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Abstract

Natural Killer (NK) cells are immune cell belonging to innate immunity that are very effective in killing abnormal cells such
as cancer cells and cells infected with viruses. NK cells are found in a variety of tissues and have different characteristics.
NK cells have both activating and inhibitory receptors that allow them to recognize abnormal cells and regulate their killing
activity. In clinical trials, NK cells have been used to suppress the growth of tumors, but the results have only been positive
in blood cancers and not in solid tumors. The type of tumor and its environment can influence the activity of NK cells. In
this review, we explore the role of different NK cell receptors and how they impact different types of blood cancers, as well
as their role in immunotherapies.

Keywords: natural killer cells; killer immunoglobulin receptors (kirs); human leukocyte antigens (hla), leukemia, acute
lymphocytic leukemia (all); acute myeloid leukemia (aml); chronic lymphocytic leukemia(cll); and chronic myelogenous

leukemia (cml)

Introduction:

The body is protected by our immune cells like lymphocytes (T, B and NK
cells, neutrophils, monocytes and macrophages and their proteins. When
these cells are not functioning normally, they cause different diseases
including cancers. Interestingly cancer cells have an escape mechanism as a
result of this there may be immune tolerance because of which cytotoxic
innate and adaptive immune cells may not attack the malignant cells. NK
cells have inhibitory and stimulatory receptors that help in immune
surveillance. Some of the cancer cells lack MHC-I leading to programmed
cell death. Interestingly NK cells have an anti-tumour effect [1].

In this review, we will discuss the role of NK cells and their receptors in
blood cell malignancies

NK cells

NK cells, making up 10% of circulating lymphocytes, are large, granular,
bone marrow-derived lymphocytes with a CD56+ CD3 phenotype. They
play a crucial role in the innate immune response and are involved in
infectious diseases, pregnancy, autoimmunity, cancer, and bone marrow
transplantation [2, 3, 4]. The Killer Immunoglobulin-like Receptor (KIR)
family, including Natural Killer Group 2A (NKG2A) and Leukocyte
Immunoglobulin-like Receptor Subfamily B Member 1 (LILRB1), plays a
crucial role in NK cell education, enabling self-inhibited NK cells to become
potent killers [5, 6]. NK cells are activated by various receptors resulting in
the natural cytotoxicity [7], including the natural cytotoxicity receptors

(NCRs) NKp30 and NKp46, NKG2D, 2B4, and DNAM-1, following
binding to ligands up-regulated during stress and infection. Degranulation
requires at least two receptors to be stimulated simultaneously, unlike the
FcyRIIIA receptor (CD16a), which can trigger degranulation upon ligation
to the Fc portion of an antibody [8] that may lead to cell lysis.

NK cells are activated by various receptors, including natural cytotoxicity
receptors (NCRs) NKp30 and NKp46, NKG2D, 2B4, and DNAM-1,
following binding to ligands up-regulated during stress and infection.
Antibody-dependent cellular cytotoxicity (ADCC) involves NK cells
engaging the LFA-1 receptor to direct granular release towards target cells,
triggering efficient target lysis [8,9,10]. Target cells can undergo apoptosis
when exposed to TRAIL and FasL on NK cells, and can control DC-
mediated cross-priming by TRAIL/DR5 [11].

NK cells detect MHC class | on host cell surfaces through interaction with
KIRs. Target cells have receptors like missing-self, induced-self, and altered-
self (12,13). The activating receptors may identify pathogen-encoded ligands
or the peptide repertoire in MHC class | molecules, inhibitory receptors
block the activation of NK cells. In severe infections or malignancies, HLA
antigen expression may be down-regulated, resulting in cells lacking HLA-
specific ligands. NK cells express inhibitory receptors for self-MHC class |
ligands, preventing cell lysis (14, 15). They recognize and attack cells
without self-antigens, known as the 'missing self-hypothesis' (Figure 1).
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NK cells recognize and eliminate tumors or infected cells lacking MHC-I
expression, using highly polymorphic HLA-A, -B, and -C. CD94/NKG2A
and are involved in self-tolerance [16]. The genetic analysis of human

populations showed CD94:NKG2A mediates NK cell education, response,
and recognition. The role of both non-classical and classical antigens
requires ligand specificity of inhibitory and activating receptors (Table 1)

Type Activating Activating receptor Inhibitory Inhibitory receptor
receptor ligand specificity receptors ligand specificity
Killer immunoglobulin | KIR2DS1 Group 2 HLA-C Asn77 | KIR2DL1 Group 2 HLA-C
receptors Lys80 (CD158a) Asn77Lys80
KIR2DS2 Group 1 HLA-C Ser 77 | KIR2DL2 Group 1 HLA-C
Asn80 (CD158b) Ser77Asn80
KIR2DL4 HLA-G KIR2DL3 Group 1 HLA-C
(CD158b) Ser77Asn80
KIR2DS4 Unknown KIR3DL1 HLA-Bw4
KIR2DS5 Unknown KIR3DL2 HLA-A3, -All
KIR3DS1 Unknown KIR3DL7 Unknown
C-type lectin receptors | CD94/ HLA-E CD94/ NKG2A/B | HLA-E
NKG2C
CD94/ Unknown CIRU CIRU
NKG2E/H
NKG2D MIC-A, MIC-B, ULBP-1, | CIRU CIRU
2&3
Natural cytotoxicity NKp46, Unknown Unknown CIRU
NKp44,
Receptors NKp30

