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Chapter 5
NK Cells in Immunotherapy: How 
Important Are They?

Denaro Nerina and Marco Carlo Merlano

�Introduction

Treatment of head and neck squamous cell carcinomas (SCCHN) rapidly evolved 
during the last decade, mainly due to the inclusion of immune-checkpoints inhibi-
tors (ICIs) in the routine therapy of relapsed metastatic disease (R/M-SCCHN). 
However, head and neck cancers remain a major clinical problem and most R/M--
SCCHN patients ultimately die of their disease. Nonetheless, the experience 
matured with ICIs demonstrating  that the immune system and their components 
play a crucial role in the control of R/M-SCCHN.

Natural killer (NK) cells are key-player in cancer immunosurveillance, cancer 
control and prevention of metastatization. Indeed, in the 1980s, several studies 
reported a higher incidence of cancers in individuals with defective NK cell func-
tion supporting the role of NK cells in immunosurveillance [1, 2].

In human solid tumors, NK cell infiltration is poor in non-small cell lung cancer, 
colorectal cancer and melanoma, but it is high in breast cancer, kidney cancer and 
SCCHN. The latter show the highest infiltration of NK cells [3]. The density of 
infiltrating NK cells correlates with the patient’s prognosis in many solid tumors, 
including oropharyngeal squamous cell carcinoma (OSCC) [4]. Indeed, Wagner 
et al. showed a relationship between the prognosis of OSCC patients and NK levels, 
regardless of HPV status, although higher numbers of CD56 positive (CD56+) cells 
were found in HPV-positive patients compared to HPV-negative patients. The ele-
vated abundance and activity of cytotoxic NK cells in OSCC patients with HPV 
driven carcinogenesis might contribute to the favorable outcome in HPV-related 
OSCC [5].
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There is evidence that NK cells are involved in the metastatic spreading: the 
number of circulating NK cells inversely correlate with circulating tumor cells, and 
the decline of cytotoxicity and of cytokine production of NK cells after major sur-
gery correlates with the risk of metastases [6].

Indeed, the epithelial-mesenchymal transition (EMT) that is a central step during 
metastatization, leads to expression of new antigens that reactivate the cytolytic 
effect of NK cells [7].

Chockley et al. showed that EMT leads to NK cell mediated metastasis specific 
immuno-surveillance. Indeed, EMT modulates the adhesion molecule CADM1 on 
the surface of tumor cells, increasing the susceptibility to NK cytotoxicity in lung 
and breast cancer [8].

�NK Cells, Antitumor Effects and Antibody Dependent 
Cell Cytotoxicity

In general, NK cells are extraordinary effective war machines able to kill stressed 
(infected) or mutated (tumoral) cells through multiple mechanisms (Fig. 5.1). NK 
cells are divided into two major subsets according to their cell surface expression 
levels of CD56 and CD16. CD56dim/CD16bright NK cells predominantly mediate 
natural cytotoxicity, whereas the CD56bright/CD16dim subset plays a role in immune 
regulation through a high cytokine secretion potential [9].

A series of activating and inhibitory receptors on the membrane of NK cells may 
sense inducible stress molecules and self-proteins. The prevalence of one signal 
over the other, results in aggression or  tolerance. NK cells also bear ligands for 
death signal receptors expressed on the membrane of the target cells, such as FAS 
or TRAIL.

Finally, they secrete a high number of cytokines with antitumor activity such 
as IFN-ɣ.

In addition, NK cells are also the most powerful inducer of antibody dependent 
cell cytotoxicity (ADCC).

NK

CYTOKINES (IL2, IL12, IL15, IL18)

BLOCK METASTATIC SPREAD

ADCC

CTL

Fig. 5.1  NK functions
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Indeed, FC-gamma receptors (FCɣR), the receptor family linked to ADCC, 
include both activating and inhibiting receptors, and are expressed on a number of 
different immune cell lineages. NK cells host only FCɣRIII and FCɣRIIc (CD16 
and CD 32c), both activating receptors, which make NK cells the most important 
lineage able to trigger ADCC.

