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Abstract: Gynecological cancers, including endometrial adenocarcinoma, significantly contribute to
cancer incidence and mortality worldwide. The immune system plays a significant role in endometrial
cancer pathogenesis. NK cells, a component of innate immunity, are among the critical innate immune
cells in the uterus crucial in menstruation, embryonic development, and fighting infections. NK cell
number and function influence endometrial cancer development and progression. Hence, it becomes
crucial to understand the role of local (uterine) NK cells in uterine cancer. Uterine NK (uNK) cells
behave differently than their peripheral counterparts; for example, uNK cells are more regulated by
sex hormones than peripheral NK cells. A deeper understanding of NK cells in uterine cancer may
facilitate the development of NK cell-targeted therapies. This review synthesizes current knowledge
on the uterine immune microenvironment and NK cell-targeted uterine cancer therapeutics.
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1. Introduction

Uterine cancer (UC) is the most common invasive gynecologic malignancy among
American women (lifetime risk of one out of every forty women) [1,2]. For example,
more than 61,880 cases of UC were diagnosed in the US, with 12,160 deaths in 2019 [3].
Between 2010–2014 the average annual age-adjusted incidence of UC from the Surveillance,
Epidemiology, and End Results Program (SEER) was 25.7 per 100,000 women [4]. Increases
in UC incidence have significant implications on healthcare expenditures. For example,
the annual medical expenditure for gynecological cancers in the United States between
2007 and 2014 was $3.8 billion. Breaking this down further, the cost of care for each patient
with UC was approximately $9164 [5]. Early immune-based tumor detection and rapid
intervention with effective treatments can mitigate these costs.

The immune system controls cancer pathogenesis by maintaining immune homeosta-
sis and tumor surveillance [6]. For instance, the immune system has evolved to eliminate
endogenous dead cells and cells that express damage/death-associated molecular patterns
(DAMPs) [7]. During cellular homeostasis, the immune system guards against changes in
the microenvironment that support tumor development through tumor immune surveil-
lance [8]. However, this immune surveillance is disrupted during cancer progression,
hence giving rise to the emerging field of immuno-oncology [9–12]. Future opportunities
in UC immuno-oncology include understanding the UC tumor immune microenvironment
(TIME), detailing approaches to reprograming immune cells to perform antitumor duties,
and developing cancer-specific immune cell-based novel immunotherapies [12,13].

Natural Killer (NK) cells are central to maintaining immune homeostasis, including
organ-specific immunotolerance [14,15]. They are one of the first described anticancer and
antiviral innate immune cells with direct cytotoxic action. Since NK cells do not rely on
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antigens to detect mutated cells, they act as first responders against cancer cells [16,17].
Furthermore, NK cell cytotoxicity (NKCC) against cancer cells makes them a strong cancer
immunotherapy candidate [18,19]. NK cell-based therapies have been evaluated in several
cancers, but information on their potential in UC is scarce [20–22]. Hence, the current article
discusses NK cells’ role in UC pathogenesis and their therapeutic targeting.