Table 1: Human activating and inhibitory NK cell receptors (NKR) and their corresponding ligands

Killer cell immunoglobulin-like receptors (KIR) NK and T cells have a
family of 17 genes on the leukocyte receptor complex called KIRs on their
surface. They participate in both immune responses, making them vital parts
of the immune system. Because KIR genes are exclusive to HLA class |
allotypes, variations in these genes can impact resistance to and susceptibility
to hematological malignancies. Due to regular reorganization and reciprocal

and non-reciprocal crossing-over [17], KIR haplotypes are extremely
diverse, with all people belonging to four "framework" genes (KIR3DL3,
KIR3DP1, KIR2DL4, and KIR3DL2) [18]. KIR haplotypes are categorized
into A and B. A haplotype haveless gene content and mostly encoding
inhibitory receptors. The B haplotype is longer and has more activating
receptors [19] (Supplementary Figure-1).
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Supplementary Figure-1: The KIR framework genes, activating and inhibitory receptors

Inhibitory KIRs have long cytoplasmic domains with ITIMs that recruit
protein tyrosine phosphatases. Short cytoplasmic domains associate with
DAP12, atransmembrane signaling adaptor protein, which activates DAP12-
dependently through Syk/ZAP-70 tyrosine kinases, a process consistent with
antigen receptor signaling [20]. The only exception to the short- or long-
tailed rule is KIR2DL4, a unique long-tailed KIR that activates cytokine

production instead of cytotoxicity. It is associated with an ITAM-containing
FceRI-c adaptor instead of DAP12 (21). KIR molecules recognize specific
MHC-1 allotypes, with inhibitory binding having higher affinity. Activating
KIRs are more responsive to allogeneic MHC-I, potentially triggering anti-
tumor responses in NK cells after hematopoietic transplantation [22].
Different KIR receptors, ligand groups, and members are shown in Table 2.

KIR receptor | KIR Ligand Group | Ligand group member

Activating

2DS1 HLA-C group 2 C*02, C*04, C*05, C*06

2DS2 HLA-C group 1 C*01, C*03, C*07, C*08

2DS3 Unknown

2DS4 HLA-G? C*04

3DS1 HLA-B Bw4 B*08, B*13, B*27, B*44, B*51, B*52, B*53, B*57, B*58
2DL4 HLA-G?

Inhibitory

2DL1 HLA-C group 2 C*02, C*04, C*05, C*06

2DL2 x| X x| x|

2DL3 HLA-C group 1 C*01, C*03, C*07, C*08

2DL4 HLA-G?

2DL5 Unknown

3DL1 HLA-B Bw4 B*08, B*13, B*27, B*44, B*51, B*52, B*53, B*57, B*58
3DL2 HLA-A A*03, A*11

3DL3 Unknown

2DS5 Unknown

Table 2 Inhibitory and activating receptors, their ligands, and ligand group members.

The KIR promoters on NK cells are unequivocally 120-250bp in size and are
indisputably regulated by transcriptional factors such as YY1, CRE/ATF,
RUNX3, and Sp1. In contrast, the KIR promoters in T cells are at least 60bp
in size and exhibit erratic methylation. Activating KIRs cannot directly

activate T cells unless there is a consistent expression of DAP12. CD56,
present on a small subset of T cells, undoubtedly displays reduced
proliferation and up-regulates P16 and P53. Most KIR+ T cells are CD56+
and have both NK and CD8+ CTL functions (Figure 2).
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Figure 2: Various activatory, co-stimulatory, and inhibitory receptors in response to leukemia are illustrated on NK cell

Role of NK cell receptors, KIR and other receptors in acute lymphocytic
Leukemia

Valenzuela-Véazquez and colleagues conducted a study which identified
several factors that contribute to the development of cancer including
dysfunctional immune systems, endogenous and exogenous factors, and
genetic factors. The study found that high-risk ALL patients [23, 24] have
decreased activating and inhibitory receptors, reduced NK cell survival, and
lower levels of NKp46+ NK cells. The study also showed that NKG2C
identifies HLA-E molecules, which are expressed at reduced levels in ALL
patients. Furthermore, the study confirmed the importance of DNAM-1 in
identifying and eliminating leukemic cells, as there was a significant
decrease in DNAM+ NK cell percentage and overall DNAM expression in
ALL patients [25, 26, 27]. The study also found that CD96+ NK cells and
expression were significantly reduced in ALL patients, suggesting that CD96
may be crucial for identifying ALL blasts and balancing the DNAM-1-
TIGIT-CD96 axis [28]. Finally, the study revealed that NK cells expressing
2B4,NTBA, or SLAM were also reduced in ALL patients. It's a fact: Chinese
cases exhibit significantly lower frequencies of the 2DS3 and KIR2DS5
genes. Notably, genotyping of the KIR2DS5 gene uncovered no significant
differences between controls and acute lymphoblastic leukemia patients.
These results warrant further investigation to determine the precise role of
these genes in the onset of acute lymphoblastic leukemia [29].