ADCC is a complex but highly efficient mechanism leading to the elimination of 
damaged, infected or mutated cells. It involves five main actors: (1) the effector cell, 
(2) the Fcγ Receptor (FcγR), (3) the antibody, (4) the target antigen on the surface 
of the target cell and (5) the target cell itself [10]. Figure 5.2 reports the five ADCC 
players.

As reported above, when we speak about ADCC we consider primarily NK cells.

	1.	 The effector cells.
Cancer cells and many immune cells can damp NK cells, such as tumor asso-

ciated fibroblast (TAFs), tumor associated macrophages (TAM), T regulatory 
cells (Tregs) and myeloid derived suppressor cells (MDSC).

They all reduce NK function following NKp44, NKp30 and DNAM1 down-
regulation, reduce NK degranulation and IFN-γ production, and inhibit NKG2D 
expression [11].

Among the many mechanisms that tumor cells use to impair NK cells, the 
release of inhibitory soluble ligands such as MIC-A and MIC-B into the tumor 
microenvironment (TME), the high levels of TGF-β and of other immune-sup-
pressive cytokines are among the best known [12]. Overall, inhibition of NK 
cells follows the same mechanisms of CD8+ T cell inhibition.

ADCC: 5 players:
effector cell; FcyR;

mAb; Target;
tumor cell  

effector cell NK cell

Monocl
onal 
antibody

FC 
gamma 
receptor

FC fragment

FcyR mAb Target

Fab fragment Tumor cell Target cell

Fig. 5.2  Main actors of ADCC
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Figure 5.3 summarizes the most important interactions between tumor cells 
and NK cells and other inhibitory mechanisms.

However, a residual activity of NK cells still exists in the TME, since high 
NK cell infiltration usually correlates with favourable prognosis in many 
tumors [4]. In particular, Taylor et al. [13] observed that inducible ADCC was 
the most predictive marker for clinical outcome in SCCHN. In support of this 
observation, Lattanzio et  al. [14] observed in a series of SCCHN patients 
treated with cetuximab and radiotherapy, that patients with ADCC activity 
above the median had a statistic significant benefit in overall survival. Similarly, 
patients with metastatic, wild-type, colon cancer treated with cetuximab and 
with ADCC activity above the median had a significant gain in overall sur-
vival [15].

	2.	 The FcγR.
The Fc receptor for IgG (FcγR) belongs to the immune globulin superfamily 

and includes many families (FcγRIa [CD64a], FcγRIIa [CD32a], FcγRIIb 
[CD32b], FcγRIIc [CD32c], FcγRIIIa [CD16a], FcγRIIIb [CD16b]) which are 
expressed by many immune cell lineages and link to the Fc fragment of the anti-
body with different affinity. FcγRIIb is the only inhibitory receptor, links to any 
IgG subclass with high affinity and is represented in all the immune cells har-
bouring FcγRs, but not in NK cells.

Therefore, NK cells are the sole immune cells expressing only activator 
receptors (FcγRIIIa and FcγRIIc) [16]. However, FcγRIIc is expressed only in 
about 40% of healthy human subjects [17], and is not yet completely understood 
[18]. Therefore, most attention is devoted to FcγRIIIa and in particular to its 

Fig. 5.3  Major mechanisms of NK cells stimulation/inhibition
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polymorphisms. Indeed, experimental models support the positive role of the 
Valine homozygosis at FcγRIIIa-158 toward an increased ADCC activity [19], 
although its real impact in clinic is not yet clear [20, 21]. Moreover, Rooney et al. 
suggested that elevated ADCC activity observed in cancer patients may exceed 
the value of FcγRIIIa polymorphism as prognosticator [13].

