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Abstract
Background Cancer immunotherapy with NKT cells is a
potential new treatment strategy for advanced head and
neck cancer. NKT cell therapy is promising due to its
unique anti-tumor activity and higher degree of safety com-
pared to current therapies. Radiotherapy is indispensable as
a standard treatment for advanced head and neck cancer. To
elucidate the possibility of using NKT cells as an adjuvant
immunotherapy with radiotherapy, we examined the eVect
of radiotherapy on NKT cells in patients with head and
neck cancer.
Methods The number, IFN-� production and proliferation
capacity of NKT cells were analyzed before and after
50 Gy radiation therapy in 12 patients with stage IV head
and neck squamous cell carcinoma. The cytotoxic activity
of NKT cells was examined in vitro.

Results The number of NKT cells in the blood varied widely
between patients. After radiation therapy, the population of
CD3 T cells decreased signiWcantly, while the NKT cell popu-
lation remained stable. The number of NKT cells was the same
after radiation therapy as before. IFN-� production from NKT
cells collected just after radiotherapy was impaired after stimu-
lation with exogenous ligand, but the proliferative responses of
these NKT cells was enhanced in comparison to those col-
lected before radiation therapy. Furthermore, the proliferated
NKT cells displayed a signiWcant level of anti-tumor activity.
Conclusion NKT cells are relatively resistant to radiation
and might therefore be suitable for adjuvant immunother-
apy to eradicate remnant cancer cells in patients who have
undergone radiation therapy.
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Abbreviations
�-GalCer �-Galactosylceramide
APCs Antigen presenting cells
CTCAE Common terminology criteria for adverse events
DCs Dendritic cells
E/T EVector cell/target cell
GM-CSF Granulocyte macrophage colony stimulating

factor
mAbs Monoclonal antibodies
NK Natural killer
NKT Natural killer T

Introduction

The management of head and neck cancer generally
involves the combined modalities of chemotherapy, radio-
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therapy and surgery [1]. In recent years, cisplatin-based
chemotherapy together with radiotherapy has been widely
used for the treatment of advanced head and neck cancer to
preserve speech and swallowing abilities. Moreover, this
combination therapy is used in the postoperative setting for
patients at high risk for recurrence [2–4]. However, the
prognoses of these patients are still poor [5, 6]. The devel-
opment of new treatment strategies is essential for improv-
ing the prognoses and the quality of life (QOL) of patients
with head and neck cancer.

Immunotherapy has emerged as a safe and promising
approach in cancer therapy and has been demonstrated to
induce signiWcant immunological responses and beneWcial
clinical eVects in patients with a variety of cancers [7, 8].
Immunotherapy is expected to become a common adjuvant
for cancer therapy; however, its eYcacy still needs to be
improved. Although cytotoxic T cells play an important
role in conventional immunotherapy, they are very sensi-
tive to radiotherapy [9, 10]. Radiotherapy is indispensable
for advanced cancers, particularly head and neck squamous
cell carcinoma (HNSCC).

Natural killer T (NKT) cells are an unique lymphocyte
subpopulation characterized by the co-expression of T cell
and natural killer (NK) receptors [11–13]. Human NKT
cells express the invariant V�24J�Q paired with the V�11
antigen receptor and are activated by the speciWc glycolipid
antigen �-galactosylceramide (�-GalCer) in a CD1d-depen-
dent manner [14]. CD1d is an HLA class 1b antigen-priming
molecule that does not exhibit any allelic polymorphism.
After activation, humanV�24NKT cells display a strong
anti-tumor activity against various malignant tumors both
in vivo and in vitro [15, 16] and produce high levels of
cytokines such as IFN-�, thereby activating other anti-
tumor eVector cells. Decreased numbers of V�24NKT cells
in human peripheral blood mononuclear cells (PBMCs)
have been observed in patients with malignant diseases,
including head and neck cancer [17].

To elucidate the eVect of irradiation on NKT cells, we
examined the number and function of NKT cells from head
and neck cancer patients who received radiation therapy.

