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    Abstract
Background/Aim: For the application of invariant natural killer T (iNKT) cells in cancer therapy, the CD40-CD40L interaction is indispensable in administering alpha-galactosylceramide (αGalCer). We hypothesized that CD40 plays an important role in dendritic cells (DC) pulsed with αGalCer (DCGs) in the treatment of lung metastases. Materials and Methods: Wild-type (WT) and CD40−/− mice were treated with DCGs isolated from WT or CD40−/− mice in a B16F10 lung metastases model and NK and NKT cell activity in lungs and the spleen were examined. Results: DCG treatment improved WT mice survival but CD40−/− hosts received no survival benefit. Conversely, attenuation of a therapeutic effect in mice treated with CD40−/− DCGs was not observed. The functional activities of NK and NKT cells in DCG-treated CD40−/− mice were partially suppressed. Conclusion: Host CD40 is essential for DCG treatment to have a therapeutic effect on B16F10 lung metastases.

	CD40
	DCG
	NKT cell
	lung metastasis
	tumor immunity
	B16F10

Invariant natural killer T cells (iNKT) cells are unique, innate-like populations of T lymphocytes bearing a distinctive invariant T cell receptor (TCR) α chain, known as Vα14Jα18 in mice and Vα24Jα18 in humans. The TCRs of iNKT cells are selected for the recognition of a variety of lipid antigens when bound to a major histocompatibility class I-like molecule, CD1d (1, 2). Ongoing progress in research on a specific ligand of iNKT cells, alpha-galactosylceramide (αGalCer), and treatment with dendritic cells (DCs) pulsed with αGalCer (DCG) has led to diverse approaches for modulating immune responses, including those involved in vaccination against various types of cancers (3-5).
Following encounters with CD1d/αGalCer complexes displayed by antigen-presenting cells (APCs), iNKT cells not only produce a large amount of interferon (IFN)-γ, but also up-regulate surface expression of CD40 ligand (CD40L). Ligation of CD40 expressed by DCs is especially important for mediating the maturation and functional activation of these cells, the subsequent up-regulation of co-stimulation molecules, such as CD80 or CD86, and the amplified production of IFN-γ (6, 7). Furthermore, matured DCs are potent producers of interleukin (IL)-12, which induces sustained IFN-γ production by iNKT cells (8, 9). In coexistence with a tumor antigen, mature DCs also support the priming of CD8+ T cells and, eventually, the formation of effector and memory cells (10). Finally, iNKT cell production of IFN-γ leads to activation and proliferation of natural killer (NK) cells and, in turn, their production of IFN-γ. Through these sequential events, α-GalCer-induced iNKT cells play a crucial role in these antitumor effects (11).
Based on these findings, we hypothesized that host CD40 also plays an important role in the therapeutic effect of DCG treatment on lung metastases. To further examine this, we established a lung metastasis animal model using B16F10 melanoma cells, as previously described (12). Wild-type (WT) control and CD40−/− mice were treated with DCG derived from WT control (WT-DCG) and CD40−/− mice (CD40−/−-DCG). Here, we first showed the antitumor effect of DCG treatment in CD40−/− mice in the lung metastatic model; however, a therapeutic effect on their survival was not observed. We then performed functional analyses of NKT and NK cells in CD40−/− host mice. We found that IFN-γ was produced after DCG treatment and after

re-stimulation and that the cytotoxicity of NK cells was partially suppressed compared to those of WT controls.
[image: Figure 1.]
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Figure 1. CD40−/− hosts did not show a survival benefit after DCG treatment in a B16F10 lung metastases model. Wild-type(WT) C57BL/6 and CD40−/− mice were injected intravenously (i.v.) with B16F10 melanoma cells (5×105 cells/mouse) on Day 0 and with PBS, WT-DCGs or CD40−/−-DCGs(3×105/mouse) on Day 3. The survival of treated mice was monitored. Experiments were repeated three times with similar results. n=5 per group. *p<0.05; **p<0.01; n.s.: not significant.



