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Abstract: Natural killer cells (NK cells) play a crucial role in tumor immunity. The function of the NK 
cells is regulated by various receptors expressed on the surface. Among them, the killer immunoglobulin-like 
receptor (KIR) is one of the most important. The ligand of KIR is major histocompatibility complex class-I 
(MHC class-I), which is also called human leukocyte antigen class-I (HLA class-I). The combination of 
HLA class-I and inhibitory KIRs could inhibit NK cells and induce autoimmune tolerance. Inhibitory KIRs 
were highly expressed on malignant tumor patients, which were related to poor prognosis. KIR/HLA class-I 
pathway affected the clinical outcomes of cancer through several mechanisms, and inhibitory KIRs could be 
an ideal target of immunotherapy strategy.
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Introduction

Cancer is a major disease that poses a serious threat to 
human health. There were 18.1 million new cases and 9.6 
million cancer deaths in 2018, according to the data on 36 
cancers spanning 185 countries conducted by the Global 
Cancer Observatory. It was lung cancer that ranked first in 
both morbidity and mortality (1). Another system analysis of 
29 cancer groups worldwide showed that in the past 10 years,  
from 2006 to 2016, cancer cases have increased by 28% (2).

The development of cancer is directly related to 
the host’s immune function. Tumor cells with stronger 
immunogenicity can be recognized and eliminated by the 
immune system, while some others can escape from it 
through several mechanisms and then develop into cancers (3).  
Animal experiments demonstrated a bi-directional selection 

between tumor cells and the immune system. After killing 
more immunogenic tumor cells in immunocompetent 
mice, the immune system tends to select and keep less 
immunogenic cells that do not carry antigens. Moreover, the 
immune system also affects the tumor microenvironment, 
promoting, and providing the right conditions for tumor 
cells to grow (4,5).

The innate immune response is the first line in tumor 
immune response, where natural killer cells (NK cells) 
play the most significant role. Most (about 90%) human 
NK cells express CD56 in low-density and Fcγ receptor 
III (FcγRIII, CD16) at a high level (6). No specific antigen 
recognition receptor exists on the surface of NK cells. The 
recognition and killing function of NK cells is regulated by 
the inhibitory and activating receptors expressed on their 
surface.
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Killer immunoglobulin-like receptor (KIR) is a 
superfamily of immunoglobulin existing right on the surface 
of NK cells, consisting of Ig-like domains that bind to HLA 
class-I molecules, which help them distinguish between 
“the self” and “the non-self.” KIRs involve in education and 
selection during the process of NK cell maturation (7-9).  
This kind of interaction between HLA class-I molecules 
expressed on normal tissue cells, and inhibitory KIRs on 
the surface of NK cells shapes the body’s autoimmune 
tolerance. 

Cancer cells are characterized mostly by the loss or less 
presence of HLA class-I molecules that can be recognized 
as “non-self” by NK cells, which facilitates the tumor 
immune response (10). In the growth progress of tumors, 
that those tumor cells expressing HLA class-I molecules 
as normal tissues fail to activate the killing function of 
NK cells, which paves the way for immune escape and 
further development of tumor (4). What revealed by a 
large quantity of evidence is that inhibitory KIRs were 
highly expressed on the NK cells and tumor infiltration 
lymphocytes (TILs) in malignant tumor patients, and the 
loss or lower expression of inhibitory KIRs was correlated 
with better clinical outcomes and therapy response (11-13).  
Therefore, to blockade the inhibitory KIRs might be a 
promising immunotherapy strategy to activate and enhance 
immune response and reverse tumor immune escape. 

KIRs are the key regulators of human NK cell 
function

 NK cell plays a crucial role as the first line in anti-
tumor immunity, accounting for 10% to 20% of the 
total peripheral blood lymphocyte (8). KIRs belong 
to the immunoglobulin superfamily, which is coded 
by 14 polymorphic genes (KIR2DL1-5, KIR3DL1-3, 
KIR2DS1-5, KIR3DS1) and structured by extracellular 
domains and intracytoplasmic tail (11,14). There exist 2 or 
3 Ig-like domains that bind to HLA class-I molecules on 
the extracellular domains classifying KIR into KIR2D and 
KIR3D. KIR2DL and LIR3DL are those contain long (L) 
intracytoplasmic tail characterized by immune receptor 
tyrosine‐based inhibitory motifs (ITIMs) to transduce 
inhibitory signals to restrain the activity of NK cells, while 
most KIR2DS and KIR3DS work as activating receptors 
with the lack of ITIMs on the short (S) intracytoplasmic 
tail (15). 

