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Dendritic cells from blood and tissues 
 

This Mini-Review primarily provides a complete bibliography of publications that report the use of 
OptiPrep for the purification of dendritic cells (DC) from blood and tissues (Section 2). It also provides a brief 
review of the methodological options for the gradient separations (Section 1). All Application Sheets can be 
accessed on the Axis-Shield Applications flash-drive or via the Axis-Shield website www.axis-shield-density-
gradient-media.com. Click on “Methodology” and then “Mammalian and non-mammalian cells” and follow the 
links from the Index. 
 
1. Methodological review 
1a. Sedimentation on to a barrier 

Prior to the introduction of Nycodenz, gradients of either albumin or metrizamide were commonly used 
in DC purification. These media however tended to cause functional alteration of the cells [1]. Because cells are 
more tolerant of Nycodenz, after 1994 this iodinated density gradient medium rapidly became established as 
the medium of choice for DC purification from peripheral blood and from lymphoid tissues. Density barriers of 
 = 1.076 g/ml to 1.088 g/ml [2-7], the majority being approx 1.077 g/ml, have been used in the “traditional” 
format in which the crude cell fraction is layered on top. DCs band at the interface and further enrichment is 
often carried out by negative selection with antibody-bound beads. McLellan et al [8,9] introduced a lower 
density of 1.068 g/ml for DC isolation from human peripheral blood mononuclear cells, depleted in T-
lymphocytes by rosetting with neuraminidase-treated sheep erythrocytes. Use of this medium has also been 
extended to tissues [10,11]. McLellan et al [8] noted that the 1.068 g/ml barrier was also effective for removing 
denser T-lymphocytes. This strategy of layering the cell suspension on top of a barrier has been extended to the 
use of OptiPrep for isolation of DCs from various tissues (12-17). The barrier sedimentation method is 
described in the Axis-Shield Application Sheet C47. 
 
1b. Flotation methods 

Generally speaking isolation of the least dense particle from a 
mixture of predominantly denser particles (and this is essentially what 
is happening in the isolation of DCs), is better accomplished by 
flotation rather than sedimentation. If the cells are suspended in a 
solution whose density is slightly higher than DCs, the latter will float 
to the top while the denser cells will either remain suspended in, or 
sediment slowly to the bottom, of the suspending medium. An 
important facet of this strategy is that avoids the rapid accumulation of 
cells, and consequent aggregation, that occurs during sedimentation on 
to a density barrier. This strategy was first introduced by Shortman’s 
group in 1996 [18-21], in which the cells from spleen, thymus, lymph 
nodes etc were suspended in a solution of Nycodenz ( = 1.077 
g/ml). This approach was adapted by Anjuere et al [22] to OptiPrep 
in 1999 and there has been tendency towards the use of lower densities 
for the suspending solution (e.g. 1.061 g/ml) to improve the purity of 
the DC harvest. This method (see Fig. 1) is described in the Axis-
Shield Application Sheet C21. 

 
A modification to this flotation format is to suspend the cells in a 

medium of higher density, which is placed below the separating 
solution of  = 1.065 g/ml [23]. This is a commonly used format for 
the selective isolation of a low density cell type; its advantage is that 
the band of cells is divorced from the crude fraction layer, which is 
likely to contain residual tissue dispersing enzymes and components 
from partially disrupted cells. This method (see Fig. 2) is described in 
the Axis-Shield Application Sheet C20. 
 

Excellence in Separations 
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2. OptiPrep bibliography 
References are divided into sections (Sections 2.1-2.20) according to tissue source and, where the number 