This study suggests that host CD40 is essential for DCG treatment to have a therapeutic effect on lung metastases, thus highlighting a new strategy for cancer immunotherapy with NKT cells.
Materials and Methods
Mice and cell lines. Procedures used in mice studies have been described previously (13). Mice were obtained from commercial vendors. Briefly, pathogen-free C57BL/6 female mice (6–8-weeks-old) were purchased from CLEA Japan (Tokyo, Japan). CD40−/− mice and IL-12 (p35)−/− mice with a C57BL/6 background were purchased from The Jackson Laboratory (Sacramento, CA, USA). All mice were maintained under specific, pathogen-free conditions and used in compliance with the institutional guidelines of Kobe University (approval numbers: P100305 and P110102).
Cell preparation. Procedures used in immune cell isolation have been described previously (14). Primary cells were isolated from the spleen, lungs and bone marrow of mice and filtered using cell strainers (BD Bioscience, San Diego, CA, USA). Red blood cells were lysed with lysis buffer to obtain single cell suspensions. Immune cells were isolated after lungs were harvested and minced and single cells obtained using 2% collagenase A and 0.75% DNase I (Roche, Mannheim, Germany) in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) and incubated at 20°C for 60 min. Purified single cells were stained with a 7-aminoactinomycin D (7-AAD) viability staining solution (BioLegend, San Diego, CA, USA) to label dead cells. Bone marrow-derived DCs were generated in the presence of granulocyte-macrophage colony-stimulating factor (GM-CSF) as described previously (12). On day 6, cells were incubated with 100 ng/ml LPS and 100 ng/ml α-galactosylceramide (α-GalCer; KRN7000; Funakoshi, Tokyo, Japan) for 16 h.
Antibodies and flow cytometry. Flow cytometry has been described previously (12). The following monoclonal antibodies (mAbs) were purchased from BD Biosciences: anti-mouse Cluster of Differentiation (CD)3e, anti-Natural Killer (NK) 1.1 and anti-type I IFN-γ. Anti-mouse CD1d–αGalCer tetramer was purchased from Proimmune Limited (Oxford, UK). Cells were stained in a 96-well round-bottom plate for 20-30 min at 4°C and washed with PBS containing 5% FBS. Flow cytometry data were obtained using a FACSVerse flow cytometer (BD Biosciences, San Jose, CA, USA) and analyzed using FlowJo software version 7.6.5 (TreeStar, Ashland, OR, USA).
Cytokine secretion assay. Samples of 4×105 spleen and lung cells from naive WT and DCG-immunized mice were cultured in 200 μl RPMI-1640 medium containing 10% FBS in 96-well round-bottom plates, with or without 100 ng αGalCer/ml for 16 h. Supernatants were collected and IFN-γ production was measured using a CBA assay kit (BD Biosciences). The serum concentrations of IFN-γ and IL-12p70 were also measured using CBA assay kits. For intracellular cytokine staining of NK or NKT cells, splenocytes were incubated in GolgiPlug (BD Biosciences) for 2 h and, then, incubated with anti-NK1.1-allophycocyanin (APC) and CD3e-FITC mAb. After the cell surface was labeled with mAb, cells were permeabilized in Cytofix/Cytoperm Plus (BD Biosciences) and stained with anti-IFN-γ-phycoerythrin (PE).
51Cr release assays. B16F10 target cells were labeled with 51Cr for 1 h at 37°C, washed three times and incubated in triplicate with effector cells at the indicated effector to target cell (E:T) ratio. After a 5-h incubation, 51Cr release into supernatants was assayed with a scintillation counter (15).
Statistical analysis. Differences were analyzed using Student's t-test and a log-rank test. A value of p<0.05 was considered statistically significant.