According to existing literature, the function of NK cells 
is regulated by various receptors expressed on the surface, 

including specific natural killing receptors (NKRs), cytokine 
receptors and KIRs, etc., among which inhibitory KIRs 
serve as the critical regulation (8,16). Different inhibitory 
KIRs bind to different HLA subtypes, KIR2DL1 to HLA-
Cw2, -4, -5, -6, and KIR2DL2-3 to HLA-Cw1, -3, -7, and 
-8. Inhibitory KIRs recognize all HLA-C (14). KIRs are 
highly polymorphic molecules due to the diversity of KIR 
genes on the amount and allele, as well as KIR ligands HLA 
class-I molecules. In addition to the random expression of 
KIRs, the possible KIR-HLA combinations are of great 
diversity, which leads to the high plasticity of NK cells 
(17,18). 

The HLA class-I plays a crucial role in tumor 
immune response and escape

The HLA class-I molecules have been confirmed already 
the ligands of KIRs (12). The molecules are universally 
expressed on normal cells, involving in presenting antigen 
peptides towards specific T-cells and shaping autoimmune 
tolerance as well. Among them, the most significant 
one is HLA-C binding to inhibitory KIR2D (8,17). In 
physiological situations, inhibitory KIRs bind to HLA 
class-I and take the dominant position, so that normal cells 
cannot be killed by NK cells. Cancer cells are characterized 
by the loss or less expression of HLA class-I molecules. 
That KIR-ligand mismatch transduces activating signals, 
lowers the sensitivity to inhibitory signals, and activates NK 
cells (10). Nevertheless, under the pressure of anti-tumor 
immunity, the expression of specific antigens decreases on 
some tumor cells, but that keeps unchanged in HLA class-I 
molecules, which unable to activate NK cells, then, this 
group of tumor cells escapes from immune clearance (4). 

KIR/HLA class-I has an association with clinical 
outcomes

Increasing evidence showed that KIR/HLA class-I was 
correlated to the susceptibility and development of 
malignant tumors (including blood cancer), the loss or 
lower expression of inhibitory KIRs and HLA class-I 
molecules was related to better therapy response and clinical 
outcomes (11-13). In an analysis of over one hundred 
tumors decreases, the frequency of HLA class-I expression 
deletion and (or) reduction was from 16% to 80%, highest 
in bladder, breast and prostate cancer, while lowest in 
renal cell carcinoma (RCC) and melanoma (19). Lower 
incidence of HLA class-I defect can be seen in leukemia and 
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lymphoma, which probably results from the low sensitivity 
of tumor cells with high expression of HLA class-I to NK 
cell-mediated cytolysis (20). It was shown that inhibitory 
KIR–HLA mismatch was the only crucial prognostic factor 
in a prospective study enrolling sixteen consecutive patients 
with lymphoma or solid tumor (21). A study conducted on 
62 lung cancer patients demonstrated KIR2D (L1, L3, L4, 
S4) and KIR3DL1 were expressed on both cancer cells and 
TILs. The KIR2D high expression on cancer cells is related 
to the high expression of KIR3DL1 on cancer cells and 
KIR2D, KIR3DL1 on TILs. There existed a correlation 
between the high expression of KIR3DL1 on cancer cells 
and that on TILs, as well as KIR2D on TILs and KIR3DL1 
on both cells (11). Analysis on the KIR gene type found 
that KIR2DL4 and KIR3DL2-3 are present in all colorectal 
cancer patients and KIR3DL1 in over 96%. KIRs also make 
difference in the relapse pf colorectal cancer. In relapse 
groups with locally advanced or metastatic colorectal cancer, 
KIR2DL1 was often observed but activated combination 
KIR2DS2-C1 was less. In the meanwhile, more frequent 
KIR2DL2, KIR2DS2-3 was observed in non-relapse  
groups (22). Among patients with leukemia, higher 
affinity was observed between KIR2DL2/KIR2DL3 and 
heterozygous HLA-C1 (8). That the significantly clinical 
decrease of acute myeloid leukemia (AML) relapse risk 
after transplanting hematopoietic stem cells with it proved 
the anti-leukemia function of KIR2DL5A (23). Activated 
KIR2D was also reported to be a protective factor. Activated 
KIR3DS1-2 was found protective of Hodgkin’s lymphoma 
during its development, which is more notable in Epstein-
Barr virus (EBV) positive patients (8). The same effect of 
activated KIR2DS3 was reported in acute lymphoblastic 
leukemia (ALL), AML, and chronic myeloid leukemia 
(CML), and the incidence was more frequent in leukemia 
with them combining (23).

