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ABSTRACT

Invariant natural killer T cells (iNKT) produce large amounts of different cytokines which can influence differentiation, polarization and activation of immune cells,
particularly NK and T cells. iNKT have been shown to suppress GvHD and promote anti-tumor and anti-pathogen immunity. There are highly specific and safe
synthetic ligands such as alpha-galactosylceramide (x-GalCer) and C20:2 which activate iNKT cells toward relatively Th1 and Th2 pathways, respectively.

Bone marrow transplantation (BMT) or ‘hematopoietic stem cell transplantation’ (HSCT) is effective for leukemia and lymphoma through ‘graft-versus-leukemia’
(GVL) immunity. However, frequent serious complications include graft-versus-host-disease (GVHD), opportunistic infections and relapse. Both GVHD and GVL are
mediated by T cells. Manipulating iNKT by different lipid analogues in early and late phases after transplantation may suppress GVHD and graft rejection and
enhance GVL effect, as well as resistance to opportunistic infections and so, could be a novel and effective strategy for improving HSCT outcome.

1. Introduction

Leukemia and lymphoma remain among the most common life-
threatening malignancies around the world and every year, many lives
are taken by them despite therapeutic improvements. Significant im-
provements in the treatment of blood malignancies have been achieved
in the latter part of the 20th century, which is largely due to advances
in chemotherapy and radiotherapy methods. Several new drugs have
been introduced as well as new uses for established drugs. Despite all
this progresses, treatment outcome for advanced disease is still dis-
appointing [1,2].

In the search for more effective treatments or even cures for he-
matological malignancies, bone marrow transplantation (BMT) and
(with the introduction of mobilized peripheral blood stem cell pro-
ducts) the more recently adopted general term ‘hematopoietic stem cell
transplantation’ (HSCT) have been introduced [3,4]. HSCT has im-
proved survival in a number of hematologic diseases, including lym-
phomas and plasma cell dyscrasias such as Multiple Myeloma [4-6].
Regardless of all the achievements, allogeneic transplantation either
using bone marrow or peripheral blood progenitor cell is associated
with high risk of graft rejection, graft versus host disease (GVHD),
opportunistic infections and recurrence of malignancy due to

insufficient immune response against residual malignant cells, a re-
sponse which is called graft versus leukemia (GVL) or graft versus
tumor effect (GVT) [5]. Among all the problems which may occur after
BMT or HSCT, GVHD and relapse are of most import.
Graft-versus-host disease (GVHD) is an immune-mediated reaction
and a major complication following allogeneic hematopoietic stem cell
transplantation (HSCT). It can affect between 40 and 60% of patients,
depending on host and donor factors, and accounts for 15% of mortality
after HSCT [7]. Although extremely rare, GVHD may also occur after
transfusion of blood products, after solid organ transplantation, and
even after autologous HSCT [8]. After BMT or HSCT, graft resident
immune cells particularly T cells, recognize host as foreign and attack
the recipient, who is usually in an immuno-compromised or “defense-
less” state. In this situation, the invader T cells produce an excess of
cytokines and cause inflammation and damage to organs, leading to
poor prognosis among patients. On the other hand, GVL or GVT is an
immune response against residual malignant cells, not the recipient.
In GVL/GVT, the grafted donor T cells attack the remaining ma-
lignant cells, thus this response is therapeutic and lowers the risk of
relapse and improves prognosis. In both GVHD and GVL, T lymphocytes
including CD4 + helper T cells (Th) and CD8 + cytotoxic T cells (CTL),
are major players and both are classified into two functional subsets,
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Thl and Th2 as well as Tcl and Tc2 [9,10].

These subsets, originating from a common precursor, express dif-
ferent chemokine receptors and may perform different effector func-
tions dependent on the cytokines they produce. Thl cells mainly pro-
duce type I cytokines like IL-2 and IFNy, whereas Th2 cells secrete type
II cytokines such as IL-4, IL-5, and IL-10 [11,12]. In a similar manner,
the cytotoxic CD8+ Tcl and Tc2 cells differentially secrete the type I
and type II cytokines, respectively [13]. Finally, NK cells also have a
critical role in maintaining GVT in allogeneic bone marrow transplan-
tation [14].

After HSCT, distinct subsets of T cells which are different in their
cytokine spectrum can mediate and regulate immune responses related
to transplantation and residual malignant cells. GVHD and graft rejec-
tion are mediated by Th1/Tcl T cells and IFNy cytokine [15], but in
contrast, alloreactive Th2/Tc2 T cells and cytokines such as IL-4, 5, 10,
TGF-B can suppress GVHD and graft rejection and at the same time
mediate a beneficial GVL effect [16,17].

Separation of GVHD from GVL is the “Holy Grail” of HSCT because
the former should be suppressed while the later should be strengthened
[18-20]. To date, several strategies have been used to overcome this
paradoxical problem including the elimination of graft T cells [21],
using NK cells [22,23], delayed administration of T cells after primary
graft and so on, but none of them have made a significant difference.

Indeed, we need a modality that gives us the capability of control-
ling T cell differentiation, because they are the major players of almost
every immune response. Changing or influencing the cytokine milieu
around T cell precursors can be a smart way because differentiation of
Th and Tc precursors depends on the cytokines they are exposed to
[24].