Results
Host CD40 is essential for DCG treatment to increase survival in a B16F10 lung metastases model. Previous studies have demonstrated that the CD40-CD40L interaction is required for NKT cell activation after αGalCer administration (16). We previously showed that allogeneic DCG treatment induced survival benefits in a B16F10 melanoma lung metastases model (12), a well-accepted,


experimental therapeutic model for this disease. Based on these reports, we investigated the effects of CD40 during DCG treatment in CD40−/− hosts using this metastatic model. To this end, we first challenged each WT and CD40−/− mouse with 5×105 B16F10 melanoma cells and, then, immunized mice on Day3 with PBS or 3×105 DCGs/mouse isolated from WT (WT-DCGs) or CD40−/− mice (CD40−/−-DCGs). The treatment of WT mice with WT-DCGs or CD40−/−-DCGs significantly improved their survival compared to PBS control WT mice (Figure 1; p<0.01). As expected, the survival benefit of DCG treatment in the lung metastases model was significantly impaired in CD40−/− hosts (Figure 1). In summary, a significant difference in survival time was noted when WT controls were immunized with WT-DCGs or CD40−/−-DCGs, but not CD40−/− mice (Figure 1).
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Figure 2. Functional analysis of NK and NKT cells. A: The serum concentrations of IFN-γ and IL-12p70 were significantly and severely suppressed in CD40−/− mice compared to WT controls (**p<0.01). WT and CD40−/− mice were injected i.v. with WT-DCG or CD40−/−-DCGs. After 6, 12, 24 and 48 h, the serum concentrations of IFN-γ and IL-12p70 were measured using a CBA assay kit. B: NKT cell proliferation in the spleens of CD40−/− hosts after DCG treatment on Day 7 in lungs was analyzed for the percentage of CD1d-αGalCer-tetramer+CD3e+ iNKT cells, total cell counts and iNKT cell counts. C: IFN-γ expression in NK and NKT cells from CD40−/− mice was significantly and partially suppressed after DCG treatment compared to that in WT controls (*p<0.05). Similar to A, spleens were analyzed for IFN-γ production by NK1.1+CD3e− NK and NK1.1+CD3e+ NKT cells. D: As with WT controls, CD8α+ or CD8α− DCs from CD40−/− mice showed increased expression of CD86 after DCG treatment. Similar to A, spleens were analyzed for CD40 and CD86 expression on CD8α-CD11c+ and CD8α+CD11c+ dendritic cells. Experiments were repeated three times with similar results. n=5 per group.
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Figure 3. IFN-γ expression by spleen and lung cells from CD40−/− mice treated with DCGs after re-stimulation was less than that of WT control mice. WT and CD40−/− mice were injected i.v. with WT or CD40−/−-DCGs. Two days later, 4×105 spleen and lung cells/200 μl of RPMI 1640 medium with 10% FBS were incubated, with or without aGalCer (100 ng/ml), for 16 h. The concentration of IFN-γ in the medium was measured using a CBA assay kit. Experiments were repeated three times with similar results. IFN-γ production after re-stimulation with αGalCer after DCG treatment is significantly and partially suppressed in CD40−/− mice (*p<0.05).



