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Introduction

In tumor microenvironment (TME), outcome of 
anti-tumor immunity is related to the function of infiltrating 
immune cells and their crosstalk with each other and 
tumor cells. One regulator of immune response is Natural 
Killer T (NKT) cells that link the innate and adaptive 
arms of the immune system [1]. This small innate like T 
lymphocytes are a heterogeneous lymphoid population 
that play important modulatory roles in the prevention or 
induction of various disease including cancer [2]. They 
were originally defined as a T cell population express 
both αβ T cell receptor (TCR) and some  lineage markers 
from natural killer (NK) cells such as CD 56/CD161 
(humans) and NK1.1 (murine). As all NKT cells do not 
express NK cell markers, they now describe as the only 
cells that recognize both exogenous and endogenous 
lipid antigens presented by non-polymorphic MHC-like 
molecule CD1d. Indeed, CD1d expression has critical role 
in thymic development of NKT cells, as CD1d-/- mice are 
deficient in these cells [3-6]. In response to stimuli, NKT 
cells are able to react quickly and secrete simultaneously 
both pro- and anti-inflammatory cytokines [1- 2]. It has 
been indicated that these cytokines influence the immune 
response by affecting other immune cells such as dendritic 
cells (DC), NK cells, conventional and regulatory T cells 
and B cells [7, 8]. The aims of this review are to provide 
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insight into how NKT cells subsets and their cross-talk 
with other immune cells and each other to regulate immune 
responses, and their roles cancer.

NKT cell subsets
The population of NKT cells is a collection of several 

phenotypically and functionally different subpopulations. 
There are two main distinct types of NKT cells, type I 
and type II NKT cells, based on differences between their 
TCRS, antigen specificity  and cytokine profile [3]. 

The well-defined type I NKT cells otherwise known 
as invariant NKT (iNKT) cells are the main studied 
subset of NKT cells. type I NKT cells represent about 
1-3% of lymphocytes in blood and lymphatic organs and 
about over 30% lymphocytes in liver, while in human 
they comprise only  about 0.2 % of T cell population 
[9]. They express a semi-invariant TCRα chain with 
rearranged Vα14-Jα18 in mice and Vα24-Jα18 in 
humans paired with a limited repertoire of TCR-β 
chain (Vβ2, 7 or 8.2 in mice and Vβ11 in humans). 
The restricted TCR of type I NKT cells able to recognition 
both exogenous and endogenous glycolipid antigens 
with similar structure such as sphingomonas and 
ehrlichia lipids, lyso-phosphatidilcholine (lyso-PC) and 
isoglobotrihexosylceramide (iGb3) [10-12]. 

Initially type I NKT cells were characterized following 
recognition of a-galactosylceramide (α-GalCer), originally 
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derived from a marine sponge [13]. Besides, several 
endogenous mammalian self-lipid have been defined 
as CD1d ligands that recognized by type I NKT cells 
such as iGb3 and phosphatidylinositol [14]. Upon 
activation, type I NKT cells display a broad range of 
functions relies on their rapid secretion of copious 
amounts of various, including interferon-γ (IFN-γ), 
interleukins IL-2, IL-4, IL-9, IL-10, IL-13, IL-17, IL-21, 
and granulocyte-macrophage colony-stimulating factor 
(GM-CSF) [14-16], as well as their interactions with 
other immune cells [17]. In humans, the majority of type 
I NKT cells express CD4 which produce both Th1 and 
Th2 cytokine. The rest are CD4-subset including both 
CD8+ and CD4-CD8- double negative (DN) population 
that produce T h1 cytokines [5-18]. Moreover, type I 
NKT cells, depending on cytokines and transcription 
factors profile, can be subdivided into distinct subset 
including NKT1, NKT2, NKT17 and NKT17 cells that 
are equivalent to Th1, Th2 and Th17 cells respectively 
[19, 20]. It has been shown that type I NNKT cells in the 
presence of TGF-β combined with Rapamycin change to 
suppressive type I NKT cells that increase L-10 production 
[21].

