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Immunotherapy using monocyte derived dendritic cells (Mo-DCs) from cancer patients has been devel-
oped; however, the Mo-DCs regularly studied have been derived from non-cancer bearing donors or mice,
and evaluated in normoxic conditions. In the present study, we investigated the effects of Hedgehog (Hh)
inhibitors which are being developed as molecular target drugs for cancer on the functions of Mo-DCs
derived from patients with advanced cancer when cultured in a tumor-like hypoxic environment. Mo-
DC induction, migration, chemotaxis, phagocytosis, maturation, IL-12 p40 or p70 secretion and the allo-
geneic lymphocyte stimulation activity of Mo-DCs from patients with advanced cancer were all signifi-
cantly inhibited by the Hh inhibitor, cyclopamine under hypoxic conditions. Our results suggest that
Hh signaling plays an important role in the maintenance and function of Mo-DCs derived from patients
with advanced cancer when cultured under hypoxic conditions.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Hedgehog (Hh) signaling is morphogenically important for
embryonic patterning, controlling growth, and cell fate during neo-
natal development [1–3]. Recently, many studies have revealed
that Hh signaling is activated in various types of cancer and that
it contributes to the proliferation, invasion and progression of can-
cer [4–9]. Therefore, the Hh pathway is thought to be a potential
therapeutic target in some diseases. Of the Hh inhibitors, Smooth-
ened (Smo) inhibitors are well researched and some are under clin-
ical trial [10,11]. For example, in January 2012, the US Food and
Drug Administration approved Smo inhibitor, vismodegib for the
therapy of metastatic or unresectable basal cell carcinomas of the
skin [12]. Of late, research into combination therapy with chemo-
drugs and Hh inhibitors has also been reported [13,14]. Combina-
tion therapy with Hh inhibitors and immunotherapy using
monocyte derived dendritic cells (Mo-DCs) will likely begin in
the near future despite the fact that there are few reports investi-
gating the interaction between Hh signaling and Mo-DCs in
immunotherapy.

DCs are specialized antigen-presenting cells that initiate the
primary T-cell immune response [15]. Re-vaccination with self-de-
rived DCs pulsed with tumor associated antigens (TAAs), tumor
specific peptide vaccination, and activated TNK lymphocytes
including cytotoxic T lymphocytes are the three standard immuno-
therapies used today. In immunotherapy using Mo-DCs, donor-de-
rived immature Mo-DCs (imMo-DCs) are injected locally into the
tumor and mature Mo-DCs (mMo-DCs) pulsed with TAAs are
administrated superficially into the lymph nodes. It has been re-
ported that the oxygen levels are near 5.3% in mixed venous blood,
3.3–7.9% in well-vascularized organs, 1.3% in tumor tissues, and
0.5% in lymphoid organs [16,17]. Thus, DCs function in 0.5–8% O2

conditions. Therefore, the Mo-DCs used in immunotherapy are har-
vested and induced under normoxic conditions ex vivo, are directly
injected into the tumor or lymphoid tissue, and are expected to
function well in these hypoxic conditions without an adjustment
period [18]. In addition, some authors have shown that Hh signal-
ing plays a pivotal role in DC function [19,20]. However, these re-
sults were ascertained using DCs from mice or non-cancerous
volunteers and tested under normoxic culture conditions. Impor-
tantly, we have shown that the functions of Mo-DCs from patients
with advanced cancer were impaired compared with those of Mo-
DCs from healthy volunteers [21]. Thus, a better understanding of
the functions of Mo-DCs derived from patients with advanced can-
cer and cultured under hypoxia is essential to improve the effect of
immunotherapy. In the present study, we asked if Hh inhibition
using Cyclopamine affected the function of Mo-DCs derived from
patients with advanced cancer and cultured under hypoxic
conditions.
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2. Patients and methods

2.1. Patients

Twenty-seven patients enrolled in this study underwent cancer
immunotherapy at the Fukuoka General Cancer Clinic (Fukuoka, Ja-
pan). The patient characteristics are shown in Supplementary Ta-
ble 1. Written informed consent was obtained from all individuals.
2.2. Cells and culture conditions

