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Abstract  
 

iNKT cells are a subpopulation of T lymphocytes with a 

characteristic semi-invariant TCR that recognizes lipid antigens 

displayed in CD1d molecules. Their maturation and 

differentiation into different subsets occur in the thymus. While 

only a small population remains in the thymus, iNKT cells reside 

in tissues and scarce quantity are detected in the periphery. Upon 

activation, they can promptly secrete high levels of cytokines 

and interact with several types of immune cells of both the innate 

and adaptive immunity rendering them the bridge between both 

immunities. iNKT cells can have a direct cytotoxic effect which 

allows them to respond strongly against several pathogenic 

infections, where they have shown to be responsible for bacterial 

clearance. Outstandingly, iNKT cells have demonstrated a 

crucial role in tumor immunosurveillance in both murine and 

human studies. They are able to modify the tumor 

microenvironment, directly target CD1d positive tumor cells, 

and activate immune cells of both the innate and adaptive 

immunities designating them an aim for immunotherapy. Indeed, 

various groups are working on activating iNKT cells or 

retargeting them against cancers to use them as anti-tumor 

therapy and they have demonstrated a beneficial outcome. 
 

Introduction  
 

NKT (Natural Killer T) cells were first described back in the 

1990s as a T cell subset expressing a semi-invariant TCR (T cell 

Receptor) and having a memory-like phenotype that express the 

NK (Natural Killer) surface marker NK1.1 [1,2]. The TCR is 

comprised, in mice, of a canonical Vα14 and Jα18 TCR α chains 

combined with a TCR β chain of either Vβ8, Vβ7 or Vβ2. 

Human NKT cells express a homologous TCR composed of 

Vα24-Jα18 TCR α chains combined with a Vβ11 TCR β chain. 

The TCR recognizes lipid antigens presented by the non-

polymorphic MHC (major histocompatibility complex) class I-

related molecule CD1d [3]. The CD1d-restricted NKT cells form 

two major types: type I NKT also referred to as iNKT (invariant 

NKT) due to their expression of the formerly described semi-

invariant TCR and type II NKT cells that display a more diverse 
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TCR with different antigen specificity [4]. Due to the larger TCR 

diversity in type II NKT cells and the lack of a specific marker 

that is capable of identifying them, they are not as excessively 

studied as NKT type I cells. Moreover, while they both play 

important roles in immunity, in this review the focus will be on 

type I NKT cells regarding their development and differentiation 

into different subtypes, activation, and function in immunity in 

general and anti-tumor immunity specifically. 
 

Overview of iNKT Cell  
 

The initial description of NKT cells is considered a simplified 

definition and not entirely accurate. A more advanced definition 

was later established based on their function in being a bridge 

between the innate and the adaptive immune system since they 

retain features from both. As it will be detailed later on in the 

review, iNKT cells are capable of rapidly secreting high levels of 

cytokines and interacting with other cells in the immune system. 

 

iNKT cells are distributed all along the body and can be found in 

the blood, bone marrow, lungs, gastrointestinal tract, spleen, and 

skin of mice as well as the liver which has the highest frequency 

for up to 30%. In humans, iNKT cells distribution in the 

periphery seems similar to that of mice but at lower frequencies. 

For example, in the liver the iNKT cells constitute a much lower 

percentage than in mice for a maximum of 1%. In peripheral 

blood, their range varies among individuals from undetectable to 

a maximum of 3% [5]. 

 

iNKT cells express semi-invariant TCR and NK cells markers, 

such as NK1.1, NKG2D and Ly49. They are CD69+, CD62Llow, 

CD44high, and CD122high rendering their phenotype as memory/ 

activated-like phenotype. iNKT cells in mice can either express 

CD4+ or be DN (double negative), CD4 and CD8 negative. On 

the other hand, in humans iNKT cells can express CD8 

molecules [6]. The semi-invariant TCR recognizes lipid antigens 

that can be cell endogenous or derived from bacteria. αGalCer (α 

galactosylceramide) is a prototypical glycolipid widely used to 

activate iNKT cells. It comprises an αgalactosyl head and a 

ceramide base and was originally extracted from marine sponge, 
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Agelas mauritianus, based on its anti-tumor activity [7]. The 

endogenous lipids can be α- linked glycosylceramides [8], while 

the bacterial lipids share a common structure of that could be 

either ceramide or glycerol. In addition, it has been reported also 

that CD1d can bind cell endogenous phospholipids [9,10]. Both 

acyl chains bind inside the CD1d grove and the polar head 

emerge out of CD1d that binds to the TCR of iNKT. 