2. NK Cells Maintain Immune Homeostasis and Function

NK cells were recognized as cytotoxic lymphocytes in the late 1970s [23,24]. The
discovery of the NK cell-deficient beige (bg/bg) mouse confirmed their importance in con-
trolling hematogenous metastasis of cancer [25]. NK cells are among the first immune cells
to arrive at the site of inflammation, expressing various cytokine and chemokine receptors
as well as adhesion molecules [26–31]. For example, CXCR1, CXCR3, CXCR4, CXCR6,
CCR5, CCR7, CCL3/4 or macrophage inflammatory protein-1 (MIP-1) α/β, CCL5 or regu-
lated on activation, normal T cell expressed, and secreted (RANTES), and CXCL1 are crucial
chemokines and chemokine receptors involved in NK cell trafficking to different tissues and
organs [32,33]. These chemokines and their cognate receptors, including CXCR3/CCL10,
CCL5/CCR5, CCL27/CCR10, CXCR4/CXCL12, and CX3CL1/CX3CR1 are also crucial for
NK cell trafficking to different tumors and other inflammatory conditions [32,34–37]. For
example, CXCR3/CCL9, 10 and CXCR4/CXCL12 chemokine/chemokine receptor axis is
crucial for the migration of NK cells in the uterus during pregnancy [35,38]. Hence, the
alteration in chemokine level and receptor expression affects NK cell infiltration in different
diseases, including tumors [32,39,40]. The mature circulating NK cells in mice and humans
express different chemokine receptors, including CXCR1 (only in humans), CXCR3, CXCR4,
CCR1 (only in mice), and CXC3CR1 [39]. Of note, NK cells produce many cytokines and
chemokines that exert direct antitumor actions, including interferon-γ (IFN-γ), TNF-α, IL-8
(CXCL-8), and granulocyte-monocyte colony-stimulating factor (GM-CSF) [15]. NK cells
can also recruit potential immune cells (CD8+T cells, neutrophils, and macrophages) with
antitumor activity to control the growth and proliferation of the tumor cells. Hence, they are
crucial in recruiting immune cells and targeting abnormal cells (tumor and virus-infected
cells) to maintain homeostasis [15,41–43] (Figure 1).

NK cells are categorized as group 1 innate lymphoid cells (ILCs). ILCs have been
classified into three major groups (group 1 ILCs or ILC1s, group 2 ILCs or ILC2s, group 3
ILCs or ILC3s) depending on their function and transcription factors [44,45]. A detailed
discussion of ILCs and their interaction with adaptive immune cells has been discussed
elsewhere [46–48]. Like any other immune cell, NK cells are characterized by specific
cell-surface markers, including CD56highCD16low and CD16highCD56low. Interestingly, NK
cells do not express CD3, CD14, CD19, and TCR. Circulating mature NK cells include
Lin−IL-7Rα−CD56dimCD16+ [49]. NK cells develop from common lymphoid progenitors
(CLPs), which also give rise to T and B cells [50]. However, unlike T and B cells, NK cells do
not undergo the gene recombination process regulated by recombination activating genes
(RAGs). Instead, NK cell development requires a common γ chain of the IL-2R and IL-15
complex [51]. Details regarding the development of various ILCs, including NK cells, are
beyond the scope of this article and discussed extensively elsewhere [52–55].

NK cells are the third largest lymphocyte population, following T and B cells [56].
Although NK cells have traditionally been regarded as prominent members of the innate
immune system, recent studies revealed that NK cells are also present in adaptive and
memory-like phenotypes, indicating that they serve as borderline cells for innate and
adaptive immunity [57–59]. In addition, NK cells have unique direct cytotoxic action
against infected and cancer cells [60–62] (Figure 1). Notably, NK cell cytotoxic abilities are
distinct from T cells, which require antigen-presenting cells (APCs) for their activation.
Furthermore, NK cells protect against oncogenic virus-induced cancers as evidenced by
the fact that patients with NK cell deficiencies are more prone to develop virus-induced
cancers [63]. Thus, NK cells are important targets for cancer immunotherapy due to their
enhanced ability to distinguish between tumors and healthy cells. Furthermore, NK cells
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can identify tumor cells that have mitigated MHC expression, as they do not rely on MHC
expression or antibodies to identify targets [64,65].
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Figure 1. Diagrammatic representation of NK cells in immunoregulation during virus infections
and cancer. NK cells are crucial to maintaining immune homeostasis due to their key role in cytokine
and chemokine production. Cytokines and chemokines can interact with immune cells to induce a
proinflammatory response, thus protecting the host.

