, d, e), allowing the identification 

of distinct subsets of NK cells, including CD56
dim

CD16
+
 and CD56

+
CD16

-
 

populations.In order to study IFN-gamma signalling, the focus was on the 

CD56
+
CXCR4

+
 population (a-c, f, g). Within this specific subset, the presence of cells 

producing IFN-γ was examined. 

 

5.2.4. Statistical analysis 

Participants with incomplete data or incomplete investigations were excluded from the 

analysis. Statistical analysis of the data was performed using XLSTAT 2015 and 

XLSTAT student versions. Correlation analysis was performed between the expression 

of cytokines, chemokines with NK signalling markers using the Pearson's Correlation 

test. Student's t-test was used for comparison between the mean values. A p-value < 

0.05 was considered statistically significant. 

5.3 Results 

5.3.1 Expression of  CD56  protein in tissue samples 

The analysis of CD56 levels by ELISA ,in abortus revealed significantly higher protein 

levels in healthy abortus compared to SAB (Mann-Whitney U test, p < 0.0001) (Figure 

31a ). CD56 levels were comparable between SAB and healthy placenta  although the 

difference did not reach statistical significance (Figure 31b). Interestingly, when 

comparing healthy abortus samples with term healthy placenta, it was found that 
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healthy abortus samples exhibited higher CD56 protein levels ( student t test ,p= < 

0.002).  

 

         

                                                                (a) 

 

 

(b) 

 Figure 31 : Expression of CD56 protein in (a)healthy vs SAB abortus tissue and (b) 

healthy vs SAB placenta tissues. Values indicate protein expression in AU and error 

bars represent standard deviation from the mean.  CD56 levels were higher  (3.1±0.4) 

in healthy abortus than in (2.8±0.3)  SAB abortus. Healthy placenta (5.5±1.3)had 

higher CD56 levels as compared to SAB history placenta(2.8±0.3) . 
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5.3.2 NK phenotyping and activation status in abortus in relation to early 

pregnancy loss. 

As the expression of the CD56 surface marker was significantly higher in abortus 

samples (healthy=15, SAB=15), flow cytometric approach was employed to investigate 

decidual NK cells using CD56 as the marker. Additionally, CD16, a marker of 

cytotoxic NK cells, and CD9, a marker of decidual NK cells, were also utilized in 

conjunction with CD56. 

The proportion of CD56+ population among lymphocytes was higher in healthy 

abortus compared to SAB abortus, as shown in the Figure  32 a. MFI  of CD56 was in 

concordance with it and showed higher expression in healthy abortus than SAB abortus 

(student t test , p=0.05) Figure 32 b. 

Furthermore, the proportion of the CD56+CD16- population was found to be higher in 

healthy abortus compared to SAB abortus, as depicted in the Figure 33. Subsequently, 

we examined the CD9 population and observed that the proportion of CD56+ CD9+ 

cells was similar between SAB and healthy abortus, as shown in the Figure 34  

We observed that the CD56+CXCR4+IFNγ+ population was more prevalent in healthy 

abortus compared to SAB Figure 35. However, when examining the IFNγ
+
 population 

independently of CD56 expression, we found that IFNγ
+
 cells were more abundant in 

SAB (Mann-Whitney U test, p ≤ 0.02). The MFI results were consistent with the 

percentage of positive cells obtained from the flow cytometry data Figure 35. 

                                                                                                                                   

                              

 

 

 

(a)                                                                                               (b) 

Figure 32 : Proportion of CD56
+
 Cell population in healthy vs SAB abortus (a).                     

Mean flouroscent Intensity of CD56 
+
 cells in (MFI± SD)  (114.5±1.2) healthy vs in 

(66.5±1) SAB abortus (b). 
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Figure 33 : Proportion of CD56
+
 CD16

-
 and CD56

dim
 CD16+ cell population  in healthy 

vs SAB abortus  

 

 

                              

                        (a)                                                                (b) 

Figure 34: Proportion of CD56
+
 CD9

+
 cell population  in healthy vs SAB abortus (a).                     