 

The lipid antigens are represented to iNKT cells in a CD1d 

restricted manner. CD1d belongs to the CD1 family which is 

similar to the MHC class I in structure consisting of 3 

extracellular domains α1, α2, and α3 binding to a β2 

microglobulin. Unlike MHC class I, CD1 molecules are non-

polymorphic and display high degree of similarity. The members 

of the CD1 family can be divided into 3 groups: group 1 

consisting of CD1a, CD1b, and CD1c, group 2 comprising 

CD1d, and group 3 including CD1e. Group 1 CD1 is expressed 

in humans and not in mice, preferentially on APC (antigen 

presenting cells). On the other hand, CD1d is present in both 

mice and humans, and its expression is not limited to APC but 

also on hematopoietic and non-hematopoietic cells, such as 

epithelial cells and keratinocytes. [11,12]. CD1e is also present 

only in humans, and it localize in lysosomes where it facilitates 

the loading of lipid antigens on group 1 and 2 CD1 molecules 

[13]. 
 

Thymic Selection and development of iNKT Cells  
 

iNKT cells differentiation and development occur in the thymus. 

iNKT cells develop from DP (double positive) precursors that 

stochastically rearrange the semi-invariant TCR and are 

positively selected by homotypic interaction with other immature 

DP thymocytes expressing CD1d. This is in sharp contrast with 

the conventional MHC-restricted T cells that are selected at the 

DP stage by thymic epithelial cells. Furthermore, and again 

unlike T cells, thymic iNKT cells undergo activation and 

expansion, leading to the acquisition of an effector/memory 

phenotype before emigrating into the periphery [14–16]. The 

expression of the semi-invariant TCR and other additional 

phenotypic markers has divided iNKT cell development in 



Immunology and Cancer Biology 

5                                                                                www.videleaf.com 

different stages. Stage 0, which is referred to as the positive 

selection of iNKT cells, the semi-invariant TCR expressed on the 

DP thymocyte recognizes endogenous-glycolipids bound to 

CD1d molecules expressed on another DP thymocytes. The 

expression of CD1d on DP thymocytes, specifically, is crucial 

for iNKT cells development [6,15]. As shown by experiments 

with CD1d knockout mice, iNKT cells did not develop and were 

not detected [17]. However, when the expression of CD1d on DP 

thymocytes was restored iNKT cells developed normally and 

proved to be functional in ex-vivo assays [18]. In addition, the 

interaction of SLAM (signaling lymphocytic activation 

molecules) family (SLAMf1 and SLAMf6) between the DP 

thymocytes generates another signal, which together with the 

signal arising from the TCR-CD1d interaction lead to the 

recruitment of SAP (SLAM-associated protein) and Src Kinase 

Fyn that are crucial for NKT development [19] and trigger the 

downregulation of HSA (Heat Stable Antigen or CD24) and the 

upregulation of CD44 and DX5 [15]. Stage 1 comprises CD44-

NK1.1- iNKT precursors that are defined naive. Stage 2 

comprises CD44+NK1.1- iNKT precursors that acquire an 

effector/memory phenotype. Stage 3 defines CD44+NK1.1+ 

iNKT cells that have reached the terminal maturation stage. In 

parallel, maturing thymic iNKT cells also acquire effector 

cytokine expression, dividing them into IFNγ iNKT1, IL-4 

iNKT2 and IL-17 iNKT17 subsets [20]. iNKT cells may also 

undergo negative selection in the thymus; however, much less is 

known about this phase. The negative selection depends on the 

recruitment of SAP and Fyn Kinase as well as many downstream 

signaling pathways, such as that of NKκB, T-bet, and RORγ 

[15]. It has also been indicated that CD80 and CD86 co-

stimulatory molecules have important roles in thymic iNKT cells 

selections and maturation and that in their absence iNKT cells 

fail to mature thus resulting in a reduced thymic and peripheral 

iNKT count [21]. Thymic iNKT cells can become long resident, 

or emigrate to the peripheral compartment at stage 2, acquiring 

distinct phenotypic markers in different tissues and becoming 

tissue-resident cells. The iNKT cells in the periphery can either 

be positive for NK1.1 or negative. Nonetheless, studies have 

shown that the NK1.1- population has distinct features from its 

NK1.1+ counterparts and from the NK1.1+ iNKT that underwent 
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maturation in the thymus [22,23]. In addition, it has been shown 