NK cell activation and inhibition are regulated by different activating and inhibitory
receptors (NKG2D, Ly49 or KIR, CD94–NKG2 heterodimers and natural cytotoxicity recep-
tors or NCRs) as described in detail elsewhere [66,67] (Table 1). For example, inhibitory
receptors regulate NKCC by preventing NK cell-mediated attacks against normal cells.
However, they are also crucial to directing NK cells to target cells with altered MHC class
I expression, as seen during tumor or viral infection [68]. The effector response of NK
cells toward tumor cells involves activation and inhibition signals mediated by NK cell
surface receptors. A primary inhibitory receptor class is the Killer immunoglobulin (Ig)-like
receptor (KIR) family, including KIR2DL1-3, KIR2DL5, and KIR3DL1-3, which recognizes
MHC class I peptides [69,70] (Table 1). KIRs are type 1 transmembrane proteins expressed
on NK cells and a subset of T cells that bind to the peptide-binding region of the HLA-A, -B,
and -C particles [71,72]. KIR expression is also heterogenous due to allelic variation in KIR
genes [70]. Of note, KIRs can exhibit both an inhibitory and activating type, and a decrease
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in the KIR2DS2 (an activating KIR that recognizes HLA-C1 allotypes and HLA-A*11:01) is
associated with an increased risk of endometriosis, which is well-correlated with EC risk
(Table 1) [73–77]. Integrins, such as α5(CD49e) and β1(CD29) (fibronectin receptor), are
receptors of extracellular matrix proteins that typically exhibit low levels of expression on
NK cells in adults but increase in some tumors [33,78] (Table 1).

Table 1. Alteration of different NK cells receptors and ligands in uterine or endometrial cancer
patients. Arrows indicate the increase or decrease in their expression or activity.

Receptors Ligands

Activating Receptors α5β1 integrin ↑ Vascular Cell Adhesion Molecule 1 (VCAM-1)

CD226 (DNAM-1) ↑/↓ CD112 (Nectin-2), CD155 (Nec15)

CD16 Immunoglobin B ↑
NKp46 ↓ Viral hemagglutinins

KIR2DS2 ↓ HLA-C1 allotypes and HLA-A*11:01

CD94-NKG2C HLA-E ↑
CD94-NKG2E HLA-E ↑
NKG2D ↓ ULBP (RAET), MICA, MICB

CD96 (Tactile) ↑ CD155 (Necl5) ↑/↓
NKp30 ↓ pp65, BAT-3

Inhibitory Receptors KIR-L ↑ HLA-A, HLA-B, HLA-C

CD94-NKG2A HLA-E ↑
KLRG1 ↑ Cadherins

LILRB1 or ILT2 (CD85) ↑ HLA class 1 ↓

NK cells orchestrate the engagement of additional anti-tumor immune cells through
IFN-γ and TNF-α secretion [56]. The secreted IFN-γ and TNF-α engages other immune
cells, including macrophages and dendritic cells (DCs), thereby promoting an inflamma-
tory microenvironment that, at the initial stages of cancer, serves to remove tumor cells
(Figure 1). Specifically, IFN-γ secretion is achieved via a STAT4-dependent pathway, while
IL-12 secretion occurs via XCR1+ conventional DCs (cDCs) after activation by local DCs.
This inflammatory microenvironment protects the host from pathogens before circulating
lymphocytes enter the TME [19,79,80] (Figure 1). In addition, NK cells exhibit perforin-
dependent direct cytotoxicity and induce apoptosis among abnormal cells through different
mechanisms, including lytic granule release, Fas ligand (FasL), and tumor necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL) expression [19,79,81]. These lytic gran-
ules consist of granzymes and perforin, where granzymes are serine proteases that are also
expressed in cytotoxic T cells. Hence, NK cells are crucial innate immune lymphocytes or
group 1 ILCs required to maintain immune homeostasis to fight and kill virus-infected and
tumor cells.