	3.	 The antibody.
IgG includes four classes: 1, 2, 3 and 4. NK-cell dependent ADCC is a Fc 

segment mediated effector function triggered mainly by IgG1 and IgG3. 
However, whilst IgG1 seems to be independent from subclasses, IgG3 function 
is largely allotype-dependent [22]. IgG2 and IgG4 weakly link to FcγRIIIa, but 
they do not induce ADCC [22, 23]. In conclusion, IgG1 is the most effective IgG 
class able to trigger ADCC, regardless of allotype.

	4.	 The target antigen (TA).
The TA density on the target cell surface is the fourth actor of ADCC. There 

is in vitro evidence that the expression of the TA on tumor cell surface is a key 
factor influencing cytotoxicity [24, 25]. However, the importance of the expres-
sion of the TA is not evident in the clinic. For instance, cetuximab has shown 
clinical activity regardless of EGFR expression. There are many factors that may 
explain this discrepancy. First, the target effect of cetuximab may mask the 
immunological effect of the antibody. Second, ADCC depends on the efficiency 
of additional immunologic variables, such as those we are discussing here.

However, some clinical data supporting the role of the TA density in clinic do 
exist [26]. Our group observed that in patients treated with cetuximab and radio-
therapy, ADCC activity directly correlates with the outcome, but patients with 
high ADCC and high EGR density (EGFR+++) showed the best outcome [14].

	5.	 The target cells.
The mutational status of the target cell may affect ADCC. For instance, muta-

tion of KRAS leads to constitutive activation of the PI3K/AKT pathway, resulting 
in direct inhibition of BAD and caspase 9, inhibition of p53 via MDM2 and upreg-
ulation of antiapoptotic proteins such as BCL-X, BCL-2 and COX-2. All together 
these effects confer resistance to apoptosis induced by granzyme B [27, 28].

Therefore, even if all the described actors of ADCC are efficient, the muta-
tional status of the target cell may prevent ADCC induced apoptosis.

�Strategies to Enhance Antitumor NK Cell Function

Since activation or inhibition of immune functions depends on the balance between 
positive and negative regulators of signaling, the activation, or re-activation, of anti-
tumor NK activity depends upon the upregulation of the former and/or the down-
regulation of the latter.

A third factor to enhance NK cell activity, is improving their homing into tumor 
nests, because they are often detained within the stroma surrounding cancer cells.

5  NK Cells in Immunotherapy: How Important Are They?
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�Reinforcement of NK Cell Activity

Preactivation with cytokines (IL12, IL15, IL18) induces memory-like (cytokine-
induced memory-like, CIML) NK cells that show enhanced effector functions last-
ing for weeks [29].

It is generally accepted that IL-12, IL-15, and IL-18 preactivation induces in NK 
cells a rapid and prolonged expression of CD25, resulting in a functional up-
regulation of high-affinity IL-2 receptor (IL-2Rαβγ) that confers responsiveness to 
picomolar concentrations of IL-2, favouring NK cells expansion [30].

Cytokine preactivation also induces expression of markers such as the chemotac-
tic receptor CXCR4 necessary for homing of NK cells [31].

Terrèn et  al. demonstrated that IL-15 might contribute more than IL12/18 to 
CIML NK cell-mediated cytotoxicity against target cells, although all the three 
cytokines are needed to improve activity of NK [32].

Moreover, JAK inhibitors (JAK/STAT pathway, responsible for cytokine regula-
tions) are able to modify NK cell biology in vitro and in vivo.

Schönberg et  al. reported that the JAK 1–2 inhibitor ruxolitinib, impairs IL-2 
preactivated NK killing ability. Reduced NK cell numbers in ruxolitinib-exposed 
patients may depend on the inhibition of various important cytokine signals essen-
tial for NK maturation (i.e. IL-2 and IL-15) [33].

Ewen et  al. found that the activation of NK cells with IL-12/15/18 led to a 
decreased expression of the inhibitory receptors of the KIR family reinforcing NK 
effector potential [34].