Human peripheral blood mononuclear cells (PBMCs) were col-
lected by apheresis (Haemonetics Co, Stoughton, MA, USA) prior
to immunotherapy and stored at �80 �C until used. Thawed PBMCs
were cultured in RPMI-1640 (Nipro, Osaka, Japan) supplemented
with 0.5% human serum, 100 lg/ml penicillin (Meijiseika, Tokyo,
Japan) and 100 lg/ml streptomycin (Meijiseika) (hereafter referred
to as RPMI medium). After overnight culture, the non-attached
cells were removed and used as lymphocytes. Adherent cells were
cultured in RPMI medium supplemented with GM-CSF (100 ng/ml,
North China Pharmaceutical Group Corporation-Gene Tech, China)
and IL-4 (50 ng/ml, Osteogenetics, Wuerzburg, Germany) for 5–
7 days to induce imMo-DC. To induce maturation, 1 lg/ml of LPS
(Sigma, St Louis. MO, USA) was added for an additional 2 days.
Smo inhibitor, cyclopamin (Certificate of Analysis, North York, Can-
ada), was diluted in 99% ethanol. As hypoxic condition, cells were
cultured in 1% O2, 5% CO2, and 94% N2 using a multigus incubator
(Sanyo, Tokyo, Japan).
2.3. Reverse transcription (RT)-PCR

Total RNA was extracted by using High Pure RNA Isolation kit
(Roche Diagnostics Gmbh, Mannheim, Germany) according to the
manufacturer’s instructions. The sequences of the primers used
were: Gli1 forward, 50-TACATCAACTCCGGCCAATAGG-30, reverse,
50-CGGCGGCTGACAGTATAGGCA-30, Smo forward, 50-CTGCACA-
CACTCACCTCTAA-30, reverse, 50-AAGCTTTCTTGCCTGGCTGA-30,
Shh forward, 50-ACCATTCTCATCAACCGGGT-30, reverse, 50-ATT-
TGGTAGAGCAGCTGCGA-30, and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) forward, 50-CCACCCATGGCAAATTC-
CATGGCA-30, reverse, 50-TCTAGACGGCAGGTCAGGTCCACC-30.
Amplification conditions comprised an initial denaturation step
for 2 min at 95 �C followed by 30 cycles of 94 �C for 1 min, 58 �C
for 1 min and 72 �C for 2 min. RT-PCR products were separated
on 2% agarose gels and visualized using ethidium bromide on a
Molecular Imager FX (Bio-Rad, Hercules, CA).
2.4. Random migration and chemotaxis assay

The migration of Mo-DCs was assessed by migration through
transwell inserts (8.0-lm pore size; BD Biosciences, Heidelberg,
Germany). Then 5 � 104 cells were added to the upper chamber
and incubated for 16 h under normoxia and hypoxia. After incuba-
tion, all cells that had migrated to the lower side were counted un-
der a light microscope (BX50; Olympus, Tokyo, Japan). For
chemotaxis assays, 100 ng/ml of recombinant human RANTES
(CCL5, Peprotech, Rocky Hill, NJ, USA) or 6Ckine (CCL21, Peprotech)
were added to the lower chamber and a filter (8.0-lm pore size)
was placed in the well. Then 5 � 104 cells were added to the upper
chamber and incubated for 5 h under normoxia and hypoxia. After
incubation, all cells that had migrated from the upper to the lower
side of the filter were counted under a light microscope (BX50;
Olympus).
2.5. Fluorescence activated cell sorting (FACS) analysis

Mo-DCs were incubated for 1 h with fluorescein isothiocyanate
(FITC)-conjugated anti-CD83 and HLA-ABC mAbs or Phycoerythrin
(PE)-conjugated anti- CD86 and HLA-DR mAbs (BD Pharmingen,
San Diego, CA, USA). Mouse IgG was used as an isotype control
(BD Pharmingen). The fluorescence intensity of the gated Mo-DC
population was measured using a FACSCalibur flow cytometer
(BD Pharmingen) and analyzed with CellQuest software (BD
Pharmingen).