3. Human Uterine NK (uNK) Cells

The uterine NK (uNK) cell population increases during early human pregnancy,
which are also called decidual NK (dNK) cells. dNK cells comprise about 70% of all
feto-maternal interface lymphocytes during first-trimester pregnancy in humans, and
they support trophoblast invasion and angiogenesis [82–85]. dNK cells in the uterus
highly express CXCR3, with relatively low expression of CXCR4 [32]. Very low CXCR1,
CXCR2, CX3CR1, or CCR1, 2, 3 expression has also been observed in dNK cells. uNK cells
acquire a trained innate immune memory phenotype in subsequent pregnancies [86]. The
pregnancy-exposed uNK cells have been labeled as pregnancy-trained decidual or uterine
NK cells (PTdNKs). PTdNKs exhibit unique transcriptome and epigenetic characteristics,
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including high levels of NKG2-C type II integral membrane protein, NKG2C (CD159c), and
leukocyte immunoglobulin-like receptor B1 (LILRB1) (Table 1) [86]. PTdNKs ensure proper
placentation during subsequent pregnancies by producing higher IFN-γ and VEGF-α levels
than naïve uNK cells, although studies have indicated a reduced risk of EC following
pregnancy [87]. The role of PTdNKs in the UC carcinogenesis is still unknown. Hence,
future work that delineates the correlation between PTdNKs and EC risk is warranted.

Unlike peripheral NK cells, uNK cells are highly regulated by sex hormones and
IL-15. CD56brightCD16low marker expression on uNK cells characterize them through
the beginning of each menstrual cycle, and they undergo proliferation and granulation
during the secretory phase of the menstrual cycle. In the absence of fertilization, they
then apoptose two days before menstruation and shed with menstrual blood [88]. Notably,
immature uNK cells are present in the human endometrium and uterine mucosa [89].
uNK cells do not produce copious cytokines, chemokines, or growth factors [90]. Before
pregnancy, endometrial NK cells remain inactive and do not have the same cytotoxicity
as dNK cells of the uterine mucosa. However, IL-15 can stimulate the cytotoxic activity
of endometrial NK cells, suggesting that IL-15 levels may increase in the decidua during
pregnancy and that dNK cells may arise from endometrial NK cells [91]. Additionally,
pregnant women have NK cells with more significant migratory abilities than non-pregnant
women, potentially due to increased progesterone levels [92]. Nevertheless, uNK cells
are crucial innate immune cells that play a critical role in maintaining uterine immune
homeostasis. Therefore, it is essential to understand the role of uNK cells in UC.

4. NK Cells in the UC Immune Microenvironment (UCIM)

The human uterus is a unique mucosal immune organ that undergoes a menstrual
cycle every month (from menarche to menopause) and serves as a site of implantation for
the developing embryo to support reproduction. uNK cells serve as central innate immune
cells of the endometrium with few CD8+T, regulatory T cells (Tregs), and B cells [93–95].
DCs, mast cells, and macrophages are also present in the typical uterine immune environ-
ment [93,96–98]. The uterine immune cell number changes cyclically with the menstrual
cycle and inflammatory insult. Chronic inflammation without resolution may induce
cancer, including endometrial cancer (EC), and systemic inflammatory markers, including
C-reactive protein (CRP), serve as prognostic markers [99–101]. Hence, systemic and local
inflammation may affect predisposition to the EC and its severity. Immune cells and se-
creted cytokines and chemokines are the critical mediators of the inflammatory cascade,
including initiation, progression, and resolution [7,102,103]. Moreover, uterine immune
cells, including uNK cells, play a significant role in the uterine remodeling seen during
menstruation, embryonic development, and parturition [84,90,104]. Therefore, dysregu-
lated uterine immune cell population and function that results in chronic inflammation
may lead to EC. Notably, aging and obesity potentially alter the uterine or endometrial im-
mune environment as both can induce chronic low-grade systemic inflammation [105–109].
Consequently, UC prevalence increases with aging and in females with obesity [110]. Thus,
it becomes crucial to understand the EC immune microenvironment (ECIM or UCIM).

EC is the most common cancer of the female reproductive tract (FRT); however,
little is known about the ECIM. The high expression of indoleamine 2,3-dioxygenase
(IDO), PDL1, and B7-H4 found in EC suggest the development and persistence of an
immunosuppressive TME [111]. Hence, EC can be targeted via known immunotherapeutics,
including checkpoint inhibitors. Additionally, elevated arginase 1 expression observed in
EC indicates the accumulation of tumor-promoting immunosuppressive M2 or alternatively
activated macrophages (AAMs) along with myeloid-derived suppressor cells (MDSCs).
Elevated M2 macrophages may hinder NK cell activation and mitigate cytotoxicity against
tumor cells [112] (Figure 2). Blocking neuropilin-1 expression in hypoxic cells prevents
recruitment and M2 macrophage polarization [113].
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Figure 2. NK cell dysregulation in the immunosuppressive UCIM. Increased concentrations of
MDSCs and AAMs in the tumor microenvironment (TME) increase TGF-β1, NO., and arginase,
as well as decrease IFN-γ levels, all of which contribute to NK cell dysregulation and depletion.
The hypoxic environment characteristic of some uterine tumors can also contribute to NK cell
dysregulation and depletion.