of references demands, sorted further into research topic sub-sections. Within each section references are listed 
alphabetically according to first author. This bibliography was last updated in September 2017. 
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Oo, Y.H., Weston, C.J., Lalor, P.F., Curbishley, S.M., Withers, D.R., Reynolds, G.M., Shetty, S., Harki, J. et al  
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inflamed human liver J. Immunol., 184, 2886–2898 
Pecher, G., Schirrmann, T., Kaiser, L. and Schenk, J.A. (2001) Efficient cryopreservation of dendritic cells 
transfected with cDNA of a tumour antigen for clinical application Biotechnol. Appl. Biochem., 34, 161-166 
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Utsunomiya, A. et al (2015) Clinical outcomes of a novel therapeutic vaccine with Tax peptide-pulsed dendritic 
cells for adult T cell leukaemia/lymphoma in a pilot study Br. J. Haematol., 169, 356–367 
Valera, I., Fernández, N., García Trinidad, A., Alonso, S., Brown, G.D., Alonso, A. and Sánchez Crespo, M. 
(2008) Costimulation of dectin-1 and DC-SIGN triggers the arachidonic acid cascade in human monocyte-
derived dendritic cells J. Immunol., 180, 5727-5736 
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Zamora-Pineda, J., Kumar, A., Suh, J.H., Zhang, M. and Saba, J.D. (2016) Dendritic cell sphingosine-1-
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Yamazaki, T., Akiba, H., Iwai, H., Matsuda, H., Aoki, M., Tanno, Y., Shin, T., Tsichiya, H., Pardoll, D.M., 
Okumura, K., Azuma, M. and Yagita, H. (2002) Expression of programmed death 1 ligands by murine T cells 
and APC J. Immunol., 169, 5538-5545 
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2.2.2 Derivation, development and maturation 
Figueiredo, R.T., Fernandez, P.L., Mourao-Sa, D.S., Porto, B.N., Dutra, F.F., Alves, L.S., Oliviera, M.F., 
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Sun, X., Zhang, M., El-Zaatari, M., Huffnagle, G.B. and Kao, J.Y. (2017) CCR2 mediates Helicobacter pylori-
induced immune tolerance and contributes to mucosal homeostasis Helicobacter 22: e12366 
Takabayashi, H., Shinohara, M., Mao, M., Phaosawasdi, P., El–Zaatari, M., Zhang, M., Ji, T., Eaton, K.A., 
Dang, D., Kao, J. and Todisco, A. (2014) Anti-inflammatory activity of bone morphogenetic protein signaling 
pathways in stomachs of mice Gastroenterology, 147, 396–406 
Tanaka, H., Yoshida, M., Nishiumi, S., Ohnishi, N., Kobayashi, K., Yamamoto, K., Fujita, T., Hatakeyama, M. 
and Azuma, T. (2010) The CagA protein of Helicobacter pylori suppresses the functions of dendritic cell in 
mice Arch. Biochem., Biophys., 498, 35–42 
Zhang, M., Berndt, B.E., Eaton, K.A., Rathinavelu, S., Pierzchala, A. and Kao, J.Y. (2008) Helicobacter pylori-
pulsed dendritic cells induce H. pylori-specific immunity in mice Helicobacter, 13, 200-208 
 
2.2.3.3 Infections (other than Helicobacter) 
Awasthi, S. and Cropper, J. (2006) Immunophenotype and functions of fetal baboon bone-marrow derived 
dendritic cells Cell. Immunol., 240, 31-40 
Benjamin, C.F., Lundy, S.K., Lukacs, N.W., Hogaboam, C.M. and Kunkel, S.L. (2005) Reversal of long-term 
sepsis-induced immunosuppression by dendritic cells Blood, 105, 3588-3595 
Bittencourt, V.C.B., Figueiredo, R.T., da Silva, R.B., Mourão-Sá, D.S., Fernandez, P.L., Sassaki, G.L., Mulloy, 
B., Bozza, M.T. and Barreto-Bergter, E. (2006) An -glucan of Pseudallescheria boydii is involved in fungal 
phagocytosis and toll-like receptor activation J. Biol. Chem., 281, 22614-22623 
Martin, P., Martinez del Hoyo, G., Anjuère, F., Fernandez Arias, C., Hernandez Vargas, H., Fernandez-L, A., 
Parrillas, V. and Ardavin, C. (2002) Characterization of a new subpopulation of mouse CD8+ B220+ dendritic 
cells endowed with type 1 interferon production capacity and tolerogenic potential Blood, 100, 383-390 
Schindler, D., Gutierrez, M.G., Beineke, A., Rauter, Y., Rohde, M., Foster, S., Goldmann, O. and Medina, E. 
(2012) Dendritic cells are central coordinators of the host immune response to Staphylococcus aureus 
bloodstream infection Am. J. Pathol., 181, 1327–1337 
Shetron-Rama, L.M., Herring-Palmer, A.C., Huffnagle, G.B. and Hanna, P. (2010) Transport of Bacillus 
anthracis from the lungs to the draining lymph nodes is a rapid process facilitated by CD11c+ cells Microb. 
Pathog., 49, 38-46 
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Vilekar, P., Awasthi, V., Lagisetty, P., King, C., Shankar, N., Awasthi, S. (2010) In vivo trafficking and 
immunostimulatory potential of an intranasally-administered primary dendritic cell-based vaccine BMC 
Immunol., 11, 60 
 