NKT cells proliferate in spleen even in CD40−/− hosts after DCG treatment. The serum concentration of IFN-γ was severely suppressed in CD40−/− mice compared to WT mice after DCG treatment; also, the concentration of IL-12p70 was significantly and severely suppressed in CD40−/− mice (Figure 2A; p<0.01). Additionally, similar effects were noted in the production of these cytokines in mice treated with WT-DCGs or CD40−/−-DCGs (Figure 2A). In order to determine the cause of suppression of IFNγ in CD40−/− mice, we examined NKT cell activation, which can lead to induction of NKT cells in the spleen, IFN-γ production in NK and NKT cells, as well as maturation of DCs. Firstly, we examined NKT cell expansion in the spleen. WT control or CD40−/− mice were immunized with PBS, WT-DCGs or CD40−/−-DCGs to verify the ability to induce NKT cells in the spleen. In spite of a lack of CD40, CD40−/− mice showed the same rate of NKT cells expansion in the spleen compared to WT mice, indicating that the absence of CD40 did not have a significant impact on the expansion of NKT cells after DCG (Figure 2B). IFN-γ expression in NK and NKT cells was only partially suppressed in the spleen after DCG immunization (Figure 2C). Previous studies have demonstrated that activated iNKT cells have the ability to induce maturation of DCs in vivo (6). Matured DCs express increased co-stimulatory molecules, such as CD40, CD80 and CD86. To check such characteristics of DCs, we examined the expression of CD40 and CD86 in splenic CD8α+ or CD8α− DCs after DCG treatment. As with the WT control, the two types of DCs from CD40−/− mice showed increased expression of CD86 after DCG administration (Figure 2C).
IFN-γ production after re-stimulation with αGalCer and cytotoxicity of tumor cells after DCG treatment are partially suppressed in CD40−/− mice. Previous reports have demonstrated that an immunotherapeutic strategy of cancer immunotherapy, based on DCG administration, is to activate iNKT and NK cells to mediate antitumor effects (12, 17). In these settings, the number of IFN-γ-producing innate lymphocytes positively correlated with the extent of antitumor responses (17, 18). We found that IFN-γ expression by spleen cells from CD40−/−mice treated with DCGs was significantly smaller than that from the spleen and lungs of WT control mice immunized with DCGs (Figure 3; p<0.05 for all). In our previous study, we

demonstrated that lung cells from DCG-treated mice showed higher cytolytic activity that was mainly attributable to NK cells (12). Based on these data, we measured cytotoxicity in the lungs of WT control or CD40−/− mice to estimate NK cell function after immunization with PBS, WT-DCGs or CD40−/−-DCGs. The tumor cytolytic ability of lung cells from CD40−/− mice after WT-DCGs or CD40−/−-DCGs was significantly impaired to that of WT mice (Figure 4A). The tumor cytolytic ability of lung cells from L-12−/− mice was comparable to that of CD40−/− mice (Figure 4B).
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Figure 4. The tumor cytotoxicity of lung cells from CD40−/− mice treated with DCG was impaired compared to that of lung cells from WT mice. A: WT and CD40−/− mice were injected i.v. with PBS, WT-DCGs or CD40−/−-DCGs and, two days later, tested for cytotoxicity by incubating lung cells with 51Cr-labelled target B16F10 melanoma cells for 5 h at the indicated E:T ratio. The tumor cytotoxicity of lung cells from CD40−/− mice treated with DCG was significantly impaired compared to that of lung cells from WT mice (*p<0.05). B: Similar to A, WT, CD40−/− and IL-12p35−/− mice were injected i.v. with PBS or WT-DCGs. Experiments were repeated three times with similar results.




Discussion
The innate and adaptive immune systems do not work independently in antitumor immunity. Activated iNKT cells play a crucial role as mediators between innate and adaptive immune systems to give rise to an optimal immune response with antitumor effects (19). Several studies have demonstrated that after an initial antitumor response following DCG stimulation, NKT cells immediately release a large amount of IFN-γ. In turn, IFN-γ acts on DCs and NK cells in the innate immune system and successively on CD8+ cytotoxic T cells and CD4+ Th1 cells to kill tumor cells and, eventually, eradicate tumors (10, 20).
Previous studies of iNKT activation after αGalCer administration have shown that the CD40-CD40L interaction plays a central role in T cell helper function (6, 16). In this study, we showed that host CD40 is essential for DCG treatment to have a therapeutic effect on lung metastases. Our results indicate that in a B16F10 lung metastases model, DCG treatment did not confer a survival benefit on CD40−/− hosts. On the other hand, attenuation of a therapeutic effect when mice were treated with CD40−/−-DCGs was not observed. This result suggests that CD40 expression on DCs used for treatment would not be expected to affect therapy. A noteworthy report described how DCGs do not fail to induce anergy after re-stimulation by αGalCer, although the administration of free αGalCer leads to anergy after re-stimulation (17). Subsequent studies revealed that not only myeloid-derived suppressor cells (MDSC) and B cells, but also allogeneic fibroblasts (but only if these led to CD1d expression) can activate NKT cells to have an antitumor effect (21-23). In mice treated with αGalCer loaded on a recombinant soluble CD1d molecule (αGalCer/sCD1d), repeated injections lead to sustained iNKT and NK cell activation associated with IFN-γ secretion (24). This suggested that binding of CD1d to αGalCer is required for the evasion of anergy after αGalCer re-administration. Consistent with these results, we directly demonstrated that the expression of CD40 on a αGalCer-loaded vehicle is not required for anergy evasion.
Functional analysis revealed that IFN-γ production after DCG administration and after re-stimulation (Figures 2 and 3), as well as the cytotoxicity of mainly NK cells (Figure 4A, 4B) had been only partially suppressed. This impairment did not exert a therapeutic effect on survival. We showed that production of IL-12 in CD40−/− mice was more severely impaired than in WT controls. With regard to DCG treatment, sustained cytokine production by NK and NKT cells after IL-12 production would have been suppressed. Further study is required to elucidate the characteristics of antigen-specific T cells in CD40−/− host mice.
In conclusion, we demonstrated that host CD40 is essential for DCG treatment to have a therapeutic effect on B16F10 metastases. These data suggest a new strategy of controlling malignant tumors by modulating immune responses of iNKT cells.