2.6. Enzyme-linked immunosorbent assay (ELISA)

Mo-DCs were cultured with 0.05 KE/ml of streptococcal prepa-
ration, OK-432 (Chugai Pharma Co., Tokyo, Japan) for 16 h under
normoxia and hypoxia. Then the concentrations of IL-12 p40 and
IL-12 p70 in the supernatant were evaluated by ELISA according
to the manufacturer’s instructions (Biosource, Carlsbad, CA, USA).
The detection limit of the assay was 0.5 pg/ml.

2.7. Evaluation of phagocytosis

Fluorescent polystyrene latex microspheres (1.00 lm, Cosmo
Bio Co., Ltd., Tokyo, Japan), first coated in serum (opsonization),
were added to the RPMI medium for 3 h at 37 �C or 4 �C under nor-
moxia and hypoxia. The Mo-DCs were washed, and the fluores-
cence intensity in the gated Mo-DC population was measured by
FACS analysis.

2.8. Allogeneic T-cell proliferation assay

Lymphocytes were labeled with 2 lM carboxyfluorescein diac-
etate succinimidyl ester (CFSE, Molecular Probes, Leiden, Nether-
lands) in PBS at 37 �C for 10 min. Then lymphocytes were co-
cultured with allogeneic Mo-DCs at a 1:7.5, 1:15, or 1:30 Mo-DC/
lymphocytes ratio for 5 days under normoxic and hypoxic condi-
tions. Lymphocyte proliferation was assessed by the CFSE dilution
method.

2.9. Statistical analysis

An unpaired two-tailed Student’s t-test was used for statistical
analysis. A p-value of <0.05 was considered significant.

3. Results

3.1. The Hh inhibitor, cyclopamine, decreased proliferation and
migration of Mo-DCs

First, the expressions of Hh signaling related molecules in Mo-
DCs were evaluated by RT-PCR. Gli1 and Smo mRNA were detected
but Shh mRNA was not detected (Fig. 1A). Morphologically, cyclop-
amine did not affect imMo-DC morphology. The Mo-DCs showed a
spindle-like morphology during the LPS treatment; however,
cyclopamine-treated Mo-DCs remained round even during LPS
treatment (Fig. 1B). Next we investigated whether cyclopamine af-
fected the number of induced Mo-DCs. Cyclopamine significantly
affected the number of generated Mo-DCs both under normoxic
and hypoxic conditions (Fig. 1C).The ability to migrate is also an
important function of Mo-DCs. As such, we evaluated nondirec-
tional migration and chemotaxis in hypoxic conditions. Cyclop-
amine significantly decreased the capacity of random migration
of imMo-DCs (Fig. 1D) and mMo-DCs (Fig. 1E) both under normox-
ic and hypoxic conditions. Then we used CCL5 and CCL21 as
chemotaxic factors for the imMo-DCs and mMo-DCs, respectively.



Fig. 1. Proliferation and migration were impaired in cyclopamine-treated Mo-DCs in hypoxia. (A) Representative results of Hh signaling molecule expression (Gli1, Smo, and
Shh) by RT-PCR. (B) Representative images of cyclopamine-treated imMo-DCs and mMo-DCs. After the induction of Mo-DCs for 5 days, 10 lM of cyclopamine and/or 1 lg/ml
of LPS were added to the culture for an additional two days under hypoxia. Pictures were obtained by phase contrast microscopy. Original magnification is �200. (C) Induced
imMo-DCs. After monocytes were co-cultured with 100 ng/ml of GM-CSF and 50 ng/ml of IL-4 for 5 days, 10 lM of cyclopamine or 99% ethanol were added to the culture.
After an additional 3 days of culture under normoxia and hypoxia, cell number was counted by light microscopy. (D and E) Random migration ability of Mo-DCs. Fifty
thousand imMo-DCs (D) or mMo-DCs (E) were applied to the upper chamber and were cultured for 16 h under normoxia and hypoxia. Cells that had migrated from the upper
to the lower side of the filter were counted using a light microscope. (F and G) Chemotaxis in Mo-DCs. Recombinant human RANTES (100 ng/ml, CCL5) and 6Ckine (100 ng/ml,
CCL21) were added to the lower chamber. Then 50,000 imMo-DCs (F) or mMo-DCs (G) were applied to the upper chamber and were cultured for 5 h under normoxia and
hypoxia. Cells that had migrated from the upper to the lower side of the filter were counted using a light microscope. The graph shows mean ± SD. ⁄p < 0.05.
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In the chemotaxis assay, the number of cells that migrated was sig-
nificantly reduced by cyclopamine treatment in both imMo-DCs
(Fig. 1F) and mMo-DCs (Fig. 1G) both under normoxic and hypoxic
conditions.