Mean flouroscent Intensity of CD9
+
in (MFI± SD) (967±1)  healthy vs in (854±1.2)SAB 

abortus (b). 
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                               (a )                                                             (b)                                                           

Figure 35 : Proportion of CD56
+
 CXCR4

+
 IFNγ

+
   cell population  in healthy vs SAB 

abortus (a). Mean flouroscent Intensity of IFNγ
+ 

 in (MFI± SD)(451.06±1)  healthy vs 

in (335±.8) SAB abortus (b). 

 

5.3.3 Cytokine and Chemokine environment in abortus and placenta . 

5.3.3.1 Cytokine  expression study 

IL1B, IL2, IL15, IL18, IL21, TGFβ, IFNγ, TNF, IL10  transcript level studied in  97 

abortus and placenta samples . In abortus ,it was observed that levels of IL15 and TNF 

were elevated in healthy as compared to SAB abortus. Conversely, in SAB abortus, 

transcript levels of IL1B, IL2, IL18, IL21, TGFβ, IFNγ, and IL10 collectively showed 

higher expression. In the specific case of IFNγ (t test, p = 0.016) and IL10 (t test, 

p=0.002), significant p-values were observed, highlighting a notable difference 

between the two groups abortus Figure 36a  . Protein levels of cytokines IL1B, IL8, 

IL10, TNF, IL12, and IL6 were observed to be elevated in SAB abortus Figure 36b. 

However, these elevations were not statistically significant. The protein levels of IL10  

and IL1B  also correlated with the transcript expression in SAB Figure 36 c 

In the placenta, most cytokines IL1B, IL2, IL15, IL18, TGFβ, IFNγ, IL10 exhibited 

elevated levels in the healthy group. However, the levels of IL21 and TNF were found 

to be different, showing no significant elevation in the healthy group compared to other 

cytokines placenta (Figure 37a) .The protein levels of IL1B, IL10, TNF, IL12, and IL6 

were also higher in SAB placenta than healthy placenta. IL8 levels were higher in 

healthy placenta (Figure 37b). We performed Multivariate cox analysis taking in all the 
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variables vs survival of the fetus where IL15 showed significant hazard ratio of 1.13 (p 

value= 0.00805) (Table 27). Our data collectively suggests negative correlation of IL15 

, IFNγ and IL10 with healthy status of pregnancy.  

 

Figure 36 a: Mean relative expression of cytokines in healthy vs SAB abortus . Mean 

relative expression was calculated as fold change. Error bars represented the standard 

deviation from the mean. 

 

        

Figure 36 b:  Quantification of inflammatory cytokine proteins in in healthy abortus 

tissue. Flow cytometry image showing results of bead-based capture of all the six 

cytokine proteins (IL-10, IL-12p70, TNF, IL-1β, IL-6, and IL-8) in an individual 

sample (A) and Fluorescence intensity of the proteins in that sample (B).  
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Figure 36 c : Expression of cytokines in healthy vs SAB abortus. Values indicate 

protein expression in pg/mL and error bars represent standard deviation from the mean. 

 

                   

Figure 37 a : Mean relative expression of cytokines in healthy vs SAB history placenta  

. Mean relative expression was calculated as fold change. Error bars represented the 

standard deviation from the mean. 
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Figure 37b : Expression of cytokines in healthy vs SAB history placenta . Values 

indicate protein expression in pg/mL and error bars represent standard deviation from 

the mean. 

 

Table 27 : Multivariate cox analysis  reveals that IL15 shows  significant hazard  ratio and p 

values of cytokines with obs history. 

Cytokines Hazard ratio P-value 

IL1B 1.023602 0.70841 

IL2 1.077944 0.26707 

IL15 1.138448 0.00805 

IL18 0.987964 0.60216 

IL21 0.993185 0.41849 

TGF-β 1.049232 0.35767 

IFNγ 0.903050 0.13433 

P-value for the multivariate regression model 

Likelihood ratio test 0.1 

Wald test 0.06 

Score (logrank) test 0.05 
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Figure 38 : Pictorial representation of Multivariate cox analysis done for  determining 

correlation  of cytokines on survival of the fetus . 