Acknowledgements
This work was supported by a Grant-in-Aid from the Ministry of Education, Culture, Sports, Science and Technology of Japan (KY: No.25462056; SS: No. 25462019).

Footnotes
	This article is freely accessible online.

	Disclosure Statement
The Authors declare no financial or commercial conflicts of interest.



	Received April 5, 2016.
	Revision received May 16, 2016.
	Accepted May 17, 2016.

	Copyright© 2016 International Institute of Anticancer Research (Dr. John G. Delinassios), All rights reserved

References
	↵	Cerundolo  V, 
	Silk  JD, 
	Masri  SH, 
	Salio  M

: Harnessing invariant NKT cells in vaccination strategies. Nat Rev Immunol 9: 28-38, 2009.

OpenUrlCrossRefPubMed


	↵	Bricard  G, 
	Porcelli  SA

: Antigen presentation by CD1 molecules and the generation of lipid specific T cell immunity. Cell Mol. Life Sci 64: 1824-1840, 2007.

OpenUrlCrossRefPubMed


	↵	Morita  M, 
	Motoki  K, 
	Akimoto  K, 
	Natori  T, 
	Skai  T, 
	Sawa  E, 
	Yamaji  K, 
	Koezuka  Y, 
	Kobayashi  E, 
	Fukushima  H

: Structure-activity relationship of alpha-galactosylceramides against B16-bearing mice. J Med Chem 38: 2176-2187, 1995.

OpenUrlCrossRefPubMed


		Kawano  T, 
	Cui  J, 
	Koezuka  Y, 
	Toura  I, 
	Kaneko  Y, 
	Sato  H, 
	Kondo  E, 
	Harada  M, 
	Koseki  H, 
	Nakayama  T, 
	Tanaka  Y, 
	Taniguchi  M

: Natural killer-like nonspecific tumor cell lysis mediated by specific ligand-activated Valpha14 NKT cells. Proc Natl Acad Sci USA 95: 5690-5693, 1998.

OpenUrlAbstract/FREE Full Text


	↵	Chiodoni  C, 
	Stoppacciaro  A, 
	Sangaletti  S, 
	Gri  G, 
	Cappetti  B, 
	Koezuka  Y, 
	Colombo  MP

: Different requirements for alpha-galactosylceramide and recombinant IL-12 antitumor activity in the treatment of C-26 colon carcinoma hepatic metastases. Eur J Immunol 31: 3101-3110, 2001.

OpenUrlCrossRefPubMed


	↵	Fujii  S, 
	Liu  K, 
	Smith  C, 
	Bonito  AJ, 
	Steinman  RM

: The linkage of innate to adaptive immunity via maturing dendritic cells in vivo requires CD40 ligation in addition to antigen presentation and CD80/86 costimulation. J Exp Med 199: 1607-1618, 2004.

