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6.1 Introduction 

The placenta undergoes a complex developmental process involving different cell types 

that are crucial for maintaining a healthy pregnancy(1-3). Among these cell types, 

cytotrophoblasts and syncytiotrophoblasts differentiate during early pregnancy(5-7). 

Syncytiotrophoblasts serve as a protective barrier between the mother and fetus, produce 

hormones and growth factors, and facilitate nutrient and waste exchange(8-12). 

Cytotrophoblasts, on the other hand, function as stem cells, aiding in the invasion of 

uterine arteries and contributing to placental remodeling. Following implantation, 

specialized cells called cytotrophoblasts infiltrate the uterine decidua and transform into 

extravillous trophoblasts (EVTs)(13-16). By the eighth week of pregnancy, these EVTs 

invade the decidua and establish direct communication with the maternal uterine spiral 

arteriesV via there interaction with decidual NK (dNK) cells while also supplying blood to 

the surrounding tissue (17-20). Additionally, mesenchymal cells, Hofbauer cells, 

fibroblasts, and pericytes mediate vascular development and nutrient transport, gas 

exchange, and hormonal regulation (21-23). 

Remodeling of maternal spiral vessels takes place where uterine artery flow increases, 

resulting in the conversion of uteroplacental vessels that empty into the intervillous space 

(24-25). This transformation creates a high-capacitance, low-resistance system within the 

intervillous space, facilitating optimal nutrient exchange (26-28). This blood flow is vital 

for transporting oxygen, nutrients, and metabolic support to the developing fetus(29-30). 

At this time, the intervillous space undergoes significant changes, characterized by cellular 

proliferation and differentiation despite relatively low oxygen levels (31-33).Oxygen and 

nutrient exchange occur as maternal blood flows around the terminal villi in the 

intervillous space(33-35). Here the deoxygenated and nutrient-depleted fetal blood is 

carried from the fetus through the umbilical arteries, while oxygenated and nutrient-rich 

blood is transported back to the fetal systemic circulation via the umbilical vein (36-38). 

Disruptions in communication between EVTs and decidual immune cells can lead to 

uncontrolled immune responses and an imbalance in maternal-fetal immune tolerance (39-

40). 
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CD56
+
 CD16

-
 dNK cells are a specialized type of trNK cells found at endometrial decidual 

tissue and display many unique phenotypic and functional characteristics compared with 

peripheral NK (pNK) cells and Tissue resident (trNK) cells. dNK exhibit distinct 

phenotypic and functional characteristics compared to peripheral NK cells (41). Most dNK 

cells display a CD56 
+
CD16

-
KIR

+ 
phenotype, and apart from initiating remodelling of 

spiral arteries they also exhibit  lower cytotoxicity, and higher cytokine secretion 

capabilities and mediating vasculogenesis via expression of growth factors such as growth 

factors: VEGFA and cytokines, favouring placentation (42,43) . 

Vasculogenesis and angiogenesis, mediated by secretion of the growth factors and 

cytokines are the two major events contributing to development of placenta (44-47). 

Vasculogenesis involves the de novo formation of blood vessels from precursor cells 

derived from the mesoderm, while angiogenesis involves the creation of new vessels from 

pre-existing ones. The development of the placental vascular network starts early in 

pregnancy, with primary villi consisting of cytotrophoblasts and syncytiotrophoblasts (48-

50). As development progresses, secondary villi form with a layer of connective tissue 

cells underneath. Villous capillaries develop from specific cells until around 10-12 weeks 

of gestation (50-52). Afterward, the capillaries undergo coiling, bulging, and sinusoid 

formation, resulting in the syncytiocapillary membrane (53-55). Although new vessel 

formation is not easily observed later in pregnancy, some capillary sprouts may be present. 

By about 32 days, the villous endothelial tubes connect with each other and with fetal 

allantoic vessels, establishing a primitive fetal-placental circulation (56-58). The process of 

forming new capillaries and expanding the villous vascular system continues until birth, 

favoring pregnancy(59-60). 

Preeclampsia (PE), intrauterine growth restriction (IUGR) etc have been linked to impaired 

blood vessel formation and an imbalance in immune cells (61-63). Furthermore, 

inadequate physiological changes, such as fibrinoid necrosis and acute atherosis, 

negatively impact the remodeling of spiral arteries and can have detrimental effects on 

pregnancy(64-65). These abnormalities in the placenta, which result in reduced blood flow 

between the mother and fetus, are associated with restrictions in fetal growth (66-68).  
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Considering that placental vasculature varies throughout pregnancy it was pertinent to  

compare the histological features of early abortus and term placenta with a specific focus 

on the expression of CD56 and VEGFA in early abortus in  relation to SAB. 

6.2. Materials and methods 

6.2.1. Study site, study design, and participants 

 The study site, study design and study participants are as described in section 5.2.1. Of the 

collected samples, 10 term placenta (5 healthy and 5 SAB history) and 20 early abortus 

samples (10 healthy, 10 SAB) were used for histological investigations in terms of NK 

characterization and vasculature.  

The term placenta and conceptus product were collected by the clinical staff only after 

obtaining written informed consent of the participants and their guardians, as mentioned 

under section 4a.2.  

Ethical permission was obtained from the Institutional Ethics Committee of Tezpur 

Medical College and Hospital (TMCH) with sanction numbers IEC/14. 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 that of their guardians.  

The following were the exclusion and inclusion criteria of the study- 

Inclusion Criteria 

1. 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  

Exclusion Criteria 

1. Uterine anomalies  

2. Hormonal imbalance. 

3. History of neonatal death/ any debilitating diseases. 
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The information 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 hospital and has been mentioned in   

6.2.2. Staining and expression study. 

6.2.2.1 Tissue fixation and tissue processing  

Tissue samples were obtained and preserved in 10% neutral buffered formalin (NBF) for 

fixation. Fixed tissues were processed using paraffin embedding, a common method to 

prepare thin microscopic sections. Paraffin wax, with similar density to tissue, was used to 

embed the tissues. The embedded tissues were sectioned at a thickness of 4 μm using a 

rotary microtome, cutting from the middle of each specimen. The resulting tissue sections 

were mounted on clean gelatinized slides. The slides underwent histological analysis using 

H and E staining to study tissue morphology, and immunohistochemistry (IHC) was 

performed to assess the expression of the NK marker CD56 and the vascularization marker 

VEGFA. 