that IL-15 has a critical role in the development, homeostasis and 

maintenance of the cytotoxic function of mature iNKT cells, in 

the periphery as well as in the thymus [24]. 

 

The different Subtypes of iNKT  
 

In the thymus, iNKT cells differentiate into several subtypes, 

which are similar to those of CD4+ T cells. Three different 

subsets have been distinctly identified: iNKT1, iNKT2, and 

iNKT17. 

 

Similar to CD4 Th1 (T helper) cells, iNKT1 profile is driven by 

the high expression of T-bet transcription factor, which is 

encoded by TBX21. Once activated, iNKT1 cells are able to 

secrete high amounts of IFNγ; however, unlike Th1 cells, they 

can also produce a notable amount of IL-4. These features 

permitted iNKT1 cells to have a cytotoxic function superior to 

all the other subtypes [25]. iNKT1 are mostly NK1.1+ and can 

be either positive or negative for CD4. They mostly reside in the 

liver and spleen [26,27]. iNKT2 cells are similar to Th2 cells in 

their secretion of IL-4 and IL-13 as well as IL-9 and IL-10. They 

are regulated by the high level of expression of PLZF 

transcription factor. iNKT2 are also abundant in the spleen, 

mesenteric lymph nodes, intestine and lungs. In the latter, iNKT2 

have been reported to produce airway hyperreactivity in an IL-25 

dependent manner [26,27]. It’s noteworthy to mention that CD4+ 

iNKT cells can differentiate into Th1 and Th2 cytokine-

producing phenotype, whereas CD4- iNKT cells can mainly 

produce Th1 cytokines [28]. iNKT17 cell are similar to Th17 

cells by their secretion of high level of IL-17 and are regulated 

by RORγt. They also express a considerable amount of PLZF 

transcription factor. They mostly reside in the lymph nodes, 

lungs, skin and in the spleen, but to lesser extent compared to 

other iNKT subtypes [26,27]. Recently, another iNKT subset 

that is capable of interacting with B cells has been described. 

These iNKT cells exhibit a phenotype similar to the classic Tfh 

(follicular helper T) cells expressing CXCR5 and PD-1 which 

required the expression of Bck-6 transcription factor. Therefore, 

they were referred to as iNKTfh. They have been shown to 
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provide help to B cells in an IL-21 dependent manner and lead to 

the formation of early germinal center [29,30]. However, unlike 

NKT1-2-17 subsets, the iNKTfh one is only detected in 

periphery and not in the thymus, suggesting that it is generated 

by the differentiation of mature cells. 

 

iNKT Cells Activation  
 

The activation on iNKT cells can occur in two different 

mechanisms, either antigen independent/ cytokine mediated or 

antigen dependent mechanism. Unlike T cells, whose activation 

is merely dependent on the antigen presented in MHC molecules, 

iNKT cells possessing innate characteristics can become 

activated upon infection and inflammation through a strong 

release of IL-12 and IL-18 produced by myelomonocytic cells 

[31]. Once a DC (dendritic cells) recognizes foreign molecules 

through the PRR (pattern recognition receptor) and becomes 

activated, the subsequent release of cytokines leads to the 

activation of iNKT cells. IL-12 was shown to be a crucial 

cytokine released by APCs in order to properly activate iNKT 

cells in vivo and in vitro and in its absence iNKT cells fail to be 

activated [32]. This is due to the fact that iNKT cells are 

especially sensitive to IL-12 due to the high expression level of 

IL-12 receptor on their surface. As mentioned earlier, iNKT cells 

express NKG2D receptor that recognizes stress-induced ligands 

MIC (MHC class I chain related) A and B protein families. 