5.3.3.1 Chemokine  expression study 

Expression level of key chemokines - CCL5 , CCL2, CXCL8, CXCL9 and CXCL10 

were studied to understand the NK activation and migration in decidua vs placenta. 

While our data showed higher expression of CCL5, CCL2, CXCL8 in healthy abortus 

as compared to SAB (Figure 39 a). This data was consistent with our data on  high 

IFNγ level  in SAB  abortus .Placenta showed higher CCL5 in SAB  history than 

healthy, while CCL2 and CXCL8 was higher in healthy than SAB. (Figure 39 b ). 

           

 

 

 

 

(a)                                                                        (b) 

Figure 39 a : Quantification of chemokine proteins in healthy abortus tissue . Flow 

cytometry image showing results of bead-based capture of all the five chemokines 

(CCL2, CCL5, CXCL8, IP-10, and CXCL9) in an individual sample (a) and 

Fluorescence intensity of the proteins in that sample (b). 
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                                                                 (a) 

 

                                                          (b) 

Figure 39 b : Expression of chemokines in(a) healthy vs SAB abortus and in  (b)healthy 

vs SAB history placenta . Values indicate protein expression in pg/mL and error bars 

represent standard deviation from the mean. 

5.3.3.2 Heat Map Analysis of key chemokines  

   Heat map analysis revealed that there was a distinct profile of chemokines  between 

SAB abortus and healthy abortus  samples as presented in Figure 40.  
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                                                          (a) 

 

                                                          (b) 

 Figure 40 : Heatmap showing expression of key chemokines of migration and EVT 

invasion (a)SAB abortus and in (b) healthy abortus . Blue color represents very high 

expression, light blue color represents intermediate expression and red color represents 

low expression. Expression profile similarities are depicted by the branch lengths of the 

dendrogram.  
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5.3.4 Expression study of growth factor : VEGF-A, cell proliferation and  

differentiation markers : Keratin 18, and Ki-67 in abortus and placenta  

VEGFA transcript levels as well as protein levels were higher in healthy abortus than 

SAB group. (Figure 41a). Placental data showed comparable levels of VEGFA 

transcript between SAB and healthy, but protein levels were higher in healthy placenta 

as compared to SAB placenta (Figure 41b) .  

Keratin-18 transcript levels were higher in SAB abortus as compared to healthy group 

and its protein levels were in concordance with transcript levels. Despite of comparable 

transcript levels between both groups, Keratin 18 protein levels were higher in SAB 

placental tissue as compared to healthy placenta (p value=0.001). A negative 

correlation was observed between VEGFA and Keratin-18 in healthy abortus /placenta 

(p= 0.03). (Figure 42a, Figure 42b) 

Furthermore, the protein levels of Ki-67 were studied in tissue samples, Ki-67 levels  

were higher in healthy abortus as compared to SAB abortus. However, SAB placenta 

showed higher ki-67 levels than healthy placenta (Figure 43).  
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                                             (b) 

Figure 41a : Transcript expression of VEGFA in abortus (a) and protein expression  in 

(b) abortus . Mean relative expression was calculated as fold change. Error bars 

represented the standard deviation from the mean. 

                   

                            (a)                                                           (b) 

Figure 41 b:  Protein expression of VEGFA in placenta  (a) and protein expression  in 

(b) abortus.The expression was determined as the arbitrary unit or AU and error bars 

represent standard deviation from the mean. 
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(a)                                                                        (b) 

Figure 42a:  Transcript expression of Keratin-18 in abortus (a) and expression  in (b) 

placenta. Mean relative expression was calculated as fold change. Error bars 

represented the standard deviation from the mean. 