As was proved, KIR-HLA class-I affected the anti-
tumor therapy response. Besides, KIR-HLA mismatch (the 
absence of inhibitory KIR2DL5A, 2DL5B, 2DL5 genes) 
was correlated with better therapeutic efficacy in CML 
patients (24), the outcomes of leukemia patients taking 
hematopoietic stem cell transplantation (HSCT) could be 
notably improved. Evidence also showed that the KIR-
HLA mismatch resulted in a better prognosis for patients 
undergoing immune therapy involving NK cell function, for 
example, an anti-GD2 monoclonal antibody (mAb) with the 
ability to interfere with the HLA-C expression on primary 
tumor cells (12,14).

Cytokines were found another approach to immune 

function regulation. An in vitro study revealed that 
inhibitory HLA/KIR blockade inducted NK cells to secrete 
IFN-α and IFN-γ. Inhibitory HLA/KIR blockade led to the 
increased expression of TNF in AML. Anti-inhibitory KIR 
drugs raised the expression of IFN-α, TNF-α, IL-6, and 
many other cytokines (14,25).

The expression of KIRs is associated with PD-1

A critical pathway of tumor immune escape is programmed 
death-1 (PD-1) and programmed death ligand-1 (PD-L1), 
which can transduce inhibitory signals towards T-cells to 
restrain the killing activity of CTLs so that there exists 
a correlation between high expression of PD-1/PD-L1  
and poor diagnosis of cancer (26). As is explained, high 
expression of inhibitory KIRs is associated with poor 
prognosis of patients with many malignant tumors. 
The latest study on 130 newly diagnosed non-small cell 
lung cancer (NSCLC) patients reported that PD-1 high 
expression was associated with the high expression of 
inhibitory KIR2DL1, 2DL3, 2DL4, 2DS4 on tumor cells 
and TILs. Undergoing anti-PD-1 monoclonal antibodies 
therapy, nearly half of NSCLC patients expressed inhibitory 
KIRs on tumor cells. The mechanism of this situation was 
the inhibitory HLA/KIR combined with a PD-1/PD-L1 
signaling pathway, negatively adjusted tumor immunity, and 
facilitated immune escape (27). 

Summary 

There has been a growing recognition that surveillance 
is merely one aspect of the complicated relationship 
between the immune system and cancer. On the one hand, 
those tumor cells with stronger immunogenicity can be 
recognized and eliminated or inhibited by the immune 
system. On the other hand, tumor cells expressing HLA 
class-I normally will adapt to the immune system and keep 
growing. It has been proved that there exists a mutual 
selection between cancer and the immune system.

KIRs, including inhibitory KIRs and activating KIRs, 
play a key role in regulating the function of NK cells. The 
ligand of KIR is MHC class-I (or called HLA class-I). 
Autoimmune tolerance is shaped by the interaction between 
those HLA class-I molecules expressed on normal tissue 
cells and inhibitory KIRs on the surface of NK cells. The 
lower expression of HLA class-I on tumor cells can disable 
the inhibitory KIRs and activate the killing function of NK 
cells to eliminate them. KIR gene defect and KIR/HLA 
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class-I mismatch is correlated with better therapy response 
and clinical outcomes. A correlation exists between KIR 
and PD-1. In this knowledge, we can predict KIR and 
KIR/HLA class-I pathway’s new prognostic indexes and 
promisingly therapeutic target to cancers.
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