NKG2D ligands have a restricted expression on normal cells but 

are overly expressed in cancerous and infected cells [33]. It has 

been demonstrated that iNKT cells can be activated through the 

engagement of NKG2D receptor on its surface in the absence of 

CD1d stimulation [34]. In addition, studies have demonstrated a 

role of the relatively new cytokine IL-33 in iNKT cells 

activation. It has been shown that IL-33, in combination with 

either TCR activation by αGalCer or IL-12, is capable of 

activating iNKT cells and induce consequent IFNγ release. IL-33 

was first described to be the ligand of a receptor expressed on 

mast cells and Th2 effector T cells and able to promote Th2 

immunity [35]. 
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The antigen dependent mechanism involves a strong lipid 

antigen presented to iNKT cells by CD1d molecules expressed 

on APC, with some reliance on cytokine release depending on 

the antigenic strength [32]. Several microbial lipids have been 

indicated to stimulate iNKT cells such as α-linked 

glycosphingolipids and diacylglycerol that are expressed by 

certain bacteria as Sphingomonas, Ehrlichia, and Borrelia 

burgdorferi [36]. Upon activation, iNKT cells release a wide 

range of cytokines which include IFNγ, TNFα, IL-2, IL-4, IL-10 

and several others. iNKT cells can exert their cytotoxic function 

through the release of perforin and granzymes and through the 

interactions of Fas/FasL [6]. Activated iNKT cells were noted to 

be short lived and can become anergic after prolonged exposure 

to the antigen [37,38]. However, a recent study demonstrated the 

presence of a long lived memory-like iNKT cells in the lungs of 

mice, capable of recognizing the antigen displayed in CD1d 

molecules and becoming activated within months after their first 

encounter [39]. These iNKT cells exhibit features found on 

memory T cells [40], such as the expression of KLRG1 (killer 

cell lectin-like receptor subfamily G, member 1). 

 

iNKT Cell Function in Immunity  
 

As previously mentioned, iNKT cells upon stimulation and 

activation can directly kill infected cells and promptly secrete 

high levels of cytokines and chemokines that in turn affect the 

functions of other immune cells. In fact, the rapid release of 

cytokines by iNKT cells, and in particular IFNγ and IL-4, could 

be traced to their high levels of pre-formed mRNAs that are 

normally expressed in a resting state [41], resulting in the 

secretion of IFNγ and IL-4 by most of the iNKT cells in the liver 

within couple of hours after antigen exposure [42]. This feature 

allows the crosstalk of iNKT cells with cells of both the adaptive 

and the innate immunity. Through IFNγ secretion, iNKT cells 

can recruit neutrophils to the site of infection contributing to an 

inflammatory response [31]. Studies have shown that iNKT 

cells-derived cytokines can activate CD4+ and CD8+ T cells. 

Together with IFNγ, the interaction between CD40 and CD40L 

on iNKT cells and APCs, such as DCs and macrophages, results 

in their potent activation, upregulation of costimulatory 
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molecules, and cytokine release. iNKT cells can also trigger the 

activation of NK cells through the release of IFNγ and IL-12 

[43]. In addition, through the release of several cytokines, iNKT 

cells can trigger a strong antibody release from B cells and aid in 

their memory formation through different approaches [44]. 

Furthermore, iNKT cells play a role in immunosurveillance by 

modulating the role of CD4+CD25+ T reg (regulator T) cells in 

an IL-2 dependent manner. The latter’s secretion by iNKT cells 

promote the proliferation of T regs [39]. 

 

Nonetheless, iNKT cells can exhibit direct cytotoxic function 

through their expression of FasL and secretion of high levels of 

granzymes and perforin. Studies have revealed that iNKT cells 

are capable of controlling bacterial infections through controlling 

their growth and elimination. During Brucella suis infection, for 

instance, which is a bacterium that can cause fever, arthritis and 

osteomyelitis, CD4+ iNKT cells are activated by lipid antigens 

bound to CD1d molecules expressed on macrophages and able to 

impair the growth of Brucella suis to subsequently trigger its 

clearance. This mechanism is achieved through Fas/ FasL 

interaction and the release of lytic granules by activated iNKT 

cells [46]. In addition, studies have shown that iNKT cells are 

also involved in the elimination of Borrelia burgdorferi, which is 

a bacterium that causes Lyme borreliosis. Liver iNKT cells 

become activated in the blood vessels by CD1d on macrophages 

expressing glycolipids of the joint-homing bacteria. 