In this regard, invariant natural killer T cells (iNKT) can be a very
helpful tool. iNKT cells are a rare subset of T cells that share properties
of both T cells and NK cells and express a highly restricted T cell re-
ceptor which recognizes glycolipid antigens presented by CD1d
[25-28]. After activation, iNKT cells rapidly produce large quantities of
Thl and Th2 cytokines such as IFNy, IL-4, GM-CSF, IL-2, and TNF-
[28-30]. iNKT cells are activated early in an immune response and
therefore can influence differentiation, polarization, and activation of a
wide array of other immune cells such as dendritic cells, B, NK and T
cells (Fig. 1). Beside their immunomodulatory roles, they have some
important effector functions and play a pivotal role in a variety of
immune responses including host defense, malignancies, auto-
immunity, inflammation and graft response [11,12,25].

There is another interesting aspect of iNKT cells which make them
an attractive target for immunotherapy and immunomodulation. There
are some synthetic and natural glycolipid ligands such as alpha
Galactosylceramide (a-GalCer) and its chemically modified analogues,
such as OCH and C20:2, which can stimulate iNKT cell differently
[11,31-35]. a-GalCer induces a broad immune response with relatively
high ratio of Thl type cytokines such as IFNy and indirectly IL-12, not
only directly from iNKT cells but also subsequently through bystander
downstream effector cells such as NK cells (IFNy) and antigen-pre-
senting / myeloid cells (IL-12). a-GalCer also promotes expression of
CDA40 ligand and therefore enhances the inherent killer activity of iNKT
cells [31]. In contrast, OCH and C20:2, Th2-inducing iNKT ligands,
selectively induce iNKT Th2 cytokines, particularly IL-4 and IL-13,
while reducing the production of IFNy and IL-12 by iNKT cells (31-35)
(Fig. 1). Interestingly, iNKT can be divided into CD4 + (~ > half), rare
CD8+ (undetectable to up to ~ 10%) and double negative (DN) subsets
(remainder). In general, the CD4+ subset has the widest cytokine
spectrum, DN are more Thl biased and CD8+ the most Th1l biased,
although all respond to the polarizing ligands in the same direction
[11,29-39].

There are also some newer modified forms of glycolipids which can
induce more potent and/or preferential secretion of Thl or Th2 cyto-
kines than the parent compound. For example, KRN7000, a synthetic
form of a-GalCer used clinically selectively induces relatively large
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amounts of both IFNy and IL-4 [11,36], However, some highly Thl-
biasing a-GalCer derivatives can induce maximal IFNy to IL-4 ratios.
For example, a-GalCer analogues containing a phenyl group in their
acyl tail are more effective than a-GalCer in inducing Thl cytokines/
chemokines as well as human iNKT cell expansion [11,37].

2. The hypothesis

Manipulating iNKT cells by synthetic analogues could be a novel
and effective strategy for improving HSCT outcome and with initial
clinical safety of KRN7000 [31,35,38,39] and future clinical data on
analogues expected, it seems that we are now close to such position.

HSCT is associated with some early complications, including graft
rejection and acute GVHD as well as some late problems such as weak
or suboptimal GVL/GVT immune response and chronic GVHD. These
problems are primarily mediated by different T lymphocytes and
downstream by a variety of effector cells. iNKT cells have important
modulatory and effector functions in the immune system. Regarding the
unique characteristics of iNKT cells and their potent synthetic ligands,
manipulation of immune responses involved in GVHD and GVL by iNKT
cells is a possible and promising strategy for improving HSCT outcome.
In our hypothesis, administration of C20:2 early after HSCT, when re-
jection and acute GVHD are the most serious complications, activates
iNKT cells and induces secretion of substantial Th2 cytokines such as IL-
4, which subsequently promote differentiation of ThO toward Th2
helper cells. IL-4 and Th2 cells actively suppress Thl pathways and
therefore the rate and severity of GVHD and graft rejection decreases/
will decrease. In the later stages, when the graft is established and the
risk of GVHD and graft rejection decreases, treatment with broad-
spectrum a-GalCer clinical form ‘KRN7000’, induces IFNy and CD40L
and promote a powerful Thl response, which would eliminate either
malignant cells or infections agents, while potentially also maintaining
some Th2 ‘flavor’ as well, which could ameliorate chronic GVHD. At
such a time as chronic GVHD was no longer an issue and/or stronger
Th1 response was required such as the common issue of various viral
reactivations, even purer Thl polarizing iNKT ligands could be de-
ployed to further tip the balance toward anti-tumor / anti-pathogen
immunity (Fig. 2).

3. Evaluation of the hypothesis

We believe that two-step stimulation of iNKT cells in early and late
phase after HSCT with two different synthetic analogues (e.g. C20:2,
and a-GalCer or KRN7000 respectively), is a safe and feasible method
and will improve the outcome of HSCT in hematological malignancies
(Fig. 2). Below, we present some evidence supporting our idea.

