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ABSTRACT

Dendritic cells (DCs) are the most powerful APCs in the immune system. Both immunity and immune
tolerance are controlled by the DCs which are at the centre of the immune system. They have a higher ability to
trigger Ag-specific immune responses and promote both adaptive immunity and innate immunity. Therapeutic
immunity against cancer can be targeted by DCs. Treatment of tumours in cancer immunotherapy is harnessed by
the capacity and specificity of the immune system. Autologous Ag-specific T cells are proliferated ex vivo and then
re-infused into patients or through vaccination; that is, the provision of an Ag together with an adjuvant to elicit
therapeutic T cells in vivo. DC vaccine appears to have potential to increase overall survival with minimal
complications. However, still certain problems has to be met during vaccination, such as targeting specific or
associated Ags, adjuvants, clinical status, and the evaluation of the response.
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1. INTRODUCTION

The dendritic, non-pigmentary cells present in the epidermis of the human skin nerves were regarded as
intraepidermal receptors for extra cutaneous signals of the nervous system. Before the immunological importance
and function was recognized, these cells were a problem to be solved to dermatologists (Langerhans, 1868). Dendritic
cells (DCs) are present in tissues that are uncovered to the external environment, such as the skin (Langerhans cell)
and the inner lining of the nose, lungs, stomach and intestines. The peripheral cells of the immune system are
represented by the Langerhans cells in the epidermis (Silberberg, 1973). Langerhans cells are the well-studied
immature dendritic cells (mDC) subset. DCs are also present in an immature state in the blood. Upon activation, they
migrate to the lymph nodes where they interact with T cells and B cells to initiate and process the adaptive immune
response.

DCs have been found in adherent cell populations prepared from mouse peripheral lymphoid organs (spleen,

lymph node, Peyer's patch). These cells have clearly different morphological characteristics such as large, retractile
nucleus contorted in shape, and containing two small nucleoli. The cytoplasm is abundant and arranged in processes
of varied length and width containing many large spherical mitochondria. During development, they grow into
branched projections, the dendrites and hence its name. Though similarity in appearance to neurons is seen, they are
largely distinct in function. As they possess large cytoplasmic 'veils', mDCs are also called veiled cells rather than
dendrites. The term “dendritic cell” was proposed for this novel cell type (Steinman and Cohn, 1973).
Dendritic Cells: DCs are antigen presenting cells (APCs) of the mammalian immune system. Their main duty is to
process antigen (Ag) material and present it on the surface of the cell to the T cells of the immune system. They act
as message carriers between the innate and the adaptive immune systems. Under the control of dendritic cells, B and
T lymphocytes mediate the immunity. To initiate immune responses, DCs in the periphery capture and process Ags;
express lymphocyte co-stimulatory molecules, migrate to lymphoid organs and secrete cytokines. Autoimmune
reactions can be minimized by not only activating the lymphocytes but also tolerize T cells to Ags that are innate to
the body (self-Ags). DCs are a successful tool for manipulating the immune system. (Banchereau and Steinman,
1998). The Nobel Prize in Physiology/Medicine 2011 was shared, half jointly to Bruce A. Beutler and Jules A.
Hoffmann "for their discoveries relating the activation of innate immunity" and the other half to Ralph M.
Steinman "for his discovery of DCs and its role in adaptive immunity" (Bruce, Hoffmann and Steinman, 2011).

The role of innate immunity was re-addressed with the discovery of a new class of receptors; involved in the
recognition of defined groups of microorganisms was a sophisticated discriminating system that uses a broad innate
receptor repertoire to sense the nature of the environmental perturbation (Medzhitov and Janeway, 1997). The type
of innate response that follows microbial recognition is dictated by different types of effector responses. The
responses of the innate immune could be activated via receptors, which were named pattern recognition receptors
(PRR), able to recognize microbial associated molecular patterns (Janeway, 1992). The recognition of the Toll-like
receptor (TLR) family members able to bind specific receptors of a large variety of pathogens has provided evidence
to this new theory (Medzhitov, 1997). As DCs induce adaptive immune responses, they were called the “natural
adjuvants” (Banchereau and Steinman, 1998; Ibrahim, 1995; Steinman, 1991). During infections, the activation and
control of both the innate and adaptive immune responses, DCs represent a special class of leukocytes able the
immune system attentive (Steinman and Dhodapkar, 2001; Zitvogel, 2002). After Ag uptake, DC efficiently process
Ags for their presentation in association with the Major Histocompatibility complex (MHC) molecules. However,
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DCs must be completely matured, before priming the adaptive immune response which is initiated by direct exposure
to TLR ligands or to other receptors of the innate receptor repertoire. DC activation happens upon interaction with
the pathogens that leads to their migration to the T cell-area of lymph nodes where the adaptive immune response
can be primed with the Ag-specific cells. The high plasticity of the DC signals determines a particular DC function
and finally the type of adaptive immune response depend mostly on the local microenvironment and on the
interaction between the DC and the microbial signals. These interactions are complex and very different from one

pathogen to another (Fig.1). -
Antigen and adjuvant ?cl'l\i\'mion CDS T cell
5O
ﬁo MHC o