Patients and methods

Patients

Patients less than 80 years of age with a histological diag-
nosis of stage IV squamous cell carcinoma at the pharyn-
geal site without any previous treatments were enrolled
from January to December 2005. Further inclusion criteria
included: a performance status of 0 or 1 and a negative
response to HIV, hepatitis C virus, hepatitis B surface anti-
gen; normal renal, hepatic and hematopoietic functions; the

absence of active inXammatory disease or active autoim-
mune disease; and concurrent corticosteroid therapy.
A total of 12 patients and 14 healthy subjects were included
in the study as age- and gender-matched control subjects.
The study received prior approval from the Ethics Commit-
tee of Chiba University. Written informed consent was
obtained from each participant.

Radiation therapy

The patients received equalized fractionated radiotherapy
of 4 MV X-rays from a linear accelerator at a dose of 2 Gy
once daily. The entire neck was irradiated with a minimal
dose of 50 Gy. The irradiation Weld included the entire
neck, and the area in each patient ranged from 306 to
409 cm2. Chemotherapy was not administered. Peripheral
blood was obtained before and after radiation therapy, and
the number and activity of both the T cells and NKT cells
were evaluated.

The number of CD3-positive T cells and NKT cells

From each subject, 50 ml of peripheral blood was collected
before and after the radiation series. The lymphocytes were
isolated with density-gradient centrifugation (Lympho sep-
aration medium; MP Biomedicals, OH, USA) and subse-
quently frozen in a Cell Banker (Nihon Zenyaku, Japan) at
¡80°C until the analysis was performed.

The numbers of CD3-positive T cells and NKT cells were
assayed by a Xow cytometer and at least 500,000 lympho-
cyte gate events were counted (FACSCalibur BD biosci-
ences). NKT cells were deWned as positive for V�24 (C15;
Immunotech, Marseilles, France), V�11 (C21; Immunotech)
and CD3 (UCTH1; BD Biosciences PharMingen).

The following monoclonal antibodies (mAbs) were
used: Xuorescein isothiocyanate (FITC)-labeled anti-TCR
V�24 mAb (C15; Immunotech, Marseilles, France), phyco-
erythrin (PE)-labeled anti-TCR V�11 mAb (C21; Immuno-
tech), anti-CD56 mAb (B159; BD Biosciences) and
allophycocyanin (APC)-labeled anti-CD3 mAb (UCTH1;
BD Biosciences). Isotype-matched control mAbs were used
as negative controls in the Xow cytometry analyses.

Proliferative activity of NKT cells

Fifty milliliters of peripheral blood was collected from each
subject before and after the radiation series. The PBMCs
were immediately separated by the Ficoll-Hypaque tech-
nique and stored in liquid nitrogen for later analyses.
The number of NKT cells was calculated prior to use by
Xow cytometry as described above. The PBMCs were
cultured in AIM-V medium containing 100 U IL-2 and
100 ng/ml �-GalCer, at 37°C in 5% CO2 for 7 days. This
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cell expansion method was identical to the method used in
our clinical trial [18]. On the seventh day of culture, the
number of NKT cells was assayed in the same manner.
Thereafter, the degree of cell expansion was calculated.