3.1. iNKT cells as potential modulators of GVHD

GVHD is mediated by Th1/Tcl T cells, and reports show a relation
between the donor CD4, T cells, Interleukin 2 and GVHD. Th; cells
induce activation of APCs, which consequently promote GVHD [40,41].
In addition, Tcl cells can play a role in GVHD via FasL-dependent
mechanisms, resulting in increased IFNy. Thl polarization of donor T
cells predominantly plays a role in inducing the cytokine burst seen in
GVHD. In contrast, Th2 polarization mostly suppresses inflammation
and reduces the severity of GVHD. One study reports that graft iNKT
cells can suppress GVHD, but this cannot occur in IL-4 deficient mice,
confirming that iNKT cells mediate this phenomenon through IL-4 and
the Th2 pathway. In fact, iNKT cells are able to deviate ThO polarization
toward Th2 cells. Other studies also showed the role of Th2 cytokines in
the suppression of GVHD [42,43]. It was reported that treatment with
KRN7000, which is a potent inducer of Thl and IFNy, exacerbates
GVHD, while C20:2, a Th2 inducer analog, suppress both GVHD and
GVL responses [44]. Direct injection of IL-4, an inducer of Th2 iNKT
cells, to mice receiving allogeneic HSCT, creates a significant reduction
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Fig. 1. Balance of GVHD and GVL in allogeneic stem cell tranplant. Th1 and/or Th2 and regulatory cytokines, thereby influencing other immune cells. Th1 (type I)
cytokines include IL-2 and IFN-y, whereas Th2 (type II) cytokines include IL-4, IL-5, and IL-13 and Regulatory cytokines include IL-10. GVHD and graft rejection are
mediated by Th1/Tcl T cells and IFNy cytokine, but suppressed by allo-reactive Th2/Tc2 T cells and cytokines such as IL-4, IL-5, IL-10 can suppress GVHD and graft
rejection and at the same time mediate or at least not inhibit a beneficial GVL effect.
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Fig. 2. Novel Approach to exploiting Invariant NKT Cells in hematopoietic stem cell transplantation. iNKT cells are able to secrete large amounts of Th1 and/or Th2
and regulatory cytokines, thereby influencing other immune cells. There are highly specific and safe synthetic ligands such as alpha-galactosylceramide (a-GalCer)
and OCH (or for human use, C20; 2), which activate iNKT cells toward relatively Th1l and Th2 pathways, respectively. Manipulating the iNKT by two different
analogues in early and late phases after transplantation may suppress GVHD and graft rejection and subsequently enhance GVL effect as well as resistance to
opportunistic infections and so could be a novel and effective strategy for improving HSCT outcome.

45



M. Fereidouni, et al.

in the severity of GVHD due to induction of TH2 responses [45].

On the other hand, treatment with C20:2, a potent inducer of IL-4
decrease GVHD drastically (possibly because IL-4 secretion by iNKT
cells) promoted the expansion of IL-10-secreting donor regulatory T
cells and polarized donor T cells toward a Th2 phenotype thereby de-
creasing damage in the target organs of GVHD [35,46].

The role of iNKT in suppressing GVHD has been clearly demon-
strated in recently published studies [27,45,47]. Thus, stimulation of
iNKT cells by OCH, C20:2 or other analogs that induce IL-4 cytokines in
early phases after HSCT, can regulate acute GVHD by inducing Th2
polarization and expansion of regulatory T cells. Together, these find-
ings confirm our idea and suggest that stimulation of iNKT cells may be
an effective adjunct to other prophylactic regimens against GVHD
(Fig. 2).

3.2. NKT cell regulation of the GVL effect

NKT cells have a fundamental role in tumor immunity. Their anti-
tumor effects mediated through three main mechanism including: (i)
direct cytotoxic activity against tumor cells through perforin/granzyme
pathway (ii) production of pro-inflammatory cytokines such as IFNy
and TNF-a which activate bystander cells like NK cells and/or CTL cells
and (iii) activation of antigen presenting cells (APCs) to start anti-tumor
immunity.

Several studies reported that treatment with a-GalCer could be
beneficial in the prevention of tumor growth and metastasis in mice.
This effect may be the consequence of their NK-like cytotoxic activity
against tumors or more likely, an indirect action through IL-2 mediated
activation of NK cells. A series of studies suggest that iNKT activation
by their ligands induce IFNy and upregulates CD40L; which conse-
quently stimulates dendritic cells to produce IL-2, and finally, IL-12
triggers a second burst of IFNy secretion by iNKT cells and NK cells and
these all together enhances Thl responses against tumors [46,48,49].

iNKT cells activated by a-GalCer show a potent antitumor activity
which is partly mediated by NK cells [50-52]. In vitro studies have
revealed that human leukemia cell lines are the most sensitive to killing
activity of iNKT cells. On the other hand, some forms of leukemia such
as Myelomonocytic leukemia, are also very sensitive targets for iNKT
cells due to the expression of CD1d by them [53]. It is also reported that
the GVL effect is most effective when iNKT cells are present
[54].Dendritic cells loaded with a-GalCer could also induce significant
anti-tumor responses in metastatic tumors by activating iNKT and
therefore in vitro proliferation and activation of iNKT cells considered a
therapeutic strategy in the early stages of some tumors [55]. Taraban
has shown that administration of a-GalCer can induce CTL and en-
hances antitumor responses as well [56]. It is also reported that there is
an inverse relationship between a number of iNKT around the tumor
and likely of metastasis [57]. Altogether, this evidence confirms that
activation of iNKT a-GalCer in the late phase after HSCT can enhance
GVL effect by different direct and indirect mechanisms (Fig. 2).

3.3. NKT cells and infectious diseases

Infections are one of the most important causes of post-transplant
morbidity and mortality. After HSCT and because of conditioning re-
gimen and/or delay in recovery of B cell and T cell functions, different
types of infections including bacterial, viral and fungal occur [58,59].
The risk of mortality is even higher in the post-engraftment period in
comparison to the early short post-transplant neutropenia period [57].