The other major subset of NKT cells, named type II or 
diverse NKT (dNKT) cells, utilize more diverse αβ-TCR 
repertoire [22]. Unlike type I NKT cells, they do not 
express the Vα14Jα18 TCRα chain and typically do not 
recognize α-GalCer. Type II NKT cells are also either 
CD4+ or CD4−CD8− and produce both Th1 and Th2 
cytokines immediately after stimulation. While type II 
NKT cells are less frequent in mice, they form a major 
subgroup of the T cells in the bone marrow, liver and 
gut of humans [1]. It has been demonstrated that, type 
II NKT cells play a unique role in in different immune 
responses and able to inhibit tumor rejection [23]. Type 
II NKT cells are less characterized than type I NKT cells, 
because unlike type I NKT cells that all population can 
stimulated by α-GalCer, no antigen is yet know that can 
stimulate all type II NKT cells. Recently three different 
methods have been used for studying the function of these 
cells including: i) the comparison of immune responses 
in two different NKT cell deficient mice including 
CD1d-/- mice (deficient in both type I and type II NKT 
cells) and Jα18-/- mice (deficient only in type I NKT cell), 
ii) using sulfatide or tetramer-sulfatide complex in order 
to stimulate the function of a part of type II NKT cells 
[24, 25], iii) using 24αβTCR transgenic mice from type 
II cell clone VIII24 [26]. 

Interaction between NKT cells and other immune cells
Activation of type I NKT cell could occur directly 

or indirectly. Direct activation of type I NKT cells 
started with endocytosis of glycosphingolipids antigens 
by DCs or others APCs and then presented processing 
antigens to type I NKT cells through CD1d. This CD1d 
dependent activation leads to release wide ranges of 
cytokines (IL-4 and IFN-γ as well as IL-2, IL-5, IL-6, 
IL-10, IL-17, TNFα and GM-CSF) and also chemokines 
(RANTES, exotoxin, MIP-1α and MIP-1β) [27-29]. On 
the other hand, DCs Could be activated via engagement of 

their pattern recognition receptor (PRR) as TLR or via 
inflammasomes as NOD1 and NOD2. These activated 
DCs cause indirect activation of type I NKT cells through 
cytokines like IL-12 and IL-18 or by costimulatory 
molecules like OX40/OX40L interaction [30].

Besides TCR/CD1d interaction, NKT cell subsets 
could influence much other cell type and orchestrate 
immune responses via cytokines, chemokines production 
and surface molecules expression. It has been demonstrated 
that activated type I NKT cells with α-GalCer result in the 
modulation of several cell type activities including DCs, 
macrophages, B cells, NK cells and neutrophils. APC 
populations are involved in Ag presentation to NKT 
cells especially in an organ specific manner. Besides, the 
interaction between APCs and NKT cells is a bidirectional 
way which can change APC activities in both useful and 
harmful manner. In a feedback fashion iNKT cells activate 
antigen-presenting cells (APCs) through CD40-CD40L 
interaction, and cause DCs to mature and up-regulate 
co-stimulatory receptors such as CD80 and CD86 [31]. 
Moreover, activated DCs produce IL-12 that induces 
more IFN-γ production by NKT cells and plays a critical 
role together with IFN-γ in the activation of downstream 
effectors such as NK cells, CD8+ T cells and γδ T cells 
[32- 33]. 

Instead of activating cells from both innate and 
adaptive immune system, NKT cells could enhance 
tumor immunity via effects on immunosuppressive cells 
such as MDSCs and neutrophils derived from tumors 
microenvironment [34, 35]. In both human and mice 
acute phase protein serum amyloid A-1 (SAA-1) controls 
plasticity of IL-10 secreting neutrophil. SAA-1 not only 
induce the differentiation and expansion of suppressive 
IL-10 producing neutrophils, but also enhanced interaction 
between neutrophils and type I NKT cells via CD1d and 
CD40-dependent manner, result in type I NKT cells 
activation and change neutrophils suppressor activity 
through reducing IL-10 production [36]. In post-surgical 
metastasis model, it has been shown that NKT cells 
activation with α-GalCer loaded DCs decreased metastasis 
rate and enhanced survival outcome which was associated 
with reduced the immunosuppressive activity of MDSCs 
[37].