                  

                                                (a) 

                     

                                                     (b) 

Figure 42b:  Protein expression of Keratin 18 in abortus  (a) and protein expression  in 

(b) placenta . The expression was determined as the arbitrary unit or AU and error bars 

represent standard deviation from the mean. 
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                                                           (a) 

                               

                                                          ( b) 

Figure 43:  Protein expression of Ki-67 in abortus (a) and in (b) placenta.The 

expression was determined as the arbitrary unit or AU and error bars represent standard 

deviation from the mean. 

 

5.3.5. Expression study cell cycle marker-Cyclin D in abortus and placenta 

The transcript levels of Cyclin D were higher in SAB abortus compared to healthy 

group. In addition, the healthy placenta had higher Cyclin D levels compared to SAB 

group, although it did not reach statistical significance  (Figure 44) 
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(a) 

 

 

                                                                         

 

 

 

 

 

(b) 

Figure 44:   Transcript expression of cyclin D in abortus (a) and in (b) placenta  

5.3.6 SOCs 3 expression in abortus and placenta  

The levels of SOCs were comparable in SAB abortus and healthy abortus. However, in 

term placenta the healthy group had higher SOCs levels compared to SAB. (Figure 45). 

Our data is further supported by Logistic regression analysis which showed that high 

levels of SOCS3 were associated with the healthy pregnancy. The ROC curve with an 

AUC of 0.85 indicates the strength of the model. 
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(a) 

 

(b) 

Figure 45:   Protein expression of SOCS 3 in abortus (a) and in (b) placenta. The 

expression was determined as the arbitrary unit or AU and error bars represent standard 

deviation from the mean.  
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5.4 Discussion  

The central role of dNK cells in early placentation, particularly in the remodeling of 

placental arteries and trophoblastic invasion, has been widely reported (1-3). Our study 

findings, demonstrating the predominance of CD56
+
 CD16

-
 CD9

+ 
dNK cells in healthy 

early abortus compared to SAB abortus are consistent with previous studies that 

showed a higher percentage of CD56
+
 CD16

- 
cells in luteal phase endometrial biopsies 

of healthy fertile women (66-68). However, our findings differ from studies that have 

observed a higher proportion of CD56
+
 dNK cells in cases of early pregnancy failures 

(69-73).  

Our findings showing a higher proportion of CD56
+ 

CD16
-
 cells in healthy individuals 

along with an increased proportion of CXCR4
+
 CD56

+ 
cells, provide support  that 

CXCR4  is mediating the migration of  CD56
 +

 CD16
- 
cells from the periphery to the 

decidua (74-76). These findings were in concordance with earlier studies which  

showed that CXCR4/CXCL12 signaling supports trophoblast invasiveness by 

increasing the secretion of MMP-9 and MMP-2 in normal pregnancy(74-78). The 

expression of the CXCR4 receptor is unique compared to other chemokine receptors, as 

it is equally expressed on both CD56
dim

 CD16
+
 and CD56

+
 CD16

-
 NK cell subsets(73-

75). This balanced expression suggests the crucial role of CXCR4 in localization of 

dNK cells towards decidua.  

Elevated levels of IFN-γ with low expression of CXCR4
+
 showed a strong negative 

correlation between IFN-γ and CXCR4 in SAB, and  prompts towards imbalance in 

migration of dNK due to IFN-γ (75-77,82). Furthermore, the elevated levels of CCL2 

in healthy abortus is in sync with studies where it was shown that Estrogens regulate 

uterine natural killer (uNK)-cell migration directly and promote secretion of CCL2 

from uNK cells, which facilitates uNK cell-mediated angiogenesis(83,84). It may be 

noted that inflammatory reaction is essential for implantation however a balanced 

cytokine-chemokine environment with a transient proinflammatory environment 

supporting pregnancy(85-90). During the window of implantation, the uterus is 

“primed” under the action of ovarian hormones to release proinflammatory cytokines 

and chemokines, including IL-8, IL-15, IL-6, CXCL10 and CXCL11 (90-93), which 

activate and recruit large populations of decidual immune cells to the endometrium at 

the time of implantation. Interestingly, while EVT invasion and interaction with dNK 

are crucial for placentation, It is known that excess EVT invasion can endanger 
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placenta and mother dNK can also secrete a range of cytokines, TNF-α, TGF-β and 

IFN-γ, inhibit EVT excessive invasion in later stages (94-95).  