NKT cells act rapidly in the early phases of immune response and
several pieces of evidence support their participation in the regulation
of innate immune responses [60,61]. They play an important role in
defense against bacterial and viral infections through induction of the
Thl pathway. They can recognize glycolipid structures in Myco-
bacterium, Protozoa, Pseudomonas aeruginosa, and Listeria. Glyco-Cer-
amides structures in gram-negative bacteria that lack LPS, also activate
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iNKT cells [62,63]. iNKT cells are also involved in defense against
Cryptococcus neoformans, which is an important problem in im-
munocompromised patients [64,65]. Some Toll-like receptors (TLR)
such as TLR 4,7,9 on dendritic cells which recognize lipopolysacchar-
ides and bacterial nucleic acids also indirectly stimulate iNKT cells and
induce a strong anti-microbial Th1 response [66]. iNKT cells also play a
role in defense against viruses. The role of these cells in response to
HSV, which is frequently seen after transplant, has also been demon-
strated [67,68]. Some viruses reduce expression of CD1d to protect
themselves, indicating the importance of iNKT in defense against these
viruses. CMV activates iNKT cells through interaction with TLR9 on DC
cells and induction of IL-12 and this is an important phenomenon be-
cause CMV infection is a great problem after transplantation and as-
sociated with significant morbidity and mortality [69,70].

The protective role of iNKT cells against infections either mediated
by their ability to promote Th1 response through secretion of IFNy or by
their indirect effect on NK cells. Many studies have shown that treat-
ment with a-GalCer and its analogs can increase the level of protection
against different types of infections [71-73].

This information supports our hypothesis and adds another appli-
cation for it. Therefore, treatment with a-GalCer or KRN7000 in the late
phase after HSCT not only boosts GVL/GVT response but also increase
the level of protection against infections (Fig. 2). More highly Thl-
biasing a-GalCer derivatives (e.g. 37) might be even more effective,
should this be needed.

4. Summary & proposal

Hematopoietic stem cell transplantation is a curative procedure for
a number of hematologic malignancies including leukemia and lym-
phoma. However, GVHD and weak GVL responses are among the main
issues in HSCT failure.

Homing, transplant survival and prevention of GVHD are very im-
portant after HSCT. Inducing Th2 responses in this period not only can
help with grafting but also should decrease the possibility of GVHD. The
other concern is to prevent infections and relapses through enhancing
the Th1 pathway. Infections typically occur in the several months after
transplant, hence the use of extensive anti-infective prophylaxis post-
transplant, whereas acute GVHD typically occurs within the first
2-4 weeks.

iNKT cells are critically involved in the development and suppres-
sion of various immune responses (Fig. 1). The classic ligand for iNKT
cells has been identified as the glycolipid, a-GalCer, which is presented
by CD1d molecules both in humans and in mice. Recognition of a-
GalCer presented by CD1d molecules stimulates iNKT cells to produce
high levels of cytokines, particularly IL-4 and [FNy. Alternative ligand
C20:2 stimulates Th2 pathway induction and should lead to enhanced
graft survival, and should also suppress Th1 mechanisms through which
GVHD may be induced. Treating with C20:2 or other iNKT Th2 ligands
during this critical period of time, ensuring transplant engraftment and
suppressing GVHD, we propose to subsequently induce the anti-tumor
and anti-infection Th1 pathway by means of broad spectrum a-GalCer.
In this phase, this analogue activates Cytotoxic T cells and NK cells
indirectly and inhibits infections and promotes GVL immune response.
Therefore, we propose that C20:2 will be administered to the patient
shortly after transplant; this will activate iNKT and will cause secretion
of Th2 cytokines, especially IL-4. Approximately one month after
transplant a-GalCer, that stimulates iNKT through more of the Thl
pathway, particularly IFNy, will be administered. Amounts of iNKT
cells, IL-4, and IFNy serum-levels, inflammation markers, and also liver
enzymes, will be measured before and after. Should this approach prove
safe, enhance engraftment, reduce GvHD, but not have as potent anti-
tumor and anti-infection effects as desired, more Th1 polarizing iNKT
ligands (e.g. 37) could be employed in subsequent trials. Consequently,
this procedure may not only lessen the main complications due to the
transplant but could also improve survival and lessen the recurrence of
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malignancy (Fig. 2).

Conflict of interests

Mark Exley receives financial support from and contributes to

AgenTus Inc., a cancer immunotherapy company. The potential ther-
apeutic approaches presented are not AgenTus controlled or planned
and Dr. Exley has no intellectual property related to clinical use of a-
GalCer or derivatives. The other authors have no potential conflict of
interest to declare.

References

[1]

[2

—

[3]

[4]

[5

o)

[6]

[71

[8

—

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

M. Tokunaga, H. Uto, S. Takeuchi, N. Nakano, A. Kubota, M. Tokunaga, et al.,
Newly identified poor prognostic factors for adult T-cell leukemia-lymphoma
treated with allogeneic hematopoietic stem cell transplantation, Leuk. Lymphoma
58 (1) (2017) 37-44.

F. Gorini, L. Azzimonti, G. Delfanti, L. Scarfo, C. Scielzo, M.T. Bertilaccio, et al.,
Invariant NKT cells contribute to chronic lymphocytic leukemia surveillance and
prognosis, Blood. 129 (26) (2017) 3440-3451.