\ I Co-stimulator
/ ULBE, n(/ CD4Teell
Uptake R 7T Thimh2
TLR — & e
Immature DC \ S Beell
Mature DC Ab

o production

et [FN-1,
cytokines,
RDC chemokines

Figure.l. Role of human TLRs in mDC maturation followed by activation of various lymphocytes
(Source: Seya, 2006)

mDCs residing in local tissue undergo maturation upon phagocytosis of exogenous Ag and pattern molecule
(namely adjuant). Induce of interferons (IFNs), cytokines and chemokines is by mDC, and allow the upregulation of
co-stimulators, natural killer (NK)-activating ligands [UL-16 binding protein (ULBP), MHC class | polypeptide-
related sequence (MIC), etc] and MHC, activate a variety of lymphocytes during maturation. The properties of
adjuvants determine the maturation events. Induction of CD8+ cytotoxic T-lymphocyes (CTL) by mDCs is switched
by adjuvant (Seya, 2006).

Dendritic Cell subtypes: Haematopoietic precursors of DC originate from bone marrow. Different subtypes were
identified on the basis of expression of specific markers and tissue distribution (Ardavin, 2003; Ardavin, 2001;
Shortman and Liu, 2002). Origin of human DC subtypes was possible from in vitro studies. Blood monocyte
culturing may result in DCs. mDC, expressing low levels of CD86 and MHC class Il can be differentiated from
monocytes in the presence of granulocute macrophage colony stimulating factor (GM-CSF) and interlukein (IL)-4.
Maturity of DC phenotype showing high levels of MHC class 11 and costimulatory molecules happen by incubating
with inflammatory products (Sallusto and Lanzavecchia, 1994). CD11c CD45RA+ CD123+ found in blood and
lymphoid tissue are a second human DC subtype, IFN-producing plasmacytoid DC (Kadowaki and Liu, 2002).
Plasticity of Dendritic Cells: Induction of the immunological response happens by two major immunotherapeutic
strategies:

e Use of DCs for the activation of the immune system is active immunotherapy;

o Use of Ag-specific T lymphocytes or components of the immune system (anti-tumour antibodies) is passive

immunotherapy.

Studies by using DCs in anti-tumour immunotherapy on animal models have observed triggering of the cell
humoral response in some and immune response in others when DCs generated ex-vivo and activated with specific
tumour Ags. Other studies resulted in better prognosis for the disease in classical therapy combined with DCs. For
the determination of DC efficacy in different types of cancer treatment, different clinical protocols were developed.
The problem faced in DC culture is to obtain a homogeneous DC population is to obtain high purity initial monocyte
population (Lewis, 2006). In comparison to standard vaccines used for disease prevention, vaccines based on DCs
used for anti-tumour treatment are developed exclusively to induce the immunological system to react vigorously
against disorder (Durrant and Ramage, 2005; Wack and Rappuoli, 2005).

A standard method for the isolation of a monocyte population from mononuclear cells was modified
involving a second Percoll gradient after the Ficoll gradient, result in the enhanced monocyte population of high
purity (> 90%). Increase in the expression of the DCla+ molecule was found similar in both induced with tumour
necrosis factor (TNF)-a or prostaglandin E (PGE:) and those obtained after induction with TNF-a + PGE; or
lipopolysaccharide (LPS). DC maturation can be triggered by LPS, because of its high toxicity, cannot be used in
clinical assays. Analysis by protein profiling showed the expression of the co-stimulatory molecules (DC80, DC40
and DC83), the combined activity of TNF-a + PGE: is more efficient when compared to each of these agents alone.
These results explain the fact that TNF-o, PGE; and LPS induce DC maturation by different mechanisms. The
stimulus used dictates the maturation of DCs (Pereira, 2005).

DCs may activate and differentiate native CD4+ T cells into Th1 or Th2 phenotypes when bacterial LPS or
allergen is present depending on microenvironment. The combined effect of Ags with TLR ligands such as LPS

Lymphnode
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enhances DCs activities compared to Ag alone. However, it is not clear to which direction CD4+ T cells will be
polarized into in such combinations. The response of CD4+ T cell to DCs loaded with ovalbumin (OVA) or endotoxin
depleted ovalbumin (OVAep) vs. LPS-stimulated DCs. Upon exposure to Ags, DCs became matured as indicated by
up-regulation of MHC and costimulatory molecules and increased secretion of IL-10 and IL-12. Interestingly, the
levels of CD40 expression, and IL-10 and IL-12 productions appeared to be correlated with LPS levels. LPS-
stimulated DCs induced nativeCD4+ T cells to produce more IFNy while OV Agp-stimulated DCs induced T cells to
produce more IL-4. Addition of LPS into OVAep-stimulated DCs during T cell activation compromised the
production of IL-4. These results suggest that DC maturation can be polarized into type 1 (LPS-stimulated) or type
2 (Allergen-stimulated) DCs influenced by the nature of Ags. Types 1 DCs promote Th1 while Type 2DCs promotes
Th2 immune responses. The complexity of the mechanism of DC maturation depends on the different stimuli and
can modulate the plasticity of these cellsin vitro or ex-vivo. This plasticity of DCs provides flexibility for
applications in the development of DC-based vaccines (Paiboon, 2016).
Dendritic Cell vaccination against Cancer: Numerous clinical studies to evaluate therapeutic vaccination in cancer
during the past two decades assess the desired properties of vaccine-elicited CD8* T cells associated with the
rejection of cancer (Appay, 2008). These include:

o Expression of high T-cell receptor (TCR) affinity and T cell avidity for peptide MHCs on tumour cells
(Appay, 2008),

o High amounts of granzymes and perforin (Appay, 2008),

e The expression of surface molecules (e.g., CXCR3) into the tumour leading to T cell trafficking (Mullins,
2004); persistence in the tumour site e.g., integrins CD103 (Le Floc’h, 2007) and CD49a (Sandoval, 2013),
and

e Less expression of inhibitory molecules e.g., cytotoxic T-lymphocyte antigen (CTLA)-4 (Peggs, 2009) or
PD-1 (Freeman, 2006) and high expression of costimulatory molecules (e.g., CD137 (Wilcox, 2002).

The induction of such CD8* T cells by the immune system components include:

e The binding of Ag by appropriate APCs (Joffre, 2012; Lizée, 2013);

e The expression of CD4*T cells producing cytokines helping CD8* T cell multiplication and differentiation,
e.g., IL-21 (Spolski and Leonard, 2008).

Numerous ways of therapeutic vaccination against cancer are currently being pursued (Finn, 2008).
Searching for “cancer vaccines” at http://www.clinicaltrials.gov as of Sep, 2016 yields total cancer studies taken up
were 56857. Out of which studies concerned to cancer vaccines was 281 and DC Tumour studies was 12. A
commonality in these studies, and a crucial step in vaccination, is the efficient presentation of cancer Ags to T cells.
Yield of improved therapeutic vaccines may happen because DCs are the efficient APCs (Banchereau and Steinman,
1998); their diversity exploited in means of both plasticity and subsets.

Tumour-derived peptides via MHC class | are presented by CTL differentiation program upon encounter

with DCs initiated by Native CD8* T cells. This is assisted by costimulation intervened by CD80, CD70, and 4-1BB
and by DC-derived cytokines such as IL-15. XCR1 chemokine secreted by DCs provides the interaction with native
CD8* T cells. Transforming growth factor (TGF)-f expressed by DCs is critical for CD8* T cells to express CD103
and acquire a mucosal phenotype. CD8* T cell differentiation, especially generation of memory, is relied on the
quality of CD4* T cell help. The latter one is partially dependent on the IL-12 secreted by DCs. CD4* T cells
producing IFN-y and/or IL-21 can help CD8* T cell expansion and differentiation. Regulatory T-lymphocytes (Treg)
cells might play a critical role during the selection of high-avidity CD8" T cells. This might be leading to the crosstalk
between DCs and CD4* T cells where CD4" T cells control DC functions. There, T cells can suppress DCs via IL-
10 production and also regulate the production of chemokines, thereby limiting the interactions between DCs and
low-avidity T cells. CD4* T cells can also provide DC maturation signals via CD40.
Dendritic cells preparation: DCs could be derived from peripheral blood or bone marrow. Peripheral blood
mononuclear cells (PBMCs) are the main stream to generate DCs by stimulating GM-CSF and IL-4 (Gustafson,
2008). TNF-o and IL-1P were added by some investigators before DC maturation (Yamanaka, 2009), and IL-1p,
TNF-a, IFN-a and IFN-B were applied to generate aDC1 which could initiate more effective anti-tumour immune
response (Okada, 2007; Fujita, 2009). For patients without sufficient tumour tissues for tumour Ags, transfection
with mRNA or DNA into DCs to express more cytokines and co-stimulatory molecules might be feasible (Baral,
2014).
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Figure.2. DCs-based immunotherapeutic strategies (Source: Chao, 2015)

to harvest peripheral blood mononuclear cells,
to generate mDCs with cytokine stimulation,
to mature DCs by loading tumour Ags,
to transfer activated APCs back to the patients,

e to stimulate robust anti-tumour immune effector cells such as NK cells and T cells.
Antigen Loading: For Ag loading, peptide-pulsing, transfection/transduction, and protein-pulsing continue to be
used, as well as tumour lysate loading. The simple step approach has many rounds of freezing (in a dry ice/ethanol
bath at 80° C) and thawing (by37°waterbath). This method can break open cells by manner mimicking necrosis and
allow subsequent tumour protein isolation. However, there are other approaches. Upon exposure to ultra violet and
gamma irradiation, tumour cell has shown to mimic apoptosis, which delivers different signals to DC than necrotic
cells. For DC vaccine loading, tumour treatment with hypo chlorous acid before lysate purification was tested
(Chiang, 2013), and this method of oxidation and rapid necrosis may be superior (Fig.2).