Augusto's review found conflicting results on KIR genotyping and its role in
leukemia susceptibility. Selecting hematopoietic stem cell donors based on
KIR alleles may improve immunotherapy efficiency, but sub-typing for
KIR2DL1 alleles was not involved in the efficacy [30]. The sub-typing study
for KIR2DL1 alleles (KIR2DL1+001-004) carried out in ALL patients with
HLA-C2 unequivocally revealed no significant difference. [31]. It has been
established that males with T-cell acute lymphoblastic leukemia (T-ALL)
possess distinct polymorphisms at KIR genes (KIR2DL4, KIR2DL1, 3DL2,
and 3DL3) when compared to controls. The variants identified in killer
lectin-like receptors KLRC1/NKG2A (rs2253849) and KLRC2/NKG2C
(rs1141715) in male T-ALL patients are of significant importance as they
were detected in almost all patients in one of the studies [32]. LILRB1 is a

highly diverse gene that produces an inhibitory receptor on various
hematopoietic cells, including NK cells. Tumor cells may utilize the HLA-
G ligand to suppress NK cells by binding to LILRB1. Further, several
members of the LILRB family are expressed by neoplastic B cellsand T cell
ALL. [33, 34] KLDR1 (CD94) interacts with NKG2 proteins, affecting NK
cell function. CD94-deficient NK cells can kill target cells, suggesting its
role [35]. In female patients with B-ALL show greater activation receptor
amplification of activation receptors KLRC2, KLRC4, and NCR3 than
males, suggesting a more severe disease with higher inflammation levels,
potentially resulting in a more favorable treatment response. [36]

Role of NK cell receptors, KIR and other receptors in AML

Several reports have indicated a significant decrease in the expression of NK
activating receptors on circulating NK cells of AML patients, including
natural cytotoxic receptors (NCRs), NKG2D, and DNAM-1. [37,38,39,40].
Interestingly, the abnormalities in the phenotype and function of natural
killer (NK) cells are partially or entirely restored in patients who achieve
remission, indicating that the presence of AML cells causes the abnormalities
in NK cells (41). Patients with high expression levels of NKp46 have shown
better progression-free survival and overall survival rates than those with low
expression levels. The over expression of NKG2A and inhibitory KIRs has
been strongly linked to the failure of AML patients to achieve remission [42].
Patients with acute myeloid leukemia (AML) exhibit reduced cell surface
expression of natural cytotoxicity receptors (NCRs), resulting in anNCRd!
phenotype that adversely affects the function of natural killer (NK) cells and
cytokine production. (41) Another mechanism that enables leukemic blast
cells to evade immune surveillance is the down regulation of NCR ligands
on their cell surface, preventing NCRs from engaging with their respective
ligands required to activate NK cell-mediated target lysis [43]. It is well-
established that AML patients exhibit better outcomes when NK cells display
higher cytotoxicity.

Natural Killer (NK) cells in AML patients exhibit impaired anti-leukemic
activity. These mechanisms include down-regulation of activating receptor
expression, up-regulation of inhibitory NKG2A expression, down-regulation
of NK-activating ligands, secretion of soluble NK-inhibitory factors, and
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other immunosuppressive mechanisms, the specific molecular mechanisms
involved in these alterations are still unclear. An imbalance in the expression

D
- pr ¥

Immunosup

nressive Immunosuppress

ive
Medistors:

noAan

?%Q

C
e

Page 5 of 14

of these inhibitory and activating receptors can lead to NK cell dysfunction
as illustrated in Figure 3
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Figure 3: AML cells can escape from NK cells immunosurveillance through various mechanisms. 1). Alteration of NK cells, 2). Immunosuppressive

properties of AML cells and 3). Interaction with other immune cells

The programmed cell death ligand-1 (PD-L1) and PD-L2 [44], which show
increased levels of AML, causing immune dysfunction (45). The tumor
microenvironment also significantly limits the effectiveness of natural killer
(NK) cells against AML. The presence of immunosuppressive cells such as
Tregs, myeloid-derived suppressor cells (MDSCs), tumor-associated
macrophages (TAMSs), and tolerogenic dendritic cells (DCs) play a critical
role in AML progression. There are immunosuppressive factors like
transforming growth factor (TGF)-B, IL-10, and indoleamine 2, 3-
dioxygenase (IDO) that further limit the effectiveness of NK cells [45]. It’s
worth noting that the expression of NK receptors and their cognate ligands
on leukemic cells and the signals originating from the tumor
microenvironment significantly impact the clinical outcomes and relapse
[46].