6.2.2.2 H and E staining 

In this H&E staining protocol, tissue slides are deparaffinized in xylene and then 

rehydrated using a series of graded alcohols. The slides are then stained with Hematoxylin 

for 5 minutes, followed by rinsing with water. To achieve contrast, the slides are 

differentiated in acid alcohol and rinsed again with water. Next, the slides are 

counterstained with Eosin for 2 minutes. After counterstaining, the slides are dehydrated 

with alcohol and cleared in xylene. Finally, the slides are mounted with a coverslip and 

examined under a light microscope for detailed histological analysis of the tissue samples. 

H & E sections were analyzed by light microscopy (magnification ×400). The observations 

were recorded by digital camera. Microscopic examination included examination of 

troploblast (proliferation, vascular invasion), stroma (inflammatory cells) and 

decidualization. The histopathologists examining the tissue sections were blinded to the 

clinical details of the cases. 
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6.2.2.3 Protein expression CD56 and VEGFA in abortus by Immunohistochemistry 

Tissue sections were prepared from FFPE sections and processed for IHC as per the 

standard protocol. Goat anti-mouse HRP conjugated antibody was used as the secondary 

antibody (BD Biosciences, United States). Tissues showed 50% or more staining for all the 

three proteins were considered as positive. Staining intensity was calculated and samples 

were graded from 1+ to 4+ based on staining intensity.  

6.2.3. Statistical analysis of data 

           Participants with incomplete data or incomplete investigations were excluded from 

the analysis. Statistical analysis of the data was performed using XLSTAT Biomed 2018.7 

and 2015 versions. Correlation analysis was performed between the expressions of marker 

genes, marker proteins 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. 

 6.3 Results  

6.3.1 Microscopic Analysis of Histology in Early Abortus and Placenta 

Vascular invasion by trophoblasts was observed in 3 SAB abortus but was absent in 

healthy abortus. In addition, SAB cases showed the presence of inflammatory cells in three 

samples, whereas healthy abortus samples did not exhibit such inflammation. The mean 

degree of decidua, representing the extent of specialized endometrial tissue, was 

comparable between healthy abortus samples (average of +2) and SAB abortus samples 

(average of +1.8), suggesting a similar level of decidua development in both groups. 

In the placental analysis, necrotic areas were identified in two SAB placenta samples, 

indicating tissue damage and cell death. Conversely, necrosis was not observed in the 

healthy placenta samples. Table 28 presents the clinical findings of 30 tissue samples with 

respect to the histological variations observed between SAB and healthy cases. 
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                                      (c)                                                                            (d) 

Figure 46: Graphical representation of histology of (A) abortus with spontaneous abortion 

(B) healthy abortus (C) Healthy term placenta and (D) placenta with history of SAB by 

H&E staining (100X). The image was captured in Axio Vert.A1 inverted microscope (Carl 

Zeiss, Oberkochen, Germany). 
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Table 28 a : Histological Findings of morphology, population, and vascularity of Villi in 

SAB abortus Cases, healthy abortus, healthy placenta, and term placenta with a history of 

SAB. 

 

Villi 

SL. No. Enlargement  Population Hydrophic change  Degeneration    Vascular 

1 S ab NONE  NONE NONE   NONE 

2 S ab NONE  SMALL NONE   

NONE 

VASCULAR 

3 S ab NONE  SMALL YES MYXOID NONE 

4 S ab NONE  NONE NONE   NONE 

5 S ab NONE  NONE NONE   NONE 

6 S ab NONE  NONE NONE   NONE 

7 S ab NONE  NONE NONE   NONE 

8 S ab NONE  NONE NONE   NONE 

9 S ab NONE  NONE NONE   NONE 

10 S ab NONE  NONE NONE   NONE 

11 H ab NONE  NONE NONE   NONE 

12 H ab NONE  ALL SIZE NONE AVASCULAR 

13 H ab NONE  SMALL ROUND NONE MYXOID AVASCULAR 

14 H ab NONE  SMALLROUND NONE RARE AVASCULAR  

15 H ab NONE  SMALLROUND NONE MYXOID AVASCULAR 

16 H ab           

17 H ab NONE  SMALL FEW NONE NONE   AVASCULAR 

18 H ab YES 

SMALL,MEDIUM TO 

ROUND YES MYXOID AVASCU 

19 H ab           

20 H ab NONE  SMALL TO ELONGATED NONE NONE   

21 S P NONE  SMALL TO  ELONGATED  NONE NONE 2+ 

22 S P NONE  SMALL TO ELONGATED  NONE NONE NONE TO 1+ 

23 S P NONE  SMALL FEW NONE  NONE  AVASCULAR 

24 S P           

25 S P NONE  SMALL TO  MEDIUM  NONE N0NE 3+ 

26 H P NONE  SMALL TO  MEDIUM  NONE  N0NE 3+ 

27 H P NONE  SMALL TO MEDIUM  NONE  N0NE 3+ 

28 H P NONE  SMALL TO  MEDIUM  NONE  N0NE 3+ 

29 H P NONE  SMALL TO  MEDIUM  NONE  N0NE 3+ 

30 H P NONE  SMALL TO MEDIUM  NONE  N0NE 3+ 

 

*S ab-spontaneous abortus, H ab-healthy abortus, S p- placenta with history of SAB, H p-

healthy placenta  
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Table 28b: Histological findings of cell proliferation, vascular invasion of EVTs and 

necrosis, inflammation status in stromal cells in SAB abortus cases, healthy abortus, 

healthy placenta, and term placenta with a history of SAB. 