MDSC migration in advanced stage EC hinders CD8+ T cell accumulation, causing
resistance to current therapies [114]. In addition, MDSCs can overexpress arginase and
inducible nitric oxide synthase (iNOS), which converts arginine into nitric oxide (NO.),
which subsequently reduces NK cell antibody-dependent cellular cytotoxicity (ADCC) [115]
(Figure 2). High levels of TGF-β1 and low IFN-γ concentrations perpetuate an immuno-
suppressive microenvironment in ECs [116]. For example, TGF-β decreases mitochondrial
metabolism in NK cells by hindering IL-2 [115,117]. The low IFN-γ level in the UC TME
indicates fewer or non-functional CD8+T and NK cells, which are the primary source of
this cytokine (Figure 2). Additionally, EC cells show an increased CXCR4 expression that
via CXCL12 recognition increases their metastasis to distant organs, including lungs and
liver [118,119]. The CXCR4/CXCL12 axis also plays a crucial role in the NK cell chemo-
taxis and infiltration to different tissues and organs [120]. Thus, along with a nutrient-
competitive TME, a chemokine and cytokine competitive UC time supports its growth and
metastasis. For example, an increased CXCL12 usage by CXCR4 expressing EC cells for
their metastasis decreases CXCL12 availability for chemotaxis of antitumor and cytotoxic
NK cells [121]. Additionally, EC TME also has a decreased CCL27 or cutaneous T-cell-
attracting chemokine (CTACK) level that further suppresses NK cell infiltration [121,122].
Furthermore, a highly hypoxic region in EC interrupts metabolic and biosynthetic genes
in NK cells that are crucial for their antitumor function, including IFN-γ release [115,123].
Hypoxic EC tumors often have elevated lactate levels, a significant hurdle for NK cell-based
immunotherapies [124].

It is critical to understand the differential activity and prevalence of NK cells within
the EC TME to advance targeted immune treatment. Although NK cells are present in the
EC TME, their antitumoral response is less effective than those in surrounding healthy
tissue [121] (Figure 2). This finding is primarily related to the fact that EC-associated
fibroblasts suppress NK cell-killing activity more efficiently than normal endometrial
fibroblasts [125]. As a result, there are fewer NK cells in EC tumors compared to the
surrounding healthy tissue, and these NK cells are also less cytotoxic. In addition, a subset
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of NK cells in patients with cancer behave more similarly to dNK cells by expressing
CD56, CD9, CD49a, and CXCR3. Hence, these NK cells are more immunosuppressive and
promote tumor growth rather than cell death [82] (Figure 2). Furthermore, approximately
40% of total NK cells in the EC TME express CD103, the marker for tumor resident NK
cells with diminished cytotoxic function [121] (Figure 2). In addition, decreased levels of
NK cell chemo-attractants in the TME decrease NK cell recruitment, further promoting an
immunosuppressive environment [121].