3.2. Cyclopamine reduced antigen presentation-related molecules of
Mo-DCs

Antigen presentation-related molecules such as HLA-ABC,
HLA-DR, and CD86 are important for Mo-DC antigen presentation
to T cells, and CD83 is used as an index of maturation. Thus,
HLA-ABC, HLA-DR, CD83, and CD86 expressions in imMo-DCs
and mMo-DCs were analyzed by FACS. First, Mo-DC cell size and
complexity were evaluated by forward scatter (FSC) and side scat-
ter (SSC), respectively. Cyclopamine significantly decreased cell
size as determined by FSC; however, it did not affect the complex-
ity of the cells as determined by SSC (Fig. 2A). LPS treatment
successfully increased CD86, CD83, and HLA-ABC expression under
hypoxia. Cyclopamine treatment decreased CD86 expression on
imMo-DCs and both CD86 and HLA-DR expression on mMo-DCs
under hypoxia (Fig. 2B). These results were almost the same as
those under normoxia (Supplementary fig. 1). Interestingly, LPS
treatment decreased HLA-DR expression on cyclopamine-treated
Mo-DCs and cyclopamine treatment increased CD83 expression
on mMo-DCs under hypoxia, but not under normoxia (Fig. 2B
and Supplementary fig. 1).



Fig. 2. Expression of antigen presentation-related molecules was impaired in cyclopamine-treated Mo-DCs under hypoxia. (A and B) Size and complexity of Mo-DCs. After the
induction of Mo-DCs for 5 days, 10 lM of cyclopamine and/or 1 lg/ml of LPS were added to the cultures for an additional two days under hypoxia. Then FSC (A) and SSC (A),
and expressions of CD86 (B), HLA-DR (B), CD83 (B), and HLA-ABC (B) were evaluated by FACS. The graph shows mean ± SD. ⁄p < 0.05.
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Fig. 3. Phagocytic ability, IL-12 secretion and proliferative capacity of allogeneic lymphocytes were impaired in cyclopamine-treated Mo-DCs. (A-D) Phagocytic ability of Mo-
DCs. After the induction of Mo-DCs for 5 days, 10 lM of cyclopamine and/or 1 lg/ml of LPS were added to the culture for an additional 2 days under normoxia and hypoxia.
Immature Mo-DCs and mMo-DCs were cultured with opsonized FITC beads for 5 h at 37 �C or 4 �C under normoxia (A and C) and hypoxia (B and D). Then the amount of FITC
positive Mo-DCs was expressed as percent-positive Mo-DCs by FACS. The results from the 4 �C culture were used as control. A graph of percent-positive cells from the imMo-
DCs (A and B) and mMo-DCs (C and D), respectively, are shown. (E-H) IL-12 secretion by cyclopamine-treated Mo-DCS. After imMo-DCs were co-cultured with 10 lM of
cyclopamine and/or 0.05 KE/ml of OK-432 for 16 h under normoxia (E and G) and hypoxia (F and H), IL-12 p40 (E and F) and IL-12 p70 (G and H) concentrations in the
supernatant were evaluated by ELISA. (I and J) Mature Mo-DCs were co-cultured with CFSE labeled allogeneic lymphocytes at a ratio of 1:7.5, 1:15, or 1:30 (Mo-
DCs:lymphocytes) for 5 days under normoxia (I) and hypoxia (J). The mean value of proliferated allogeneic lymphocytes (CFSE-reducing lymphocytes) was measured by FACS.
The graph shows mean ± SD. ⁄p < 0.05.
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3.3. Cyclopamine decreased phagocytosis, IL-12 secretion, and
allogeneic lymphocyte proliferation ability