After presentation of α-GalCer to type I NKT cells, 
activated DCs produce IFN-γ, IL-12 that result in 
activation of anti-tumor CTLs. In contrast, activation of 
non-type I NKT cells via endogenous antigens result in 
the production of IL-4, IL-13 and TGF-β that impaired 
the function of CTL and NK cells [38, 39]. Moreover 
IL-13 enhances production of TGF-β from CD11b+ Gr-
1+ MDSC via IL-4/STAT6 signaling pathway [40, 41]. 
In murine model of breast cancer, on the presence of ex 
vivo expanded type I NKT cells effected on anti-tumor 
activity of CTLs by causing these cells more resistant 
to immunosuppressive activities of MDSCs [42]. It has 
been demonstrated that vaccination of WT, CD1d-/- and 
Jα18-/- mice with GM-CSF secreting B16F10 melanoma 
cells result in the presentation of tumor antigens with 
recruited tolerance inducing CD8+ CD11c+ DCs only in 
WT model. These DCs expressed high level of CD1d and 
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Figure 1. Type I NKT Cell in Tumor Immunity. A) Type I 
NKT cells can directly kill tumor cells by recognize lipid 
antigen presented by cd1d on tumor cell. B) Type I NKT 
cells can indirectly participate in anti-tumor immunity 
through rapid cytokines secretion and activating NK 
cells and CD8+ T lymphocyte after interaction with 
CD1d expressing APCs.
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was highlighted by several studies that the number of type 
I NKT cells [52, 53], as well their activity and proliferation 
reduce [54] in peripheral blood of patients with different 
malignancies. 

Direct activation of type I NKT cells 
Type I NKT cells can lyse malignance cells directly 

through perforin/granzyme B, TNF-α or Fas ligand 
(FasL) mediated cytotoxic pathway (Fig. 1A) [55-59]. 
Some tumor cells as B cell lymphoma, myelomonocytic 
malignancies and small numbers of solid tumors which 
express CD1d could directly recognized by type I NKT 
cells [60- 61] and higher level of CD1d expression is 
associated with lower metastasis incidence [62]. It has 
been indicated that human type I NKT cells are able to 
recognize and kill CD1d+ osteosarcoma cells, but not 
CD1d- osteoblasts cell [63]. In murine model of breast 
cancer, tumor cells inhibits anti-tumor activities of type I 
NKT cells and promote metastasis via reduction of CD1d 
expression on tumor [64]. 

It is interesting to note that Resent  studies has 
indicated that in chronic lymphocytic leukemia (CLL), 
high CD1d expression associated with disease progression 
and impairment in function of type I NKT cells [65, 66]. 
Goini et al. showed that at beginning type I NKT cells 
postpone disease. Upon disease progration type I NKT 
cells become functionally impaired which is correlated 
with high expression of CD1d on CLL cells [67].

Indirect activation of type I NKT cells
Despite direct activation, type I NKT cells indirectly 

can participate in anti-tumor immunity in the lack of 
CD1d expression on tumor cells (Figure. 1B). after 
interaction with CD1d expressing  APCs , activated type 
I NKT cells can rapidly produce cytokines and activate 
other immune cells from both innate and adaptive 
immune responses (NK cells and CD8+ T lymphocyte) 
[68, 69]. Initially, anti-tumor activities of NKT cells are 
indicated by α-GalCer as an anti-tumor agent. α-GalCer 
activated type I NKT cells in a CD1d dependent manner 
that leads to production of INF-γ. After α-GalCer 
stimulation, an abundant amount of IFN-γ released that 
is necessary for tumor protection [70]. Besides, CD28 
and CD40L expression on NKT cells play crucial role in 
anti-tumor immunity through the regulation of Th1 and 
Th2 functions of Valpha14 NKT cells. α-GalCer-induced 
IFN-γ production by Vα14 NKT cells is impaired in both 
CD28- and CD40-deficient mice, but IL-4 production is 
impaired only in CD28-deficient mice [71]. Smyth et al. 
demonstrated that IFN-γ secreted by NKT and NK cells is 
needed for anti-metastatic activity of a-GalCer in both lung 
and liver metastasis models. Moreover to gain optimal 
serum IFN-γ and anti-tumor immunity, secretion of IL-12 
and IL-18 by DCs is required [72]. 

Potential role of type II NKT cells in tumor immunity
By contrast to the role of type I NKT cells in 

improve anti-tumor immunity; type II NKT cells have 
immunosuppressive effects [36, 73]. CD4+ type II NKT 
cells produce more IL-4 and IL-13 compared with type 

macrophage inflammatory protein 2 (MIP-2), a chemokine 
which recruit type I NKT cells to the splenic marginal 
zone [34, 43]. 