Moreover IL15-stimulates DCs to activate NK cells in an IL15 dependent man-
ner, indeed, IL-15 DCs, but not IL-4 DCs, promoted NK cell tumoricidal activity 
towards both NK-sensitive and NK-resistant targets. This effect was found to be 
mediated by DC surface-bound IL-15 [35].

IL-2 is a well-known growth factor of antigen activated T lymphocytes. IL-2 also 
stimulates NK cell expansion and activation. However, it also favours Treg expan-
sion through the high affinity sub-unit receptor IL-2Rα (CD25) expressed on these 
cells. IL-2 variants able to prevent Treg expansion have been generated. Among 
them, the IL-2 “superkine” with increased affinity to the IL-2Rβ subunit expressed 
on NK cells and other T effector cells [36].

IL-15 may have stimulating effects similar to IL-2 on NK cells, and also enhances 
ADCC, without stimulation of Treg expansion [37]. An IL-15 super-agonist, with a 
long half-life, has been already tested in humans and numerous clinical trials are in 
progress [38].

There are few preclinical studies investigating cytokine therapy for NK reactiva-
tion. However, some data on IL-6 are available. In pancreatic cancer blocking IL 6 
not only inhibits tumor growth but also rescue the NK cells from suppression 
induced by the peripancreatic adipose tissue [39].
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�Prevent NK Cell Inhibition

Removing the block of NK cells is an emerging, rapidly evolving area and upregu-
lation of some checkpoint molecules (e.g. TIGIT, CD96, PD1, KIRs, NKG2a, 
IL1R8) represent potential targets for NK-based immunotherapy.

�Anti-PD-1

PD-1 is upregulated in several solid tumors, including head and neck cancer [40] 
and is associated with the inhibition of NK cell activity [41]. It has been demon-
strated that PD-1 expression impairs function of intratumoral NK cells. Notably, 
treatment with PD-1 blockade was able to reverse PD-L1-mediated inhibition of 
PD-1+ NK cells [42]. Inhibition of PD-1 on NK cells may be important in particular 
in tumors that poorly express or do not express MHC-I, thereby evading CD-8 T cell 
attack, but, for the same reason, are a good target for NK cells.

�Anti NKG2A

HLA-E is a non-classical MHC-I molecule, frequently up-regulated in SCCHN and 
is associated with low survival rates. Although MHC-Ia molecules help in cancer 
cell recognition through the T-cell receptor, HLA-E can be recognized by the inhibi-
tory heterodimeric CD94/NKG2A receptor [43]. This interaction inhibits NK-cell’s 
cytotoxic functions and prevents autoimmunity, but is also exploited by cytomega-
lovirus to evade antiviral immunity.

Interactions of HLA-E with CD94/NKG2A significantly impairs IL2 receptor–
dependent proliferation of tumor-specific T cells that contributed to reduced cyto-
toxicity and cytokine production, which improved following antibody-mediated 
blockade treatment in vitro and ex vivo [44].

Andre P et al. demonstrated the efficacy of anti-NKG2A monalzumab in combi-
nation with anti-EGFR.

In a phase II trial of monalizumab combined with cetuximab, responses were 
observed in 35% of patient who were immunotherapy-naive and 18% in those who 
received previous chemotherapy. The combination was well tolerated and 93% of 
adverse events (AE) were of grade 1–2 severity with only 6% of patients experienc-
ing treatment-related grade 3–4 AE. Eight out of 26 patients (31%) achieved a con-
firmed response (1 complete and 7 partial), 54% had stabilization of disease 
(SD) [43].

The first patient cohort of the study UPSTREAM (patients not eligible for one of 
the biomarker-driven cohorts, after platinum progression) treated with single 
agent monalizumab (10 mg/kg) every 14 days, were reported at ESMO 2019. The 
sub-study did not meet its primary objective (progressive disease 78%) although 
59% of patients had received prior treatment with anti PD1/PD-L1. We hypothesize 
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that blocking the inhibitory axis CD94/NKG2A/HLAE alone might be not suffi-
cient to reverse an immunosuppressive TME.