IFN-� production from NKT cells

Monocytes were isolated from the patient PBMCs and cul-
tured with GM-CSF (1,600 U/ml) and IL-4 (1,000 U/ml)
for 7 days to allow diVerentiation into immature dendritic
cells. On the seventh day of culture, the cells were pulsed
with �-GalCer (100 ng/ml) and then cultured for 6 h with
PBMCs from the same cancer patients. A single-cell ELI-
SPOT assay was used to detect IFN-�-producing cells in
PBMCs. Frozen PBMCs collected at each time point (0 and
50 Gy) were thawed and cultured for 6 h or 7 days. The cul-
tured cells (5 £ 105 per well) were washed and transferred
to 96-well Wltration plates (Millipore, Danvers, MA, USA)
coated with an anti-IFN-� capture antibody (Mabtech AB,
Stockholm, Sweden) for 16 h. Stimulation was achieved by
the addition of 100 ng/ml �GalCer or vehicle as described
previously [18–20]. Concanavalin A was used as a positive
control. A biotinylated antihuman IFN-� antibody (Mab-
tech AB) was added. Two hours later, spots were detected
with an avidin–biotin–peroxidase complex (Mabtech AB)
and aminoethylcarbazole solution. Spot forming cells
(SFCs) were objectively quantiWed using an ImmunoScan
computer system and the ImmunoSpot software program
(CTL, Cleveland, OH, USA).

Cytotoxic assay with NKT cells

K562 and U937 cells were used for a cytotoxicity assay and
labeled overnight at 37°C in 5% CO2 with 300 �Ci sodium
51Cr-chromate (Amersham).

PBMCs obtained before and after radiotherapy were cul-
tured in AIM-V with 100 U IL-2 and 100 ng/ml �-GalCer
for 7 days. Thereafter, NKT cells were puriWed with the
MACS system (MACS, Miltenyi Biotec, Bergisch Glad-
bach, Germany) using a V�24 antibody. The NKT cells
were used as eVector cells. Each well of the 96-well micro-
titer plate received target cells, the indicated proportions of
eVector cells and the appropriate medium at a total volume
of 200 �l. The microplates were centrifuged for 1 min at
600£g and incubated for 4 h at 37°C. After additional cen-
trifugation, 100 �l aliquots of the supernatants were
assayed for radioactivity. The fraction of the total radioac-
tivity released was calculated and the results were averaged
from triplicate values.

The percentage of speciWc 51Cr release was calculated
from the following formula: % of speciWc lysis = (sample
cpm ¡ spontaneous cpm) £ 100/(maximum cpm¡sponta-
neous cpm). Spontaneous cpm was calculated from the

supernatant of the target cells alone, and the maximum
release was obtained by adding 1 M HCl to the target cells.
The data are expressed as the mean value of the triplicate
cultures § standard deviations.

Statistical analysis

The Mann–Whitney U test was performed to compare the
NKT cell count between the control subjects and the
patients. The Wilcoxon signed rank test was used for
paired comparisons of each value before and after irradia-
tion treatment. Statistical analyses were performed using
the GraphPad Prism software program, Version 4. P val-
ues of less than 0.05 were considered to be statistically
signiWcant.

Results

Patient proWles

The proWles of the patients are shown in Table 1. The
patient ages ranged from 55 to 78 years of age, and the
primary tumors were localized to mesopharyngeal and
hypopharyngeal sites. Neck lymph node metastases were
observed in all cases (Table 1). The pharyngeal tumors
arose near the regional cervical lymph nodes, and the irradi-
ation Weld and/or the area of the primary lesion and regional
lymph nodes overlapped.

NKT cells in peripheral blood

We also evaluated 14 age- and gender-matched healthy
control subjects. The number of NKT cells in the circulat-
ing peripheral blood of non-treated SCC patients was not

Table 1 Patients’ proWle

Case Age/gender Primary lesion Stage Total 
dose (Gy)

Case001 59/male Mesopharynx T4N2b 50

Case002 67/male Hypophrynx T3N2b 60

Case003 72/male Hypopharynx T2N3 60

Case004 66/male Mesopharynx T2N2b 60

Case005 58/male Hypopharynx T2N2b 70

Case006 56/male Hypopharynx T2N2b 70

Case007 73/male Mesopharynx T4N3 60

Case008 66/male Mesopharynx T1N3 72

Case009 76/male Hypopharynx T3N2b 70

Case010 58/male Hypopharynx T4N2b 60

Case011 69/male Hypopharynx T4N2b 52

Case012 55/male Mesopharynx T3N2b 60
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signiWcantly diVerent from that of the healthy control sub-
jects (Fig. 1). NKT cells were detected in the peripheral
blood from all examined cases, although the number repre-
sented less than 0.2% of all lymphocytes and varied widely
between cases.