Tumor cells alter the major histocompatibility complex (MHC) or human leuko-
cyte antigen (HLA) molecules’ expression to escape from antitumor tumor immune re-
sponse [126–128]. HLA-E is one such molecule (a non-classical HLA class I molecule)
that affects NK cell function [129]. For example, NK cell interaction with the HLA-E
molecule occurs via C-type lectin-like NKG2 receptor family [130]. NKG2A or CD94 (an
inhibitory receptor) has a six times higher affinity to HLA-E than the NKG2C (an activating
receptor) [130–132]. Notably, NKG2A and NKG2C bind the HLA-E top through mostly
shared but partly distinct sets of HLA-E residues discriminating between two NK cell
receptors [133]. Additionally, HLA-E regulates NKG2C only when HLA-E is in complex
with restricted peptide repertoire, specifically HLA-G leader peptide [134]. Hence, HLA-E
can have dual (activating or inhibitory) action. NK cell loss may be attributed to the in-
creased HLA-E expression which, thorough interacting with inhibitory NKG2A of residual
NK cells, suppresses their antitumor function (Table 1). This has clinical implications as
altered HLA-E expression in EC cells affects the disease prognosis, depending on NK cell
number and function [135,136]. Forcing the expression of specially engineered HLA-E
may hinder the ‘missing self’ response in NK cells responsible for attacking other cells.
HLA-engineered pluripotent stem cells (PSCs) could evade CD8+ T-cells’ detection and
prevent NK cell-mediated cell death. Therefore, HLA-E-expressing PSCs may serve as
donor cells to individuals lacking HLA class II expression [137]. This approach could prove
helpful in treating certain gynecological malignancies, including UCs, where changes in
HLA-E regulation are linked to NK cell survival. While research into NK cell-targeted
therapies in EC is severely lacking, we have extensive research into cellular processes and
early trials in other cancers to guide novel studies in this direction.

5. NK Cell-Based Therapies in Different Cancers

Larger tumors have fewer NK cells than less advanced tumors [138] (Figure 3A),
suggesting that NK cell-targeted therapies in gynecological cancers could have the most
significant impact when implemented early. The unique immunological functions of NK
cells make them ideal targets for cancer therapy and could prove pivotal to improving treat-
ment. Targeted therapies may be vital to treating highly mutated ECs that can impact their
function [139,140]. Tumor immunotherapy approaches include stimulating the patient’s
immune system or in vitro stimulation of immune cells later introduced to the patient [141].
One way to utilize the existing antitumor properties of NK cells for treatment is to target
cytokines that promote their activity, given their reduced concentration in the tumor. For
example, a recent study found that while the volume of NK cell-stimulating cytokine
IL-15 is reduced in EC tumors, the volume of NK cell-inhibiting IL-6 was increased [121]
(Figure 3A). Such interactions should serve to inform new targeted therapies.

Existing vaccines leverage human papilloma (HPV) Virus-Like Particles (VLPs) to
stimulate NK cells and DCs (Figure 3B). In this process, NK cells enhance DC maturation
and upregulate IL-12p70 production and CD86 and HLA-DR expression. Conversely,
DCs stimulate NK cells by upregulating CD69 and HLA-DR through CD40-mediated
interaction and IL-12p70 release [142]. NK cell-targeted therapies could be instrumental
to fighting resistant ECs, as they have already shown potential in other cancers [143,144].
In addition, NK cells will preferentially kill cancer stem cells over non-cancer stem cells
in solid tumors, such as breast or prostate cancer (Figure 3B) [145]. Given cancer stem cell
resilience to traditional cytotoxic cancer treatment, targeted NK cell immunotherapy may
be game-changing [145].
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Understanding the cytokine milieu may inform NK cell-targeted treatment appro-
aches [65]. Previous pre-clinical studies have successfully used IL-15 to activate NK cells
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in vitro [64]. High trans-cellular IL-15 alters NKCC in murine colon cancer models, thereby
limiting cancer metastasis (Figure 3B). Exposure to IL-15α+ does not induce NK cell pro-
duction. However, the addition of membrane-bound IL-15 to IL-15α+ enhances NK cell
proliferation, thereby suggesting the requirement for IL-15 for in vivo NK cells development
in vivo [146]. Additionally, transgenically augmented chimeric antigen receptor (CAR)
NK cells (TRACKs), which are huCAR19 NK cells overexpressing human CXCR4, have
increased migration capacity compared to conventional NK cells in response to CXCL12 or
stromal-derived factor-1 (SDF-1) to targeted tumor (Table 2) [147]. Another study has also
supported that CXCR4 overexpression increases NK cell migration to the target site [148].
Hence, TRACKs and other CAR-NK cell-based immunotherapies have great potential for
different tumors, including overcoming the tumor resistance mechanisms [149–152].