The changes in tumour Ag expression when tumours are cultured in conditions of hypoxia (5% instead of

20%) may be specifically mimicking in situ hypoxic tumour oxygen levels (Olin, 2010) is another important element.
Such improved Ag preparation approaches may yield improved clinical outcomes.
Route of delivery: Based on data demonstrating that DC vaccines delivered intradermally show very low level
(<2%) migration to lymph nodes (based most often on 111in-labeling (Morse, 1999; DeVries, 2003), and that
ultrasound guided intra-nodal delivery has a risk of the vaccine being injected into fat instead of a cellular area, other
delivery routes were tested. The results showed variation in the induction of T cell response between mice and
humans, and in patients, and all the methods have proven to be immunogenic. Identification of superior routes of
delivery remain unknown without higher rates of objective clinical responses. There was no perfect correlation
between phenotypic measures, like CCR7 level on the DC surface and subsequent migration so far (Quillien, 2005).
It was assumed that the maturation cocktail used impacts migration (Quillien, 2005). Magnetic resonance imaging
(MRI)-based DC vaccine labels were tested (Helfer, 2010) and prolonged, semi-continuous intra lymphatic delivery
of DC was tested (Kalinski, 2011), continued efforts attracting DC migration in vivo and optimizing delivery routes
may Yield more potent DC vaccines. A few such DC trials are underway.

DC vaccine can be delivered subcutaneously or intramuscularly after maturation. However, the post-
injective lymphatic return rate (LRR) is always limited. So, ultrasound-guided intranodal injection (Okada, 2011)
and injection through Ommaya reservoir connected to tumour area or ventricles was also tried (Yamanaka, 2005;
Wheeler, 2010; Pellegatta, 2010). Severe complications like edema after the administration of DCs was noticed.
There is no guideline for the course of vaccine; it was deemed that both low quantity and limited dosages were likely
to limit DCs’ effect (Okada, 2009).

Combination with adjuvants or other therapies: Not only the tumour Ag, but also the specific adjuvant, in
conjunction with other treatment procedures as well, should be considered during the design and evaluation of tumour
vaccine. Traditionally Bacillus Calmette Guerin (BCG) and Freund’s adjuvant were used as adjuvants. New effective
and targeted adjuvants, such as cytokines (IL-12), MF59, cholera toxin B (CTB), AS04 and TLR agonist (CpG
oligonucleotides, Imiquimod and poly I:C), have demonstrated some efficiency and safety (Maughan, 2015).
Development of adjuvants is a major issue in tumour vaccine strategy to improve immunogenicity. The main concern
is that there are no effective universal adjuvants for tumour immunization protocols. Adjuvants can enhance specific
type of immune responses albeit cellular or humoral of poorly immunogenic Ags. DCs could elicit cellular immune
reponse (Draube, 2011), induce tumour-specific cytotoxic T cells and also enhance NK cell immunity (Lion, 2012).
Therefore adjuvants that can boost specific type of cell- mediated vaccine responses would be more helpful. This
may also require temporal events that reflect tumour status and vaccine effectiveness during the course of
immunotherapy. Chemotherapy and radiotherapy are the main adjuvant treatment modalities for high grade gliomas
after surgical resection. Immunotherapy has good synergism with chemotherapy and radiotherapy, and has
speculated that apoptotic tumour cells after adjuvant therapies might provide abundant tumour Ags to DCs (Prins,
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2011). CD8+T cells could increase significantly in glioblastoma multiformae (GBM) after treatment with the combo
of DC vaccine and temozomide (Ardon, 2010). As for the time frame to administrate DC vaccines, vaccine was
recommended first, since ionizing radiation will not only kill the tumour cells, but also may impair the immune
responses (Walker, 2008; Chang, 2011).
Evaluation of curative effect: No standard was proposed yet to assess the activity of DC vaccine. Overall survival
and progression free survival (PFS) are often adopted to evaluate the effect. Interestingly, overall survival seems to
have more chance to be prolonged by vaccine than PFS. Age, tumour invasiveness status and the degree of tumour
resection have been proven to be independent prognostic predictors (De Vleeschouwer, 2008). The bias of patients’
selection with potential good prognosis will significantly sway the survival time. Maximal tumour resection still
dominates other considerations, and obviously DC vaccines are inept to big tumour burdens. So the strategy is to
remove all clinically evident tumour, and then to vaccinate to inhibit subclinical micro-metastatic disease. DCs
vaccine seems effective on the improvement of overall survival. In the two trials reported consecutively, the median
overall survival of GBM patients received DCs vaccine primed with acid-eluted tumour peptides was much longer
than the control patients (Yu, 2001, 2004). In other studies, the improvement of overall survival in pediatric patients
with high grade gliomas treated with DCs vaccine was not observed, while an effective responses with an significant
increase of overall survival was observed in adult patients (Liau, 2005) and Hilko, (Ardon, 2010; Ardon, 2010), and
the survival rate after five years were 18.8% for newly diagnosed high grade gliomas (Chang, 2011). In the
randomized clinical trial (RCT) study, most patients in the experiment arm received salvage therapy. As a group, the
numbers of enrolled patients and RCT studies were so limited, phase 11/111 RCT and long-term evaluation are urgently
needed (Cho, 2012), and the results showed that the vaccinated patients got an impressive improvement of overall
survival. Overall, DCs based vaccine appears to benefit certain high grade glioma patients. As for the immunological
index, tumour infiltrating lymphocytes (TILs) is one objective indicator, which has been verified in several clinical
trials (Liau, 2000; Yu, 2001; Okada, 2007; Chang, 2011; Walker, 2008). Delayed type hypersensitivity (DTH) was
observed in a number of clinical trials (Yamanaka, 2003; Rutkowski, 2004; De Vleeschouwer, 2004; Yamanaka,
2005; De Vleeschouwer, 2008). It was found that the PFS and overall survival of the patients with the elevation of
IFN-y (more than 1.5 times in serum) were longer than those without IFN-y elevation after vaccination. Other factors
such as the dosage of vaccine, regulatory T cells, and the ratio of Th1/Th2 showed no correlations with the prognosis
(Walker, 2008; Prins, 2011). Melanoma antigen family-A (MAGE)-1 specific CTL as a marker was used to address
the Ag specific immune response of the patients (Yu, 2004).
Evaluation of side effect: DC vaccine for high grade gliomas seems to be well tolerated across all variations in all
clinical trials. The adverse events associated with immunotherapy were evaluated by the response evaluation criteria
in solid tumours (RECSIT). Skin itch, erythema on the injection location, headache, fever, and lymphopenia were
observed in some cases. Notably, seizure was found in the study with a frequency of 16.6% (Chang, 2011). Since
there is no comparison with other treatment modalities, no statistical analysis or definite conclusion could be drawn.
By and large, no evidence of toxicity or severe side effect was observed.