B.C. Shaffer, K.C. Hsu, How important is NK alloreactivity and KIR in allogeneic
transplantation? Best Pract. Res. Clin. Haematol. 29 (4) (2016) 351-358.

P. Guan, H. Bassiri, N.P. Patel, K.E. Nichols, R. Das, Invariant natural killer T cells in
hematopoietic stem cell transplantation: killer choice for natural suppression, Bone
Marrow Transplant. 51 (5) (2016) 629-637.

G.J. Ossenkoppele, J.J. Janssen, P.C. Huijgens, Autologous stem cell transplantation
in elderly acute myeloid leukemia, Mediterr. J. Hematol. Infect. Dis. 5 (1) (2013)
€2013018.

D. Hashimoto, S. Asakura, S. Miyake, T. Yamamura, L. Van Kaer, C. Liu, et al.,
Stimulation of host NKT cells by synthetic glycolipid regulates acute graft-versus-
host disease by inducing Th2 polarization of donor T cells, J. Immunol. 174 (1)
(2005) 551-556.

M. Jagasia, M. Arora, M.E. Flowers, N.J. Chao, P.L. McCarthy, C.S. Cutler, et al.,
Risk factors for acute GVHD and survival after hematopoietic cell transplantation,
Blood. 119 (1) (2012) 296-307.

K. Strong Rodrigues, C. Oliveira-Ribeiro, S. de Abreu Fiuza Gomes, R. Knobler,
Cutaneous graft-versus-host disease: diagnosis and treatment, Am. J. Clin.
Dermatol. 19 (1) (2018) 33-50.

S. Ghorashian, E. Nicholson, H.J. Stauss, T cell gene-engineering to enhance GVT
and suppress GVHD, Best Pract. Res. Clin. Haematol. 24 (3) (2011) 421-433.

S. Yuan, H. Bo, Z. Ying, L. Haiyan, Donor y8T cells promote graft-versus-leukemia
effect and ameliorate acute graft-versus-host disease in allogeneic hematopoietic
stem cell transplantation, J. Immunol. 196 (1 Supplement) (2016) 140.4-.4.

J.T. Hung, J.R. Huang, A.L. Yu, Tailored design of NKT-stimulatory glycolipids for
polarization of immune responses, J. Biomed. Sci. 24 (1) (2017) 22.

A. Bojarska-Junak, M. Waldowska, J. Wo$, S. Chocholska, I. Hus, W. Tomczak,

et al., Intracellular IL-4 and IFNy expression in iNKT cells from patients with
chronic lymphocytic leukemia, Oncol. Lett. 15 (2) (2018) 1580-1590.

D.H. Fowler, R.E. Gress, Th2 and Tc2 cells in the regulation of GVHD, GVL, and
graft rejection: considerations for the allogeneic transplantation therapy of leu-
kemia and lymphoma, Leuk. Lymphoma 38 (3-4) (2000) 221-234.

J.A. Olson, D.B. Leveson-Gower, S. Gill, J. Baker, A. Beilhack, R.S. Negrin, NK cells
mediate reduction of GVHD by inhibiting activated, alloreactive T cells while re-
taining GVT effects, Blood. 115 (21) (2010) 4293-4301.

J.H. Antin, T-cell depletion in GVHD: less is more? Blood. 117 (23) (2011)
6061-6062.

D.H. Fowler, M.R. Bishop, R.E. Gress, Inmunoablative reduced-intensity stem cell
transplantation: potential role of donor Th2 and Tc2 cells, Semin. Oncol. 31 (1)
(2004) 56-67.

D.H. Fowler, K. Kurasawa, R. Smith, M.A. Eckhaus, R.E. Gress, Donor CD4-enriched
cells of Th2 cytokine phenotype regulate graft-versus-host disease without im-
pairing allogeneic engraftment in sublethally irradiated mice, Blood. 84 (10) (1994)
3540-3549.

T.V. Brennan, Y. Yang, PD-L1 serves as a double agent in separating GVL from
GVHD, J. Clin. Invest. 127 (5) (2017) 1627-1630.

A.D. Hess, Separation of GVHD and GVL, Blood. 115 (9) (2010) 1666-1667.

E.S. Morris, K.P. MacDonald, G.R. Hill, Stem cell mobilization with G-CSF analogs: a
rational approach to separate GVHD and GVL? Blood. 107 (9) (2006) 3430-3435.
S.Z. Pavletic, S.L. Carter, N.A. Kernan, J. Henslee-Downey, A.M. Mendizabal,

E. Papadopoulos, et al., Influence of T-cell depletion on chronic graft-versus-host
disease: results of a multicenter randomized trial in unrelated marrow donor
transplantation, Blood. 106 (9) (2005) 3308-3313.

J.M. Li, C.R. Giver, Y. Lu, M.S. Hossain, M. Akhtari, E.K. Waller, Separating graft-
versus-leukemia from graft-versus-host disease in allogeneic hematopoietic stem
cell transplantation, Immunotherapy. 1 (4) (2009) 599-621.

M. Noval Rivas, M. Hazzan, K. Weatherly, F. Gaudray, I. Salmon, M.Y. Braun, NK
cell regulation of CD4 T cell-mediated graft-versus-host disease, J. Immunol. 184
(12) (2010) 6790-6798.

R.H. Michelini, A.L. Doedens, A.W. Goldrath, S.M. Hedrick, Differentiation of CD8
memory T cells depends on Foxol, 210.6 (2013), pp. 1189-1200.