Our findings on high IFN-γ in SAB abortus is in consistent with earlier study that  

showed IFN-γ inhibits cell migration and proliferation mediated by SDF-1 in  NK cells. 

Some reserchers have also suggested that dNK produced hormones progesterone could 

inhibit the IFN-γ production of uNK cells via GR (96,97). However, it is in 

contradictory with studies that showed that the combined exposure of decidual cells to 

IFN-γ and TNF-α  synergistically enhances the expression of chemokines involved in 

recruiting NK cells (98,99). 

Elevated VEGF-A levels in healthy abortus are in agreement with previous studies 

suggesting that CXCR4/CXCL12 expression in the decidua is not only involved in cell 

migration but also mediates angiogenesis and vascularization processes (98,99). 

Interestingly, it has been documented that CXCL12-CXCR4 signaling axis stimulates 

vascular endothelial growth factor (VEGF) synthesis, resulting in increased production 

of both CXCR4 and CXCL12, favoring placentation (100-102). Furthermore, our study 

revealed elevated levels of CCL5, CCL2, and CXCL8 in healthy abortus, indicating a 

skewed chemokine profile that supports healthy placentation. Previous studies have 

suggested the involvement of these chemokines in regulating excessive trophoblast 

invasiveness(102-107). Specifically, CCL2 through its receptor CCR2, promotes the 

proliferation and growth of primary human decidual stromal cells (DSCs) (103,104). 

Estrogens directly control the migration of (uNK) cells and stimulate the release of 

CCL2 by uNK cells, which supports uNK cell-driven angiogenesis (108,109). 

Upregulated CCL2/CCR2 enhanced primary human decidual stromal cell (DSC) 

invasion, while CCL5 and CCL3 has been reported to promote EVTs migration from in 

vitro explant cultures study, with EVT cells expressing high levels of CCR1(110-111). 

Furthermore, it has been reported that maternal platelets release CCL5 and primary 

EVTs can capture them to  enhance their invasion capabilities (112). CXCL8, an 

interleukin-8 identified as a major chemotactic factor involved in regulating trophoblast 

invasion(113)). It along its receptors are observed in interstitial EVTs, vascular smooth 

muscle cells, and endothelial cells in patients with sporadic miscarriage.  

Collectively, these findings underscore the regulatory function of chemokines, 

including CCL2, CCL5, and CXCL8 in controlling trophoblast invasion, ensuring a 
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balance between proper invasion and preventing excessive invasion by EVTs 

Interestingly, in addition to chemokines elevated levels of key proinflammatory 

cytokines IL15, IL10,IL1B in SAB abortus indicates proinflammatory biasness in SAB, 

disturbing placentation and contributing to SAB (114-115). While IL-10 is a pleiotropic 

anti-inflammatory cytokine (116-17) acting in the down-regulation of the immune 

response by inhibiting the IL-1β, IL-6 and PGE2 production by choriodecidua (118). 

Nevertheless, IL-10 enhances production of cytokines and matrix metalloproteinases 

within the amnion(119-120). The effects of IL-10 in fetal membranes depend on the 

precise tissue site. Mid-trimester Amniotic Fluid Interleukins (IL-1β, IL-10 and IL-18) 

as possible predictors of Preterm Delivery (121-123).  

Our findings demonstrated elevated levels of proinflammatory cytokines, including 

IL15, IL10, and IL1B in SAB abortus, indicating a proinflammatory bias in SAB. 

While some amount of inflammatory response is essential for trophoblast invasion, 

excessive proinflammatory environment is unfavorable. Notably, previous studies have 

shown that IL-15 strongly induces the secretion of IL-10 in human NK cells, and IL-10, 

in turn, has an additive effect on the signaling cascade in NK cells (124-125). While 

others have showed that IL-15 plays a crucial role in eliminating senescent cells. 