2. CONCLUSION

DC vaccine is a promising approach in cancer therapy. DC generation protocol, route of Ag loading onto
DCs, type and dose of tumour Ags, DC maturation status, DC migration potency, amount of cells administrated,
number of injections, time of injections, and the route of vaccine administration can be optimized to improve clinical
efficacy of DC vaccines as it is observed in more recent studies. Co-administration of agents that promote DCs
survival and their immune stimulatory function may be beneficial. Furthermore, combinational therapy and
modulation of the immunosuppressive environment of the tumour, which suppresses antitumour activities of DCs,
can increase DC vaccine efficacy.

REFERENCES
Appay V, Douek DC, Price DA, CD8+ T cell efficacy in vaccination and disease, Nat Med, 14, 2008, 623-628.

Ardavin C, Origin, precursors and differentiation of mouse dendritic cells, Nat Rev Immuno, 3 (7), 2003, 582-590.

Ardavin C, Martinez del Hoyo G, Martin P, Anjuere F, Arias CF, Marin AR, Ruiz S, Parrillas V, Hernandez H,
Origin and differentiation of dendritic cells, Trends Immunol, 22 (12), 2001, 691-700.

Ardon H, Van Gool S, Lopes IS, Maes W, Sciot R, Wilms G, Demaerel P, Bijttebier P, Claes L, Goffin J, Van
Calenbergh F, De Vleeschouwer S, Integration of autologous dendritic cell-based immunotherapy in the primary
treatment for patients with newly diagnosed glioblastoma multiforme, a pilot study J Neurooncol, 99 (2), 2010,
261-272.

Banchereau J, Steinman RM, Dendritic cells and the control of immunity, Nature, 392 (6673), 1998, 245-252.
January - March 2017 226 JCPS Volume 10 Issue 1


https://www.ncbi.nlm.nih.gov/pubmed/12876560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ardav%C3%ADn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11739000
https://www.ncbi.nlm.nih.gov/pubmed/11739000

Print ISSN: 0974-2115
www.jchps.com Journal of Chemical and Pharmaceutical Sciences

Baral A, Ye HX, Jiang PC, Yao Y, Mao Y, B7-H3 and B7-H1 expression in cerebral spinal fuid and tumor tissue
correlates with the malignancy grade of glioma patients. Oncol Lett, 8 (3), 2014, 1195-1201.

Bruce AB, Hoffmann JA, Steinman RM, the Nobel Prize in Physiology or Medicine, 2011.

Chang CN, Huang YC, Yang DM, Kikuta K, Wei KJ, Kubota T, Yang WK, A phase /Il clinical trial investigating
the adverse and therapeutic effects of a postoperative autologous dendritic cell tumor vaccine in patients with
malignant glioma, J Clin Neurosci, 18 (8), 2011, 1048-1054.

Chao T, Xiaowen W, Zhiqgi L, Qi Y, Zixiao Y, Kun F, Hoon DSB, Wei H, A Systemic Review of Clinical Trials on
Dendritic-Cells Based Vaccine Against Malignant Glioma, J Carcinogene Mutagene, 6 (2), 2015, 1-7.

Chiang CL, Kandalaft LE, Tanyi J, Hagemann AR, Motz GT, Svoronos N, Montone K, Mantia-Smaldone
GM, Smith L, Nisenbaum HL, Levine BL, Kalos M, Czerniecki BJ, Torigian DA, Powell DJ Jr, Mick R, Coukos G,
A dendritic cell vaccine pulsed with autologous hypo chlorous acid-oxidized ovarian cancer lysate primes effective
broad antitumor immunity, from bench to bed side, Clin Cancer Res, 19 (17), 2013, 4801-4815.

Cho DY, Yang WK, Lee HC, Hsu DM, Lin HL, Lin SZ, Chen CC, Harn HJ, Liu CL, Lee WY, Ho LH, Adjuvant
immunotherapy with whole-cell lysate dendritic cells vaccine for glioblastoma multiforme, a phase I1 clinical trial,
World Neurosurg, 77 (5-6), 2012, 736-744.