Phagocytosis is another important function in the presentation
of antigens. The phagocytic ability of Mo-DCs was analyzed and
was significantly decreased in imMo-DCs and mMo-DCs after
cyclopamine treatment under normoxia and hypoxia (Fig. 3A–D).
IL-12 secretion is also an important function of imMo-DCs required
to induce Th1 immunity. The IL-12 p70 heterodimer, which is com-
posed of a p35 and a p40 subunit, is the biologically active form of
IL-12 [22]. When imMo-DCs were stimulated by streptococcal
preparation, OK-432 under normoxia and hypoxia, IL-12 p40 and
IL-12 p70 secretion significantly increased. However cyclopamine
treatment significantly abrogated IL-12 p40 and IL-12 p70 secre-
tion (Fig. 3E–H). Next, to estimate the capacity of mMo-DCs to
stimulate alloreactive lymphocytes, mMo-DCs were co-cultured
with CFSE-labeled allogeneic lymphocytes. The capacity of prolifer-
ating allogeneic lymphocytes (CFSE-reducing lymphocytes) in
cyclopamine-treated mMo-DC co-culture was significantly lower
than that in control both under normoxia (Fig. 3I) and hypoxia
(Fig. 3J).
4. Discussion

In the present study, we focused on characterizing Mo-DCs iso-
lated from patients with advanced cancer and cultured under hyp-
oxic conditions. We used Gli1 as an index of Hh signaling because
Gli1 is both a transcription factor and a target gene of the pathway.
Importantly, the Hh-related molecules Gli1 and Smo were detected
in induced Mo-DCs. However, Shh was not detected in the Mo-DCs
despite having been reported to be expressed in human thymic
DCs [19,20]. To activate the Mo-DCs that we induced and adminis-
tered in vivo as immunotherapy, Shh stimulation by other cell
types such as tumor infiltrating macrophage or the cancer cell it-
self may be occurring [5,23].
Fig. 4. Schematic representation of this study’s results. The Hh inhibitor cyclopamine inh
and the allogeneic lymphocyte stimulatory effects of Mo-DCs (red lines). These decrease
hand, the Hh inhibitor is reported to have its own anti-tumor effect (blue arrow); th
interpretation of the references to colour in this figure, the reader is referred to the web
The expressions of antigen presentation-related molecules such
as CD83, CD86, and HLA-ABC were significantly increased by LPS
treatment, suggesting that Mo-DC maturation was successfully in-
duced. Interestingly, LPS decreased HLA-DR expression on cyclop-
amine-treated Mo-DCs. In addition, in contrast to the findings of
Ogino et al. [18], HLA-DR expression did not significantly increase
from LPS treatment in our study. Our results regarding HLA-DR
expression are more consistent with Scott-Taylor’s results, which
demonstrated that Mo-DCs retained their MHC class II in the cyto-
plasm during the maturation process [24]. Therefore, one reason
our results regarding HLA-DR expression may differ is that the
HLA-DR molecule is internalized by LPS treatment. Another reason
could be that our Mo-DCs were derived from patients with ad-
vanced cancer and were frozen as PBMCs before use. Interestingly,
our finding that cyclopamine increased CD83 expression in mMo-
DCs was novel. The function of CD83 is still controversial; however,
it was reported that the loss of CD83 resulted in the impairment of
T-cell activation by DCs [25,26]. We have shown that silencing of
HIF-1a in hypoxia-induced mMo-DCs reduced CD83 expression
[18]. The reason why CD83 is induced by cyclopamine in mMo-
DCs is still unclear.

In our phagocytosis assays, the mMo-DCs showed increased
nonspecific bead binding which is shown at 4 �C results, compared
with imMo-DCs, suggesting that more co-stimulatory molecules
were expressed in mMo-DCs and that the beads bound nonspecif-
ically. When we induce Mo-DCs pulsed with TAAs, we first co-cul-
ture imMo-DCs with the TAAs to allow phagocytosis, and then we
induce maturation and administer the cells in vivo. In some institu-
tions, mMo-DCs only pulsed with TAAs are administered in vivo.
Because imMo-DCs show high levels of phagocytosis and mMo-
DCs revealed robust expressions of co-stimulatory molecules that
bind TAAs, it is likely that both methods are useful for the induc-
tion of Mo-DCs in vivo.