Reactive oxygen species (ROS) can trigger the expression of the poliovirus
receptor (PVR), recognized by DNAM-1 and nectin-2 in many cancers [47].
DNAM-1 can collaborate with other NK cell receptors, such as NKp30,
NKp44, and NKp46, to mediate tumor cell killing, including AML cells [48].
Despite identifying ligands for NKp46, B7-H6 and MLLS5 can be expressed
on AML blasts. Other receptors, such as lymphocyte function-associated
antigen-1 (LFA-1) and signaling lymphocytic activation molecule (SLAM)
family receptors, can induce NK cell activation in cell-to-cell interactions
with targets. LFA-1 binds to intercellular adhesion molecules-1 (ICAM-1 or
CD54) on most AML cells, while SLAM receptors involve homotypic
interactions except for 2B4, which recognizes CD48 [49, 50].

Role of NK receptors, KIR and other receptors in CLL

Multiple studies have shown that CLL patients have reduced expression of
various activating receptors, like NKp30, NKp46, NKG2D, and DNAM-1,
compared to healthy donors and associated with poor prognostic factors [51].
The expression of NKG2D on CLL-derived NK cells reduces significantly
in advanced and progressive disease, showing down regulation by CLL cells.
A decrease in the expression of NKG2D, lowered cytotoxicity of NK cells,
and reduced production of IFNy. This indicates that CLL cells can alter the
functions of NK cells, which leads to a state of hypo-responsiveness. The

chronic lymphocytic leukemia (CLL) cells may release high amount of
TGFp, which leads to the down regulation of NKG2D expression on NK
cells, hence impairs the activity of NK cells [52]. Leukemic cells in CLL
have low expression of ligands for NK cell activating receptors, which
negatively affects the activity of NK cells [53]. This common expression is
primarily due to the shedding of released ligands as soluble molecules,
inhibiting tumor cell recognition by NK cells, representing an escape
mechanism seen in many cancers [54, 55].

It has been found that CD94/NKG2A, can reduce NK cell cytotoxicity
against CLL cells by binding to HLA-E molecules. These molecules are
highly expressed on the CLL cell surface HLA-E binding to CD94/NKG2A
can lead to signals that suppress cytokine secretion and direct cytotoxicity of
effector cells against cancerous cells, contributing to tumor escape [56, 57].

The inhibitory KIRs in NK cells from CLL patients have similar expression
levels of KIRDL2/3 and KIRDL1as healthy individuals, remaining stable
even during disease progression. However, in patients with unfavorable
prognosis, there is a slight decrease in KIR2DL1 expression, which
recognizes group-2 HLA-C alleles. Impaired NK cell activity in CLL leads
to a significant reduction in KIR2DL1 and KIR3DL1 expression.
Throughout the disease, these cells lose their functions and undergo
activation-induced apoptosis, promoting the expansion of nonfunctional NK
cells [58, 59, and 60].

Studies have shown that natural killer (NK) cells from patients with chronic
lymphocytic leukemia (CLL) tend to over-express the ILT2/CD85j
inhibitory receptor, particularly in advanced stages. On the other hand, CLL
cells abnormally express the ligand HLA-G, which is associated with poor
prognosis and suppresses NK cell-mediated cytotoxicity [61].

Interestingly CLL cells use different mechanisms to adopt NK cell immune
surveillance. The tumor cells release ligands for activating receptors on NK
cells through proteolytic shedding from their surface [62]. The mechanism
involved in the CLL and how the immune cells are escaped is shown in
Figure-4.
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Figure 4: Mechanism of immune Immune surveillance in CLL. (i) reduced expression of activating receptors on NK cells or their ligands on
CLL cells; (ii) release of NK cell activating receptor ligands by CLL cells; (iii) increased expression of inhibitory receptors on NK cell surfaces
and their ligands on CLL cells; (iv) NK cell-induced signals that promote CLL cell growth, survival, and metabolic activity while hindering
CLL cell susceptibility to NK cell-mediated cytotoxicity. The red and blue arrows indicate increased and decreased cell surface expression,
respectively, of NK cell receptors or their ligands on CLL cells. The dotted line indicates GITR-GITRL interaction, while dotted arrows

indicate intracellular signaling.

Reinerset.al, demonstrated that the soluble NKp30 ligand BAG6/BAT3,
which is detectable in the plasma of patients with chronic lymphocytic
leukemia (CLL), suppresses the cytotoxicity of natural Killer (NK) cells.
Additionally, BAG6/BAT3 down regulates the expression of CD16 and
CD56 on NK cells from healthy donors [63]. They have further shown that
BAGS6 can activate NK cell cytotoxicity when it’s expressed on the surface
of exosomes. This suggests that exosomal BAG6 can play a role in the
“induced self-activation” of NK cells. Moreover, a disrupted balance
between exosomal and soluble BAG6 expression might enable CLL to evade
NK cells. The plasma of patients with chronic lymphocytic leukemia (CLL)
contains higher levels of various factors that can compromise the function of
natural killer (NK) cells. These factors include macrophage migration
inhibitory factor (MIF), soluble NKG2D ligands MIC-B and ULBP2. In
patients with advanced stages of the disease, the levels of soluble
BAG6/BAT3, MIC-B, and ULBP2 are further increased, thus indicating
their potential role as prognostic factors. Studies have confirmed the
prognostic significance of soluble MIC-A, MIC-B, and ULBP2 in CLL.
Among these ligands, soluble ULBP2 is the most important prognostic
marker, which can identify early-stage patients at risk of disease progression
[64].