J.C. Yu, G. Lin, J.J. Field, J. Linden, Induction of antiinflammatory purinergic
signaling in activated human iNKT cells, JCI Insight. 3 (17) (2018).

47

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

Clinical Immunology 207 (2019) 43-48

H. Zhao, Z. Li, S. Xie, Y. Luo, Y. Zhou, M. Deng, et al., Impairment of Valpha24-
Jalphal8(+)Vbetall(+) natural killer T cells in adult acute lymphoblastic leu-
kemia patients, Exp. Cell Res. 374 (1) (2018) 69-75.

A. Chaidos, S. Patterson, R. Szydlo, M.S. Chaudhry, F. Dazzi, E. Kanfer, et al., Graft
invariant natural killer T-cell dose predicts risk of acute graft-versus-host disease in
allogeneic hematopoietic stem cell transplantation, Blood. 119 (21) (2012)
5030-5036.

J. Kerzerho, E.D. Yu, C.M. Barra, E. Alari-Pahissa, E. Girardi, Y. Harrak, et al.,
Structural and functional characterization of a novel nonglycosidic type I NKT
agonist with immunomodulatory properties, J. Inmunol. 188 (5) (2012)
2254-2265.

A.C. Kohlgruber, C.A. Donado, N.M. LaMarche, M.B. Brenner, P.J. Brennan,
Activation strategies for invariant natural killer T cells, Inmunogenetics. 68 (8)
(2016) 649-663.

J.P. Jukes, U. Gileadi, H. Ghadbane, T.F. Yu, D. Shepherd, L.R. Cox, et al., Non-
glycosidic compounds can stimulate both human and mouse iNKT cells, Eur. J.
Immunol. 46 (5) (2016) 1224-1234.

L.A. King, R. Lameris, T.D. De Gruijl, van der Vliet HJJFii, CD1d-iNKT Cell Based
Cancer Immunotherapy: a-Galactosylceramide and Beyond, vol. 9, (2018), p. 1519.
K.O. Yu, J.S. Im, A. Molano, Y. Dutronc, P.A. Illarionov, C. Forestier, N. Fujiwara,
1. Arias, S. Miyake, T. Yamamura, Y.T. Chang, G.S. Besra, S.A. Porcelli, Modulation
of CD1d-restricted NKT cell responses by using N-acyl variants of alpha-galacto-
sylceramides, Proc. Natl. Acad. Sci. U. S. A. 102 (2005) 3383-3388.

P.J. Jervis, N. Veerapen, G. Bricard, L.R. Cox, S.A. Porcelli, G.S. Besra, Synthesis and
biological activity of alpha-glucosyl C24:0 and C20:2 ceramides, Bioorg. Med.
Chem. Lett. 20 (2010 Jun) 3475-3478.

K.S. Wun, F. Ross, O. Patel, G.S. Besra, S.A. Porcelli, S.K. Richardson, S. Keshipeddy,
A.R. Howell, D.I. Godfrey, J. Rossjohn, Human and mouse type I natural killer T cell
antigen receptors exhibit different fine specificities for CD1d-antigen complex, J.
Biol. Chem. 287 (46) (2012) 39139-39148.

F.C. Robertson, J.A. Berzofsky, M. Terabe, NKT cell networks in the regulation of
tumor immunity, Front. Immunol. 5 (2014 Oct 28) 543.

J.L. Matsuda, O.V. Naidenko, L. Gapin, T. Nakayama, M. Taniguchi, C.R. Wang,
et al., Tracking the response of natural killer T cells to a glycolipid antigen using
CD1d tetramers, J. Exp. Med. 192 (5) (2000) 741-754.

T.N. Wu, K.H. Lin, Y.J. Chang, J.R. Huang, J.Y. Cheng, A.L. Yu, et al., Avidity of
CD1d-ligand-receptor ternary complex contributes to T-helper 1 (Th1) polarization
and anticancer efficacy, Proc. Natl. Acad. Sci. U. S. A. 108 (42) (2011)
17275-17280.

T. Coman, J. Rossignol, M. D'Aveni, B. Fabiani, M. Dussiot, R. Rignault, et al.,
Human CD4-invariant NKT lymphocytes regulate graft versus host disease, 7.11
(2018) e1470735.

H. Schmid, C. Schneidawind, S. Jahnke, F. Kettemann, K.A. Secker, S. Duerr-
Stoerzer, et al., Culture-expanded human invariant natural killer T cells suppress T-
cell alloreactivity and eradicate leukemia, Front. Immunol. 9 (2018) 1817.

K.P. MacDonald, B.R. Blazar, G.R. Hill, Cytokine mediators of chronic graft-versus-
host disease, J. Clin. Invest. 127 (7) (2017) 2452-2463.

L.M. Curtis, S.Z. Pavletic, IL-2, the next best thing in chronic GVHD therapy? 128.1
(2016), pp. 13-15.

P. Reddy, T. Teshima, G. Hildebrandt, D.L. Williams, C. Liu, K.R. Cooke, et al.,
Pretreatment of donors with interleukin-18 attenuates acute graft-versus-host dis-
ease via STAT6 and preserves graft-versus-leukemia effects, Blood. 101 (7) (2003)
2877-2885.