Successively, the activated iNKT cells disrupt the bacterial 

spreading in the joints and lead to its elimination via their 

cytotoxic function mediated by granzymes release [47]. 

 

Besides bacterial clearance, iNKT cells have an important role 

during viral infections as well. During HBV (Hepatitis B virus) 

infection, the levels of Tim3 (T cell immunoglobulin and mucin 

domain 3), a negative immune checkpoint regulator, were 

upregulated on iNKT cells. These Tim3+ iNKT cells showed 

reduced cytotoxic function, which was successively reversed by 

Tim3 blockage. Subsequently, iNKT cells were able to inhibit 

the viral replication through the release of cytotoxic granules in 

addition to the expression of IFNγ and TNFα [48]. 
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The Role of iNKT Cells in Antitumor Immunity  
 

The discovery of immunity governed by iNKT cells against 

cancer goes back to the point where treatment with αGalCer 

granted protection from tumor progression [49]. This tumor 

immunosurveillance role of iNKT cells has been further 

validated in mouse models deficient in iNKT cells, where the 

tumor progressed compared to that of the wild type mice [50–

55]. Furthermore, iNKT cell count and functional activity have 

been found to be impaired in cancer patients of several types as 

compared to healthy donors [56], supporting the importance of 

iNKT cells in anti-tumor immunity. Moreover, infiltrating iNKT 

cells in primary colorectal cancers were correlated with better 

prognosis [57]. Similar findings were observed in children 

neuroblastoma, in which infiltrating iNKT cells were associated 

with long term disease free survival [47]. 

 

iNKT cells exhibit an indirect effect on tumor’s growth via 

IFNγ-dependent activation of anti-tumor CD8+ CTL and NK 

responses (50) and modulation of suppressive myeloid 

populations in the TME (tumor microenvironment). iNKT cells, 

preferentially iNKT1 cells, have been shown to modify the TME 

through their interaction with TAM (tumor associated 

macrophages) exhibiting M2 phenotype, which promotes tumor 

growth and progression. One method utilized by iNKT1 cells is 

the direct killing of TAM through the recognition of tumor-

derived glycolipids loaded on CD1d molecules. 

Correspondingly, co-transferring of monocytes and iNKT cells 

to tumor bearing mice suppressed tumor growth through the 

killing of monocytes [59]. Besides, iNKT cells exhibit other 

tactics regarding TME modification, in which the production of 

GM-CSF (granulocyte monocyte – colony stimulating factor) 

skew the M2 phenotype towards a functional M1 polarized 

phenotype [60]. In addition, through IFNγ dependent 

mechanism, iNKT1 cells have been shown to inhibit tumor 

angiogenesis through the repression of M2 differentiation [61]. 

In fact, it has been shown that iNKT cells can control prostate 

cancer progression through interacting with pro-angiogenic M2 

macrophages in a CD1d, Fas and CD40 dependent manner and 

inducing their killing, while sustaining and promoting the 

survival of M1 macrophages, thus remodeling the aggressive 
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TME of prostate cancer [62]. In patients with CLL (chronic 

lymphocytic leukemia) it was shown that the increased 

expression of CD1d on the tumor cells correlated to the disease 

progression and that iNKT cells in vivo, in CLL mouse models, 

were able to control initial expansion of the tumor but were 

rendered dysfunctional upon disease progression. This control 

was not dependent on the direct recognition of leukemic cells but 

rather on the interaction of iNKT cells with the CLL-specific 

TAM, designated as NLC (nurse-like cells), which in vitro can 

differentiate to CLL. It was shown that iNKT cells restricted 

NLC differentiation in vitro in a CD1d dependent manner which 

consequently impaired CLL survival [55]. Another population of 

myeloid suppressive cells are neutrophils. Immunosuppressive 

IL-10 secreting neutrophils have been found in the blood of 

patients with melanoma with an increased frequency correlated 

to the stage of the cancer. It has also been shown that a promoted 

crosstalk between iNKT cells and neutrophils in a CD1d 

dependent manner can reverse their immunosuppressive role by 

reducing IL-10 and promoting IL-12 secretion instead [63]. 