OpenUrlAbstract/FREE Full Text


	↵	Kitamura  H, 
	Iwakabe  K, 
	Yahata  T, 
	Nishimura  S, 
	Ohta  A, 
	Ohmi  Y, 
	Sato  M, 
	Takeda  K, 
	Okumura  K, 
	Van Kaer  L, 
	Kawano  T, 
	Taniguchi  M, 
	Nishimura  T

: The natural killer T (NKT) cell ligand alpha-galactosylceramide demonstrates its immunopotentiating effect by inducing interleukin (IL)-12 production by dendritic cells and IL-12 receptor expression on NKT cells. J Exp Med 189: 1121-1128, 1999.

OpenUrlAbstract/FREE Full Text


	↵	Takeda  K, 
	Seki  S, 
	Ogasawara  K, 
	Anzai  R, 
	Hashimoto  W, 
	Sugiura  K, 
	Takahashi  M, 
	Satoh  M, 
	Kumagai  K

: Liver NK1.1+ CD4+ alpha beta T cells activated by IL-12 as a major effector in inhibition of experimental tumor metastasis. J Immunol 156: 3366-3373, 1996.

OpenUrlAbstract


	↵	Smyth  MJ, 
	Crowe  NY, 
	Pellicci  DG, 
	Kyparissoudis  K, 
	Kelly  JM, 
	Takeda  K, 
	Yagita  H, 
	Godfrey  DI

: Sequential production of interferon-gamma by NK1.1(+) T cells and natural killer cells is essential for the antimetastatic effect of alpha galactosylceramide. Blood 99: 1259-1266, 2002.

OpenUrlAbstract/FREE Full Text


	↵	Fujii  S, 
	Shimizu  K, 
	Smith  C, 
	Bonifaz  L, 
	Steinman  RM

: Activation of natural killer T cells by alpha-galactosylceramide rapidly induces the full maturation of dendritic cells in vivo and thereby acts as an adjuvant for combined CD4 and CD8 T cell immunity to a coadministered protein. J Exp Med 198: 267-279, 2003.

OpenUrlAbstract/FREE Full Text


	↵	Carnaud  C, 
	Lee  D, 
	Donnars  O, 
	Park  SH, 
	Beavis  A, 
	Koezuka  Y, 
	Bendelac  A

: Cross-talk between cells of the innate immune system: NKT cells rapidly activate NK cells. J Immunol 163: 4647-4650, 1999.

OpenUrlAbstract/FREE Full Text


	↵	Hasegawa  H, 
	Yamashita  K, 
	Otubo  D, 
	Fujii  S, 
	Kamigaki  T, 
	Kuroda  D, 
	Kakeji  Y

: Allogeneic DCG promote lung NK cell activation and antitumor effect after invariant NKT cell activation. Anticancer Res 34: 3411-3417, 2014.

OpenUrlAbstract/FREE Full Text


	↵	Otsubo  D, 
	Yamashita  K, 
	Fujita  M, 
	Nishi  M, 
	Kimura  Y, 
	Hasegawa  H, 
	Suzuki  S, 
	Kakeji  Y

: Early-phase treatment by low-dose 5-Fluorouracil or primary tumor resection inhibits MDSC-mediated lung metastasis formation. Anticancer Res 35: 4425-4432, 2015.

OpenUrlAbstract/FREE Full Text


	↵	Yamashita  K, 
	Sakamoto  A, 
	Ohkubo  Y, 
	Arima  M, 
	Hatano  M, 
	Kuroda  Y, 
	Tokuhisa  T

: c-fos overexpression in splenic B cells augments development of marginal zone B cells. Mol Immunol 42: 617-625, 2005.