De Vleeschouwer S, Fieuws S, Rutkowski S, Van Calenbergh F, Van Loon J, Goffin J, Sciot R, Wilms G, Demaerel
P, Warmuth-Metz M, Soerensen N, Wolff JE, Wagner S, Kaempgen E, Van Gool SW, Postoperative adjuvant
dendritic cell-based immunotherapy in patients with relapsed glioblastoma multiforme, Clin Cancer Res, 14 (10),
2008, 3098-3104.

De Vleeschouwer S, Van Calenbergh F, Demaerel P, Flamen P, Rutkowski S, Kaempgen E, Wolff JE, Plets C, Sciot
R, Van Gool SW, Transient local response and persistent tumor control in a child with recurrent malignant glioma,
treatment with combination therapy including dendritic cell therapy Case report, J Neurosurg, 100 (5 Suppl
Pediatrics), 2004, 492-497.

De Vries 13, Krooshoop DJ, Scharenborg NM, Lesterhuis WJ, Diepstra JH, Van Muijen GN, Strijk SP, Ruers
TJ, Boerman OC, Oyen WJ, Adema GJ, Punt CJ, Figdor CG, Effective migration of antigen-pulsed dendritic cells
to lymph nodes in melanoma patients is determined by the IR maturation state, Cancer Res, 63 (1), 2003, 12-17.

Draube A, Klein-Gonzalez N, Mattheus S, Brillant C, Hellmich M, Engert A, von Bergwelt-Baildon M, Dendritic
cell based tumor vaccination in prostate and renal cell cancer, a systematic review and meta-analysis, PL0oS One,
6 (4), 2001, e18801.

Durrant LG, Ramage JM, Development of cancer vaccines to activate cytotoxic T lymphocytes, Expert Opin Biol
Ther, 5 (4), 2005, 555-563.

Finn OJ, Cancer immunology, N Engl J Med, 358, 2008, 2704-2715.

Freeman GJ, Wherry EJ, Ahmed R, Sharpe AH, Reinvigorating exhausted HIV-specific T cells via PD-1-PD-1 ligand
blockade, J Exp Med, 203, 2006, 2223-2227.

Fujita M, Zhu X, Ueda R, Sasaki K, Kohanbash G, Kastenhuber ER, McDonald HA, Gibson GA, Watkins
SC, Muthuswamy R, Kalinski P, Okada H, Effective immunotherapy against murine gliomas using type 1 polarizing
dendritic cells-signifcant roles of CXCL10, Cancer Res, 69 (4), 2009, 1587-1595.

Gustafson MP, Knutson KL, Dietz AB, Therapeutic vaccines for malignant brain tumors, Biologics, 2 (4), 2008,
753-761.

Helfer BM, Balducci A, Nelson AD, Janjic JM, Gil RR, Kalinski P, de Vries IJ, Ahrens ET, Mailliard RB,
Functional assessment of human dendritic cells labelled for in vivo (19) F magnetic resonance imaging cell tracking,
Cytotherapy, 12 (2), 2010, 238-250.

Ibrahim MA, Chain BM, Katz DR, The injured cell, the role of the dendritic cell system as a sentinel receptor
pathway. Immunol Today, 16 (4), 1995, 181-186.

Janeway CA Jr, The immune system evolved to discriminate infectious nonself from noninfectious self, Immunol
Today, 3 (1), 1992, 11-16.

January - March 2017 227 JCPS Volume 10 Issue 1


https://www.ncbi.nlm.nih.gov/pubmed/7734045

Print ISSN: 0974-2115

www.jchps.com Journal of Chemical and Pharmaceutical Sciences
Joffre OP, Segura E, Savina A, Amigorena S, Cross-presentation by dendritic cells. Nat Rev Immunol, 12, 2012,
557-569.

Kadowaki N, Liu YJ, Natural type | interferon-producing cells as a link between innate and adaptive immunity, Hum
Immunol, 63 (12), 2002, 1126-1132.

Kalinski P, Edington H, Zeh HJ, Okada H, Butterfield LH, Kirkwood JM, Bartlett DL, Dendritic cells in cancer
immunotherapy, vaccines or autologous transplants? Immunol Res, 50 (2-3), 2011, 235-247.

Langerhans P, Uber die nerven der menschlichen haut, Archives of Pathological Anatomy, 44, 1868, 325-337.

Le Floch A, Jalil A, Vergnon I, Le Maux Chansac B, Lazar V, Bismuth G, Chouaib S, Mami-Chouaib F, Alpha E
beta 7 integrin interaction with E-cadherin promotes antitumor CTL activity by triggering lytic granule polarization
and exocytosis, J Exp Med, 204, 2007, 559-570.

Lewis JG, Plasticity of Dendritic Cells, Rev. bras. hematol. Hemoter, 28 (2), 2006, 81-87.

Liau LM, Black KL, Martin NA, Sykes SN, Bronstein JM, Jouben-Steele L, Mischel PS, Belldegrun A, Cloughesy
TF, Treatment of a patient by vaccination with autologous dendritic cells pulsed with allogeneic major
histocompatibility complex class I-matched tumor peptides, Case Report. Neurosurg Focus, 9 (6), 2000, e8.

