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Overview 

The maternal uterine blood vessels release blood into the intervillous space during pregnancy 

which enables the fetus to be bathed in blood and easily acquire nutrients (Su, N et. al, 2017). 

The mother’s allogenic immune responses typically prevents invasion and allows for the fetus to 

gain required material for growth, however the mother’s uterine natural killer cells (UNKs) can 

cause disturbance to this balance (Su, N et. al, 2017). Considering a fetus as an allograft to the 

mother has allowed for the reasoning that a successful implantation is due to a lack of immune 

response from the mother (Su, N et. al, 2017). Failure of normal implantation is the leading cause 

of miscarriages (Dulay, A., 2018). According to recent research, UNKs play a major role in early 

implantation due to KIR/HLA combinations (Morin, S. J. et. al, 2017). 

What are KIRs? 

Killer Immuno-like receptors (KIR) are glycoproteins found on the surface of natural killer (NK) 

cells that interact with human leukocyte antigen (HLA) C ligands, triggering the killing function 

of the NK cells (Morin, S. J. et. al, 2017). Uterine natural killer cells (UNKs) are the most 

abundant immunes cells in the uterine lining, making up 75% of the immune cells present (Su, N 

et. al, 2017). They differ from their counterparts in the peripheral blood in their surface markers 

and functionality. During the window of implantation, the UNKs differentiate and multiply then 

inhabit the decidua and around the extravillous trophoblast (EVT) during early pregnancy 

(Morin, S. J. et. al, 2017). Soon after implantation, factors involved in vascular remodeling and 

angiogenesis are secreted by the UNKs, thus playing a key role in establishing normal early 

placentation. (Morin, S. J. et. al, 2017).  

Healthy cells or cells that are seen as a non-threat to the body express HLA class I molecules that 

generate inhibitory signals via KIRs (Pende, D., et. al, 2019). Unhealthy cells or cells that are 

identified as non-self display the incorrect HLA/KIR markers that trigger the NK cells to attack 

(Pende, D., et. al, 2019). KIRs are expressed on the surface of NK cells once they have 

differentiated, thus avoiding auto-reactivity (Pende, D., et. al, 2019). Ultimately, the NK cell’s 

activation is directed by inhibiting or activating the ligands on target cells which leads to the 

conclusion that receptor/ligand pairs could draw how far the NK function as progressed (Pende, 

D., et. al, 2019). 



KIRs are highly polymorphic and are encoded by at least fifteen genes and two pseudogenes 

found on human chromosome 19q13.4 (Su, N et. al, 2017). Even though they are highly 

polymorphic, they are typically separated into two categories, activating and inhibitory, based on 

their whether they up-regulate or down regulate the UNK cytotoxic and angiogenic behaviors 

(Morin, S. J. et. al, 2017). Any given person has a genotype for multiple KIR types, but due to 

the tendency for KIR genotypes to migrate together, the profile is classically categorized into 

KIR A and KIR B. KIR A is less variable and only the inhibitory genotypes are present and KIR 

B for those where the activation haplotypes also present (Morin, S. J. et. al, 2017). The 

genotypes present as KIR-AA, KIR-BB, and KIR-AB (Su, N et. al, 2017). 

What are HLAs? 

HLAs are found on all nucleated cells, including those present on the EVT and vary widely 

across all individuals. Many variants exist including HLA-A, HLA-B, and HLA-C. The HLA-C 

type highly influences the efficacy of the immune response of NK cells even though is expressed 

at lower cell surface levels than its’ counterparts and the HLA expression can be modulated at an 

RNA and a protein level which call allow for ease of identification and thus, application (Kaur, 

G., et. al, 2017). HLA-C as been associated with a stronger defense against the HIV-1 virus, and 

autoimmune disorders like Crohn’s disease, and, most importantly for this application, graft 

versus host disease (Kaur, G., et. al, 2017).  

Though they are highly variable, HLA-C genotypes are organized into two epitopes bases on 

whether or not there is asparagine or lysine present at position 80 in the amino acid (Morin, S. J. 

et. al, 2017). HLA-C1 is the asparagine presentation and HLA-C2 is lysine (Morin, S. J. et. al, 

2017). Both HLA-C1 and HLA-C2 bind to KIR receptors, but the response’s strength is 

influenced by the exact combination (Morin, S. J. et. al, 2017). The trophoblast can have a 

mixture of the HLA-C subgenres present on the surface at one time so HLA-C naming in 

embryonic studies depends on evaluating the cell lines and zygosity for the embryo so the 

options are C1/C1, C1/C2, and C2/C2 (Morin, S. J. et. al, 2017). 

Implications of KIR/HLA 

There are six different combinations of maternal KIR and fetal HLA-C ligands which may 

influence vascular remodeling and initiation of placentation as seen in Figure 1 (Morin, S. J. et. 



al, 2017). It has thus far been depicted that certain combinations will attribute to a higher fetal 

mortality rate, and others will reduce the risk (Morin, S. J. et. al, 2017). Different studies have 

shown different results for which maternal KIR type shows the highest risk, which is likely due 

to location of studies done and genetic pool. In the study done by Su, N et. al, the mothers from 

the Han Chinese ethnicity showed a higher likelihood of fetal rejection when expressing KIR B 

haplotypes (Su, N et. al, 2017). For Morin, S. J. et. al, mothers with the KIR A haplotypes, are 

seen to have an increased risk of pregnancy loss (Morin, S. J. et. al, 2017). But each study shows 

no matter which KIR type the mother expresses, there are certain pairings that are riskier than 

others (Morin, S. J. et. al, 2017). The risk increases by 51% if the pairings are are KIR B with 

HLA-C1/C1 and KIR A with HLA-C2/C2 (Su, N et. al, 2017).  