*S ab-spontaneous abortus, H ab-healthy abortus, S p- placenta with history of SAB, H p-

healthy placenta  

  Trophoblast proliferation Stroma 

SL. 

No. Polar/nonpolar  Proliferation  knot 

Vascular 

invasion Hemorrhage Necrosis Fibrin Inflammatory  

1 S ab RARE NONE  NONE NONE  NONE 1+ RARE NONE 

2 S ab 1+  NONE  

 

    

 

  

POLYMORPHS 

,LYMPHOCYTES  

3 S ab RARE NONE NONE 

 

3+ 2+  4+ NONE 

4 S ab SHEET   NONE NONE 

 

1+ NONE NONE NEUTROPHILS  

5 S ab SHEET   NONE NONE 

YES, AROUND 
CONGESTED  

BLOOD 

VESSELS  1+ NONE  NONE  LYMPHOCYTES  

6 S ab SHEET   NONE NONE 

YES, AROUND 
CONGESTED  

BLOOD 
VESSELS  1+ NONE  1+  LYMPHOCYTES  

7 S ab NONE   NONE 
 

ONLY  

IMPLANTATION 

SITE VESSELS          

8 S ab NONE   NONE NONE 
 

      NONE 

9 S ab NONE   NONE NONE NONE  3+ 1+     

10 S 

ab NONE   NONE NONE NONE          

11 H 
ab SHEET   NONE NONE NONE  1+ NONE NONE POLYMORPHS  

12 H 

ab NON POLAR  NONE   

 

NONE NONE  NONE NONE 

13 H 
ab POLAR   NONE NONE 

 

NONE RARE  2+  NONE 

14 H 

ab POLAR   NONE NONE 

 

NONE NONE NONE NONE 

15 H 
ab POLAR   NONE NONE 

 

2+ 2+ NONE NONE 

17 H 

ab POLAR  SHEET SHEET 

 

2+       

18 H 
ab POLAR       1+ 1+ 2+   

20 H 

ab 2+ POLAR   NONE NONE NONE  NONE NONE  NONE NONE 

21 S P  POLAR   NONE NONE 
 

NONE NECROSIS  2+ NONE 

22 S P   POLAR   NONE NONE 
 

NONE NECROSIS  2+ NONE 

23 S P POLAR   NONE NONE 
 

3+   1+ NONE 

24 S P   RARE     3+   1+   

25 S P POLAR  NONE  1+ 

 

NONE NONE  1+   

26 H P POLAR   NONE 1+ 

 

NONE NONE  1+   

27 H P POLAR   NONE 1+ 

 

NONE NONE   NONE   

28 H P POLAR   NONE 1+ 

 

NONE NONE  NONE   

29 H P POLAR   NONE 1+ 

 

NONE NONE   NONE   

30 H P POLAR   NONE 1+ 

 

NONE NONE  NONE   
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Table 28c : Histological findings of decidua ,endometrial gland along with other 

observations  in SAB abortus cases, healthy abortus, healthy placenta, and term placenta 

with a history of SAB. 

  Decidua Endometrial gland Others 

SL. No. 2+ RARE   AMNIONIC SAC 

1 S ab 3+ YES  PERIVASCULAR  INFLAMMATION LYMPHO 

2 S ab 3+ NONE  TROPHOBLAST SHEETS 

3 S ab 3+ NONE  STROMAL VESSELS 

4 S ab 3+ YES    

5 S ab 3+ YES  PERIVASCULAR INFLAMMATION_LYMPH 

6 S ab   YES    

7 S ab NO SECRETORY GLAND ONLY  NO INFLAMMATION  

8 S ab NO     

9 S ab 3+ 1+   

10 S ab 3+ NONE    

11 H ab NONE  NONE    

12 H ab 3+ 1+ CALCIFICATION, SOME SCALLOPED ELONGATED  VILLI  

13 H ab 3+    FIBROTIC VILLI  

14 H ab 3+     

15 H ab       

16 H ab 3+   HIGHLY VASCULARISED  EDEMATOUS STROMA 

17 H ab       

18 H ab       

19 H ab 3+ 1+ ONLY NECROSIS 

20 H ab NONE    FIBROTIC VILLI, CALICIFICATION 

21 S P NONE    CHORIO BASAL PLATE+, FIBROTIC VILLI? 

22 S P     CHORIO BASAL PLATE+, FEW FIBROTIC VILLI?  

23 S P 2+     

24 S P NONE      

25 S P NONE    CHORIO BASAL PLATE+ 

26 H P NONE    CHORIO BASAL PLATE+ 

27 H P NONE    CHORIO BASAL PLATE+ 

28 H P NONE    CALIFICATION+ BASAL PLATE+ 

29 H P NONE    CALIFICATION 3 +, BASALPLATE+ 

30 H P NONE    CALIFICATION 3 +, BASALPLATE+ 

 

*S ab-spontaneous abortus, H ab-healthy abortus, S p- placenta with history of SAB, H p-

healthy placenta  
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6.3.2 Expression of CD 56 and VEGFA by Immunohistochemistry 

Tissues having greater than 50% staining for CD 56 and VEGFA were considered as 

positive for them. IHC results confirms the expression of both CD 56 and VEGFA was 

higher in healthy decidua as compared to SAB abortus (Figure 47).                 

                                     

                            (a)                                                                           (b) 

 

                      

                         (c)                                                                                 (d) 

Figure 47: Assessment of expression of CD56 in healthy abortus (A) and SAB abortus 

tissue (B) VEGF A in healthy abortus (C) and SAB abortus tissue (D) (100X) by 

Immunohistochemistry. The image was captured in the Axio Vert.A1 inverted microscope 

(Carl Zeiss, Oberkochen, Germany).  
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6.4 Discussion  

Recent reports have highlighted the correlation between decidual NK cell expression and 

healthy placentation. Our findings, showing strong expression of CD56 protein  in healthy 

samples, align with studies conducted by Wegman et al.( 70) who reported that CD56
+
16

-
 

NK cells secrete cytokines such as M-CSF and GM-CSF, which are believed to promote 

placental growth (71-72).And a compromise in  CD56 protein  ,compromises placentation 

via inadequate interaction of dNK with infiltrating EVTs, impairing the remodeling of 

maternal spiral arteries and leading to obstetric complications(73-74). However, our data is 

not in agreement with other findings that showed an increase in the mean number of 

CD56
+
 cells in spontaneous pregnancy loss as compared to healthy pregnancy(75,76) 

The presence of inflammatory cells in SAB abortus further confirms presence of 

proinflammatory environment, dampening placentation . This finding further supports the 

association between inflammation and adverse pregnancy outcomes(77,78). Interestingly, 

despite the similar extent of decidua in both groups, trophoblast invasion was only 

observed in the SAB group, whereas we expected to see more invasion in healthy abortus. 