During the proliferative phase, the growth of the endometrium leads to replication 

stress, causing senescence and the release of inflammatory mediators by specific 

EnSCs (126-127). Decidual cells secrete IL-15, activating uNK cells and facilitating the 

removal of senescent cells(126-127). This clearance process remodels and rejuvenates 

the endometrium, creating an optimal environment for embryo implantation while 

maintaining a balanced proinflammatory milieu (126). 

It is important to note that IL-10, an anti-inflammatory cytokine with pleiotropic 

effects, functions by down-regulating the immune response, inhibiting the production 

of IL-1β, IL-6, and PGE2 by choriodecidua (127,128). However, there is evidence 

suggesting that IL-10 can also enhance the production of cytokines and matrix 

metalloproteinases within the amnion (129). IL-10 has the capacity to suppress immune 

function while simultaneously up-regulating the initial stages of the innate immune 

response mediated by NK cells, with its effects being influenced by the specific tissue 

site (130). 
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Our contradictory  findings on term placenta than abortus , with higher levels of IFNγ 

and IL-8 suggest in healthy shows a shift from anti inflammatory to proinflammatory 

which is necessary for cervical dilation and preparing the uterus for delivery, an 

environment conducive to successful pregnancy outcome (131). Our observation of low 

levels of SOCS-3 in healthy placentas further supports the speculation that 

downregulation of SOCS allows for the expression of pro-inflammatory cytokines, 

facilitating successful delivery(132-133). 

In terms of the temporal variation in cytokine and chemokine profiles, we observed 

significant differences in the expression of chemokines CXCL9, CCL2, and CXCL10 

between the healthy early abortus  and healthy term placenta . Although we couldn't 

study the early and later decidua tissue from the same participants, our findings from 

age-matched women experiencing fetal loss at the same gestational age support the 

importance of chemokines primarily in migration during the early phase of pregnancy, 

while also indicating the differential expression of cytokines by dNK cells occurs 

throughout  gestation of pregnancy. In addition ,we noted higher levels of Ki-67 in 

healthy abortus compared to healthy term placenta  is in line with earlier reports where  

highest expression of Ki-67 in villous cytotrophoblasts during the first trimester was 

observed, which gradually decreased in term placenta(132-134). Proliferation is 

essential for trophoblastic cells, as well as villous stromal cells and blood vessels, for 

the maturation and branching of villi and crucial for early placentation (134-135).  

To conclude, our study demonstrates differential expression patterns of cytokines and 

chemokines in early and late pregnancy. Chemokine-driven migration of decidual NK 

cells and optimal EVT invasion play crucial roles in supporting a healthy pregnancy. 

Aberrant cytokine expression, such as IL1B, IFNG, and IL10, is associated with 

immune imbalances contributing to early pregnancy loss. Additionally, a transition 

towards a proinflammatory cytokine environment in late pregnancy is essential for 

successful pregnancy outcomes. These findings highlight the dynamic nature of 

cytokine regulation throughout pregnancy and provide insights into potential 

interventions to improve pregnancy health. 
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Salient findings of ChapterV 

The predominance of CD56dim CD16+ NK cells (p=0.003), low CXCR4 expression, and 

elevated levels of IFN-gamma (t test, p=0.016) and IL-15 in the decidua of SAB abortus 

provide evidence of imbalanced NK cell activation and immune dysregulation in early 

pregnancy failure. It was observed that chemokines CXCL2, CCL5, and CXCL3 regulate 

decidual NK migration, extravillous trophoblast (EVT) invasion, and increase VEGF A 

levels, promoting a healthy pregnancy. Abnormal expression of IL1B, IFNγ, and IL10 

was associated with immune imbalances contributing to early pregnancy loss. 

Furthermore, our data prompted towards a transition from an anti-inflammatory to a pro-

inflammatory cytokine environment in late pregnancy, which is essential for a healthy 

term delivery by reducing the levels of SOCS. 
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