 

Additionally, iNKT cells can affect tumor growth through direct 

targeting. The cytotoxic activity of iNKT cells in tumors has 

been extensively verified in hematopoietic tumors due to the fact 

that these cells express CD1d molecules on their surface that are 

capable of directly activating iNKT cells. In AML (acute 

myeloid leukemia) and JMML (juvenile myelomonocytic 

leukemia) the cytotoxicity of iNKT cells was shown to be 

mediated mostly by perforin/ granzyme B pathway and to a 

lesser extend through TNFα, FASL and TRAIL (TNF-related 

apoptosis inducing ligand). Moreover, this cytotoxicity was 

enhanced when iNKT cells were pulsed with αGalCer and 

inhibited when treated with anti-CD1d antibodies [64]. In 

patients with progressive MM (multiple myeloma), iNKT cells 

were found to reside in the tumor beds and circulating in the 

blood. These iNKT cells were rendered dysfunctional, since 

when stimulated they exhibited a deficiency in IFNγ production, 

which lead to the progression of the disease form precursor to 

clinical MM. However, iNKT cell function was restored in vitro 

upon treatment with αGalCer-pulsed DCs leading to the killing 

of CD1d+ myeloma cells [65]. 
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CD1d expression has also been detected on B cell malignancies 

such as B-CLL (B cell chronic lymphocytic leukemia). In a 

study where B-CLL were loaded with αGalCer in vitro, iNKT 

cells became activated and exhibited a significant CD1d-

dependent cytotoxicity towards the tumor [66]. Also in B cell 

lymphoma tumor bearing mice, iNKT cells controlled disease 

progression in a CD1d dependent manner. Notably, while iNKT 

cells promoted tumor control, type II NKT cells were correlated 

with poor prognosis and an increase mortality rate [67]. 

 

Despite the wide improvement in cancer immunotherapy, allo-

HSCT (allogeneic hematopoietic stem cell transplantation) 

remains the only curative treatment for hematological 

malignancies. However, the success in allo-HSCT is determined 

by the occurrence of GVHD (graft-versus-host disease), in which 

the donor’s T cells recognize antigens on the host cells and 

attack them. GVHD is one of the major complications 

encountered by allo-HSCT and is responsible for high morbidity 

and mortality in patients [68]. It has been shown that the 

recovery of iNKT cells in patients who underwent allo- HSCT is 

able to predict the occurrence of GVHD and improve overall 

survival [69]. Nonetheless, patients who received allo-HSCT and 

had high levels of CD4- iNKT cells in their peripheral blood had 

a better prognosis and exhibited protection from GVHD [70]. In 

addition, in pediatric leukemia patients, failure to reconstitute 

iNKT cells correlated to the leukemic relapse [71]. 

 

iNKT cells’ anti-tumoral role is not just limited to CD1d+ 

hematopoietic malignancies, but was also demonstrated in 

several other CD1d positive and even negative solid tumors. It 

was found that in CD1d negative lung cancer patients, the 

number of iNKT cells were lower than in healthy individuals and 

that they had a lower activation status when stimulated by 

αGalCer. However, αGalCer- stimulated iNKT cells from 

healthy individuals were able to recognize 2 lung tumor cell lines 

out of 7 in vitro and eliminate them through the release of 

perforin. This cytotoxic activity by iNKT cells was found to be 

dependent on ICAM-1 (intracellular adhesion molecule 1) 

expression on tumor cells  [72]. In addition, iNKT cells were 

also found to be depleted from the blood and lungs of patients 
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with NSCLC (non-small cell lung cancer). Furthermore, the 

expression of CD1d in patients with adenocarcinoma and 

squamous cell carcinoma was significantly lower than that in 

healthy individuals, which was due to the low expression of 

CD1d mRNA. The latter was associated with poor prognosis in 

patients, while high CD1d expression in NSCLC correlated to a 

significant overall survival. Treatment of NSCLS with epigenetic 

modulators triggered chromatin remodeling and induced a dose-

dependent expression of CD1d molecule that was capable of 

activating iNKT cells, resulting in their degranulation [73]. 