The limitation of studying invasion is the varying sizes obtained via Dilation and curettage 

(D&C) performed by a clinician of healthy abortus, making it difficult to draw definitive 

conclusions regarding invasion patterns. 

We observed moderate levels VEGFA expression, which along with high CD56, supports 

favorable vasculature and angiogenesis in healthy decidua (79,80). Conversely, low 

VEGFA expression in SAB cases indicates compromised vasculature (81,82). The low 

CD56 content in SAB may contribute to the inability to secrete growth factors and 

cytokines, which are essential for promoting placental development and maintaining a 

healthy pregnancy(83,84). Abnormal release of cytokines from the defective placenta can 

lead to placental insufficiency and systemic endothelial dysfunction, characterized by 

oxidative stress, increased inflammation, and various genetic and environmental factors 

(85,86). 
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Moreover, our findings indicate that the history of SAB may lead to physiological changes 

in the placenta rather than alterations in cell morphology(87). This is supported by the 

presence of necrosis in two cases with a history of SAB. Studies report the occurrence of 

lesions such as fibrinoid necrosis and intimal hyperplasia, involve perivascular lymphocyte 

infiltration, complement, and immunoglobulin deposits (88,89). It is reported to cause 

acute atherosis in the distal portions of spiral arteries, specifically at their tips within the 

decidua basalis, attributing to inadequate spiral artery remodeling(90,91) .In contrast, the 

abundance of syncytial knots in a healthy placenta confirms their role in placental 

circulation and nutrient exchange, contributing to a healthy pregnancy(92,93). 

Taken together, our data suggest that SAB is associated with a proinflammatory 

environment characterized by low CD56 expression and compromised vascularization. In 

contrast, a healthy pregnancy is characterized by high CD56 expression, along with 

increased VEGF and cytokine production, supporting a favorable vascular environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 211 
 

 

6.4 References  

1. Oluklu, D., Menekse Beser, D., Uyan Hendem, D., Yıldırım, M., Lalelı Koc, B., 

Tanacan, A., & Sahin, D. (2023). Assessment of fetal cardiac morphology and 

functional changes in early‐onset and late‐onset fetal growth 

restriction. International Journal of Gynecology & Obstetrics, 161(1), 241-249. 

2. Bishop, J., & Matich, J. (2020). Histopathology of the placenta in congenital 

syphilis. Pathology, 52, S67. 

3. Knöfler, M., Haider, S., Saleh, L., Pollheimer, J., Gamage, T. K., & James, J. (2019). 

Human placenta and trophoblast development: key molecular mechanisms and model 

systems. Cellular and Molecular Life Sciences, 76, 3479-3496. 

4. Knöfler, M., Haider, S., Saleh, L., Pollheimer, J., Gamage, T. K., & James, J. (2019). 

Human placenta and trophoblast development: key molecular mechanisms and model 

systems. Cellular and Molecular Life Sciences, 76, 3479-3496. 

5. Ho, A., Chappell, L. C., Story, L., Al-Adnani, M., Egloff, A., Routledge, E., ... & 

Hutter, J. (2022). Visual assessment of the placenta in antenatal magnetic resonance 

imaging across gestation in normal and compromised pregnancies: Observations 

from a large cohort study. Placenta, 117, 29-38. 

6. Knöfler, M., Haider, S., Saleh, L., Pollheimer, J., Gamage, T. K., & James, J. (2019). 

Human placenta and trophoblast development: key molecular mechanisms and model 

systems. Cellular and Molecular Life Sciences, 76, 3479-3496. 

7. Xiong, Y. M., Pan, H. T., Ding, H. G., He, Y., Zhang, J., Zhang, F., ... & Huang, H. 

F. (2021). Proteomic and functional analysis of proteins related to embryonic 

development of decidua in patients with recurrent pregnancy loss. Biology of 

Reproduction, 105(5), 1246-1256. 

8. Murata, H., Tanaka, S., & Okada, H. (2021). Immune tolerance of the human 

decidua. Journal of clinical medicine, 10(2), 351. 

9. James, J. L., Boss, A. L., Sun, C., Allerkamp, H. H., & Clark, A. R. (2022). From 

stem cells to spiral arteries: A journey through early placental 

development. Placenta, 125, 68-77. 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 212 
 

 

10. Zhang, P. (2020). Decidual vasculopathy and spiral artery remodeling revisited iii: 

hypoxia and re-oxygenation sequence with vascular regeneration. Reproductive 

Medicine, 1(2), 6. 

11. McKenna, J., Bellofiore, N., Dimitriadis, E., & Temple-Smith, P. (2021). Postpartum 

ovulation and early pregnancy in the menstruating spiny mouse, Acomys 

cahirinus. Scientific Reports, 11(1), 5344. 

12. Chen, D. B., & Magness, R. R. (2021). Vascular smooth muscle cells during spiral 

artery remodeling in early human pregnancy. Biology of Reproduction, 104(2), 252-

254. 

13. Menkhorst, E. M., Van Sinderen, M., Correia, J., & Dimitriadis, E. (2019). 

Trophoblast function is altered by decidual factors in gestational-dependant 

manner. Placenta, 80, 8-11. 