NK cell receptors and CML

The NK cell number is down regulated in CML cases as the disease
progresses from the chronic phase to blast crisis; additionally, NK cells
isolated from patients at an advanced stage of the disease show reduced
cytotoxicity and reduced anti -tumor response. [64] The expression of
activating receptors NKp30, NKp46, NKG2A, NKG2C, and NKG2D are
down regulated in CML cases. In CML, translocation of the BCR/ABL gene
affects dendritic cells, enabling them to activate NK cells by increasing the
expression of NKG2D ligands [65]. The BCR-ABL gene directly controls
the expression of NKG2DL and the antitumor reactivity of the NK cells is
directly dependent on the quantity of NKG2DL on the cellular surface with
MICA being the most expressed [66]. Hence in CML, it is by means of the

NKG2D/MICA interaction that NK cells exercise their cytotoxic role against
tumor cells. In chronic exposure of NKG2D, its MICA ligand can secrete
soluble proteins produced on the surface of tumor cells, denominated
SMICA. [67] Increased serum levels of SMICA reflect tumor expansion,
since healthy tissues present significantly lower levels of SMICA (23). The
release of SMICA with chronic exposure of NKG2DL expressed in tumor
cells, induces a negative modulation of the NKG2D that remains on the
surface of NK cells of patients with CML and other types of cancer,
facilitating the escape of tumor cells from lysis mediated by NK cells
(36). Blocking of sSMICA production may be an important clinical strategy
for an antitumor response [68].

KIR and CML

Various mechanisms are involved: shedding of ligands by leukemic cells,
down regulation of activating receptors, expansion of myeloid-derived
suppressor cells that promotes the recruitment of Treg and impairs NK cells
in a membrane-bound TGFB1 manner [69, 70]. The receptor KIR2DL5
(KIR2DL5A and KIR2DL5B) belongs to KIR receptor family and possesses
a unique combination of genetic, structural, and functional hallmarks that
confer an inhibitory function when binding to its unknown ligand [71]. In the
setting of CML, KIR2DL5A and KIR2DL5B genotypes have been
associated with a decrease in the rate of 12-month molecular response and 2-
year complete cytogenetic response [72]. A specific KIR2DL5B genotype
has been shown to predict a bad prognosis through various outcomes in CML
in a first-line imatinib strategy, including transformation-free survival,
suggesting its important role in CML immune escape. [73]

Immunotherapy in AML, ALL, CML and CLL

The non-traditional HLA antigens mentioned above have been conclusively
proven to hinder the ability of NK cells to eliminate target cells, restrict their
proliferation, and reduce their capacity to cross blood vessels. These antigens
also obstruct the functions of cytolytic T cells, B cells, and dendritic cells.
Besides KIR2DL4, HLA-G binds to several other inhibitory receptors,
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including ILT2/CD58j, ILT4, and CD160, which are present in many
immune cells. Patients with CLL have been found to have significantly
elevated levels of soluble HLA-G, and this has been firmly established.
Adoptive immunotherapy is a form of cancer treatment that involves the
usage of natural killer (NK) cells to kill tumors. NK cells can come from
patients, healthy donors, or autologous or allogeneic sources. The
effectiveness of the treatment depends on the quality of the NK cells used.
Currently, only autologous NK cells are used in cancer immunotherapy.

AML: Monoclonal antibodies (mAbs) have been developed to target tumor
antigens and are currently used in clinical settings. Several mechanisms of
action have been identified, including recognizing the Fc part of human or
humanized 1gG1 or IgG3 isotypes by CD16, which NK and myeloid cells
express. When CD16 is engaged, the cells are activated and eliminate the
targeted cells. Studies showed that monoclonal anti-CD123 antibody
improved the binding to CD16a and enhanced the anti-leukemic activity of
NK cells against AML xenograft models [74]. Further, Koerner et al. found
that an Fc-optimized CD133 antibody had a greater affinity to NK cells and
more cytotoxic activity for NK cells without relevant toxicity to
hematopoietic progenitors in a human AML xenograft model [75]. Bispecific
killer cell engagers (BiKEs) are engineered antibodies with dual specificity
for tumor antigens like CD19 or CD20 in B-cell-related diseases and CD16
targeting NK cells. The anti-CD16 part of theBikesreceive as potent
therapeutic tools for AML and other cancers [76]. However, the use of
BiKEs in AML treatment remains limited due to tumor heterogeneity in
AML patients.