Nonetheless, iNKT cells purified from patients with OS 

(osteosarcoma) were cytotoxic against CD1d+ OS cells in a 

perforin/ granzyme B and Fas/FasL dependent manner while 

showing no cytotoxicity towards CD1d- osteoblast or CD1d+ 

mesenchymal stem cells. In addition, treating the OS cells with 

iNKT cells and an increasing dose of chemotherapeutic drugs 

enhanced tumor cell death. This effect was eliminated in the 

absence of CD1d [74]. iNKT cells have also been found 

effective against brain tumors. Functional iNKT cells were 

detected in patients with glioma. Upon treatment with αGalCer-

pulsed DC, iNKT cells readily secrete IFNγ and expand. 

Moreover, CD1d expression was detected on primary glioma 

cells as well as endothelial cells in blood vessels. Consequently, 

iNKT cells were able to recognize the ligand loaded on CD1d 

molecules expressed on the glioma cells and effectively lead to 

their killing [75]. All of these studies highlight the importance of 

iNKT cells in anti-tumor immunity in both directly targeting 

malignant cells and activating other immune effectors. 
 

Immunotherapeutic Approaches using NKT Cells  
 

As iNKT cells have effectively been proven to have anti-tumor 

activities through direct cytotoxic killing of tumor cells, 

modulating the TME, and through the activation of innate and 

adaptive immunities, while harnessing protection from GVHD, 

in the case of allo-HSCT, iNKT cell-based immunotherapies 

have been the target in the fight against cancer. Many studies 

relied on targeting iNKT cells activation through the 

administration of αGalCer loaded monocyte-derived DC, which 

led to clinically significant anti-tumor immune response. In the 

first described clinical trial that was carried out on 12 patients 
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with different malignancies, the results obtained were rapid and 

highly reproducible. It was shown that after therapy the levels of 

IL-12 and IFNγ in the serum of the patients increased. 

Nonetheless, this study provided the first clinical evidence that 

iNKT cells act as bridge between the innate and the adaptive 

immunity, since following the activation of iNKT cells, NK, T 

and B cells were shown to be activated. This activation was even 

faster and greater after administering the second dose of therapy 

as regards to the number of activated cells and their 

sustainability. In addition, IFNγ serum levels were higher after 

the second dose. It is worth mentioning that some patients 

suffered mild side effects, such as fever and headache, that were 

associated with the activation of the immune system and the 

release of the cytokines, since these symptoms were 

reproducible, appeared at the same stage of the treatment cycle, 

and were absent outside the study timing [76]. Other phase I-II 

clinical studies were also able to demonstrate the safety and 

efficacy of iNKT cell-based immunotherapy. In 5 patients with 

advanced MM, the levels of iNKT cells were expanded by a 100 

fold increase following the αGalCer-pulsed DCs treatment. This 

increase was still detected in the patients even after 6 months of 

the initial injection. In addition, vaccinated patients showed a 

significant increase in several cytokines and an increase in a 

distinct memory CD8+ T cells specific for CMV 

(cytomegalovirus) [77]. In another study where twenty-three 

patients with NSCLC were treated with αGalCer pulsed PBMC 

and cultured with IL-2 and GM-CSF, there were no adverse side 

effects recorded. Furthermore, 10 out of the 23 patients showed 

an increase in the levels of IFNγ in the blood following iNKT 

cells activation which was correlated with prolonged median 

survival time of the patients [78]. Nonetheless, combinational 

therapy that targets iNKT cells activation with chemotherapeutic 

drugs also showed to be both safe and effective. Six MM patients 

were treated with αGalCer-loaded monocyte-derived DC and 

lenalidomide, an immunomodulatory drug that in previous 

studies correlated with better outcome in patients. The patients 

demonstrated an expansion of iNKT cells and NK cells 

expressing NKG2D on their surface. The treatment also led to 

the increase in serum IL-12 receptor and antitumor T cell 
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immunity, which was either pre-existing or treatment induced. 

Consequently, all these factors lead to tumor regression [79]. 
 

Currently, CAR (chimeric antigen receptor) T cells have gained 

wide popularity especially after the observed success in treating 

patients with B-ALL using CD19.CAR T cells. However, the 

risk of the generation of GVHD caused by the endogenous TCR 

of the transferred CAR T cells cannot be overshadowed 

particularly since the orientation is moving towards finding an 

“off-the-shelf” allogeneic CAR T cells for immunotherapy [80]. 