 

Figure 1. Six possible combinations of HLA-C ligands and UNK KIRs based on the fetal HLA 

and the mother’s KIR haplotype (Morin, S. J. et. al, 2017).  

Testing  

Testing is completed with blood samples from any willing and expectant mother. KIR 

genotyping can be done for the maternal genomic DNA using a polymerase chain reaction 

(PCR)-sequence specific primers which detects the presence or absence of KIR genes (Su, N et. 

al, 2017). Specific primers from the kit are used to amplify the DNA and thermocyling is 

performed to denature and anneal the specimen. A 2% agarose gel mixture will be poured into 

the template and cooled for 30 minutes (Su, N et. al, 2017). When the thermocycling process is 

complete, the PCR products are loaded onto a 2% agarose gel so electrophoresis was carried out 



with a voltage of 150 V for 20 minutes (Su, N et. al, 2017). Following electrophoresis, the gel is 

placed under UV light to observe and record the results (Su, N et. al, 2017). 

For HLA-C1 and -C2 genotyping, the same PCR system and conditions can be used. When the 

thermocycling is complete the products are amplified and subsequently electrophoresed on 2% 

agarose gel and ethidium bromide can be used as a DNA stain (Su, N et. al, 2017). Is run as the 

same voltage and for the same amount of time on the prior description then, following 

electrophoresis, the gel is also placed under UV light to observe then record results (Su, N et. al, 

2017). The percentage of the KIR genes and the percentage of the HLA-C genes can be 

evaluated by direct counting (Su, N et. al, 2017). 

If ambiguous results are received, high resolution genotyping is also available for these 

distinctions by using commercial kits in the same manner as above, but then further resolving the 

results using HLA PCR-SSP (Deng, Z., et. al, 2021). The KIR genes would be subjected to 

sequencing of all exons and target specific PCR primers can amplify and sequence any results 

needing clarification (Deng, Z., et. al, 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Resources 

Su, N., Wang, H., Zhang, B., Kang, Y., Guo, Q., Xiao, H., Yang, H., & Liao, S. (2017). Maternal 

natural killer cell immunoglobulin receptor genes and human leukocyte antigen-C ligands 

influence recurrent spontaneous abortion in the Han Chinese population. Experimental and 

Therapeutic Medicine. https://doi.org/10.3892/etm.2017.5406 

DULAY.ANTONETTE. (2018). Spontaneous Abortion. MSD Manual Professional Edition; 

MSD Manuals. https://www.merckmanuals.com/en-ca/professional/gynecology-and-

obstetrics/abnormalities-of-pregnancy/spontaneous-abortion  

Morin, S. J., Treff, N. R., Tao, X., Scott, R. T., Franasiak, J. M., Juneau, C. R., Maguire, M., & 

Scott, R. T. (2017). Combination of uterine natural killer cell immunoglobulin receptor 

haplotype and trophoblastic HLA-C ligand influences the risk of pregnancy loss: a retrospective 

cohort analysis of direct embryo genotyping data from euploid transfers. Fertility and Sterility, 

107(3), 677-683.e2. https://doi.org/10.1016/j.fertnstert.2016.12.004 

Pende, D., Falco, M., Vitale, M., Cantoni, C., Vitale, C., Munari, E., Bertaina, A., Moretta, F., 

Del Zotto, G., Pietra, G., Mingari, M. C., Locatelli, F., & Moretta, L. (2019). Killer Ig-Like 

Receptors (KIRs): Their Role in NK Cell Modulation and Developments Leading to Their 

Clinical Exploitation. Frontiers in Immunology, 10. https://doi.org/10.3389/fimmu.2019.01179 

Kaur, G., Gras, S., Mobbs, J. I., Vivian, J. P., Cortes, A., Barber, T., Kuttikkatte, S. B., Jensen, L. 

T., Attfield, K. E., Dendrou, C. A., Carrington, M., McVean, G., Purcell, A. W., Rossjohn, J., & 

Fugger, L. (2017). Structural and regulatory diversity shape HLA-C protein expression levels. 

Nature Communications, 8(1). https://doi.org/10.1038/ncomms15924 

Deng, Z., Zhen, J., Harrison, G. F., Zhang, G., Chen, R., Sun, G., Yu, Q., Nemat-Gorgani, N., 

Guethlein, L. A., He, L., Tang, M., Gao, X., Cai, S., Palmer, W. H., Shortt, J. A., Gignoux, C. R., 

Carrington, M., Zou, H., Parham, P., & Hong, W. (2021). Adaptive Admixture of HLA Class I 

Allotypes Enhanced Genetically Determined Strength of Natural Killer Cells in East Asians. 

Molecular Biology and Evolution. https://doi.org/10.1093/molbev/msab053 

 

 

https://doi.org/10.3892/etm.2017.5406
https://doi.org/10.3389/fimmu.2019.01179
https://doi.org/10.1038/ncomms15924