InXuence of therapeutic irradiation on circulating T cells 
and NKT cells

Consistent with other previous reports, the number of
CD3-positive T cells was found to decrease as irradiation
progressed [21]. At the time that the total dose of 50 Gy
was attained, a remarkable decrease in the number of
CD3-positive T cells was observed in each patient
(Fig. 2a). However, the number of NKT cells (which were
deWned as V�24- and V�11-positive cells) was not aVected
by radiation (Fig. 2b).

Proliferation of NKT cells in response 
to �-GalCer and IL-2

PBMCs (3 £ 105/well) from cancer patients were cultured
for 7 days with �-GalCer and IL-2. The expansion capacity
of NKT cells in cancer patients in response to �-GalCer and
IL-2 after irradiation was similar to that before irradiation
(Fig. 3). The mean cell number of three wells is indicated.

Cytokine activity of NKT cells

Although the number of NKT cells did not decrease after
irradiation, the IFN-�-producing cells reXecting �-GalCer-
pulsed DCs decreased signiWcantly (Fig. 4a). However,
after culturing for 7 days in AIM-V medium containing
100 U IL-2 and 100 ng/ml �-GalCer, which was the same

Fig. 1 NKT cells in the peripheral blood of healthy control subjects
and patients before radiotherapy. No signiWcant diVerences were
observed in the number of NKT cells between the patients and the
control subjects
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Fig. 2 a The number of CD3-positive T cells is shown. The number of
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technique as in our clinical setting [19], a signiWcant num-
ber of IFN�-producing cells were observed in the cultured
cells collected after radiation therapy. The IFN-� activity in
the cells collected after radiation therapy was higher than in
those before radiation therapy (Fig. 4b).

Cytotoxic activity of NKT cells

The cytotoxic activity of the NKT cells toward the target
K562 and U937 cells is shown in Fig. 5. PBMCs were
obtained before and after radiotherapy, and NKT cells were
puriWed by magnetic bead selection. The cytotoxic activity
of NKT cells collected after irradiation was equal to that
prior to irradiation in the same patient.

Discussion

In the present study, the number of circulating NKT cells
did not decrease in patients with pharyngeal cancer in
comparison to age- and gender-matched healthy controls.
Other studies have reported a decrease in the number of
NKT cells in patients with advanced cancer, including
those with head and neck carcinoma [22]. The patients
recruited in the present study were not at an advanced can-
cer stage, and the NKT cell number varied among individ-
uals, thus suggesting a reason for the decrease in the NKT
cell number.

The eVect of the therapeutic irradiation on NKT cells
and T cells was evaluated in patients with pharyngeal can-
cer, and the irradiation region in all the cases was similar.
The number of CD3-positive T cells isolated from the
patients was markedly decreased after radiation with a total
dose of 50 Gy to the head and neck area; however, NKT
cells were relatively resistant to radiation and did not
decrease in number.

Fig. 4 a The IFN-� spots induced by �-GalCer-pulsed DCs from fresh
isolated PBMCs are shown. These spots decreased signiWcantly after
radiation therapy compared with those before therapy. b After culture
for 7 days with �-GalCer and IL-2, the IFN-� spots reXected by �-Gal-
Cer-pulsed DCs are shown. Those spots were signiWcantly increased
after radiation therapy
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Fig. 5 The cytotoxic activity of 
NKT cells is shown. The target 
cells were K562 and U937. The 
E:T ratios were 16:1, 8:1, 4:1, 
2:1 and 1:1. EVector cells from 
pre-radiation and post-radiation 
are represented by open circles 
and closed boxes, respectively