The up regulation of HLA-E on AML blasts when activated by IFN-gamma
impairs CD94. This impairment is likely to prevent the activation of NK cells
and lead to NK-mediated immune evasion. Currently, blocking antibodies
are being assessed to inhibit these mechanisms. The monoclonal antibody
with plate number 1 has been considered to block KIR-ligand interaction
[77]. In vitro studies demonstrated thata novel anti-inhibitory KIR antibody
(IPH2101) increases NK cell-mediated lysis of KIR-ligand matched tumor
cells and enhances NK cell-mediated ADCC against antibody-bound tumors
[78]. Lirilumab is currently undergoing testing in patients who are in
complete remission for long-term maintenance (#NCT01687387), and for
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the treatment of patients with refractory/relapsed AML (#NCT02399917)
[79]. Additionally, lirilumab also recognizes KIR2DS1 and KIR2DS2;
blocking these receptors may, on the other hand, hinder tumor cell clearance
[80]. As AML cells are expected to express HLA-E, it is plausible that this
new antibody may also be effective in treating AML. Other inhibitory
receptors, such as PD-1, LAG-3, or TIM-3, have been classified as
"inhibitory checkpoint receptors™ and could also affect the activity of NK
cells. PD-1 was expressed in NK cells, which led to reduced expression of
NKp46 and NKG2D, impaired NK cell function, and decreased secretion of
IFN-y. However, blocking the PD-1 inhibitory pathway could restore IFN-y
secretion [81]. IFN-y can induce the expression of PD-L1 on AML cells,
leading to the inhibition of the antileukemic response mediated by T-
lymphocytes and NK cells [82]. Therefore, the anti-PD-1 mAb Nivolumab
is tested in a phase Il clinical trial in AML patients in remission with a high
risk of relapse (#NCT02532231).

ALL: Various monoclonal antibodies have been designed to attack a specific
target, such as a protein on the surface of leukemia cells, e.g., Blinatumomab,
aparticular monoclonal antibody because it can attach to 2 different proteins
simultaneously. One part of blinatumomab binds to the CD19 protein found
on B cells, including some leukemia and lymphoma cells. Another part
attaches to CD3, a protein in immune cells called T cells. By binding to both
proteins, this drug brings the cancer cells and immune cells together, which
is thought to cause the immune system to attack the cancer cells. This drug
is used to treat some types of B-cells ALL. Inotuzumab ozogamicinis is an
anti-CD22 antibody linked to a chemotherapy drug. B cells, including some
leukemia cells, usually have the CD22 protein on their surface. The antibody
acts like a homing signal, bringing the chemo drug to the leukemia cells,
entering them, and killing them when they divide into new cells. It is used to
treat some types of B-cells ALL, typically after chemotherapy has been tried.

CLL: Immunotherapy is a treatment option for CLL that involves the use of
tumor-specific monoclonal antibodies (mAbs), bi-specific, and tri-specific
killer engagers (BiKEs or TriKEs). Rituximab, a monoclonal antibody, is
used to target CD20, which induces complement-dependent cytotoxicity
(CDC) (Figure-5)
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Figure 5: The antitumor mechanisms of anti-CD20 mAbs

Directs target cell apoptosis, and antibody-dependent phagocytosis.
However, the efficacy of CD20 is limited because it is susceptible to the loss
of CD20 antigen, which causes an increase in antigen-loss cells that are
resistant to NK cell-mediated ADCC, resulting in reduced efficacy.
Rituximab has poor affinity to FcgRIlla and weakens NK cell-mediated

ADCC by increasing the release of inhibitory substances that suppress the
immune response [83]. In CLL patients, NK cell activity is impaired. Other
antibodies like Obinutuzumab, Ofatumumab, and Ublituximab help in glycol
engineering. Inebilizumab (MEDI-551) targets CD19 and increases the
binding affinity of mAbs to FcgRIlla. CD16 targets the BiKEs, which are
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Bi-specific and tri-specific killer cell are. composed of a single-chain variable
fragment (scFv) recognizing CD16 and a scFv recognizing tumor antigens.
This helps in revealing the transferring signals as immunological synapses
and inducing cytotoxicity. There are limited studies on therapeutic strategies
exploiting BiKEs and TriKEs to trigger NK cells in CLL, but the results
suggest that they are promising in NK cell immunotherapy in CLL.

Another approach in allogeneic immunotherapy is the use of BCR and Bcl-
2 inhibitors in treating high-risk CLL, allogeneic hematopoietic stem cell
transplantation (allo-HSCT) for recurrent or refractory CLL [84]. These
inhibitors are associated with both risks and benefits of allo-HSCT in high-
risk CLL [85].

CML.: Some studies have included various immunotherapeutic approaches
for CML by targeting the underlying pathways, such as the programmed cell
death protein 1 (PD-1)/PD-1 ligand 1 (PDL-1), interleukin (IL) -1 and
JAK/STAT pathways [86]. The PD-1/PDL-1 interaction may act as an
immune checkpoint inhibitor, having a marked effect on the anti-tumor
response. In patients with CML, PD-1 is highly expressed on CML-specific
CTLs, and PD-1/PDL-1 interaction leads to the exhaustion and inhibition of
CTLs in patients with CML. Therefore, blocking PD-1/PDL-1 binding as a
treatment strategy represents a promising therapeutic approach for CML
[87].