�Anti KIR2

NK cell activation is partially controlled by KIRs upon binding with their ligands. 
Preclinical hematological studies reported activation of NK through mismatches 
between KIRs on donor NK cells and recipient MHC class I molecules, with 
improved relapse-free survival and overall survival [45]. The efficacy and safety of 
the first-in-class anti-pan-KIR2D agent lirilumab was explored in several clinical 
trials. Lirilumab can be safely administered but the efficacy in monotherapy is dis-
appointing. Contrary to this, combinations with anti-PD1 antibody and antiCTLA-4 
(136 with nivolumab; 22 with ipilimumab) were well-tolerated, with encouraging 
preliminary results. In SCCHNl the Lirilumab plus nivolumab cohort showed an 
objective response rate (ORR) of 24%, with durable responses. Notably, increased 
PD-L1 expression was strongly associated with improved probability of objective 
response [46].

�Anti TIM-3

Interestingly, resistance to anti-PD-1 monoclonal antibodies (mAbs) might depend 
on up-regulation of alternative immune checkpoints, including TIM-3, LAG3, 
TIGIT etc. Recent studies showed that T-cell immunoglobulin mucin 3 (TIM3) par-
ticipates in the regulation of Tregs, and correlates with immunosuppressive micro-
environment (Galectin-9, Foxp3, CD68 and CD163) [47].

The increased surface levels of TIM-3 on NK cells in cancers induce NK cell 
impairments [48], while TIM-3 blockade results in increased NK cell cytotoxicity 
both in vitro and ex vivo [49]. In SCCHN anti TIM3 reduces Treg activation and 
decreases CTLA4 and TIGIT.

Currently, therapeutic approaches combining the administration of anti-TIM-3 
and anti-PD-1 antibodies showed that the adaptive resistance to PD-1 blockade can 
be overcome [50].

Several studies are ongoing in phase I both in solid and hematological malignan-
cies as monotherapy or in combination with an anti-PD-1 mAb  or anti-LAG3 
mAb  (NCT03489343, NCT03311412, NCT02817633, NCT03680508, 
NCT04139902, and NCT03744468).

�Anti LAG-3

Lymphocyte activation gene 3 (LAG-3) is an inhibitory receptor on T cells, which 
increases the effect of Tregs and shows relationship with T cell exhaustion. LAG-3 
suppresses immune responses in several tumors, including Hodgkin’s lymphoma, 
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gastric cancer, breast cancer, and other solid tumors. T cells co-expressing both 
LAG-3 and PD-1 may show a greater degree of exhaustion compared with those 
expressing LAG-3 alone [51]. Combining anti-LAG-3 mAb  and anti-PD-1 
mAb synergistically enhances T cell activity, [52] and a phase I/II clinical trial with 
the combined treatment is ongoing (NCT01968109).

Blockade of LAG-3 pathways has shown to enhance T-cell and NK cell activity, 
leading to increased antitumor activity and limiting tumor burden in several pre-
clinical studies [52].

In this context, different anti-LAG-3 mAb are currently being used in phase I and 
phase II clinical trials as monotherapy (NCT03489369 and NCT03250832) or in 
association with other immune checkpoints inhibitors (NCT04150965, 
NCT02658981, NCT01968109, NCT03005782, NCT04080804, NCT02676869). 
A number of additional LAG-3 antibodies are currently in preclinical development.

�Anti-TIGIT

T-cell immuno receptor with immunoglobulin and ITIM domains (TIGIT), can sup-
press T-cell activation and promote T-cell exhaustion. TIGIT and CD96 are co-
inhibitory receptors expressed on both T and NK cells and compete with the 
activating NK cell receptor DNAM-1 for binding to the poliovirus receptor 
(PVR;CD155) and Nectin2 (CD112) [53]. These receptors participate in a balanced 
system to control NK cell effector functions. The expression of TIGIT is highly 
variable among different cancer types and it is highly expressed on tumor-infiltrating 
NK cells [54].