Crosstalk between NKT and Treg cells
As noted above, two main subsets of NKT cells can 

cross regulate one another. Moreover; it seems that these 
cells can also regulate other regulatory cells such as Treg 
cells. The majority of investigations on the interaction 
between NKT and Tregs were evaluated in animal 
models. It has been shown that bidirectional interplay 
between NKT and Tregs is required to maintain immune 
tolerance [44-46]. However the evidence of a reciprocal 
NKT and Treg cells interplay in human is so sparse. 
Recent studies have demonstrated that NKT cells secrete 
IL-2 and IL-4 that induce Tregs proliferation [47- 48]. 
In addition, homing of Tregs to the liver can be regulated 
by NKT cells [49]. Conversely, Tregs can also inhibit 
NKT cell proliferation and cytokine production in vitro 
through cell-cell contacts [50]. Accordingly, a better 
understanding of this cross-talk will be applicable to 
optimize NKT based therapeutics.

NKT cells in tumor immunity
Despite interaction with other cells, Type I and 

type II NKT subsets also cross-regulate each other 
and NKT cell subsets appeared to have a paradoxical 
role in a wide range of different immune responses. 
Ambrosino et al showed that in contrast to type I NKT 
cells that play protective role, type II downregulate 
tumor immunosurveillance. It has been indicated that 
in two different murine malignancies, when both type 
were simultaneously activated, sulfatide activated type II 
NKT cells suppressed type I NKT cells proliferation and 
cytokine secretion both  In vivo and in vitro conditions. 
This result suggested a cross regulation between the two 
NKT cell subsets [51].

Potential role of type I NKT cells in tumor immunity
The role of type I NKT cells in anti-tumor immunity 

is also reported in several studies in humans and mice. It 
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I NKT cells. It has been shown that IL-13 is essential 
for tumor recurrence in 15-12RM, a fibrosarcoma tumor 
models [23]. IL-13 secretion induced activation of 
TGF-β secreting CD11b+ Gr-1+ myeloid derived cells 
that inhibit type I NKT cells or tumor specific CD8+ 
T cells [40]. A study with subcutaneous CT26, a colon 
carcinoma cell line, indicated that type I NKT cells play 
key role to determine balance between the regulatory 
roles of immunosuppressive Treg cells and type II 
NKT cells. It has been shown that anti-CD25 in WT 
mice and CD1d -/- mice reduce tumor burden. But it 
is not effective in Jα18 -/- mice. Besides, simultaneous 
blockage with anti-CD1d and anti-CD25 reduce tumor 
burden in Jα18 -/- mice. It has been suggested that in the 
presence of type I NKT cells, these cells regulate type II 
NKT cells activity and Treg cells determined dominant 
suppressor. By contrast, in the absent of type I NKT cells 
both type II NKT cells and Treg cells act as suppressive 
and blockage of both is necessary to remove immune 
suppression [74].

Although  the literature mainly suggested that type 
I NKT cells have a protective role against tumors based 
on a Th1 response, in a few studies it has been shown 
that type I NKT cells can directly prevent anti-tumor 
immunity depend on their Th2 cytokine production such 
as IL-13, TGF-β, and suppression of CTL and NK cell 
activity[75, 76]. Recently it has been shown that type II 
NKT cells stimulated by CPG secrete IFN-γ, which result 
in activation of CD8+ T cell and play anti- tumor activity  
in the melanoma model [77].

NKT cells based immunotherapy
A protective role of  type I NKT cells in tumor 

immunity has been demonstrated in multiple mice 
malignancy models, including a methylcholanterine 
(MCA) induced sarcoma, a P53 deficiency model and 
a TRAMP model, in the absence of exogenous antigen 
[18, 78, 79]. In these models, tumor growth enhanced 
in Jα18 -/- mice (deficient in type I NKT cells) and 
or CD1d -/- mice (deficient in both type I and type II 
NKT cells) as compared with wild-type (WT) mice. 
In a model of MCA-induced fibrosarcoma, Jα28 -/- mice 
lacking type I NKT cells had a greater susceptibility to 
the disease in comparison with WT mice, and transfer of 
liver derived NKT cells restored the NKT cell population 
and improved tumor immunity. It was also shown that 
not all NKT cells are equally protective and only liver 
derived CD4- type I NKT cells were protective and cause 
tumor rejection of MCA-1 sarcomas but when type I NKT 
cells derived from the thymus or spleen were adoptively 
transferred, only slight protection was observed [80]. 
In a phase I clinical trial study, Exley et al. indicated 
that the transfer of autologous in vitro expanded type 
I NKT cells are a possible and safe therapy, generating 
Th1-like responses with antitumor potential in advanced 
melanoma [81].