IL-1 is a regulator of inflammation and the innate immune response, having
numerous roles in immunopathological functions. In CML, since IL-1
provides resistance to imatinib in CML, the prevention of IL-1 signaling has
the potential to increase the efficacy of TKI treatment. Additionally, when
using IFN-atreatment in CML, IFN-o inhibits IL-1 due to its
anti-inflammatory effect. Hence, a combination therapy with TKIs and IFN-
o may be a more efficacious approach for CML patients [88]. Meanwhile,
IFN-o-resistant CML patients have high levels of IL-1, which stimulates
IFN-a-sensitive CML cells. One way of the blocking IL-1 pathway is using
IL-1 receptor accessory (ILIRAP) -specific chimeric antigen
receptor-modified T (CAR-T) cells. ILLRAP-CAR-T cells represent an
important alternative therapy for patients with CML presenting with TKI and
IFN-a resistance [89].

Therapeutic antibodies can achieve anti-tumor responses by modulating the
activity of their protein targets and by redirecting effector cells of the
immune system to the cancer cells. By targeting cell surface proteins up
regulated on the malignant cells, a selective immune response can be
activated against the cancer cells. This is an essential area of research in
cancer treatment and could lead to the development of more effective cancer
therapies in the future [90].

Allo-reactive NK cells from transplantation to adoptive immunotherapy

Adoptive transfer allogeneic NK cells have emerged as promising
immunotherapy for hematological malignancies [91]. The role of
alloreactive NK cells is considered to be beneficial in achieving better
outcome of haploidentical HSCT (haplo-HSCT). Haplo-HSCT can lead to
graft versus host disease (GvHD), this problem has been currently solved by
performing of T cell depletion before graft infusion. After chemotherapy in
AML patients, T cell prophylaxis has been used together with high stem cell
doses, resulting in fast NK cell alloreactivities and slow T cell reconstitution.
Moreover, graft versus leukemic cells mediated by NK cell, allo-reactivities
have been exploited which they can beneficially lead to reduced relapse, and
improve survival [92]. KIR-ligand mismatches between donor and recipient
under haplo HSCT setting, allo-reactive NK cells play crucial roles against
leukemic cells, recipients” DCs and T cells, resulting in reduced leukemic
relapses, GVHD and graft rejection, respectively [93].

IL-2 produced by T cells mediates NK cell ADCC. Additionally, it has been
shown that lenalidomide improves the stability of the immune synapse,
enhancing tumor cell recognition by NK cells [108].

CAR -NK-Cell therapy
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Additionally, four situations in predicting NK cell allo-reactivities after
haplo-HSCT have been proposed based on the deference in definition of KIR
mismatches between the donor NK cells and the recipient’s HLA [94].

AML and KIR/KIR-ligand mismatches hematopoietic stem cell
transplantation

Babor et al. have shown that there is growing evidence that KIRB genotyped
donors can have a positive impact on hematopoietic stem cell transplantation
(HSCT) for acute myeloid leukemia (AML) [95]. The "missing self" theory
suggests that the lack of cognate ligands for inhibitory KIRs allows AML
cells to activate NK cells, eliminating the leukemic target. [36] This theory
is supported by the observation that activating KIR2DS1 can significantly
reduce AML relapse in donor/recipient pairs where the recipient expresses
specific HLA-C ligands [68]. Based on these results, selecting the right donor
may be crucial to optimize the graft-vs.-leukemia effect expected from the
HSC transplantation.Interestingly, natural killer (NK) cells recognize and
eliminate target cells through a process of "missing self" and "induced self"
recognition [96]. During NK cell development, inhibitory KIR encounters
MHC class | (MHC-I) ligands on hematopoietic cells leading to the
acquisition of functional competence and self-tolerance. Reduction/absence
of MHC-1 molecules and upregulation/de novo expression of ligands for
activating receptors on tumor cells can elicit NK cell immune response
against “non-self’. This response involves releasing cytotoxic granules,
secreting cytokines, and inducing death receptor-dependent apoptosis [97].

NK cell-based immunotherapy in ALL, AML, CLL and CML

NK cell-based immunotherapy is a promising treatment option for
combatting acute myeloid leukemia (AML) [98]. Allo-reactivity mediated
by donor NK cells can kill leukemia through the graft-versus-leukemia
(GvL) effect, promote engraftment by removing recipient T cells, and protect
against graft-versus-host disease (GvHD) by depleting recipient antigen-
presenting cells and producing IL-10 [99, 100]

Allogeneic hematopoietic cell transplantation (allo-HCT) recipients have a
better chance of survival when transplanted with NK allo-reactive donors,
especially if the donors have more KIR B gene content motifs (101).
Additionally, rapid NK cell recovery following HCT is associated with
improved outcomes, while impaired NK function may lead to relapse [102,
103]

In summary, given the fundamental concepts of NK cell allo-reactivity and
the predictive effects of functional NK cell counts, adoptive transfer of NK
cells could be a valuable approach for treating AML management of AML.
Immunotherapy is a successful option, but still, a lot of transplant-related
mortality and morbidity is associated with these patients. Therefore, adoptive
NK cell transfer seems to be an ideal option as an adjuvant and alternative
treatment, and it has already been performed in the context of HCT and the
non-HCT setting. Adoptive transfer of natural killer (NK) cells has emerged
as a promising option for cellular immunotherapy to treat acute myeloid
leukemia (AML).