Fig. 4 summarizes the results in this study. After antigen cap-
ture and processing, imDCs move to the lymph nodes and stimu-
late naive T cells [15]. Cyclopamine inhibited almost all of the
steps required for antigen presentation in naive T cells under hyp-
ibits proliferation, phagocytosis, migration, chemotaxis, maturation, IL-12 secretion,
d functions may lead to a decrease in anti-tumor effects (dotted line). On the other
us, the Hh inhibitor may act as an inhibitor and stimulant in some cancers. (For

version of this article.)



H. Onishi et al. / Biochemical and Biophysical Research Communications 436 (2013) 53–59 59
oxic conditions. Cyclopamine may elicit anergy and induce immu-
nity to Th2 in cancer patients. Some authors have reported that
Shh treatment upregulated Hh signaling in DCs [19,20]. Therefore,
Shh administration may be an option in cyclopamine treatment.
However, because several kinds of cancer also show activated Hh
signaling and cyclopamine itself has anti-tumor effects [27,28].
Thus, Shh administration seems counterintuitive. Molecular target
drugs may be used with chemodrugs in anticipation of a synergic
effect. However, previously we showed that cyclopamine de-
creased the chemosensitivity of 5-FU and gemcitabine during com-
bination use [13]. Because of this and our results, synergic effects
between combination immunotherapy and cyclopamine appear
unlikely. Because the Hh inhibitor negatively affects the beneficial
functions of Mo-DCs, administration of Mo-DCs after therapy with
the Hh inhibitor or administration of mMo-DCs may be better in
immunotherapy.

In the present study, our results suggest that Hh signaling plays
pivotal role in the maintenance and functions of Mo-DCs derived
from patients with advanced cancer. Because cyclopamine may
act as both inhibitor and stimulant of cancer cells, we should use
caution when using combination therapies with Hh inhibitors, par-
ticularly during immunotherapy using Mo-DCs derived from pa-
tients with advanced cancer.

Acknowledgments

We thank Ms Kaori Nomiyama for her skillful technical assis-
tance. This study was supported by JSPS KAKENHI Grant Number
23591894.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bbrc.2013.05.057.

References

[1] P.W. Ingham, A.P. McMahon, Hedgehog signaling in animal development:
paradigms and principles, Genes Dev. 15 (2001) 3059–3087.

[2] A.P. McMahon, P.W. Ingham, C.J. Tabin, Developmental roles and clinical
significance of hedgehog signaling, Curr. Top. Dev. Biol. 53 (2003) 1–114.

[3] J.E. Hooper, M.P. Scott, Communicating with Hedgehogs, Nat. Rev. Mol. Cell
Biol. 6 (2005) 306–317.

[4] H. Onishi, M. Katano, Hedgehog signaling pathway as a therapeutic target in
various types of cancer, Cancer Sci. 102 (2011) 1756–1760.

[5] C. Kameda, M. Nakamura, H. Tanaka, A. Yamasaki, M. Kubo, M. Tanaka, H.
Onishi, M. Katano, Oestrogen receptor-alpha contributes to the regulation of
the hedgehog signalling pathway in ERalpha-positive gastric cancer, Br. J.
Cancer 102 (2010) 738–747.

[6] S. Nagai, M. Nakamura, K. Yanai, J. Wada, T. Akiyoshi, H. Nakashima, K.
Ohuchida, N. Sato, M. Tanaka, M. Katano, Gli1 contributes to the invasiveness
of pancreatic cancer through matrix metalloproteinase-9 activation, Cancer
Sci. 99 (2008) 1377–1384.

[7] M. Souzaki, M. Kubo, M. Kai, C. Kameda, H. Tanaka, T. Taguchi, M. Tanaka, H.
Onishi, M. Katano, Hedgehog signaling pathway mediates the progression of
non-invasive breast cancer to invasive breast cancer, Cancer Sci. 102 (2011)
373–381.

[8] C. Zhao, A. Chen, C.H. Jamieson, M. Fereshteh, A. Abrahamsson, J. Blum, H.Y.
Kwon, J. Kim, J.P. Chute, D. Rizzieri, M. Munchhof, T. VanArsdale, P.A. Beachy, T.
Reya, Hedgehog signalling is essential for maintenance of cancer stem cells in
myeloid leukaemi, Nature 458 (2009) 776–779.