Lion E, Smits EL, Berneman ZN, Van Tendeloo VF, NK cells, key to success of DC-based cancer vaccines?
Oncologist, 17 (10), 2012, 1256-1270.

Lizee G, Overwijk WW, Radvanyi L, Gao J, Sharma P, Hwu P, Harnessing the power of the immune system to target
cancer, Annu Rev Med, 64, 2012, 71-90.

Maughan CN, Preston SG, Williams GR, Particulate inorganic adjuvants, recent developments and future outlook,
J Pharm Pharmacol, 67 (3), 2012, 426-449.

Medzhitov R, Preston-Hurlburt P, Janeway CA Jr, A human homologue of the Drosophila Toll protein signals
activation of adaptive immunity, Nature, 388, 1998, 394-397.

Medzhitov R, Janeway CA Jr, Innate immunity, the virtues of a nonclonal system of recognition, Cell, 91 (3), 1997,
295-298.

Morse MA, Coleman RE, Akabani G, Niehaus N, Coleman D, Lyerly HK, Migration of human dendritic cells after
injection in patients with metastatic malignancies, Cancer Res, 59 (1), 1999, 56-58.

Mullins IM, Slingluff CL, Lee JK, Garbee CF, Shu J, Anderson SG, Mayer ME, Knaus WA, Mullins DW, CXC
chemokine receptor 3 expression by activated CD8+ T cells is associated with survival in melanoma patients with
stage Il disease, Cancer Res, 64, 2004, 7697-7701.

Okada H, Brain tumor immunotherapy with type-1 polarizing strategies, Ann N Y Acad Sci, 1174, 2009, 18-23.

Okada H, Kalinski P, Ueda R, Hoji A, Kohanbash G, Donegan TE, Mintz AH, Engh JA, Bartlett DL, Brown
CK, Zeh H, Holtzman MP, Reinhart TA, Whiteside TL, Butterfield LH, Hamilton RL, Potter DM, Pollack
IF, Salazar AM, Lieberman FS, Induction of CD8+ T-cell responses against novel glioma-associated antigen
peptides and clinical activity by vaccinations with {alpha}-type 1 polarized dendritic cells and polyinosinic-
olycytidylic acid stabilized by lysine and carboxymethylcellulose in patients with recurrent malignant glioma, J Clin
Oncol, 29 (3), 2011, 330-336.

Okada H, Lieberman FS, Walter KA, Lunsford LD, Kondziolka DS, Bejjani GK, Hamilton RL, Torres-Trejo
A, Kalinski P, Cai Q, Mabold JL, Edington HD, Butterfield LH, Whiteside TL, Potter DM,Schold SC Jr, Pollack IF,
Autologous glioma cell vaccine admixed with interleukin-4 gene transfected fbroblasts in the treatment of patients
with malignant gliomas, J Transl Med, 5, 2007, 67.

Olin MR, Andersen BM, Zellmer DM, Grogan PT, Popescu FE, Xiong Z, Forster CL, Seiler C, Santa Cruz KS, Chen
W, Blazar BR, Onhlfest JR, Superior efficacy of tumor cell vaccines grown in physiologic oxygen, Clin Cancer Res,
16 (19), 2010, 4800-4808.

Paiboon J, Plasticity of bone marrow-derived dendritic cells (DC) as immunotherapy vaccines, The FASEB Journal,
30 (1), 2016, 715.

January - March 2017 228 JCPS Volume 10 Issue 1


https://www.ncbi.nlm.nih.gov/pubmed/9363937

Print ISSN: 0974-2115
www.jchps.com Journal of Chemical and Pharmaceutical Sciences
Peggs KS, Quezada SA, Chambers CA, Korman AJ, Allison JP, Blockade of CTLA-4 on both effector and regulatory
T cell compartments contributes to the antitumor activity of anti-CTLA-4 antibodies, J Exp Med, 206, 2009,
1717-1725.

Pellegatta S, Poliani PL, Stucchi E, Corno D, Colombo CA, Orzan F, Ravanini M, Finocchiaro G, Intra-tumoral
dendritic cells increase effcacy of peripheral vaccination by modulation of glioma microenvironment, Neuro Oncol,
12 (4), 2010, 377-388.

Pereira SR, Faca VM, Gomes GG, Chammas R, Fontes AM, Covas DT, Greene LJ, Changes in the proteomic profile
during differentiation and maturation of human monocyte-derived dendritic cells stimulated with granulocyte
macrophage colony stimulating factor/interleukin-4 and lipopolysaccharide. Proteomics, 5 (5), 2005, 1.186-1.198.

Prins RM, Soto H, Konkankit V, Odesa SK, Eskin A, Yong WH, Nelson SF, Liau LM, Gene expression profle
correlates with T-cell infltration and relative survival in glioblastoma patients vaccinated with dendritic cell
immunotherapy, Clin Cancer Res, 17 (6), 2011, 1603-1615.

Quillien V, Moisan A, Carsin A, Lesimple T, Lefeuvre C, Adamski H, Bertho N, Devillers A, Leberre C, Toujas L,
Bio distribution of radiolabelled human dendritic cells injected by various routes, Eur J Nucl Med Mollmaging,
32 (7), 2005, 731-741.