14. Menkhorst, E. M., Van Sinderen, M., Correia, J., & Dimitriadis, E. (2019). 

Trophoblast function is altered by decidual factors in gestational-dependant 

manner. Placenta, 80, 8-11. 

15. Nurzadeh, M., Ghalandarpoor-Attar, S. M., Ghalandarpoor-Attar, S. N., & Rabiei, 

M. (2023). The role of interferon (IFN)-γ in extravillous trophoblast cell (EVT) 

invasion and preeclampsia progression. Reproductive Sciences, 30(5), 1462-1469. 

16. Leslie, K. (2023). Implantation and Placental Structure and Function. Part 1 

MRCOG Synoptic Revision Guide, 303. 

17. Lash, G. E. (2021). Uterine Natural Killer Cells and Implantation. Fertility & 

Reproduction, 3(04), 115-119. 

18. Kitazawa, J., Kimura, F., Nakamura, A., Morimune, A., Takahashi, A., Takashima, 

A., ... & Murakami, T. (2020). Endometrial immunity for embryo implantation and 

pregnancy establishment. The Tohoku Journal of Experimental Medicine, 250(1), 49-

60. 

19. Nurzadeh, M., Ghalandarpoor-Attar, S. M., Ghalandarpoor-Attar, S. N., & Rabiei, 

M. (2023). The role of interferon (IFN)-γ in extravillous trophoblast cell (EVT) 

invasion and preeclampsia progression. Reproductive Sciences, 30(5), 1462-1469. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 213 
 

 

20. Abbas, Y., Carnicer-Lombarte, A., Gardner, L., Thomas, J., Brosens, J. J., Moffett, 

A., ... & Oyen, M. L. (2019). Tissue stiffness at the human maternal–fetal 

interface. Human Reproduction, 34(10), 1999-2008. 

21. Li, M., Chen, L., Zhang, J., Xiong, C., & Li, X. (2020). The SARS-CoV-2 receptor 

ACE2 expression of maternal-fetal interface and fetal organs by single-cell 

transcriptome study. PloS one, 15(4), e0230295. 

22. Jaremek, A., Jeyarajah, M. J., Jaju Bhattad, G., & Renaud, S. J. (2021). Omics 

approaches to study formation and function of human placental 

syncytiotrophoblast. Frontiers in Cell and Developmental Biology, 9, 674162. 

23. Rabelo, K., De Souza, L. J., Salomão, N. G., Machado, L. N., Pereira, P. G., Portari, 

E. A., ... & Paes, M. V. (2020). Zika induces human placental damage and 

inflammation. Frontiers in immunology, 11, 2146. 

24. Yang, H. L., Wang, C. J., Lai, Z. Z., Yang, S. L., Zheng, Z. M., Shi, J. W., ... & 

Shao, J. (2020). Decidual stromal cells maintain decidual macrophage homeostasis 

by secreting IL‐24 in early pregnancy. American Journal of Reproductive 

Immunology, 84(2), e13261. 

25. Ma, Y., Yu, X., Zhang, L., Liu, J., Shao, X., Li, Y. X., & Wang, Y. L. (2021). 

Uterine decidual niche modulates the progressive dedifferentiation of spiral artery 

vascular smooth muscle cells during human pregnancy. Biology of 

Reproduction, 104(3), 624-637. 

26. Zhang, P. (2022). Decidual vasculopathy and spiral artery remodeling revisited II: 

relations to trophoblastic dependent and independent vascular transformation. The 

Journal of Maternal-Fetal & Neonatal Medicine, 35(2), 395-401. 

27. Wei, X., Zhang, Y., Wu, F., Tian, F., & Lin, Y. (2022). The role of extravillous 

trophoblasts and uterine NK cells in vascular remodeling during 

pregnancy. Frontiers in Immunology, 13, 951482. 

28. Zhao, Y., Wang, H., & Pan, Q. (2022). Decidual Natural Killer Cells: A Good Nanny 

at the Maternal-Fetal Interface During Early Pregnancy. Immune Regulations in 

Reproductive Organs and Organ Transplant. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 214 
 

 

29. Nurzadeh, M., Ghalandarpoor-Attar, S. M., Ghalandarpoor-Attar, S. N., & Rabiei, 

M. (2023). The role of interferon (IFN)-γ in extravillous trophoblast cell (EVT) 

invasion and preeclampsia progression. Reproductive Sciences, 30(5), 1462-1469. 

30. Morgan, T. K., & Parks, W. T. (2019). Pregnancy-Induced Uterine Vascular 

Remodelling and the Pathophysiology of Decidual Vasculopathy. Pathology of the 

Placenta: A Practical Guide, 221-231. 

31. Greenbaum, S., Averbukh, I., Soon, E., Rizzuto, G., Baranski, A., Greenwald, N. F., 

... & Angelo, M. (2021). Spatiotemporal coordination at the maternal-fetal interface 

promotes trophoblast invasion and vascular remodeling in the first half of human 

pregnancy. Biorxiv, 2021-09. 

32. Liu, H., Ning, F., & Lash, G. E. (2022). Contribution of vascular smooth muscle cell 

apoptosis to spiral artery remodeling in early human pregnancy. Placenta, 120, 10-

17. 

33. Choudhury, R. H., Dunk, C. E., Lye, S. J., Harris, L. K., Aplin, J. D., & Jones, R. L. 

(2019). Decidual leucocytes infiltrating human spiral arterioles are rich source of 

matrix metalloproteinases and degrade extracellular matrix in vitro and in 

situ. American Journal of Reproductive Immunology, 81(1), e13054. 

34. Wang, F., Qualls, A. E., Marques-Fernandez, L., & Colucci, F. (2021). Biology and 

pathology of the uterine microenvironment and its natural killer cells. Cellular & 

molecular immunology, 18(9), 2101-2113. 

35. James-Allan, L. B., Buckley, R. J., Whitley, G. S., & Cartwright, J. E. (2020). The 

phenotype of decidual CD56+ lymphocytes is influenced by secreted factors from 

decidual stromal cells but not macrophages in the first trimester of 

pregnancy. Journal of Reproductive Immunology, 138, 103082. 