There are several advantages of using NK cells in AML treatment. They can
target cancer cells without prior sensitization, have a low risk of causing
graft-versus-host disease (GVHD), and induce long-term remission (104).
Immunomodulatory imide drugs (IMiDs) are a class of drugs that adjust
immune responses containing an imide group. This class includes
thalidomide and its analogues lenalidomide, pomalidomide, and iberdomide.
They increase the expression of activating receptors, notably NCR [105].
Immuno-monitoring studies in several clinical trials confirmed the expansion
of NK cells by these molecules [106, 107].

Adoptive NK cell transfer has proven to be an effective strategy in fighting
against AML cells, with the success of this approach largely dependent on
the interactions between activating and inhibitory receptors of NK cells and
their corresponding ligands present on the target cells. To further enhance
specificity and cytotoxicity (109). Scientists have designed genetically
modified NK cells, such as CAR-modified-NK cells. (Figure-6).
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Figure 6: Strategies of NK cell-based immunotherapy in activating the reconstitution of NK cells against AML.

However, unlike CAR-T therapy, which has successfully treated B-lineage
acute lymphoblastic leukemia and B-cell lymphoma, its application is
limited in AML due to its adverse effects (110).

These cells are designed to address two key aspects of cancer treatment -
improving efficacy and controlling adverse effects such as acute cytokine
release syndrome (CRS), neurotoxicity, and graft-versus-host disease
(GVHD). These cells target and destroy cancer cells through a combination
of NK cell receptor-dependent and CAR-dependent signaling cascades.
Overall, CAR-NK cells offer a promising and effective approach to cancer
treatment, thanks to their ability to simultaneously improve outcomes and
manage adverse effects (70). There are some challenges in using CAR-NK
cells in treating acute myeloid leukemia (AML), such as selecting leukemia-
specific markers, there are promising targets that can be used, such as CD33,
CD4, and CD7 (111)

In Soldierer et al. recent paper (71) demonstrate the role of CAR-NK cell
therapy in treating ALL and AML cases. NK cells can be transplanted across
HLA barriers without causing graft-versus-host disease. This makes them a
viable option for off-the-shelf usage to expand clinical indications and limit
treatment costs per patient. Furthermore, the researchers modified CAR
constructs by recognizing standard target antigens for acute lymphoblastic
leukemia (ALL) and acute myeloid leukemia (AML) therapy, CD33, and
CD123 to harbor a CD34-derived hinge region. This allows efficient
detection of transduced NK cells in vitro and in vivo and also facilitates
CD34 microbead-assisted selection of CAR NK cell products to >95% purity
for potential clinical usage. The researchers have developed an in vitro
system that blocks activating receptors NKG2D, DNAM-1, NKp30, NKp44,
NKp46, and NKp80 on these cells for testing the specific killing of CAR NK
cells against ALL and AML cell lines and primary AML blasts. Finally, the
researchers evaluated in an ALL-xenotransplantation model in NOD/SCID-
gamma (NSG) mice whether human CD19 CAR NK cells directed against
the CD19+ blasts rely on soluble or membrane-bound IL15 production for
NK cell persistence and also in vivo leukemia control. This study provides
critical insights into generating pure and highly active allogeneic CAR NK
cells, further advancing adoptive cellular immunotherapy with CAR NK
cells for human malignancies (70).

Summary

NK cells are a crucial part of the immune response against cancer, especially
in haplo HSCT treatment for high-risk leukemia in adults and children. The
anti-leukemic effect is primarily due to the presence of "alloreactive” NK
cells. Certain activating KIR, particularly KIR2DS1, also play an important
role when they interact with their HLA class | ligand (C2 alleles). The recent
haplo HSCT method (depletion of aff T and CD19+ B cells) allows the
infusion of mature NK cells and y8 T cells, in addition to high doses of donor
CD34+ HSCs, which helps control leukemia recurrence after haplo HSCT.
Small pilot trials investigating NK adoptive transfer have shown that this
approach is safe and feasible, particularly with highly pure infusions of NK
cells. However, the efficacy of this approach is yet to be established due to
small sample sizes in all of these studies. In most of these studies, survival
rates did not appear to be substantially different from outcomes without NK
adoptive therapy. Larger randomized trials are necessary to establish the
efficacy of NK adoptive immuno-therapy. Additionally, several questions
remain unanswered, including the best timing of NK adoptive transfer, ideal
disease targets and disease states, preparative regimens for adoptive transfer
if not in the immediate post-HSCT setting, and the best methods to enhance
NK number and activity. The studies on NK cell development and function
have led to the development of new NK-based immunotherapies, such as the
use of bi-specific/tri-specific mAbs linking NK cells to target antigens and/or
cytokines, fully human anti-KIR mAb, and NK cells engineered to express a
chimeric antigen receptor (CAR) specific for surface tumor antigens. These
novel approaches have the potential to revolutionize the field and can be
applied in both HSCT and NK adoptive transfer settings.
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