J.M. Coghill, S. Sarantopoulos, T.P. Moran, W.J. Murphy, B.R. Blazar, J.S. Serody,
Effector CD4 + T cells, the cytokines they generate, and GVHD: something old and
something new, Blood. 117 (12) (2011) 3268-3276.

R.D. Kuns, E.S. Morris, K.P. Macdonald, K.A. Markey, H.M. Morris, N.C. Raffelt,
et al., Invariant natural killer T cell-natural Killer cell interactions dictate trans-
plantation outcome after alpha-galactosylceramide administration, Blood. 113 (23)
(2009) 5999-6010.

M. Mavers, K. Maas-Bauer, R.S. Negrin, Invariant natural killer T cells as sup-
pressors of graft-versus-host disease in allogeneic hematopoietic stem cell trans-
plantation, Front. Immunol. 8 (2017) 900.

X. Qiao, X. Xie, W. Shi, J. Tang, Y. Shao, F.J.M.O. Li, OCH-mediated shift of Th1 and
Th2 cytokines by NKT cells in mice with aplastic, anemia. 32 (3) (2015) 67.

D. Schneidawind, J. Baker, A. Pierini, C. Buechele, R.H. Luong, E.H. Meyer, et al.,
Third-party CD4+ invariant natural killer T cells protect from murine GVHD
lethality, Blood. 125 (22) (2015) 3491-3500.

R.M. McEwen-Smith, M. Salio, V. Cerundolo, The regulatory role of invariant NKT
cells in tumor immunity, Cancer Immunol. Res. 3 (5) (2015) 425-435.

T.B. Owczarek, J. Suchanski, B. Pula, A.M. Kmiecik, M. Chadalski, A. Jethon, et al.,
Galactosylceramide affects tumorigenic and metastatic properties of breast cancer
cells as an anti-apoptotic molecule, PLoS One 8 (12) (2013) e84191.

B.J. Wolf, J.E. Choi, M.A. Exley, Novel approaches to exploiting invariant NKT cells
in cancer immunotherapy, Front. Immunol. 9 (2018) 384.

D. Krijgsman, M. Hokland, P.J.K. Kuppen, The Role of Natural Killer T Cells in
Cancer—A Phenotypical and Functional Approach, vol. 9, (2018), p. 367.

Y. Hayakawa, K. Takeda, H. Yagita, M.J. Smyth, L. Van Kaer, K. Okumura, et al.,
IFNy-mediated inhibition of tumor angiogenesis by natural killer T-cell ligand, a-
galactosylceramide, 100.5 (2002), pp. 1728-1733.

L.S. Metelitsa, K.I. Weinberg, P.D. Emanuel, R.C. Seeger, Expression of CD1d by
myelomonocytic leukemias provides a target for cytotoxic NKT cells, Leukemia. 17
(6) (2003) 1068-1077.

E.S. Morris, K.P. MacDonald, V. Rowe, T. Banovic, R.D. Kuns, A.L. Don, et al., NKT
cell-dependent leukemia eradication following stem cell mobilization with potent
G-CSF analogs, J. Clin. Invest. 115 (11) (2005) 3093-3103.


http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0005
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0005
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0005
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0005
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0010
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0010
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0010
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0015
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0015
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0020
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0020
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0020
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0025
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0025
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0025
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0030
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0030
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0030
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0030
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0035
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0035
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0035
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0040
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0040
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0040
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0045
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0045
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0050
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0050
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0050
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0055
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0055
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0060
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0060
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0060
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0065
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0065
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0065
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0070
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0070
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0070
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0075
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0075
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0080
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0080
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0080
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0085
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0085
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0085
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0085
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0090
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0090
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0095
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0100
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0100
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0105
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0105
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0105
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0105
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0110
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0110
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0110
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0115
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0115
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0115
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0120
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0120
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0125
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0125
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0130
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0130
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0130
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0135
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0135
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0135
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0135
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0140
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0140
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0140
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0140
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0145
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0145
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0145
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0150
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0150
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0150
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0155
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0155
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0160
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0160
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0160
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0160
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0165
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0165
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0165
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0170
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0170
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0170
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0170
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0175
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0175
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0180
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0180
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0180
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0185
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0185
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0185
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0185
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0190
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0190
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0190
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0195
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0195
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0195
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0200
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0200
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0205
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0205
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0210
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0210
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0210
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0210
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0215
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0215
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0215
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0220
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0220
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0220
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0220
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0225
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0225
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0225
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0230
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0230
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0235
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0235
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0235
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0240
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0240
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0245
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0245
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0245
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0250
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0250
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0255
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0255
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0260
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0260
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0260
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0265
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0265
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0265
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0270
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0270
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0270

M. Fereidouni, et al.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

H.J. van der Vliet, R. Wang, S.C. Yue, H.B. Koon, S.P. Balk, M.A. Exley, Circulating
myeloid dendritic cells of advanced cancer patients result in reduced activation and
a biased cytokine profile in invariant NKT cells, J. Immunol. 180 (11) (2008)
7287-7293.

V.Y. Taraban, S. Martin, K.E. Attfield, M.J. Glennie, T. Elliott, D. Elewaut, et al.,
Invariant NKT cells promote CD8 + cytotoxic T cell responses by inducing CD70
expression on dendritic cells, J. Immunol. 180 (7) (2008) 4615-4620.

S. Gebremeskel, D.R. Clattenburg, D. Slauenwhite, L. Lobert, B. Johnston, Natural
killer T cell activation overcomes immunosuppression to enhance clearance of
postsurgical breast cancer metastasis in mice, Oncoimmunology. 4 (3) (2015)
€995562.