36. Albrecht, E. D., & Pepe, G. J. (2020). Regulation of uterine spiral artery remodeling: 

a review. Reproductive Sciences, 27(10), 1932-1942. 

37. Zhang, X., Li, Y., Huang, C., Liu, S., Chen, X., Yu, S., ... & Zeng, Y. (2021). The 

role of decidual natural killer cell‐derived soluble factors in early 

pregnancy. American Journal of Reproductive Immunology, 86(5), e13477. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 215 
 

 

38. Sugimoto, J., Choi, S., Sheridan, M. A., Koh, I., Kudo, Y., & Schust, D. J. (2021). 

Could the human endogenous retrovirus-derived syncytialization inhibitor, 

suppressyn, limit heterotypic cell fusion events in the decidua?. International journal 

of molecular sciences, 22(19), 10259. 

39. Zhang, P. (2020). Comparison of Decidual Vasculopathy in central and peripheral 

regions of placenta with implication of lateral growth and spiral artery 

remodeling. Reproductive Medicine, 1(3), 158-168. 

40. Bulmer, J. N., Innes, B. A., Robson, S. C., & Lash, G. E. (2020). Transient loss of 

endothelial cells in human spiral artery remodelling during early pregnancy: 

Challenging the dogma. Placenta, 101, 230-233. 

41. Vacca, P., Chiossone, L., Mingari, M. C., & Moretta, L. (2019). Heterogeneity of 

NK cells and other innate lymphoid cells in human and murine decidua. Frontiers in 

immunology, 10, 170. 

42. Albini, A., & Noonan, D. M. (2021). Decidual-like NK cell polarization: from cancer 

killing to cancer nurturing. Cancer discovery, 11(1), 28-33. 

43. Haram, K., Mortensen, J. H., Myking, O., Roald, B., Magann, E. F., & Morrison, J. 

C. (2020). Early development of the human placenta and pregnancy 

complications. The Journal of Maternal-Fetal & Neonatal Medicine, 33(20), 3538-

3545. 

44. Park, S. G., Lin, C., Gwon, L. W., Lee, J. G., Baek, I. J., Lee, B. J., & Nam, S. Y. 

(2020). Protection of lycopene against embryonic anomalies and yolk sac placental 

vasculogenic disorders induced by nicotine exposure. BioMed Research 

International, 2020. 

45. Son, J. S., Liu, X., Tian, Q., Zhao, L., Chen, Y., Hu, Y., ... & Du, M. (2019). 

Exercise prevents the adverse effects of maternal obesity on placental vascularization 

and fetal growth. The Journal of physiology, 597(13), 3333-3347. 

46. Son, J. S., Liu, X., Tian, Q., Zhao, L., Chen, Y., Hu, Y., ... & Du, M. (2019). 

Exercise prevents the adverse effects of maternal obesity on placental vascularization 

and fetal growth. The Journal of physiology, 597(13), 3333-3347. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 216 
 

 

47. AbdALzahra, J. M. (2020). Placental Vasculogenesis and Angiogenesis Related to 

GDM and the Possible Affect on the Placenta and the Fetus Outcome. Medico-Legal 

Update, 20(4). 

48. Giri, J., & Modi, D. (2023). Endometrial and placental stem cells in successful and 

pathological pregnancies. Journal of Assisted Reproduction and Genetics, 1-14. 

49. Matias, G. D. S. S., Barreto, R. D. S. N., Carreira, A. C. O., Junior, M. Y. N., Fratini, 

P., Ferreira, C. R., & Miglino, M. A. (2022). Proteomic profile of extracellular 

matrix from native and decellularized chorionic canine placenta. Journal of 

Proteomics, 256, 104497. 

50. Gwon, L. W., Park, S. G., Lin, C., Lee, B. J., & Nam, S. Y. (2020). The effects of 

caffeine and bisphenol A singularly or in combination on cultured mouse embryos 

and yolk sac placenta. Reproductive Toxicology, 91, 92-100. 

51. James, J. L., Boss, A. L., Sun, C., Allerkamp, H. H., & Clark, A. R. (2022). From 

stem cells to spiral arteries: A journey through early placental 

development. Placenta, 125, 68-77. 

52. Bhattacharjee, J., Mohammad, S., Goudreau, A. D., & Adamo, K. B. (2021). 

Physical activity differentially regulates VEGF, PlGF, and their receptors in the 

human placenta. Physiological Reports, 9(2), e14710. 

53. Umapathy, A., Chamley, L. W., & James, J. L. (2020). Reconciling the distinct roles 

of angiogenic/anti-angiogenic factors in the placenta and maternal circulation of 

normal and pathological pregnancies. Angiogenesis, 23(2), 105-117. 

54. Zhang, Y., Zhong, Y., Zou, L., & Liu, X. (2022). Significance of placental 

mesenchymal stem cell in placenta development and implications for 

preeclampsia. Frontiers in Pharmacology, 13, 896531. 

55. Gorkem, U., Togrul, C., & Arslan, E. (2020). Relationship between elevated serum 

level of placental growth factor and status of gestational diabetes mellitus. The 

Journal of Maternal-Fetal & Neonatal Medicine, 33(24), 4159-4163. 

56. Asoglu, M. R., Crimmins, S., Kopelman, J. N., Turan, O. M., & Goetzinger, K. R. 

(2022). Marginal placental cord insertion: the need for follow up?. The Journal of 

Maternal-Fetal & Neonatal Medicine, 35(9), 1629-1635. 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 217 
 

 

57. Xiang, M., Chen, S., Zhang, X., & Ma, Y. (2021). Placental diseases associated with 

assisted reproductive technology. Reproductive Biology, 21(2), 100505. 

58. Sikovanyecz, J., Vincze, M., Földesi, I., Németh, G., & Kozinszky, Z. (2021). 

Angiogenic factors measured in aspirated placental tissue between the 10+ 6 and 18+ 

3 weeks of gestation. Reproductive Biology, 21(4), 100572. 