0

100 U937K562

0

100

%
 S

pe
ci

fic
 ly

si
s

0

100

%
 S

pe
ci

fic
 ly

si
s

0

100

%
 S

pe
ci

fic
 ly

si
s

E/T ratio

0 Gy

50 Gy

Case 1

Case 2

Case 3

Case 4

Case 5

U937K562

U937K562U937K562

U937K562

16 8 4 2 1 16 8 4 2 1

16 8 4 2 1 16 8 4 2 1

16 8 4 2 1 16 8 4 2 1

16 8 4 2 1 16 8 4 2 1

16 8 4 2 1 16 8 4 2 1

E/T ratio

%
 S

pe
ci

fic
 ly

si
s

0

100

%
 S

pe
ci

fic
 ly

si
s

123



1508 Cancer Immunol Immunother (2010) 59:1503–1509
The radioresistant activity of NKT cells has been previ-
ously reported. In a mouse model, NKT cells were found to
be more resistant to in vivo irradiation than other blood
lymphocytes, including T cells and B cells [23]. Another
study demonstrated that the number of NKT cells, but not
the number of ordinary T cells, in patients with a prior irra-
diation history was similar to that of patients with no irradi-
ation history in several types of cancer [24]. However, a
detailed comparison in the same patients before and after
irradiation has not yet been conducted.

The mechanisms involved in NKT cell radioresistance
are poorly understood. It is well known that T cells are very
sensitive to irradiation in the clinical setting. Irradiation
induces cell death by causing direct damage to DNA and
altering the intracellular signaling pathways. The high pro-
duction of reactive oxygen species in mitochondrial DNA
following irradiation might be the origin of the hyper-radi-
osensensitivity of T cells [21]. NKT cells may also respond
diVerently to free radicals induced by irradiation. Further
investigations are therefore necessary to elucidate the
diVerence between the radioresistance of NKT cells and
ordinary T cells.

NKT cells produce many cytokines, including IFN-� and
IL-4, as well as GM-CSF, TNF� and IL-2, -3, -5, -6, -9, -10,
-13, -17 and -22 [25]. After co-culture with �-GalCer, NKT
cells proliferate and diVerentiate into massive IFN-�-pro-
ducing NKT or massive IL-4 producing cells [26]. The
former has anti-tumor properties, whereas the latter sup-
presses anti-tumor responses. It is very diYcult to control
such a large number of cytokines, but IFN-� and IL-4 have
been controlled to some extent in recent studies. The inter-
action of DC and NKT cells may inXuence IFN-� or IL-4
production by NKT cells. Interleukin-12 production by
DCs upregulates IFN-� production by NKT cells [27, 28].
The CD40–CD40L interaction also regulates IFN-� and
IL-4 production of NKT cells [29]. These reports help
explain tumor protection via NKT and urge the develop-
ment of the DC–NKT axis to provide innate and adaptive
immunity to human cancers.

Although the function of NKT cells, as measured by the
capacity for IFN-� production, was impaired after radio-
therapy, the intact proliferative capacity of NKT cells was
observed after stimulation with �-GalCer-pulsed DCs and
was comparable to that of cells obtained before radiother-
apy. These proliferated NKT cells exhibited signiWcant
cytotoxic activities toward the target tumor cells. These
results suggest that even after radiotherapy, NKT cells are
well-tolerated and demonstrate normal levels of prolifera-
tion by �-GalCer-pulsed DCs. Moreover, these cells display
potent killing activity against remnant cancer tissue. The
eVective anti-tumor activity of activated NKT cells in vivo
could therefore be expected with the administration of
�-GalCer-pulsed DCs to head and neck cancer patients.

Head and neck cancer occurs in more than a half million
patients worldwide each year [30]. The management of
head and neck cancer generally involves the combined
modalities of chemotherapy, radiotherapy and surgery.
However, even after these combined therapies, relapses and
distant metastasis occur at a high frequency, and the 5-year
survival rate has been reported to be less than 40% [31–33].
Therefore, a new treatment strategy must be developed to
improve the survival and QOL of patients with advanced
head and neck cancer.