Immune adjuvants in order to initiating or promoting 
host immune response against poorly immunogenic 
antigens, represent as a potential tool for immunotherapy 
including those involved in vaccination against cancers. 

The type I NKT cell and its agonists, such as α-GalCer 
consider as adjuvant in immunotherapy because of 
the ability of type I NKT cells to rapidly produce 
a large amount of cytokines and also activate other 
immune cells upon stimulation [82]. It is indicated that 
Injection of α-GalCer or its synthetic analog KRN700, 
enhance survival in a several of murine malignancy 
models through induce type I NKT and NK cell response 
that rejects the tumor [83]. 

It is demonstrated that, in cancer patients, NKT cells 
represent a level of hypo responsiveness to α-GalCer 
administration [84]. Type I NKT cell anergy often 
result from strong stimulation with glycolipid agonists, 
particularly after repeated administration [85, 86] which 
can limit the use of such agonists in some cases that may 
need repeated doses for optimal effect. In order to avoid 
induction of anergy in type I NKT cells different strategies 
can use include administration of α-GalCer pulsed DCs. 
APC and the root of administration play important role in 
immune responses. IV injection of α-GalCer pulsed DCs 
induced strong cytokine production, but its subcutaneous 
injection did not stimulate effective type I NKT cells 
response [87]. Recently it has been shown that vaccine 
contained DCs and tumor cells with α-GalCer induced 
a strong, long-lasting and specific antitumor immune 
response in a therapeutic model of B cell lymphoma. This 
immune response was related to an increase of both Th1 
cytokines and IFN-γ secreting type I NKT and T cells [88]. 

It has been shown that In Em-myc mouse, a model of 
non-Hodgkin’s B cell lymphomas growth of induced 
tumors significantly was inhibited by vaccination with 
irradiated, a-GalCer-loaded lymphoma cells while there 
was not any evidence about CD8 + T-cell activation or 
memory cell formation [89]. In contrast, combination 
immunotherapy with an NKT cell-targeting vaccine 
along with an agonistic anti-4–1BB antibody resulted 
in complete clearance of Em-myc lymphomas in 
over 50% of mice. This result was related to effective 
generation, differentiation and INF-γ dependent expansion 
of effector CD8 + T cells [90]. Bae et al, found that in 
an anti-PD-1-resistant tumor-bearing mice, type I NKT 
cells stimulated with the synthetic αGalCer can enhance 
the anti-tumor immunity by renovating the effector 
function of tumor exhausted CD8 T cells. They suggested 
that NKT cell stimulated with αGC-loaded APC as an 
effective therapeutic strategy for the treatment of anti-PD-
1-resistant cancer patients [91]. Recently, using chimeric 
antigen receptors (CARs)-type I NKT cells in Preclinical 
studies have yielded promising result. CAR-type I NKT 
cells could eliminate tumor cells by effectively localizing 
into the tumor sites, and exhibiting specific cytotoxicity 
activity against tumor cells [92, 93]. in a B-cell lymphoma 
model, using CD62L+CD19− CAR-engineered NKT cells 
indicated therapeutic activity [94].

Concluding remark
In this review, we have attempted in the role of NKT 

cells in cancer immunity. Type I and type II NKT cells 
form a regulatory axis that in addition to cross talk with 
each other, they interact with other cells from both arms of 
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innate and adaptive immunity. Despite all progress in our 
knowledge about activation and functions of NKT cells, 
many questions still remain unanswered about NKT cell 
biology and signaling pathway that contribute in activation 
and regulation of these cells. Moreover, as many studies 
have been conducted on mice model, more research is 
needed to translate results to humans’ cases, especially 
because the frequency  and the number of type I NKT cells 
is significantly lower in human than in mice and it is also 
more variable between individual. The identification of 
new type I NKT cell agonists which can promote immune 
responses without inducing anergy is of high priority. 
Moreover, better recognition of endogenous self-antigens 
seems essential and our little information has been limited 
better understanding of this cell biology.
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