Notably, the therapeutic effects of anti-TIGIT and anti-PD-L1 monotherapy, or 
anti-TIGIT and anti-PD-L1 combinations depend on the presence of NK cells [55], 
indicating the importance of NK cells in checkpoint-targeted immunotherapy. 
Currently, several ongoing clinical trials (phase I and phase II) focus on testing the 
feasibility of targeting the TIGIT pathway and improving therapeutic effects through 
combination with existing immunotherapies, including anti-PD-1 agents 
(NCT04150965, NCT03119428, NCT04047862, and NCT03563716), mainly in 
solid tumor patients.

�Increase ADCC Through Engineering 
of Monoclonal Antibodies

Many approved mAbs  are of the IgG1 isotype. Fc region in IgG1 includes two 
N-linked biantennary complex-type oligosaccharides. The Fc region induces ADCC 
through its interaction with the Fcγ receptor family. However, ADCC activity is 
influenced by the structure of the Fc region. In physiological conditions, mAb Fc 
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region links to the FcγRIIIa of the effector cells with low affinity, in competition 
with a specific serum IgG.

The therapeutic mAbs can be engineered to remove fucose residues from the Fc 
N-glycans. Afucosylated mAbs exhibit strong ADCC activity compared to fucosyl-
ated counterpart due to much higher binding affinity to FcγRIIIa. Strong ADCC 
activity is also maintained at low antigen density, a situation in which the fucosyl-
ated mAbs cannot induce detectable ADCC [56, 57].

There is a growing interest in afucosylated mAb and many studies are in prog-
ress. Some afucosylated mAb  are already approved in clinical practice, such as 
obinutuzumab (anti CD20), mogamulizumab (anti CCR4) and benralizumab (anti 
IL5Rα) [58].

�Improve NK Cells Trafficking and Homing in the Tumor

In many tumors, NK cells are not in direct contact with tumor cells, but rather, they 
are restrained in the stroma surrounding tumor nests. It happens even if NK cells 
express the chemokine receptor CXCR3 and the specific chemokines CXCL9 and 
CXCL10 are released. Therefore, the endogenous production of chemokines may 
be insufficient for NK cell recruitment to tumor nests [11].

Chemerin is a super agonist of NK trafficking. It is a chemokine that plays a 
pivotal role in both immune response, lipid metabolism and in the regulation of 
programmed cell death, including autophagy and apoptosis. The chemerin chemo-
tactic receptor CMKLR1 is expressed on NK cells, macrophages and subsets of 
dendritic cells.

Chemerin is released in an inactive form (prochemerin) and is converted into 
active chemerin in inflamed areas. Chemerin is down regulated in many tumors, but 
restoring its expression may increase NK infiltration and tumor suppression. Indeed, 
in a breast cancer model, Pachynski RK et al. forced overexpression of chemerin by 
tumor cells obtaining significant recruitment of NK cells and T cells within the 
TME [59]. However, the clinical development of chemerin is hampered by its 
potential side effects [60].

Lee J et  al. recently suggested a novel approach. These authors developed an 
antibody-based NK-cell-homing protein (NRP-body), namely an antibody able to 
link to a specific tumor antigen, which drives a cargo domain containing CXCL16, 
the NK chemoattractant. When the antibody links to the tumor antigen, CXCL16 is 
released in the TME reaching a very high concentration. In a pancreatic cancer 
model, the NRP-body increased NK-cell infiltration into tumors. Preclinical results 
showed promising effects [61].
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�CAR–NK

Compared to CAR-T cells, CAR-transduced NK cells (CAR-NK) exhibit several 
advantages, (Table 5.1) such as safety in clinical use, the mechanisms by which they 
recognize cancer cells, and their abundance in clinical samples. Human primary NK 
cells and the NK-92 cell line have been successfully transduced to express CARs 
against several tumors, with most mature results in hematological cancers. Moreover, 
toxicities concerns appear less serious than CAR-T, cytokine release syndrome 
(CRS) is not reported although NK cells release IFN-γ, IL-3 and GM-CSF, which 
may result in a different form of CRS (with few systemic inflammatory response 
and toxic death).

