
Materials and methods
CD14+ monocytes and naive CD4+ T cells were isolated from 
human peripheral blood mononuclear cells (PBMCs) using 
CD14+ MicroBeads, human, and Naive CD4+ T Cell Isolation 
Kit II, human, respectively. Monocytes were differentiated 
into immature Mo-DCs (imMo-DCs) during a 6-day culture 
in the presence of GM-CSF and IL-4. Maturation of imMo-DCs 
into mature Mo-DCs (mMo-DCs) was performed over the 
course of 24 hours in the presence of IL-1β, IL-6, TNF-α, and 
PGE₂. Allogenic cocultures of monocytes or differentiated 
Mo-DCs with freshly isolated naive CD4+ T cells were 
performed for 7 days.

Results
In vitro generated Mo-DCs assumed the typical DC 
phenotype (fig. 1). During differentiation, monocytes 
down-regulated the expression of CD14. In contrast, 
mMo-DCs expressed various DC markers that are involved 
in the formation of immunological synapses between 
DCs and naive T cells, including CD80, CD86, and MHC II 
(HLA-DR). Mature Mo-DCs also expressed DC activation 
markers CD83, CD40, and CCR7.

Background
The mixed lymphocyte reaction (MLR) has become 
a valuable tool in basic and translational immuno-oncology 
reasearch for e.g. assessing the effect of therapeutic agents 
on the antigen presenting cell (APC)-mediated T cell 
activation or for the development of monocyte-derived 
dendritic cell (Mo-DC) vaccines. Several independent 
processing steps including density gradient centrifugation, 
cell separation, cell cultivation, and cell analysis require 
especially in translational settings fast and reliable 
protocols as well as highest quality and sensitivity. Here 
we show that cells isolated and cultured either manually, 
fully automated on the autoMACS® Pro Separator, or in 
a closed, clinical-grade system operated by an automated 
cell processing instrument, the CliniMACS Prodigy®, meet 
these requirements and can be used for demanding 
downstream applications like the MLR assay. This report 
shows the activation of CD4+ T cell proliferation by 
cocultured Mo-DCs as well as the phenotypical and 
functional characterization of differentiated and matured 
Mo-DCs using MACS® Technology. 
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Figure : Immunophenotyping of monocytes, imMo-DCs, and mMo-DCs. Cells were labeled with MACS® antibodies specific for the respective markers 
and analyzed with the MACSQuant® Analyzer. Black: isotype controls, red: marker-specific antibodies.

MACS® Technology facilitates mixed 
lymphocyte reaction
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Figure : T cell priming capacity of monocytes and Mo-DCs in a MLR. 
(A) Flow cytometry analysis of enriched naive T cells. (B) CellTrace Violet™ 
staining of T cells. (C) CellTrace Violet™ staining of T cells cocultured with 
monocytes, imMo-DCs, or mMo-DCs. (D) T cell proliferation in indicated 
cocultures and cell ratios.
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Product                                                        Order no.

Cell isolation

autoMACS® 
Pro Separator

130-092-545

Naive CD4+ T Cell 
Isolation Kit II, human

130-094-131

CD14 MicroBeads, 
human

130-050-201

MACS Cytokines for Mo-DC differentiation

Human GM-CSF, 
premium grade (50 µg)

130-093-865

Human IL-4, 
premium grade (25 µg)

130-093-921

MACS Cytokines for Mo-DC maturation

Human IL-1β, 
premium grade (25 µg)

130-093-563

Human IL-6, 
premium grade (25 µg)

130-093-931

Human TNF-α, 
premium grade (50 µg)

130-094-023

Human PGE₂ not available

Flow cytometry

MACSQuant® 
Analyzer 10

130-096-343

MACS Antibodies Various order nos. please refer to 
www.miltenyibiotec.com/antibodies

Conclusion
CD4+ T cells and CD14+ monocytes isolated with 
MACS® Isolation Kits and MicroBeads on e.g. the 
autoMACS® Pro Separator and cultured with MACS 
Cytokines can be successfully used for MLR assays.

For more data, download our poster

Monocyte-derived dendritic cells (Mo-DCs) generated 
with CliniMACS Prodigy® are functional and fulfill 
requirements for cancer vaccines at
www.miltenyibiotec.com/Mo-DCs

Allogeneic naive CD45RA+CD45RO– T cells, labeled with 
cell-tracking dye, were cocultured with monocytes, 
imMo-DCs, or mMo-DCs (fig.2 A, B). After 7 days, cell 
numbers and the CellTrace™ Violet staining intensity of 
the T cells were analyzed (fig. 2C). In contrast to monocytes, 
both, imMo-DCs and mMo-DCs induced T cell proliferation 
as indicated by the increase in cell count and by the 
reduction of CellTrace™ Violet staining. T cell proliferation 
was highest when mMo-DCs were used as antigen-
presenting cells (fig. 2D).
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Unless otherwise specifically indicated, Miltenyi Biotec products and services are for research use only and not for therapeutic or diagnostic use. The CliniMACS® 
System components, including Reagents, Tubing Sets, Instruments, and PBS/EDTA Buffer, are designed, manufactured and tested under a quality system certified to 
ISO 13485. In the EU, the CliniMACS System components are available as CE-marked medical devices for their respective intended use, unless otherwise stated. The 
CliniMACS Reagents and Biotin Conjugates are intended for in vitro use only and are not designated for therapeutic use or direct infusion into patients. The CliniMACS 
Reagents in combination with the CliniMACS System are intended to separate human cells. Miltenyi Biotec as the manufacturer of the CliniMACS System does not give 
any recommendations regarding the use of separated cells for therapeutic purposes and does not make any claims regarding a clinical benefit. For the manufacturing 
and use of target cells in humans the national legislation and regulations – e.g. for the EU the Directive 2004/23/EC (“human tissues and cells”), or the Directive 
2002/98/EC (“human blood and blood components”) – must be followed. Thus, any clinical application of the target cells is exclusively within the responsibility of the 
user of a CliniMACS System. In the US, the CliniMACS CD34 Reagent System, including the CliniMACS Plus Instrument, CliniMACS CD34 Reagent, CliniMACS Tubing 
Sets TS and LS, and the CliniMACS PBS/EDTA Buffer, is FDA approved; all other products of the CliniMACS Product Line are available for use only under an approved 
Investigational New Drug (IND) application or Investigational Device Exemption (IDE). CliniMACS MicroBeads are for research use only and not for human therapeutic 
or diagnostic use. autoMACS, CliniMACS, CliniMACS Prodigy, MACS, MACSQuant, and the Miltenyi Biotec logo are registered trademarks or trademarks of Miltenyi 
Biotec and/or its affiliates in various countries worldwide. All other trademarks mentioned in this document are the property of their respective owners and 
are used for identification purposes only. Copyright © 2021 Miltenyi Biotec and/or its affiliates. All rights reserved.