OpenUrlCrossRefPubMed


	↵	Yasuda  T, 
	Kamigaki  T, 
	Kawasaki  K, 
	Nakamura  T, 
	Yamamoto  M, 
	Kanemitsu  K, 
	Takase  S, 
	Kuroda  D, 
	Kim  Y, 
	Ajiki  T, 
	Kuroda  Y

: Superior anti-tumor protection and therapeutic efficacy of vaccination with allogeneic and semiallogeneic dendritic cell/tumor cell fusion hybrids for murine colon adenocarcinoma. Cancer Immunol Immunother 56: 1025-1036, 2007.

OpenUrlPubMed


	↵	Matsuda  JL, 
	Gapin  L, 
	Baron  JL, 
	Sidobre  S, 
	Stetson  DB, 
	Mohrs  M, 
	Locksley  RM, 
	Kronenberg  M

: Mouse V alpha 14i natural killer T cells are resistant to cytokine polarization in vivo. Proc Natl Acad Sci USA 100: 8395-8400, 2003.

OpenUrlAbstract/FREE Full Text


	↵	Fujii  S, 
	Shimizu  K, 
	Kronenberg  M, 
	Steinman  RM

: Prolonged IFN-gamma-producing NKT response induced with alpha-galactosylceramide-loaded DCs. Nat Immunol 3: 867-874, 2002.

OpenUrlCrossRefPubMed


	↵	Motohashi  S, 
	Nagato  K, 
	Kunii  N, 
	Yamamoto  H, 
	Yamasaki  K, 
	Okita  K, 
	Hanaoka  H, 
	Shimizu  N, 
	Suzuki  M, 
	Yoshino  I, 
	Taniguchi  M, 
	Fujisawa  T, 
	Nakayama  T

: A phase I-II study of alpha-galactosylceramide-pulsed IL-2/GM-CSF-cultured peripheral blood mononuclear cells in patients with advanced and recurrent non-small cell lung cancer. J Immunol 182: 2492-2501, 2009.

OpenUrlAbstract/FREE Full Text


	↵	Fujii  S, 
	Shimizu  K, 
	Okamoto  Y, 
	Kunii  N, 
	Nakayama  T, 
	Motohashi  S, 
	Taniguchi  M

. NKT cells as an ideal anti-tumor immunotherapeutic. Front Immunol 4: 409, 2013.

OpenUrlPubMed


	↵	Hermans  IF, 
	Silk  JD, 
	Gileadi  U, 
	Salio  M, 
	Mathew  B, 
	Ritter  G, 
	Schmidt  R, 
	Harris  AL, 
	Old  L, 
	Cerundolo  V

: NKT cells enhance CD4+ and CD8+ T cell responses to soluble antigen in vivo through direct interaction with dendritic cells. J Immunol 171: 5140-5147, 2003.

OpenUrlAbstract/FREE Full Text


	↵	Chung  Y, 
	Kim  BS, 
	Kim  YJ, 
	Ko  HJ, 
	Ko  SY, 
	Kim  DH, 
	Kang  CY

: CD1d-restricted T cells license B cells to generate long-lasting cytotoxic antitumor immunity in vivo. Cancer Res 66: 6843-6850, 2006

OpenUrlAbstract/FREE Full Text


		Ko  HJ, 
	Lee  JM, 
	Kim  YJ, 
	Kim  YS, 
	Lee  KA, 
	Kang  CY

: Immunosuppressive myeloid-derived suppressor cells can be converted into immunogenic APCs with the help of activated NKT cells: an alternative cell-based antitumor vaccine. J Immunol 182: 1818-1828, 2009.

OpenUrlAbstract/FREE Full Text


	↵	Fujii  S, 
	Goto  A, 
	Shimizu  K

: Antigen mRNA-transfected, allogeneic fibroblasts loaded with NKT-cell ligand confer antitumor immunity. Blood 113: 4262-4272, 2009.

OpenUrlAbstract/FREE Full Text


	↵	Stirnemann  K, 
	Romero  JF, 
	Baldi  L, 
	Robert  B, 
	Cesson  V, 
	Besra  GS, 
	Zauderer  M, 
	Wurm  F, 
	Corradin  G, 
	Mach  JP, 
	Macdonald  HR, 
	Donda  A

: Sustained activation and tumor targeting of NKT cells using a CD1d-anti-HER2-scFv fusion protein induce antitumor effects in mice. J Clin Invest 118: 994-1005, 2008.