B. Lin, B. Kennedy, J. McBride, L. Dalla-Pozza, T. Trahair, G. McCowage, et al.,
Long-Term Morbidity Of Respiratory Viral Infections During Chemotherapy in
Children With Leukaemia: A Historical Prospective Cohort Study, C67 Suppurative
Lung Diseases in Children American Thoracic Society, 2017, p. A6151-A.

E. Montaruli, B.E. Wildhaber, M. Ansari, J.J.U. Birraux, Adenovirus-induced ob-
structive uropathy with acute renal failure in an immunodeficient child, 83 (1)
(2014) 217-219.

K. Oleinika, E. Rosser, D. Matei, K. Nistala, A. Bosma, I. Drozdov, et al., CD1d-
dependent immune suppression mediated by regulatory B cells through modula-
tions of iNKT, Cells. 9 (1) (2018) 684.

Y.J. Park, J. Park, J.Y. Huh, I. Hwang, S.S Choe, J.B. Kim, Regulatory Roles of
Invariant Natural Killer T Cells in Adipose Tissue Inflammation: Defenders Against
Obesity-Induced Metabolic Complications, Front Immunol. 9 (2018) 1311.

A. Opasawatchai, P. Matangkasombut, iNKT cells and their potential lipid ligands
during viral infection, Front. Immunol. 6 (2015) 378.

M. Brigl, R.V.V. Tatituri, G.F.M. Watts, V. Bhowruth, E.A. Leadbetter, N. Barton,
et al., Innate and cytokine-driven signals, rather than microbial antigens, dominate

48

[64]

[65]

[66]
[67]
[68]

[69]

[70]

[71]

[72]

[73]

Clinical Immunology 207 (2019) 43-48

in natural killer T cell activation during microbial infection, 208.6 (2011), pp.
1163-1177.

S. Rohatgi, Pirofski L-aJFm, Host immunity to Cryptococcus neoformans, 10 (4)
(2015) 565-581.

D. Sun, M. Zhang, G. Liu, H. Wu, C. Li, H. Zhou, et al., Intravascular clearance of
disseminating Cryptococcus neoformans in the brain can be improved by enhancing
neutrophil recruitment in mice, Eur. J. Immunol. 46 (7) (2016) 1704-1714.

G. Liu, L. Zhang, Y. Zhao, Modulation of immune responses through direct activa-
tion of Toll-like receptors to T cells, Clin. Exp. Immunol. 160 (2) (2010) 168-175.
J.A. Juno, Y. Keynan, K.R. Fowke, Invariant NKT cells: regulation and function
during viral infection, PLoS Pathog. 8 (8) (2012) e1002838.

M.S. Tessmer, A. Fatima, C. Paget, F. Trottein, L. Brossay, NKT cell immune re-
sponses to viral infection, Expert Opin. Ther. Targets 13 (2) (2009) 153-162.

S.K. Tan, J.J. Waggoner, B.A. Pinsky, Cytomegalovirus load at treatment initiation
is predictive of time to resolution of viremia and duration of therapy in hemato-
poietic cell transplant recipients, J. Clin. Virol. 69 (2015) 179-183.

M. Boeckh, P. Ljungman, How we treat cytomegalovirus in hematopoietic cell
transplant recipients, Blood. 113 (23) (2009) 5711-5719.

D.B. Leveson-Gower, J.A. Olson, E.I. Sega, R.H. Luong, J. Baker, R. Zeiser, et al.,
Low doses of natural killer T cells provide protection from acute graft-versus-host
disease via an IL-4-dependent mechanism, Blood. 117 (11) (2011) 3220-3229.
K.H. Lin, J.J. Liang, W.I. Huang, S.Y. Lin-Chu, C.Y. Su, Y.L. Lee, et al., In vivo
protection provided by a synthetic new alpha-galactosyl ceramide analog against
bacterial and viral infections in murine models, Antimicrob. Agents Chemother. 54
(10) (2010) 4129-4136.

1. Sada-Ovalle, M. Skold, T. Tian, G.S. Besra, S.M. Behar, Alpha-galactosylceramide
as a therapeutic agent for pulmonary Mycobacterium tuberculosis infection, Am. J.
Respir. Crit. Care Med. 182 (6) (2010) 841-847.


http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0275
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0275
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0275
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0275
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0280
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0280
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0280
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0285
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0285
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0285
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0285
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0290
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0290
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0290
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0290
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0295
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0295
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0295
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0300
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0300
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0300
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0305
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0305
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0305
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0310
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0310
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0315
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0315
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0315
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0315
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0320
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0320
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0325
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0325
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0325
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0330
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0330
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0335
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0335
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0340
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0340
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0345
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0345
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0345
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0350
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0350
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0355
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0355
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0355
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0360
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0360
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0360
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0360
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0365
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0365
http://refhub.elsevier.com/S1521-6616(19)30070-1/rf0365

	iNKT cells and hematopoietic stem cell transplantation: Two-phase activation of iNKT cells may improve outcome
	Introduction
	The hypothesis
	Evaluation of the hypothesis
	iNKT cells as potential modulators of GVHD
	NKT cell regulation of the GVL effect
	NKT cells and infectious diseases

	Summary &#x200B;&&#x200B; proposal
	Conflict of interests
	References