Rutkowski S, De Vleeschouwer S, Kaempgen E, Wolff JE, Kuhl J, Demaerel P, Warmuth-Metz M, Flamen P, Van
Calenbergh F, Plets C, Sorensen N, Opitz A, Van Gool SW, Surgery and adjuvant dendritic cell-based tumour
vaccination for patients with relapsed malignant glioma, a feasibility study Br J Cancer, 91 (9), 2004, 1656-1662.

Sallusto F, Lanzavecchia A, Efficient presentation of soluble antigen by cultured human dendritic cells is maintained
by granulocyte/macrophage colony-stimulating factor plus interleukin 4 and down regulated by tumor necrosis factor
alpha, J Exp Med, 179 (4), 1994, 1109-1118.

Sandoval F, Terme M, Nizard M, Badoual C, Bureau MF, Freyburger L, Clement O, Marcheteau E, Gey A, Fraisse
G, Bouguin C, Merillon N, Dransart E, Tran T, Quintin-Colonna F, Autret G,Thiebaud M, Suleman M, Riffault
S, Wu TC, Launay O, Danel C, Taieb J, Richardson J, Zitvogel L, Fridman WH, Johannes L, Tartour E, Mucosal
imprinting of vaccine-induced CD8(+) T cells is crucial to inhibit the growth of mucosal tumors, Sci Transl Med,
5(172), 2013.

Seya T, Akazawa T, Tsujita T, Matsumoto M, Role of Toll-like receptors in adjuvant-augmented immune therapies,
Evid Based Complement Alternat Med, 3 (1), 2006, 31-38.

Silberberg I, Apposition of mononuclear cells to Langerhans cells in contact allergic reactions, Acta Derm Venereol,
53, 1973, 1-12.

Spolski R, Leonard WJ, Interleukin-21, basic biology and implications for cancer and autoimmunity, Annu Rev
Immunol, 26, 2008, 57-79.

Steinman RM and Dhodapkar M, Active immunization against cancer with dendritic cells, The near future, Int J
Cancer, 94 (4), 2001, 459-473.

Steinman RM, Cohn ZA, Identification of a novel cell type in peripheral lymphoid organs of mice, i Morphology,
quantitation, tissue distribution, J. Exp. Med, 137 (5), 1973, 1142-1162.

Steinman RM, The dendritic cell system and its role in immunogenicity, Annu. Rev. Inmunol, 9, 1991, 271-296.
Wack A, Rappuoli R, Vaccinology at the beginning of the 21st century, Curr Opin Immunol, 17 (4), 2005, 411-418.

Walker DG, Laherty R, Tomlinson FH, Chuah T, Schmidt C, Results of a phase | dendritic cell vaccine trial for
malignant astrocytoma, potential interaction with adjuvant chemotherapy, J Clin Neurosci, 15, 2008, 114-121.

Wheeler CJ, Dendritic cell vaccines to combat glioblastoma, Expert Rev Neurother, 10, 2010, 483-486.

Wilcox RA, Flies DB, Zhu G, Johnson AJ, Tamada K, Chapoval Al, Strome SE, Pease LR, Chen L, Provision of
antigen and CD137 signaling breaks immunological ignorance, promoting regression of poorly immunogenic
tumors, J Clin Invest, 109, 2002, 651-659.

Yamanaka R, Dendritic-cell- and peptide-based vaccination strategies for glioma, Neurosurg Rev, 32 (3), 2009,
265-273.

January - March 2017 229 JCPS Volume 10 Issue 1



Print ISSN: 0974-2115

www.jchps.com Journal of Chemical and Pharmaceutical Sciences
Yamanaka R, Abe T, Yajima N, Tsuchiya N, Homma J, Kobayashi T, Narita M, Takahashi M, Tanaka R,
Vaccination of recurrent glioma patients with tumour lysate-pulsed dendritic cells elicits immune responses, results
of a clinical phase I/1l trial. Br J Cancer, 89 (7), 2003, 1172-1179.

Yamanaka R, Homma J, Yajima N, Tsuchiya N, Sano M, Kobayashi T, Yoshida S, Abe T, Narita M, Takahashi
M, Tanaka R, Clinical evaluation of dendritic cell vaccination for patients with recurrent glioma, results of a clinical
phase I/11 trial, Clin Cancer Res, 11 (11), 2005, 4160-4167.

YulS, LiuG, Ying H, Yong WH, Black KL, Wheeler CJ, Vaccination with tumor lysate-pulsed dendritic cells elicits
antigen-specifc, cytotoxic T-cells in patients with malignant glioma, Cancer Res, 64 (14), 2004, 4973-4979.

Yu JS, Wheeler CJ, Zeltzer PM, Ying H, Finger DN, Lee PK, Yong WH, Incardona F, Thompson RC, Riedinger
MS, Zhang W, Prins RM, Black KL, Vaccination of malignant glioma patients with peptide-pulsed dendritic cells
elicits systemic cytotoxicity and intracranial T-cell infiltration, Cancer Res, 61 (3), 2001, 842-847.

Zitvogel L, Dendritic and natural killer cells cooperate in the control/switch of innate immunity, J. Exp. Med, 195,
2002, 9-14.

January - March 2017 230 JCPS Volume 10 Issue 1