[9] E.E. Bar, A. Chaudhry, A. Lin, X. Fan, K. Schreck, W. Matsui, S. Piccirillo, A.L.
Vescovi, F. DiMeco, A. Olivi, C.G. Eberhart, Cyclopamine-mediated hedgehog
pathway inhibition depletes stem-like cancer cells in glioblastoma, Stem Cells
25 (2007) 2524–2533.

[10] M.R. Tremblay, A. Lescarbeau, M.J. Grogan, Discovery of a potent and orally
active hedgehog pathway antagonist (IPI-926), J. Med. Chem. 52 (2009) 4400–
4418.

[11] C.M. Rudin, C.L. Hann, J. Laterra, R.L. Yauch, C.A. Callahan, L. Fu, T. Holcomb, J.
Stinson, S.E. Gould, B. Coleman, P.M. LoRusso, D.D. Von Hoff, F.J. de Sauvage,
J.A. Low, Treatment of medulloblastoma with hedgehog pathway inhibitor
GDC-0449, N. Engl. J. Med. 361 (2009) 1173–1178.

[12] S.X. Atwood, A.L. Chang, A.E. Oro, Hedgehog pathway inhibition and the race
against tumor evolution, J. Cell Biol. 199 (2012) 193–197.

[13] H. Onishi, Y. Morifuji, M. Kai, K. Suyama, H. Iwasaki, M. Katano, Hedgehog
inhibitor decreases chemosensitivity to 5-fluorouracil and gemcitabine under
hypoxic conditions in pancreatic cancer, Cancer Sci. 103 (2012) 1272–1279.

[14] S. Katagiri, T. Tauchi, S. Okabe, Y. Minami, S. Kimura, T. Maekawa, T. Naoe, K.
Ohyashiki, Combination of ponatinib with hedgehog antagonist vismodegib
for therapy-resistant BCR-ABL1 positive leukemia, Clin. Cancer Res. 19 (2013)
1422–1432.

[15] J. Banchereau, R.M. Steinman, Dendritic cells and the control of immunity,
Nature 392 (1998) 245–252.

[16] C.C. Caldwell, H. Kojima, D. Lukashev, J. Armstrong, M. Farber, S.G. Apasov,
M.V. Sitkovsky, Differential effects of physiologically relevant hypoxic
conditions on T lymphocyte development and effector functions, J. Immunol.
167 (2001) 6140–6149.

[17] S. Höckel, K. Schlenger, P. Vaupel, M. Höckel, Association between host tissue
vascularity and the prognostically relevant tumor vascularity in human
cervical cancer, Int. J. Oncol. 19 (2001) 827–832.

[18] T. Ogino, H. Onishi, H. Suzuki, T. Morisaki, M. Tanaka, M. Katano, Inclusive
estimation of complex antigen presentation functions of monocyte-derived
dendritic cells differentiated under normoxia and hypoxia conditions, Cancer
Immunol. Immunother. 61 (2012) 409–424.

[19] R. Sacedón, B. Díez, V. Nuñez, C. Hernández-López, C. Gutierrez-Frías, T.
Cejalvo, S.V. Outram, T. Crompton, A.G. Zapata, A. Vicente, A. Varas, Sonic
hedgehog is produced by follicular dendritic cells and protects germinal center
B cells from apoptosis, J. Immunol. 174 (2005) 1456–1461.

[20] A. Varas, C. Hernández-López, J. Valencia, S. Mattavelli, V.G. Martínez, L.
Hidalgo, C. Gutiérrez-Frías, A.G. Zapata, R. Sacedón, A. Vicente, Survival and
function of human thymic dendritic cells are dependent on autocrine
Hedgehog signaling, J. Leukoc. Biol. 83 (2008) 1476–1483.

[21] H. Onishi, T. Morisaki, E. Baba, H. Kuga, H. Kuroki, K. Matsumoto, M. Tanaka, M.
Katano, Dysfunctional and short-lived subsets in monocyte-derived dendritic
cells from patients with advanced cancer, Clin. Immunol. 105 (2002) 286–295.