59. Creswell, L., O’gorman, N., Palmer, K. R., da Silva Costa, F., & Rolnik, D. L. 

(2023). Perspectives on the Use of Placental Growth Factor (PlGF) in the Prediction 

and Diagnosis of Pre-Eclampsia: Recent Insights and Future Steps. International 

Journal of Women's Health, 255-271. 

60. Kwiatkowski, S., Kwiatkowska, E., & Torbe, A. (2019). The role of disordered 

angiogenesis tissue markers (sflt-1, Plgf) in present day diagnosis of 

preeclampsia. Ginekologia Polska, 90(3), 173-176. 

61. Rana, S., Burke, S. D., & Karumanchi, S. A. (2022). Imbalances in circulating 

angiogenic factors in the pathophysiology of preeclampsia and related 

disorders. American journal of obstetrics and gynecology, 226(2), S1019-S1034. 

62. Deer, E., Herrock, O., Campbell, N., Cornelius, D., Fitzgerald, S., Amaral, L. M., & 

LaMarca, B. (2023). The role of immune cells and mediators in preeclampsia. Nature 

Reviews Nephrology, 19(4), 257-270. 

63. Ravikumar, G., Mukhopadhyay, A., Mani, C., Kocchar, P., Crasta, J., Thomas, T., ... 

& Sridhar, T. S. (2020). Placental expression of angiogenesis-related genes and their 

receptors in IUGR pregnancies: correlation with fetoplacental and maternal 

parameters. The Journal of Maternal-Fetal & Neonatal Medicine, 33(23), 3954-

3961. 

64. Cho, S., Sohn, Y. D., Kim, S., Rajakumar, A., Badell, M. L., Sidell, N., & Yoon, Y. 

S. (2021). Reduced angiovasculogenic and increased inflammatory profiles of cord 

blood cells in severe but not mild preeclampsia. Scientific reports, 11(1), 3630. 

65. Virtanen, A. (2021). Angiogenesis and Novel Therapeutic Drugs in Pre-eclampsia 

Assessed in a Human Cell-based in Vitro Model. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 218 
 

 

66. Nirupama, R., Divyashree, S., Janhavi, P., Muthukumar, S. P., & Ravindra, P. V. 

(2021). Preeclampsia: Pathophysiology and management. Journal of Gynecology 

Obstetrics and Human Reproduction, 50(2), 101975. 

67. Qu, H., & Khalil, R. A. (2020). Vascular mechanisms and molecular targets in 

hypertensive pregnancy and preeclampsia. American Journal of Physiology-Heart 

and Circulatory Physiology, 319(3), H661-H681. 

68. Huang, Z., Huang, S., Song, T., Yin, Y., & Tan, C. (2021). Placental angiogenesis in 

mammals: a review of the regulatory effects of signaling pathways and functional 

nutrients. Advances in Nutrition, 12(6), 2415-2434. 

69. Formanowicz, D., Malińska, A., Nowicki, M., Kowalska, K., Gruca-Stryjak, K., 

Bręborowicz, G., & Korybalska, K. (2019). Preeclampsia with intrauterine growth 

restriction generates morphological changes in endothelial cells associated with 

mitochondrial swelling—an in vitro study. Journal of Clinical Medicine, 8(11), 

1994. 

70. Shojaei, Z., Jafarpour, R., Mehdizadeh, S., Bayatipoor, H., Pashangzadeh, S., & 

Motallebnezhad, M. (2022). Functional prominence of natural killer cells and natural 

killer T cells in pregnancy and infertility: A comprehensive review and 

update. Pathology-Research and Practice, 154062. 

71. Chiokadze, M., Bär, C., Pastuschek, J., Dons’ koi, B. V., Khazhylenko, K. G., 

Schleußner, E., ... & Favaro, R. R. (2020). Beyond uterine natural killer cell numbers 

in unexplained recurrent pregnancy loss: combined analysis of CD45, CD56, CD16, 

CD57, and CD138. Diagnostics, 10(9), 650. 

72. Dimakou, D. B., Lissauer, D., Tamblyn, J., Coomarasamy, A., & Richter, A. (2022). 

Understanding human immunity in idiopathic recurrent pregnancy loss. European 

Journal of Obstetrics & Gynecology and Reproductive Biology, 270, 17-29. 

73. Khadem, F., Esmaeil, N., Rezaei, A., Motadayen, H., & Khani, B. (2019). 

Immunoregulatory effects of human amnion epithelial cells on natural killer and T 

cells in women with Recurrent Spontaneous Abortion (RSA). Turkish journal of 

immunology, 7(1), 21-30. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 219 
 

 

74. Hou, Y., Liu, Q., Jin, D., Li, J., Huang, L., & Qiao, C. (2023). The predictive value 

of NKG2C+ NK cells and LILRB1+ NK cells in recurrent spontaneous 

abortion. American Journal of Reproductive Immunology, 89(6), e13627. 

75. Lu, H., Jin, L. P., Huang, H. L., Ha, S. Y., Yang, H. L., Chang, R. Q., ... & Li, M. Q. 

(2020). Trophoblast‐derived CXCL12 promotes CD56brightCD82− CD29+ NK cell 

enrichment in the decidua. American Journal of Reproductive Immunology, 83(2). 

76. Tong, X., Gao, M., Du, X., Lu, F., Wu, L., Wei, H., & Fu, B. (2021). Analysis of 

uterine CD49a+ NK cell subsets in menstrual blood reflects endometrial status and 

association with recurrent spontaneous abortion. Cellular & Molecular 

Immunology, 18(7), 1838-1840. 

77. Sprong, K. E., Wright, C. A., Mabenge, M., & Govender, S. (2023). Placental 

histopathology, maternal characteristics and neonatal outcome in cases of preterm 

birth in a high-risk population in South Africa. South African Medical 

Journal, 113(4), 1177-1184. 