In the last years to counteract these potentially fatal toxicities, CAR- NK cells 
are modified with an inducible suicide gene able to be activated pharmacologically 
to turn off the waterfall [62].

NK-92 cells engineered to CAR-NK was recently approved by FDA for clinical 
trials, and it was already tested in patients with melanoma, sarcoma, colorectal can-
cer, renal cell cancer (benefit in 5/11 patients) and NSCLC (benefit in 3/4 pts). To 
date, the used targets of CAR-NK include different cancer antigens such as CD19, 
CD20, CD244, HER2, CD38, epithelial cell adhesion molecule (EPCAM), disialo-
ganglioside (GD2), EGFR variant III) [63].

Liu et al. generated cord blood derived CAR-NK by transducing NK cells with a 
retroviral vector to incorporate the genes for CAR CD19, IL-15 (a cytokine crucial 
for NK cell persistence), and the caspase-9 suicide gene. CAR.19/IL-15/iC9-NK 
showed additional activity of CAR-NK compared to CAR-T as NK cells preserve 
the intrinsic capacity to recognize and target tumor cells. Moreover, as above 
reported, IL-15 drives NK cell expansion and persistence, as demonstrated by lon-
ger persistence and anti-tumor activity compared with CAR.19-transduced NK cells 
lacking IL-15. Finally, these cells can be easily eliminated by pharmacological acti-
vation of Caspase 9 [64].

In acute myeloid leukemia NK cells (NK-92) were transduced with a third gen-
eration CAR lentiviral construct containing both CD28 and 4-1BB costimulatory 
molecules, and were infused after salvage chemotherapy in three patients. CAR 
NK92 cells were irradiated to prevent both excessive expansion and to treat paren-
teral cells derived from a lymphoma patient. The study failed to demonstrate 

Table 5.1  Advantages of CAR NK cells over CAR T cells

CAR-NK CAR-T

Prepared “off-the-shelf” Requires autologous cells
Low secretion of cytokines
(no CRS)

Risk of CRS

Cheap Expansive
Maintains their natural receptors (NKG2D, 
NKp30…)

Likelihood of relapse related to a loss of CAR-
targeting antigen

CAR Chimeric antigen receptor, CRS Cytikines released syndrome

5  NK Cells in Immunotherapy: How Important Are They?
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clinical efficacy but as the “first in human study” it opens the way to optimize this 
potentially efficacious treatment [65].

Exciting results in pancreatic cancer models have been reported also with cryo-
preserved NK cells. Systemic administration of NK cells induced greater in vivo 
tumor growth suppression when compared with gemcitabine. The potent antitumor 
effect of NK cells was obtained by increasing infiltration into desmoplastic tumor 
tissues, apoptosis and IFN-γ, and by inhibition of TGFβ [66].

A promising strategy to increase efficacy of NK is to create NK cell engagers 
(NKCEs): multifunctional antibodies targeting tumor antigens, NKp46 and CD16. 
The goal is to increase tumor-cell destruction by bringing tumor cells and NK cells 
together. The new generation of trifunctional NKCEs targets the two activating 
receptors, NKp46 and CD16, on NK cells and a tumor antigen on cancer cells. 
Trifunctional NKCEs were more potent in vitro than clinical therapeutic antibodies 
targeting the same tumor antigen [67].

Despite the usefulness of NK cells, NK-cell therapy is limited by tumor cell 
inhibition of NK-cell homing to tumor sites, thereby preventing a sustained antitu-
mor immune response.

Ongoing researches on this topic will hopefully provide new tools to overcame 
this issue (see above in the: ‘Improve NK Cells Trafficking and Homing to the 
Tumor’ section).

�Conclusions

NK cells represent one of the most important tools of the immune system. They are 
involved in immune surveillance, control of metastatization, and in the fight against 
tumor cells inside the tumor.
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