2.2.3.4 Inflammatory response 
Berndt, B.E., Zhang, M., Chen, G-H., Huffnagle, G.B. and Kao, J.Y. (2007) The role of dendritic cells in the 
development of acute dextran sulfate sodium colitis J. Immunol., 179, 6255-6262 
Takabayashi, H., Shinohara, M., Mao, M., Phaosawasdi, P., El–Zaatari, M., Zhang, M., Ji, T. et al (2014) Anti-
inflammatory activity of bone morphogenetic protein signaling pathways in stomachs of mice Gastroenterology, 
147, 396–406 
Vilekar, P., Awasthi, S., Natarajan, A., Anant, S. and Awasthi, V. (2012) EF24 suppresses maturation and 
inflammatory response in dendritic cells Int. Immunol., 24, 455–464 
 
2.2.3.5 Tumour interactions 
Ghansah, T., Vohra, N., Kinney, K., Weber, A., Kodumudi, K., Springett, G., Sarnaik, A.A. and Pilon-Thomas, 
S. (2013) Dendritic cell immunotherapy combined with gemcitabine chemotherapy enhances survival in a 
murine model of pancreatic carcinoma Cancer Immunol. Immunother., 62, 1083–1091 
Komine, H., Kuhn, L., Matsushita, N., Mulé, J.J. and Pilon-Thomas, S. (2013) Examination of MARCO activity 
on dendritic cell phenotype and function using a gene knockout mouse PLoS One, 8: e67795 
Matsushita, N., Pilon-Thomas, S.A., Martin, L.M. and Riker, A.I. (2008) Comparative methodologies of 
regulatory T cell depletion in a murine melanoma model J. Immunol. Methods, 333, 167-179 
Perez-Shibayama, C., Gil-Cruz, C., Nussbacher, M., Allgäuer, E., Cervantes-Barragan, L., Züst, R. and 
Ludewig, R. (2103) Dendritic cell-specific delivery of Flt3L by coronavirus vectors secures induction of 
therapeutic antitumor immunity PLoS One, 8: e81442 
Pilon-Thomas, S., Mackay, A., Vohra, N. and Mulé. J.J. (2010) Blockade of programmed death ligand 1 
enhances the therapeutic efficacy of combination immunotherapy against melanoma J. Immunol., 184,  3442–
3449 
 
2.2.3.6 Viruses 
Acosta-Ramirez, E., Pérez-Flores, R., Majeau, N., Pastelin-Palacios, R., Gil-Cruz, C., Ramírez-Saldaña, M., 
Manjarrez-Orduño, N., Cervantes-Barragán, L. et al (2008) Translating innate response into long-lasting 
antibody response by the intrinsic antigen-adjuvant properties of papaya mosaic virus Immunology, 124, 186-
197 
Cervantes-Barragán, L., Kalinke, U., Züst, R., König, M., Reizis, B., López-Macías, C., Thiel, V. and Ludewig, 
B. (2009) Type I IFN-mediated protection of macrophages and dendritic cells secures control of murine 
coronavirus infection J. Immunol., 182, 1099-1106 
 
2.2.4 Interleukin production 
Berndt, B.E., Zhang, M., Owyang, S.Y., Cole, T.S., Wang, T.W., Luther, J., Veniaminova, N.A., Merchant, J.L. 
et al (2012)  Butyrate increases IL-23 production by stimulated dendritic cells Am. J. Physiol. Gastrointest. 
Liver Physiol., 303, G1384–G1392 
 
2.2.5 Lipopolysaccharide stimulation 
Berndt, B.E., Zhang, M., Owyang, S.Y., Cole, T.S., Wang, T.W., Luther, J., Veniaminova, N.A. et al (2012)  
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2.2.6 MHC class II expression 
Goth, S.R., Chu, R.A. and Pessah, I.N. (2006) Oxygen tension regulates the in vitro maturation of GM-CSF 
expanded murine bone marrow dendritic cells by modulating class II MHC expression J. Immunol. Methods, 
308, 179-191 
LeibundGut-Landemann, S., Waldburger, J-M., Reis e Sousa, C. Acha-Orbea, H. and Reith, W. (2004) MHC 
class II expression is differentially regulated in plasmacytoid and conventional dendritic cells Nat. Immunol., 5, 
899-908 
 
2.2.7 T-cell function 
Kodumudi, K.N., Weber,  A., Sarnaik, A.A. and Pilon-Thomas, S. (2012) Blockade of myeloid-derived 
suppressor cells after induction of lymphopenia improves adoptive T cell therapy in a murine model of 
melanoma J. Immunol., 189, 5147–5154 
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