78. Gao, P., Zha, Y., Gong, X., Qiao, F., & Liu, H. (2020). The role of maternal–foetal 

interface inflammation mediated by NLRP3 inflammasome in the pathogenesis of 

recurrent spontaneous abortion. Placenta, 101, 221-229. 

79. Hawke, L. G., Whitford, M. K., & Ormiston, M. L. (2020). The production of pro-

angiogenic VEGF-A isoforms by hypoxic human NK cells is independent of their 

TGF-β-mediated conversion to an ILC1-like phenotype. Frontiers in 

Immunology, 11, 1903. 

80. Bulmer, J. N., & Lash, G. E. (2019). Uterine natural killer cells: time for a re-

appraisal?. F1000Research, 8. 

81. Gupta, P., Deo, S., Jaiswar, S. P., & Sankhwar, P. L. (2019). Case control study to 

compare serum vascular endothelial growth factor (VEGF) level in women with 

recurrent pregnancy loss (RPL) compared to women with term pregnancy. The 

Journal of Obstetrics and Gynecology of India, 69, 95-102. 

82. Papamitsou, T., Fotiadou, S., Papadopoulou, K., Karachrysafi, S., Papachristodoulou, 

A., Kamperis, D., ... & Sioga, A. (2021). Evaluation of VEGF, BCL-2, BCL-6 by 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 220 
 

immunohistochemistry in the endometrial tissue of patients with recurrent pregnancy 

loss. Archives of Hellenic Medicine/Arheia Ellenikes Iatrikes, 38(2). 

83. Ali, S., Majid, S., Ali, M. N., Taing, S., Rehman, M. U., & Arafah, A. (2021). 

Cytokine imbalance at materno-embryonic interface as a potential immune 

mechanism for recurrent pregnancy loss. International Immunopharmacology, 90, 

107118. 

84. Yang, X., Tian, Y., Zheng, L., Luu, T., & Kwak-Kim, J. (2022). The Update 

Immune-Regulatory Role of Pro-and Anti-Inflammatory Cytokines in Recurrent 

Pregnancy Losses. International Journal of Molecular Sciences, 24(1), 132. 

85. Pei, C. Z., Kim, Y. J., & Baek, K. H. (2019). Pathogenetic factors involved in 

recurrent pregnancy loss from multiple aspects. Obstetrics & gynecology 

science, 62(4), 212-223. 

86. AbdulHussain, G., Azizieh, F., Makhseed, M. A., & Raghupathy, R. (2020). Effects 

of progesterone, dydrogesterone and estrogen on the production of Th1/Th2/Th17 

cytokines by lymphocytes from women with recurrent spontaneous 

miscarriage. Journal of Reproductive Immunology, 140, 103132. 

87. Liu, Y., Chen, H., Feng, L., & Zhang, J. (2021). Interactions between gut microbiota 

and metabolites modulate cytokine network imbalances in women with unexplained 

miscarriage. npj Biofilms and Microbiomes, 7(1), 24. 

88. Haram, K., Mortensen, J. H., Myking, O., Roald, B., Magann, E. F., & Morrison, J. 

C. (2020). Early development of the human placenta and pregnancy 

complications. The Journal of Maternal-Fetal & Neonatal Medicine, 33(20), 3538-

3545. 

89. Khadem, F., Esmaeil, N., Rezaei, A., Motadayen, H., & Khani, B. (2019). 

Immunoregulatory effects of human amnion epithelial cells on natural killer and T 

cells in women with Recurrent Spontaneous Abortion (RSA). Turkish journal of 

immunology, 7(1), 21-30. 

90. Akbari, S., Shahsavar, F., Karami, R., Yari, F., Anbari, K., & Ahmadi, S. A. Y. 

(2020). Recurrent spontaneous abortion (RSA) and maternal KIR genes: a 

comprehensive meta-analysis. JBRA assisted reproduction, 24(2), 197. 

 



Ph.D thesis:  Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

M. Bora, 2023                                                                                                                                      Page 221 
 

 

91. Azargoon, A., Mirrasouli, Y., Barough, M. S., Barati, M., & Kokhaei, P. (2019). The 

state of peripheral blood natural killer cells and cytotoxicity in women with recurrent 

pregnancy loss and unexplained infertility. International journal of fertility & 

sterility, 13(1), 12. 

92. Li, T., Li, X., Guo, Y., Zheng, G., Yu, T., Zeng, W., ... & Liu, X. (2020). Distinct 

mRNA and long non‐coding RNA expression profiles of decidual natural killer cells 

in patients with early missed abortion. The FASEB Journal, 34(11), 14264-14286. 

93. Pan, D., Liu, Q., Du, L., Yang, Y., & Jiang, G. (2022). Polarization disorder of 

decidual NK cells in unexplained recurrent spontaneous abortion revealed by single-

cell transcriptome analysis. Reproductive Biology and Endocrinology, 20(1), 108. 

 



Ph.D thesis: Interaction of autoantibodies and KIR- HLA genotype in relation to 

pregnancy outcome. 

 

M. Bora, 2023    
 

Salient findings of Chapter VI 

Our findings on histology of the placenta suggests  that a history of spontaneous abortion 

(SAB) may induce physiological changes in the placenta rather than alterations in cell 

morphology, as supported by the presence of necrosis in two cases with a history of SAB. 

Studies indicate the occurrence of lesions such as fibrinoid necrosis and intimal 

hyperplasia, involving perivascular lymphocyte infiltration, complement, and 

immunoglobulin deposits. These lesions are known to cause acute atherosis in the distal 

portions of spiral arteries, particularly at their tips within the decidua basalis, contributing 

to inadequate spiral artery remodeling. In contrast, the presence of syncytial knots in a 

healthy placenta confirms their role in placental circulation and nutrient exchange, which 

is crucial for a healthy pregnancy. 

Collectively, the study confirms that SAB is linked to a proinflammatory environment 

characterized by low CD56 expression and compromised vascularization. Conversely, a 

healthy pregnancy is distinguished by high CD56 expression, increased VEGF, and 

cytokine production, promoting a favorable vascular environment. 
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