We recently conducted a phase-one study evaluating the
safety and eYcacy of the administration of �-GalCer-
pulsed antigen presenting cells (APCs) to the nasal mucosa
of nine patients with either unresectable or recurrent head
and neck cancer [19].

In addition, we performed a phase-one study of the
administration of in vitro-expanded natural killer T cells
and �-GalCer-pulsed antigen presenting cells to the tumor-
feeding arteries and the nasal submucosal of eight patients
with either unresectable or recurrent head and neck cancer.
We observed that there were beneWcial clinical eVects asso-
ciated with the use of this treatment strategy for advanced
HNSCC [20].

Although there were only limited eVects with regard to
the reduction of the unresectable tumors, no adverse events
exceeding CTCAE grade 2 were observed and signiWcant
anti-tumor activity was detected. These results suggest that
NKT immunotherapy for the treatment of head and neck
cancer might be useful for destroying both small remnant
cancer tissue and micro-metastases.

Radiotherapy is indispensable for many cases of
advanced head and neck cancer. In this study, we demon-
strated that NKT cells are relatively resistant to radiation
therapy. Even after a total radiation dose of 50 Gy, a high
degree of proliferation was induced in NKT cells following
stimulation with �-GalCer-pulsed DCs. The beneWcial cyto-
toxic eVects of this type of therapy are therefore highly
anticipated. NKT cells might be suitable as an eVective
adjuvant immunotherapy to eradicate remnant and micro-
metastatic cancer cells just after radiotherapy. Further
investigation of immunotherapy utilizing NKT cells should
therefore be conducted to fully elucidate the clinical
eYcacy of this treatment modality.

References

1. Hainsworth JD, Meluch AA, McClurkan S, Gray JR, Stroup SL,
Burris HA III, Yardley DA, Bradof JE, Yost K, Ellis JK, Greco FA
(2002) Induction paclitaxel, carboplatin, and infusional 5-FU fol-
lowed by concurrent radiation therapy and weekly paclitaxel/
carboplatin in the treatment of locally advanced head and neck
cancer: a phase II trial of the Minnie Pearl Cancer Research Net-
work. Cancer J 8:298–300
123



Cancer Immunol Immunother (2010) 59:1503–1509 1509
2. Zelefsky MJ, Harrison LB, Fass DE, Armstrong J, Spiro RH, Shah
JP, Strong EW (1993) Postoperative radiotherapy for oral cavity
cancers: impact of anatomic subsite on treatment outcome. Head
Neck 12:470–475

3. Clark J, Li W, Smith G, Shannon K, CliVord A, McNeil E, Gao K,
Jackson M, Mo Tin M, O’Brien C (2005) Outcome of treatment
for advanced cervical metastatic squamous cell carcinoma. Head
Neck 27:87–94

4. Hicks WL Jr, Loree TR, Garcia RI, Maamoun S, Marshall D,
Orner JB, Bakamjian VY, Shedd DP (1997) Squamous cell
carcinoma of the Xoor of mouth: a 20-year review. Head Neck
19:400–405

5. Metelmann HR (2000) Chemotherapy and radiochemotherapy in
tumors of the head–neck area. Mund Kiefer Gesichtschir 4(suppl
1):S155–S159

6. Wanebo HJ, Glicksman AS, Landman C, Slotman G, Doolittle C,
Clark J, Koness RJ (1995) Preoperative cisplatin and accelerated
hyperfractionated radiation induces high tumor response and con-
trol rates in patients with advanced head and neck cancer. Am J
Surg 170:512–516

7. Beatty JD (1992) Immunotherapy of colorectal cancer. Cancer
70:1425–1433

8. Cortesina G, De Stefani A, Sacchi M, Rosso S, Galeazzi E (1993)
Immunomodulation therapy for squamous cell carcinoma of the
head and neck. Head Neck 15:266–270

9. Gualde N, Goodwin JS (1984) EVect of irradiation on human T-
cell proliferation: low dose irradiation stimulates mitogen-induced
proliferation and function of the suppressor/cytotoxic T-cell sub-
set. Cell Immunol 84:439–445