Table 2. Possible NK cell-based immunotherapeutic strategies to leverage NK cells to target UC.

Therapeutic Agent Goal

Peripheral blood or umbilical cord derived NK
cells + Cetuximab Increase cytotoxicity against cancer cells

Irradiated haNK cells Induce CD16 expression to increase cancer
cell lysis.

NK cell derived extracellular vesicles Regulate APC response

Antibody based NK cell engager therapeutics Induce NK cell proliferation, cytotoxicity, and
cytokine release.

Block NKG2A with Monalizumab to enhance
NK and T cells

Stimulate T cells and NK cells; promote NK cell
antitumor activity.

TRACKs, expressing human CXCR4 Increased NK cell migration to tumor site

Early clinical trials have proven that NK-targeted therapy is safe for humans, but more
research is needed to understand its effectiveness. Nevertheless, NK-92 (a IL-2-dependent
NK cell line) infusion is safe for end-stage, chemotherapy-resistant cancers of various
types, even at high dosages (Figure 3B). NK cells may even remain in the body for at
least 48 h, capable of targeting the tumor without provoking an immune response against
themselves [153]. Interestingly, NK-92 has also been shown to be a promising carrier for
oncolytic enteroviruses, potentially treating various cancers [154] (Figure 3B).

NK cell therapy can also be used with current treatment regimens to improve clinical
outcomes. For example, treatment with combination NK cell-targeted therapy and radio-
therapy in mice greatly improved survival relative to either therapy alone [20]. Furthermore,
a dual therapeutic approach that combines adoptively transferred NK cells from haploiden-
tical donors is also practical in advanced-stage cancer patients receiving pre-treatment
immunosuppressive regimens, including cyclophosphamide and fludarabine [155]. This ap-
proach has been used safely in other malignancies in phase I and II clinical trials [156–160].
Hence, using haploidentical NK cells in a variety of tumors has been found to be safe and
this approach can be used in patients with EC. However, patients who do not respond to
haploidentical NK cell-based therapy can be treated with adoptively transferred cytokine-
induced memory-like (CIML) NK cells. This approach has performed well in phase I
clinical trials [161–163]. Furthermore, memory-like NK cells armed with a neoepitope-
specific chimeric antigen receptor (CAR) are potent antitumor immune cells [164]. CAR-NK
cell-based therapies can overcome resistant tumors, including glioblastoma [149,165,166].
The details of CIML NK cells are discussed elsewhere [163,167–169]. Hence, understanding
tumor immunology and NK cell biology have opened new avenues for NK cell-based
immunotherapies for different cancers with the potential to extrapolate to UCs or ECs.

6. Future Perspective and Conclusions

Immunotherapies can leverage the inherent cytotoxic function of NK cells to engineer
tumor-targeting treatments [170]. The positive response of these techniques in differ-
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ent gynecological cancers strongly supports their future use in patients with EC [171].
Peripheral-blood- and umbilical-cord-derived stem-cell-derived NK cells show increased
cytotoxicity against cancer cells when combined with anticancer drugs [172]. However, the
anticancer immune response that is generated by NK cells from umbilical cord blood stem
cells has shown adverse reactions in other cancers [155]. Future research into UC treatment
should leverage existing knowledge of cellular processes to generate more targeted cellular
responses. While existing NK-92 cells lack CD16, they can be engineered into high-affinity
NK (haNK) cells to express CD16 (a high-affinity FcγRIIIa receptor). Under certain condi-
tions, irradiated haNK cells can target and lyse CC cells with a more robust response over
increased periods (Table 2). The addition of the EGFR inhibitor Cetuximab is crucial for
ADCC, even though Cetuximab does not perform well on its own [173].