While on the other hand, the iNKT cells endogenous CD1d-

targeted TCR has proven to be useful in anti-tumor immunity, 

and since many pre-clinical and clinical studies have validated 

the significant role of iNKT cells in controlling GVHD without 

having any negative effect on the GVL (graft-versus-leukemia) 

function [81], iNKT cells would make the ideal platform for the 

CAR immunotherapy. In fact, CAR iNKT cells were generated 

against GD2 (ganglioside), which is highly expressed in NB 

(neuroblastoma). GD2.CAR iNKT cells exhibited a specific and 

potent cytotoxicity against NB expressing GD2, while still 

maintaining the function of the endogenous CD1d-TCR. When 

injected in vivo, GD2.CAR iNKT cells were localized in the 

tumor sites and had potent antitumor activity skewing the 

response towards Th1 cytokine profile with high levels of IFNγ 

and GM-CSF. In addition, repeated injections resulted in a better 

long-term survival in mice with metastatic NB. Most 

importantly, unlike CAR T cells, GD2.CAR iNKT cells did not 

induce GVHD [82]. These results provided evidence for the 

safety and efficient role of using CAR iNKT cells in 

immunotherapy. Nonetheless, the same group worked on 

generating a CAR iNKT that co-express both GD2 and IL-15, 

which is important for iNKT homeostasis and maturation [17]. 

They showed that GD2.CAR.IL-15 iNKT cells enhanced the 

iNKT cells survival and reduced the expression of exhaustion 

markers such as PD-1, TIM3 and LAG3 of both in vitro and in 

vivo cells. Nonetheless, these GD2.CAR.IL-15 iNKT cells were 

able to infiltrate solid tumor tissues and exhibit a cytotoxic 

activity in mice in vivo without showing any signs of toxicity 

[83]. These results paved the way for the first clinical trial in 

humans using CAR iNKT cells as anti-tumor immunotherapeutic 

approach. The ongoing phase I clinical trial has an estimate 
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enrollment of 24 NB patients, whose ages vary from 1 till 21 

years old, to be treated with GD2.CAR.IL-15 iNKT cells. So far, 

two 12 years-old and one 6 years-old males were enrolled and 

subjected to the treatment. Prior to CAR iNKT cells injection at 

day 0, the patients were treated at days -4, -3, and -2 with 

cyclophosphamide and fludarabine which would cause 

lymphodepletion. The patients exhibited minor side effects that 

were mostly linked to the cyclophosphamide/ fludarabine 

treatment, since the adverse effects were witnessed before the 

injection of iNKT cells, and no dose-limiting toxicities such as 

cytokine release syndrome or neurotoxicities were observed 

following the CAR iNKT injections. In addition, all the patients 

exhibited an increase in the peripheral iNKT cell frequency as 

well as CAR iNKT cells that lasted up until week 4 of the 

evaluation period. These iNKT cells were detected at the tumor 

site and in one patient were able to cause a regression in the bone 

marrow metastatic lesion. CAR iNKT cells were well tolerated 

in patients suggesting a safety measure for treatment. More 

results are needed to assess the cytotoxicity of the treatment [84]. 
 

Conclusion  
 

In conclusion knowing and understanding the functions of iNKT 

cells, most importantly the bridge they implement between the 2 

arms of the immune system have opened a new array of studies 

that aim in activating iNKT cells. In this review, the summarized 

preclinical and clinical studies provide promising evidence in 

targeting iNKT for innovative immunotherapies against several 

types of cancers, such as hematological malignancies or other 

previously mentioned types that express CD1d and serve as 

direct targets for iNKT cells recognition and cytotoxicity. 

Nonetheless, murine and human studies have well demonstrated 

the safety and tolerance in administering such treatment and in 

some cases a significant amelioration in the final outcome. 

Furthermore, the lack of polymorphism by the CD1d gene 

renders the iNKT cell transfer more applicable and provide 

several advantages over T cell therapies. Most importantly, the 

transfer of iNKT cell for cancer immunotherapy has shown to 

limit the GVHD while still governing protection to the recipient. 

However, better understanding of iNKT cells reconstitution, 

survival and effector function in humans is required in order to 
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completely benefit from their full potential as an 

immunotherapeutic approach against cancer. 
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