10. Rose H, Moldenhauer H, Kehrberg G (1985) Lymphocyte damage
caused by ionizing radiation. Radiobiol Radiother 26:289–297

11. Vicari AP, Zlotnik A (1996) Mouse NK1.1+ T cells: a new family
of T cells. Immunol Today 17:71–76

12. Taniguchi M, Koseki H, Tokuhisa T, Masuda K, Sato H, Kondo E,
Kawano T, Cui J, Perkes A, Koyasu S, Makino Y (1996) Essential
requirement of an invariant V�14 T cell antigen receptor expres-
sion in the development of natural killer T cells. Proc Natl Acad
Sci USA 93:11025–11028

13. Bendelac A, Rivera MN, Park SH, Roark JH (1997) Mouse CD1-
speciWc NK1 T cells: development, speciWcity, and function. Annu
Rev Immunol 15:535–562

14. Hameg A, Apostolou I, Leite-De-Moraes M, Gombert JM, Garcia
C, Koezuka Y, Bach JF, Herbelin A (2000) A subset of NKT cells
that lacks the NK1.1 marker, expresses CD1d molecules, and
autopresents the alpha-galactosylceramide antigen. J Immunol
165:4917–4926

15. Nicol A, Nieda M, Koezuka Y, Porcelli S, Suzuki K, Tadokoro K,
Durrant S, Juji T (2000) Human invariant valpha24+ natural killer
T cells activated by alpha-galactosylceramide (KRN7000) have
cytotoxic anti-tumor activity through mechanisms distinct from T
cells and natural killer cells. Immunology 99(2):229–234

16. Seino K, Motohashi S, Fujisawa T, Nakayama T, Taniguchi M
(2006) Natural killer T cell-mediated antitumor immune responses
and their clinical applications. Cancer Sci 97:807–812

17. Molling JW, Kölgen W, van der Vliet HJ, Boomsma MF,
Kruizenga H, Smorenburg CH, Molenkamp BG, Langendijk JA,
Leemans CR, von Blomberg BM, Scheper RJ, van den Eertwegh
AJ (2005) Peripheral blood IFN-gamma-secreting Valpha24 +
Vbeta11 + NKT cell numbers are decreased in cancer patients
independent of tumor type or tumor load. Int J Cancer 116:87–93

18. Motohashi S, Ishikawa A, Ishikawa E, Otsuji M, Iizasa T, Han-
aoka H, Shimizu N, Horiguchi S, Okamoto Y, Fujii S, Taniguchi
M, Fujisawa T, Nakayama T (2006) A phase I study of in vitro

expanded natural killer T cells in patients with advanced and recur-
rent non-small cell lung cancer. Clin Cancer Res 12:6079–6086

19. Uchida T, Horiguchi S, Tanaka Y, Yamamoto H, Kunii N, Motoh-
ashi S, Taniguchi M, Nakayama T, Okamoto Y (2008) Phase I
study of alpha-galactosylceramide-pulsed antigen presenting cells
administration to the nasal submucosa in unresectable or recurrent
head and neck cancer. Cancer Immunol Immunother 57:337–345

20. Knii N, Horiguchi S, Motohashi S, Yamamoto H, Ueno N, Ya-
mamoto S, Sakurai D, Taniguchi M, Nakayama T, Okamoto Y
(2009) Combination therapy of in vitro-expanded natural killer T
cells and alpha-galactosylceramide-pulsed antigen-presenting
cells in patients with recurrent head and neck carcinoma. Cancer
Sci 100:1092–1098

21. Ogawa Y, Kobayashi T, Nishioka A, Kariya S, Ohnishi T, Hama-
sato S, Seguchi H, Yoshida S (2004) Reactive oxygen species-pro-
ducing site in radiation-induced apoptosis of human peripheral T
cells: involvement of lysosomal membrane destabilization. Int J
Mol Med 13:69–73