Furthermore, NK cells secrete extracellular vesicles (EVs) or exosomes that transport
different molecules to adjacent or distant cells. These EVs have strong immunomodula-
tory properties depending on their source and target, for example, NK cell-derived EVs
shuttle different miRNAs, which regulate T cell responses and other APCs. Hence, NK
cell-derived EVs have a novel potential in cancer immunotherapeutics, including one
for UCs (Table 2) [174,175]. Recently, a versatile NK cell engager platform referred as
antibody-based NK cell engager therapeutics (ANKETs) has been used to generate a tetra
antibody-based CD20-ANKETs (IL-2v/aNKp46/Fc/aCD20) [176,177]. This ANKET com-
prises an IL-2v peptide activating IL-2R independently of CD25 engagement, an antibody
fragment recognizing NKp46 (aNKp46-1), a Fc domain of human IgG1 interacting with
Fcγ receptors, including CD16a, and a specific antibody fragment for CD20 (aCD20) as a
model tumor-associated antigen. This ANKET has highly induced NK cell proliferation,
antitumor cytokine release, and NKCC against different tumors in vivo (Table 2) [176].
Hence, ANKETs specifically targeting NK cells have a great potential in EC patients.

In some cases, combining various stimulatory and inhibitory cellular signals may be
the most effective way to treat a malignancy. For example, the NKG2A receptor stimulates
T and NK cell function, which is enhanced when the PD-1 (CD279) axis is blocked. Since
NKG2A-positive cells are present in EC, this technique could be used as a targeted approach.
In addition, the antibody Monalizumab can promote NK cell antitumor activity and is an
existing drug that can be investigated as a repurposed drug for UC treatment [178]. NK
cell-targeted therapies may also increase the quality of life for patients during treatment by
mitigating side effects. For example, allogenic NK cell therapy does not have debilitating
side effects nor induce graft-versus-host disease (GVHD) [179]. Furthermore, a phase I
clinical trial for patients with various advanced cancers did not find any treatment-related
side effects associated with using NK cell therapy [153], thereby suggesting that this
approach may improve the quality of life in patients with EC. Additionally, strategies able
to enhance clonal expansion epigenetic inheritance of long lasting memory among NK cells
derived from the patients may serve a novel NK cell-based adoptive cell transfer strategy
for EC [180]. Thus, inducing antitumor immunity memory in vitro among patient-derived
NK cells and then their adoptive transfer seems a promising approach for EC patients.

In conclusion, direct anticancer effects and lower cytotoxic adverse events support us-
ing NK cell-based immunotherapeutic approaches as personalized medicine. Furthermore,
developing and implementing novel NK cell-targeted treatments are pivotal to creating
complete treatment regimens for UC. Hence, improved therapies targeting NK cells in
patients with EC comprise an adjunct therapy to currently available chemotherapies with
potential for future immunotherapeutic approaches.
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Abbreviations

AAMs Alternatively activated macrophages
ADCC Antibody-dependent cellular cytotoxicity
ANKETs Antibody-based natural killer cell engager therapeutics
APCs Antigen presenting cells
CAR Chimeric antigen receptor
cDCs Conventional dendritic cells
CIML NK cells Cytokine-induced memory-like NK cells
CIN Cervical intraepithelial neoplasia
CLPs Common lymphoid progenitors
DAMPs Damage/death-associated molecular patterns
DCs Dendritic cells
EC Endometrial Cancer
ECIM Endometrial cancer immune microenvironment
EVs Extracellular vesicles
FRT Female reproductive tract
GM-CSF granulocyte-monocyte colony stimulating factor
GVHD Graft-versus-host disease
haNK High affinity NK
HLA Human Leukocyte Antigen
IDO Indoleamine 2,3-dioxygenase
ILCs Innate lymphoid cells
LILRB1 Leukocyte immunoglobulin-like receptor B1
MDSCs Myeloid-derived suppressor cells
NCT Normal ectocervical tissue
NKCC Natural Killer cell cytotoxicity
PD-1 Programmed death-1
PSCs Pluripotent stem cells
PTdNKs Pregnancy trained decidual or uterine NK cells
RAGs Recombination activating genes
TIME Tumor Immune Microenvironment
TME Tumor microenvironment
UC Uterine Cancer
UCIM Endometrial cancer immune microenvironment
uNK Uterine NK
VLPs Virus-like particles
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