OpenUrlPubMed







  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      [image: Anticancer Research: 36 (7)]

  
  
      
      
          Anticancer Research      
      
        	Vol. 36, Issue 7 July 2016 


      
      
        		Table of Contents
	Table of Contents (PDF)
	Index by author
	Back Matter (PDF)
	Ed Board (PDF)
	Front Matter (PDF)




      




  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Print  


  
  


  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word on Anticancer Research.
NOTE: We only request your email address so that the person you are recommending the page to knows that you wanted them to see it, and that it is not junk mail. We do not capture any email address.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Host CD40 Is Essential for DCG Treatment Against Metastatic Lung Cancer



  Message Subject 
 (Your Name) has sent you a message from Anticancer Research



  Message Body 
 (Your Name) thought you would like to see the Anticancer Research web site.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.



  Math question *
 1 + 3 =  
Solve this simple math problem and enter the result. E.g. for 1+3, enter 4.









  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
  
  
      Host CD40 Is Essential for DCG Treatment Against Metastatic Lung Cancer
  
    	KIMIHIRO YAMASHITA, HIROSHI HASEGAWA, MITSUGU FUJITA, MASAYASU NISHI, TOMOKO TANAKA, AKIRA ARIMOTO, SATOSHI SUZUKI, TAKASHI KAMIGAKI, YOSHIHIRO KAKEJI

  
    	Anticancer Research Jul 2016, 36 (7) 3659-3665; 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  


  
      
  
  
     Reprints and Permissions  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
  
  
      Host CD40 Is Essential for DCG Treatment Against Metastatic Lung Cancer
  
    	KIMIHIRO YAMASHITA, HIROSHI HASEGAWA, MITSUGU FUJITA, MASAYASU NISHI, TOMOKO TANAKA, AKIRA ARIMOTO, SATOSHI SUZUKI, TAKASHI KAMIGAKI, YOSHIHIRO KAKEJI

  
    	Anticancer Research Jul 2016, 36 (7) 3659-3665; 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: Mendeley logo]
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Materials and Methods
	Results
	Discussion
	Acknowledgements
	Footnotes
	References



	Figures & Data
	Info & Metrics
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles
	No related articles found.



	PubMed
	Google Scholar




 Cited By...
	Application of iNKT Cell-targeted Active Immunotherapy in Cancer Treatment


	Frequency of Myeloid-derived Suppressor Cells in the Peripheral Blood Reflects the Status of Tumor Recurrence




	Google Scholar



 More in this TOC Section
	
  
  
  
  
      Resveratrol Overcomes Cellular Resistance to Vemurafenib Through Dephosphorylation of AKT in BRAF-mutated Melanoma Cells  
  
  
  
  




	
  
  
  
  
      Case Report: A Non-small Cell Lung Cancer Patient Treated with GcMAF, Sonodynamic Therapy and Tumor Treating Fields  
  
  
  
  




	
  
  
  
  
      Flow Cytometric Analysis of Ovarian Cancer Ascites: Response of Mesothelial Cells and Macrophages to Cancer  
  
  
  
  






Show more PROCEEDINGS OF THE 19TH ANNUAL MEETING OF THE SOCIETY OF BIOTHERAPEUTIC APPROACHES, 5 December 2015 (Tokyo, Japan)

 Similar Articles






  



  


  
  



  
        Keywords

    
  
  
    	CD40
	DCG
	NKT cell
	lung metastasis
	tumor immunity
	B16F10


  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    [image: Anticancer Research]  


  
  



  
      
  
  
    
  
      
  
    © 2024 Anticancer Research
  




  


  
  



  
      
  
  
    [image: Powered by HighWire]  


  
  



  



    

  


  


  

  
    
  
      









  