22. Molling JW, Langius JA, Langendijk JA, Leemans CR, Bontkes
HJ, van der Vliet HJ, von Blomberg BM, Scheper RJ, van den
Eertwegh AJ (2007) Low levels of circulating invariant natural
killer T cells predict poor clinical outcome in patients with head
and neck squamous cell carcinoma. J Clin Oncol 25:862–868

23. Kajioka EH, Andres ML, Li J, Mao XW, Moyers MF, Nelson GA,
Slater JM, Gridley DS (2000) Acute eVects of whole-body proton
irradiation on the immune system of the mouse. Radiat Res
153:587–594

24. Crough T, Purdie DM, Okai M, Maksoud A, Nieda M, Nicol AJ
(2004) Modulation of human Valpha24(+)Vbeta11(+)NKT cells
by age, malignancy and conventional anticancer therapy. Br J Can-
cer 91:1880–1886

25. Coquet JM, Chakravarti S, Kyparissoudis K, McNab FW, Pitt LA,
McKenzie BS, Berzins SP, Smyth MJ, Godfrey DI (2008) Diverse
cytokine production by NKT cell subsets and identiWcation of an
IL-17-producing CD4-NK1.1–NKT cell population. Proc Natl
Acad Sci USA 105:11287–11292

26. Wu D, Xing GW, Poles MA, Horowitz A, Kinjo Y, Sullivan B,
Bodmer-Narkevitch V, Plettenburg O, Kronenberg M, Tsuji M,
Ho DD, Wong CH (2005) Bacterial glycolipids and analogs as
antigens for CD1d-restricted NKT cells. Proc Natl Acad Sci USA
102:1351–1356

27. Fujii S, Shimizu K, Hemmi H, Steinman RM (2007) Innate Val-
pha14(+) natural killer T cells mature dendritic cells, leading to
strong adaptive immunity. Immunol Rev 220:183–198

28. Goto M, Murakawa M, Kadoshima-Yamaoka K, Tanaka Y,
Nagahira K, Fukuda Y, Nishimura T (2009) Murine NKT cells
produce Th17 cytokine interleukin-22. Cell Immunol 254:81–84

29. Kitamura H, Ohta A, Sekimoto M, Sato M, Iwakabe K, Nakui M,
Yahata T, Meng H, Koda T, Nishimura S, Kawano T, Taniguchi
M, Nishimura T (2000) Alpha-galactosylceramide induces early
B-cell activation through IL-4 production by NKT cells. Cell
Immunol 199:37–42

30. Mignogna MD, Fedele S, Lo Russo L (2004) The world cancer re-
port and the burden of oral cancer. Eur J Cancer Prev 13:139–142

31. Zhen W, Karnell LH, HoVman HT, Funk GF, Buatti JM, Menck
HR (2004) The national cancer data base report on squamous cell
carcinoma of the base of tongue. Head Neck 26:660–674

32. Carvalho AL, Ikeda MK, Magrin J, Kowalski LP (2004) Trends of
oral and oropharyngeal cancer survival over Wve decades in 3267
patients treated in a single institution. Oral Oncol 40:71–76

33. Sessions DG, Lenox J, Spector GJ, Chao C, Chaudry OA (2003)
Analysis of treatment results for base of tongue cancer. Laryngo-
scope 113:1252–1261
123


	The effect of radiotherapy on NKT cells in patients with advanced head and neck cancer
	Abstract
	Introduction
	Patients and methods
	Patients
	Radiation therapy
	The number of CD3-positive T cells and NKT cells
	Proliferative activity of NKT cells
	IFN-c production from NKT cells
	Cytotoxic assay with NKT cells
	Statistical analysis

	Results
	Patient profiles
	NKT cells in peripheral blood
	Influence of therapeutic irradiation on circulating T cells and NKT cells
	Proliferation of NKT cells in response to alpha-GalCer and IL-2
	Cytokine activity of NKT cells
	Cytotoxic activity of NKT cells

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