[22] K. Abdi, IL-12: the role of p40 versus p75, Scand. J. Immunol. 56 (2002) 1–11.
[23] A. Yamasaki, C. Kameda, R. Xu, H. Tanaka, T. Tasaka, N. Chikazawa, H. Suzuki, T.

Morisaki, M. Kubo, H. Onishi, M. Tanaka, M. Katano, Nuclear factor kappaB-
activated monocytes contribute to pancreatic cancer progression through the
production of Shh, Cancer Immunol. Immunother. 59 (2010) 675–686.

[24] T.H. Scott-Taylor, M.R. Green, M. Raeiszadeh, S. Workman, A.D. Webster,
Defective maturation of dendritic cells in common variable immunodeficiency,
Clin. Exp. Immunol. 145 (2006) 420–427.

[25] N. Hirano, M.O. Butler, Z. Xia, S. Ansén, M.S. von Bergwelt-Baildon, D. Neuberg,
G.J. Freeman, L.M. Nadler, Engagement of CD83 ligand induces prolonged
expansion of CD8+ T cells and preferential enrichment for antigen specificity,
Blood 107 (2006) 1528–1536.

[26] C. Aerts-Toegaert, C. Heirman, S. Tuyaerts, J. Corthals, J.L. Aerts, A. Bonehill, K.
Thielemans, K. Breckpot, CD83 expression on dendritic cells and T cells:
correlation with effective immune response, Eur. J. Immunol. 37 (2007) 686–
695.

[27] H. Onishi, M. Kai, S. Odate, H. Iwasaki, Y. Morifuji, T. Ogino, T. Morisaki, Y.
Nakashima, M. Katano, Hypoxia activates the hedgehog signaling pathway in a
ligand-independent manner by upregulation of Smo transcription in
pancreatic cancer, Cancer Sci. 102 (2011) 1144–1150.

[28] M. Kai, H. Onishi, M. Souzaki, H. Tanaka, M. Kubo, M. Tanaka, M. Katano, Semi-
quantitative evaluation of CD44(+)/CD24(�) tumor cell distribution in breast
cancer tissue using a newly developed fluorescence immunohistochemical
staining method, Cancer Sci. 102 (2011) 2132–2138.

http://dx.doi.org/10.1016/j.bbrc.2013.05.057
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0005
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0005
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0010
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0010
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0015
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0015
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0020
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0020
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0025
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0025
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0025
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0025
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0030
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0030
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0030
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0030
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0035
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0035
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0035
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0035
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0040
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0040
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0040
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0040
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0045
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0045
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0045
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0045
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0050
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0050
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0050
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0055
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0055
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0055
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0055
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0060
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0060
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0065
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0065
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0065
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0070
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0070
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0070
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0070
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0075
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0075
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0080
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0080
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0080
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0080
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0085
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0085
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0085
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0090
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0090
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0090
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0090
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0095
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0095
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0095
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0095
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0100
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0100
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0100
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0100
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0105
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0105
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0105
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0110
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0115
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0115
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0115
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0115
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0120
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0120
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0120
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0125
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0125
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0125
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0125
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0125
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0130
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0130
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0130
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0130
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0135
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0135
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0135
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0135
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0140
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0140
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0140
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0140
http://refhub.elsevier.com/S0006-291X(13)00849-8/h0140

	The Hedgehog inhibitor suppresses the function of monocyte-derived dendritic cells from patients with advanced cancer under hypoxia
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Cells and culture conditions
	2.3 Reverse transcription (RT)-PCR
	2.4 Random migration and chemotaxis assay
	2.5 Fluorescence activated cell sorting (FACS) analysis
	2.6 Enzyme-linked immunosorbent assay (ELISA)
	2.7 Evaluation of phagocytosis
	2.8 Allogeneic T-cell proliferation assay
	2.9 Statistical analysis

	3 Results
	3.1 The Hh inhibitor, cyclopamine, decreased proliferation and migration of Mo-DCs
	3.2 Cyclopamine reduced antigen presentation-related molecules of Mo-DCs

	3.3 Cyclopamine decreased phagocytosis, IL-12 secretion, and allogeneic lymphocyte proliferation ability
	4 Discussion
	Acknowledgments
	Appendix A Supplementary data
	References


